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VACUUM WEB COATING REPORT
Vacuum-coated & metallized films: Transforming the future
Global sales are growing 5 percent each year as vacuum-coated products 
demonstrate resilience to economic pressures. By Dr. William Llewellyn, vice 
president & senior consultant, AWA Alexander Watson Associates

Vacuum roll-to-roll processing of flexible materials:  
A review of pro flex 2013 technical papers
Synopses of eight presentations at last fall’s Fraunhofer Institute conference 
in Dresden, Germany, describe new developments in the field. By Anastasiya 
Zagorni, scientific management assistant, Fraunhofer Institute, and Dr. 
Charles A. Bishop, principal, C.A. Bishop Consulting, Ltd.
 
Roll-to-roll sputter deposition on flexible glass substrates
Test results are presented of R2R deposition of ITO layers on glass substrates 
using a modified, compact sputter roll coater. By Hiroshi Tamagaki, chief of 
R&D; Yoshimitu Ikari and Eiji Yoshida, Kobe Steel, Ltd.
 
Characterization of typical process defects  
found on an industrial R2R metallizer
This paper explains how it is now possible to look at defects during deposition 
in real-time on a large scale, thus gaining an understanding of the main effects 
on oxygen and water-vapor permeation during metallizing. By Lyndon Harland, 
process specialist; Nick J. Copeland, product/R&D manager; Stefan 
Serednycky, Bobst Manchester, Ltd.

Vacuum system benchmarking for improved production rates
Simple tests performed on a regular basis and data carefully recorded can 
provide insight into the vacuum system’s performance to keep it working at 
optimum levels and to foresee critical failures before they happen. By Brian 
Savulis, president & co-owner, Yeagle Technology, Inc.

Better film processing through practical application of science
With a full understanding of the science behind generating aluminum vapor, flex-
crack resistance, metal bond and other vacuum-metallizing processes, proper 
engineering to modify, design or invent the necessary hardware or software can 
be achieved. By Steven D. Smith, vice president, Filmquest Group, Inc.

AIMCAL 2013 MATTEUCCI AWARDS
Substrate cleaning in a high-vacuum environment
This paper won the 2013 John Matteucci Technical Excellence Award for Vacuum 
Web Coating. By Sheila Hamilton, technical director, Teknek, Inc.

Fundamentals of the slot-coating process
This paper won the 2013 John Matteucci Technical Excellence Award for 
Web Coating & Laminating. By Professor Marcio Carvalho, Department of 
Mechanical Engineering, Pontifica Universidade Catolica do Rio de Janiero
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EDITOR’S COMMENT
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Vacuum coating & metallizing 
can transform our future
As roll-to-roll converted products go, it seems nothing can stop the innovative 

R&D, strong finished-material demand and successful sales of vacuum-coated 
and metallized (VCM) products. No matter where you look across the globe, even in 
the so-called “mature markets” of North America and Europe, projected demand for 
these materials is on par with or even double the growth of global GDP for 2014 and 
beyond.

In his market forecast, AWA Alexander Watson Associates’ Dr. William Llewellyn 
predicts the resilient, worldwide field for vacuum-coated and metallized substrates 
will continue to grow at about 5 percent each year. This ranges from a low, static 
position for metallized papers in North America to a high of about 20 percent growth 
for vacuum-coated products in Asia Pacific this year. As in many industrial sectors, 
Llewellyn says, VCM companies will keep on leveraging economies of scale to gain 
competitive advantage via investment in larger capital equipment that can deliver 
both faster throughput and turn out even higher-tech finished goods. Clearly, the 
full spectrum of VCM products has the capability to transform our future, whether 
by cutting waste through longer shelf-life packaging for foods, by dispelling the 
darkness through super-efficient OLEDs or by saving a life via a diagnostic medical 
sensor.

In this issue, we offer six technical papers on vacuum coating and metallizing. 
Leading off, Dr. Charles Bishop provides an informative review of presentations 
delivered at last fall’s pro flex 2013 conference in Dresden, Germany. Test results 
from new R2R deposition of ITO layers on flexible glass are presented, along 
with an explanation of how it is possible now to look at defects during deposition 
in real-time on a R2R metallizer. Two papers give production advice on vacuum 
system benchmarking for better throughput rates and on improved film processing 
via the practical application of science. And – in addition to the AIMCAL 2013 
John Matteucci Award-winning paper on slot-die solution coating – we provide the 
winning vacuum-coating paper on substrate cleaning in a high-vacuum environment.

Spring into action with Converting Quarterly: It’ll be an even busier season of 
technical conferences and events than usual in the coming months. Visit CQ and 
AIMCAL at our tabletop exhibits, look for my Blog reports online or follow our live 
Twitter coverage from these programs:
•	 Feb. 19-21, AWA IMLCON™ and IMDCON™ 2014, Phoenix, AZ
•	 March 4-6, 2014 Flexible Packaging Assn. annual meeting, Phoenix, AZ
•	 March 12-14, GAA Gravure Global Summit 2014, Miami, FL
•	 March 16-19, 2014 AIMCAL annual meeting, Phoenix, AZ
•	 April 27-30, FTA Forum / INFO*FLEX 2014, Baltimore, MD
•	 May 3-8, Society of Vacuum Coaters TechCon 2014, Chicago, IL
•	 May 13-15, TAPPI PLACE Conference 2014,  

Ponte Vedra, FL
•	 June 8-11, AIMCAL Web Coating & Handling Conference – 

Europe 2014, Cascais, Portugal



Operator safety is our first concern.

The e-Knifeholder from Tidland 
offers a 360 degree blade guard for
market-leading safety.

Automatic calibration of side force
and blade overlap provides reduced
setup time, perfectly slit rolls, less
waste and reduced cost of ownership.

For more information on knifeholders
and all of our web processing products
visit Maxcessintl.com.

Safety, reduced setup time, 
perfect rolls, increased profits
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AIMCAL NEWS

President’s Message

Dear fellow AIMCAL members, 
Happy New Year! It is incredible 
how fast time passes. This is the 
last letter I will write as president of 
AIMCAL. The baton passes at the 
AIMCAL Management Meeting, 
March 16-19, 2014, at the Arizona 
Biltmore in Phoenix, AZ. 

This is a good time for me to 
acknowledge the work that goes 
on behind the scenes by the staff and the Board as we fulfill 
AIMCAL’s Mission to be the global forum for the flexible 
metallizing, coating and laminating industry by providing 
resources, services and information. The staff and Board 
do a considerable amount of work assessing where the 
organization is, where it wants to be and how to reach an 
improved state.

Over the last two years, Executive Director Craig Sheppard 
and the rest of the staff have worked tirelessly to recreate the 
Website, organize and facilitate online resources and blend 
them into a comprehensive package for consumption by the 
members. AIMCAL events continue to set new records for 
attendance, membership and accessibility that is second to no 
other organization. 

The volunteers on the Board of Directors also work hard for 
AIMCAL, taking time from their daily responsibilities to 
represent members, help steer and guide the organization and 
perform ad hoc assignments, mostly relating to the group’s 
strategic plan. This dual Board/staff effort has underpinned 
the incremental progress that has been masterfully directed by 
Craig as the director of AIMCAL. 

I have a couple of requests. First, please take advantage of 
the many and varied AIMCAL programs that certainly will 
enrich your companies. Second, please lend your continued 
support to Dan Bemi as he takes the president’s gavel next 
month. Third, encourage owners and senior managers to 
support AIMCAL’s work by attending the 2014 Management 
Meeting, which is specifically tuned to their needs. Their 
participation is pivotal in creating accountability for their 
employees who come to AIMCAL’s training events in record 
numbers. Like almost any effort in business, the leadership 
needs to walk the walk and be visible supporters of our 
Association. It will be a worthwhile experience. The quality 
of the programs being presented at this year’s Management 
Meeting is unsurpassed.

Sincerely,
Bob Connelly

AIMCAL President

Phoenix hosts annual Management Meeting
AIMCAL will hold its members-only Management Meeting, 
March 16-19, 2014, at the Arizona Biltmore in Phoenix, AZ.

Program highlights include two keynote addresses: 
“Strategic Shock: Surviving the Inevitable Crisis” by First 
Sergeant Matt Eversmann (Ret.), a hero portrayed in the film 
Black Hawk Down, and editor of The Battle of Mogadishu; and 
“Our Age of Global Transformation” by Peter Leyden, a leading 
expert on megatrends and new technology. 

The schedule also includes the announcement of winners in 
AIMCAL’s annual awards program, business workshops and 
business presentations, including the return of Robert Fry, senior 
economist for DuPont, Wilmington, DE, with his Economic 
Forecast of the Converting Industry. For more information, visit 
www.aimcal.org/events/management-meeting/2014/meeting/
overview.aspx.  

2014 Converting School to present  
web-processing courses in three countries
The 2014 AIMCAL Converting School curriculum consists of 15 
courses, 10 in the United States and five in Europe. Two courses, 
“Web Handling and Converting” and “Winding: Machines, 
Mechanics and Measurements,” will be held three times – in 
February in Chicago, IL, in September in Brussels, Belgium, and 
in November in Charlotte, NC. “Adhesion and Adhesives for 
Converters” and “Web Slitting Technology” courses will be held 
twice, in May in Charlotte and in October in Brussels. The “Web 
Coating and Drying” course also has two editions, one in March 
in Charlotte and one in November in Manchester, England. 

The schedule also includes three one-time courses in Charlotte: 
“Solution Preparation and Mixing” in March; “Roll-to-Roll 
Vacuum Deposition” and “Roll-to-Roll Vacuum Deposition for 
Barrier” in April. 

New online courses have been added to the Converting School 
curriculum in 2014 – providing new options to attend Converting 
School from the comfort of your office.  AIMCAL members 
receive an additional 10 percent discount. Members and non-
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members participating in two or more courses also receive an 
additional 10 percent discount. For more information, visit www.
convertingschool.com/schedule.aspx

CEMA Seminars and Expo returns in April
“Fundamentals of Coating & Drying” and “Fundamentals of 
Slitting & Rewinding” seminars will be held April 7-9, 2014, at 

the Hilton Woodcliff 
Lake in Woodcliff 
Lake, NJ. The 
popular seminars, 

organized by AIMCAL’s CEMA (Converting Equipment 
Manufacturers Assn.) Division, helps beginners and veterans 
involved with paper, film, nonwovens and other continuous 
flexible materials gain expertise in coating and laminating or 
slitting and rewinding. 

The concurrently held seminars include Tabletop Receptions on 
April 7 and April 8 to provide networking opportunities with 
converting industry vendors. For more information, visit www.
aimcal.org/events/cema-fundamentals-seminars.aspx. 

AIMCAL schedules Web Coating & Handling 
Conferences in Europe and US
Planning is well underway for the European and US editions of 
AIMCAL’s 2014 Web Coating & Handling Conferences. The 
European meeting will be held June 8-11, 2014, at the Hotel 
Cascais Miragem in Cascais, Portugal. 

The US edition is scheduled for Oct. 19-22, 2014, at the Marriott 
Grande Dunes in Myrtle Beach, SC. Proposals for presentations 

in Myrtle Beach must be submitted to AIMCAL by May 17, 
2014. A Call for Papers Submission Form may be accessed by 
clicking on “2014 Web Coating & Handling Conference” on the 
AIMCAL homepage: www.aimcal.org. 

AIMCAL membership expands again
AIMCAL has added a trio of new members since the last issue 
of Converting Quarterly. Full profiles of all AIMCAL members 
may be viewed online at www.aimcal.org. 

Acorn Meadow Designs, LLC, North Smithfield, RI, designs, 
builds, upgrades, troubleshoots and repairs web-handling and 
converting machines. The company also can assist with material 
processing, material handling and tooling/fixturing needs. (401-
500-2042)

Rol-Tec, Inc., Green Bay, WI, supplies rubber roller coverings 
and molded rubber and urethane parts. Other functions include 
precision grinds, laser measuring of rubber rollers, tungsten 
carbide and ceramic thermal spray and laser engraving. (920-339-
3150)

Treofan Mexico S.A. de C.V., Zacapu, Michoacan, Mexico, 
produces metallized biaxially oriented polypropylene films for 
the food industry and other applications. (+52-436-363-8031)

AIMCAL Website’s revamped  
Members-Only section organizes useful info 
Now organized into three sections, Community & News, 
Technical Resources and Association Info, the Members Only 
section of the AIMCAL Website, www.aimcal.org, puts business-
building information at members’ fingertips. 

The Community & News section offers a Community Board with 
questions and answers from members, Ask AIMCAL (business) 
Leads, Jobs & Resumés, Social Media highlights, AIMCAL 
Events listings, a Media Portal and Economic Surveys. 

The Technical Resources section provides access to Technical 
Forums, Conference Proceedings, Recorded Webinars, Technical 
Consultant Resources, Defects Library, Converting Quarterly 
Blogs, Metallizing Technical Reference manual, Abbott Apps 
(link to Dr. Steven Abbott’s library of online technical apps), 
Roisum Database (list of industry articles by Dr. David R. 
Roisum), Web Machine Buying Guide, Vacuum Wizard’s Guide 
and a Bookstore. 

The Association Info section links to profiles of member 
companies, Association Bylaws and AIMCAL logos and 
expedites contact with members of AIMCAL’s Board of 
Directors and Committee personnel.  n
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MARKET MONITOR

Global bioplastics demand  
to climb 19% a year to 2017
Edited by Chief Editor Mark Spaulding

While still in the emerging growth phase, the worldwide 
bio-based and biodegradable plastics market will climb 

by 19 percent each year to 960,000 tonnes in 2017, says a new 
report by Cleveland-based researcher The Freedonia Group, Inc. 
(www.freedoniagroup.com). The bioplastics industry already has 
established itself as a fixture in a number of commercial markets 
and applications. 

According to analyst Kent Furst, “Robust growth in demand 
is expected in virtually all geographic markets,” driven by 
consumer preferences for sustainable materials, the increased 
adoption of bioplastics by plastic processors and compounders 
and new product developments that expand the range of 
applications for bioplastics. However, despite the rapid rise in 
demand, bioplastics are still expected to account for less than 1 
percent of the overall plastic-resin market in 2022. 

Price, performance are key success factors
“The success of the bioplastics industry ultimately will depend on 
price and performance considerations, and large-scale conversion 
to bioplastics will not occur until price parity with conventional 
plastic resins is achieved,” Furst says. 

Starch-based resins and polylactic acid (PLA) will remain the 
leading bioplastic products through 2017, combining to account 
for over 60 percent of demand, the Freedonia report predicts. 
For starch-based resins, advances will be bolstered by increased 
regulation of conventional plastic products, particularly plastic 
bags. PLA demand will benefit from the development of resins 
and compounds with enhanced performance attributes, suitable 
for more durable applications. The most rapid gains in demand, 

US demand for fresh-produce packaging will rise 
3.3 percent each year to $5.7 billion in 2017, with 
the growth outpacing expected expansion in fresh-
produce production, thus reflecting the important role 
of packaging in the protection, safety assurance and 
marketing of fresh fruits and vegetables. Also driving 
gains will be increased sales of fresh-cut, ready-to-eat 
produce, says a new study by The Freedonia Group, 
Inc.

Fruit applications are expected to see growth outpacing 
the overall produce-packaging average through 2017. 
According to analyst Esther Palevsky, this growth will 
be “supported by population growth, trends toward 
healthier eating and the increased availability of ready-
to-eat fruit marketed for convenience and as a healthy 
snack.” These applications necessitate modified 

atmosphere packaging for freshness protection – 
typically achieved through flexible barrier-film pouches 
and bags.

Plastic containers will experience the fastest gains 
among major produce-packaging types through 
2017. Although bag and liner demand is expected to 
increase at a slightly faster pace – 3.5 percent each 
year – than fresh-produce packaging overall, even 
faster growth will occur for breathable bags in fresh-cut 
produce uses. Sales of bags and liners are predicted 
to climb from $1.40 billion in 2012 to $1.66 billion in 
2017. Heightened demand is anticipated for pouches, 
which, in addition to being less expensive than rigid 
containers, are valued for being display-ready and 
offering good aesthetics, which can be helpful in 
produce merchandising.

Western European Bioplastics Demand
To Reach Half-Million Tonnes in 2017

(thousands of tonnes)

 2012 2017
North America .............................. 85.1 ................189.0
Western Europe ......................... 212.5 ................500.0
Asia/Pacific ................................... 92.6 ................220.0
Other Regions .............................. 17.8 ..................51.0
Total Global Demand ............... 408.0 ................960.0

Source: The Freedonia Group

Busy lifestyles influence fresh-produce, flexible-packaging trends
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however, are expected for bio-based 
commodity resins such as polyethylene and 
polypropylene – with major applications 
in the flexible-packaging arena – which 
are just beginning to enter the commercial 
market. 

Western Europe was the largest regional 
consumer of bioplastics in 2012, accounting 
for over half of global demand (see table). 
The region will see strong gains through 
2017 as well, due to government regulations 
and incentives favoring bioplastics over 
conventional resins. North America also 
will see strong advances – with demand 
expected to more than double – driven by 
rising consumption of PLA and bio-based 
commodity resins.  n
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BEST OF BLOGS Expert Technical Advice

DRIVES FOR WEB HANDLING
Doctor blades and variations
Clarence Klassen
Doctor blades often are used to scrape materials from a roller or to 
prevent the buildup of contaminants on a roller. Generally, these 
doctor blades are oscillated in the transverse direction across the 
face of the roller, just after the outgoing web leaves the roller.

We often see that the doctor-blade pressure creates a considerable 
drag on the drive for the roller. On paper machine dryer cans, in 
many cases, the doctor blade can use up 100 HP on a dryer with 
a 500-HP motor. This is easy to prove by monitoring the motor 
load while relieving the doctor-blade pressure or by removing it 
entirely.

Secondly, the load created by the doctor blade often can vary with 
the period of the oscillation. A steady load created by the doctor 
blade merely wastes energy every hour the doctor blade is applied. 
A load variation caused by the doctor blade also will result in 
small speed variations that may result in large tension variations.

Moral: Use the lightest doctor-blade pressure and change blades 
when wear becomes uneven.

VACUUM WEB COATING
Packaging issues
Dr. Charles Bishop
You often can tell that you are getting old when your values or 
actions appear out of step with what is regarded as current practice. 
My parents lived through the Second World War and were subject 
to rationing. Their experience of food rationing meant that I grew 
up being expected to put on my plate only the amount of food that 
I would eat. I was not allowed to leave any food; thus, we rarely 
had any food that was wasted or spoiled. 

It is common sense that there should be an aim to minimize food 
wastage so that there is a reduction in the number of underfed 
people in the world. There are many parts to this, one of which is 
to use some simple packaging. And for foods that too often fail to 
reach the consumer because of spoilage, packaging to extend the 
food’s lifetime before spoilage, such as by delaying ripening. At 

the other end of the scale, it behooves all of us to minimize our 
individual wastage by buying only as much food as we are likely 
to eat and consuming it before it spoils. 

In my work, I see the need for improved barrier coatings for 
packaging, and I see this market is set to grow. This is both for 
developed countries where they wish to reduce domestic spoilage, 
as well as for the Third World, where a reduction in supply-chain 
spoilage is desired. However, on a personal level, I will be aiming 
to avoid packaging wherever possible. I will continue to buy food 
that is local, fresh and requires little or no packaging. Similarly, 
I will continue to buy only what I am likely to consume, and so I 
aim to minimize both food and packaging waste at the same time. 

WEB COATING
Purchasing and installing a used coater
Dr. Edward Cohen 
In the normal life cycle of a coating business, it is often necessary 
to either increase capacity or to replace old, inadequate capacity. 
As a typical coater ages, it may not be suitable to meet current 
product and economic requirements. This can occur for several 
reasons. The various hardware modules that constitute the coater 
are deteriorating, which will reduce its quality and productivity 
and increase manufacturing costs. It can become obsolete 
because it cannot manufacture products to meet current product 
requirements, which are very different that the original design 
requirements. In addition, it may not be able to meet current 
environmental and safety regulations. 

When this occurs, there are three main alternatives to provide the 
needed capacity, economic and quality requirements: 1) purchase 
a new coater; 2) modernize the deficient coater; or 3) purchase a 
used coater to replace current coater. Of these choices, purchasing 
and installing a used coater is the most difficult to evaluate because 
it is more complex, it has more unknowns and it has a much higher 
risk than the other alternatives. 

The difficulty with this approach is that, on the surface, it appears 
to be attractive. A used coater can be purchased at a much lower 
cost than a new one. It does not have to be fabricated and only 

has to be moved and installed. However, in most situations it 
is cheaper and more efficient to buy new equipment. There are 
several reasons for this. The majority of coaters and peripheral 
equipment are essentially unique designs for the specific 
applications of the purchasers. They are built from standard 
modules to keep costs down and to allow for versatility of 
design. As a result, buying a used coater may not have the specific 
requirements that are needed for the new user. Often, this is not 
discovered until the used coater is reinstalled. 

If the equipment has been sitting unused for a while, it may be 
hard to determine its condition and the modifications required. 
The cost of moving, modifying to meet local codes and 
requirements and installing can be expensive. A careful economic 
comparison of a new coater versus installing a used coater often 
will favor the new coater.

The age of the used system is a significant consideration. An old 
coater – over 10 years old – may require more energy, which will 
adversely affect operating costs and may not have the current 
technology capabilities. New coater hardware technology has been 
consistently improving, which will result in several benefits not 
possible with an older coater. 
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ABBOTT’S APPS
Online Calculators & Modellers

A: Last quarter, AIMCAL film 
making and extruson-coating guru Dr. 
Eldridge M. Mount raised the question 
in his “Substrate Secrets” column of why 
the curl in a laminate varies at different 
atmospheric temperatures (see 2013 
Q4, page 14). The short answer is, “It’s 
complicated.” But, fortunately we have 
computers and tablets that don’t mind 
complications, and the Laminate Curl 
Calculator [www.stevenabbott.co.uk/
Abbott Apps/LCC] (see Figure 1) sorts out 
all the complexities for you. The examples 
shown are in metric units, but you can run 
the apps in US units if you prefer.

Here we have one aspect of the 
complications in laminate curl. We 
have two webs, say PET and PP, being 
laminated together at the same tension (as 
you are often advised). Unfortunately, the 
resulting laminate is massively curled – 
around a radius of 25 mm. What’s gone wrong? The 50-µm 
PET with a modulus of 4 GPa is being stretched by 0.05 
percent, while the 25-µm PP with a modulus of 1 GPa is 
being stretched by 0.4 percent. It’s not surprising that once 
the laminate gets out of the nip it will curl in the direction 
of the PP to relieve the strain. You quickly can find that 
the root cause is the use of the same tension. To reduce 
the curl, you have to strongly reduce the tension in the PP 
web. The reason you need an app is because none of this 
can be sorted out by intuition. If, for example, you make 
the PET 25 µm and the PP 50 µm, you don’t gain all that 
much. Although the strains are less mismatched, you now 
have much less of the high-modulus PET, so the resistance 
to curl is less. No wonder most laminators find it hard to 
balance curl.

But what has this got to do with temperature? If you click 
the THC button in the LCC app, you find a similar-looking 
app (see Figure 2).

We have the same PET and PP, but now we start with the 
assumption that the laminate was flat, but the temperature 
has risen along with the humidity. PET has a Coefficient of 
Thermal Expansion of 15 mm/m/°C and PP is much higher, 
perhaps 100. If the temperature had risen 10° C equally 

Q: Why does laminate curling change  
 at different atmospheric temperatures?

Steven Abbott, Ph.D.
Consulting Technical Editor
+44-7831-125215
steven@stevenabbott.co.uk
www.stevenabbott.co.uk

on both sides with no change in humidity, then the curl 
would be 105 mm. However, PET and PP both expand 
with humidity, though PET expands more than PP. The net 
effect of the 30 percent increase in RH along with the 10° 
temperature rise happens to be 162 mm of curl. Again, the 
actual value depends strongly on the relative thicknesses 
and moduli of the laminate films, as well as temperature 
and humidity changes. 

As Eldridge so nicely explained, there’s a lot going on and 
it can be very puzzling. With the two apps, you will still have 
the complications, but they will start to make more sense. n

FIGURE 2. Temperature and Humidity Curl Calculator app

FIGURE 1. Laminate Curl Calculator app
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SUBSTRATE SECRETS
Film & Substrate Manufacturing

A: During the last several months, there have been 
many “Substrate Secrets” Blog questions about lamination 
performance, a couple on the curling and, as always, 
many on the cause of poor bonding performance. Much of 
the replies have been focused on how to tell what causes 
the lamination bonding problems. So, here is a bit of 
information on the basic nature of the bond test, bonding 
behavior and primary causes of bonding problems.

First and foremost, the bond of a lamination is determined 
by a peeling test, not really a bonding test. The structure 
of the test sample always will impact the actual peel value 
you measure. Because of this, you may see a difference 
between a lab quality control test – like the AIMCAL test for 
metallized films – and the actual test values measured in a 
final lamination. This is because the peeling measures all 
of the mechanical properties of the test specimen, as well 
as the failure forces. So, if you change the backing tape on 
a sample that will impact the test values and, perhaps, the 
mode of failure when the lamination peels apart. 

Controlling sampling
For QC, we make up a standard test sample, peel it apart 
and note the value of the peel and the mode of failure. 

Then, when we run 
the process to make 
the lamination, we 
make the standard 
test sample – and 
we should control 
chart the results – to 
see if something 
has changed. If 
the test result is “in 
control,” then we 
know we are doing 
our part correctly. If 
the sample is “out 
of control,” then we 
need to determine 
the assignable cause 
for the change, 
process settings or 
material inputs and 
correct it.

Therefore, it is 
important to realize 
what we are 
measuring when 

Q: What’s up with laminations?

we test. We are 
attempting to 
determine if the 
process we have 
just completed is 
the same as what 
we did the last 
time, i.e.: these are 
process control 
tests and may not 
relate to the actual 
performance of 
the lamination 
in the final 
product. Again, 
what does bond 
(peel) strength 
level mean to 
the opening 
performance of 
the bag by the 
consumer, the 
leakage rate of 
gas through the 
end or back seal, 
the seal strength, 
durability over the 
forming collar, fiber 
pull out, etc.? All 
of these product-
performance features need to be correlated to peel strength 
to determine what, if any, meaning it has in the application. 
If it has no meaning to product performance, then you have 
to ask why are we measuring this?

Changes impacting peel strength
So, what drives changes in peel strength? As noted above, 
it could be a change in the mechanical properties of a 
component, which is why you should expect a change 
when changing film types, film gauge or perhaps fill 
supplier. Changes in failure modes are more interesting 
and informative. In general, most will prefer that the 
lamination peel in such a way that the failure occurs in the 
adhesive, i.e.: we have a cohesive failure (see Figure 1) 
and we find adhesive on both sides of the peeled sample. 
This implies that the bonding is stronger than the adhesive 
strength. 

Alternatively, the peel failure should occur at or above a 
minimum strength with the mode of failure within one of 

Force

Upper test jaw

Backing Tape
Adhesive to Metal
Aluminum Layer
Substrate film

Lower test jaw

Backing tape

FIGURE 1. Cohesive failure within 
the metal adhesive layer

Force

Upper test jaw

Backing Tape

Adhesive to Metal

Aluminum Layer
Substrate film
Backing tape

Lower test jaw

FIGURE 2. Adhesive failure of 
aluminum layer to substrate film. 
You also could have an adhesive 
failure between the adhesive and the 
aluminum layer.
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the substrates (cohesive failure such as fiber tear, layer 
delaminations, tearing of layer), or at a specific substrate 
surface (adhesive failure), (see Figure 2) without alteration 
of the substrate (no fiber tear, no metal and/or ink 
delamination). Some sort of standard failure performance 
needs to be developed, then changes in the mode of failure 
can be used to find out what is causing the problem.

Everything being equal (standard peel-sample structure) 
changes in peel strength and mode of failure are used 
to determine changes in lamination process settings, 
adhesive cure, printing or metallization or printing process 
uniformity. 

Sources of lamination failure
Most adhesive failures are generally related to a weak 
boundary layer (contamination) on a bonding surface, 
which are either poorly adhered to the surface or have 
low cohesive strength or are related to poor wetting 
of two layers together (no wetting means no adhesion 
development). A short list of possible sources of lamination 
failures includes:

The Only Industrial Roller Source You’ll Ever Need

. New Rolls of All Types . Heat Transfer / Chill Rolls . Large Process Rolls . Rubber Covering Services . Complete Repairs .
Tel: 847-487-8877 
Fax: 847-487-8897

www.MengesRoller.com 
sales@mengesroller.com

Menges Roller Company 
Wauconda, Illinois

Engineering & Design Services for Heat Transfer Rolls
At Menges Roller Company, our Design & Engineering Dept. 
employs the industry’s most advanced technology to simulate  
thermal performance. We will design your heat transfer roll’s 
temperature profile to your exact process specifications.

 • Computational Fluid Dynamics to Model Temperatures 
   • FEA Models to Test Load-Bearing & Deflection 
     • 3-D CAD Integrated Systems for Final Schematics

Take the guesswork out of 
roller design. Menges uses 
advanced technology to
guarantee performance.

At Menges, design and manufacturing integrate to produce 
the highest-performing heat transfer rolls in the converting 
industry. All manufacturing processes are completed in-house. 
We also offer a full array of specialty finishes.

 • Double-Shelled Spiral-Baffle Monoflow & Duoflow Designs 
   • Chrome-Plate, Nickel & Flame-Spray Finishes 
     • We Specialize in Large Sizes, to 30 Feet in Length

Menges is an industry leader in heat 
transfer roll design, manufacturing 
and finishing.

•	 Contaminated surface of a lamination surface (weak 
boundary layer)

•	 Poor curing of adhesive (improper formulation, 
contamination of adhesive, too slow a cure rate, 
improper drying or activation of adhesive)

•	 Poor wetting of adhesive and surface (too cold a 
melt-in extrusion nomination, too short a drop height, 
too high a line speed, etc., improper or low surface 
activation)

•	 Degraded surface (weak layer due to high processing 
temperatures, surface overtreatment)

To determine an exact cause, a chemical evaluation of 
the failure surface must be done to determine the mode 
of failure and the chemical species on the delaminated 
surfaces.  n
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VACUUM VERBIAGE
Vacuum Processing & Deposition

A: Targets are often thought about as being 
clean, pure and uniform materials, but this is not 
true. Even with pure metals there will be some, 
even if it is small, level of impurity, and it is often 
the case that the surface will be oxidized. So, it 
is likely that the first thing that needs to be done 
when using a new target is to atomically clean the 
surface. This usually means sputtering the target 
for a time until the voltage/current characteristics 
stabilize. 

The time taken to clean the surface can depend 
on the material, as well as the power available to 
sputter the surface. Some materials oxidize easily, 
showing that the metal has a large affinity for 
oxygen, and these tend to sputter the oxide very 
slowly and the metal quickly. This can be as much 
as a 20:1 difference in rate between the metal and 
oxide and so, at the same power, it can take 20x 
longer to sputter the oxide surface away than for 
the metal (see Figure 1). 

Surface oxide slows cleaning
If the target is new and has been in 
storage for some time, this surface oxide 
can be very thick, and so this sputter 
cleaning can be very slow. I have found 
that this can prevent the metal sputtering 
from taking place. There was only a 
small power supply available, which was 
sufficient for the metal sputtering once 
the target had been cleaned, but was too 
small for cleaning of a thick oxide layer. 
The sputtering rate of the oxide was about 
the same as the rate of oxide growth, so 
even after 24 hours of sputtering the oxide 
layer had not been removed sufficiently to 
get to the metal below.

As most sputter systems will contain some background 
moisture (from outgassing from surfaces), there is a 
plentiful supply of oxygen available to oxidize the target 
surface and so, even as the metal is being uncovered, 
there are the competing rates of sputtering and oxidizing 
the metal. Thus, to clean a surface of oxide, the sputtering 
rate has to be fast enough to sputter the oxide faster than 
the surface can be re-oxidized; otherwise the surface may 
never be cleaned. 

Faster cleaning methods
In production, this target cleaning is all lost production. I 

Q: What are some methods to improve  
 magnetron sputtering target quality?

have known operators who have developed faster methods 
of cleaning a new target. This has included mechanically 
shaving off the top surface of the target immediately before 
putting it into the vacuum system. This shaving takes off 
the thick oxide and leaves only a new thin oxide layer that 
easily could be removed. The cost of losing this shaving 
from the target surface was much lower than the cost of 
lost production. 

A similar approach that removes less material is to use 
either a wire brush on the surface or to scrub the surface 
by hand using steel wool. These methods are slightly more 

FIGURE 1. Schematics show how there can be a thick oxide on 
some metal targets that has to be sputtered away before the metal 
can be sputtered.

FIGURE 2. Schematic shows how oxide build-up at the racetrack edges or 
defects in, or on, the target surface may result in arcing. 
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hit-and-miss as they may not always remove 
enough oxide, and the cleaning still could be 
slow. They also tend to roughen the surface 
so that micro-arcs were more evident during 
plasma cleaning. A different approach is to try 
to minimize the age of the targets and store 
them in a controlled environment such as a 
modified-atmosphere sealed bag. 

Similarly, storing powder-compact ceramic 
targets in a dry atmosphere is important 
because the porous nature of the powder 
compact easily absorbs moisture. If this 
moisture heats up too rapidly in the vacuum 
system during the first deposition cycle, the 
moisture can expand rapidly and create 
internal stresses that may crack the target or 
spall off bits from the target. 

Quality targets reduce arcing
The quality of the target – including purity and 
physical quality – is important. Inclusions in 
the target when they reach the surface will 
be a source of arcing; similarly, scratches or 
other damage to the target surface can be a 
source of arcs. Anything sharp on the surface 
will cause a concentration of electrons that 
create a disturbance in the plasma, resulting 
in an arc. Oxides may charge up and again 
disturb the plasma and cause arcing (see 
Figure 2). 

So, the cleaner and more perfect the target 
surface can be made and kept, the fewer 
arcs will be produced from the start. Similarly, 
the cleaner the target is kept during the 
process by minimizing any internal defects 
or oxidation, the fewer arcs will be produced. 
Where this cannot be avoided, it is possible 
to compensate by using power supplies that 
can switch polarity to help neutralize any non-
conducting parts of the surface that might 
have resulted in arcing, as well as by using 
arc-suppression power supplies that can 
quench arcs.

This is another case where there is a 
significant advantage to using rotatable 
magnetron sputtering cathodes; the rotation 
of the target will continuously sputter off any 
loosely bound re-sputtered particles and, 
thus, will keep the target surface clean. The 
only edges that do not get continuously 
cleaned are the two ends of the tubular target 
and are where the racetrack turns direction. 
As the bulk of the target is self-cleaned, the 
time between arcs is significantly increased, 
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and with the addition of a power supply with good arc management, 
these targets often are run in production for many 
days without significant arcing problems.   n
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Q: What are the advantages of using  
 multiple coating methods in a coater?

COATING CONCEPTS
Practical Web Coating & Drying Advice

A: The ability to use many coating methods in 
the web-coating process results in the capability to 
manufacture a wide variety of commercially successful and 
useful coated products. Among these are tapes, printing 
and protective coatings, alternative energy sources, 
batteries, medical products, printed electronics and others. 
Each has unique coating requirements: Wet-coating 
weight, rheology of the coating fluid, coating uniformity, line 
speed, number of layers to be coated simultaneously, cost 
considerations, environmental considerations and whether 
the coating is to be continuous or intermittent. The overall 
range required for these variables is extensive: Coating 
viscosity: 1-300,000 cp; wet thickness: 1-1,000 microns; 
coating uniformity: 1-10 percent; line speed: 10-3,000 fpm. 

Each coating method has a limited operating range for 
the most widely used coating methods. Table 1 illustrates 
that there is no single coating method that can be used 
for all products given the required ranges listed above. As 

a result, no one method is capable of applying a quality 
coating over the broad spectrum of potential coating 
conditions, and each method has an optimum range in 
which it should be operated. Outside of this optimum range, 
quality and reproducibility will deteriorate. It also shows that 
several methods have similar ranges and can be used for 
several products on a coating line. This will limit the number 
of total coating methods that apply, and the ability to use all 
the methods is not required. 

Feasibility of using multiple coating methods
Using more than one coating method on a production line 
has been limited for several reasons. Replacing a coating 
method with a different method requires a special design. 
It is difficult and expensive to obtain the required coating 
configuration. The time required to remove the current 
method and insert a second method is significant and 
expensive. Also, the time to obtain process equilibrium can 
be extensive and result in high coated-product loss. 

TABLE 1. Coating methods operating ranges

Method Viscosity Range (cp) Line speed (fpm)
Wet thickness  
(microns) Uniformity

Hardware 
cost

Ease of 
operation

No. of 
layers

Patch 
coat

min max min max min max
(high-low)/
avg %  

Mayer rod 50 1,000 10 1,000 4 40 10 L L 1 N

Slot die 1 100,000 20 1,700 10 1,700 1 H D 3 Y

Gravure forward 30 2,000 25 23,000 3 65 2 I I 1 Y

Gravure reverse 20 13,000 10 1,000 3 206 2 I I 1 Y

Gravure chamber 10 2,000 25 2,300 1 75 2 I H 1 Y

Reverse roll 200 50,000 20 1,700 1 500 2 I I 1
Lanes 
only

Comma 1,000 300,000 30 1,000 20 350 10 I L 1
Lanes 
only

Curtain 5 500 400 3,000 5 500 1 H D 1-18 N

Microgravure 1 4,000 8 500 1 500 2 L L 1 N

Blade 500 40,000 350 5,000 10 750 10 I I 1 N

Hardware cost estimate Ease of operation
 

Low: $100K  Low: Minimal effort at start-up-up and run

Intermediate: $100K to $300K Intermediate

High: $400K Difficult: Difficult to start up   
High: High technology
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When cartridge coaters are used, they permit rapid 
changeover of coating methods in any coater, without 
a long, costly setup time, and the optimum hardware 
configuration for each method is obtained [1]. Therefore, 
a coating line equipped with a cartridge coater can use 
several methods, and changeover time is minimal. The 
advantage is that the best method for a given product can 
be used to improve quality without incurring a cost penalty.

Benefits of multiple coating methods
1) Can use optimum method for each product: By using 
multiple coating methods on a coating line, each product 
can be optimized for maximum quality, productivity, 
reproducibility and costs, while not being subjected to 
the restrictions of using only one method for all products. 
With only one method, when several products are coated 
the operating variables are a compromise with inherent 
limitations for each product, which can lead to poor 
reproducibility, high defect levels and higher costs. Use of 
an additional coating method will reduce these limitations 
and improve overall performance. 

2) Effective way to modernize coater: As the coating line 
ages, the coating method can be a significant limitation to 
overall line performance because of the wear and tear on 
the coating hardware. In addition, the method may not be 
able to coat the current generation of products because 
original design specifications are inadequate. Therefore, 
using the old hardware will result in poor coating quality, 
yield loss and high cost. 

The web-coating process is modular; consequently, 
any module, coating method, dryer, web transport, 
H&V system, etc. can be replaced to improve overall 
performance. Replacing the current coating station with 
multiple coating-method hardware will give quality and 
capacity improvements. Replacing the coating station along 
with some other upgrades – such as the dryer – can be an 
effective alternative to building a new coater. 

3) Improved quality and costs in low-volume coatings: 
There is an increasing need to efficiently run low-volume 
coating campaigns. Reasons behind this include: Several 
types of coatings, minor low-volume products, product 
development experiments and scale-up coatings do not 
require large quantities of product. Many new products are 
relatively low volume and are attractive because of their 
increased value in use, if they can be efficiently produced.  
A one coating-method system is typically designed for 
moderate to high speeds and volumes. Therefore, when 
low-volume products are coated on these systems it can 
lead to poor quality, high costs and high startup losses until 
the coater is in a steady state. This reduces the commercial 
viability of these products. Another factor is that, for low-
volume coating, it is preferred to make a few runs each 

year and not one long run per year so that product can be 
evaluated and optimized on subsequent coatings. 

An additional coating method designed for low speeds and 
increased flexibility will result in better quality and much 
lower costs. This is a good application for a Mayer-rod 
coater. It can run at low speed with good quality. It has an 
experimental advantage in that coatweight can be changed 
in less than 10 minutes, which yields more experimental 
datapoints. Standard methods usually do not have this 
capability.

4) Improve the ability to produce new product concepts: 
Often new products that are attractive in the laboratory 
cannot be commercialized because they cannot be coated 
on the production line due to limitations in coating method.  
The availability of multiple coating methods removes this 
obstacle. With this capability, it is also possible to consider 
new product areas that would not be feasible with old 
equipment.

5) Reduce the need for high-speed coating: When 
increased capacity is needed on a single coating-method 
coater, increasing line speed is often the solution. 
Increasing speed is effective with long production if the 
other modules are not rate-limiting. However, there are 
many challenges at high speeds that can limit the required 
production obtained. When defects occur because of 
high line speed, large losses result and coating-process 
elements may be operating in an unstable region that is 
more prone to failure. Often, a better approach to obtaining 
increased productivity is to use multiple coating methods. 
Two or three methods all running at optimum quality and 
yield can result in more throughput with better costs than a 
one-method, high-speed coating line.  n
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CUT POINTS
Practical Slitting/Rewinding Advice
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Q: How can understanding pneumatic 
 knifeholder operation improve slitting?
A: The vast majority of shear knifeholders in service 
are pneumatically powered. Pneumatic holders are available 
in many sizes to accommodate various slit-width and web-
speed operating conditions. Correct holder selection should 
be based on these conditions and web material properties, 
i.e.: toughness, density, thickness, extensibility, etc. 

These holders have two separate, air-cylinder-powered 
operating sections that establish top- and bottom-knife 
Side Load Force contact at the Cut Point location. Single 
air-line holders apply air pressure to push both cylinders 
against mechanical return springs. When air pressure is 
removed, these springs restore the cylinders to their starting 
positions.* 

How the air cylinders work together
The first air cylinder is inside the frame-mounted knifeholder 
body. Air pressure activates this cylinder to move the knife-
head assembly to a preset distance – the Overlap Stroke. 
The second air cylinder is in the knife-head assembly. This 
cylinder powers the knife Engagement Stroke, which travels 
perpendicular to the Overlap Stroke. An internal valve 
prevents air pressure from entering the Engagement Stroke 
cylinder until the Overlap Stroke is completed. 

It is extremely important that the two air cylinders operate 
sequentially – Overlap Stroke followed by Engagement 
Stroke – to prevent catastrophic knife damage and potential 
personnel injury. It is equally important that when air 
pressure is removed, the Engagement Stroke returns to its 
starting position before the Overlap Stroke moves toward its 
starting location.

Role of the return spring
The amount of knife Side Load Force and sliding friction 
developed at the Cut Point during the Engagement Stroke is 
determined by the amount of air pressure applied, the size of 
the air cylinder, the internal component friction and the return 
spring. The return spring is always partially compressed and 
applying a counter-force to the air cylinder force. It has the 
most influence on Side Load Force and friction. The more 
it compresses, the greater the counter-force against the air 
cylinder. 

Side Load Force levels of 1/2 to 9 lbs. are sufficient for 
slitting most web materials, but knife contact forces can 
be much higher depending on the Engagement Stroke 
travel at setup. The longer the Engagement Stroke, the 
more the spring collapses and the higher the counter-force 
develops against the cylinder. The higher the counter-

force, the lower the Side Load Force and knife friction. 
When the Engagement Stroke is short the spring stops 
collapsing earlier. Incoming air pressure then has less 
return spring counter-force resistance and knife Side Load 
Force increases. Slowly squeezing a pen’s coil spring 
demonstrates this increase in collapse resistance. The 
graph shown in Figure 1 demonstrates how Side Load Force 
increases when a paper mill-duty holder is setup at different 
Engagement Stroke distances.

Benefits of knowing pneumatics
An internal study to understand your pneumatic knifeholder 
Side Load Force capability relative to Engagement Stroke 
setup could help enhance your slitting process. A more 
accurate and consistent Engagement Stroke can lower knife 
Side Load Force. Establishing a minimum Side Load Force 
could improve the slitting process by reducing knife friction 
with increased knife life and reduced knifeholder wear-and-
tear.  n

* Shear knifeholders with separate, dual 
high- and low-pressure lines are not 
discussed in this article.

1/2 lb. to 9 lb. side load 

Shear Knife Holder Side Load Force
       Engagement Stroke Travel and Side Load Force

Full Engagement 
Stroke 0.240”

Return Spring Compression (nts)

DWGS in DAVCAD - nts 

68 psi ~

      Paper Mill-Duty Holder Data

38 Lbs. 50 Lbs. 60 Lbs. 

0.020”                       0.098”                          0.197” 

0.020” 

0.197” 

FIGURE 1. Shear knifeholder side load force
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ECONOMIC FRONT Business Trends and Forecasts

Growth picks up in developed 
nations, but not in emerging markets
Global economic growth accelerated throughout 2013, setting 

the stage for improved annual growth in 2014. Global 
industrial production, pulled down by recessions in Europe 
and Japan, actually hit bottom in September 2012, two months 
before the cyclical troughs in Europe and Japan. In the first half 
of 2013, most of the growth in global industrial production was 
due to cyclical recoveries in Europe and Japan, but global growth 
accelerated in the second half as China’s two-year deceleration 
ended and growth in US manufacturing resumed after a first-half 
pause. By November, the last month with reasonably complete 
data, global industrial production was up 3.1 percent year-over-
year, up 2.1 percent excluding China (see chart below). 

The recent acceleration has been pronounced most in the United 
States. Industrial production in US manufacturing, which was 
flat from December 2012 to July 2013, grew at a 6.3 percent 
annual rate from July to December. With the Institute of Supply 
Management’s new orders index for manufacturing above 
60 for five straight months, further strong growth is likely in 
coming months. My own leading index for US manufacturing 
– excluding the high-tech sectors – is calling for year-over-year 
growth to approach 5.0 percent by June, up from 2.3 percent in 
December. And the acceleration in industrial production is not 
confined to manufacturing. The mining component of industrial 
production, which includes surging oil and gas production, rose 
at a 9.1 percent annual rate from March to December. 

US housing, auto & retail sales bump up
Other measures of US economic activity also improved in the 
second half of 2013. Housing starts, which languished from April 
to October, surged to a 6-year high in November. They fell back 
in December, but remained well above April-October levels. 
Light vehicle sales also surged in November – to their highest 
level since January 2007 – before falling back in December. 
Retail sales were much stronger than expected in Q4, and the 

associated upward revisions in forecasts for Q4 consumer 
spending have boosted forecasts for the quarter’s GDP growth to 
3 percent or more. While this will break a streak of three straight 
quarters of accelerating GDP growth, it is much better than was 
expected after a big inventory build accounted for much of Q3 
growth.

The acceleration in US growth came too late in 2013 to have 
much impact on annual growth. Real GDP for the year was 
likely up just 1.9 percent; industrial production in manufacturing 
was up 2.3 percent. Total IP, including mining and utilities, was 
up 2.6 percent. But the strong end to 2013 leaves the starting 
point for 2014 well above the 2013 average, making it much 
easier to achieve a good annual growth rate this year. US real 
GDP is likely to grow close to 3 percent in 2014, with industrial 
production up about 4 percent.

Europe, Japan end 2013 in much better shape
While Europe’s recovery has been slow and uneven and Japan’s 
recovery has slowed, Europe and Japan both ended 2013 in much 
better shape than they began it. Industrial production in European 
Union manufacturing was up 3.4 percent year-over-year after 
a big monthly increase in November. Most of the growth has 
been in Germany, where industrial production in manufacturing 
was up 4.7 percent year-over-year in November, and in several 
of the economies of Central Europe, where strong growth has 
resumed after the end of the recession in Western Europe. 
There has been little growth in France, Italy and Spain, but even 
there, production has stopped declining. In Japan, industrial 
production in manufacturing was up 6.1 percent year-over-year in 
November, but growth has slowed since July. 

The end of a two-year deceleration in economic growth in China 
also contributed to the pickup in global growth in the second 
half of 2013. Year-over-year growth in Value Added of Industry, 
China’s measure of industrial production, slowed from 15.1 
percent in June 2011 to 8.9 percent in June 2013. Growth firmed 
in Q3, and the year-over-year growth rate rose to 10.4 percent in 
August, but the acceleration has faded, with growth settling back 
to 9.7 percent in December. China will remain one of the fastest-
growing economies in the world, with reported growth of 7-8 
percent for GDP and 9-10 percent for industrial production, but 
actual growth will be slower and more volatile than in the past or 
than shown by official data. 

BRIC industrial production not so rosy
Outside of the US, Western and Central Europe, Japan and China 
(briefly), there has been little if any acceleration in industrial 
production. Industrial production in Indian manufacturing fell 
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in November to its lowest level in more than two years and was 
down 3.5 percent year-over-year. Things aren’t much better in 
Russia or Brazil. Industrial production in Russia was up just 0.8 
percent year-over-year in December and is barely above its 2008 
peak. Industrial production in Brazilian manufacturing was up 
2.1 percent year-over-year in November, but is still lower than it 
was in late 2008 and early 2010. With the Brazilian central bank 
raising its policy rate recently to defend the Real, a near-term 
acceleration is not likely. 

Of the famed BRICs (Brazil, Russia, India, China), China is the 
only one that has reported significant growth in manufacturing 
since early 2011 (see chart above). Industrial production in 
manufacturing is below early-2011 levels in Taiwan and is just 
slightly above those levels in Korea, although seasonally adjusted 
data suggest that growth has resumed in both countries. The 
one real bright spot in emerging Asia is the Philippines, where 
industrial production was up 21.3 percent year-over-year in 

November. Concern about emerging markets and the risk of capital 
outflows – as the US Federal Reserve reduces monetary stimulus – 
has caused global stock prices to retreat in recent weeks. 

Real, sustainable US growth ahead?
It is easy to dismiss the recent improvement in economic 
growth as either phony (bad seasonal adjustment factors) 
or unsustainable (inventory build). In the US, at least, the 
improvement seems real and sustainable. Policy uncertainty is 
down, last year’s tax hikes and spending cuts won’t be repeated 
this year, and the fracking boom is significantly boosting 
investment in the oil, gas and chemical industries. 

In Japan, quantitative easing has clearly helped the economy 
– albeit 22 years too late. Expect a good Q1 2014 there – in 
advance of a consumption tax hike – but growth will slow 
significantly in Q2. Without structural reforms, trend growth in 
Western Europe will remain very weak, but Europe is currently 
experiencing a cyclical upswing around that slow trend. While 
most emerging markets have languished, stronger growth in the 
United States and Europe could eventually stimulate export-led 
growth there. With positive momentum as the year begins, annual 
growth in global GDP and industrial production will be better this 
year than last year.  n

Copyright © 2014 E. I. du Pont de 
Nemours and Co. All rights reserved. 
Reprinted with permission.
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EVENT PREVIEWS

Gravure Global Summit 2014
WHAT: Two-day international conference and Global 
Marketplace tabletop exhibition on technical and management 

leadership in the 
global gravure-
printing industry. 
Session topics 
include the latest 
technological 
innovations; 

how EPA and HR regulations will impact your business; 
how CPG brand owners see packaging as part of a complete 
marketing strategy, what to expect in healthcare as it pertains 
to your business; and updates from the US and international 
packaging gravure-market segments. Includes the 2014 Gravure 
Management Excellence Awards dinner recognizing the best 
companies in gravure printing for packaging, products, labels and 
supplies. Also offered will be the Gravure Education Foundation 
Golf Tournament.
WHEN: Wednesday, March 12-Thursday, March 13, 2014
WHERE: Marriott Biscayne Bay Hotel, Miami, FL
EXHIBITORS: About 35
ORGANIZER: Gravure Assn. of the Americas
FEES: $600 (GAA member), $800 (non-member)
MORE INFO: 812-406-5434, www.gaa.org 

Converters Expo 2014
WHAT: One-day converting machinery and materials tradeshow. 
Exhibits cover paper, paperboard and plastic film substrates, 
slitting/rewinding, sheeting, packaging, folding, coating/
laminating, flexographic 
printing, automation, 
materials handling, testing, 
related equipment and 
supplies and contract 
converting services. 
Evening reception on 
Wednesday, March 12, 
precedes tradeshow. 
WHEN: Thursday, March 13, 2014
WHERE: Lambeau Atrium, Green Bay, WI
EXHIBITORS: About 100
SHOW HOURS: 9:30 a.m.-3:30 p.m.
ORGANIZER: Converting Influence, BNP Media
FEES: $45 (exhibition, breakfast, lunch; pre-show welcome 
reception)
MORE INFO: 800-524-7225, www.convertersexpo.com 

Spring 2014 Events At-A-Glance
Get ready for a spring blooming with conferences and exhibitions  
covering converting, printing, coating and applied packaging technology.

INFO*FLEX 2014
WHAT: Two-day flexographic-printing tradeshow amid a four-
day technical conference for printers, converters, packaging 
buyers and other flexo 
professionals. All 
related products will be 
highlighted: Prepress 
software/hardware, 
printing presses & 
equipment, plates, inks and substrates. On display will be the 
winners of the 2014 Excellence in Flexography Awards.
WHEN: Monday, April 28-Tuesday, April 29, 2014
WHERE: Baltimore Convention Ctr., Baltimore, MD
EXHIBITORS: More than 210
SHOW HOURS: 1:30-5:30 p.m.
ORGANIZER: Flexographic Technical Assn.
CO-LOCATED WITH: Foundation of FTA Annual Forum 
(April 27-30) at Hilton Hotel, Baltimore
FEES: FTA-member printer/converter $95; non-member printer/
converter $190
MORE INFO: 631-737-6020, www.flexography.org 

SVC TechCon 2014
WHAT: Five-day conference and exhibition on advances 
in coating technology. Includes “Symposium on Advanced 
Coatings for Transportation;” dozens of traditional technical 
sessions; spotlight 
sessions on business, 
poster presentations, 
and Heureka! recent 
developments; Vendor 
Innovators Showcase; 
and a 24-tutorial 
education program. 
Exhibition covers the 
full range of machinery, equipment, components, accessories 
and raw materials for the vacuum coating process. Networking 
opportunities include May 4 welcome reception and awards 
ceremony, May 6 House of Blues event, 9th annual SVC 
Foundation 5K Fun Run & Walk and more.
WHEN: Saturday, May 3-Thursday, May 8, 2014
WHERE: Hyatt Regency Chicago on the Riverwalk, Chicago, IL
EXHIBITORS: About 125
SHOW HOURS: Noon-6:00 p.m., May 6; 10:00 a.m.-5:00 p.m., 
May 7
ORGANIZER: Society of Vacuum Coaters
MORE INFO: 505-856-7188, svcinfo@svc.org, www.svc.org 
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interpack 2014
WHAT: Seven-day trade fair for the 
entire value chain, from the converting 
and production of packaging materials to 
packaging machinery and distribution, 
quality assurance and consumer protection 
for companies in food, beverages, 
confectionery, pharmaceuticals, cosmetics, 
industrial goods and services. Includes 
future concepts to be featured in the 
Innovationparc Packaging. 
WHEN: Thursday, May 8-Wednesday, 
May 14, 2014
WHERE: Fairgrounds, Düsseldorf, 
Germany
EXHIBITORS: About 2,700
SHOW HOURS: 10:00 a.m.-6:00 p.m. 
daily
ORGANIZER: Messe Düsseldorf
FEES: Day ticket 60 Euro; three-day ticket 
120 Euro
MORE INFO: 312-781-5180, info@mdna.
com, www.interpack.com 

TAPPI PLACE 2014
WHAT: Three-day technical conference on 
polymers, laminations, adhesives, coatings 
and extrusions for flexible-packaging 
converters with sessions on multilayer 
technology, adhesives, resins, machinery 
improvements, sustainability, machinery 
utilization, modeling and testing. Includes 
a Brand Owner Panel Discussion, New 
Technology Showcase and Tabletop 
Exhibition, PLACE Gala Award Ceremony 
at the Beach Club and two keynote 
speakers.
WHEN: Tuesday, May 13-Thursday, May 
15, 2014
WHERE: Sawgrass Marriott Hotel, Ponte 
Vedra, FL
ORGANIZER: TAPPI Polymers, 

Tufco’s hot melt adhesive laminating 
capabilities feature widths ranging from 
60 inches up to 120 inches.

Plus Tufco’s wide web flexographic 
presses offer the option of completing 
print jobs on substrates including non-
wovens, paper and film with printing 
widths of up to 61 3/4 inches.

Quality Every Time. Tufco

Fortify Your Brand.

www.tufco.com
info@tufco.com 

(920) 336-0054

Making a wide statement for 
your project...

Laminations, Adhesives, Coatings, Extrusions Div.
FEES: TAPPI member ($1,095 before April 6; $1,320 after April 6); non-member 
($1,595 before April 6; $1,930 after April 6)
MORE INFO: 770-209-7319, kledbetter@tappi.org, events.tappiplace.org/index.asp

CEMA Seminars & Expo 2014
WHAT: Two-day program offers 
a choice between concurrently 
held “Coating & Drying 
Fundamentals” and “Slitting & 
Rewinding Fundamentals” Seminars. Tabletop Expo & Receptions on the evenings 
of April 7-8 provide opportunities to meet converting industry vendors and discuss 
technology one-on-one. Seminars are structured to be easily understood by those 
new to the industry, while providing advanced information to those with more 
experience. Q&A sessions are held throughout the seminars to address the specific 
needs and issues of attendees. Anyone involved in coating and laminating or slitting 
and rewinding operations of paper, film, nonwovens and other continuous flexible 
materials will benefit. 
WHEN: Monday, April 7-Wednesday, April 9, 2014
WHERE: Hilton Woodcliff Lake, Woodcliff Lake, NJ
EXHIBITORS: About 25
ORGANIZER: Converting Equipment Manufacturers Assn.
FEES: Each seminar: $395 (GAA member), $495 (non-member);  
Expo pass only: $25
MORE INFO: 803-948-9470, www.cema-converting.org 
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VACUUM WEB COATING Market Forecast

In the last few years, the markets for vacuum-coated and 
metallized products have demonstrated resilience to the 

economic pressures and general business declines around 
the world, and continue to grow at ~5 percent annually 
in all areas. There are, of course, regional variations in 
growth patterns and in the development of individual 
materials and vacuum-coating processes, but positive 
growth is seen in all areas. 
 
Vacuum coated products offer proven advantages in three 
main scenarios: 1) barrier properties suitable for use in a 
variety of applications across industries, from FMCG (fast 
moving consumer goods) packaging – particularly foods 
and snacks, with increasing sales of ready meals/prepared 
meals – to aerospace; 2) aesthetics – for highly-reflective 
metallized films and for clear oxide vacuum-coated films 
used for see-through packs; and 3) positive environmental 
properties. Environmental drivers for change include 
a move toward lighter, thinner and stronger materials; 
reducing waste and costs; and simplifying recycling.

Price pressures remain prominent
Packaging companies around the world – and their supply chains 
– have experienced increases in raw-material costs and energy 
prices while attempting to fend off pressure from brand owners 
to reduce selling prices. Cost pressures have been exacerbated 
by increased production capacity from the lower-cost, BRIC 
region countries. Therefore, it is a given that – as in many 
industrial sectors – vacuum-coating and metallizing companies 
will continue to leverage economies of scale to gain competitive 
advantage. This will be achieved through investment in larger 
capital equipment that can deliver faster throughput, and – as 
businesses in the value chain become vertically integrated – 
through consolidation and M&A activity.

Market profiles by region
Excluding vacuum coaters who specialize in capacitors, stamping 
foils, and coatings used for high-technology applications such as 
displays, aerospace, etc., the vacuum-coating market is shared 
between two principal categories of companies: in-house vacuum 
coaters/metallizers and commercial, unaligned vacuum coaters/
metallizers.

The market is highly regionalized and there are strong regional 
differences (see Figure 1). North America, Europe and Japan 
are exhibiting signs of advancing maturity, with production 

Vacuum-coated & metallized films: 
Transforming the future
By Dr. William Llewellyn, vice president & senior consultant, AWA Alexander Watson Associates

levels sustained, in part, by exports. Meanwhile, domestic 
demand – particularly for metallized papers – shows limited 
growth prospects, primarily within packaged foods, and there is 
increasing competition all around from lower-cost imports. 

North America: In North America, there is a particular trend 
to wider use of vacuum-coated films – with strong growth in 
PET – in technical applications such as aerospace, window films 
and security, as well as in the more traditional areas of flexible 
packaging. Metallized-film production showed 2012 growth of 
~3 percent, driven by demand for metallized PET at 5.0 to 5.5 
percent, in line with the general increase in use of PET in flexible 
packaging. Essentially, we forecast what is a static position in 
metallized papers in 2014, but growth in metallized films is in 
line with GDP growth, at around 3 percent.

Europe: In Europe, demand for metallized board – replacing 
aluminum foil/board and metallized PET/board – is showing 
strong growth levels, with transfer-metallizing the favored 
technology. A slowdown in the European flexible-packaging 
market in 2013 – with weakening demand for PET and OPP 
linked with the maturity of many areas of metallized-paper use – 
suggests a reduction in growth in 2014 to ~3 percent.

FIGURE 1. World production for vacuum-coated films and papers 
in 2012. Source: AWA
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Asia Pacific: Demand is at its highest in developing regions 
such as Asia Pacific and South America – particularly China, 
India and Brazil – fed by ongoing investment in vacuum-
coating technologies and end-use markets. China and India are 
major producers and exporters of vacuum-metallized materials, 
both for “domestic” regional use and for low-cost exports to 
North America, South America and Europe. In China, where 
metallized-paper demand for labels and cigarette packaging 
remains exceptionally strong – growing at ~15 percent each 
year – the focus in films is on metallized PP, particularly CPP. 
India has the highest concentration of metallized-PET film 
volumes of any market, although investment in metallized OPP 
is growing strongly. Thailand’s ongoing investment in PET and 
OPP manufacture is additionally a notable feature in the region.   
Overall, Asia Pacific production of vacuum-coated products 
continues to grow at ~20 percent annually and, this year, we 
expect to see more modest growth at 5-7 percent in metallized 
films.

South America: In South America, production of vacuum-coated 
products continued to grow strongly in 2012, at an estimated 
~4.5 percent. Major growth drivers are metallized films – notably 
OPP – in flexible packaging, with growth predicted to continue 
at around 5 percent into 2014. There is, however, a degree of 
volatility reflecting concerns of overcapacity in film production 

and downstream vacuum-coating capacities that now are showing 
signs of outstripping market growth.

Africa and the Middle East: This sector experienced overall 
growth in vacuum-coated products in 2012 – about 4.5 percent 
over the prior year, with emphasis on metallized films – notably 
PET in the Middle East, where we see vertically-integrated 
investments in film metallizing at major film manufacturers 
in the region, including increasing production of oxide 
film technologies. Also, there is a resurgence of interest in 
investments in OPP-film metallizing in South Africa, following 
the earlier losses of local metallized film and paper production.   
In the medium-term, growth in this region is expected to continue 
annually at 5 percent, driven by film metallizing in the Middle 
East.

There is significant expansion of global trading across the various 
regions: oxide-coated films from Japan; metallized PET and PP 
from the Middle East, China and Japan; and metallized giftwrap 
from Asia to both North America and Europe.

Trends by film substrate
Today, and going forward in 2014, the majority of global 
volumes in the end-use market are in vacuum-coated films (see 
Figure 2). Metallized PP continues to be the dominant material, 
but metallized PET usage is growing strongly. Metallized 
PVC films are widely used in decorative applications; and 
polyamides, cellulose acetates, regenerated cellulose films 
and polyimides also are seen in specialist market applications.   
Vacuum-coated and metallized films will continue to transform 
packaging applications around the world, and many other end-
use applications – technical and decorative as well – for the 
foreseeable future.  n

Editor’s Note: AWA Alexander Watson Associates recently 
has published “Global Vacuum Coated & Metallized Products 
Market Update 2013” and will publish the full, in-depth “Global 
Vacuum Coated Products Market Study & Sourcebook 2014” in 
2014 Q2. 

Bill Llewellyn, vice president &senior consultant with AWA 
Alexander Watson Associates (Amsterdam, The Netherlands), 
holds a Ph.D. in Chemical Engineering from the University 
of Glamorgan. He has worked for 40 years in the packaging, 
labeling and coating industries in a variety of commercial, 
technical, manufacturing and senior management positions, 
specializing in vacuum-coating processes serving the labeling 
and packaging sectors. Bill is the author of many multiple 
and private client market studies identifying commercial and 
technical data and describing market dynamics, opportunities, 
trends and competitive influences in the specialty converting 
arena. He can be reached at +31-20-676-2069, wllew@sky.com, 
www.awa-bv.com

FIGURE 2. World market shares by vacuum-coated 
product in 2012 (in tonnes). Source: AWA

There is increasing 
competition all around, from 
lower-cost imports to North 
America and Europe.
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VACUUM WEB COATING Flexible Materials

continued on page 28 u

Introduction

The Fraunhofer Institute for Electron Beam and Plasma 
Technology hosted the recent pro flex conference in Dresden, 

Germany. Nearly 140 participants from 21 countries joined 
this renowned event to discuss the latest developments in the 
area of vacuum roll-to-roll (R2R) coating of flexible materials. 
This paper provides a short review of several presentations with 
significant results in this area of research.

R2R processing of flexible OLEDs (Fraunhofer 
COMEDD, Germany)
This presentation provided details of on-line, R2R inspection, 
analysis and identification of defects suitable for OLED 
manufacturing. This report, from early in the program of work, 
details the options that are available coupled with the aim of 
identifying which type of defects on the web will result in defects 
in the final product. The web substrates can have a full line scan 
with a 1-micron spot size and 100 percent of the surface checked 
(see Figure 1). From the defect map, it is then possible to return 
to the specific defect to do a more detailed analysis of the defect. 
This allows different web types and different web-cleaning 
technology to be evaluated and optimized.

It was interesting to see that not all defects on the web resulted 
in a problem (see Figure 2). Web samples were subjected to 
either the calcium test or were processed into complete OLEDs 
and individual defects could be monitored. In the calcium test, it 
is easy to see when a defect in a barrier coating is a problem, as 
the degradation of the calcium will radiate rapidly out from the 
defect. Currently, because we have not identified which defects 
are the problematic ones, the strategy is to try to clean everything 
off the surface. If the type of defect that presents the problem can 
be identified, then the source might be identified and minimized 
or eliminated.

Flexible solar cells (Heliatek GmbH, Germany)
In this paper, the authors described their progress in changing 
organic solar cells from using rigid glass to rolls of flexible 
polymer substrates. An advantage of the organic cells they have 
produced is that the organic layers can be customized to absorb 
different wavelengths, so that by using more than one layer – 
each with a different absorption range – the cell efficiency can 

Vacuum roll-to-roll processing  
of flexible materials:  
A review of pro flex 2013 papers
By Anastasiya Zagorni, Fraunhofer Institute for Electron Beam & Plasma Technology, and  
Dr. Charles A. Bishop, principal, C.A. Bishop Consulting, Ltd.

FIGURE 1. The scanning system and the defect map that 
can be produced with individual defects analyzed and 
evaluated. Courtesy of Fraunhofer COMEDD.

FIGURE 2. The build-up of coatings toward making organic 
light emitting diodes (OLEDs). Courtesy of Fraunhofer 
COMEDD.
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t continued from page 26

VACUUM WEB COATING Flexible Materials

be improved. To achieve the transition to R2R processing, some of the processes need to be 
changed from step-and-repeat to continuous processing. This includes the in-line laser scribing 
and uniformity of multilayer coatings. The eye is very discriminating, so producing defect-free 
and uniformly colored, semi-transparent cells with reproducible efficiency is something of a 
challenge. However, if this is achieved, the cell will be produced without the use of any toxic 
materials, and will be produced with a low-energy manufacturing process. The payback time in 
less than six months, coupled with the option to integrate the cells into buildings, makes this type 
of cell a very attractive alternative with the possibility of large financial rewards.

New technologies for vacuum R2R coating PECVD for high-barrier coatings – 
Sputter deposition on flexible glass (Kobe Steel, Ltd. Japan)
Many electronic devices require good barrier materials, and Kobelco presented details of its 
alternative design of a R2R plasma-enhanced chemical vapor deposition system (PECVD). They 
compared the new opposed, double magnetically enhanced roll design to existing R2R PECVD 
systems. By using the opposed two-roll system, they do not have the problem of a disappearing 
anode, and the deposition rate is good because there is deposition as the web passes around each 
of the two rolls. 

It is an interesting design; there are two front surface rolls between each half of the coating 
deposition. If there are no defects on the substrate, this may have no effect, but if there are any 
particulates on the polymer surface, then it is possible that those particles that get coated with 
the first half of the coating may be moved before the second half of the coating is deposited. The 
new method allows some of the holes in the coating to get some coating deposited and, hence, 
the barrier performance is improved. It is still best to have a very clean, defect-free surface on 
which to deposit the coating, but it is easy to see how building up the coating as a series of layers 
could have advantages for less optimum substrates. 

The process has been demonstrated at narrow width and has been scaled up to 1,340 mm wide 
with two deposition zones. Some of the results looked promising, showing results for single-
layer-thick coatings produced with a slow winding speed, but which gave a performance that 
suggested the product could be used as an ultra-barrier material suitable for encapsulating 
electronic devices. For more on this process, see page 31.

Ultra-low water vapor permeation measurement using Tunable Laser Absorption 
Spectroscopy (TDLAS) (Fraunhofer IWS, Germany)
This paper on “direct laser interference patterning” detailed the background to this work as 
biomimetics, where attributes found in the natural world are copied to provide the same effects. 
Figure 3a shows the fine detail of a Morpho Menelaus butterfly wing where the construction can 

been seen. There are alternating 
layers of keratin and air that 
provide the color of the butterfly’s 
wing. This can be replicated with 
an alternating optical stack made 
up of high- and low-refractive 
index materials. Figure 3b shows 
a moth’s eye, which also can be 
mimicked by making an anti-
reflecting surface. This has been 
done by making embossing shims 
using laser interference generated 
structures and modifying the 
polymer web surfaces by 
embossing the structure into the 
polymer surface.

There is a requirement for 
changing some polymer surfaces 
from being smooth into ones with 
some type of 3D structures being 
produced on the surface. Often 
these structures are added to the 
surface by colloidal or optical 
lithography or they are embossed 
into the surface. It takes a number 
of steps to produce the shims 
necessary to keep a production 
line supplied. All of the steps 
are slow and costly, whereas if 
the same effect can be produced 
directly onto the substrate, 
there may be significant cost 
advantages. Using a pair of lasers 
and producing an interference 
pattern, a grating can be produced 
by laser ablation. Adding a third 
laser, the lines can be converted 
into a series of peaks (see Figures 
4a-4b). 

This is not yet a continuous 
process, but is currently done 
step-and-repeat. Also, the patterns 
available are somewhat limited 
compared to the patterns produced 
by holographic or lithographic 
means. This process looks as if 
the first uses will be in some of 
the easier products, such as some 
aesthetic or security products to 
add scattering into light-absorbing 
structures. It will be interesting 
to watch the progress toward a 

FIGURES 3a-3b. Left: Structure that produces color in the Morpho Menelaus butterfly’s 
wing. Right: Anti-reflection structure as found in the moth’s eye. Courtesy of Fraunhofer 
IWS.
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continuous method where the 
economies will improve further.

Printing vs. coating – in 
which direction are future 
production technologies for 
printed electronics going? 
(Kroenert GmbH & Co. KG, 
Germany)
This presentation compared 
coating versus printing processes 
for depositing thin, high-
technology coatings. What they 
class as high-tech coatings covers 
the following attributes: A coating 
absent of defects, with a cross-
web distribution less than +/-1 
percent and a wet thickness of less 
than 1 μm, giving a dry thickness 
of less than 100 nm, coupled 
to which the coating thickness 
must remain constant over 24 hrs 
of production, and the printing 
texture must be capable of having 
up to 2-pt resolution. Kroenert 
went on to describe how all of 
these attributes could be achieved, 
but warned that simply using the 
same system that works with one 
material does not mean it will 
work with all materials. Their 
suggestion: Test out any new 
material on a development system 
first to optimize the process 
conditions before transferring to a 
production process. 

Study of adhesive 
improvement of a Cr-Ni alloy 
layer on a polyimide surface 
by low-pressure gas plasma 
modification (Sumitomo 
Metal Mining Co., Ltd., 
Japan)
The results on adhesion problems, 
that are often a part of ongoing 
research, were mentioned at 
length. This paper looked at the 
problems in adhering copper 
to a polyimide substrate. There 
are many different options to 
producing a thick copper coating 
onto polyimide, including 
vacuum-depositing a thin, 
copper-seed layer and plating 

up, as well as depositing a thick copper coating directly onto the substrate. Either method can 
cause problems with stress in the copper that, if the adhesion is not good, will lead to problems 
of delamination. Researchers deposited the copper coatings onto a plasma-treated polyimide 
substrate and included a Cr-Ni seed layer to improve adhesion. This still could have adhesion 
problems, so the plasma treatment was optimized.

The surface of the polyimide was analyzed using atomic force microscopy (AFM) and X-ray 
photoelectron spectroscopy (XPS). The adhesion properties were tested using a peel test with 
the fracture mode being identified using attenuated total reflectance-Fourier transform infrared 
(ATR-IR) spectroscopy. 

With this type of detailed analysis, they could discriminate between interfacial and cohesive 
failure. The results: Using oxygen in the plasma resulted in reduced adhesion as the oxygen 
oxidized the chromium, which was then inhibited from bonding to the polyimide. Argon plasma 
treatment proved to be the better option, and even though the adhesion fell following the heat 
treatment, it still was better than using untreated or oxygen-treated polyimide film.

Spatial atmospheric atomic layer deposition (ALD) for next-generation flexible 
devices (Holste Centre TNO, The Netherlands)
This presentation showed yet another design configuration for the roll-to-roll ALD production of 
barrier coatings. The difficulty with ALD coatings is to be able to deposit sufficient thickness of 
coating at a sufficient winding speed so as to make the cost-per-unit-area competitive with other 
coating options. 

The Holste design uses the various gas feeds into precision channels in a rotating drum. The web 
is passed around the drum, and the web is floated by the gas so that it does not contact the drum 
while, at the same time, the different gases can be kept separate. The drum spins in the opposite 
direction of the web movement so that the web effectively passes successive gases many times 
during the time it traverses the drum and, hence, several layers can be deposited in a single pass. 
The faster the drum spins, the more layers can be deposited. This too has been demonstrated at 
narrow width, so the next step will be to demonstrate the same performance at wide widths. A 
key requirement from this type of technology is that precision engineering can be a challenge to 
keep the small gaps uniform and stable to enable robust production.

Gas barrier and adhesion properties of organic thin layers deposited by physical 
vapor deposition (Toyobo Co., Ltd., Japan)
This paper describes the researchers’ experience of depositing melamine as an organic protective 

continued on page 30 u

FIGURES 4a-4b. Left: The moth eye structure that can be produced by the interaction 
of three laser beams on the surface. Right: The start of this structure being ablated into 
a transparent conducting oxide surface. Courtesy of Fraunhofer IWS.
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coating on top of a transparent inorganic barrier coating. The 
melamine gave a poor peel-strength performance. The target was 
to improve the peel strength of any physical-vapor-deposited 
organic coating. This was achieved by including sulphur in the 
organic composition, where the sulphur was shown to be able to 
bond to both the oxygen associated with the aluminum or silica, 
so the organic had a direct chemical bond to the inorganic layer 
and, hence, the peel strength increased by more than an order of 
magnitude.

Conclusion
Conclusions that can be drawn from the pro flex 2013 
presentations overall was that R2R ALD continues to show 
promise, but the key challenge of scaling up the process remains 
to be proven. Ultra-barrier coatings are still proving difficult, with 
substrate quality being a significant factor. This leads to defects 
that are critical to many more products than just ultra-barrier 
and flexible electronics, and the defects need to be managed. To 
achieve this there is a need for fast, continuous, low-cost, on-line 
measurement of defects down to 1 micron and below, so as to 
verify any substrate quality and see the improvements made by 
cleaning the substrate. A key step forward in substrate cleaning 
is the in-vacuum, in-line cleaning process developed by Teknek, 
Ltd. (UK). For more on this system, see page 51.
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ABSTRACT
Flexible glass is very thin – below 100 μm – and flexible enough 
to be wound in a roll. Flexible glass is a very attractive substrate 
for the high throughput roll-to-roll (R2R) production of flexible 
displays. It has thermal stability up to the temperature range for 
display fabrication, excellent barrier properties, very smooth 
surfaces and high optical transparency. However, R2R deposition 
on flexible glass is a challenge because of the fragility of the 
glass.  This article describes the status for R2R processing of 
flexible glass and our results of R2R depositions of ITO on 
flexible glass up to 50 meters long. 

Introduction

Recently, with the terms “flexible electronics” or “flexible 
displays,” there has been an increasing interest in flexible 

devices, such as conformable, bendable or rollable displays 
fabricated on thin plastic or metal substrates. At the same 
time, interest in flexible substrates has been growing from the 
viewpoint of high throughput, roll-to-roll (R2R) manufacturing 
processes of flexible devices. However, such flexible materials 
have some problems as substrates for electronic devices. For 
example, plastic films generally have poor heat resistance and 
large thermal expansion that limit the process temperature. High 
gas-permeation rates of plastic films may cause degradation of 
devices. On the other hand, metal foils have better heat resistance 
and do not permeate gases, but relatively rough and electrically 
conductive surfaces often are not suitable for the fabrication 
of display devices. Furthermore, opaque metal foils cannot be 
applied to the devices that require optical transparency.

Glass is the most popular substrate for the production of 
electronic devices such as flat panel displays, touch sensors and 
photovoltaic cells because of its inherently superior nature: low 
thermal expansion, dimensional stability, smooth surfaces and 
optical transparency. But, glass is a rigid and brittle material, and 
R2R processing of glass substrates was considered impossible. 
However, if the thickness of the glass is very thin, typically 
below 200 μm, the glass begins to have some flexibility and can 
be bent slightly. 

Flexible glass is a very thin glass – below 100 μm – that can be 
flexed or bent (see Figure1a). Some people use the term, “ultra-
slim glass” or “glass film.” Recently, some glass suppliers have 
succeeded in producing thin glass webs that are flexible and long 
enough to be wound into “flexible glass rolls” (see Figure 1b). 
This progress has opened the door for R2R processing of glass.

In this article, we will give an overview of the development and 
status of flexible glass as a substrate for R2R processing. Also 
described are some of our results of R2R sputter deposition onto 
flexible glass substrates.  

Flexible glass
Status of flexible glass rolls: At the moment, there are four major 
suppliers of flexible glass: Nippon Electric Glass Co. Ltd. (NEG), 
Asahi Glass Corp. (AGC), Corning, Inc. and Schott AG. All 
have begun supplying flexible glass sheets and have exhibited 
flexible glass rolls at trade shows. All but AGC now supply 
flexible glass rolls. Research organizations ITRI (Industrial 
Technology Research Institute) in Taiwan and CAMM (The 

Roll-to-roll sputter deposition 
on flexible glass substrates
By Hiroshi Tamagaki, chief of R&D; Yoshimitu Ikari and Eiji Yoshida, Kobe Steel, Ltd.

FIGURE 1. (A) a flexible glass web; (B) a 50-μm-thick, 800-mm-wide flexible glass roll.  
(Courtesy of Nippon Electric Glass)



32  www.convertingquarterly.com  •  2014 Quarter 1

t continued from page 31

VACUUM WEB COATING Sputtering on Glass

Center of Advanced 
Microelectronics 
Manufacturing) of 
Binghamton University 
(USA) are actively 
investigating R2R 
processing technologies 
for flexible glass. 
In addition, as an 
equipment supplier, this 
firm has been developing 
the technologies to 
carry out R2R vacuum 
deposition on a flexible 
glass substrate.

NEG has the longest 
history in flexible glass. 
It began supplying 
flexible glass rolls 
in 2009 and reported 

a successful production of flexible glass rolls, 50-μm-thick, 
800-mm-wide and 100 meters long at IDW (Information Display 
Workshop) in 2011 [1]. In addition, it exhibited samples of ITO-
coated flexible glass rolls at exhibitions and displayed an ITO-
coated flexible glass roll of 50-μm-thick, 300-mm-wide and 100 
meters long at Light Tech in Tokyo last year. At the moment, 
NEG supplies 40-μm-thick, 800-mm-wide and 500-meters-long 
flexible glass rolls.

Corning also started the commercial supply of flexible glass 
under the tradename “Willow Glass.” At the SID 2012 meeting, 
the company announced its roadmap for the supply of flexible 
glass with and without ITO coating in rolls. As research 
activities, they described R2R ITO deposition on flexible glass 
at SVC TechCon 2012 [2]. According to the Corning Website, 
the supply of 100-μm-thick, 1-meter-wide and 300-meters-
long flexible glass rolls were scheduled to start in 2013 Q3 [3]. 
Corning also is carrying out joint research with institutions 
such as ITRI and CAMM. ITRI reported the fabrication of the 
prototype for touchscreen sensors on flexible glass substrates 
from Corning by R2R methods [4].

Recently, Schott announced the supply of its own flexible 
glass rolls. At Printed Electronics USA 2013, Schott gave a 
presentation describing the specifications of its glass roll as 
50-μm-thick, 600-mm-wide and 10-500 meters long, and the 
shipment of such glass roll to customers for R2R process trials.

Advantages and challenges: The attractive features of flexible 
glass were reported by Murata [1]. It has a low thermal expansion 
coefficient – as low as 3.8x10-6/°C, which enables fine patterning 
required for display applications. The strain point is 650° C, so 
it has enough heat resistance for TFT fabrications. Its barrier 
properties are excellent, water vapor transmission rate (WVTR) 

below 7x10-7g/m2/day, which is good enough for OLED 
applications. The surface roughness (Ra) is around 0.1-0.2 nm 
without polishing, and the transmittance is 92 percent at 550 nm. 

However, there are issues stemming from the fact that flexible 
glass is still a glass. Even though it has flexibility to be wound 
into a roll, it is still easy to break, and there are difficulties 
in handling flexible glass. So the number of reports on R2R 
deposition on flexible glass is limited. 

One issue for the handling of flexible glass is the minimum 
curvature, because the strain induced in the glass becomes larger 
when the curvature is small. According to the literature, the 
minimum radius of 75 mm was recommended for 100-μm-thick 
glass; therefore, the diameter of the rollers for flexible glass 
handling should be more than 6 in.
  
When we wind flexible glass into a roll, it is necessary to prevent 
direct contact between the glass webs as it overlaps itself because 
the direct contact between sheets of glass with extremely smooth 
surfaces may cause sticking, which can result in breakage. 
As a counter measure, Corning uses a solution to add spacers 
called “Edge Tab” on both sides of the flexible glass (see Figure 
2). On the other hand, NEG inserts an interleaf of plastic film 
between the overlapping sheets of glass to prevent direct contact. 
Therefore, R2R handling of flexible glass should be compatible 
with both the edge-tab and interleaf solutions. 

R2R deposition on flexible glass
As mentioned in the last section, flexible glass rolls are now 
commercially available. As a supplier of R2R vacuum coaters, 
we began to study handling technologies and deposition 
processes for flexible glass substrates a few years ago. Based on 
such activities, we exhibited an ITO-coated flexible glass roll 
at Film-Tech in Tokyo in 2012, and reported a successful R2R 

FIGURE 2. Flexible glass with 
edge tabs on both sides (Courtesy 
of Corning, Inc.)

FIGURE 3. A R2R sputter coating system for deposition of 
ITO on a flexible glass roll
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deposition of ITO coating on a flexible glass roll – 50-μm-thick, 
300-mm-wide and 10 meters long, by magnetron sputtering at an 
elevated substrate temperature up to 250° C – at the AIMCAL 
technical conference in 2012 [5].

In this section, we will report our results of low sheet resistance, 
ITO coating on a flexible glass roll to demonstrate the advantages 
of using flexible glass. 

As substrates of the deposition, we used flexible glass rolls 
commercially available from NEG, which were 50 or  100 μm 
thick, 300 mm wide and 10-50 meters long and wound into rolls 
by inserting 350-mm-wide PET films as interleafs.

For the deposition, we used this firm’s W35-350CS multi-
functional sputter roll-coater (see Figure 3). The system features 
a small footprint and easy maintenance; a film-winding system 
supported by the front and rear walls of the chamber; and two 
side doors equipped with process sources, i.e. sputter cathodes [6].

The system originally had been developed for deposition on 
350-mm-wide plastic webs, so it was modified to enable handling 

of a flexible glass roll. One issue did arise from the flexible 
glass being wound into a roll with the interleaf, and therefore, 
we created a new separate film path for the interleaf from the 
unwinder to the rewinder. The other modification was to use 
larger-diameter guide rollers to reduce the induced stress on the 
glass substrates. As a result, R2R deposition on flexible glass 
rolls became possible, and successful depositions on 50-meter-
long flexible glass rolls were demonstrated (see Figure 4).

Deposition process results described
At the deposition, after removing the plastic interleaf, the flexible 
glass was transported via a R2R web-handling system. The ITO 
deposition was made from a DC magnetron sputtering source 
on a temperature-controlled deposition drum, and then the glass 
substrate was rewound into a roll with the interleaf. The system 
has a capability to control the deposition drum from 40 to 300° C. 
We intended to demonstrate the advantages of flexible glass, so 
we controlled the drum temperature at the maximum 300° C. In 
this condition, we estimated that the substrate temperature during 
the deposition was about 250° C. As a target, a 10 wt percent 
SnO2-doped ITO target was used, and it was sputtered by plasma 
generated by 30-kHz pulsed DC power of 1 kW in Ar and O2 
gas. To obtain an ITO coating with sheet resistance below 10 Ω/
sq., a 190-nm-thick ITO coating was deposited by three-pass 
deposition.

TABLE 1. Properties of ITO films on flexible glass and PET

Substrate (thickness) Flexible glass
(50 μm)

PET film
(125 μm)

ITO thickness (nm) 190 420

Sheet resistance (Ω/sq.) 7.5 9.4

Resistivity (Ω/cm) 1.4x10(-4) 4.0x10(-4)

Carrier concentration (cm-3) 1.17x10(21) 4.58x10(20)

Carrier mobility (cm2/Vs) 37.3 36.5

Total light transmittance (%) 83.2 80.4

FIGURE 4. A flexible glass roll with R2R-deposited ITO 
coating
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Properties of the low sheet resistance ITO coating on a 50-μm-
thick flexible glass roll are shown in Table 1. The results of 
a 420-nm ITO coating on a 125-μm-thick PET substrate are 
included also. Both ITO coatings show the sheet resistance below 
10 Ω/sq.

A 190-nm ITO film on the 50-μm-thick flexible glass showed a 
sheet resistance as low as 7.5 Ω/sq. with a total light transmittance 
of 83.2 percent, because of its very good specific resistance – as 
low as 1.4x10-4 Ω/cm, which was promoted by the very good 
crystallinity of the coating. In the case of PET film substrates, 
we were forced to control ITO coating at amorphous to achieve 
a relatively thick coating over 100 nm to prevent the cracks in 
ITO coatings. So in this case, specific resistance was about 4x10-4 

Ω/cm, and a thick coating over 400 nm was required to obtain a 
sheet resistance below 10 Ω/sq., which resulted in a poor optical 
transmittance of 80.4 percent. This big difference between ITO 
coatings on the flexible glass versus the PET film suggests one 
of the big advantages of using flexible glass as a substrate for 
flexible electronics. 

Conclusion
Flexible glass rolls are commercially available now, and 
successful R2R deposition on a flexible glass roll up to 50 meters 
was demonstrated using a compact sputter roll-coater with some 

modifications. A door for R2R processing on glass substrates has 
now opened.  n
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Abstract
Previous studies have characterized typical defects found in 
the metallizing process on a roll-to-roll (R2R), evaporator-type 
machine and provided explanations on their origin. The impact 
of these defects in terms of barrier performance is still not widely 
understood or documented. This paper will attempt to educate the 
industry to understand the implications of these defects on oxygen 
and water permeation. Using this firm’s in-line, in-vacuum defect-
analysis system, for the first time, it has been possible to look at 
defects during deposition in real-time on a large scale to gain an 
understanding of the main effects during metallizing.

Introduction

In recent times, increased attention has been given to reducing the 
number of defects inflicted during the metallizing process, in particular, 

the pinholes and pin-windows that occur as a result of evaporating and 
condensing aluminum onto plastic films. For high-end, food-grade 
packaging applications in Europe and Southeast Asia, there is a focus to 
reduce the density of defects of certain sizes per area with the assumption 
that it improves barrier properties. And also, for quality assurance purposes 
while in India, the strict requirements of the yarn grade market desires no 
pinholes, ideally. 

Quantifying the defect density of metallizers in real-time, historically, has 
not been simple. Various camera systems have been developed with mixed 
success as the vacuum environment provides a unique set of challenges for 
the hardware. 

This firm’s in-line, in-vacuum system was specifically developed for use in 
vacuum metallizing machines and, after installation on production machines, 
it was demonstrated that it effectively picked up defects of various sizes 
down to 0.1 mm at 1,000 mpm. The system consists of two rows of probes, 
each spanning 25 mm to provide full coverage of the film area in between 
boat positions with no overlap [1]. This gives an accurate indication of 
defect position on the web (see Figure 1). 

Experimental
Data in this paper include barrier measurements; microscope images were 
taken using a Bresser Researcher Trino, with a calibrated Bresser 5MP 
Microcam.

Characterization of  
typical process defects found on  
an industrial R2R metallizer
By Lyndon Harland, process specialist; Nick J. Copeland, product manager/R&D manager;  
Stefan Serednycky, Bobst Manchester, Ltd.

Barrier measurements were conducted using Mocon 
Oxtran 2/20 and Systech 8001 analyzers for oxygen 
transmission rate (OTR), and for water vapor 
transmission (WVTR) a Mocon Permatran 3/33 and 
Systech 7001*. Samples were analyzed according to 
ASTM F 1927 and F 2149, respectively. *Systech 
7001 follows ASTM F 2149, except for the sensor, 
which follows ISO 15106 – 3:2003. Test conditions 
for OTR were 50 percent Rh and 23o C, for WVTR 90 
percent Rh and 37.8o C were used. 

Defect types
Figure 2 shows the six main types of R2R vacuum 
metallizer defects: pinholes, pin-windows, tramlines, 

FIGURE 1. The in-line, in-vacuum defect-analysis 
system uses two rows of probes, each spanning 
25 mm to provide full coverage of the film area in 
between boat positions with no overlap.



36  www.convertingquarterly.com  •  2014 Quarter 1

VACUUM WEB COATING Defect Analysis

continued on page 38 u

t continued from page 35

micro-scratching, macro-scratches and Starry Night. Each is 
described below.

1. Pinholes: Pinholes are defined as a through hole in the base 
film. They arise when spitting occurs from a ceramic evaporator 
boat that has sufficient thermal energy to melt the film. Some 
causes of spitting include evaporators being too cold or hot, short 
circuits on wire-feed delivery assemblies, wire contamination, 
loose wire-feed connections and potential machine vibration. 
Pinholes appear in many shapes; however two types occur more 
frequently [2]. 

The different shapes of pinholes are related to the angle at 
which a projectile impacts the film upon the drum. Acute angle 
projectiles tend to leave melted holes that typically are elongated 
and range in size from 0.05 to 2.0 mm in length. Elongated 
defects tend to have a buildup of aluminum around the edges with 
a mass of aluminum at the end of the defect. The circular defects 
appear to be caused by aluminum spits that impact the film at a 
perpendicular angle, leaving an area of partially metallized film 
with melted edges that can have small masses of aluminum in 
them. 

To test the impact pinholes or through holes have on barrier 
performance, a piece of metallized film (12-micron single-layer 

polyethylene terephthalate (PET), coated at 2.2 OD, typical OTR 
and WVTR ≈0.5 cc/m2/day and ≈0.5 g/m2/day, respectively) 
was punctured with an accurate hole of 0.12 mm diameter, then 
was analyzed for barrier. It was found that the oxygen barrier of 
the film had failed completely, with an OTR of >50,000 cc/m2/
day. However, when measured for moisture permeation, it retains 
most of its moisture barrier, measuring at 1.2 g/m2/day. 

There is a defined standard within the plain aluminum-foil 
industry for the definition of pinholes and roll-holes, namely EN 
546-4. Therefore, one of the goals of this project was to define 
a defect density standard for the aluminium-metallizer industry 
similar to what exists above for foils [3].

2. Pin-windows: Defined as a region on the metallized film where 
a small area of the metal coating has been removed, but there 
is no perforation through the base web. These tend to look like 
small pinholes when viewed on the rewind roll, but when they 
are examined under the microscope they appear different, as the 
base film can be observed clearly to be intact where the missing 
metal patch exists [4]. Pin-windows are seen in two common 
forms: A roughly circular defect often with trails of unmetallized 
film or elongated tracks. They tend to range in size from 40-500 
μm in diameter on 12-μm-thick PET film metallized at 2.2 OD, 
but may occur differently on more heat-sensitive substrates. They 
can be attributable to loosely held particles on the film surface, 
which get coated with the metal and subsequently fall off – taking 
the metal coating away but leaving the base substrate intact [7]. 
They also can be the result of spitting from the source, creating 
an aluminum projectile that collides with the film surface, but 
without enough thermal inertia to burn a hole. This masks a 
small region of the film from getting coated. Test results show 
no difference in OTR or WVTR barrier on samples with pin-
windows than samples without them. 

3. Tramlines: Tramlines are caused by expansion of the film 
on the process drum due to the heat of the source. Tramlines 
can vary in severity depending on OD, material, web speed and 
spreading action. Heat-sensitive substrates such as CPP, OPP and 
PE are affected worst. Tramlines are slightly lower in OD than 
the nominal coating. While the effect detracts from the physical 
appearance of the material, the typical tramline has negligible 
effect on barrier, although a small difference in resistivity can be 
detected: 1.37 ohms/sq without tramline vs. 1.42 ohms/sq with.

FIGURE 3. Microscopic image of Starry Night (left) and 
“Dark Night” process (right)

FIGURE 2. R2R vacuum metallizer defects include (top 
row) pinholes, pin-windows and tramlines and (bottom row) 
micro-scratching, macro-scratches and Starry Night.

Quantifying the defect 
density of metallizers in real-
time, historically, has not 
been simple.
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4. Micro-scratching: Defined as microscopic scratches inflicted 
in the metal coating, which may or may not protrude all the way 
through the metal layer to the base substrate. Usually they are 
caused by incorrect tension settings, spreader rollers, movement/
interlayer slippage on the rewind roll and scratching on rollers 
that are in contact with the film, especially if contamination is 
present. Even the roller material itself can create this problem. 
These defects can look like pinholes/pin-windows, but when 
magnified they are seen to be elongated. 

5. Macro-scratches: Macro-scratches can occur during 
metallizing when solid pieces of aluminum can become trapped 
between the exit-zone seal and the water-cooled drum, or if the 
film slips over the rollers. When this happens large continuous 
scratches can occur in the metal coating along the machine 
direction for many meters. The impact on barrier can be 
significant if the scratch compromises the thickness of the base 
film itself. 

6. Starry Night and new “Dark Night” process: These defects are 
defined as microscopic circular voids in the metal layer of sizes 
between 10-50 μm, which resemble small pin-windows [5]. They 
can be seen using a microscope with 40-100X magnification 
and purely transmitted light. The density of Starry Night can 
change dramatically depending on process conditions and base 
substrate used and it is present to some degree on all commercial 
metallizers in production. There comes a point, whereby, if all 
the defects mentioned above are not present, the barrier of the 
metallized substrate is then limited by Starry-Night defects. Once 
the cause of Starry Night is identified, measures can be taken 
to tackle it, which lead to the development of this firm’s “Dark 
Night” process (see Figure 3). When Starry Night is eliminated, 
measured barrier improves significantly on single-layer, 
metallized PET, circa 2.2 OD.
 
Experimental findings
Condition 1 – The effect of changing the wire-feed rate while all 
other process parameters were kept constant: Boats were run 
in a non-optimized, nominally hot state suitable for a wire-feed 
rate of approximately 7.59 g/min. The feed rate was incremented 
from 4.67 g/min to 8.91 g/min with little difference in the 
number of pinholes detected. The conclusion is that as long as the 
evaporator boats are not below a critical threshold point of being 
too cold, the number of defects remains relatively constant. 

Condition 2 – The effect of changing web speed only while 
keeping all other running parameters constant: For this trial, the 
web was run at 800 mpm, metallizing at 2.2 OD, with a wire-feed 
rate of 115 cm/min. The web speed was decreased in 100-mpm 
increments, increasing OD while keeping boat temperature and 
wire-feed rate the same (see Figure 4). 

It was found that the total number of defects decreased from 420 
to 286 per 100 m2. There appears to be a threshold speed where 
the number of defects trails off below 500 mpm. It also was 

found that Category 1 sized holes, 0.1-0.5 mm, decreased from 
414 defects/100 m2 down to 290/100 m2 as web speed decreased. 
The differences are thought to be due to vibration increasing 
at higher speeds. Further analysis is planned to measure actual 
machine vibration levels with reference to defect size and density. 

Condition 3 – Increasing web speed while maintaining a 
fixed OD in automatic wire-feed control mode and optimizing 
evaporator temperature for each respective wire-feed rate: 
As the machine speed was increased along with wire-feed rate 
accordingly, the number of defects increased markedly – a 
repeatable observation. There is a significant combined effect 
contributing toward defects of all categories. From this and 
previous results, it can be shown that web speed and not wire-
feed rate has a greater effect upon defect numbers. This is in 
agreement with the fact that many producers of high-barrier 
and yarn-grade metallized film reduce the speed of the machine 
to levels of 200-400 mpm to keep defect densities as low as 
possible. 

FIGURE 4. Effect of changing web speed on defect 
quantity

Condition 4 – How far ejected aluminum particles travel from 
one boat with spitting: The wire-feed spout was electrically 
shorted to ground for Boat 8 to simulate a short-circuit condition 
(see Figure 5). This type of condition typically occurs when 
aluminum debris shorts the wire-feed unit to the machine’s 
electrical “ground.” Some electrical current gets diverted from 
the boat up through the wire and causes some arcing and physical 
jolting of the wire, which in turn causes spitting. From the results 
it can be seen that when the spitting is severe, it can travel up to 
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60 cm from its source to create defects. Each size category of 
defect was affected [6]. 

Condition 5 – How much effect does wire purity have on defect 
count?  Most commercial metallizer machines run aluminum wire 
of grade 99.80 percent purity, although it is known that higher 
purity grades are used commercially for different applications. 
A comparison was done using 99.80 percent pure wire vs. 99.99 
percent. Results are shown in Figure 6. The extra defects from the 
standard purity wire is thought to be due to the vapor pressure of 
the impurities affecting the way the aluminum cloud evaporates 
off the boat surface.

FIGURE 6. Effect of wire purity on defect quantity

Condition 6 – Standard boats versus trapezoidal cross-section 
boats: A standard set of boats and a comparison set of T-Vap 
select boats, which have a trapezoidal cross-section and 
circular recesses to assist aluminum wetting, were installed and 
conditioned for the same amount of time (1.5 hrs at 45 cm/min 
wire-feed rate) before coating PET film at 2.2 OD at several 
different speeds. These data were compared against that obtained 
from an aged set of standard boats (see Figure 7). (Note: Aged 
boats refers to a set of standard rectangular cross-section Sintec 
res group 7 125x40x10-mm same size as standard conditioned 
boats, and they had been run for approx. 8 hours in production-
type situations at high-end wire-feed rates, but cleaned prior to 
the trials being carried out).

FIGURE 7. Effect of boat shape on defect quantity

Condition 7 – Combination of high-purity wire and trapezoidal 
cross-section boats: Using an optimized system combining 

optimized boat and wire types can reduce the defects of a 
standard run at 840 mpm from 550/100 m2 to 43/100 m2 for 
small sizes of 0.1-0.5 mm in diameter, while total defects can be 
reduced from 590/100 m2 to 45/100 m2. (See Figure 8).

New defect standard
By using this firm’s in-line, in-vacuum defect-analysis system 
and the ability to quantify the numbers of defects within a coated 
web, it is intended to create a set of standard values, similar to the 
standard values already set for the defect densities of aluminum 
foil (see Table 1). The values could indicate if a machine is 
performing as intended and could indicate when to replace boats.

Summary
Most defects have been shown to have negligible effect upon the 
barrier properties of metallized PET. Pinholes affect OTR, but 
not so much WVTR. A pinhole standard is proposed to check 
the quality of a roll and to identify any issues occurring with 
production.  n
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TABLE 1. Values determined for defect standard at 2.2 OD

Defects per 100 m2

Category Diameter 420 mpm 630 mpm 840 mpm

Defect size 1 0.1 - 0.5 mm 250 370 600

Defect size 2 0.5 – 1.0 mm 2.0 3.5 8.0

Defect size 3 1.0 – 2.0 mm 1.5 3.0 8.0

Defect size 4 >2.0 mm 1.5 2.5 7.0
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Introduction

Many companies today are under pressure to 
increase factory production rates. This increased 

demand makes the production-floor staff believe 
that it cannot afford to block out time to perform 
periodic system service, thus taking a “We run until 
it breaks” approach. This approach can bring with it 
unscheduled downtime and lost production, causing 
major expense. However, there is another hidden 
“cost” that is rarely perceived – lost production rates – 
caused by ongoing equipment degradation. Often this 
lost production is noted only after a major equipment 
breakdown and repair. The follow-up report from the 
vacuum web coater customer often notes, “This thing 
hasn’t pumped this good in years.”

In vacuum equipment, the degradation of system 
performance can occur over a protracted period of 
time. Weeks, months, even years pass. Roughing 
times grow longer, ultimate pressures rise, both 
compromising quality and productivity. Often 
this decreased performance happens at such small 
increments it is seldom noticed. 

During the recent emergency service of a large batch-
coating machine, a number of deficiencies were 
found. After the repair the customer reported that their 
roughing cycle had been shortened by 20 minutes. 
Now the cycle time is less than one hour. With the 
reduced roughing cycle time, productivity climbed 
from five runs/day to eight runs. Giving them three 
extra cycles per day, five days per week, gave the 
production floor an additional 750 yearly cycles – a 60 
percent increase in productivity.

How much production has been lost over the 
weeks, months and years of sub-premium system 
performance at other facilities? 

Benchmarking critical  
performance parameters
At some point in time, the vacuum-coating equipment 
needs to be “benchmarked.” If condition and 
performance is documented in some manner, this 
document will become the benchmark to which 

Vacuum system benchmarking 
for improved production rates
By Brian Savulis, president & co-owner of Yeagle Technology, Inc.

subsequent tests are compared. Ideally, the benchmarking is performed when 
the equipment is in optimum operating condition. After a major service 
– when all systems are deemed in proper operating order – it is highly 
advisable to benchmark the system. However, documenting equipment 
performance at any time is far better than not doing it at all. 

In benchmarking, there are just a few simple tests to perform and critical 
performance parameters to record. 

Prior to performing the tests you will need an inexpensive watch or 
stopwatch and an inexpensive hygrometer to measure the relative humidity 
in the system’s environment. Observations of the relative humidity should 
be noted on the form, as well the overall system condition: How clean is the 
system on a scale of 1-10? How long has it been since the mechanical pump 
oil has been changed? If applicable, how old is the high vacuum pump oil? 
Also, notes should be made about any known system deficiencies. This data 
collection should take no more than a few minutes to observe and document. 

The first step is to record the relative humidity. The next step would be to 
perform the system performance tests themselves. Each is described below.

Rough down timed test: With the chamber empty of product, start the 
roughing process and begin timing with your stopwatch. Allow the system 
to pump to a predetermined pressure: i.e. 100 millitorr. When the vacuum 
gauging displays this pressure, record the elapsed time and the pressure on 
your worksheet. 

FIGURE 1. Typical system performance for four benchmarks
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Rough vacuum leak back test: Clear the stopwatch, 
close the roughing valve and allow the system 
pressure to rise to a predetermined level: i.e. 300 
millitorr. When the vacuum gauging displays this 
pressure, record the elapsed time and the pressure on 
your worksheet. 

High vacuum timed test: With the chamber empty of 
product, rough pump the chamber. When crossover 
pressure is reached, close the rough valve, open the 
high vacuum valve and start the stopwatch. Allow 
the system to pump to a predetermined pressure: i.e. 
5x10(-5) torr. When the vacuum gauging displays this 
pressure, record the elapsed time and the pressure on 
your worksheet.

High vacuum leak back timed test: Clear the 
stopwatch, close the high vacuum valve and allow the 
system pressure to rise to a predetermined level: i.e. 
5x10(-3) torr. When the vacuum gauging displays this 
pressure, record the elapsed time and the pressure on 
your worksheet. 

The data collected now can be used as the “standard” 
that future data sets are compared against. It is 
very important to make the testing parameters as 
standardized as possible. Do not perform tests with a 
full load of substrate if the original test was performed 
with an empty chamber. 

Data analysis
Analyzing the data collected can provide a number of 
clues to vacuum-coater system health, to the optimum 
frequency to perform regular maintenance and to the 
moment when major service is required.

Figure 1 shows typical system performance. Rough 
leak back time has remained relatively constant. High 
vacuum leak back time has slowly decreased while 
high vacuum time has increased slightly. The changes 
in these two parameters probably are due to the 
chamber becoming dirtier. The rough pump time has 
steadily increased until the 10th week –where the oil 
was changed in the pump – bringing the time back to 
benchmark levels.

Figure 2 shows a system’s typical performance until 
Week 5, where there is a spike in roughing time and 
high vacuum time. Also, there is a noticeable drop in 
times for the rough and high vacuum leak back rates. 
It could be determined from this chart that sometime 
between Weeks 4 and 5 there was an event that 
induced a leak into the system. While not catastrophic, 
it has significantly affected vacuum performance. 

Figure 3 shows typical system performance until Week 5, where there is a 
spike in high vacuum time. Since all other data points are relatively typical 
of a system in regular use, we would be inclined to investigate the high 
vacuum pump. There could possibly be a failed heater segment in a diffusion 
pumped system or a cryogenic or turbo pump that is failing.

Simple tests performed on a regular basis and data recorded carefully can 
provide insight into your vacuum system’s performance, can help you keep 
it working at optimum levels and can help you foresee some critical failures 
before they occur.  n

Brian Savulis, president & co-owner of Yeagle Technology, Inc. (Ashford, 
CT), previously worked as a design engineer for that firm since 2005. He has 
almost 30 years of experience in manufacturing and design engineering of 
process equipment. Brian can be reached at 860-429-1908, fax: 860-429-
7176, email: bsavulis@ytionline.com, www.ytionline.com 

FIGURE 2. Benchmark data help pinpoint a vacuum leak.

FIGURE 3. Benchmark data show a high vacuum pump problem.
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Abstract
Science and technology always have been a dominant force in my life. They 
have proven to be powerful tools for both problem-solving and process 
improvement. Most people associate science with the theoretical or abstract, 
far removed from their “real world.” My focus, however, is on the practical 
application of science. It is much easier to develop a solution or make a 
quantum improvement in a process if you understand the physical science 
behind it. 

In most cases, a piece of equipment is purchased, installed and factory training 
given. A manual tells the operator to turn a dial and push a button. So, who 
really owns the technology? If a problem develops that cannot be solved easily, 
experts or consultants are brought in. Even though precious production time 
is lost, experts can normally fix the immediate problem. They do not, however, 
address achieving the potential that the process may hold. So, if you study the 
science behind high vacuum systems – viscous and molecular flow – you learn 
the physics behind the operation of a high-speed chemical diffusion pump; you 
learn the chemistry involved in metal deposition and precision web handling; 
you can overcome the shortcomings of equipment or process, reduce or 
eliminate unplanned downtime; and you can improve the quality of the product. 

This paper describes a few of the many examples of the practical application 
of science employed with great success by this film-metallizing firm. When you 
remove traditional barriers, you find that you begin focusing on the “why not” 
rather than the “why.” Just because something has been done the same way 
for 25 years doesn’t mean there isn’t a better solution locked away somewhere, 
and science might be the key to that lock. 

Generating aluminum vapor

A key element in uniform aluminum deposition is the composition and design of 
the evaporators. To generate aluminum vapor, evaporators (or “boats”) are heated 

to a target temperature, then aluminum wire is fed onto them at a controlled rate. The 
wire melts, forming a puddle of aluminum in a cavity machined into the top surface 
of the evaporator, and a continuous aluminum vapor is generated (see Figure 1). The 
temperature of the evaporator and the speed of the wire feed determine the density of 
the vapor. 

With the application of some basic physics, we significantly improved evaporator 
design. After considerable research, we developed a proprietary boron-nitride 
composite formulation that features a very specific resistive component. The heat 
signature from this formulation at a precisely controlled voltage has proven to be 
superior. The surface area of the evaporator also was increased over the original design 
by more than 50 percent; however, this required a redesign of the entire contact system 
(see Figure 2). 

Better film processing through 
practical application of science
By Steven D. Smith, vice president, Filmquest Group, Inc.

Another critical feature of the new 
evaporator design is its cavity. Computer-
aided design and a great deal of math was 
used to optimize the cavity geometry. The 
new design generates vapor more rapidly 
than a standard evaporator, but equally as 
important, it eliminates a possible defect 

FIGURE 2. Redesigned boat contact 
system

FIGURE 1. Evaporator boat
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caused when hotter aluminum is forced – by means of convection 
–through a cooler layer of aluminum on the surface of the puddle. 
This defect – referred to as spitting – can be sporadic and hard 
to isolate after the film is metallized. A major benefit of the 
evaporator design is the outstanding uniformity of aluminum 
deposition across the web when compared with other metallized 
films. 

Flex-crack resistance
When aluminum vapor condenses on the base film it solidifies, 
forming a separate layer of metal on the film’s surface. 
Aluminum molecules naturally form a tight matrix, assuming 
there is no oxygen present. Properties of the metallized film, 
including barrier, are directly related to the integrity of the 
aluminum matrix. Almost without exception, today’s metallizers 
have a chill roll located directly above the vapor zone. When 
the aluminum vapor comes in contact with the chilled film it 
solidifies, instantly causing a severe thermal shock resulting in 
the formation of a crystalline structure that is extremely brittle, 
almost glass-like. 

As the film continues along the balance of the web path, and then 
during subsequent processes (printing, laminating, web handling), 
cracks or voids form in the aluminum layer, dramatically 
diminishing the functional property of the film (see Figure 3). 
Because barrier is directly proportional to metal thickness, the 
assumption is the thicker the metal, the better the barrier. This 
would be the case, if not for flex cracking. 

To eliminate this systemically inherent defect, we designed our 
metallizer with its chill roll offset from the vapor zone, allowing 
the aluminum vapor to cool and solidify more gradually after it 
condenses on the film. The result is a layer of metal that remains 
more malleable when flexed, allowing metallization to a very 
high level of deposition with less barrier degradation resulting 
from flex cracks. To prove this, we designed and constructed 
a proprietary Gelbo tester (a device which flexes film under 
controlled conditions (see Figure 4). When tested for barrier 
before and after flex cycles, little to no barrier degradation is 
seen. It is important to determine the barrier performance in-situ, 
not only as a finished product (structure) but also after normal 
web-handling conditions. 

Metal bond
It is important to understand the nature of the bond between the 
metal deposition and the base film. When aluminum condenses 
on the film, the molecules form a tight matrix on its surface. 
This layer of aluminum is “tied” to the base film by a series of 
random chemical bonds. An analogy would be two pieces of 
cloth with random stitches holding them together. Corona- or 
plasma-treating the surface of the film prior to metallizing will 
shear off additional molecular chains, increasing the number of 
“connection points” and, thus, metal bond is improved. Picture 
these open chains as solid tubes (the film) that attach to the end 
of another solid tube (the aluminum) in what is referred to as 
an intermolecular bond. Metal bond also can be increased by 
metallizing on a chemically-treated base film. Typically, these 
values range from 150 gm (corona) to 600 gm (chemically 
treated). Because of the unique design of our equipment, the 

FIGURE 3. Flex cracks in metallized film

FIGURE 4. Proprietary Gelbo tester 

FIGURE 5. Critical metallizing-process components
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metal cools more gradually as it condenses, resulting in a 
42-angstrom penetration of aluminum directly into the base 
film. This provides a mechanical bond in addition to the random 
chemical bonds, typically outperforming corona- or plasma-
treated MET PET films. 

In some cases, however, that level of metal bond is not good 
enough, especially if used in a solventless lamination application. 
A significant loss of bond occurs, at random, after the laminating 
adhesive cures, leading to the potential for metal delamination. 
This delamination happens as a result of the catalytic reaction 
that occurs during adhesive curing. After isolating the cause, we 
developed a proprietary polymer that is coated on the film prior 
to metallizing. The polymer creates a molecular entanglement 
between the base film and the metal. 

The difference is easy to visualize. First, the traditional metal 
bond is similar to the two tubes – the aluminum coupled to the 
sheared molecular chain in the base film – mated end to end. The 
catalytic reaction of the adhesive easily will separate that bond, 
taking the place of the aluminum, by bonding to the open chain 
of the base film. Now, picture our polymer as pieces of spaghetti 
wrapping around, and bonding to, the two tubes – aluminum and 
base film. The nature of this bond is significantly more robust 
and is virtually impossible to break. It can achieve bonds 30 to 40 
percent greater than metallized, chemically treated films before 
and after solventless lamination. 

High vacuum
The quality and throughput of metallizing is a function of several 
elements within the total system; generally, the higher the level of 
vacuum, the better the performance and quality of the film, along 
with greater process throughput. If oxygen molecules are present 
when the metal vapor is formed, they will bond to the aluminum, 
forming aluminum oxides. This prevents the formation of a 

tight matrix and allows penetration of gases and moisture vapor 
through the metal barrier.

High vacuum capacity also is necessary to process films with an 
elevated gas load – trapped air which outgases during processing. 
To create the necessary level of vacuum, we employ two high-
speed, chemical-diffusion pumps that have been radically 
modified using a proprietary blended pump fluid. The fluid is 
heated until a vapor is formed, and as it transitions from a liquid 
to a vapor state, it expands by well over 100 times its original 
volume. The vapor is forced upward through a tall venturi, which 
decreases in size over its height. The result is a dramatic increase 
in the velocity of the vapor from zero to over 750 mph in only 6 ft. 

Gas molecules that remain in the chamber after rough pumping 
eventually will find their way into the diffusion pump inlets 
and will come in contact with the jet of high-speed vapor. The 
gas molecules chemically bond to the vapor molecules and are 
carried to the pump body. The outside diameter of the pump body 
is chilled by a series of cooling coils. As the vapor approaches 
the inside of the pump body, it is cooled to condensation – where 
it becomes liquid once again. While this occurs, the volume in 
the pump instantly collapses – by a factor of over 100, forming 
an ultralow-pressure area below the vapor jet. The gas molecules 
we are trying to eliminate remain in gas form, are pulled to the 
bottom of the pump because of the extremely low pressure and 
then are expelled through the fore line (or outlet). 

Because pump-body cooling is critical to the total system’s 
performance, we developed technology that carefully regulates 
the cooling temperature of the pump body, providing an 
optimal collapse of vapor volume. Thus, the pumping speed of 
conventional diffusion pumps has more than doubled, allowing 
processing of film with inherently high gas loads. Higher line 
speeds also have been achieved, which minimize the effects of 
temperature on heat-sensitive films while maximizing process 
output. 

Controlling temperature
Our firm’s evaporators have been engineered to withstand 
temperatures of approximately 1,750˚ C, which are necessary 
to vaporize large volumes of aluminum. The same supply of 
chilled water that keeps the components exposed to that extreme 
temperature from melting also controls the wall temperature 
of the high-speed, chemical-diffusion pumps. Proper cooling 
maximizes pumping speeds and, therefore, maximizes high 
vacuum levels. Further, the chilled water also cools the 
mechanical (vacuum) backing pumps, chill-roll compressors, 
cryogenic pumps and the auxiliary pumps. 

It is relatively easy to provide properly chilled water when the 
outside temperature is low; however, in the heat of summer, 
when the outside temperature peaks, limited cooling capacity 
can reduce throughput or possibly damage critical components 
(see Figure 5). To eliminate this challenge, a high capacity, 

FIGURE 6. High-capacity cooling tower
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roof-mounted cooling tower was installed (see Figure 6), re-
engineered in-house to optimize and enhance its performance. 
By incorporating unique variable speed/variable pitch fans 
thermostatically controlled by computer, exact temperature 
setpoints are maintained, even in extreme cold or hot conditions. 
Numerous points are monitored throughout the cooling system, 

to individual branches as necessary, maintaining a balance over 
the entire system. With more cooling capacity, the metallizing 
process is driven harder, providing consistent product quality and 
consistent process throughput no matter what the season. 

downtime – can adversely impact delivery schedules. Detecting 
and diagnosing a problem is vital in achieving maximum 
productivity and is another perfect opportunity for the application 

the loss of high vacuum as a result of atmosphere leaks. Because 
we are able to achieve such a high level of vacuum, even the 
slightest atmosphere leak can prevent reaching the target process 
vacuum level or can prevent maintaining it under the gas load goes from the outside to the inside of the chamber. Each of these 

points can be a potential leak source. With a slow leak in an 
automobile tire, covering it with soapy water immediately reveals 
the leak but, in dealing on a molecular level in a high vacuum 
system, there is no conventional way to visually detect a leak. 
Therefore, we monitor the “pump-down curve” by plotting the 
time it takes to pump from atmosphere to operating pressure as a 
function of pressure vs. time. If the slope of that curve begins to 
change, a very slight leak has developed. Based on the shape of 
that curve, we can determine if it is an atmosphere or moisture 
leak. 

We have tuned a mass spectrometer to helium and permanently 
plumbed it into the manifold of the metallizer (see Figure 7). If 
a leak begins to develop, based on the “pump-down curve,” the 
spectrometer is turned on and a helium tank is brought to the 
machine. Using a long hose and spray wand, a very slight amount 
of helium is sprayed around one of the suspected points. If no 
alarm sounds, we move to the next suspected point. Even if a 
very slight leak is found, the process is continued until all 168 
points have been tested. Normally, several very small leaks are 
found as opposed to one very large leak. 

This testing process allows troubleshooting of the equipment 

diminished vacuum level adversely affects the process. Repairs 
can be completed during scheduled maintenance or when the 
machine is open between rolls. Without this application of 
science, we would not be able to isolate the problem until it 
became severe enough to prevent crossover to high vacuum, and 
then it could literally take weeks of trial and error to locate and 
correct the source of the leak. 

VACUUM WEB COATING Production

 Mass spectrometer tuned to helium
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Stripe metallizing
This firm has designed a complex, water-cooled, 
solid-screen system that – when mounted in 
the carriage above the evaporator section of 
the metallizer – prevents aluminum vapor from 
condensing on a “masked” portion of the film. The 
transition from clear to metal on the film is virtually 
a knife edge – the bleed or transition is a dark line 
approximately 1/16 in. wide. Unlike steel bands 
normally used to mask the film, this screen system 
will not wear out. Because of its unusual design, the 
screens slide into place on a sub-frame, minimizing 
setup time and making smaller runs feasible.

If we have an application that requires barrier, yet 
the contents of the package need to be partially 
visible, stripe metallizing on our proprietary clear 
barrier film is the solution. The metallized web 
with a clear lane can be printed with high impact 
graphics. A “window” would be printed in the 
clear section of the web, then the pouch can be 
formed, filled and sealed. The result is a package 
that provides excellent barrier, looks attractive, 
showcases the contents and is easy to construct.

Challenge of winding in a vacuum
When film is processed in a normal atmosphere, 
a small amount of air is trapped between each 
layer of film as it is wound. To precisely control 
roll hardness during rewinding, we developed a 
technology called “Bernoulli Precision Pneumatics,” 
which meters a precise amount of air between each 
layer of film. However, in a vacuum there is no air 
to wind into the roll, resulting in visible tension 
lines (tin-canning). If the roll is slit or rewound after 
metallizing, these lines will likely disappear. Even 
as the chamber is pumping down, the contour of a 

roll can be seen changing as trapped air is released to the chamber and then 
digested by the diffusion pumps. Gauge bands that were not visible before will 
begin to appear. 

Three factors can significantly impact rewind quality: the film itself (gauge 
bands, run out, too soft a wind or too hard a wind), tension control and thermal 
exposure. Because all our film is produced to very tight specifications, typical 
defects that adversely affect the roll contour are minimized. 

Tension lines are present, to some extent, in every roll of film so the potential 
exists to stretch the film in those areas under too much rewind tension. For 
example, at 24 in. in roll diameter, a tension line that is only 1/16 in. higher 
than the roll surface will be over 3/8 in. longer, in just one wrap, than the rest 
of the film. The higher the tension and the longer the roll, the more those lines 
will be stretched, causing them to eventually become “hard wrinkles,” which 
may translate to a defect in the final print or lamination. 

We use a simple test to determine when a tension line becomes a hard wrinkle. 
A 1-in.-wide strip of film is cut along the entire width of the roll, then hung by 
one end with a 113-gm weight at the bottom (see Figure 8). If the tension lines 
(tin-canning) disappear, the film is acceptable. Exposure to intense heat also 
can contribute to “setting in” of hard wrinkles, so to eliminate film damage 
we carefully control the heat of the evaporators, the density of the aluminum 
vapor and the dwell (or line speed).

To properly control tension during metallizing, a proprietary closed-loop 
tension-control system was engineered. Several films have been characterized 
based on their density and slip properties. From this, in-house software 
calculates the ideal starting and ending tension by entering the film type and 
width. An algorithm controls the taper – or transition from beginning to ending 
tension – which ensures hard wrinkles are not created when metallizing. 

Conclusion
To achieve long-term improvement, study the underlying science behind 
the process. With a full understanding of the science, proper engineering 
to modify, design or invent the necessary hardware or software, significant 
improvement can be achieved. Through the entire process, it is important to 
involve all critical personnel whose buy-in will support the concept. Without 
their understanding and acceptance, improvements are only short-lived and 
a process would return to its former level very soon. This firm does not own 
one piece of equipment that has not been in-house designed or modified. Data 
collection and analysis monitors how effective the process is long-term and 
helps identify future areas ripe for improvement. 

Steven D. Smith, vice president of Filmquest Group, Inc. (Bolingbrook, 
IL), holds a Bachelor of Science in Engineering and Business from Purdue 
University. He has more than 30 years of senior ownership and management 
experience, which began in 1978 when, at age 24, he founded Manutek, 
Inc., an Indianapolis company specializing in innovating and manufacturing 
advanced electronic systems. Steven can be reached at 630-226-9800, fax: 
630-226-9400, email: ssmith@petfilm.com, www.petfilm.com 

FIGURE 8. Testing for hard wrinkles in 
metallized film
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Editor’s Note: The following paper won the 2013 John 
Matteucci Technical Excellence Award for Vacuum 
Web Coating at the AIMCAL Web Coating & Handling 
Conference in Charleston, SC. An extended abstract 
and PDF of the full paper are available for download 
on our Website: www.convertingquarterly.com

Introduction

Defects caused by particles result in significant 
yield loss in many areas where coating, printing 

and lamination processes are used. The yield loss is 
particularly high in some of the emerging technologies 
– like OLED and OPV manufacturing – where 
functionality is provided by very thin films, often 
only nanometers thick. Particles down to 100 nm 
in size can span across the thickness of the film and 
destroy its functionality. To make these technologies 
commercially viable, it is essential that defects caused 
by particles that form the largest segment of defects 
are, to a large degree, eliminated. The intense focus 
on reducing particles is such that the European Union 
under its Seventh Framework program is funding a 
project titled Clean4Yield to target ways to eliminate 
the impact of particles on yield in roll-to-roll (R2R) 
processing of flexible films.

The objective of the Clean4Yield project is a holistic 
approach to the management of defects generated 
by particles of contamination in nanoscale layers of 
OLEDs, OPV and high-barrier films that are deposited 
on flexible substrates in the R2R process. To achieve 

Substrate cleaning in  
a high-vacuum environment
By Sheila Hamilton, technical director, Teknek, Inc.

its objective, Clean4Yield works closely with partners covering the 
entire supply chain and brings together multinational companies, SMEs, 
universities and research organizations. By focusing on various areas of 
detection, inspection, prevention and repair, as well as cleaning itself, 
the project is targeting the development of a manufacturing process that 
provides high yields and the low cost essential for commercial viability in 
these high-technology applications.

As the project progressed, it became clear was that one of the areas where 
cleaning was required – but where there was no suitable technology – was 
in vacuum deposition.

Challenges of vacuum systems
Currently, many functional coatings are deposited in a high-vacuum 
environment by sputtering, PECVD or ALD. These processes involve 
pumping out all the air from the vacuum chamber together with any 
substances that volatilize at the very low pressures involved. These 
substances include water, oils and greases and any low molecular weight 
compounds. This means that there are very significant restrictions on the 
types of products that can be used within a vacuum-deposition system.

These vacuum-deposited coatings are extremely thin and so the substrate, 
which is being coated, must be very clean. Rolls of plastic film inherently 
have particles on the surfaces when they arrive at the vacuum coating line. 
These particles could be from the environment in which they were coated, 

from the packaging and shipping operations or 
even could be designed to be within the film, 
such as anti-block particles that have come 
loose during transport. These particles are 
taken into the vacuum chamber within the roll 
of film and must be removed before coating to 
avoid defects being generated – pinholes in the 
coating, etc.  To do this, cleaning needs to take 
place within the vacuum chamber after the film 
has been unwound and before it reaches the 
coating station.

Cleaning options
By design, there is no air within a vacuum 
chamber and the removal of even small 

amounts of water from the vacuum chamber greatly decrease the 
effectiveness of the pump down and increase production time. Because 
of this, traditional wet-cleaning methods and air-powered methods of 
particulate removal cannot be used within a vacuum chamber.

FIGURE 1. Comparison of cleaning efficiency by particle size
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Contact cleaning has been found to be a very effective cleaning 
method, especially where particles of contamination are small. 
This is shown in work done by a Japanese company that 
investigated the particle removal efficiency of several different 
cleaning techniques at different particle sizes. Results are shown 
in Figure 1.

Contact cleaning (see Figure 2) involves the use of elastomer 
rubber rollers running in contact with the substrate to remove 
particles from the surface of the substrate through the force of 
adhesion applied by the roller contact being greater than the 
force holding the particle on the substrate. The particle then stays 
preferentially on the elastomer. Running continuously in contact 
with the elastomer roller is an adhesive roll, which is wound with 
the sticky side out. The pressure-sensitive adhesive then removes 
the particles from the elastomer and permanently captures them 
for later disposal.

In many cases, the elastomers used in contact cleaning are 
silicone-based and during the manufacture of the roller, not all 
low molecular weight silicones are removed from the compound. 
These low molecular weight silicones or any other volatile 
compounds, such as plasticizers, can outgas from the elastomer 
in the vacuum environment, subsequently coating the substrate 
and the vacuum unit in a fine layer of silicone. This silicone layer 
renders the substrate unusable because nothing will adhere to 
the film of silicone – a key component in release coatings. The 
silicone also is incredibly difficult to remove from the vacuum 
chamber and all parts of the pumping and monitoring system. 
The vacuum-deposition system may have to be taken out of use 
for several months and stripped completely down to allow all the 
parts to be thoroughly cleaned – if this is indeed possible.

A vacuum-compatible contact-cleaning system
Using its completely silicone-free, proprietary elastomer as 
the basis for development, this firm worked on improving the 
compound to make it compatible with use in a vacuum without 

compromising its cleaning efficiency. Many contact-cleaning 
elastomers use oils or plasticizers to enhance cleaning ability. 
Under vacuum, these compounds would volatilize and over 
time would be removed from the cleaning roller, leaving it dry 
and unable to clean. It was vital that the improved elastomer 
would exhibit no outgassing and would continue to clean over 
its lifetime of use. To complement the vacuum-compatible 
elastomer, a vacuum-compatible pressure-sensitive adhesive 
system also was developed, which could be coated onto a plastic-
film base to form an adhesive roll with minimum water content. 
The adhesive roll does not use a traditional, silicone release 
coating to allow one sheet at a time to be removed, thus making 
the whole cleaning system completely silicone-free.

Testing and qualification
To prove the vacuum compatibility of both the new elastomer 
and its matching adhesive, it was necessary to test both of these 
products in a vacuum system in a series of controlled tests. One 
of the partners within the Clean4Yield project is the Holst Centre, 
based in Eindhoven, The Netherlands, and it agreed to do the 
testing as part of the project.

Samples of both the elastomer and of the adhesive were weighed 
before being subjected separately to a vacuum pressure of Torr 
10-6 for a period of 60 hours. The samples were then reweighted 
to establish if there was any weight loss. At the same time, the 
gas being pumped out from the vacuum chamber was analyzed 
to establish which, if any, volatile compounds were being 
outgassed.

Results of the Residual Gas Analysis (RGA) for the proprietary 
elastomer roller are shown in Figure 3. 

A common surface contaminant is silicone or polydimethyl-
siloxane, which has been found to result in a group of ion 
fragments serving as fingerprints (i.e.: positive secondary ions 
at m/z 28, 73, 147, 207, 221 and 281, which are assigned to Si+, 
SiC3H9

+, Si2C5H15O
+,Si3C5H15O3

+,Si3C7H21O2
+and Si4C7H21O4

+, 
respectively). No evidence of PDMS was found.

The results of the Residual Gas Analysis for the two types of 
adhesive tested are shown in Figure 4. 
 
No silicone peak was found for either adhesive, indicating no 
volatile release coating was present. Both adhesive rolls initially 

FIGURE 2. Contact cleaning technology

...the new contact- 
cleaning core of elastomer 
and adhesive is suitable for 
use in a vacuum. 



2014 Quarter 1  •  www.convertingquarterly.com  53

Tungsten particles are put in oven tray (60degree) and after getting out of oven the rollers are rolled into the metal powder (6 times)
After tungsten particle pickup the roller is rolled over a 6"adhesive sheet. The weight of the sheet is measured before and after on a balance with readability 0.1gr
Width roller: 25mm. Rollers are stored in high vacuum system, adhesive sheets in a low and high vacuum system.
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nanocleen ambient ambient 4,3 4,6 0,3
1 weekend in vac (0.1 mbar) 4,3 4,5 0,2

18 hrs  in high vac (1e-6 mbar) 4,3 4,5 0,2
1 weekend in vac (1e-6mbar) ambient 4,3 4,5 0,2
1 weekend in vac (1e-6mbar) ambient 4,2 4,5 0,3

ultracleen ambient ambient 4,3 4,5 0,2
1 weekend in vac (0.1 mbar) 4,3 4,5 0,2
18hrs  in high vac (1e-6mbar) 4,3 4,5 0,2

1 weekend in vac (1e-6mbar) ambient 4,4 4,6 0,2
1 weekend in vac (1e-6mbar) ambient 4,3 4,5 0,2

Repeatability test (after cleaning roller repeat particle pickup measurement).
ultraclean ambient ambient 4,3 4,5 0,2

4,3 4,5 0.2
nanoclean ambient ambient 4,3 4,6 0,3

4,3 4,5 0,2

No difference in 
particle pickup for 
rollers  and/or 
adhesive sheets in 
vacuum or ambient 
conditions !!

contained quite a lot of water, which is the 
signature shown in Figure 4, but after a 
short time all the water had been extracted 
from the (blue) roll, which is based on 
a plastic film while there was still water 
being extracted from the paper-based 
product. This would be expected given the 
absorbent nature of paper.

Then, a separate test was carried out to 
assess the effect of the vacuum exposure 
on the cleaning efficiency of both the 
adhesive and the elastomer. Currently, 
there is no International standard for 
testing the cleaning efficiency of elastomer 
rollers or adhesives, however, drawing on 
its 30 years of experience in producing 
contact-cleaning equipment, this firm 
has developed its own test methodology. 
Named PPU, it assesses particle-removal 
efficiency using calibrated tungsten 
particles. The Holst Centre used the PPU 
test to measure the cleaning efficiency 
of both the adhesive and elastomer, both 
before and after vacuum exposure (see 
Figure 5).

From the results of the Holst Centre 
tests, it can be seen that the new contact-
cleaning core of elastomer and adhesive 
is suitable for use in a vacuum. The final 
stage was to design the core system into 
a machine, manufactured entirely from 
vacuum-compatible materials that uses no 
pneumatic or electric actuation, making the 
system easy to operate within a vacuum-
deposition system (see Figure 6).

Applications
There are several areas within a vacuum 
system where the new contact cleaner can 
be installed. First, it can be used at the 
unwind station to clean the film before 
coating. It also can be used at the rewind 
station to prevent any particles caused 
by the deposition from being rewound 
into the roll and causing damage to the 
adjacent layers of film. This is of particular 
relevance in barrier-film coating, where 
the deposited barrier layer is very brittle 
and might crack under pressure from an 
entrained particle when the film is under 
tension. These cracks would then allow 
the transmission of water through the 

FIGURE 3. RGA analysis of vacuum-compatible elastomer roller

FIGURE 4. RGA analysis of two types of adhesive rolls

FIGURE 5. Cleaning efficiency before and after vacuum exposure

continued on page 55 u
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layer, destroying its barrier properties. The third common application 
area in vacuum is to clean the protective film, which is increasingly being 
applied to protect the surface of the thin, sensitive, vacuum-deposited 
layers from subsequent damage.

Conclusion
Working within the Clean4Yield project has allowed this firm to identify 
a new opportunity for cleaning films within a high-vacuum environment. 
Having identified the opportunity, a new elastomer and adhesive cleaning 
core was developed, which is vacuum-compatible and yet does not 
compromise cleaning efficiency. This system has been incorporated into 
a cleaning unit for installation into vacuum-deposition systems targeted 
at depositing functional coatings for products such as OLEDs, OPV and 
barrier films.  n

Sheila Hamilton, technical director for Teknek, Inc. (Inchinnan, UK), 
has a degree in Mechanical and Production Engineering from Glasgow 
University, together with an MBA from the University of Strathclyde. The 
holder of several patents, she has presented numerous technical papers 
on subjects from thermal management and electromagnetic interference 
shielding to contact cleaning. At Teknek, Sheila oversees development 
of key elastomer and adhesive technologies. She can be reached at +44-

141-568-8100, email: sheilah@teknek.com, www.teknek.com 
FIGURE 6. New vacuum-compatible cleaning 
system

t continued from page 53
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www.convertingquarterly.com

Abstract
Slot coating is one of the preferred, precision coating methods in the manufacturing 
of single- and two-layer coated products. The thickness of the coated liquid layer, in 
principle, is set by the flow rate fed to the die and the speed of the substrate moving 
past, and is independent of other process variables, being ideal for high-precision 
coating. The region in the space of operating parameters where the delivered liquid 
layer is adequately uniform is referred to as a coating window. The coating window can 
be determined by extensive pilot-plant experiments or by a complete analysis of the 
coating flow and its stability limits. A summary of the fundamentals of the slot-coating 
process and its operability limits is discussed, together with some aspects of advanced 
research being pursued.

Introduction

In earlier days, coating technology was developed as an art. However, the coating process is a 
complex, multidisciplinary science that involves wetting, adhesion, fluid mechanics, rheology, 

chemistry, interfacial science and heat, and mass transfer. Competitive pressure reduces the time 
available to bring new products into the market, and process development through extensive 
pilot-plant trials may delay production. Thus, it is important to analyze the physical mechanisms 
responsible for the success or failure of manufacturing processes. Process engineers should not 
pursue only process know-how, but also process know-why.

Fundamental understanding of basic mechanisms involved in all phases of the manufacturing 
of coated films, including liquid preparation, coating and solidification requires long-term 
investment in process research and development, and specially-designed experimental and 
numerical analysis tools.

Fundamentals of  
the slot-coating process
By Professor Marcio Carvalho, Dept. of Mechanical Engineering, 
Pontifica Universidade Catolica do Rio de Janeiro (PUC-Rio) 

Slot coating process has been 
deeply studied and understood. 
Here, we will discuss some of 
the fundamental aspects of this 
process and recent developments 
related to coating flow of 
particulate suspensions.

Slot-coating operability 
window
In slot coating, the liquid is 
pumped to a coating die in which 
an elongated chamber distributes it 
across the width of a narrow slot, 
through which the flow-rate-per-
unit width at the slot exit is made 
uniform. Exiting the slot, the liquid 
fills – wholly or partially – the gap 
between the adjacent die lips while 
the substrate translates rapidly 
past them. The liquid in the gap – 
bound upstream and downstream 
by gas-liquid interfaces, or menisci 
– forms the coating bead (see 
Figure 1). The competition among 
viscous, capillary and pressure 
forces – and in some cases inertial 
and elastic forces – sets the range 
of operating parameters in which 
the viscous-free surface flow of 
the liquid can be two-dimensional 
and steady, which is the desired 
state. To sustain the coating bead 
at higher substrate speeds, the gas 
pressure of the upstream meniscus 
is made lower than ambient, i.e.: 
a slight vacuum is applied to 
the upstream meniscus (Beguin, 
1954). 

Slot coating belongs to a class of 
coating methods known as pre-
metered coating: the thickness of 
the coated liquid layer is set by 
the flow rate fed to the coating 

FIGURE 1. Sketch of the slot-coating bead
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die, and the speed of the moving substrate and is independent of other process variables. 
Thus, pre-metered methods are ideal for high-precision coating. However, the nature of 
the flow in the coating bead and, therefore, the uniformity of the liquid layer it delivers 
can be affected by the substrate speed, the viscosity and any non-Newtonian properties of 

the liquid, as well as the configuration 
of the die lips immediately upstream and 
downstream of the slot exit. The region 
in the space of operating parameters of 
a coating process – where the delivered 
liquid layer is adequately uniform – is 
usually referred to as a coating window. 

Refined flow visualization through a 
glass backup roll and finite-element 
modeling of the flow were used to 
analyze the limits of operability and flow 
stability within those limits by Carvalho 
and Kheshgi (2000) and Romero, 
Scriven and Carvalho (2004; 2006). The 
failure modes (shown in Figure 2) show 
that the coating window is bounded by 
three modes of failure:

High-vacuum limit: When the coated 
layer is thicker than the thinnest that 
can be produced at a fixed gap and by 
substrate speed (i.e.: t > t

min
 in Figure 

2), too great a vacuum at the upstream 

FIGURE 2. Sketch of the slot-coating process window as a function of coating 
thickness, gap and vacuum pressure
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free surface causes liquid to be drawn along the die 
surface into the vacuum chamber. This diversion of 
liquid destroys pre-metering.

Low-vacuum limit: Too little vacuum at the upstream 
free surface leaves the net viscous drag force on the 
upstream part of the bead unbalanced by the pressure 
gradient that is imposed by capillary-pressure forces 
in the menisci upstream and downstream and the 
difference in external pressure on those menisci (i.e.: 
vacuum). As a response, the upstream meniscus 
shifts toward the feed slot until the bead drastically 
rearranges into a three-dimensional form that 
delivers separate rivulets to the substrate. Between 
the rivulets are dry lanes that extend upstream 
through the bead. Along those lanes, air is sucked 
into the vacuum chamber. It is in this regime that – at 
given vacuum (ambient pressure downstream minus 
air pressure exerted on upstream meniscus) – there is 
a lower limit to the thickness of a continuous, liquid 
layer that can be coated from a downstream gap of 
specified clearance. As Figure 2 shows, the limit can 
be lowered by applying greater vacuum and, thereby, 
shifting the upstream meniscus away from the edge 
of the feed slot.

Low-flow limit: At a given substrate speed, too 
low a flow-rate-per-unit width from the slot causes 
the downstream meniscus to curve so much that it 
cannot bridge the gap’s clearance. Consequently, the 
meniscus becomes progressively three-dimensional, 
alternate parts of it invading the gap until the bead 
takes a form that delivers separate rivulets or chains 
of droplets to the substrate moving past. This 
transition from a continuous, coated liquid layer is 
called the low-flow limit: the minimum thickness of 
liquid that can be deposited from a gap of specified 
clearance at a given substrate speed. As Figure 2 
makes clear, it is independent of the vacuum applied, 
given that the vacuum is great enough to draw the 
upstream meniscus away from the feed slot. 

By understanding the physical mechanisms related 
to the low-flow limit, Carvalho and Kheshgi (2000) 
were able to propose a way to delay the onset of this 
process failure, enabling the slot-coating of thin films 
at high speeds. Liquid inertia was used to push the 
downstream meniscus such that it does not invade 
the coating bead, delaying the breakup into rivulets. 
Pilot-plant data together with the finite-element 
simulation in the high-speed regime is shown in 
Figure 3. 

Slot-coating of particulate suspensions
The analysis presented considered the liquid as 

a Newtonian fluid. However, the liquids coated in practice are polymer 
solutions, particle suspensions or a combination of both. The complex flow 
in a coating bead may create a non-uniform particle distribution in the flow, 
leading to strong viscosity changes within the coating bead, which may affect 
process limits. Moreover, the flow may have a strong influence on the final 
particle distribution in the coated liquid that may be related directly to the 
microstructure and final product performance. 

Recent developments from our group have combined the solution of fluid-
flow equations that considers the liquid properties as a function of the local 
particle concentration coupled with a particle-transport equation to study 
how the process parameters affect the particle distribution in the coated film. 
Figure 4 shows how the flow affects the particle concentration on the coated 
layer. Through the feed slot, the particles move from the high-shear toward 
the low-shear region of the flow, leading to high particle concentration in the 
middle of the feed slot. 

When the coating thickness is equal to half of the gap, the pressure gradient 
under the downstream die lip is negligible and the particle transport is weak, 
leading to a high particle concentration layer in the middle of the coated 
film. At lower values of the wet thickness, an adverse pressure gradient is 
created under the die lip. At a thickness close to one-third of the coating 
gap, the region of zero shear rate is located near the die lip. Particles move 
toward that area, leading to a high concentration near the die-lip surface and, 
consequently, on top of the coated film.

Conclusion
The examples discussed here show how fundamental understanding of 
coating flows and the physical mechanisms associated with different failure 
modes lead to better-designed processes and can drastically reduce the 
process development and production scaleup time required to bring new 

FIGURE 3. Onset of the low-flow limit at different conditions. The blue 
shaded area represents the augmented process window associated 
with inertial effects.
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FIGURE 4. Particle concentration under the downstream die lip and near the 
downstream meniscus for two different coating thicknesses

products to market. Fundamental understanding of coating 
processes is not easy. It requires collaboration between experts 
from different disciplines; it is a result of a continuous effort and, 
therefore, requires time, investment and commitment.  n
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Abstract
An Italian research team has exploited nanotechnology for 
producing nanostructured coatings that exhibit high-barrier 
properties and are suitable for controlled-atmosphere (CAP) and 
modified-atmosphere packaging (MAP) applications. Promising 
results indicate that today’s complex multilayer materials, which 
can be difficult to recycle, may become a thing of the past. 

The number of food-packaging applications that necessitate a 
suitable atmosphere inside the package (i.e.: oxygen concentration, 

moisture content, etc.) to be maintained for the entire shelf life of the 
product is growing every year. This typically requires high barrier to 
gases and water vapor, which is traditionally achieved with complex 
multilayer films. In recent years, particular attention has been directed 
toward the recyclability of plastics focusing on the packaging sector, 
which represents 40 percent of the worldwide production of plastics [1]. 
Within this consideration, the large use of multilayered plastics resulted 
in high volumes of discarded packaging that were difficult to recycle 
due to their complex construction. 

To avoid the use of products made with hard-to-recycle multilayer 
materials, it is possible to exploit nanotechnology for producing layered 
silicates nanocomposites. In the past 20 years, polymer/layered silicate 
nanocomposites have created great interest from academic and industrial 
research because of their remarkable improvements in mechanical 
strength and reduction in flammability, when compared with standard 
polymers and conventional composites [2]. Nanocomposites based 
on layered silicates often show improved barrier properties due to the 
creation of a tortuous path that is able to slow down the diffusion of a 
gas molecule through the polymer (see Figure 1a).

Nevertheless, the best results are related to structures – in terms of 
dispersion and orientation of the particles – which are difficult to 
achieve. Indeed, the key assumption to most of the models used to 
approximate the permeability properties of nanocomposites is that each 
silicate layer is oriented perpendicularly to the direction of diffusion 
(see Figure 1a). Although this morphology is certainly the best to 
create the highest possible tortuosity and it results in the most efficient 
barrier effect, it is extremely difficult to achieve a situation where the 
nanoplatelets are randomly dispersed. Such random orientation results in 
a limited effect on the final barrier properties (see Figure 1b), where the 
relative permeability (PNano-Composite/PPolymer/PNC/Pp) is plotted 
as a function of the nanoplatelet orientation.

Layer-by-layer coatings for 
enhanced product shelf life
By Dr. Federico Carosio, post-doctoral fellow; Dr. Alberto Fina; Dr. Jenny Alongi, junior researcher;  
Dr. Giulio Malucelli, associate professor; Dr. Giovanni Camino, professor, Politecnico di Torino (Italy)

Surface deposition of nanoparticles
An alternative and more efficient way to obtain highly-
oriented lamellar nanocomposites is represented by 
the surface deposition of nanoparticles. In particular, a 
new technique called layer-by-layer (LbL) allows the 
deposition of thin layers made of nanoparticles almost 
perfectly arranged parallel to the surface and, thus, able 
to maximize the barrier effect. This technique was first 
described by Iler in 1966 [3], but a practical method was 
developed in the early 1990s by the group of Decher [4].

The LbL technique simply explained consists of an 
alternate adsorption of chemical species on a chosen 
substrate, as shown in Figure 2. 

FIGURE 1. (A) Scheme of tortuous paths in 
conventional and nanocomposites; (B) Effect of 
different order parameters on nanocomposite 
permeability 



2014 Quarter 1  •  www.convertingquarterly.com  61

continued on page 62 u

Compared to more traditional thin film deposition techniques, 
LbL has several advantages: 1) easy incorporation of functional 
materials, 2) processing under ambient conditions (room 
temperature, atmospheric pressure) and 3) environmentally-
friendly characteristics (solvent is mostly water, concentrations 
are below 1 wt.-%). 

Recently, this self-assembly technique has been used for the 
build-up of coatings characterized by extreme oxygen-barrier 
properties [5]. In addition to this application, the LbL technique 
has been used to impart flame-retardant, anti-reflection, electrical-
conductivity and antibacterial properties. However, the list of 
applications is potentially limitless, as every application in which 
surface properties play a key role can be a possible application 
field for this technique. 

The reagents suitable for such a high number of applications 
can be chosen from a wide range of materials [6], cationic or 
anionic polyelectrolytes [7], metallic or oxidic colloids [8] and 
layered silicates [9]. Each category can be expanded in further 
subcategories allowing potentially infinite combinations of 
multilayer structures that must be selected as a function of the 
application or desired properties.

By coupling clay nanoplatelets and polyelectrolytes, it is possible 
to deposit coatings, with overall thicknesses ranging from 
100 to 1,000 nm, where each clay nanoplatelet is positioned 
perpendicular to the gas flux, thus yielding the highest barrier 
effect possible (see Figure 2) [5]. The resulting nanostructured 
coating is capable of yielding extremely low oxygen-transmission 
rates without changing such substrate properties as transparency 
and flexibility. Several scientific papers reported extremely high-
barrier effects achieved through LbL-deposited coatings [5]. 
Table 1 collects the oxygen transmission rates (OTR) taken from 
the scientific literature for LbL-treated polymers in comparison 
with conventional multilayer films, polymer nanocomposites and 
commercial available products.

As clearly observable from Table 1 data, the LbL coatings turn 
out to be the best performing, achieving OTR values even below 
the detection limit of the instrument [5].

LbL coatings on PLA films
Polylactic acid (PLA) represents one of the most promising bio-
based polymers for industrial application. Bio-based polymers 
are considered an attractive proposition for the production of 
environmentally sustainable packaging. However, the barrier 
properties of such new materials cannot compete with those 
achievable with commercial multilayers and, as a consequence, 
their application in film-based packaging for extended shelf life 
currently is not feasible.

To fill this gap, it is possible to exploit the layer-by-layer 
technique to increase the barrier properties of these interesting 
materials without changing their bulk properties. Within this 
work, commercially available PLA films have been coated using 
the LbL technique to improve their barrier properties toward 
oxygen. Two different kinds of architectures were deposited: 1) 
Bi-layers (BL) with a two-layer (polymer-clay) repeating unit; 
and 2) Quad-layers (QL) with a four-layer (three polymer layers 
and one of clay) repeating unit. Furthermore, as an alternative to 
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FIGURE 2. Schematization of Layer-by-Layer (LbL) 
deposition process
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the conventional dipping process, the use of a spray apparatus to 
deposit such coatings has been studied also.

Figure 3 shows the permeability to oxygen in dry conditions of 
untreated PLA and PLA treated with 20 BL and 6 QL deposited 
by dipping.

OTR results via LbL
As far as the oxygen permeability in dry conditions is concerned, 
an overall improvement in the barrier properties after the LbL 
deposition is clearly observable. In particular, the QL coatings 
show the best performances with a permeability three orders of 
magnitude lower than that of untreated PLA. This high barrier 
achieved by 6-QL treated PLA can be ascribed again to the clay 
orientation on the surface. The above explanation is partially 
true, but cannot completely justify such a great improvement, 
especially if compared with the results of BL assemblies. Indeed, 
in the BL assembly, 20 layers of nanoplatelets were employed 
to achieve permeability values that are much higher than those 
of 6 QL (where only 6 layers of nanoplatelets are present). 
The reason for the 6-QL sample’s great improvement can be 
ascribed to an increased interlayer distance, with respect to the 
BL system, between each clay layer due to the coating structure 
and to the interactions between the employed polymers that are 
able to create highly inter-diffused assemblies with very low 
free volume available for oxygen diffusion.The results presented 
above show that LbL deposition can be used to achieve coatings 
characterized by high barrier toward oxygen. Such improvements 
in combination with the “green” nature of the process make it a 
promising technique for packaging applications; however, the 
time needed for the process, which is carried out by dipping, can 
limit a possible industrial application. For example, it can take 
more than 40 minutes for assembling 6 QL. 

To overcome this limitation, it is possible to exploit the 
spray-deposition process. PLA films were spray-coated, 
using commercially available spraying apparatus, with the 

same solutions employed in the dipping process so as to build 
architectures made of 20 BL and 6 QL. Figure 4 plots the results 
of the permeability test.

Despite the fact that coatings deposited by spraying have a 
lower performance than those obtained by the dipping process 
for the same number of layers, a reduction of about 90 percent, 
respective to untreated PLA, is possible with 6-QL treatment. 
Conversely, this result can be obtained in short deposition 
times (the spray deposition of 6 QL takes only 10 mins), which 
makes this variation of the process a promising path toward the 
industrialization of the LbL technique.
 
Conclusion
Layer-by-layer deposition has been proven to be an efficient tool 
capable of conferring oxygen-barrier properties to PLA films 
for extended shelf-life packaging. The spray variation yields 
promising results in terms of achieved oxygen-barrier properties 
and in the time required for deposition. Such improvements in 
combination with the “green” nature of the process make it a 
promising technique for its industrial development in the field of 
packaging applications.  n
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TABLE 1. Oxygen transmission rates of LbL coatings in 
comparison with other barrier technologies

 OTR (cc/m2/day atm)
PET .........................................................................85,000
EVOH ........................................................................0.050
Metallized multilayer .................................................1,200
Nano-composite ......................................................60,000
LbL-coated ..............................................................<0.005
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The 2013 Printed Electronics USA trade show and conference, 
held Nov. 20-21, 2013, in Santa Clara, CA, was a record-

setting event in many ways. There were more than 2,200 total 
attendees at the program, a 35 percent increase over last year, and 
the 160 trade show exhibitors enjoyed a more than 50 percent 
increase in attendance from 2012. 

Organized by IDTechEx, more than 200 presentations were given 
at the conference, which included special technology tracks such 
as Graphene Live, 3D Printing and Energy Harvesting. Other 
tracks highlighted OLEDs, Transparent Conductive Films and 
Super Capacitors. Once again, there was the “Demonstration 
Street” exhibit, where working prototypes and products using 
a broad range of new technologies were presented, as well as 
an area called “Manufacturing Street” that showed how some 
products were made via live processing.

Just walking around the exhibition gave one the impression that 
the printed-electronics industry is becoming a serious force in 
not only providing new methods and materials to manufacture 
a wide variety of existing products, but also in allowing for the 
development of numerous new products in healthcare, lighting, 
energy harvesting and touch sensors/displays. 

There was a broad enough selection of exhibitors and technical 
presentations to keep anyone interested in printed electronics 
busy for the full two days. Below are a few of the more 
interesting exhibitors:

Rolith, Inc. (Pleasanton, CA), introduced a new printing 
technology that won the IDTechEx 2013 Best Technical 
Development Manufacturing Award. Called “rolling mask 
lithography,” this proprietary nano-lithographic technology 
enables the printing of large-area, transparent, metallic meshes on 
both glass and plastic substrates (see Figure 1). The mesh traces 
– made with both Ag- and Al-based nanoparticle inks – have 
line widths of less than 500 nm and heights less than 300 nm. 
Resistance of these meshes is between 5 to 7 ohms/sq., depending 
on the metal used. Visible light transmission was >95 percent 
for the layer, and there are no noticeable moiré patterns visible 
to the eye. A Rolith booth staffer said that, at present, patterns 
could be printed on substrates 300 mm wide and 1 meter long. He 
indicated that the technology should be adoptable to roll-to-roll 
(R2R) coaters, but it had not been done yet.

Imprint Energy (Alameda, CA) showed its novel Zn-ion 
polymer printed batteries – Zincpoly™ – that won the 2013 Best 

Printed Electronics USA shows 
industry becoming a serious force  
By John B. Fenn, Jr., Ph.D., principal, Fennagain

Product Development Award. These batteries can be used in 
wearable displays, as well as active sensors. Sensors powered by 
these batteries could be Bluetooth wireless-linked to smartphones 
so that their output could be read immediately. The batteries are 
ultrathin, flexible and rechargeable.

Blue Spark Technologies (Westlake, OH) had samples available 
of its printed, carbon-zinc battery (see Figure 2). Advertised 
as “eco-friendly” by having no heavy metal components, the 
batteries are thin enough to be used in such applications as smart 
packaging, portable medical devices and printed greeting cards.

In the Graphene Live section of the trade show, there were over 
15 booths involved with graphene, such as production tools, 
research facilities or materials. Of particular note was Bluestone 
Global Tech (Wappingers Falls, NY), which introduced Grat-
Fet, a graphene-based field-effect transistor where chemical 
vapor deposition (CVD) graphene replaces conventional silicon 
as the conductive channel (see Figure 3). This product, an 
off-the-shelf item according to Bluestone’s vice president of 
technology, is an example of how this single layer of carbon 
atoms can be integrated into the mainstream at a much faster rate 
than previously thought. Bluestone has developed a R2R process 
for making large amounts of graphene by depositing it onto a 
Cu foil using CVD and then electrochemically delaminating 
the graphene layer onto a polymer carrier sheet. In this way, the 
company claims the Cu foil can be recycled. Monolayers of their 
graphene have a sheet resistivity of ~30 ohms/sq. and visible 
light transmission (VLT) of ~85 percent when transferred to PET 
films.

FIGURE 1. Rolith “rolling mask lithography” process
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Nissha USA, Inc. (Schaumburg, IL), showed a 
variety of touch panels made using Cambrios’ 
Ag nanowire (NW), indium tin oxide (ITO) or 
PEDOT:PSS materials. They also demonstrated a 
prototype sample of a conductive coating that had 
been applied to a foam pillow. The coating could 
be used to show a pressure pattern when the pillow 
is depressed by objects such as the hand. The 
readout provided different colors correlating to the 
depth of deflection. Teijin Chemical collaborated 
with Nissha on this item.

There were several companies showing transparent 
conductive coatings at their booths. Carestream 
Advanced Materials (Rochester, NY) offered its 

version of Ag nanowire-based coated films called FLEXX. They tout these 
inks as lower-cost alternatives of ITO films with sheet resistivities available in 
the 10 ohm/sq. range. Heraeus Conductive Polymers (Leverkusen, Germany) 
highlighted its Clevios© PEDOT:PSS conductive polymer-based inks. 
Eastman Kodak (Rochester, NY), a major supplier of PET-based films coated 
with Heraeus’ Clevios ink, shared the Heraeus booth. EK is producing master 
rolls (1,384 mm by 914 meters) of HCF film using Clevios and its in-house, 
optical-grade PET films. Sheet resistivities of 150 ohms/sq. at >86 percent VLT 
are obtained with one-side coatings; haze is less than 1 percent. Agfa Materials 
Corp. (Goose Creek, SC) also presented its PEDOT:PSS-coated films called 
Orgacon© along with several devices made from these films. 

Of particular note for all of these conductive polymer inks, the contrast 
enhancement – due to the slight neutral grey color imparted by the lower-
resistive coatings – boosts the readability of the displays mounted below them 
in the bright lights of the exhibit hall. 

Xymox (Milwaukee, WI) announced an agreement with Eastman Kodak in 
which they would use KODAK-HCF films in custom projected capacitive 
sensors. Several working samples were on display. One of the advantages of the 
KODAK-HCF films, which are coated with Heraeus’ Clevios© PEDOT:PSS 
inks, is that they can be patterned without removing any of the coatings. This 
makes the patterns invisible, eliminating the index-matching layers needed 
when the substrate is exposed during subtractive patterning.

Vinci Technologies (Nanterre, France) showed the QHV-4, a He transmission-
based mass spectrometer that could be used to determine water vapor 
transmission (WVTR) and oxygen permeation (OTR) rates down to >10-6 
rates/m2/day. This is done by correlating He permeation rates through barrier 
materials with those taken for water vapor and oxygen using known results 
determined by the well-established Ca wafer tests. The advantage of this system 
is that it has very rapid throughput times, so that it can be used for standard 
QC tests in a matter of minutes, not days, as is now the standard. They also 
exhibited several thin-film thermal evaporator systems that could be used to 
deposit OLED layers.

DuPont had two booths. In Microcircuit Materials (Wilmington, DE), they 
showed their series of specialized inks used in a variety of printed-electronics 
applications, such as displays, photovoltaics and biomedical devices (see 
Figure 4). DuPont Teijin Group (Hopewell, VA) highlighted a series of new 
and improved film-based products, one of which was a coated, PET-polymer 
substrate that suppressed the “rainbow” effect often seen when such films are 
coated with acrylic-based hard coats.

Xenon Corp. (Wilmington, MA) and Novacentrix (Austin, TX) demonstrated 
their respective pulsed-light sintering systems for curing metal, nanoparticle-
based inks. Celebrating its 50th anniversary as a company in pulsed-light 
technology, Xenon showed its R2R/conveyer-belt system capable of curing/
sintering silver nano inks at a rate of 100 fpm. Novacentrix again had a large 
booth filled with a variety of PulseForge® curing/sintering systems. Both 
companies gave out samples of the rapidly cured circuits.

The two-day trade show was sandwiched between two days of Masterclasses 
related to printed-electronics technologies. Sixteen three-hour classes were 

FIGURE 2. Blue Spark Technologies printed 
carbon-zinc battery

FIGURE 3. Grat-Fet™ graphene-based field-
effect transistor
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PRINTED ELECTRONICS  

TECHCON 2014

MAY 3–8   EDUCATION PROGRAM  Problem-Solving Tutorial Courses 
MAY 6–7   TECHNOLOGY EXHIBIT  Dedicated to Vacuum Coating Technologies 
MAY 5–8   INTERACTIVE NETWORKING  Forums and Discussion Groups 

MAY 5–8   TECHNICAL PROGRAM  featuring a Symposium on

 ADVANCED COATINGS FOR TRANSPORTATION

for more information:   svcinfo@svc.org  .  505-856-7188  .  www.svc.org

The SVC TECHCON provides the latest advances in vacuum coating and surface engineering technologies, 

from process and materials development to engineering solutions and industrial applications.

SOCIETY OF VACUUM COATERS  
57TH ANNUAL TECHNICAL CONFERENCE  

CHICAGO . MAY 3-8, 2014  HYATT REGENCY CHICAGO, ILLINOIS, USA

register online at WWW.SVC.ORG 

given on a wide variety of subjects from Displays and Lighting, 
3D Printing, Graphene and Carbon Nanotubes to Flexible 
Substrates and Conductive Inks.

Conclusion
In summary, the Printed Electronics USA show was crammed 
full of a wide variety of subjects ranging from materials and 

production processes to markets and applications. Conference 
presentations, at least the ones this author was able to attend, 
were more technical in nature with much less commercialism. 
There were plenty of opportunities, both planned and informal, to 
network. 

While there was only a spattering of information this year on 
smart packaging used for consumer goods at the show, it is my 
opinion that this will become a significant business sector in the 
future. The use of colorful, animated packaging that activates 
when a targeted buyer passes by will come sooner than later. 
All the components are almost there and all can be printed onto 
flexible substrates and paperboard in one pass.  n

John B. Fenn, Jr., principal of Fennagain (West Hills, CA), 
holds a Ph.D. in Physical Chemistry from Purdue University and 
was a post-doctoral fellow in the Chemistry Dept. at UCLA. An 
internationally known authority on thin-film, vacuum coating 
with expertise in R2R sputtering, he founded NeoVac, a company 
that specialized in transparent conductive films for use in touch 
panels and displays. John can be reached at 818-888-8649, 
email: johnfenn@att.net 

FIGURE 4. DuPont Microcircuit Materials inks for 
photovoltaics
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Introduction

With the patent application in July 1958, 
the invention of the laser spawned a 

multi-billion dollar industry and, not long 
after that, the laser converting market. The 
processing of paper goods, such as roll 
slitting, fan-fold perforation for continuous-
feed and cut-to-length sheet operations date 
back 40 years or more.

Presently, the laser adapts well to rotary web 
converting and takes material processing 
to a unique application point. It makes 
possible some tasks that were not considered 
previously, as well as providing one of the 
most obvious reasons for the investment – 
that of being able to sample or prototype 
for customer approval without having to 
purchase a hard tool.

Because of its state-of-the-art nature, using a 
laser infers an involvement of programming 

Laser finishing on  
a rotary converting platform
By Chris Walker, director of diecutting division markets, Preco, Inc.

and software. There are simultaneous and ongoing actions of power modulation, 
beam steering, pulse frequency and “on-the-fly” adjustment to an intended pattern 
that’s always in web-travel motion. A laser’s performance has been refined to be 
delicate when it needs to be – and also to show forceful results on demand.

Nevertheless, hard-tool rotary die converting has kept up with technology as well. 
Precise servomotor control from banks of drivers coupled with proprietary web-
handling code allows production accuracy at any speed and an unparalleled dexterity 
of process stations and spindles filled with rolls of often exotic materials that layer 
into finished parts. When coupled with a laser, the object is to marry these two 
technologies in orchestral harmony.

Before investigating the versatility of laser converting alongside long-established 
rotary diecutting, it’s important to examine what is the laser’s capability in typical 
day-to-day operation so that we may see how this valuable instrument matches what 
your company wants to do (see Figure 1).

Typically, which materials are converted?
Substrates used for labels, nameplates and similar applications offer a wide choice 
of possibilities. Paper, polycarbonate, polypropylene, plain, pigmented or metallized 
polyester, PMMA, silicone liners and so on work well with the normal 10.6-micron 
CO2 laser platform. Fine-tuning of the laser in regard to its main adjustment features 
– power, duration, pulse frequency and beam focus – optimize the quality of the work 
being performed.

Abrasive materials such as typical and some non-typical sandpaper products quite 
often are jobbed on a web-based platform and are suitable for rotary converting. 
Producing the smaller venting holes on disks is done more easily than when tooling 
up for the same work. Often heavier grits should be tested for total cut-through 
capability.

Industrial adhesives used for all sorts of manufacturing are processed often with 
a CO2 laser. Most pressure-sensitive adhesives are kiss-cut easily to a liner. Well-
known bonding formulations such as VHB tend to not re-seal or grow back together 
following laser treatment. 

So, what would you not want to process with a general-purpose laser? Materials such 
as HDPE allow too much of the laser beam to transmit or pass through the substrate, 
and aluminum foil reflects the beam away. Metallized polyester does have a very thin 
aluminum coating, although more often when penetrating from the polyester side, 
the heat of the laser makes this nanometers-thin layer negligible in process. If your 
company specializes in a particular substrate, you could consider a shorter wavelength 
within the 9.2- to 9.4-micron range. While this may reduce power requirements 
slightly, it can provide better energy absorption with an improved edge quality.

FIGURE 1. A rotary converting platform 
as a stand-alone unit is usually 
constructed so that it is a simple task to 
install a laser. Most systems available 
today allow the laser to be placed at any 
station position for flexibility of process 
flow.
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Inks generally do not have a large influence on cut quality. Clear varnish coats, 
especially UV-cured, are usually acrylic-based and are quite suitable for laser 
processing. Plastic lamination films, which are most often made from some of the 
same base substrates, also process well in most cases.

What limitations are there to producing  
large and small shapes and lines?
Web-fed laser processing includes patterned cut-through and slitting, perforating, 
kiss-cutting, scoring and, in some instances, sealing. They are almost limitless in 
regard to substrate thicknesses that are handled on a rotary converting platform (see 
Figure 2).

When performing these tasks in the hard-tool arena, we often refer to a die line. On 
a rotary converting platform, the rotary die performs continuously and the die line 
has little impact on line speed. However, when working with a laser we are dealing 
with the specific tracing of line segments that make up the total length of the die line. 
This makes the web processing speed dependent on how quickly the die line can be 
traced on each index. The more intricate the design may be – both in total length and 
complex shape – the longer it can take to process. Except for outright laser slitting – 
and in some cases special perforating – the process line speed will be diminished in 
close relationship to the geometry of the design.

Though a laser may get slower with a more complex die line, it is a preferred choice 
in many situations. There are adhesives used in applications, such as those for 
automotives, tactile displays or membrane switches, and even for skin-applied use, 
that will gum up a tool and result in periodic cleaning. An automotive adhesive such 
as 3M VHB grows back together if left to sit. The CO2 laser removes this concern by 
creating a physical path, or kerf, during its process.

Another aspect of laser cutting is taking into account the use of a galvanometric beam 
steering system used on virtually all web-converting systems. From the center point 
of a galvo to the center point of the field-of-view (FOV) format, the beam is straight 
up-and-down or perpendicular to the substrate surface. As the beam processes to 
the outer extent of the FOV, the angle of the beam changes from the guiding mirror 
reflection point. Therefore, this angled beam causes an angled cut through the 
substrate and can be more noticeable when processing thicker substrates. 

What about makeready time and  
waste along with registration?
Initial setup time for laser processing – 
assuming all artwork including the die line 
are produced together – will generally take 
no longer than several minutes. This assumes 
that a job may have been run before, and that 
you know what the setup parameters were 
at that time. An example of when a setup 
might take longer would be when kiss-cutting 
to a very thin liner. The four main settings 
mentioned earlier may have to be adjusted so 
that the threshold is balanced between kiss-
cut and cut-through. 

This scenario obviously has an impact on 
setup waste as well, and for similar reasons. 
Because the laser can and will be used 
alongside a rotary tool for many applications, 
a rotary-converting platform known to have 
an optimum setup protocol will provide 
less waste for a rotary hard-tool and laser-
integrated equipment combination.

These days, with the advent of digital printing 
for variable data and designs, “on-the-fly” 
changes from contiguous jobs in web make 
changeovers immediate, accurate and waste-
free. This is especially true when reading 
simple registration marks for X-control along 
with more sophisticated barcodes or 3D scan 
codes to instruct the system to implement a 
software change. Ganged label fulfillment 
can be tailored to every client all from the 
same roll of material.

Other capabilities to consider
Thinking smart helps to optimize laser use. 
Since both hard tooling and the laser are at 
your disposal, using the laser for only the 
complex or difficult angles reduces the total 
length of line that has to be processed. In the 
case of working with thicker materials, this 
is exactly what can be done for preventing 
damage to a rotary tool that would have 
severe angles in the design, which risks 
suffering a compression blowout at an apex. 
Material displacement at these points can 
cause a tool to break or crack. When using a 
laser in conjunction with the easier work that 
the rotary tool can do, the job can be done 
without ordeal.

Software development is ongoing, and new 
capabilities emerge on a frequent basis. One 

FIGURE 2. Lasers are known for their penetrating power, but also need to 
treat materials in a delicate manner, such as kiss-cutting to this 90-gm liner. 

continued on page 70 u
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new feature allows a technique called laser tiling 
or “endless die” processing. A general rotary tool 
circumference may be around 15 to 16 in., but a 
laser-cut design can be just about whatever length 
you would like it to be. Essentially, software 
management permits a long part design to be 
divided into indexed segments that fit within the 
X-direction field-of-view. Using this feature with a 

digitally printed (think endless printing) image opens up possibilities that were 
previously not thought about on a rotary-converting platform, and it provides a 
value-added difference between landing and losing an order.

A particular kind of scoring is used in labeled packaging. This is the easy 
opening and resealing feature becoming very popular for convenience 
foods. The laser is used to create a score line on the labeled package surface, 
weakening it just enough to make a path for tearing open, but otherwise 
keeping the substrate intact to preserve the contents as in a normal enclosure.

Additionally, for produce and other perishable foods, R2R laser-converting 
platforms generate custom perforations for a labeled bag or pouch and can 
solve several problems, depending on the application. Microscopic breathing 
vents through the labeled surface are used for keeping contents fresher over 
time and for compensating for atmospheric changes when shipping between 
high and low altitudes.

Investment and ROI considerations
Incorporating a laser station on a rotary press will increase its cost by 50 
percent, so how can that additional cost be justified? A strategic and global 
view is needed, and it might involve reviewing and adjusting your business 
plan to provide the rationale for this investment. Purchasing a laser station 
thinking it will merely replace your rotary tooling will not yield an acceptable 
return on investment (ROI). The laser process is complementary to rotary 
diecutting, not a replacement for it. If your part can be produced with a rotary 
tool, the laser has little value during the production cycle. To make a laser 
investment without the proper investigation and knowledge will result in 
disappointment and a poor return. However, the correct approach, planning and 
expectations will yield significant returns on your investment and will set your 
operation apart from your competition.

There are two primary approaches to generating ROI for the laser station. The 
first is to have an application or process that requires the use of a laser station 
to be able to produce the part. The laser then becomes the enabling technology 
to produce the part in the first place. These applications require an entirely new 
process that takes advantage of the digital-processing capabilities of the laser, 
such as an on-demand application similar to the advantages printers are now 
realizing using digital printing. The other is an application that has commercial 
value, but is not possible to produce with rotary tooling due to feature locations 
being too close, difficult to convert adhesives, etc. The laser station is an 
excellent production solution for these applications that can set you apart from 
your competition and provide excellent ROI for your system. 

The next ROI approach is applications where a quick response can land 
long-term business, or situations where rotary-tooling costs are difficult to 
justify due to low or medium production volumes or situations where the 
part is subject to revision level changes resulting in new tooling that needs to 
be purchased or reworked. The early market adopters of laser stations have 
been able to secure long-term contracts by incorporating the laser to instantly 
produce parts and to rapidly work through design changes with no tooling 
costs. They can launch production using the laser, but then transition to and 
validate rotary tooling for long-run production cycles. To assist in your ROI 
calculations, it is also important to compare the capital expenditure of the laser 
station with the total costs of rotary tooling. This would include the cost of 
dies, die storage, die maintenance and die modifications, etc., over your ROI 
period.

FIGURE 3. Characteristics of a laser beam

FIGURE 4. Laser beam effect on paper and 
thermoset plastics

FIGURE 5. Laser beam effect on 
thermoplastics

t continued from page 69
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Catbridge Machinery  •  222 New Road, Parsippany, NJ 07054 USA  •  Tel 973-808-0029  •  www.catbridge.com
Standard or custom − we build solutions • slitter rewinders • continuous & inspection winders • unwinds • perforators • coating & laminating systems

Minimize downtime and waste
Maximize productivity

Catbridge can help you become 
more effi cient and competitive. 
We build durable, innovative 
slitter rewinders that maximize 
productivity. Our machinery 
incorporates unique technologies 
and smart designs to improve 
quality, reduce waste, and 
dramatically decrease downtime. 
To further optimize performance, 
we tailor all of our equipment to 
your exact needs. To learn more, 
visit www.catbridge.com or call us 
at 973-808-0029.

Innovative, high-performance slitter rewinders

Understanding the advantages of digital laser stations on a rotary 
press is a necessary step to establishing a strong ROI on your 
investment.

Laser – material interactions
Unless you have a unique application, the laser of choice on 
a rotary diecutting system is a CO2 laser that outputs infrared 
energy or heat. The laser is unique in its ability to focus this 
energy using optical elements to funnel this energy into small 
spot sizes, on the order of 0.010 in. (250 µm) diameters. Directing 
400 watts into an area of 7.85x10-5 in.2 (0.0052 x π) results in an 
energy density of 5 million watts/in.2, quite an impressive value. 
This density provides the necessary energy to cut or score your 
materials at a high rate of speed. The speed interaction is one 
aspect of the laser process, but just as important are the process 
related questions. The laser-processed material edge is much 
different than a die-cut edge, and it is important to understand 
these differences, why it is happening and how to use it to your 
benefit.

With traditional hard-tool diecutting, the material is displaced as 
the knife-edge is forced into the material. There is no material 
removal, and there is no heat used during the diecutting process. 
Conversely, the laser uses a very different process where the laser 
vaporizes the material to produce the part die line and, as such, 

produces a kerf on the order of 0.010 in. (250 µm) in diameter, 
roughly the same as the focused spot discussed earlier. This kerf 
needs to be understood as it relates to the material interaction. 

Additionally, the following characteristics will have an influence 
on the laser process: 1) Density of the material to be processed. 
2) The melting temperature and the temperature the material goes 
to vapor. 3) The absorption of the output wavelength of the laser 
being used.

Before focusing on these three points, let us first go back to the 
kerf produced by the laser. The distribution of energy present 
in a laser beam is similar to water flowing through a pipe. The 
water has a much higher flow in the center of the pipe and tapers 
to zero at the pipe walls, resulting in a Gaussian distribution. 
The same thing happens with the laser, resulting in much greater 
energy at the center of the focused beam and tapering to minimal 
values at the periphery (see Figure 3.) This phenomenon has an 
effect on the laser-cut edge. It stands to reason the material in the 
high energy area of the kerf will be removed or vaporized, but 
as you get to the edges of the remaining material a taper or bevel 
is created as a result of the lower energy present in this area (see 
Figure 4). Also influencing the cut profile is the density of the 
material. A rule of thumb: the denser the material, the less taper 
but slower the processing speed. continued on page 72 u
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For polymers, melting temperature plays a role in edge quality. There 
are three distinct zones when processing polymers. The first is the 
area unaffected by the laser beam, the second is the zone that goes to 
vapor and is removed by the laser and the third is the area between 

the two where there is not enough energy to vaporize the 
material, but enough to send it into a liquid phase. It is at this 
point where surface tension of the liquid takes over, and an 
edge bead is produced which then solidifies and forms a bead 
at the cut edge. On average, this bead increases the material 
thickness at that point by 10 percent. The majority of time 
this bead has no effect on the product, but it can produce a 
desired effect by increasing the tear resistance of the part 
due to the thicker cross-section. Additionally, the lower the 
melting point of the material, the larger the bead, such as with 
polyethylene. Conversely, the higher the melting point, such 
as with polyester or even more extreme resins (polyimides), 
the edge bead is minimized (see Figure 5). In contrast, paper 
products do not melt and are not subject to the edge-bead 
phenomena. 

There are only three things light can do when directed toward 
a material: reflect, transmit, absorb or some combination 
of two or all three. This is particularly true with laser 
processing. The laser will produce a specific wavelength of 
light, and how it interacts with a particular material has a 
large effect on edge quality. Most materials used in rotary 
diecutting are non-metallic in nature so reflection usually 
is not encountered. The typical situation is a combination 
of absorption or transmission for the particular material 
in question. The better the absorption, the more efficient 
the laser process becomes. Polyethylene exhibits a high 
transmission (low absorption) of the CO2 laser beam, so the 
laser process is much less efficient than a high-absorption 
polymer such as polyester. Creative process techniques can 
be incorporated into various laminated products with a good 
understanding of absorption and transmission characteristics 
of various polymers.

Conclusion
Rotary diecutting systems have made strong technical 
advances over the last decade. The advent of complete servo 
solutions fundamentally has changed the capabilities and 
functionality of these systems, resulting in improved tension 
control, and shorter setup, part-registration and re-registration 
times, which have greatly improved finished-part quality. 
The logical next step is incorporating digital converting 
techniques using laser-processing stations to advance the 
next-generation products made on these systems.  n

Chris Walker, director of diecutting division markets for 
Preco, Inc. (Lenexa, KS), studied Chemistry and Language 
Arts at Elmhurst College. His experience goes back 30 
years in the industry, focusing on industrial screen printing, 
flatbed and rotary diecutting. Chris has been chairman of 
the Printed Electronics and Membrane Switch Assn. (PEMS) 
twice. He can be reached at 913-541-0066, email: cwalker@
precoinc.com, www.precoinc.com 

t continued from page 71
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PATENT PROFILES Recent Awards & Applications

Continuous low-vacuum coating apparatus
US Patent Application #20130216728
Christopher Hurren, et al (Waurn Ponds, Australia)
Abstract: An apparatus for continuously forming a thin-film 
layer of organic or inorganic functional material on one or both 
sides of a flexible substrate via plasma-enhanced, vacuum  
vapor-deposition. 

Vacuum-coating apparatus & method for 
depositing nanocomposite coatings 
US Patent Application #20130056348
Frank Papa, (Venlo, The Netherlands)
Abstract: A vacuum-coating apparatus and method comprising 
a vacuum chamber, at least one pair of opposing cathodes, a 
power supply adapted to supply an AC voltage to said opposing 
cathodes to operate them in a dual magnetron sputtering mode, 
wherein at least one further cathode for PVD coating is provided 
in said vacuum chamber, characterized in that at least one further 
cathode is a magnetron cathode and a further power supply is 
provided in the form of a pulsed power supply or a DC power 
supply is provided, which is connectable to the magnetron 
cathode or arc cathode.

Windpipe for vacuum coating and  
vacuum-coating device using the windpipe
US Patent Application #20140001037
Da-hua Cao (Shenzhen, China)
Abstract: A windpipe used in a vacuum-coating device includes 
an outer pipe and an inner pipe positioned in the outer pipe. The 
inner pipe defines a plurality of first outlets arranged in a line in 
the peripheral wall of the inner pipe, along the axial direction. 
The outer pipe defines a plurality of second outlets arranged in a 
line in the peripheral wall of the outer pipe, along the  
axial direction.

Device and method for vacuum coating
US Patent Application #20130316096
Torsten Schmauder, et al (Egelsbach, DE)
Abstract: The invention relates to a device for vacuum coating 
substrates in a vacuum chamber, comprising an elongated 
evaporator array having a plurality of evaporator elements 
arranged along a longitudinal axis, and a first substrate carrier 
unit that is associated with the evaporator array, which has a 
first pylon that can be rotated about a first axis and contains 
retaining means for substrates, wherein an angular offset of less 
than 10˚ is present between the longitudinal axis and the first 
rotational axis. The device is characterized in that at least one 
second substrate carrier unit is provided, which is associated with 
the evaporator array and has a second pylon that can be rotated 
about a second axis and contains retaining means for substrates, 
wherein an angular offset of less than 10˚ is present between 
the longitudinal axis and the second rotational axis. At least one 
second substrate carrier unit (22, 122, 222), which is associated 
with the evaporator array (10, 110, 110a) and has a second pylon 

that can be rotated about a second rotational axis (42, 242), and 
contains retaining means for substrates is provided, wherein 
the axes of the pylons are designed to be fixed relative to the 
longitudinal axis (40) of the evaporator array, an angular offset 
of less than 10˚ is present between the longitudinal axis (40) and 
second rotational axis (42, 242), and a geometric configuration 
of the evaporator array (10, 110, 110a) and of the first (21, 121, 
221) and at least second substrate carrier units (22, 122, 222) is 
provided such that substrates of the first (21, 121, 221) and at 
least second substrate carrier units (22, 122, 222) can be coated 
with the same quality by means of the evaporator array (10). 

Methods for coating a substrate and  
metal alloy vacuum-deposition facility
US Patent Application #20130239890
Patrick Choquet, et al (Longeville Les Metz, France)
Abstract: The present invention provides a process for coating 
a substrate. A metal alloy layer including at least two metallic 
elements is continuously deposited on the substrate by a vacuum-
deposition facility. The facility includes a vapor jet coater for 
spraying the substrate with a vapor containing the metallic 
elements in a constant and predetermined relative content, the 
vapor being sprayed at a sonic velocity. The process may be used 
advantageously for depositing Zn-Mg coatings. The invention 
also provides a vacuum-deposition facility for continuously 
depositing coatings formed from metal alloys, for implementing 
the process.

Modular-construction  
vacuum-coating system
US Patent Application #20130139750
Matthias Smolke, et al (Leipzig, Germany) 
Abstract: A modular-construction vacuum-coating system 
includes a plurality of functional chambers arranged, one behind 
the other, along a longitudinal extent in which substrates are 
moved through the chambers in a substrate-transporting region. 
To lower the production-related and installation-related outlay 
involved in supplying media, a functional chamber, as a first sub-
module, is arranged in a first module and provided with an outer 
interface, which is the same for at least a second module.  n



74  www.convertingquarterly.com  •  2014 Quarter 1

TECHNOLOGY WATCH

R2R sintering system uses pulsed light  
for printed-electronics converting at 100 fpm
Xenon Corp. (Wilmington, MA) introduces the SINTERON™ 
5000 pulsed-light sintering system for large-scale, R2R 
converting of printed electronics, such as the high-volume 
manufacturing of RFID tags. The unit uses the co.’s patented 
technology to deliver high-energy bursts of pulsed light for 
sintering silver nano inks on the production line at speeds up to 
100 fpm. The system demonstrated the sintering of functioning 
circuits on flexible substrates at the recent Printed Electronics 
USA 2013. Also offered is the SINTERON 2010C, a unit for 
R&D and small-scale production testing with programmable 
pulse widths for greater flexibility in sintering conductive Cu and 
Ag metallic inks, and the SINTERON 500, a benchtop model  
for R&D.
XENON CORP., 978-661-9033, www.xenoncorp.com

Economical web cleaner houses pre-sheeted adhesive 
roll, mounts over idler roll
Jemmco LLC (Mequon, WI), introduces its new component-
style web cleaner that houses a JemmTac Pre-Sheeted Adhesive 
Roll and is designed to mount over an existing idler roll covered 
with a proprietary JemmTac Web Cleaning Sleeve. The sleeve 
effectively removes loose dirt and contaminants from the moving 
web. The JemmTac Pre-Sheeted Adhesive Paper is nipped onto 
the backside of the JemmTac Sleeve, enabling it to continually 

clean the sleeve. Available in web-cleaning widths ranging from 
6 to 80 in., the web cleaner features sturdy construction and easy 
adhesive-roll changes and controls to move the adhesive roll into 
and out of position as needed. The compact design is intended to 
fit on most existing web-converting equipment without the need 
to make major changes to web paths or equipment. 
JEMMCO LLC, 262-512-9559, www.jemmco.com 

New-generation cast-film die cuts  
downtime for changing product widths
Nordson Extrusion Die Industries’ (Chippewa Falls, WI) new 
Contour™ 
cast-film die 
incorporates an 
internal deckle 
that enables 
extrusion 
processors to 
achieve the speed and precision for which this uniquely shaped 
die is known, without incurring downtime for changing product 
width. Two major advantages include less time needed to achieve 
on-spec product and to purge between product runs; and up to 
25 percent improvement in cross-directional product uniformity, 
along with a reduction in gel formation. While benefits from the 
new die will vary with each application, in commercial-scale 
trial runs by a global film manufacturer, the new-generation 
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Contour Die achieved considerably narrower gauge tolerances 
in comparison with a coathanger die, making possible materials 
saving with a calculated annual value of $200,000.
NORDSON EXTRUSION DIES INDUSTRIES, 715-726-
1201, www.nordsonedi.com

Drive control fits converting applications
Siemens Industry, Inc. (Elk Grove Village, IL), launches the 
Simotion Synchronized Drive Control (SDC) for immediate 
implementation by machine builders, system integrators and end-
users alike, in printing and converting applications. Using Virtual 
Master technology ensures perfect synchronism between machine 
sections. Axes on a single or multiple Simotion controller 
arrangement can be geared together in a common Virtual Master, 
then operated in a Global Master mode when all axes are in 
operation, or in a Local Master when only sections of the line 
are running. As an open source application, Simotion SDC is 
immediately customizable for the printing line or converting 
machine’s specific requirements. Simotion SDC can synchronize 
all motion functionality between multiple Simotion motion 
controllers over a Profinet network, allowing 100+ axes to be 
engaged on the system architecture simultaneously or grouped, 
as needed. This solution can be applied to gravure, offset, flexo 
and digital printing presses in wide-, mid-range and narrow-
web formats, as well as in a broad range of finishing equipment, 
including polywraps, conveyors, grippers and stackers.
SIEMENS INDUSTRY, INC., 888-454-4704, www.usa.
siemens.com/printing  

Automatic inspection system enables control  
over digital packaging printing quality
Advanced Vision Technology, Ltd. (Hod-Hasharon, Israel), has 
collaborated with HP to integrate its PrintVision/Apollo into 
the new HP Indigo 20000 Digital Press designed specifically 
for printing flexible packaging, labels and shrink sleeves. The 
AVT automated workflow solution enables complete quality and 
process control over the wide variety of packaging applications 
and substrates that the press is capable of printing and handling. 
PrintVision/Apollo provides 100 percent in-line job quality 
validation, comparing fixed image, variable data, print color and 
many other features to the job PDF/database, as well as to the 
desired quality reference. As a result, it reportedly enables 100 
percent quality assurance while reducing waste and increasing 
productivity. In parallel, the system automatically records all 
quality information for process improvements, quality assurance 
and downstream automatic defective material removal. The 
HP Indigo 20000 Digital Press is expected to be commercially 
available at interpack 2014 in Düsseldorf, Germany. 
ADVANCED VISION TECHNOLOGY, LTD., +972-9-761-
4444, www.AVT-inc.com

Thinner, cost-effective alternatives for prime labeling 
include three new polypropylene labelstocks
Acucote, Inc. (Graham, NC), introduces thinner films to 
its current BOPP product line. Offering raw-material cost 
savings, potential efficiency cost reductions and an improved 
environmental footprint, these downgauged films include 2.4-mil 
White Topcoat and 2.6-mil White Vision Gloss Topcoat prime 
labelstocks. For the variable-print market, new 2.6-mil White 
Premium Thermal Transfer has a smoother surface than the 3.0-
mil version, which results in sharper imaging through thermal-
transfer printers and improved flexographic printability. 
Products are offered with GPX adhesive on a 40# liner through 
the co.’s AcuChoice program. GPX is a water-based acrylic, 
general-purpose adhesive designed to adhere to a variety of 
surface applications. These new offerings are available No Trim 
with a minimum order quantity of 3 in. x 5,000 ft. 
ACUCOTE, INC., 336-578-1800, www.acucote.com



76  www.convertingquarterly.com  •  2014 Quarter 1

MARKETPLACE Custom Converting Services

At thelamco,
innovative solutions are

our only product!

Toll Free 866.926.6101Toll Free 866.926.6101

From our 60,000 sq ft facility, thelamco offers top quality,
“behind the scene” converting services, including:

Custom Rotogravure Coating and Laminating
Slitting and Rewinding Services
Warehousing / JIT Distribution within 24 hours
In-house Laboratory Testing Services
Pilot Services and Trial Runs

Let thelamco play a role in your firm’s global
outlook for the future. Call toll free today!

With 63" web widths and line speeds
up to 1000 fpm, thelamco is the smart
choice for long production runs.

1202 Territorial Road
Benton Harbor, MI 49023

269.926.6101 (T)
269.926.8066 (F)

www.thelamco.com
info@thelamco.com

Where Innovations Are Rolling On SM

SFI-00954

Thelamco-2011CQ-thirdpagead:Layout 1  11/30/12  6:37 AM  Page 1

Custom Coating
& Laminating

• Adhesive transfer films,
breathable films, plastic films,
nonwovens, foam, paper,
cloth & foils

• R&D through full scale
production

• Contract product
development services

• Medical, Industrial &
Consumer Markets

Call to discuss your 
next project.

216.292.7546

www.medcocoatedproducts.com

a divison of Medco Labs

PRECISION TOLERANCES:
Down to +/- 0.001” or 0.025mm

SPECIALIZING IN NARROW WIDTH SLITTING: 
Widths as narrow as 0.008” or 0.2mm

COILS, TRAVERSE, AND SPECIAL PUT - UPS

SLITTING CAPABILITIES
U N I Q U E  C U S T O M

137 Frances Ave. Cranston, RI 02910
T:401- 467- 3435      F:401-467-8720

converting@metlon.com 
Visit our updated website:      

metlon.com

a division of The CLI Group

We convert nonwovens, 
textiles, papers and films 
into custom-engineered 
products and materials.

• Custom	Laminating	&	Coating
• Pressure	Sensitive	Laminating
&	Coating

• Flame	Retardant	Laminating
&	Coating

• Latex,	Thermal	&	Solvent
Laminating	&	Coating

• Heat	Sealable	Films	&	Webs
• Lab	Facilities
• Trial	Runs

973-279-9174	ext.	502	
www.thecligroup.com/lamin8	

L8@thecligroup.com
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America’s Leading

Event for the

Conversion of Paper,

Film, Foil, and Other

Flexible Web-Based

Materials!

      “ICE has taken over as
THE premier show in the
        converting industry.”

  — Megtec Systems Inc.

FEBRUARY 10 - 12, 2015  •  ORANGE COUNTY CONVENTION CENTER  •  ORLANDO, FL

Exhibit at ICE USA!
The Premier Exhibition for the Converting Industry.

RESERVE YOUR BOOTH SPACE TODAY AT WWW.ICE-X-USA.COM OR 781-791-5011
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FEBRUARY 2014
12-14 FPA Environmental Health & Safety Summit: 
TradeWinds Island Grand Resort, St. Petersburg Beach, FL. 
Flexible Packaging Association. www.flexpack.org 

20-21 AWA IMLCON™ & IMDCON™ 2014: Hyatt Regency 
Hotel, Phoenix, AZ. AWA Alexander Watson Associates. www.
awa-bv.com/events 

25-26 Web Handling & Converting: Four Points by Sheraton 
O’Hare, Chicago, IL. AIMCAL Converting School. www.
convertingschool.com

27-28 Winding: Machines, Mechanics & Measurements: Four 
Points by Sheraton O’Hare, Chicago, IL. AIMCAL Converting 
School. www.convertingschool.com

MARCH 2014
3-4 Solution Preparation & Mixing: Holiday Inn, Charlotte, 
NC. AIMCAL Converting School. www.convertingschool.com

4-6 FPA Annual Meeting: Fairmont Princess Hotel, Scottsdale, 
AZ. Flexible Packaging Association. www.flexpack.org

5-6 Web Coating & Drying (USA): Holiday Inn, Charlotte, NC. 
AIMCAL Converting School. www.convertingschool.com

12-14 Gravure Global Summit 2014: Miami Marriott Biscayne 
Bay Hotel, Miami, FL. Gravure Association of the Americas. 
www.gaa.org

13 Converters Expo 2014: Lambeau Atrium, Green Bay, WI. 
Converting Influence. www.convertersexpo.com 

16-19 AIMCAL Management Meeting: Arizona Biltmore, 
Phoenix, AZ. AIMCAL. www.aimcal.org 

20-21 AWA Global Release Liner Industry Conference & 
Exhibition 2014: Amsterdam, The Netherlands. AWA Alexander 
Watson Associates. www.awa-bv.com/events 

APRIL 2014
1-2 Roll-to-Roll Vacuum Deposition: Holiday Inn, Charlotte, 
NC. AIMCAL Converting School. www.convertingschool.com

3-4 Roll-to-Roll Vacuum Deposition for Barrier: Holiday 
Inn, Charlotte, NC. AIMCAL Converting School. www.
convertingschool.com

7-9 2014 CEMA Seminars & Expo: Hilton Hotel, Woodcliffe 
Lake, NJ. Converting Equip. Mfrs. Assn.  
www.cema-converting.org 

28-29 INFO*FLEX 2014: Convention Center, Baltimore, MD. 
Flexographic Technical Association. www.flexography.org  

29-30 AWA International Sleeve Label Conference & 
Exhibition 2014: Hyatt Regency Cincinnati, Cincinnati, OH. 
AWA Alexander Watson Associates. www.awa-bv.com/events 

MAY 2014 
3-8 2014 SVC TechCon: Hyatt Regency Chicago Hotel, 
Chicago, IL. Society of Vacuum Coaters. www.svc.org 

5 AWA Mergers & Acquisitions Executive Forum 2014: 
University Club of Chicago, Chicago, IL. AWA Alexander 
Watson Associates. www.awa-bv.com/events 

8-14 interpack 2014: Fairgrounds, Dusseldorf, Germany. Messe 
Dusseldorf. www.interpack.com

13-15 2014 TAPPI PLACE Conference: Sawgrass Marriott, 
Ponte Vedra, FL. TAPPI PLACE. events.tappiplace.org
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WEB WISE
Practical Web-Handling Advice

David R. Roisum, Ph.D.
Consulting Technical Editor
920-312-8466
drroisum@aol.com
www.roisum.com

Q: What can we do to avoid having  
 web-handling trouble in the first place?

A: Too often we get so buried in troubleshooting 
that we fail to avoid trouble in the first place. As one who 
has been to about 1,000 plants working on uncountable 
problems, I offer my top five ways to stay out of trouble. 
Other than the first, most are useful beyond web handling.
 
1. Make or convert a more uniform product. More 
specifically, you need to reduce caliper variation. Though 
you might satisfy some customers – those you sell to – 
the web is all too often not able to satisfy the fussiest of 
all customers, which may be your winder. Of course, this 
is easier said than done. It could be that the best you 
currently do is not good enough, so better maintenance 
might be indicated. It even could be that the best the 
industry at large does is not good enough either, so a 
rebuild or even a new machine may suffer from the same 
issue. It even could be that you need to buy better raw 
materials, so hopefully you all have more than one source 
for critical supplies.

2. Pay the correct amount of attention to customer 
complaints. Every complaint or return should be subject to 
an autopsy by a team of your best people; however, correct 
attention does not mean taking the customer’s word at face 
value. More often than not, their complaint is incorrect or, 
at best, misleadingly incomplete. There is no substitute 
for going out there to see what they are struggling with 
because there is always some basis for their unhappiness, 
and you might be able to do something about it – but only if 
you understand the mechanics and the people thoroughly.

3. Improve communications. All too often someone in the 
plant has the key to the problem, but no one asked and no 
one listened. After a few experiences like this, the person 
who has the great idea or observation is likely to clam up 
because they think “what’s the use?” I find that operators 
and tech people often have the key, but the layer above or 
another department would not listen. Being a good listener 
requires you to humble yourself to accept that every single 
person knows something vital about the process that you 
don’t know.

4. Go to school. People often complain that the operators 
don’t know their job or their machine. True enough, but 
that is probably because they were taught by previous 
operators or supervisors that didn’t know either. This 
problem is not limited to the hourly; it is common that 
product developers, process engineers, customer service, 

managers and many others have never been to a school 
of any kind specific to their machines. This stuff is too 
expensive to learn on the job the hard way. Learn from 
others who truly know their craft.

5. Think. This is the hardest of all steps because it 
requires being good at all of the above to begin with. 
To this we must add the need for good critical thinking 
skills and creativity – who teaches that anymore? Critical 
thinking helps get the best answer compatible with current 
observations and avoids jumping to conclusions when the 
evidence is insufficient. It also helps avoid getting stuck 
when evidence is contradictory or not salient to the problem 
at hand.

By now, I’m sure that we are all fed up with five-step 
programs because who the heck has the time and energy 
for all of that, in addition to all the other crap we have to 
work on? Since we already have too much on our plate, 
we can’t add more and expect better results. So, we 
have to make time by learning to say no or at least by not 
committing or volunteering to projects that look like losers. 

You all know what I mean. Plants are full of losing projects 
directed from above. Since raising your hand and then not 
following through would label you as unreliable, you must 
first learn not to raise your hand. Beg off and say you are 
too busy. Even if you get “volunteered,” expectations will 
be reduced a bit leaving you with a bit more slack. Now, 
use some of this slack to go down on the floor or go to the 
customer and start paying attention to them, not to your 
own head. Carve out just 5 or 10 minutes beyond that to 
think about what you’ve just learned. Wait a day and then 
carve out another 5 or 10 minutes beyond that to use 
a trusted but brutally honest coworker to examine your 
thinking and, again, listen to their response. You’ll be glad 
you did. n
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