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UV CURING TECHNOLOGY
QUESTION & ANSWER

UV LEDs – The Teenage Years: 
“Doveryai, no Proveryai” 
(Trust but Verify)
Inspiration for my columns come from a variety of sources. 
This one is dedicated to my smart, but headstrong, teenage 
niece. 

UV LEDs are teenagers. Commercially available 
UV LEDs – that by today’s standards were 

relatively low power – first appeared somewhere around 
2003. By 2008, power levels had increased and unit costs 
had dropped, making UV LEDs a viable alternative for 
some types of curing applications. As UV LEDs enter 
their teenage years, their increased power and bandwidths 
have made them a viable alternative for new uses and 
applications. 

Based on my early career experience teaching middle 
and high school science and coaching teenagers, I can 
unequivocally state that the Russian proverb popularized 
by President Reagan – “Doveryai, no Proveryai” (“Trust 
but Verify”) – applies to both teenagers and UV LEDs. 
Full Disclosure: I consider myself lucky that cell phones 
and social media were not around to document my teenage 
misadventures.

This issue’s column starts with a look at UV LED 
technologies and finishes with an interview with GEW 
(EC) Limited’s Robert Rae, managing director – sales, and 
Jennifer Heathcote, business development manager.

  Part One: What Needs to be Verified? 

1. Power: With great power comes great…? 
Teenagers: Listen to teen athletes trash talk in the gym and 
you will hear: “How much can you bench press? Dude, 
I just did 240 pounds.” The talk most often refers to the 
maximum weight for a one-time bench press. What if the 
best performance is achieved by finding the weight amount 
the teens could bench press 10 times? Or 20 times? Are 
there parallels with how formulations perform? Do some 
formulations react better to single high-intensity exposure and 
others react better to a longer exposure of lower intensity? 

LEDs: Source suppliers were at one time engaged in their 
own trash talk with claims of how much power their latest 

LED delivered: “Dude, I have 24 Watts/cm2 at 395 nm! The 
early thinking was that the higher the irradiance, the better 
the LED. Where was the value measured? What happens 
to the life of the LED if it is run continuously at that output 
level? Today’s LEDs, in most cases, deliver plenty of 
power and you should (hopefully) hear discussion of both 
irradiance (W/cm2) and energy density (J/cm2) values. Most 
importantly, what does your formulation and process need?

2. Advice: Where did you get that advice? 
Teenagers: Adults – as well as teenagers – can be led astray 
with information gathered from “friends” or the internet. 
We work to educate our teenagers about being careful 
but sometimes forget it ourselves. Abraham Lincoln first 
pointed this out in 1862 when he stated: “The trouble with 
information on the internet is that you never know if it is 
genuine.” 

LEDs: When it comes to UV and UV LEDs, the spectrum 
of knowledge runs from excellent to poor. Qualify the 
source of the advice and question if it makes sense. 
When measuring LEDs, using instruments with responses 
optimized for broadband sources or without the correct 
dynamic range can be extremely misleading. 
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3. Truth: Can you tell me the ‘whole’ truth and not 
a partial story with ‘holes’ in it?

Teenagers: Do your teenagers get frustrated with your 
probing questions? Does getting the whole story feel like 
an interrogation? Sometimes, technology can be a good 
thing for a parent. Online grade reporting makes it harder 
to change a “D” into a “B” and cell phones can be used to 
corroborate information. 

 
LEDs: Customers get frustrated when I ask multiple 
questions to fully understand their situation. Verify the 
information below to get the whole truth about your source, 
formulation and measurement of an LED process.

Source
•	 Center Wavelength (CWL): LEDS are specified with an 

expected range of their most intense output. Most LEDs 
use a +/- 5 nanometer (nm) tolerance, which means the 
peak output for 395 nm should fall between 390 nm 
and 400 nm. Verify this, especially if you are testing 
multiple sources or have multiple wavelength LEDs 
available. 

•	 Optics: Does your LED utilize secondary optics 
to redirect the energy coming from the diodes? If 
comparing two different sources, this could impact the 
UV being delivered. 

•	 Maintenance: Follow the manufacturer’s guidelines 
for maintaining your LED. Check and keep the quartz 
window clean.

•	 Power Rating/Setting: Verify the power class of your 
LED and the selected setting (percentage) on your 
power supply. The power delivered to and measured 
at the substrate level normally is less than the rated 
LED power value. Verify that your LED can deliver the 
appropriate number of both Watts and Joules. 

•	 Heat: LEDs are cooler than broadband sources but not 
completely heat free. Understand how this impacts  
your process. 

Formulation 
•	 Process Window: Do you have a process window set 

up with the CWL spectral output of the LED specified 
along with target Watt and Joule targets? 

•	 Surface Cure: Does the LED provide adequate surface 
cure, or do you need a “boost” from a shortwave rich 
UV source, PI package or special inerting? 

•	 Other: Are there any other variables that you need  
to verify? 

Measurement 
•	 Instrument Response: Verify that the instrument 

responsivity is optimized for your LED. 
•	 Dynamic Range: Verify that the instrument dynamic 

range is optimized for your LED. 
•	 Instrument Sample Rate: The footprint of many LEDs 

is smaller than that of mercury-based sources, which 
means the time under the UV source will be much 
shorter. Verify that the sample rate of your radiometer 
will support the speed at which you plan to collect data. 

•	 Data: Organize your data and record all information 
(W/cm2, J/cm2) that is available from the instrument. 
If your instrument supports transfer of additional data, 
like the irradiance profile, also save that information. 
Attach notes if possible. 

•	 Stability: We ask customers to take three sets of data 
with a single instrument under the same exact process 
conditions to understand the stability of their system 
and data collection process. After we understand a 
system, we then will investigate readings between 
multiple instruments and/or multiple sources. 

•	 Closeups: LEDs have thousands of individual point 
sources. Positioning the instrument optics at different 
positions under the LED quartz window can lead to 
slight differences in the readings, especially if you are 
extremely close to the quartz window of the LED. 

•	 Instrument Care: Follow the guidelines from the 
manufacturer on how to use, care for and clean your 
instrument. Do not forget that your instruments need 
periodic calibration and service. 

Parting Thought: “I thought raising teenagers would be 
like those goofy old Brady Bunch episodes about curfews, 
acne and dating. It is not. It is more like Survivor meets 
Dateline: Hang in there and do not murder anyone.” 

Quote from www.raisingteenstoday.com

We ask customers to take 
three sets of data with a 
single instrument under 
the same exact process 
conditions to understand the 
stability of their system and 
data collection process.
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UV CURING TECHNOLOGY
QUESTION & ANSWER

Part Two: Interview on LED Technology 
with Robert Rae and Jennifer Heathcote  
of GEW (EC) Limited

1. As UV LEDs enter their teenage years, how 
have they changed, and what can you share 
about dealing with them? 

Jennifer: In 2007, when I began working with UV LEDs, 
there were few practical applications. Early LED systems 
mainly were used in formulation labs, with R&D efforts 
focused on spot cure (adhesive structural bonding) and 
printing (digital inkjet pinning and eventually full-cure) 
applications. There were many in the industry who doubted 
whether UV LED technology could be a viable replacement 
for mercury lamps and believed the technology was limited 
to a few markets. 

LEDs improved over the next five years. Irradiance (W/cm2) 
levels increased tremendously but often were still on the 
edge of what was needed for surface chemistry crosslinking. 
Energy density (J/cm2) levels also limited line speeds and 
part cycle times. This was compounded by the high cost, 
short lifetimes and cooling demands of UV diodes that 
made higher power lamp heads and longer length arrays 
economically difficult to justify. 

Teenaged UV LEDs of 2021 are far superior and emit more 
than enough irradiance for UV curing applications when 
compared to their younger versions. A renewed focus on the 
role of energy density combined with proper integration and 
optimized formulations are enabling converting line speeds 
of 1000 to 1500 fpm and greater. Like a teenager, today’s 
LED lamp heads have grown and are being manufactured 
in single, continuous lamp head lengths up to 67 inches (1.7 
meters). 

Rob: We feel that LED curing is the present and future 
of UV curing. If you have a new UV project and have 
not considered LED, you are making a mistake. There 
are relatively few applications remaining where LED is 
not viable at least from a process standpoint. In terms 
of reliability, cooling is critical and a big performance 
differentiator among commercially available UV LED 
systems. The individual diodes are sensitive electronics that 
must maintain a factory-specified operating temperature and 
always be kept clean and dry. The LEDs should be sealed 
from the industrial environment and never exposed outside 
of a manufacturer’s clean room.

Despite the progress, UV LED technology – like a teenager 
– is far from mature. Performance and reliability differences 
exist between manufacturers, and headline-grabbing 
specifications, such as irradiance and quoted lifetimes, do 

not give a proper indication of real-world performance or 
reliability. Investigate the technical details of a system and 
clarify how the specifications translate to your application. 
The integration of an LED system into a printing or coating 
process is just as important as the LED emitter itself. Look 
beyond the LED head and consider how all systems are 
seamlessly integrated as a complete solution.

2. What LED features are considered “need  
to have”? 

Rob: LED systems must be designed and matched to the 
application. Make sure the system selected delivers the 
needed energy density (J/cm2) and irradiance (W/cm2), 
as this will impact line speeds and cure performance. 
For industrial environments, you need sealed windows, 
sufficient and well-engineered thermal transfer/cooling, and 
industrial rated connectors. Power supplies, lamp heads and 
even mounting brackets need to be robust and engineered 
for the application and machine. 

3. What LED features are nice to have? 
Rob: Our customers increasingly appreciate remote system 
monitoring. IoT technologies are becoming standard issue 
on industrial equipment and are increasingly specified as 
a product requirement. Remote monitoring offers many 
advantages as it allows GEW to commission equipment, 
update software, monitor system performance data, 
troubleshoot technical issues and correct processes without 
having to be physically on site. 

When investing in a UV LED system, ask if the equipment 
is supported by reliable power and control systems. If 
something happens, how quickly can the supplier diagnose 
and repair the issue? Remote monitoring is an efficient, 
timely and cost-effective tool that, while initially is nice 
to have, quickly becomes something many users are not 
willing to run without.

4. What advice do you have for customers 
looking to adopt a teenager-transition  
to LEDs? 

Rob: If you have the right partners, there is no need to be 
afraid. LEDs transform the productivity and cost of your 
printing or coating process and, when done right, offer 
benefits over traditional broadband UV technology.

Irradiance (W/cm2) is not the most important characteristic 
of an LED system. Once a system emits above a minimum 
threshold (e.g., 16 W/cm2 at the emitting window for many 
web applications), then energy density (mJ/cm2) is the key 
performance driver. Coordinate with your supplier to match 
the energy density to the desired line speed. Do not judge an 
LED system on irradiance alone!

Miwon…the derivation fl ows 
from “Original Beauty”

As the leading-edge supplier of the 
highest market quality materials, Miwon 
now offers unique Monomers and 
Oligomers as compliant alternatives 
(HAP/Toluene - Free materials) to meet 
increasingly stringent downstream end-
use ink, coating & adhesive market 
formulation requirements.

Get in the “fl ow” and experience the 
Beauty of Market Compliance with 
Miwon Products and Technology!

Contact toll-free – 1-877-44 MIWON
www.Miramer.compage 12  u
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When a UV LED diode is properly cooled and powered, it 
easily can last 50,000 hours or more. However, there are 
two things that will kill LEDs in no time.
•	 Poor cooling: This occurs when filters are clogged, 

water or airflow is interrupted, or the manufacturer 
has not adequately designed the cooling system for an 
industrial environment, as well as the system’s running 
conditions.

•	 Contamination: Individual LEDs and modules should 
be sealed, remain completely clean and never be 
exposed outside of the manufacturer’s clean room. 
Ingress of foreign materials creates hotspots and harms 
electronics, both of which compromise the integrity of 
the device.

Integration onto the machine often is as important as 
the UV emitter itself. Look for a partner with industry 
experience, strong mechanical capability and application 
knowledge. Many good LED systems fail because they have 
been poorly specified for the application and/or hastily or 
carelessly integrated onto the machine.

5. Are there common characteristics that make 
the transition process to LEDs easier? 

Jennifer: Formulations also have improved, and there are an 
increasing number of options. Ensure that the formulations 
and LED curing system work together for the specified 
application, material handling and end-use product. A 
successful change always involves collaboration, getting 
good advice and after-sale support from team partners. 

Rob: Dual-cure ink and varnish sets, which cure when 
exposed to either a mercury or LED source, are increasingly 
available. Separate formulation sets were an early barrier 
to LED adoption. Using a dual-cure formulation eases 
the transition by eliminating this hurdle and reducing the 
number of SKUs. This saves time and cost and reduces 
uncertainty. 

6. What are your thoughts on transitioning with 
and acquiring individual parts (LED head, 
power supply, cooling) vs. turning to a supplier 
that provides an integrated solution? 

Rob: When you buy a car, you do not expect to choose 
a Ford engine, a Chevrolet gearbox and a BMW chassis 
and put them together yourself. This is because the car 
manufacturer designs, integrates and tests all components 
to work together and is the expert at doing so. The same 
principles apply to curing systems. A UV LED system is 
about far more than just the lamp head assembly. The long-
term reliability and fitness for use is just as much the result 
of the power supply, the controls, the cooling system and the 
mechanical integration.

7. What questions need to be asked  
of formulators? 

Jennifer: Start discussions with your incumbent suppliers. 
For existing mercury lines, it is important to determine 
how many of the formulations currently being used are 
available in an LED or dual-cure equivalent. Areas that are 
still in various stages of development include low-migration 
offerings; functional coatings, such as silicone release, 
hardcoats, topcoats and surface coats; and formulations 
designed to adjust coefficient of friction (COF) surface 
properties. How active and committed is your incumbent 
supplier to developing LED offerings that are not yet 
off-the-shelf? End users should clearly communicate 
specific requirements and anticipated demand early in the 
conversation. The adage of the squeaky wheel gets the 
grease holds true even here. 

Once you have something, be engaged and test. Test in 
the lab, test on pilot lines and test on the press. Seeing is 
believing. Be ready to work and communicate with your 
supply team. Adjust the formulation, process, equipment 
and LED power level as needed. 

Rob: A conversation around energy density and irradiance is 
key. Both the formulator and lamp supplier should be able 
to answer these questions and provide application guidance. 
If your formulator is using a specific LED configuration 
in their lab or on a pilot line, it does not mean a different 
LED specification will not work. For example, if they use 
385 nm in the lab, then a 395 nm lamp may work equally 
well in production. Or if the irradiance of your lab source 
is particularly high, a lower irradiance lamp often can work 
just as well if its energy density is significantly higher. The 
formulator and lamp supplier should be knowledgeable of 
the interplay between wavelength, irradiance and energy 
density and how it translates to successful curing in a 
manufacturing environment.

8. What role does UV measurement play  
in the process? 

Rob: Measurement is critical for establishing a baseline 
operating window on day one. When or if something goes 
wrong in the future, how will you know what variable 
changed if you did not measure your process when it was 
working? It also is important to have regular technical 
conversations between yourself and your suppliers. Your 
UV curing process is initiated by UV energy. If you do not 
have the ability to measure that UV energy, you and your 
suppliers are shooting in the dark when problem solving.  u

For more information, contact Rob Rae (rrae@gewuv.com) 
and Jennifer Heathcote (jheathcote@gewuv.com).
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