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History of UV Sources and UV Curing
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Commercial Impact of UV Processing

UV curing is a multi-billion dollar industry impacting multiple 
markets -

• Abrasives
• Adhesives
• Aerospace
• Automotive
• Dental
• Electronics
• Graphic arts
• Optical

• Functional surface coatings
- Abrasion resistant
- Anti-fogging
- Anti-fouling
- Primer
- Release
- Scratch resistant
- Seal coats
- Solvent resistant



4©3M  2016  All Rights Reserved.  3M Confidential

Web-based Processing
Schematic of label maker line

from Evonik brochure

UV cures silicone on backing
Adhesive applied on silicone surface

Labelstock laminated to 
adhesive-coated liner

Labelstock printed

Silicone applied on liner
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Use of Belt Radiometers to Measure I0 and E

5 Roll Coater Unwind UV Chamber WindCorona

Profile - measure I0 as a  ftime

Integrate - to determine E

Spectral range selected by bandpass filters
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Spectrum of a Medium-Pressure Mercury 
Bulb

UV
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Belt or Profiling Radiometers

PowerMAP data for Hg bulb
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Filter Transmission Curves
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UVA, A2, B, C, V Transmission scan
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Radiometry Issues using MP Mercury Bulbs

• No consensus on spectral band definitions
• No “standard” calibration – many claim “NIST traceability”
• No “standard” medium-pressure mercury bulb spectrum

- Arc vs microwave lamps
- No standard bulb fill recipe
- No design specifications (e.g. quartz type and thickness, etc.)

• Known temperature effect on some bulb emission spectra
• Filter selections not optimal for all bulb emission spectra
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Effect of Power on Iron Halide (D) Bulb 
Spectrum
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Introduction of LEDs Created a Need for a New 
FilterUVA2 covers both 385 and 395nm LEDs (and, fortuitously, the iron halide Hg bulb)
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UVA, A2, B, C, V Transmission scan

0

10

20

30

40

50

60

70

80

90

100

230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460
wave length

N
or

m
al

iz
ed

 %
T UVV

UVA
UVB
UVC
UVA2

EIT Inc.
2/26/09

UVA2 filter

385 395
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Why Medium-Pressure Hg Lamps are Used 
Today

Pros
• Broad spectral output
• Ability to “dope” bulbs
• Good UV power
• Availability
• Low cost
• Long bulb lifetime

Cons
• Regulatory pressure on Hg
• Heat management; fire hazard
• No “recipe book” for bulb fills
• Spectra are temp sensitive
• Unclear which λ’s are doing work
• Poor radiometric traceability
• OEM replacement bulbs
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UV LEDs – A Paradigm Shift

• UVA LEDs (385, 395nm) are changing the landscape
• Printers are shifting from mercury lamps to LEDs

- Low heat
- High power
- Long lifetime
- Better energy efficiency
- Narrow emission band 

• Use of LEDs is expanding to broader industrial coatings
- Number of wavelengths is expanding (365nm is available)
- Shorter wavelengths being developed (down to 265nm)



14©3M  2016  All Rights Reserved.  3M Confidential

Current Status of UV LEDs

λ, nm Hg 395 385 365 340 320 300 285 265
Maximum Power*, W/cm2 2 20 12 12 ? ? ? 0.05 0.05

Cooling (Air, Water) A A/W A/W A/W ? ? ? W W
Lifetime, hrs 8k >20k >20k >20k ? ? ? 8k 8k

Cost per foot, est. 15-25k 20k ? 20k ? ? ? ? 32k
Industrial viability Y Y Y Y ? ? ? N N

* There is usually no information on how or where the power was measured
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Relative Intensity as a Function of Working 
DistancePhilips fluorescent bulb
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Irradiance as a Function of Working 
Distance*Lumen Dynamics 395nm LED array with redirecting optics

* no information on measurement device – power meter or profiling radiometer
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Importance of Radiometric Measurements

• How do you verbally specify a manufacturing process to 
someone that does not speak your language?
- A common language is required – for curing, it is radiometry
- For companies like 3M, global standards are critical

o Measuring dimensions in units of hands or weight in units of stones is still 
acceptable; we know how to translate them into common engineering units

o How do you transfer mW/cm2 or mJ/cm2 specifications if there is no 
commonality between devices used or no knowledge of the geometry in 
which a measurement was made

• LEDs are narrowband so radiometry should be much easier
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Problems with LED Radiometers

• There are currently no established standards
- Detector responsivity curves are not flat
- LED lamp manufacturers are selling radiometers under their label

• There is no distance specification as to where to measure
• There is no standard LED array configuration

- Some arrays use optics for far-field (>10 mm) applications
• Peak powers exceed conventional lamp calibration powers
• Multi-wavelength LED arrays will soon become available
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Radiometry “Dream Team” Established

CORM members are also invited to participate!

Name Affiliation Country Email
Anders Brusch Danish Fundamental Metrology Denmark ab@dfm.dk
Dawn Skinner Heraeus Nobelight UK dawn.skinner@heraeus.com
Dong-Hoon Lee Korea Research Institute of Standards and Science Korea dh.lee@kriss.re.kr
Jill Fowler International Light Technologies US jfowler@intl-lighttech.com
Jim Raymont EIT, Inc. US jraymont@eit.com
Karin Efsen Efsen UV and EB Technology Denmark karin@efsen.dk
Karl Linden Univ of Colorado, Boulder and IUVA US karl.linden@colorado.edu
Kenji Gouda National Metrology Institute of Japan Japan kenji-goudo@aist.go.jp
Peter Du Toit National Metrology Instiutute of South Africa S. Africa pdutoit@nmisa.org
Peter Sperfeld Physikalisch-Technische Bundesanstalt Germany peter.sperfeld@ptb.de
Ralf Dreiskemper Heraeus Noblelight Germany ralf.dreiskemper@heraeus.com
Richard Stowe Heraeus Nobelight America US dick.stowe@heraeus.com
Robert Angelo Gigahertz-Optik US b.angelo@gigahertz-optik.com
Robert Berg National Institute of Science and Technology US robert.berg@nist.gov
Robin Wright 3M US rewright3@mmm.com
Teresa Goodman National Physical Laboratory UK UK teresa.goodman@npl.co.uk
Yandong Lin National Institute of Metrology China linyd@nim.ac.cn
Yuqin Zong National Institute of Science and Technology US yuqin.zong@nist.gov

LED Array Radiometry Task Force
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Moving Forward

• Propose that members share past and ongoing efforts 
• Use forums like CORM and/or CIE to come together and 

discuss various scenarios
• Needs:

- Agree on detector(s) selection
- Agree on calibration procedures
- Consistency on how to measure and report output
- Implementation remains with OEMs
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Thank you!

Questions?
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