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A Message
from the IUVA President

Oliver Lawal

Jim Bolton – a name that will always be synonymous with the International Ultraviolet Association and an individual that
has showed consistent passion and drive for the development of UV technology. Because of his work and dedication to
the IUVA, I am pleased to announce that the IUVA Board unanimously approved the Best Student Paper Award will be
named in his honor going forward. Thank you, Jim!

I feel invigorated coming off the America’s Conference in Redondo Beach, California, in February. Attendance was up more than 10% from
last year’s event, and the strong program reflected both new and familiar themes. From consensus building on regulatory issues for Ballast
Water and Drinking Water Systems to starting the process for new applications in the prevention of Hospital Acquired Infections (HAI) and the
use of UV-C LED technology, the need is tangible, and our organization is making a difference.
This is a member-driven organization, so I encourage everyone to contribute to the discussion. The 20th anniversary World Congress, to be
held in Sydney, Australia, in early 2019 will come quickly; I encourage all to consider submitting abstracts proposals for topics of discussion,
offering sponsorships and exhibiting new products.
Coming up quickly is the UV LED specialty conference in Berlin, Germany. This will be the most comprehensive global gathering of technical
know-how this exciting new area of technology ever held. Even if you are not directly involved in LED work, I think this issue of IUVA News
will provide some insight into how this might shape our industry in the future and where limitations will apply.
Again, I would encourage everyone to seek opportunities to participate in our various committees, councils and working groups to carry
progress forwards. As always, please do not hesitate to contact me directly with any questions or concerns at oliver.lawal@aquisense.com or
859.869.4700.
Oliver Lawal, IUVA president
President and CEO, AquiSense Technologies

A Message
from the Associate Editor

Jim Malley

As the associate editor for IUVA News, Jim Bolton has asked me to edit this spring 2018 issue. The theme for this issue
is UV LEDs and is intended to complement the International Conference on UV LED Technologies & Applications
(ICULTA-18) taking place April 22-25, 2018, in Berlin, Germany. Future IUVA News themes will include (summer
2018) food and beverages, edited by Jim Bolton; (fall 2018) reuse water, edited by Jim Malley; and (winter 2018) air and
surface treatment, edited by Jim Bolton.

This IUVA News issue features five articles, starting with the basics of UV LEDs for disinfection applications followed by articles on
recent trends in UV LEDs and the optimization of UV LED designs. UV LEDs offer several potential advantages over conventional UV
technologies, including mercury-free operation, compact and almost limitless geometric arrangements, instant on/off and unlimited cycling,
neutral temperature impacts, and potential for wavelength specific delivery to achieve specific treatment objectives.
If you would like to submit a paper for the summer 2018 or winter 2018 issues, please send it to Jim Bolton at editorinchief@iuva.org. For the
fall 2018 theme, submit a paper to Jim Malley at jim.malley@unh.edu. The deadlines are May 15 for the summer 2018 issue, July 15 for the
fall 2018 issue and Sept. 15 for the winter 2018 issue.
IUVA News is your quarterly ultraviolet magazine to keep you up to date on what is trending in UV technology and at IUVA, so please take
some time to read it through, and don’t forget the ads. The ads make it possible to publish the magazine, so please support our advertisers
by visiting their websites or contacting them for further information. If you are a marketing manager in a UV company, I encourage you
to advertise. You will not only attract direct sales but also enhance your image in the UV community. Send an email to Jim Bolton at
editorinchief@iuva.org, and we will send you the IUVA News Media Kit.
Also note that IUVA News publishes short Application Notes highlighting novel and ground-breaking applications of a UV company’s
technology. IUVA Corporate Members are welcome to contribute short announcements to the UV Industry News column.
Jim Malley, IUVA News associate editor
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Pure water –
best quality.
Clean water is an essential element of our life.
In order to handle this scarce resource it
becomes even more important to have a reliable
UV solutions partner.

Smart solutions for sustainable disinfection
of drinking water with
high quality products
environmentally friendly technology
low energy consumption

Because clean water
is a matter of trust:
Think UV. Think Heraeus.
Contact us at: hng-uv@heraeus.com
www.heraeus-noblelight.com

UV LED Disinfection 101
Sara Beck, Ph.D.

Eawag – Swiss Federal Institute of Aquatic Science and Technology, Uberlandstrasse 133, 8600 Dubendorf, Switzerland;
contact: +41.58.765.5101 or sara.beck@eawag.ch

Keywords: Ultraviolet, UV, light-emitting diodes (LEDs),
disinfection
Synopsis
Light is fascinating. It can be harnessed by solar panels to
supply electricity to a building; it can be reflected off a land
surface to create high-resolution topographical imagery; and
it can be used to inactivate harmful pathogens and prevent the
spread of airborne and waterborne diseases. The concept of
using light to kill (or, “inactivate”) a living being is straight
out of science fiction, and yet scientists have been doing it
intentionally for public health reasons since the late 1800s.
What is ultraviolet disinfection? How has it evolved over
time? How can we take advantage of recent advances in the
technology to make it even more effective?
This article gives a high-level overview of light-based disinfection, the evolution of UV technologies over time and the
potential of UV light emitting diodes (LEDs), a tiny light
source at the tip of our fingers, to transform water disinfection and contribute to solving critical public health problems
on a global scale.
Discovering the bactericidal effects of light
Solar disinfection was first discovered in the mid- to late 19th
century, at a time when contaminated water led to waterborne
disease outbreaks and pandemics across Europe, Asia and the
Americas. Two English scientists investigated the effects of
light on microorganisms in 1877 by exposing test tubes of a
brown sugar solution to sunlight and monitoring for bacterial growth. Within days, bacteria began growing in the
shaded samples, but growth was inhibited for up to a month
in the samples exposed to sunlight. These early experiments
revealed that the disinfection was dependent upon how long
each sample was exposed, as well as the intensity of the
sunlight. (Downes and Blunt, 1877).
A decade later, while working with bacillus anthracis
(anthrax!) spores and other bacteria, French researchers
discovered that the light sensitivity varied among microorganisms (Duclaux, 1885; Arnaud, 1890). This is also when
the famous German microbiologist and epidemiologist who
developed our standard laboratory practices, Robert Koch,
linked the spread of disease to disease-causing microorganisms called pathogens. Koch was the first to use sunlight
specifically against tuberculosis (Koch, 1890). His work,
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awarded the Nobel Prize in Medicine, set the stage for
modern UV systems – used in hospital wards, for example –
which prevent the spread of tuberculosis and other airborne
diseases.
Before the end of the 19th century, researchers began to
understand the importance of the different wavelength ranges
of light. Using prisms and colored glass screens to separate
sunlight into distinct wavelengths, they showed that the inhibition of bacteria was wavelength-dependent and caused by
the blue, violet and ultraviolet (UV) segments of the light
spectrum (Geisler, 1892; Ward, 1892).
Introducing large-scale UV disinfection of water
These first experiments primarily used solar disinfection,
called SODIS, which is used today with plastic bottles as
a low-cost water treatment method; however, UV lamps
were not far behind. The first large-scale water disinfection
system (Figure 1) to use UV lamps was set up in 1910 (and
taken down soon thereafter) to treat filtered river water in
Marseilles, France (Henri et al., 1910). Chlorine outpaced
UV disinfection in the 1920s, so it wasn’t until 1955 that
large-scale UV systems were consistently operational in
Switzerland and Austria (Bolton and Cotton, 2011).

Figure 1. Schematic of the first large-scale drinking water
disinfection system to use UV, in Marseilles, France in 1910
(Henri et al. 1910)

In the following decades, UV technology did not change
as much as the reasons for using it. UV was introduced to
Norway in 1975 due to concerns over carcinogenic disinfection byproducts from chlorination (Paidalwar, A. and
Khedikar, I., 2016). At the turn of the century, UV continued
to dominate in Europe for drinking water treatment (Sommer
et al., 2002). In the United States, UV was used mainly for

wastewater. That began to change after scientists discovered
that ultraviolet light was not only effective against bacteria and
viruses, it also could prevent the spread of Cryptosporidium
and Giardia, protozoan pathogens that are highly resistant to
chlorine (Clancy et al., 1998 and Bukhari et al., 1998). By
2006, the U.S. Environmental Protection Agency required a
secondary barrier, in addition to chlorine, to prevent Cryptosporidium and Giardia outbreaks (USEPA, 2006). This led to
the largest UV disinfection system in the world, which treats
the water for New York City. The Catskill-Delaware UV Water
Treatment Facility, commissioned in 2013, uses a network of
over 11,000 UV lamps to disinfect 9 billion liters of water
daily from the highly protected Catskill and Delaware County
watersheds (Catskill-Delaware Ultraviolet Water Treatment
Facility).
Traditional UV lamps
These large-scale systems use what are called “traditional”
UV lamps, also known as gas-discharge or arc lamps, which
contain a gas mixture enclosed in a glass tube, or sleeve.
When a voltage is applied across the gas through a light
filament, it excites the electrons to a higher energy state. As
they fall back to their original state, they release that excess
energy in the form of light. The color – or wavelength – of the
light released depends on the element of the pressurized gas
inside. Excited neon gas used in neon signs emits red-orange,
for example. Excited xenon gas emits blue or gray.
The lamp of interest to those in the water disinfection industry
is the mercury vapor lamp, which emits in the visible and UV
ranges. Mercury lamps are common in office buildings – they
are the fluorescent lamps hanging above people’s desks. The
primary difference between a fluorescent lamp in the office
and UV lamps used to disinfect water is the type of glass
surrounding the lamp and the phosphor coating that fluoresces on the inside of the glass. Lamps enclosed by glass
tubes absorb the UV light; those with tubes made of quartz
– a special type of glass – transmit it.
DNA damage
So how do these high-energy UV wavelengths damage microorganisms? To answer that, it is necessary to revisit history:
Frederick Gates inferred that “It seems more probable that it
is the effect of ultraviolet energy on a single vital and sensitive structural and chemical unit that results in subsequent
failure in cell multiplication” (Gates, 1930). In other words,
UV-induced damage to something within the cell causes
microorganisms to become inactive.
What is that vital unit he referred to which prevents cell multiplication? In principle, it’s DNA: the double helix containing
genetic instructions for growth, development and reproduc-

tion. UV photons, which are essentially little packets of
energy, hit – or are absorbed by – the chemical bonds holding
this complex helical structure in place (Figure 2). Bonds are
broken; new bonds are formed.
UV-induced damage to the DNA prevents it from being
replicated. As the DNA polymerase enzyme replicates the
DNA strand, creating a complement, it gets stuck at the site
of damage, kind of like a zipper that gets stuck on a winter
jacket. The DNA replication cannot be completed. Since the
organism cannot reproduce, it cannot infect. Although it has
not been killed, per se – it has been rendered inactive. This
holds true for RNA-based organisms and single-stranded
DNA and RNA as well.
Gates used an instrument
called a monochromator,
a black box with prisms,
mirrors and other optics,
to separate UV light into
individual wavelengths
along the spectrum. At
each wavelength, he
determined where the
inactivation of bacteria
Figure 2. Artist rendering of UV– in this case staphyinduced damage to DNA (source:
lococcus, the cause of
ledinside.com)
staph infections – was
the strongest. Not surprisingly, the UV wavelengths that had
the strongest effect at preventing the bacterial growth were
those that were absorbed by staph the strongest.
This and later works showed that inactivation of bacteria,
viruses and other microorganisms occurs along the UV spectrum, but is strongest in the UV-C range between 260 to 270
nm and below 230 nm (Rauth, 1965; Beck et al., 2015; Bolton,
2017). Some of this inactivation is due to DNA damage,
some due to damage to vital proteins and some due to the
transfer of energy in between (Besaratinia et al., 2011; Beck
et al., 2018). Mercury vapor lamps enclosing the gas at low
pressure (<10 torr) emit near-monochromatic light primarily
at 254 nm, which is conveniently close to the peak of DNA
absorbance near 260 nm. This is great from a disinfection
standpoint. UV light-emitting diodes (LEDs), on the other
hand, offer an even wider range of wavelength emissions.
Light-emitting diodes
Light-emitting diodes (LEDs) are different than conventional
lamps. They’re semiconductors consisting of a stable structure or substrate, such as silicon or sapphire, covered (or
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doped) in precise materials, which are alternatively missing
or supplying electrons from their outer shell. As a voltage is
applied, the free electrons flowing through the circuit “fall”
into the microscopic holes – or spaces in the electron ring
– due to impurities in the doped substrate. By falling into
a lower energy state, they release their excess energy in the
form of light. The wavelength or color released depends on
the bandgap, or drop in energy, between the materials.
LEDs were initially developed in the 1950s by German,
British and American researchers working in parallel to
advance the electronics, phone, TV and lighting industries.
These early LEDs, which used a gallium phosphide (GaP)
substrate solo or doped in nitrogen or zinc oxide, emitted
visible light in the red to green ranges (Grimmeiss and Koelmans, 1961; Gershenzon and Mikulyak, 1961; Starkiewicz
and Allen, 1962). The blue LED, which would complete the
color wheel, proved elusive for three decades. It wasn’t until
the 1980s that a trio of Japanese researchers developed the
high-output blue LED by growing high quality crystals into a
multi-layer gallium-nitride (GaN)-based substrate. This feat
of engineering (Figure 3), and its subsequent impact on the
lighting and electronics industries, earned Isamu Akasaki,
Hiroshi Amano and Shuji Nakamura the Nobel Prize in
Physics in 2014 (Scientific Background on the Nobel Prize
in Physics 2014).
Blue LEDs generate white light either by combining with red
and green LEDs or by illuminating a phosphor coating. The
breakthrough of the white LEDs transformed the electronics
industry with the advent of computer screens and smartphones. White LEDs also surpassed incandescent light bulbs
with higher energy efficiencies and longer lifetime.
UV light-emitting diodes
In the disinfection field, the blue LED paved the way for the
inevitable ultraviolet LED, which was developed through
several iterations of manufacturing and material improve-

ments. Constructing multi-layer substrates from indium
gallium nitride, diamond, boron nitride, aluminum nitride
and aluminum gallium indium nitride, for example, led to
LEDs in the UV range emitting at wavelengths as low as
210 nm.
As with traditional UV sources, LEDs in the UV-C and
UV-B range are effective at inactivating bacteria and viruses
(Bowker et al., 2011; Oguma et al., 2013; Beck et al., 2017;
Rattanakul and Oguma, 2018) and helminthes eggs as well
(unpublished). These UV LEDs currently are used in small
reactors for batch experiments (Figure 4). LEDs in the UV-A
range can degrade harmful organic pollutants like pharmaceuticals, insecticides and dyes, with the help of photocatalysts like iron, titanium-oxide and persulfate (Matafanova
and Batoev, 2018).

Figure 4. 16W unit with 280 nm UV LEDs used for batch
disinfection experiments

From a health and environmental impact standpoint, the
primary advantage of UV LEDs over other UV lamps is that
they are mercury-free. Mercury has toxic effects on human
health and the environment. As a result, The United Nations
Environmental Programme (UNEP), through the Minamata
Convention on Mercury, is controlling mercury waste and
working to eliminate the release of mercury into air, water
and land by 2020 (Minamata Convention on Mercury).
As semiconductors, LEDs can be turned on and off instantaneously without requiring the 20- to 30-minute warmup time

Figure 3. Illustrations of a light-emitting diode by Johan Jarnestad at The Royal Swedish Academy of Sciences

6

IUVA News / Vol. 20 No. 1

required by gas vapor lamps. This opens the door for smart
sensor-based UV disinfection technologies that can be powered
on-demand. From a power standpoint, UV LEDs can operate
from less power than conventional lamps and can be powered
by remote or photovoltaic power supplies (Lui et al., 2014). On
the other hand, an equally important fact is that UV LEDs are
considerably less efficient than traditional UV sources. As such,
they must be powered for a longer time in order to reduce the
spread of harmful pathogens by the same amount as mercurybased lamps.
From a design standpoint, the primary advantage of UV LEDs
is their compact size, less than 1 mm2. With this incredibly
small footprint, multiple diodes can be arranged in unique
reactor designs as shown
in Figure 5 (Oguma et al.
2016). LEDs of different
wavelength outputs can
even be combined to
optimize inactivation of
specific microorganisms.
Ideally, a tailored UV
LED disinfection system
would target microbial
and chemical contaminants by combining
Figure 5. Ring-shaped appawavelengths from the
ratus for a flow-through reactor
dominant DNA damage
composed of two rings with 10
region (260 to 280 nm),
UV LEDs each
the protein damage region
(below 240 nm) and the UV-A region where external sensitizers (like catalysts or organic matter) are activated and
cause indirect chemical degradation.

LEDs in the UV-A range have already made their way into
everyday life. For instance, getting a manicure or pedicure
may involve drying (or “curing”) the shellac nail polish)
under an array of UV-A and visible LEDs. Other coatings,
adhesives and inks are cured through UV-A LED technology,
like ink used for high-resolution graphic imagery or posters,
for example.
These technology trends are just now extending to the UV-B
and UV-C range as well, as Figure 5 shows. For UV-B and
UV-C LEDs to be as effective as traditional UV lamps from
a microbiology perspective, they must reach wall plug efficiencies of 25 to 39 percent, meaning that 25 to 39 percent
of the energy input through the wall plug is output in the
form of light (Beck et al. 2017). Given the current state of
technology, the wall plug efficiencies of these LEDs is closer
to 4 percent. However, they are on an upward trend and well
on pace with the development of red, blue and UV-A LEDs
(Figure 6).
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Commercially available UV LED reactors on the market
currently range in scale from small hand-held devices to
large-scale municipal treatment units capable of treating
2000 m3/day. The hand-held units include the option to select
LEDs from up to three different wavelengths, including as
low as 254 nm.
Potential applications of UV-C LEDs
Just as computers evolved from the size of a room in 1941 to the
size of a smartphone in 2007, ultraviolet sources and LEDs have
been evolving over the last century. LEDs in the visible range
transformed computer and television monitors and brought
electricity to remote environments, for example, by providing
photovoltaic lighting to an estimated 5% of Africans who
otherwise lacked electricity (“Solar Lighting Products Improve
Energy Access for 28.5 Million People in Africa,” 2014).

2018 Quarter 1

7

t page 7
Another exciting trend, as reported by Pagan and Lawal
2017 is the number of manufacturers of UV-C LEDs worldwide. What started with one company in 2003 has grown to
10 companies based primarily in the United States, Japan,
Taiwan, China and South Korea, each working to improve
their products’ efficiencies and durability.

Beck, S.E.; Ryu, H.; Boczek, L.A.; Cashdollar, J.L.; Jeanis, K.M.; Rosenblum, J.S.; Lawal, O.R.; Linden, K.G. 2017. Evaluating UV-C LED
disinfection performance and investigating potential dual-wavelength
synergy. Water Res. 109: 207-216.
Beck, S.E.; Wright, H.B.; Hargy, T.M.; Larason, T.C.; Linden, K.G. 2015.
Action spectra for validation of pathogen disinfection in medium-pressure ultraviolet (UV) systems. Water Res. 70: 27-37.
Besaratinia, A.; Yoon, J.I., Schroeder, C., Bradforth, S.E., Cockburn, M.,
Pfeifer, G.P. 2011. Wavelength dependence of ultraviolet radiationinduced DNA damage as determined by laser irradiation suggests that
cyclobutane pyrimidine dimers are the principal DNA lesions produced
by terrestrial sunlight. Faseb J. 25(9): 3079-3091.
Bolton, J. 2017. Action Spectra: A Review. IUVA News. 19(2): 10-12.
Bolton, J.R. and Cotton, C.A. 2011. The Ultraviolet Disinfection Handbook, published by American Water Works Association.
Bowker, C.A.S., Shatalov, M., Ducoste. J. 2011. Microbial UV fluenceresponse assesment using a novel UV LED collimated beam system.
Water Res. 45: 2011-2019.
Bukhari, Z; Hargy, T.M.; Bolton, J.R.; Dussert, B.; Clancy, J.L. 1998,
Medium Pressure UV Light for Oocyst Inactivation, J. AWWA, 91: 86-94.

Figure 6. Technology trends of red, blue, UV-A and UV-C
LEDs as measured by wall plug efficiency (Lawal et al. 2017)

UV-C LEDs are already being incorporated into point-of-use
units to serve the defense and outdoor industries. They’re
being designed into airplanes to disinfect air in the passenger
cabin, and they’re being tested for water treatment in small
towns in the United States.
What’s next? This tiny robust light source at the tip of our
fingers has the potential to transform water disinfection in
developed and low- to middle-income countries alike. In
developed countries, UV-C LEDs can be incorporated into
showerheads to prevent outbreaks of Legionnaires’ disease
in hospitals and hotels. They can be introduced into pipe
systems to prevent biofilm formation. In low- to middleincome countries, UV-C LEDs can be designed into handpumps to disinfect groundwater or studded in bottle caps to
treat single bottles of water and prevent disease outbreaks.

“Catskill-Delaware Ultraviolet Water Treatment Facility.” Web. 24 Feb
2018
<http://www.water-technology.net/projects/catskill-delawareultraviolet-water-treatment-facility>
Clancy, J.L.; Hargy, T.M.; Marshall, M.M.; Dyksen, J.E. 1998. UV light
inactivation of Cryptosporidium oocysts. Journal AWWA. 90(9): 92-102.
Downes, A. and Blunt, T.P. 1877. Researches on the effect of light upon
bacteria and other organisms. Proc. Roy. Soc. 28, 488–500.
Duclaux E. In uence de la luminére du soleil sur la vitalité des germes des
microbes. Compt Rendus Hebd des Seances de l’Academie des Sciences
1885;100:119-21.
Gates, F. L. 1930. A Study of the Bactericidal Action of Ultraviolet Light III.
The Absorption of Ultraviolet Light by Bacteria. J. Gen Physiol. 14: 31-42.
Geisler, T. 1892. Zur Frage uber die Wirkung des Licht auf Bakterien,
Centralblatt fur Bakteriologie und Parasitenkunde 11, 161– 173.
Gershenzon, M. and Mikulyak, R.M. 1961. Electroluminescence at p-n
Junctions in Gallium Phosphide. J. Appl. Phys. 32(7), 1338-1348.
Grimmeiss, H.G. and Koelmans, H. 1961. Analysis of p-n Luminescence
in n-Doped GaP. Phys. Rev. 123(6): 1939-1947.

As with every exciting new technological development, the
broad array of applications cannot yet be foreseen; however,
it is exciting to watch the transformation unfold. n

Henri, V.; Helbronner, A.; de Rechlinghausen, M. 1910. Sterilization de
Grandes Quantites d’Eau par les Rayons Ultraviolets. Compt. Rend.
Acad. Sci., 150:932-934.
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Design Considerations for Creating
an Optimized UV LED System
Brian Jasenak, MS, senior product development engineer
Kopp Glass Inc., www.koppglass.com/UVLED
Contact: solutions@koppglass.com

Introduction: adoption of UV LEDs
Over the last decade, the ultraviolet (UV) light emitting diode
(LED) market has grown substantially. Since 2008, scientists
have been tracking and cataloging commercially available
UV LEDs. The data shows a fivefold increase in the number
of companies manufacturing UV LEDs in the past decade.
Initial growth in UV LED adoption was driven by UV-A
curing applications due to the relative ease of adapting blue
LEDs for this near-visible spectral range. However, as UV
LED manufacturers have advanced the technology, we’re
seeing the development of new applications in deeper UV-B
and UV-C wavelength ranges for game changing disinfection
and sterilization products.
With the performance and reliability of UV LEDs consistently improving, LEDs have opened a range of new possibilities for engineers seeking to develop consistently powerful
UV systems where they were once limited by variability
and other inherent design constraints in traditional arc lamp
light sources, such as mercury vapor (Hg). While UV LED
systems offer numerous benefits such as energy savings,
increased design flexibility, enhanced light output and overall
cost savings, designing with UV LEDs brings an entirely new
set of challenges for those experienced in traditional technologies of the past. A common mistake is viewing UV LEDs
as a replacement light source; the approach that many optical

design engineers take when redesigning mercury vapor
fixtures asks, “What LED will replace the bulb we were
previously using?” However, the question they should ask is,
“What light output am I trying to achieve?”
By beginning with the end in mind, engineers can evaluate
all aspects of a UV LED lighting system that determine the
ultimate performance of their product. Taking a holistic
approach to considering all components of the lighting
system together maximizes the efficiency of the system. In
traditional systems, a bulb was a bulb. Following a linear
design approach, engineers would select the bulb and design
around it. Now, LEDs force engineers to simultaneously
consider multiple design components. Those who prevail
in engineering high-performance products understand the
interplay between three key UV LED system design considerations: LED selection, optical design and optical material
selection, and LED array design.
LED selection
Selecting the right LED for an application can be a daunting
challenge. There are nearly 600 UV LEDs available on the
market today; roughly 100 of which transmit in the UV-C
region. Once a wavelength is selected, there are many options
that include different emitting flux, drive currents and beam
angles. There is much to consider in terms of thermal manage-

Figure 1. Range of radiant flux per wavelength for commercially available UV LEDs
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ment, drive current and efficiency, but, regarding optics, the
emitting flux and beam angle are the most crucial.
First, engineers must define the area that needs to be illuminated by the UV LED. Working backwards, engineers need
to determine the amount of flux needed on the target surface.
Depending on the application, there is often a necessary
level of flux to yield viable results. Once the flux and area
are determined, it is time to consider the power per area that
is needed to reach the end goal. For example, in UV curing,
this would be in watt/cm2. The application may require 30 W
of power on the surface but require 7 W/cm2 peak irradiance.
Depending on the specific product application, there will be
several performance specifications for the UV light source.
Many applications require a targeted peak wavelength for
optimal performance, while some have stringent demands on
light output. Examples include phototherapy applications that
need to apply targeted UV-A, UV-B or a combination of these
wavelengths to a patient’s skin. Another example is laboratory
applications that require homogenous UV-C exposure to test
the UV sensitivity of bacteria. Peak wavelength, radiant flux
and beam angle are just some of the performance specifications that are specified across the UV LED industry (Figure 1).
Engineers can find a diode with virtually any peak wavelength
between 240 nm and 400 nm. Key wavelengths, such as 265
nm, 280 nm, 310 nm and 365 nm have options available from
multiple manufacturers. However, the power and efficiency
will depend significantly on the LED’s peak wavelength.
Optical design and optic material selection
Now is the time to consider which optic type will be most
beneficial to achieve the desired result. An optic will direct
the emitted rays towards the target surface irradiating the
surface with the appropriate flux or dosage. Often times,
LEDs are continuously added until a level of peak irradiance
is achieved; however, this is unnecessary if an optic is used.
Higher peak irradiance can be achieved with fewer LEDs
while maintaining a certain amount of flux, energy density,
or UV dosage on the target surface.
Engineers should evaluate the need for an optic by examining
the light output requirements of the system. Depending on the
UV dosage, exposure rate, peak irradiance, target distance,
or intensity required an optical engineer can determine what
type of optic is necessary to reach the desired end output. For
example, in water purification, an optical designer can work
closely with the reactor designer to select an optic type that
will spread the light effectively to increase the fluence rate. If
the reactor designer has determined the light output requirements, the optical engineer can likely suggest an array design

With the performance and reliability of UV
LEDs consistently improving, LEDs have
opened a range of new possibilities for engineers seeking to develop consistently powerful UV systems where they were once limited
by variability and other inherent design constraints in traditional arc lamp light sources.
or optic solution. During this step, it is beneficial to engage
all design groups including the optic manufacturer.
Often the OEM, lens designer and manufacturer are separate
parties, which can make it difficult to achieve a fully optimized design. The lens designer may create an optimized
optic design that would produce an ideal light distribution, but
it is not viable for manufacturing. As a result, the optic could
be too costly or even impossible to produce without design
modifications. To produce an optic for both manufacturing
and performance, it is important for all parties to work closely
together to reduce development time and prevent costly redesigns. It is helpful to be specific with the light output requirements, yet allow for flexibility in the fixture, array and overall
product design to optimize the lighting system.
When it comes to transparent materials, there is no one-sizefits-all solution. It is important to understand the interaction
between the optic material and the UV LED application environment. The application temperature, moisture, or chemicals can influence the optic material transmission and weaken
its resistance to stress. LEDs are all about overcoming the
variability inherent in traditional sources; engineers who
don’t take enough care in material selection will find out the
hard way that many materials degrade when exposed to the
UV application environment, thus preventing them from realizing the benefits of the technology. A material supplier can
provide valuable information on material properties. These
specifications can be used to determine if a specific material
is prone to degradation or erosion.
There are many transparent materials out there to be considered
when designing an LED optic. On the surface, they may look
similar. However, not all transparent materials will perform
the same. They have unique properties that dictate how they
refract rays. Table 1 summarizes several important properties
to consider when evaluating optical materials. It is imperative
to also keep in mind how the material properties may change
over time as they are exposed to varied operating conditions.
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For example, a material such as borosilicate glass is highly
resistant to abrasive conditions, heat cycling and UV radiation
exposure whereas plastics in the same environment will erode
and discolor, resulting in severe transmission loss.
		
UV LEDs, especially in the UV-C region, are still relatively
expensive and are a main cost driver for UV LED systems. Not
only does an optic work to protect LEDs, many times optics
can reduce the number of UV LEDs required in an array, or the
overall drive current necessary while maintaining or improving
the light output. The result is higher-performing, more reliable
UV LED systems. The following section discusses how the
LED array works to influence the optic design.
LED array design
There are three elements to an array design that should be
considered simultaneously: the spacing of LEDs, the number
of LEDs and their direction. The optic has a significant influence on these three aspects of LED array design. UV LED
spacing is the most critical part of any array design. When
pairing an optic with an array, the width (defined as number
of LED rows) of the array will dictate the type of optic that
can be used. Furthermore, the width will determine the efficiency of the optic (Figure 2), as well as the quality of the
light emitted from the array.
Table 1. Important material properties to consider
Refractive
Index

The index of refraction determines how much light is
reflected and transmitted at an interface, and also the
angle at which it’s refracted. It is used in ray tracing
programs to determine the ray path and output. The refractive index often changes throughout the UV region.

Absorption,
Spectral
Properties,
Transmission
and Reflection

Absorption is the reduction of light as it travels through
a material. Conversely, transmission is the amount of
light that makes it through. Reflection for transparent
materials usually occurs at the surface and is a function of wavelength and index of refraction. This is all
highly dependent on type of transparent material used.

Hardness

Hardness is the ability of a material to resist being
scratched, fractured or permanently deformed by the
sharp edges of another material.

Thermal
Resistance

The resistance to thermal stress can be critical in certain applications. Understanding thermal expansion will
help ensure that you select a durable material.

Impact
Resistance

Impact resistance measures the ability of a material to
resist being fractured and to retain surface quality after
being hit. This value is improved with higher values of
strength, hardness and toughness.

Chemical
Resistance

Whether the material is exposed to something as
common as water or other harsh chemicals, it is vital
to know how the material will perform. Chemical resistance depends on the composition of the material and
the material supplier can provide information that is
more specific.
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If LEDs are placed too far apart, the light control that can be
achieved with the optic will be limited. As the array widens,
the LEDs create multiple point sources. To simplify the
issue, imagine each point source emits one ray to the same
exact spot on the optic. The optic can refract each ray toward
the target surface if the array is under a certain width (this
depends on the optic type). As the array widens, it becomes
increasingly difficult for an optic to refract incident rays that
are hitting the optic at different angles (Figure 3).

Figures 2 and 3. (Left) In a narrow array, LEDs are narrowly spaced, allowing the optic to refract the rays toward
the target surface. (Right) In a wide array, LEDs are widely
space, preventing the optic from refracting the rays toward
the target surface.

As a general rule, consider the following descriptions of
linear array sizes when selecting an optic.
• single row (<3 mm wide and/or 1 row of LEDs)
• narrow arrays (<5 mm wide and/or < 4 rows of LEDs)
• medium arrays (5 to 10 mm wide and/or < 6 rows of LEDs)
• wide arrays (>10 mm wide and/or > 6 rows of LEDs)
LEDs also can be arranged in a limitless number of patterns
(Figure 4). Consider illuminating a square area of 100 mm by 100
mm. In some cases, a square array would be suggested since the
area to be illuminated is square. However, if a linear array (single,
narrow or medium) was used, then an optic can be designed to
produce the required output. Not only could the optic increase the
flux to the target surface, but it also can reduce the overall footprint of the UV LED system resulting in a more compact design.
When designing an array, consider all reasonable array types, the
possible optics that can be used with each array and the overall
effect this relationship may have on the system.

Figure 4. LEDs provide ample design flexibility.

It should not be a surprise to learn that the number of LEDs
also works side-by-side with LED spacing. As explained
above, the increased power output that an optic provides can
increase the efficiency of the system while allowing for a
decrease in the number of UV LEDs in the array. Optimization
of the number of LEDs and their spacing will produce an array
that maximizes space and efficiency. The number of LEDs
also dictates the level of thermal management that is required.
Some designers tend to build widely spaced LED arrays in
order to create a larger area for heat dissipation. Wide spacing
can limit the optic types that can be used. In most cases, if the
array was more compact other optics become available and
provide a greater opportunity to improve optical performance
while the area for heat dissipation is minimally altered.
One of the most common mistakes made when creating a UV
LED array is adding more LEDs to increase peak irradiance:
Often a level of power per area must be reached in order for
the UV LED array to perform its intended task. Engineers
often continue to add UV LEDs to the array to reach their
desired irradiance level. The added cost associated with each
additional LED outpaces the incremental increase in power.
There is a better way – a custom optic can be designed to
increase the power per area on the target surface eliminating
the need to add costlier UV LEDs.
LEDs are directional light sources, meaning they need to be
positioned to allow the light to exit in the desired direction.
The simplest arrays are positioned on a flat surface with
all LEDs directed in the same
orientation, likely toward
the target surface. However,
some arrays can take advantage of the unique flexibility that individual LEDs
provide. For example, the
disinfection of bottles, jars,
or canisters can use omnidiFigure 5. Omnidirectional array rectional positioning (Figure
5) similar to the images seen
below. A ring of UV-C LEDs pointing away from the center
reduces the distance from the UV-C LED to the disinfection
surface increasing irradiance and flux on the surface.
Summary
Optical components are just one part of the LED lighting
system, but they can have a powerful influence on the other
components in the system, including the array design, the
spacing of the LEDs, the number of LEDs needed and their

direction. Optics should be considered early in the design
process, as they can improve the overall performance of
the LED lighting system and in certain cases can be used to
reduce the number of LEDs required in a lighting system.
When designing a new UV LED lighting system, there are a
few key questions to ask:
• What is the desired optical performance?
• What array type and optic could produce this performance?
• What array type will provide the greatest flexibility in
optic selection?
• What optics are available?
• What optical material is best for this application?
Asking these few simple questions will help engineers design
a better product. The key to realizing the benefits that UV
LEDs offer is to consider all optical components of the
lighting system sooner. Develop the optical components
early in the design process while selecting the UV LED, and
remember that the UV LED spacing, number and direction
are critical elements to selecting an optic that is right for the
module. n
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UV LED Technology:
The Times They are A-Changin’
Fariborz Taghipour
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“Come writers and critics
Who prophesize with your pen
And keep your eyes wide
The chance won’t come again
And don’t speak too soon
For the wheel’s still in spin
And there’s no tellin’ who
That it’s namin’
For the loser now
Will be later to win
For the times they are a-changin’.”
― Bob Dylan
Introduction
UV photonics, photoreaction and photoreactor systems are
the key elements of many industries. Recent advances in
a new UV source, the ultraviolet light emitting diode (UV
LED), create the opportunity for the development of novel
UV-based technologies and devices. In fact, UV LEDs could
potentially transform the UV-based industry by not only
advancing the design and application of current UV modules,
but also enabling the creation of entirely new products and
markets.
LEDs are semiconductor devices that emit radiation of a
single wavelength. With recent breakthroughs in the development of new material synthesis and device technologies,
LEDs can now be designed to produce UV radiation at a
range of peak wavelengths. LEDs offer several advantages
compared to conventional UV sources, such as UV lamps.
These include compact and robust design, lower voltages and
power requirements, longer lifetime and the ability to turn on
and off instantly and with very high frequency. The specific
features of UV LEDs make them an attractive alternative for
replacing UV lamps in a number of applications. However,
UV LEDs can offer much more than replacing conventional
UV sources in existing systems.
The generation of high-energy UV photons from a solidstate miniature form-factor operating at low power makes
UV LED a technology enabler. Presenting major advances
in design, performance and application of the existing
UV-based systems is an important function of UV LEDs,
but, perhaps, much more important is providing the ability
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of creating novel UV-based technologies and devices that are
made possible for the first time.
Here is a brief overview of UV LED development, followed
by a discussion on UV LED system development, including
UV LED reactors for water treatment, as well as other potential applications.
UV LED development
A great deal of progress has been made toward the performance of UV LEDs in the past several years. Starting in
early 2000s with the appearance of the deep UV LED operating at 280s nm with only a few tens of microwatt power
(Adivarahan et al., 2002a-b), many innovations in material
growth and processing have led in high-efficient UV LEDs,
with powers exceeding over tens or even hundreds of milliwatt output. Visible LEDs can operate at over 75% efficiency
for more than 10 years. Currently, the efficiency and lifetime of UV LEDs are far less evolved than those of visible
LEDs, although recent developments are showing impressive
improvement in power output and efficiency.
Commercial deep UV LEDs have seen a major performance
enhancement in terms of both efficiency and power, as well
as cost reduction. It is predicted that UV LED’s recent price
reduction will see the UV disinfection/purification market,
which employs UVC, take over the UV curing market, which
utilizes UV-A, by 2019 to 2020 (UV LED Market, 2016).
Although the UV-A LED market is expected to grow substantially from US$107 million in 2015 to US$357 million by
2021, the UV-C LED market is predicted to grow even
more dramatically from US$7 million in 2015 to US$610
million by 2021, according to the technology market analyst
company Yole Développement (UV LED Market, 2016). The
potential could be even greater, when considering UV LEDs’
ability to enable new technologies and devices. It is suggested
that, while for many high-end applications UV LEDs are
already competitive since they facilitate major advances and
contribute only a small fraction to the overall cost, as UV
LED performance improves over time, many more application areas will be determined (Kneissl, 2016).
UV LED reactor for water treatment
UV LEDs can be designed to produce UV radiation at an

optimal germicidal wavelength. The advantages of UV
LEDs, compared to traditional low- and medium-pressure
UV lamps, make them an appealing substitute for UV lamps
in water treatment systems, in particular for applications with
low and intermittent flows. At present, UV-C LEDs cannot
compete with UV lamps in terms of power output, efficiency
and energy cost. However, there are still various possible
applications for UV LED technology within the water sector,
including UV water treatment systems for drinking water,
such as point-of-use (POU) applications.
The POU water purification market is undergoing a major transition due to an unprecedented growth in demand, resulting
from higher awareness and economic growth, particularly in
developing countries. This massive growth has not been accompanied by a corresponding development of new technologies
and products, which has created a technology gap. This technology gap can be addressed by developing UV LED reactors
that eliminate microbial contaminants, operate at low power and
are practically maintenance-free. The conventional UV reactors
operating with UV lamps have several limitations, including
high power/voltage operation, high maintenance and high operating cost, which may limit their use in non-municipal water
treatment systems. The UV LED reactors may have the potential to overcome many of the limitations of the existing UV lamp
reactors and other currently used water treatment solutions.
For example, when a continuous supply of electricity is
available, many technologies for POU water treatment are
possible; however, rural communities, especially in developing countries, often do not have continuous access to electricity and are at great risk of being exposed to unsafe water
supplies. This shortcoming can be addressed by designing
UV LED water treatment systems, which can be battery or
solar cell operated and use renewable energy.
UV LEDs possess important features that do not exist in UV
lamps. Some of those features, e.g., wavelength diversity and
the ability to generate pulsed irradiation, could potentially
impact the inactivation of microorganisms and reactor efficiency (Song et al., 2016). With regard to wavelength diversity, UV-C wavelengths (e.g., 250 to 280 nm) cause damage
to both the DNA and proteins of microorganisms by the
formation of pyrimidine dimers, while UV-A wavelengths
(e.g., 360 to 400 nm) are responsible for the oxidative disturbance of bacterial membranes and enzymes by producing
active species and photo-modification of tRNAs (Oppezzo,
2001). Therefore, a combination of both wavelengths could
have a synergistic effect on the inactivation of microorganisms. With respect to pulsed irradiation, several mechanisms
may contribute to inactivation effectiveness by pulsed irradiation; these include photo-chemical, photo-thermal and

photo-physical (repeated disturbance of high-intensity pulses
on bacterial structure) effects (Krishnamurthy et al., 2007).
Thus, the special features of UV LEDs could be explored and
adjusted for developing better water treatment reactors.
One of the most significant advantages of UV LEDs is the
flexibility they offer in reactor design by providing a higher
degree of freedom in reactor configuration and optimization. The performance of UV reactor systems used for any
photoreactions or photo-initiated reactions is a function of
the interaction of three phenomena: fluid dynamics, radiation distribution and kinetics. All these phenomena can be
better controlled in a UV LED reactor compared to a UV
lamp reactor (Taghipour, 2013), as explained in the following
sections (Fig. 1).

Figure 1. Controlling kinetics, radiation distribution and hydrodynamics in UV LED reactors: (1) Adjustable wavelength for
promoting targeted photoreaction, (2) Focusable radiation for
producing suitable fluence distribution, (3) Controllable hydrodynamics for generating appropriate velocity distribution.

Hydrodynamics
The fluid dynamics of UV lamp reactors can be controlled by
specifying the reactor geometry or using internal flow modifiers;
however, the typical shapes and sizes of UV lamps limit variations in reactor geometry and positioning of flow restrainers.
Further, UV lamps are typically placed inside of the reactors,
which causes interference with the reactor fluid flow, often
without much control over the resulting velocity distribution.
However, small UV LEDs can be positioned in different places
and configured to different settings inside and outside of the
reactor. As a result, the hydrodynamics of UV LED reactors can
be better controlled. For example, LEDs can be placed at the
reactor wall, allowing different kinds of static mixers or vortex
generators to be used in desired locations in the reactor for
generating an appropriate fluid flow and velocity distribution.
Radiation
The radiation distribution of UV lamps is mainly of a cylindrical profile that cannot easily be altered. On the other hand,
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the UV LED radiation profile has a principal direction and can
be emitted at various angular views with adjustable radiation
profiles. As a result, their radiation patterns can be tailored
for different reactor configurations. For example, different
optical lenses could be applied to create the desirable radiation pattern. In addition, the layout of small-size individual
LEDs can be optimized with greater flexibility than cylindrical UV lamps. While UV lamps often offer one degree of
freedom for controlling radiation distribution, which is the
position, UV LEDs offer three degrees of freedom, which are
the position, direction and pattern.
Kinetics
The kinetic parameters of photoreaction or photo-initiated
reactions are largely fixed for UV lamp reactors. This is
because the low- and medium-pressure UV lamps which are
used in reactors – for example, in water treatment systems
– have particular emission spectra. UV LEDs, on the other
hand, can be made to produce UV radiation of a specific
peak wavelength with a narrow bandwidth. Their emission
spectra can be tailored to maximize a specific reaction, e.g.,
the inactivation of particular microorganisms or the degradation of certain contaminants through photochemical or photocatalytic reactions. In addition, UV reactors can be designed
to deliver radiation energy with a combination of particular
wavelengths to produce a potentially synergistic effect.
UV LED systems of new applications
Emission of UV photons of various wavelengths, intensities
and patterns from a robust and compact source offered by UV
LEDs makes possible several important applications. Here, we
briefly review a few of these applications; in particular, we look
at actuators, sensors and micro-optical devices (Fig. 2).

Figure 2. Application of UV LED in sensors, actuators and
micro-optical devices: Sensors: UV LED can activate semiconductor sensing layer for gas and liquid detection; Actuators: UV LED can generate molecular mechanical energy
for actuator development; Optofluidics: UV LED can give
rise to the creation of next-generation optofluidic devices
(Icons designed by Eucalyp from Flaticon).
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Actuators
Certain molecules undergo reversible shape changes that can
be driven directly by photons, often in the UV range. UV LEDs
open new avenues for the potential of direct conversion of UV
energy into mechanical energy at the molecular scale. This
makes possible the development of diverse actuators needed
by the upcoming robotics revolution. One recent study, for
example, demonstrated the fabrication of UV-driven microactuators utilizing epitaxial piezoelectric thin films (Kurokawa,
2015). When the UV LED radiation was irradiated to the surface
of the thin film, the cantilever deflected proportional to the UV
intensity, due to the coupling of photovoltaic and piezoelectric
properties. UV radiation-driven piezoelectric thin-film actuators
could open a new avenue for remote controlled micro-actuators.
Sensors
UV LEDs can be applied as the excitation source for fluorescence-based biological agent detection or as the activation
source of a photo-activated sensing layer for gas and liquid
detection. This is significant, particularly for gas sensing,
because detecting and monitoring hazardous gases and gas
pollutants in industrial and urban settings is of increasing
importance. Among the variety of sensors currently available, chemical sensors are one of the most promising types of
device that can be used for gas detection. However, a drawback of conventional chemical-resistive gas sensors is their
high operating temperature (200°C to 500°C), which results
in high cost and power consumption, and limits their technical
applicability in the detection of flammable gases. UV LED
irradiation could be an alternative method of activating the
semiconductor layer and lead to the development of highly
effective photo-activation sensors that operate at ambient
temperatures (Espid & Taghipour, 2016). One recent study
has demonstrated that coupling n-type metal-oxide nano-crystalline composites provides excellent sensing performance
toward low concentrations of some model chemicals under
UV LED irradiation (Espid & Taghipour, 2017). UV LEDs
have the potential to greatly contribute to the development of
a new generation of sensors and portable monitoring systems.
Optofluidic devices
Optofluidics is a merging of the fields of optics and microfluidics, with many applications, including displays, biosensors,
lab-on-chip devices, lenses and molecular imaging tools.
With the recent advances in UV LED and the generation of
UV radiation from miniature dimensions, the boundary of
optics in optofluidic devices can be expanded to high-energy
UV photons. The UV LED can give rise to the creation of
the next generation of optofluidic devices operating with UV
energy with broad capabilities and applications.

Final thoughts
The unique features of UV LEDs make them an attractive
alternative to UV lamps in a number of systems, including
POU water treatment reactors. They could enable reactor
optimization through creative reactor design options for flow
and radiation distribution. UV LEDs could offer advances
in performance and application of the existing UV-based
systems. Further, as an enabling technology, UV LEDs
create the opportunity for novel applications and devices
that have never been possible. This is an exciting time for
those involved in UV-related technologies – the time that UV
systems could expand to new applications and markets, the
time that an emerging technological opportunity could be
applied to the creation of innovative products and industries
... the times they are a-changin’! n
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What’s good about UV LEDs?
Light emitting diode (LED) at germicidal UV radiation (<
300 nm), termed UV LEDs hereafter, keep growing in the
market. In general, UV LED products have been increasing
the output power, extending the lifetime, and some are even
challenging the cost reduction. It seems the past prediction
based on “Haitz’s Law” was too optimistic unfortunately, but
the situation has been changing so rapidly. UV LEDs are now
on track for practical applications.
UV LEDs are mercury-free, small in size, warm-up-free,
resistant to frequent on/off cycle and selective in peak emission wavelengths. How would these features be good for
water treatment? First of all, it is an international trend to
reduce or strictly control the use of mercury in general. UV
LEDs can meet such social preferences. More specifically to
water treatment, barriers against mercury leakage at severe
accidents are no longer needed for UV LEDs, which can lead
to a simple system design overall.
As for the size, UV LEDs pose a typical size of 3 to 4 mm2
for a single package, which allows flexible design and layout
in reactors. Several
studies have developed unique UV
LED
apparatuses
for water disinfection (Chatterley and
Linden 2010, Bowker
et al. 2011, Würtele
et al. 2011, Oguma
et al. 2013, Jenny et
al. 2014) and each
adopted
different
design concepts. For
Figure 1. A ring-shaped UV LED
example, we have
apparatus (Oguma et al. 2016a)
designed a prototype
of ring-shaped apparatus, as in Fig. 1 (Oguma et al. 2016a, b),
which was originally motivated to develop something hardly
possible with mercury lamps. The ring shape is just one of the
trials, but such flexibility in the reactor design is to be noted
as one of the charms of UV LEDs. Thinking that UV LEDs
currently demand higher cost per output power ($/Watt) than
mercury UV lamps, how to optimize the reactor design or
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how to maximize the performance with limited number of
UV LEDs is one of the key factors for practical applications.
UV LEDs do not require warm-up before stabilization, and
frequent on/off cycling does not damage the device, namely
does not shorten the life time of UV LEDs as it does with
mercury UV lamps. These features allow intermittent operation which is preferable for on-demand use, such as point-ofuse (POU) and point-of-entry (POE) water treatment options
and also good for systems with high-fluctuation in water
demand, such as community-based water supply with limited
connections.
As for POU/POE applications, growing cities in developing
counties are of concern. Cost is an issue for now but not
forever.
Scientists
have done intensive
field surveys on water
quality and water use
behaviors in Asia,
including Hanoi in
Vietnam and Kathmandu in Nepal,
and noted that rapid
urbanization results
in limited access to
centralized
water
supply systems and
urges people to use
decentralized water
sources, such as
unprotected dug well
and private water
Figure 2. A multicartridge POU apvendors. Water from
paratus commonly found at housesuch sources is occaholds in Hanoi
sionally contaminated
with microorganisms. Moreover, even in centralized public
water supply systems, water quality deteriorates with significant decay of residual chlorine in the distribution network
and rooftop storage tanks, highlighting an apparent need of
POU/POE treatment at households. In fact, people are taking
several coping strategies including POU/POE installation (Do
et al. 2014, Gragai et al. 2017) (Fig. 2). A survey revealed
that about 76% of residents in central Hanoi were taking POU

treatment at home (Do et al. 2014), while some POU apparatuses in use were not working as a barrier against microorganisms. UV LED can be a smart add-in option for such systems.
Community-based small water supply systems are another
potential target of UV LED application. Such water systems
typically use nearby streams or groundwater as the source,
followed by a simple filtration and chlorination only. In
Japan, health-related incidents associated with drinking water
in the past 30 years were mostly associated with disinfection
failure, and 44% of it was happening at private (including
community-owned) small water systems (Fig. 3). Simple,
effective, feasible and sustainable measures are needed at
small systems where both human and financial resources are
limited. Systems are to be designed for operation and maintenance not by skillful engineers but by the users at their own
responsibility.
What about UV LEDs? Scientists have made a preliminary
field test at a remote community in Japan using a flowthrough UV LED apparatus and obtained much encouraging data to further explore this application option. Challenges for community water supply are the issue not only in
Japan but in many countries including the US (Barstow et
al. 2014), and scientists have been sharing expertise between
Japan and Canada under the cooperative support by Japan
Science and Technology Agency and Natural Sciences and
Engineering Research Council of Canada. Such international
collaboration is very much needed to promote research and
strengthen the knowledge base, leading to the proposal of
best solutions that fit local needs.
public

Figure 3. Share of facilities causing healthrelated incidents in Japan in 1983-2012
(Kishida et al., 2015 with modification)

With regard to the variety in the emission wavelengths of UV
LEDs, how to pick up the “right” one is a question. Thus,
responses of key microorganisms to different wavelengths,
namely action spectra, is important. Action spectra differ

among species and strains, but most species typically show a
relative peak in inactivation efficiency at approximately 260
to 265 nm (Beck et al. 2015). Meanwhile, in general, LED
technology offers higher wall-plug-efficiency, defined as
the germicidal emission output per electrical energy input,
at longer emission wavelengths in the germicidal UV range.
Then, which wavelength to select? To answer this simple question, we have applied UV LEDs at different emission wavelengths to several pathogens including Pseudomonas aeruginosa, Legionella pneumophila and human adenovirus serotype 5, in comparison with indicator species of Escherichia
coli, Bacillus subtilis spores and coliphages MS2 and Qβ. The
results indicate that, in general, 265 nm UV LED is better than
280 nm UV LED in the fluence-based inactivation efficiency,
while 280 nm UV LED is more efficient than 265 nm UV LED
based on the electricity consumption required to achieve 3 log
inactivation of all microbial species tested (Rattanakul and
Oguma 2018).
Another interesting result is that, to inactivate adenovirus, a
285 nm UV LED is better than low-pressure UV lamp (254
nm) in the fluence-based inactivation efficiency (Oguma et
al. 2016a). As such, examining the spectral sensitivity of key
microbial species, as has been done in the context of polychromatic medium-pressure UV lamp, is now important for
UV LED applications.
In line with the comparison of microbial species, a flowthrough UV LED apparatus was applied to indigenous
heterotrophic bacteria in tap water, and the profiles of heterotrophic plate count (HPC) after UV LED exposure were
tracked for seven days, aiming to see the microbial stability
of treated water during storage (Oguma et al. 2018). The
results showed that UV LED reduced HPC right after exposure and, although HPC increased during storage regardless
of preceding UV LED treatment, HPC in UV-treated water
was lower than that in non-treated samples up to five days
of storage.
It was also noted that heterotrophic bacteria in tap water
samples formed yellow, white and pale pink colonies, and
white colonies became dominant after UV LED treatment
and storage (Fig. 4). A phylogenetic analysis based on 16S
rRNA gene sequences revealed that yellow colonies were
closest to Novosphingobium sp. while white and pale pink
colonies were both closest to Methylobacterium sp., indicating that UV LED exposure can result in the selection of
UV-resistant species like Methylobacterium. Such selective
force by UV exposure should be common to any other UV
technologies, but it can be a particular concern with POU
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for new applications, which would eventually stimulate the
whole market of UV-based technologies. A paradigm shift is
needed. n
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applications where UV-treated water is directly consumed
without barriers afterwards. The significance and health
impacts of such microbial selection is to be explored intensively.
Perspectives for the future
To promote both research and practical applications, standardization of fluence (dose) determination for UV LED
systems is very much needed. The question is how to determine the fluence for LEDs having various emission spectra
with different peak emission, in a comparable manner for
conventional mercury-based UV lamps. Biodosimetry and
the concept of reduction equivalent dose (RED) are basically
valid for UV LED systems, while some modifications are
needed.
Currently, some people consider LED as monochromatic light
source while the others take it as polychromatic, resulting in
the mismatch of protocol for fluence determination particularly on the wavelengths conversion. Moreover, UV-based
technologies for water treatment are all standardized at 253.7
nm so far, but the rationale to do so for UV LEDs is unclear.
The 253.7 nm reference may not be needed, or not even scientifically correct for UV LEDs emitting out of this particular
wavelength. Further discussion is very much needed in open
and international ways.
More for practical applications, just thinking of the replacement of conventional lamps with UV LEDs is not very expansive and attractive. UV LEDs are expected to open the door
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UV-C LED Devices and Systems:
Current and Future State
Oliver Lawal, Jim Cosman and Dr. Jennifer Pagan, AquiSense Technologies LLC
Contact: (859) 869-4700 or info@aquisense.com

Introduction
Light emitting diodes (LEDs) are semiconductor devices that
produce photons based on an input current. Depending on
the composition of the LED, it can produce photons at wavelengths anywhere from infrared, visible, and – since the turn
of the century – in the deep UV (UV-C) range. The introduction of UV-C or germicidal LEDs that emit 240 to 280 nm
will have a profound impact on the water, air and surface
disinfection markets as society continues to seek more reliable, efficient, and environmentally friendly light sources for
disinfection applications. Whether UV-C LEDs will eventually replace all traditional mercury-vapor based UV lamps
for conventional disinfection applications is yet to be seen;
however, it is clear they are already enabling the creation of
entirely new disinfection applications due to a number of
different characteristics, including:
1. Mercury-free – Conventional UV lamps contains up
to several hundred milligrams of mercury in a liquid
or amalgam form. However, UV LEDs are mercuryfree and contain only tiny elements of metals held
within a crystalline structure that has no ability to
leach in case of breakage or disposal.
2. Compact footprint – High-power-density UV-C

3.

4.
5.

6.

LEDs and advanced controls allow for a much
smaller footprint compared to traditional UV
sources and their electronic drivers.
Instant on/off – Unlike gas discharge lamps, UV
LEDs can be switched on and off without any warmup times. This enhances power savings and leads
to prolonged lamp replacement intervals in batch
process applications.
Unlimited cycling – Lamp life is not impacted by on/
off cycles, allowing for unlimited lamp cycling.
Temperature independent – LED photon emission
is from a different surface as the heat emission
meaning they can be engineered not to transfer
heat into the water, thus reducing fouling rates and
ensuring a constant UV output, regardless of the
water temperature.
Wavelength selection – The ability to select a specific
output wavelength of an LED enables closer matching
to peak absorption spectra of a target organism.

All the above incremental benefits associated with UV-C
LEDs should be accounted for when comparing the viability
of implementing a UV-C LED based system vs. a traditional

Figure 1. Measurement data of commercially available UV-C LED devices. Source: AquiSense Technologies
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mercury lamp-based system. In some cases, these benefits
create new applications for UV treatment technology and can
even reduce the overall cost of implementation through the
reduction of additional associated components.
Market development – UV-C LED devices
The first UV-C LED devices were developed primarily in
Japan, Korea and the US, as extensions to LED devices emitting in the blue and then UV-A and UV-B wavelength region.
As seen in Figure 1, the increasing output power of commercially available UV-C LEDs since 2002 has accelerated since
2012. This data is based on AquiSense internal test data of
only commercially available devices and excludes “hero
devices” reported in the literature and should not be considered exhaustive.
Early UV-C LED devices were primarily packaged in relatively expensive and thermally inefficient TO-type housings
(Figure 2a). This mostly limited their application to analytical instrumentation as a replacement for laser, deuterium,
and mercury-vapor light sources. However, as increased
investments were made in manufacturing capacities, the first
Surface Mount Devices (SMDs) (see Figure 2b) became
available around 2013. This enabled lower costs and higher
production volumes and were more suitable for integration
into disinfection products.

Figures 2a and 2b. From left to right: (a) Early UV-C LED
device in TO packaging. (b) Typical UV-C LED device in
SMD packaging. Source: AquiSense Technologies

At least 12 corporations manufacture UV-C LED devices,
although not all currently offer commercial products.
Current best-in-class devices deliver UV-C optical output
values in the 50 to 100 mW range, with lifetime to 70%
of initial output (L70) of around 10,000 hours. It should
be noted that there is a high degree of variability between
the testing methods and, hence, specification reporting data
of each device manufacturers. For example, UV-C optical
output values are reported at a wide range of forward operating currents from 50 mA to 600 mA. This data does not
always correspond directly to reported lifetime data and
inherently makes datasheet like-for-like comparisons problematic. The IUVA have undertaken a project to standardize

device output measurement methods, reported separately
within this publication. Regardless, for a UV product
designer, there should be no substitute for completing independent testing – ideally using identical conditions to those
within the intended product.

Figure 3. Commercial UV-C LED pricing. Source: AquiSense
Technologies

Figure 3 illustrates historical UV-C LED device pricing on a
per mW optical output basis. This trend is related to increased
manufacturing capacity, improved manufacturing yields,
refinements in packaging engineering designs, and increased
manufacturer competition. In 2018, the lowest market price
has fallen below US $1/mW for premium, higher powered
devices and below US $0.5/mW for lower powered, lower
lifetime devices1.
Market development – UV-C LED systems
Early stage product development of UV-C LED-based UV
disinfection systems has been challenging, due to the historical high cost of UV-C LEDs, coupled with low optical
power output. Entirely new thinking and design approaches
are required to fully utilize this new light source. However,
despite this, some product and market development has
occurred for water, surface and air disinfection products,
particularly with start-up companies.

Figure 4. Selected examples of UV-C LED water disinfection systems

Commercially available systems are typically targeting flow
rates below 20 lpm and specific applications that are chal-
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lenging for gas discharge lamps. For example, the extremely
small footprint potential of UV-C LED-based systems has
enabled them to be incorporated directly in faucets and
appliances. UV-LEDs’ mercury-free status has led to these
systems being incorporated into medical devices and aerospace applications where conventional UV systems were
often discounted due to potential breakage and contamination risk.
Table 1 highlights example applications within key market
segments where UV-C LED-based water disinfection products are currently being evaluated by OEM manufacturers
globally. The technical and market drivers for this evaluation work is related to the unique characteristics of UV-C
LED-based products previously discussed, but are not equal,
homogeneous or even initially obvious, across each application.

Case study 1: Space exploration and habitats
Currently, 88% of the water on the International Space Station
(ISS) is reused, leaving 12% lost to waste, roughly 100 ml
per person per day. Monthly resupply missions are needed
to bring vital resources that cannot be recycled in-orbit. This
delivery service uses a 3 million horse-power rocket to catchup and dock with the ISS as it speeds around the Earth at
17,000 mph; this is a very expensive task, costing approximately $2000 per lb of cargo.
BIOWYSE, a European Union Horizon 2020 funded project,
was launched to develop and test a new type of system that
uses real-time microbial monitoring (ATPmetry) and UV-C
LEDs for disinfection. The intent of the project is to develop
an integrated, autonomous, chemical-free system to control
and monitor biomass growth in potable water systems aboard
the ISS. Two years in to the project, the consortium has devel-

Table 1. Key market segments that value UV-C LED solutions

Market segment

Example applications

UV-C LED system benefits:
Top 3 important attributes
valued by segment

Residential

POE
Appliances
Faucets

Ultra-compact footprint
Plug and play (e.g. easy to retrofit)
Low power draw

Commercial

Food and beverage service
Water dispensers and fountains

Ultra-compact footprint
Low power draw
No heating of water

Health care

HAI control
Dialysis
Dental

Mercury-free
Chemical-free
Durable (e.g. vibration resistance)

Transportation

RV and boating
Automotive
Aviation
Space

Chemical-free
Durable
Lightweight

Life sciences

Bio-pharma
Ultrapure water

Point-of-use distribution
Mercury-free
Chemical-free

Defense/emergency
response

Personal hydration
Remote treatment

Ultra-compact footprint
Lightweight
Durable (e.g. vibration resistance)
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oped the main components of the system, which include
several advanced technologies, such as AquiSense Technologies’ UV-C LED Decontamination Module. The next stage
of the project will see integration followed by laboratory and
field testing through to the end of 2018.

Case study 3: Commercial steam oven
Low-temperature steam ovens are used to cook food over
long periods of time, at temperature ranges of between 30°C
to 300°C. This warm, moist environment has the potential to
propagate the growth of harmful pathogens such as Listeria,
Salmonella, Clostridium and E. coli. To mitigate this risk,
Disform Food Service Technology worked together with
AquiSense Technologies to integrate a disinfection module
into their MyChef product.
The key design parameters – intermittent flow, small envelope, high ambient temperature, and 4-log pathogen reduction – were used to specify the PearlAqua Micro system.
Performance validation included microbiological bioassay,
long-term aging, temperature and vibration tests, with volume
production commencing in mid-2017.

Figure 5. UV-C LED disinfection module used in BIOWYSE
ISS project. Source: AquiSenseTechnologies

Case study 2: Biofilm control
Water cooler products for residential, commercial, and industrial
applications are known to generate growth of biofilm in their
static water storage components. UV-C LED lamp modules have
been integrated into these products. A review of these solutions
indicates that most are using very low optical output devices in
the 1 to 3 mW range. While it is not clear that the level of applied
fluence is homogenous or of a high level, the commercial introduction into high-production volume products shows a demand
for such technology that is likely to have a positive impact on
price reduction of UV-C LED devices.

Figure 6. Example of a low optical output stationary UV-C
LED module. Source: LG Innotek

Figure 7. UV-C LED disinfection module used in commercial steam oven. Source: Disform Food Service Technology

UV-C LED devices and systems: future state
The future of UV-C LED devices and systems is a hotly
debated topic amongst the UV community. The current
focus and discussion is on the relatively low efficiencies and
optical outputs of the individual UV-C LED devices reported
in the literature, compared to the largest available mercuryvapor UV lamps. However, it is more helpful to consider the
product performance of commercial UV-C LED-based products in the sub-20 lpm range, to similar capacity conventional
mercury-vapor lamp products. Already, market experience
has demonstrated that users are demanding disinfection solutions with the unique benefits offered by UV-C LED sources
and are willing to integrate these new solutions. In some
cases, the cost is lower, and in other cases, users are prepared
to pay a premium to do so. In most cases, however, UV-C
LED solutions are creating new applications for UV tech-
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nology, rather than displacing existing gas discharge lamps.
But, how do scientists assess the opportunity in the next two
decades? How will this technology progress?
A good starting point is an examination of Haitz’s Law, developed by Dr. Roland Haitz, who has been characterized as the
“Godfather of LEDs.” It states that every decade, the optical
output of an LED will increase by a factor of 20, while the
price per optical output will fall by a factor of 10.
A review of the progression of Output Powers of Commercially Available UV-C LEDs in Figure 1 and Commercial
UV-C LED Pricing in Figure 3 suggests that UV-C LED
devices development is following this predictable path. Based
on this trajectory, the implication for 2026 is 1.4 Watt per
LED at 0.1 $/mW. This position can be further validated by
reviewing research literature of developmental UV-C LEDs,
see figure 8. Internal Quantum Efficiencies (IQE) values of
UV-C LEDs have long been shown to be comparable to visible
LED devices, above 75%. Thus, research focus is centered on
alternative light extraction techniques to increase the External
Quantum Efficiency (EQE) yields of operational devices.

The future for UV-C LED systems lies at the intersection
of multiple factors. Optical output levels of commercial
devices have now been reported in the 100 mW range, and,
inevitably, LED device efficiency will increase from current
levels. Costs will continue to decrease as supply increases. In
parallel, system engineering for UV-C LED-based systems
is evolving as system designers are beginning to realize that
entirely new thinking and design approaches are required to
fully utilize this new light source. The result is that larger
systems will be developed (see Figure 9 on page 28).
Will the Minamata Convention
drive UV-C LED growth?
The Minamata Convention on Mercury was initiated by
the United Nations Environmental Programme (UNEP) to
protect human health and the environment from anthropogenic emissions and releases of mercury. The UNEP has set
the goal for mercury to be phased out of production by the
year 2020. In 2013 they asked organizations and governments to discourage the use of mercury starting immediately
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Figure 9. UV-C LEDs’ path to commercially available larger systems

unless there is a substantial benefit to the environment and
human health. As of August 2017, the convention has been
ratified and has officially entered into force.
Although the Minamata Convention does not specifically
prohibit the manufacture and sale of UV mercury-vapor
lamps, it could provide a generally positive influence for the
more widespread adoption of alternative technologies. For
example, if UV-C LED systems can achieve disinfection
performance, capital cost and operating cost values close to
those of conventional technologies, then the following user
groups may respond as follows:
1. Corporations that use UV systems in products
or manufacturing processes (e.g. white goods,
beverage, microelectronics, life sciences, etc) may
implement best practices by selecting an LED option
by influence of the Minamata Convention, not by
enforcement. This may especially factor into decisions on new product development where 20+ year
product lifecycles are considered.
2. Original Equipment Manufacturers that currently
employ gas-discharge lamps may see a conflict with
the use of mercury-based products to their own environmental policies and, based on Minamata regulations, might start a transition to develop new products using mercury-free light sources – again having
consideration to long product lifecycles.
3. Municipalities may also follow suit in adopting
UV-C LEDs, although it is more likely that they will
require more time to adopt the new technology. Once
a generalized mercury regulation takes place, states
and municipalities will begin to critically review
their processes for any potential violations and
improvements.
4. There will always be a percentage of people that
will look for “eco-friendly” product options. As the
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Minamata Convention raises awareness of the effects
of mercury, it inherently effects the use of mercurybased lamps without banning the sale or manufacturing of these lamps. Because of this, end users may
choose LEDs over mercury lamps, even if they are
more expensive, just as can be seen in the visible
light market with CFL and LEDs.
5. Regulators will likely have a slow transition from
mercury to UV-C LED lamps. Regulators will
always look for viable alternatives to mercury, as
it is their mandate to steer technology to the most
holistically sound solution.
Conclusion
The introduction of UV-C LEDs will have a profound impact
on the water, air, and surface disinfection markets. They may
not replace traditional UV lamps for disinfection applications
but have already created new disinfection applications as a
result of the numerous incremental advantages over traditional mercury lamps. While the optical output and efficiencies of UV-C LEDs remains relatively low, it is critically
important to examine the full value proposition of a UV-C
LED disinfection solution by fully monetizing the unique
benefits of such a solution. As the price per mW lowers, more
applications and markets will become available. While the
inevitable replacement of mercury vapor lamps is eventually
coming, UV disinfection technology has an exciting future,
as it is working its way into markets and applications not
previously possible. n
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Background and purpose
The development UV-C Light Emitting Diodes (LEDs) in the
early 2000s has resulted in their use for UV water disinfection
products that have traditionally employed UV gas discharge light
sources. However, UV-C LED devices have different specifications and characteristics that have an impact on the design, validation and operation of such products. Current industry guidelines,
standards and procedures do not account for these differences.
The IUVA Board recently approved the formation of a Task
Force that has specific knowledge and experience related to
the subject matter that will be used to provide global guidance for the validation of UV-C LED products, in accordance
with the stated aims of the IUVA.
Process and administration
The Task Force will work together to produce the stated deliverable, with each member contributing within the scope of
their expertise. Regular phone/Skype meetings will be held
to coordinate activities. The IUVA Technical Committee will
review all deliverables prior to publication. Karl Linden will
act as IUVA Technical Committee liaison.

Deliverable and timing
The Task Force will deliver a document that includes technology background, best practices, considerations and references to collectively serve as a guideline on the validation
of UV-C LED water treatment products. Topics covered
are expected to include wavelengths, test organisms, water
matrices and intensity monitoring.
This document will aim to serve as a resource to regulators,
testing facilities, manufacturers, process designers, students,
end users and other interested parties.
It is expected that the first draft will be available for review at
the IUVA World Congress in February 2019. n

our name is our principle

The heart and soul

for your UV equipment – made in Germany
The heart: Our medium pressure
UV lamps
We develop and manufacture most
powerful UV lamps at highest quality
standards.
The soul: Our electronic lamp
controls for UV lamps up to 32 KW
They combine excellent lamp control
performance with highest reliability,
also for marine applications like
BWTS.
www.eta-uv.de

eta plus electronic gmbh
Lauterstrasse 29, 72622 Nuertingen, Germany
phone +49 7022 6002 813, info@eta-uv.de
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UV Industry News
Atlantic Ultraviolet Corp.’s Vice President
Celebrates 90th Birthday
Tom Dituro Sr. turned 90 years old in January and is one the
most experienced people in the ultraviolet industry. Dituro
was born Jan. 10, 1928, and raised in Long
Island City, Queens, New York. Dituro
joined Atlantic Ultraviolet Company in
1950 as a field service technician and
sheet metal mechanic. In 1963 he and a
business partner purchased the struggling
company, renaming it Atlantic Ultraviolet
Tom Dituro Sr.
Corporation and expanded its development and manufacturing capabilities. Dituro was a major
part of technological advancements in products and manufacturing. Even after six decades in the ultraviolet business,
he still regularly reports to the factory. For more information,
visit: https://ultraviolet.com/.
JenAct Launches Marine Disinfection Technology
UV disinfection specialist JenAct Limited of Whitchurch,
Hampshire, UK, is pleased to announce the launch of its product
designed specifically for the leisure marine industry. Based
on proven UV disinfection technology, BoatFresh is designed
to minimize the possibility of mold and bacterial growth on
marine craft whilst moored and unoccupied. Powered from
main shore power, BoatFresh provides constant air circulation across the UV-C lamp, which neutralizes airborne mold,
bacteria and fungi. BoatFresh is available from stock, directly
from manufacturers JenAct, For more information, visit www.
boatfresh.co.uk or email info@boatfresh.uk.
Light Progress and egoHealth Announce STET CUBE
From the union of two highly specialized realities in the field
of disinfection comes Stet Cube – the first desktop device for
disinfecting the stethoscope. Specifically designed to ensure security and
deep hygiene for patients, Stet Cube
was conceived to be always close at
hand for every professional using a
stethoscope. Its lightness and limited
footprint make it ready to use on the
studio desk, in hospital carts equipment
or hooked to a wall with its special
wall-bracket. Stet Cube is patented, CE
marked, recognized by the Ministry of
Health as a medical device and registered within the FDA. For
more information, visit www.stetclean.com.
Optimized LPUV Disinfection System Reduces Costs
Berson & Aquionics launched a low-pressure UV disin-
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fection system for the treatment of
municipal, re-use and waste water.
The AmaLine® UV range provides
effective treatment while reducing
lifecycle costs by being simple to
maintain and extremely energy efficient. The AmaLine has been designed
to simplify maintenance, which can be performed by a single
operator and without requiring external lifting equipment.
AmaLine uses LPHO (low pressure high output) amalgam
lamp technology that provides variable output ballasts (50
to 100%). The product is available in the Americas through
Aquionics and the rest of the world through Berson. For more
information, visit www.aquionics.com/main/uv-products.
American Ultraviolet Introduces Cool Cure ChamberTM
American Ultraviolet West introduced its newest UV LED
Flood Curing System – the Cool
Cure Chamber™ – to its family
of UV LED curing products.
The Cool Cure Chamber’s UV
output is completely adjustable
with over 1.5W/cm² of uniform
UV curing and over 15,000
hours of LED life. The system
comes standard with 365nm
LEDs but can mix and match with other wavelengths (i.e.
345nm, 385nm, 395nm, 405nm and 425nm). The Cool Cure
Chamber utilizes UV LED technology to deliver a powerful
and cost-effective curing chamber on the cutting edge of the
industry. The system comes standard with a timer, constant
ON or manual mode, as well as ON/OFF modes depending on
process requirements. Larger chamber sizes are also available
upon request. For more information, email PhilSmith@auvco.
com, call 800.615.3726 or visit www.americanultraviolet.com.
UV-C LED Performance Enables New Applications
Phoseon Technology announced that utilizing its patented
SLM™ technology and proprietary thermal management system achieves a breakthrough level of deep-UV irradiance targeted at disinfection and
decontamination Life Science
applications. Phoseon is the first
to develop a 275nm UV LED
disinfection system that surpasses
5 W/cm². Phoseon’s SLM technology offers faster analysis and operations and increased
capabilities for disinfection and decontamination applications that require low wavelengths. High irradiance,

combined with appropriate wavelengths, targets specific
bonds in DNA, RNA and proteins within microorganisms
and biomolecules. This allows shorter inactivation times
while improving overall efficacy of the disinfection. The
high absolute irradiance of these new solutions enables
high throughput processes in pharmaceutical, sequencing,
air handling and manufacturing facilities. For more information, contact Marine Faucher at 503.619.2326 or email
info@phoseon.com.
Crystal IS Unveils Klaran® WD Series
Crystal IS announced the expansion of its Klaran® platform
with the release of the WD series LEDs. Developed specifically for the price and performance needs of point-of-use
(POU) water disinfection, the Klaran WD series breaks the
$0.25/mW price barrier required for mass production of UV-C
LED-based water purification products. Klaran WD series are
offered in power bins of 30 mW and higher and enable OEMs
to address the rising global demand for water purification products as consumers take a more active role in ensuring drinking
water quality. Klaran UV-C LEDs are produced on ultra-wide
bandgap aluminum nitride substrate produced by Crystal IS.
This substrate overcomes material challenges inherent with
traditional sapphire-based devices and emits its full germicidal
power from the top of the chip, allowing for a simple, low-cost
design. The resulting UV-C LEDs offer high output at peak
germicidal wavelengths (260-275 nm) and the ability to operate
at high-drive currents for more effective disinfection. For more
information, visit: www.cisuvc.com/products/klaran.
Gigahertz-Optik Set to Present at IUVA Conference
Gigahertz-Optik GmbH’s compact array UV spectroradiometer technology will be presented at the
IUVA UV LED Technologies & Application Conference in Berlin, Germany, from
April 22-25, 2018. Internal stray light, the
dominant and the limiting factor for accurate array spectroradiometer UV measurements, is physically reduced by means of
an internal optical filter wheel. No other stray light reduction
methods are necessary. The instrument’s small footprint and
optional software development kit (SDK) allows it to easily
integrate into existing measurement systems. For more information, visit www.gigahertz-optik.com.
Atlantium’s Hydro-Optic™ UV Protects
Against Invasive Mussels
The North Wind Group has selected Atlantium Technologies Ltd. to provide their Hydro-Optic™ (HOD) UV technology for non-chemical macro and micro biofouling control

at Hoover Dam. The presence of the quagga mussel in Lake
Mead is a primary concern because of the threat to water
delivery and power reliability. North Wind selected the
Hydro-Optic UV technology as the preferred treatment to
supplement operational and mechanical activities already in
place at Hoover Dam. The HOD UV technology will help
to minimize the risk of mussel fouling by preventing invasion and infestation. Delivery of 16 HOD UV systems took
place in October 2017, and the installation was handled by
North Wind. For more information, contact Dennis Bitter at
714.305.6111 or email dennisb@atlantium.com.

From left, Ron Hofmann, IUVA secretary, and Oliver Lawal,
IUVA president, present Natalie Hull, a student at CU Boulder, with a first-place award at the IUVA Americas Conference in late February.

IUVA Americas Conference:
Best Student Presentation Awards
The IUVA Americas Conference, held Feb. 26-28 in Redondo
Beach, California, featured a number of excellent student
presentations on a wide range of subjects. In an effort to
promote and reward student involvement in IUVA activities,
Best Student Presentation awards were given and included a
cash prize of $200 for first place and $100 for second place.
First place went to Natalie Hull (CU Boulder), who gave a
talk on the inactivation of viruses when exposed to sequential
UV LED and excimer lamps. Second place went to Gongde
Chen (UC Riverside), who discussed a novel method of denitrification using the photolysis of formate (not pictured). n
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Pearl UV-C LED Products
™

Solving Real-World Problems for
Water, Air, and Surface Disinfection
PearlBeam™ - Collimated Beam for Bench Scale Research
•
•
•

Selectable UV Wavelengths
Up to 3 Simultaneous UV Wavelengths
Custom Configurations Available

PearlAqua™ - World’s First UV-C LED Water Disinfection Product
•
•

Two Product Platforms Available Including OEM Version
Features UVinaire® - Replaceable/Upgradeable LED Lamp Module

PearlAqua Micro™ - World’s Smallest UV Disinfection System
•
•

Designed to be Integrated into Point of Use Systems and Processes
Multiple Configurations Available

PearlSurface™ and PearlAero™
•
•
•

Modular UV-C Devices for Surface and Air Disinfection
Featuring UVinaire - High Optical Output Configurations
Integrated UV Intensity Sensor

www.aquisense.com
info@aquisense.com
+1.859.869.4700

Together
we can be
sure it’s pure
Water purification isn’t purely about satisfying the
demand for clean water. Customers also have a thirst
for ways to reduce energy and maintenance costs
with solutions from a partner they trust. Like Philips.
Our state-of-the-art UV lamps, drivers and modules
are optimized for performance in a wide range of
applications. They also come with exceptional
development support, including microbiological
performance testing. And we’re pioneering the
development of UVC LED modules, so together we
can be sure it’s pure, today and tomorrow.

Find out more at
www.philips.com/uvpurification

