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You can’t change your bottom line by using the same LEDs that everyone else is using. Cree’s Extreme

High Power (XHP) LEDs deliver double the lumen output at high operating temperatures, while our MH

LEDs combine the system advantages of our best arrays with the manufacturing ease of a discrete. And
our CXA2 LED arrays are packed with lumens to offer system cost savings up to 60%.
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Re-Invented Lighting

Today, many business areas are influenced by our digital and internet-based world. Lighting seems
to be triggered and affected the most because it reflects social changes, new ways of living
and working, new views on architecture and design, the world of internetization, digitalization,
sensing, control and wireless communication, the latest technologies, new power transmission
opportunities, new business and has to reflect the needs of stakeholders, market players and
organizations. But do we really need to re-invent light? The simple answer is YES. The more
difficult question to answer is how to cope with all of these factors to transform a business
into a success model. It is a challenging, fascinating and exciting task. We have to think
completely OUTSIDE THE BOX and re-invent lighting - a great intention for 2016!

This year’s first LpR issue is dedicated to light quality, human centric lighting and environmental
issues in solid-state lighting. It will be distributed at the LED Tech Expo (Moscow, RU), the LED
Taiwan, TILS (Taipei, TW), and at the Light + Building (Frankfurt, DE) in March 2016, where the
LED professional team will be present at their own booth in hall 4 for the whole week.

Ed van den Kieboom covers the commentary with thoughts around the traditional Form Follows
Function design cliché and how design and controls have to be seen under a “new light”.

LED professional had the chance to interview DI Wolfgang Nemitz, the winner of the LED
professional Scientific Award, during his visit to the LpS 2015. He talked about his findings
the fact that the temperature of the LED surface is just a part of a set of thermal parameters
that are required to analyze an LED, and which parameters are more critical for the design
and for the prediction of the quality of an LED system.

Dr. Pranciskus Vitta from Vilnius University presents a human-centric lighting study to find the
best lighting conditions for outdoor lighting, by a qualitative validation of the Kruithof hypothesis.

Researchers from the University of Erlangen-Nuremberg, led by Dr. Rubén D. Costa, propose
White Hybrid LEDs as an alternative solution to eliminate the drawbacks of LEDs with inorganic
phosphors that are costly, not optimized for all bandwidths and show problems with recycling.

Brad Koerner from Philips Lighting presents their view of embedded lighting for modern
architectural projects. The integration of LEDs and OLEDs into objects is one of the really
important trends for the next years. What are the challenges and opportunities when
ceilings and objects light up rooms and environments?

Prof. Georges Zissis and his team at the Laplace University of Toulouse investigated the
fundamentals for flicker in lighting. They explained how to measure flicker and their results
according to valid standards. Finally, a study from Luminit LLC presents the role of special
optics in human centric lighting and for architectural applications.

With these articles in our first 2016 issue we want to start triggering the re-thinking process
of lighting systems. A lot of new ideas and concepts can be found in this LED professional
Review issue. Please let us know if you have any other ideas, concepts, technologies,
products or projects that will help us to transfer light into another dimension.

Yours Sincerely,

Siegfri ger

CEO, Luger Research e.U.
Publisher, LED professional
Event Director, LpS 2015

PS: Don’t forget to submit your paper or workshop idea for the LpS 2016 on or before
February 19™. Please submit your paper at: www.LpS2016.com/cfp
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ED VAN DEN KIEBOOM

Ed van den Kieboom

Mr. van den Kieboom has
over 25 years of hands-on
management experience

in founding, launching,
developing and managing
public and private technology
companies. He established
his own company in 1992. As
a consultant, he assisted
Philips Electronics,

Mitsubishi Electronics,

and 7 other companies in the
technology areas of optical
storage, microelectronics,
and information and
communication technology
to expand their businesses.

In 2005 he founded and
managed the Plastic
Electronics Foundation,

a worldwide technology
platform for printable organic
electronics, with stakeholders
from academia, research
institutes and industry.

In 2005 he also founded the
Smart Lighting and Smart
Sensing technology and
business platforms that he
manages today.
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DESIGN BEYOND TRADITIONAL
FORM FOLLOWS FUNCTION

Today design is omnipresent.

But what is design? “Design”

was first coined by the American
architect, Louis Sullivan, to mean
that the style of architecture should
reflect its purpose; applicable for
buildings and constructions and later
on attributable to products and objects.

For several decades the sayings
“form follows function” (FFF),
followed by “less is more”,

became the most used and misused
design clichés. World-renowned
architects such as Le Corbusier and
Mies van der Rohe took design to
unprecedented levels providing a
minimum of form and a maximum

of functionality.

In the design of FFF products,
these principles became common
practice. Later, the FFF paradigm
started to reverse. Designs and
brands became the expression of
specific lifestyles and the styling of
products appeared to dominate
its functions and user benefits.

Through the introduction of digital
technology followed by several
waves of electronic component
miniaturization and the integration of
these elements in single packages
(SOCQ), electronic designers
squeezed many functions into tiny
form factors. Moreover, the
integration of those functions in
“single design architecture” allowed
for an enormous surge in mass
production. Industrial design and
process automation walked hand-in-
hand with mass manufacturing.

These revolutions in design and
manufacturing have left the lighting
industry untouched for more than

a century. Electric lighting has
contributed to higher levels of
efficiency in working environments
and added comfort and convenience
to family dwellings.

Except for the development of
new light sources like CFL and
halogen, form and esthetics are
still the dominating principles
used for designing luminaires.

Lighting functions were restricted
to being switched on and off,

and later - dimmed. The bi-annual
Light+Building tradeshow held in
Frankfurt is an expression of the
dominance of form over function.

Hit by LEDification and DIGltalization
in less than a decade, the industry is
challenged to stay on top of
developments that are completely
changing the way we work, live and
play! The lighting industry must now
re-invent itselfl Major lighting
companies are moving away from
the component or lighting node
business and becoming providers
of more complex digital systems
and solutions that control and
manage light.

These tasks are largely determined
by the design quality of the software
like the user interface. If the Ul is well
designed, one should be able to use
the device intuitively. Traditionally;
software is not the domain of the
lighting industry, so collaboration and
alliances with non-traditional players
from the semiconductor industry
(MCU, Drivers, etc.) and from the
ICT (APl and PaaS) is a means
towards survival.

On the other hand, over the last
150 years, the lighting industry

has built an infrastructure that is
available in constructions.

Lighting provides the dominant
infrastructure to the Internet of
Things (loT), which enables new

IT solutions and services. As spatial
design becomes the common
battlefield of new entrants,

the lighting industry dominates
newcomers like telecoms and ISP’s.

Smart Lighting Design enables Ul
friendly designs, where the room or
space defines the conditions for the
quality level of conditions (light, air,
security, etc.) of the users.

This brings back functionality and
raises the question of how to avoid
dullness and keep our work,

play and living spaces attractive. M

Ev.d.K.
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2400 W Flip Chip CoB
LED Using Patented
3-Pad Pillar Structure

Flip Chip Opto releases a first-in-class 2400 W
high-power LED Flip Chip COB. This new
Flip Chip COB is part of their flagship Apollo
series based on the company’s patented
3-Pad Pillar Metal Core Printed Circuit Board
technology. This technology allows a
breakthrough in high powered flip chip LEDs,
reducing the junction temperatures to
0.003°C/W on Apollo 2400.

i
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APOLLO 2400

FCO’s Apollo 2400’s very low thermal
resistance is the basis for allowing its
maximum power of 2433.6 watts

The Apollo series represents Flip Chip Opto’s
high powered Flip Chip COB lineup.

The Apollo 2400 reaches a maximum power
of 2433.6 watts, achieving a thermal
resistance of 0.003°C/W and a luminous flux
of > 230,000 (lumens based on 80CRI and
5K CCT); it is ideal for extreme applications
such as stadium lighting, nautical
spotlighting, outdoor industrial needs,
underground operations and many more.
The Apollo 2400 is unique due to its thermal
properties; allowing designers to maximize
lumens-per-dollar by reducing the form factor
of the light fixture, fixture optics, and the
number of fixtures needed. M

New Osram Duris S5
Color LEDs for Color
Mixing Applications

For smart lighting solutions and all kinds of
colored lighting applications, customers now
can rely on the new Duris S 5 Color LEDs
from Osram Opto Semiconductors. There are
four color versions - Red, Amber, Green

and Deep Blue - offering high efficacy and
excellent temperature stability. The footprint
of 3.0 mm x 3.0 mm complies with

industrial standards.
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Osram’s new Duris S5 Color LEDs are PC
converted solutions and therefore have
similar electrical and optical behaviors to
the Duris S5 white pendants

Technical Data:
e Footprint (industry standard): 3.0 x 3.0 mm
e Forward voltage Vf at If=150 mA: typ. 6.2 V
e Colors:

o red: 620 nm

o amber: 610 nm

o green: 545 nm

o deep blue: 450 nm
* Brightness:

o red: 28 Im

o amber: 45 Im

o green: 170 Im

o deep blue: 420 mW
e Emission angle: 120°

All red, amber, green and deep blue Duris S 5
Color versions can be used in color mixing
systems, as well as in combination with white
LEDs. They are all based on the same chip
technology using phosphor conversion to
generate the saturated red, amber and green
colors. Therefore they all feature the same
electrical behavior and are compatible with
the Duris S 5 White, which greatly simplifies
driver design. In addition, the red and amber
Duris S 5 versions are best in their class for
lumen maintenance and temperature stability
between 25° and 85° Celsius, reducing

the complexity of color management in
different conditions.

The use of red and amber in combination
with white LEDs can compensate for
missing colors in the white spectrum,
thereby increasing the color rendering
index (CRI) with rich Ra values.

Further characteristics include an epoxy-
based package and a footprint of

3.0 mm x 3.0 mm that complies with
industrial standards.

The green color versions offer an extremely
high efficacy of 170 Im/W - a value which is
three times higher than that of comparable
standard green color LEDs. This reduces
assembly costs as customers need fewer

10

Duris S 5 Color LEDs to achieve the same
brightness level for their applications and
can be more flexible in their PCB design.
Brightness levels are high: 28 Im for red,
45 Im for amber, 170 Im for green and
420 mW for deep blue. M

Everlight’s 5630KK6D
Series with up to
205 Im/W Efficiency

With the rise of energy-saving efforts
worldwide and improvement of applications
using LEDs as next-generation light sources,
more emphasis is put on the performance of
LED lighting components more than ever
before. With Everlight’s advanced 5630KK5D
and 5630KK6D series (0.2 W), the luminous
efficiency can be improved to over 205 Im/W
(5000 K) to meet the demands for high
luminous performance of commercial
lighting lamps and fixtures.

Everlight claims industry’s highest optical
efficiency of 205 Im/W for their new 5000 K
mid-power 5630KK6D LEDs

Using plastic materials with high reflection/
lifetime and improved optical structures,
Everlight’'s 5630KK5D and 5630KKED series
are optimized to obtain the industry’s highest
optical efficiency of 205 Im/W (5000 K).
Without modifying the circuit and PCB
layout, the LED’s brightness is efficiently
increased. Therefore, the amount of
necessary LEDs or power used is reduced
to save more energy for the whole lighting
application. Both LEDs allow less than 11 W
power consumption when used to design a
2000Im finished product, which greatly
reduces power consumption in a broad
range of commercial lighting applications
like office lighting.

Everlight’'s 5630KK5D series (0.2 W) with
luminous efficiency 195 Im/W is mass
produced already; the 5630KKED series
(0.2 W) with luminous efficiency up to

205 Im/W was scheduled for mass
production in December 2015. Samples of
both products are available for reference. M
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Lumileds Introduces
LUXEON XR-M to
Accelerate Outdoor
Fixture Design

Designed specifically as a turnkey solution
for outdoor LED fixtures, today Lumileds
introduces the LUXEON XR-M line of Matrix
Platform solutions. These versatile building
blocks integrate 3, 4 or 5 LUXEON M LEDs
on a metal core PCB, providing a platform
that enables fixture manufacturers to
accelerate their design of streetlights, high
bay and low bay luminaires. For instance, the
4 LED square version, in combination with
industry standard optics and driver, yields a
complete IP66 solution.
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Using the industry-leading LUXEON M,
LUXEON XR-M can be combined with standard
lenses, lens plates and easily-mounted drivers
to provide the industry’s simplest LED solution
for streetlights, etc.

“LUXEON XR-M incorporates LUXEON M,
one of our most efficient and top selling, high
power LEDs. The boards can be connected
in parallel or series for driver design flexibility,
and the wide variety of lens options means
designers have multiple turnkey options to
release a full range of luminaires much faster
to market,” said Andrew Cohen, Product
Manager of the Matrix Platform at Lumileds.

The LUXEON XR-M achieves excellent
efficacy at the board level of 140 Im/W at
4000 K, 70 CRI, Tc=85°C and 700 mA drive
current. Using constant pitch between the
LEDs and PCBs, combining multiple
LUXEON XR-M modules achieves the most
uniform, distributed light patterns.

Each LUXEON XR-M module provides
3,300 to 5,500 lumens and is available in
color temperatures of 4000 K, 5000 K and
5700 K with a minimum CRI of 70. This new
product is part of the Lumileds Matrix
Platform of infinitely configurable LED
boards, linear flex and modules featuring
LUXEON LEDs. The Matrix Platform comes
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in both off-the-shelf and built-to-spec
options, offering a virtually limitless range
of solutions for any application. M

LEDIL Introduces
Angelette Family

for Uniform Indoor
Achitectural Lighting

LEDIL introduces six new Angelette family
members with the following symmetrical light
distributions: narrow spot, medium flood and
wide flood. All the Angelette’s share a
smooth, glare-free and uniform light pattern,
and are optimized for high quality office
spaces, hospitality and museum lighting
purposes.

Light distribution examples
for an Angelette reflector
for different LED types

LTI
AL 777
N

Light distribution example for one of LEDiL’s
Angelette reflectors for different LED types

Features:

e Part of LEDil’s System Reflector
philosophy; future-proof and versatile
solution sharing the same interface with
LEDil’s Angela and Aangelina reflector
families

e Works with TE, Molex an Ideal solderless

50 mm Zhaga book 3 compliant

connectors

Industry standard 110 mm diameter

Angelette-Plain versions come without

additional optical attachment interface for

cleaner appearance

Typical Applications:
e Office lighting

* Hospitality lighting
* Museum lighting

Angelette reflectors have standard 110 mm
diameter and are based on LEDiL’s existing
Angela-interface offering unsurpassed
compatibility and ease of installation with a
range of third party connectors. Il
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Cost-Effective Dimmable
LED Driver with Wide
Triac Compatibility

from Diodes

The AL1696 LED driver introduced by Diodes
Incorporated is designed to fit a wide range
of triac-dimmable lighting applications,
especially retrofit lamps. An integrated
MOSFET, which also eliminates the need for
an auxiliary winding, reduces BOM cost and
component count while the option of three
MOSFET voltage/current ratings provides
design flexibility for meeting manufacturing
requirements for residential lighting.

Diodes’ AL1696 LED driver offers MOSFET
options for3Aat300V,2Aat500Vand 2 A
at 600V

The AL1696 is based on buck or buck-boost
topology and implements constant current
conversion with a high power factor by
operating in boundary conduction mode.
This also reduces switching noise, easing
EMI/EMC testing and qualification.

The design only requires a single winding
inductor and achieves a tight current sense
tolerance of £3%. The device features a low
operating current of 120 pA, with a 150 pA
startup current, and is compatible with a
wide of leading-edge and trailing-edge
dimmers, providing compliance with the
NEMA SSL6 dimming curve.

MOSFET options for 3 A at 300V, 2 A at
500V and 2 A at 600 V enable the AL1696 to
be matched to end-market line-input voltage
requirements and allow it to be used in LED
lamps up to 12 W. The AL1696 is offered in a
small outline SO-7 package that is
configured with an extra pin space between
the high-voltage MOSFET drain and its
low-voltage pins to increase electrical
isolation. The device also features internal
protection for output short circuit, over-
temperature, under-voltage lockout, leading-
edge blanking and cycle-by-cycle over-
current protection.
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New 96 W Line Voltage Dimming
LED Driver from TRP

Thomas Research Products has introduced a new high performance
96W LED driver with line voltage dimming. The driver features
universal input and works with both leading edge and trailing

edge dimmers. Thomas Research Products manufactures SSL
power solutions.

TRP’s latest LED drivers from the LED96W-LT series are flicker-free
dimmable constant current drivers

The LED96W-LT series accepts universal 120-277V AC input.
The new constant current design provides flicker-free output.
It is compatible with both high-quality standard incandescent
(leading edge) and electronic low voltage (ELV, or trailing edge)
phase cut dimmers.

TRP’s new driver is Type HL Recognized by UL for use in hazardous
locations. The new IP66 rated Black Magic™ thermal advantage
plastic housing is intended for damp location use. It comes with

the company’s standard 5 year warranty.

All LED Drivers from TRP offer high quality, long life, high efficiency
and are cost-competitive. Information is available on the company’s
website now. Availability of LED96W-LT series driver begins in the
first quarter of 2016 M

Adjustable Current Regulators from
Diodes for LED Strips

The BCR420U and BCR421U constant-current regulators (CCR)
introduced by Diodes Incorporated provide a simple means of driving
low-power linear LED strips. Target applications are those that benefit
from the improved efficiency, flexibility and longer life offered by LEDs
as an emerging lighting source. These include LED strips for mood
lighting, emergency and advertising signage, and decorative lighting
for retail refrigeration and vending machines.

The BCR420U and BCR421U allow an optimized LED current to be
set giving a uniform brightness and extend the LED longevity.
Supporting adjustable currents from 10 mA to 350 mA allows for
platform designs based on a single device to be used across multiple
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LED string applications, considerably easing
a manufacturer’s overall qualification
process. These LED drivers also enhance
system reliability as the monolithic integration
of a transistor, diodes and resistors both
simplifies system design and reduces
component count.

Diodes’ new constant-current regulators can
be adjusted to currents from 10 mA to 350 mA
and offer an imput rating of 40 V

A negative temperature coefficient, which
reduces the output current as the
temperature increases, allows current
sharing between two or more of these CCR
devices. This enables them to be connected
in parallel to create a higher current output

Issue 53 | © 2

without risk of thermal runaway. The 40 V
maximum input rating provides sufficient
headroom for transient supply voltages and
allows for LED short failures on long strings.
With its low-side driver configuration, the
BCR421U has the added feature of an enable
function that can adjust the light output level
using a PWM input signal. Both devices are
supplied in SOT26 packages, providing
pin-compatibility with other sources. M

Gooee Announces the
World’s First Enterprise
loT Gateway for Lighting
and Sensing

Gooee, the smart lighting ecosystem
provider that connects OEMs to the Internet
of Things, has developed, out of Silicon
Valley, a multi-protocol enterprise 0T
gateway that connects lighting and sensing
devices to its cloud platform.

Developed to include features such as

a cloud-integrated OS, the gateway
supports multiple communication protocols
including Bluetooth, Zigbee and WiFi

(for commissioning) chips for wireless
communication, along with both an Ethernet
and Serial port. This enables the gateway

to provide maximum interoperability

options with other on-premise or cloud-
based services.

Schematic mesh structure of Gooee’s
multi-protocol enterprise loT gateway that
connects lighting and sensing devices to its
cloud platform

Recognising that no existing loT hub or
‘gateway’ has the capability to deliver the
connectivity necessary for its lighting
ecosystem to reach full potential, Gooee
designed and engineered the gateway to
offer increased reliability, connectivity and
interoperability. As Chief Technology Officer
Simon Coombes explains:

“In the early stages of our eco-system’s
development we planned to work with
existing gateway devices, but were unable to
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find anything that offered the adequate
support for our platform to run efficiently
and reliably.”

Also featured is an ARM based processor,
the ability for offline capability through a local
and secure RESTful APl and MQTT over
WebSockets, and a localised secure
app-container to allow third-party service
integrations. Furthermore, the gateway will
run Gooee’s Bluetooth Mesh, which has
been purpose-engineered for it’s lighting and
sensing end-points and is capable of
handling the bandwidth needed for the
volume of sensing data created through
Gooee’s recently announced Sensing ASIC.

To complement the new technology,

Gooee created and built a separate device to
extend the range and end-point count that
the gateway can support. Named the “Puck”,
it is a Power-over-Ethernet to Bluetooth
extender device that runs the Mesh protocol
and works with the gateway to extend the
device’s range and increase the number

of end-point ‘hubs’ that are managed by

the technology.

“Ensuring we can handle the wide range of
environments is critical, so having offline
capabilities with a local, security conscious
API, and a distributed multi-gateway
environment means we offer our customers
better performance levels found within costly
on-premise hardware,” said Simon.

“Many hub and gateway manufacturers claim
their devices support thousands of end-
points, in some cases tens of thousands.
That might be possible if you need a limited
amount of control and are just turning groups
of lights on and off. At Gooee, we are dealing
with individual end-point control and a vast
sensory network generating large quantities
of environmental and energy data - put
simply, our gateway is designed for this kind
of enterprise scale,” Simon concluded. M

Exclusive Deal Leads to
World’s Smallest Sensor
for LED Lighting & loT

Gooee, the original “Full-Stack”, smart
lighting ecosystem provider, has created the
world’s smallest sensor for LED lighting and
the Internet of Things (loT) that now includes
the latest Atrtificial Eye technology following
an exclusive agreement with DELTA
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Microelectronics, a European leader in
fabless ASIC design, sensor systems,
lighting and optics.

Gooee’s advanced ASIC will be able to
detect different parameters - all packaged
in a 5x5 mm chip

The agreement, announced at the Hong
Kong Lighting Fair, in effect creates a new
“standard” in sensing, data and control
for the LED lighting industry, and sees
Gooee becoming the sole provider of this
new, innovative Opto-ASIC technology to
luminaire manufacturers. It also follows
Gooee’s announcement of the exclusive
partnership with EVRYTHNG's loT cloud
platform, enabling Gooee to operate tens
of millions of intelligent light endpoints in
a global network.

Boasting multiple environmental,

human and LED performance sensing
capabilities, the advanced ASIC will be
able to detect motion, direction, ambient
light, LED colour temperature (CCT)
variance, LED lux variance and ASIC
operating temperature - all packaged

in a 5x5 mm chip.

A step closer to connecting LED lighting
manufacturers to the loT with its unique
“Full-Stack” operating platform, Gooee
has partnered with DELTA to focus on
co-engineering and further developing
more advanced sensing capabilities:

“At present we are only scratching the
surface in terms of what this chip can
do,” said Gooee CTO Simon Coombes.
“We are working on some really incredible
functionality that will give Gooee and its
customers a significant competitive
advantage in sensing for the IoT.”

Gert Jorgensen, DELTA’s VP of Sales &
Marketing is delighted to be partnering
with Gooee on such an exciting venture:
“We have invested significant time and

money in R&D into our Artificial Eye
technology, and have found a perfect
application in the lighting and loT world,”
he added.

Founded in March, 2014 by successful
entrepreneur Andrew Johnson, Gooee
has been in development for two years.
DELTA has a track record of more than
70 years, and can boast a 35-year history
in module manufacturing with companies
like Nordic Semiconductor and IBM.
“DELTA has a successful history of
developing technology-driven products,
and specialises in the core competencies
that we need to make our ASIC work, so
we are really excited about this project,”
Coombes continued. “We are the only
global company with exclusive access to
this technology in the lighting sector.”

Gooee is also co-developing a new
Bluetooth meshing protocol with a major
Wireless IC provider. This technology,
along with the other on-premise
components of Gooee’s ecosystem,

will allow light fixtures to communicate
two-way, enabling control, sensing,
human engagement and asset tracking -
all fully integrated into its enterprise
cloud platform. M

MEGAMAN Unveiled
New INGENIUM
Product Line Products

MEGAMAN®, an innovative developer
and manufacturer of LED lighting,
debuted an upgraded version of
INGENIUM® BLU and a brand new
member of the INGENIUM® Smart
Lighting family - INGENIUM® ZB -

at the Hong Kong Lighting Fair 2015
(Autumn Edition).

@ UaT

ingenium®

Megaman joins the ZigBee LightLink
community with its INGENIUM ® ZB line
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INGENIUM® BLU:

Making its debut at the Lighting Fair,
MEGAMAN®’s upgraded version of
INGENIUM® BLU is packed with new
features and enhancements. Giving
users simultaneous control of up to

8 times more lamps or devices (64)
than with its first generation products,
the upgraded INGENIUM® BLU system
also boasts improved dimming
performance with a range of 100%-5%.

The upgraded INGENIUM® BLU
Generation 2 system uses a mesh
network topology - a key network
architecture that extends the coverage
area several times wider than before and
allows for the control of substantially
more lamps - all while using less of your
smart device’s battery power.

By using smart devices and the new and
improved INGENIUM® BLU app, users
can control INGENIUM® BLU lamps
directly, and without any need for
additional wiring. Alternatively, if your
users don’t have an INGENIUM® BLU
lamp, they can install the brand new
INGENIUM® BLU dimming module giving
them smart control of all MEGAMAN®
LED products. Providing easy integration
and outstanding value, the INGENIUM®
BLU range has also been extended to
include the SIENA LED Downlight, as well
as the much-loved LED Classic and
PAR16 GU10 providing a variety of
options for all applications.

INGENIUM® ZB:

Also launched at this year’s fair
INGENIUM® ZB - a brand new range
based on a common standard that acts
as a bridge between general lighting and
full smart home solutions.

Using the ZigBee® protocol, INGENIUM®
ZB allows users to gain wireless control
over all of their INGENIUM® ZB lighting
products. Compatible with many other
ZigBee® smart home solutions,
INGENIUM® ZB works with its very own
gateway, or popular third-party ZigBee®
compatible super-gateways to add quality
lighting to modern smart home solutions.

Another big advantage of INGENIUM®
ZB is that it is scalable, providing a wider
wireless coverage utilizing mesh network
technology to allow control of over 200
lamps simultaneously. Similar to
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INGENIUM® BLU, INGENIUM® ZB lamps
are controlled through users’ smart
devices via corresponding apps. In
addition, you can add the INGENIUM®
ZB dimming module into your network to
control all standard MEGAMAN® LED
products. Ideal for the professional and
high-end consumer market, INGENIUM®
ZB is available in LED Classic lamps and
INGENIUM® ZB luminaires. M

Aurora Introduced
Their First Smart
Product - AOne™
Control Module

First presented 2013 Hong Kong
International Lighting Fair and updated at
Light+Building in Frankfurt, Aurora’s first
smart product, the AOne Control Solution,
is now available after being launched at
the Hong Kong Lighting Fair 2015.

The AOne control app communicates
with the LED luminaires via the AOne hub.
Partnering with Zigbee, the hub transmits
the signal from the app into a message
enabling the lamps to react to the
instructions given.

Arora Lighting’s AOne is a ZigBee
LightLink based controls system

ZigBee is the only open, global wireless
standard to provide the foundation for the
Internet of Things by enabling simple and
smart objects to work together, improving
comfort and efficiency in everyday life.

The ZigBee Alliance is an open, non-
profit association of approximately 450
members driving development of
innovative, reliable and easy-to-use
ZigBee standards. The Alliance promotes
worldwide adoption of ZigBee as the
leading wirelessly networked, sensing
and control standard for use in consumer,
commercial and industrial areas. M
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STMicroelectronics’
New VIPerOP IC to Slay
Vampire Power

The reign of dreaded “vampire power” could
be about to end thanks to the latest power-
supply chip from STMicroelectronics,

a global semiconductor leader. The new

IC meets the international specification

for zero standby power, and is the first in
the world to provide a smart way of
managing the wake-up function in
appliances such as white goods, in lighting
and in industrial equipment.
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The VIPerOP offers a unique zero-power mode
reducing standby losses to below 5 mW

Key Features:

* Smart stand-by architecture using the Zero
Power Mode (ZPM)

* ZPM management by MCU easily realizable

800 V avalanche-rugged power MOSFET

allowing ultra wide VAC input range to be

covered

Embedded HV startup and sense-FET

Current mode PWM controller

Drain current limit protection (OCP)

Self-supply option allows to remove the

auxiliary winding or bias components

Jittered switching frequency reduces the

EMI filter cost

o 60 kHz +7% (type L)

o 120 kHz 7% (type H)

Embedded E/A with 1.2 V reference

and separate ground for easy negative

voltage setting

Protections with automatic restart:

overload/short circuit (OLP), max.

duty cycle counter, VCC clamp

Pulse-skip protection to prevent

flux-runaway

Embedded thermal shutdown

Built in soft start for improved

system reliability

Key Data:
* Wide supply voltage range: 4.5V to 30 V
* Minimized system input power
consumption:
o Less than 4 mW @ 230 VAC in ZPM
o Less than 10 mW @ 230 VAC in
no-load condition
o Less than 400 mW @ 230 VAC
with 2560 mW load

The long-running battle to minimize power
sucked in by equipment in standby mode
(vampire power) has driven worldwide
adoption of proposals such as the IEA1
initiatives to reduce standby power used
by appliances to less than 1 W in 2010 and
0.5 W in 2018. Today, the most advanced
power-supply technologies are capable of
driving down standby power consumption
below 5 mW, which is rounded to zero
according to the IEC standard for
household and office appliances.

Although regulations are driving down

standby power per appliance, the number
of appliances in use globally is increasing.
ST’s new VIPerOP IC helps reduce wasted

Simple Topology

and Limitless Possibilities

Amphenol LTW’s “Intelligent Pre-Cabling System” (IPCS) is
the sensible choice and solution for your LED lighting
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outdoor applications. Available utilizing a wide
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products, IPCS provides architects and

designers with peace of mind allowing

them the freedom to create and

innovate lighting wonders.

Easy Maintenance
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Fool-proof Plug & Play
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Low Cost of Ownership

No Prior Training Required

Effective Schedule Control Tool

Simplistic and Minimalistic Design
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power and CO, emissions by enabling
effective zero-power standby in
appliances such as clothes dryers,
washing machines, dishwashers,
coffee makers, and microwaves.

The chip can also be used in lighting
controls, industrial appliances, and air
conditioners. By introducing a unique,
patented smart-management capability
not offered by any other converter in the
market, VIPerOP allows the appliance
to be woken from standby via a
touchscreen or remote control

thereby enhancing convenience

for users.

“Designers at the world’s leading
appliance brands rely on our VIPer®
avalanche-rugged integrated power

ICs to meet the toughest eco-design
specifications,” said Matteo Lo Presti,
Group Vice President, Industrial & Power
Conversion Division, STMicroelectronics.
“VIPerOP now adds advanced zero-
power technology to the superior ease
of design, energy efficiency, and
ruggedness that characterize the

VIPer family.”

Further Technical Information:

Thanks to its unique smart architecture,
VIPerQOP is able to provide standby power
for the system host microcontroller while
in idle mode. This allows the system to
be woken via the main-appliance user
interface, such as the touchscreen or a
remote controller. There is no need for

a dedicated high-voltage mechanical
switch to take the appliance out of
standby. VIPerOP consumes less than

5 mW in idle mode (at 230Vac supply).
This best-in-class performance is
rounded to zero power according to
Clause 4.5 of the IEC 62301 standard
for household and office appliances.

If a switch is used to control standby,
idle power can be further reduced

to 4 mW. Switching can be done at
Safety Extra-Low Voltage (SELV),
hence eliminating bulky high-voltage
components.

VIPerOP is an off-line power-converter
IC that can be configured as a flyback,
buck, or buck-boost switched-mode
power supply (SMPS). As the latest
member of ST’s high-voltage VIPerPlus
series, it integrates an avalanche-rugged
Power MOSFET with class-leading
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breakdown voltage of 800 V thereby
giving designers greater safety margin to
ensure superior reliability. VIPerOP also
has comprehensive protection features
including short-circuit protection, Vcc
clamping, thermal shutdown, and
soft-start. The oscillator controlling the
switching frequency is jittered to minimize
electromagnetic interference.

Additional features include integrated
high-voltage startup circuitry, error
amplifier with 1.2 V reference and
separate ground for direct feedback
connection, and a sense-FET for
energy-efficient current sensing.
These simplify design and minimize
external components thereby saving
bill-of-materials costs and board space.
In addition, VIPerOP’s self-supply
design simplifies transformer selection
by eliminating any need for an
auxiliary winding. Il

Mechalronix Expands
LED High Bay Cooler
Program

Many tier A LED brands like Cree,

Citizen and Tridonic have recently
boosted their offerings in COB LED
packages with new models performing
lumen outputs from 10,000 all the way
up to 20,000 lumens. As ECO partner of
most A LED brands MechaTronix took up
the glove to develop a range of high
power passive LED coolers.

)

The MechaTronix ModuLED Giga is a highly
efficient passive high bay LED cooler

Five months ago MechaTronix announced
their first off-the-shelf high bay LED cooler
for designs up to 10,000 lumens with the
ModulLED Mega LED heat sink design.
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Now a second platform of standard LED coolers launches for
high bay and industrial LED designs up to 15,000 lumens.

The ModulLED Giga is a passive high bay LED cooler in a
diameter of 152 mm and height 150 mm with an optimal thermal
performance of 0.46°C/W. In these compact dimensions 100 W of
dissipated power, equivalent to 150 W electrical power, would lead
to a temperature rise of 40°C over the ambient temperature.

The modular design of the ModuLED Giga allows direct mounting
of a wide variety of LED modules directly on the LED cooler
without the need of extra drilling and tapping. Most suitable LED
engines for high bay designs over 10,000 lumen like the Cree
CXA3070 or CXA3590, Citizen Citiled CLU56 third generation,
Edison Edipower Il HM high power or Tridonic Talexx Stark FLE
can be fixed immediately to the ModuLED Giga. Besides
modularity when using LED modules as well as driver and optics
flexibility the ModuLED Giga is one-of-a-kind. Creating a flush-
look with the Mean Well HBG-160 high bay led driver on the top,
or adding an external driver box for your other driver of choice,

it is all standard.

Optics wise MechaTronix has developed standard optic adaptors
which allow immediate implementation of a variety of lenses and
reflectors. On the same optic adaptor a wide score of lenses as
well as reflectors in aluminium and polycarbonate can be
mounted. Design wise MechaTronix has followed the most
common industrial standards on available optics for high bays.
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Since thermal validation in this extreme high power range is
primordial, MechaTronix performs extended lab tests with a
combination of each high power COB package and the LED
cooler and publishes these results per brand in a thermal
compatibility matrix. Small variations like the size of the board,
pressure of the fixation from the board to the LED cooler,
internal junction to case thermal resistance and the use of
perfect thermal interface material have such a big thermal
impact in these extreme power designs, that MechaTronix
advises asking for a consultation in case of new designs. M

Amendment and Rectification
for LpR52

LED professional apologizes for incorrectly citing the authors of

»

Infineon’s article “Software Design in LED Lighting Applications”.

The introduction should read as follows:

Creating light with LEDs is a fairly complicated task. A lot of
small problems need to be solved before AC or DC voltage is
converted to the desired visible light. This conversion is done
by electronic control gears (ECG), often called LED ballasts or
LED drivers (although this naming is sometimes considered to
be a bit incomplete). Attila Tomasovics, application engineer,
and Ivan Dobes, Product Marketing Manager XMC Industrial
Microcontrollers at Infineon Technologies, discuss a new
emerging trend whereby, instead of dedicated ASICs or
general-purpose microcontrollers, hybrid digital controllers
control these LED drivers.
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Research Publications
in the Journal of Solid
State Lighting

On December 241" and 29", 2015, three
new articles have been published in the
SpringerOpen Journal of Solid State Lighting.
The three articles are titled “Optical Role of
Die Attach Adhesive for White LED Emitters:
Light Output Enhancement without Chip-
Level Reflectors”, “The Importance of
Intrinsically Photosensitive Retinal Ganglion
Cells and Implications for Lighting Design”,
and “Towards Perceptual Accuracy

in 3D Visualizations of llluminated

Indoor Environments”.

Optical Role of Die Attach Adhesive for
White LED Emitters: Light Output
Enhancement without Chip-Level Reflectors
A thin optical reflector is often introduced to
the backside of the standard mesa type light
emitting diode (LED) chip with the aim to
enhance its light output. However, most of
the reported light output enhancements
because of backside reflector (BR)

introduction might not be relevant. This is
because the reported measurement is
often from a naked LED chip instead of a
packaged LED emitter, and those based
on the packaged emitters employing
conventional silver based die attach
adhesive (DAA). The actual role of BR,
which is expected to be greatly influenced
by the packaging materials and processes,
is investigated for the monotonic blue color

a b

3.8 mm

Silicone Encapsulant

Gold Wire Blue LED Chip

Clear Die Attach
1 Adhesive (CDAA)
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and white LED emitters using Monte-Carlo
simulations. Contrary to prior reports,

it is demonstrated for the first time that the
role of BR can be diminished when the
optically transparent DAA is used and other
key packaging materials and processes

are optimized, i.e., the light output for a
packaged emitter with a BR-free chip can
be as high as that of the packaged emitter
using the same chip but with an added BR.

Leadframe based

LED emitter:

(a) Schematic cross section
of a packaged LED emitter
by using optically clear die
attach adhesive (CDAA),
(b) optical model used in
Monte-Carlo simulations
and (c) microscopic

c 0 mw P enlargement of the blue LED
7230 am chip attached on the
%m leadframe substrate by
nGaN 254 3um using CDAA. Layers are not
4 il et plotted in their relative
w = T thickness in order to
"] 7/ ~ present illustration. The size
| Package Substrate | of the chip is 24x24 mil

Fillet Coverage -%

(0.61x0.61 mm) and the
thickness is about 100 ym
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About Authors & Authors’ contributions:

Gunwoo Kim (GK), Yu-Chou Shih (YCS),

Jiun-Pyng You (JPY), and Frank G. Shi (FGS)

GK proposed the topic, established
simulation models and carried out
simulations.

YCS carried out experimental study and
analyzed the results.

JPY analyzed the simulation and
experimental results and helped in their
interpretation.

FGS collaborated with the corresponding
author in the construction of manuscript.
All authors read and approved the final
manuscript.

The Importance of Intrinsically
Photosensitive Retinal Ganglion Cells and
Implications for Lighting Design

The article is a summary of research results
and gives a good overview on a topic with
many still unanswered questions which is
currently often discussed very controversially.
The authors reviewed the role of melanopsin-
containing intrinsically photosensitive retinal
ganglion cells (ipRGCs) in light-dependent

functions, including circadian rhythm that is
important for health and visual perception.
They finally discussed the implications for
lighting design.
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About Authors & Authors’ contributions:

Dingcai Cao (DC), & Pablo A. Barrionuevo (PAB)

DC conducted literature search, graphic
preparation and data analysis and wrote
the manuscript.

PAB assisted in literature search, graphic
preparation, data analysis and
manuscript preparation.

Both authors approved the final manuscript.
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Towards Perceptual Accuracy in

3D Visualizations of llluminated

Indoor Environments

Through a series of experiments,

the authors have measured the extent

to which 3D visualizations of a variety

of lighting conditions in an indoor
environment can accurately convey
primary perceptual attributes.

The goal was to build and rigorously

test perceptually accurate visual
simulation tooling, which can be valuable
in the design, development, and control of
complex digital solid-state lighting systems.
The experiments included assessments
of lighting-related perceptual attributes
in a real-world environment and a variety
of virtual presentations. Iteratively
improving choices in modeling,

light simulation, tonemapping,

and display led to a robust and honest
visualization pipeline that provides a
perceptual match of the real world for
most perceptual attributes and that

is nearly equivalent in perceptual
performance to photography.
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One persistently difficult attribute is scene
brightness, as observers consistently
overestimate the brightness of dimmed
scenes in virtual presentations. In this paper
the authors explain the experimental 3D
visualization pipeline variables that were
addressed, the perceptual attributes that
were measured, and the statistical methods
that were applied to evaluate the success.

About Authors & Authors’ contributions:

Michael J. Murdoch (MM), Mariska G. M.

Stokkermans (MS), and Marc Lambooij (ML)

MM led the project that included this
research; [co-] designed all experimental

variations, and drafted much of this paper.  Additional information about the articles

MS co-designed and executed several and authors is available at the Journal of
experiments, performed the statistical Solid State Lighting SpringerOpen website.
analyses, and drafted the results section.  The article can also be directly downloaded

ML co-designed and executed one from the LED professional website. [l

experiment and assisted with analyses
and paper draft. All authors edited and
approved the final manuscript.
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Low-intensity image:
Is this an underexposed
image of a normally-
lit room or a properly
exposed image of a
dim room?

Color Effects Webinar

Modeling Color Effects in Modern Optical
Analysis Software - by Lambda Research

Lambda Research Corporation will present a comprehensive webinar on smart designs
to model color effects in LED lighting systems using modern optical analysis software.

Register to view the webinar and to
download the presentation!

www.led-professional.com/lambda-color-effects

N\ LAMBDA

\/ RESEARCH CORPORATION

“Infineon
LED:Lighting Webinar

CoolMOS™ CE and LED Driver ICs - The Ideal
Combination from LED Tubes to LED Drivers

Learn more about CoolMOS™ CE, the proven benefits of superjunction technology,
and the powerful combination of CoolMOS™ CE and the suitable LED Driver ICs.

Watch our webinar!

www.led-professional.com//Infineon-Webinar-0915

Infineon
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From Light to Lighting

LEDIL, with design expertise in Finland and
production facilities in Europe and China, is the
leading optics supplier to the world’'s premier

lighting manufacturers. Providing a wide range of
optical solutions that combine innovative designs
with excellent performance makes LEDIL the first
choice for demanding applications. Close connections
with the top LED manufacturers allow LEDIL to
release products alongside the newest LEDs; and
their customers to enjoy rapid development and
deployment of new fixtures with the latest technology.
A selection of over 3000 standard and 1500 custom
products combined with a “can do, will do” attitude
ensure you find the product you need for your
application. With a global network of distributors

and free of charge technical support to all customers
LEDIL guarantees you the most competitive solutions
available today. For more information, please

visit www.ledil.com

World leading optics

Shaping light the way you have always dreamed of

Visit us at Light+Building
Frankfurt am Main
13.3.-18.3.2016

Our location:
Hall 4.0, Booth E20
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Tech-Talks BREGENZ -
Wolfgang Nemitz, Scientist
Joanneum Research

Wolfgang Nemitz

Wolfgang Nemitz studied Electrical

Engineering and Audio Engineering
at the Graz University of Technology
and the University of Music and
Peforming Arts in Graz, Austria.

His thesis on the acoustic behavior ———
of measurement tubes concluded
his studies at the Institute of
Electronic Music and Acoustics
in 2010. Later he joined the
Institute for Surface Technologies
and Photonics at the Joanneum
Research Forschungsgesellschaft
'in Weiz, Austria where he now
works on optical simulations in
the fields of solid-state lighting

and white light engineering.
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Wolfgang Nemitz, scientist at the Joanneum Research Forschungsgesellschaft, won the

LED professional Scientific Paper Award at the LpS 2015 in Bregenz with his paper entitled “Iterative
Optical and Thermal Simulation Method for Proper Simulation of PC LEDs” (published in the LpS 2016
Proceedings / p. 122 and LpR 52 / p. 48). Siegfried Luger and Arno Grabher-Meyer took this opportunity
to discuss his research, the practical value of the findings and general solid-state lighting issues with him.

LED professional: Congratulations Mr.
Nemitz, on the LED professional Scientific
Award handed to you here at the LpS 2015.
In your excellent paper you talk about
simulating phosphors to generate white light.
Can you tell us how you got started?

Wolfgang Nemitz: My work mainly
concerned the incorporation of temperature
dependent optical parameters into an
existing simulation model. The important
thing for the optical simulation of color
converters that are made from phosphor
particles embedded in silicone is to have
valid scatter models for the blue light as well
as the yellow light. Based on this, we can
simulate in which part of the converter the
blue light is absorbed and where the yellow
light is reemitted.

LED professional: How is the basic
architecture of the simulation model
constructed?

Wolfgang Nemitz: We can consider the color
conversion layer to be a block or volume.
This volume has the characteristic of a
material like silicone with embedded
phosphor particles. There are scattering
models for the phosphor particles based on
parameters like a minimum, maximum and
average size and a standard deviation for
each size. In addition, the concentration,
the refraction index and the quantum
efficiency of the phosphor are defined.

LED professional: Are these parameters
adequately known for the phosphors that
are used?

Wolfgang Nemitz: You have to determine the
optical parameters - mostly experimentally -
but afterwards you can adapt the model.

For instance, in experiments with fabricated
color conversion layers we determined the
refractive indexes with ellipsometry.
Furthermore, we determined the temperature
dependent luminescence intensity of the
phosphor in the laboratory. We were also
able to measure the thermal conductivity

Wolfgang Nemitz proudly
recieves the LpS 2015
Scientific Award

of very thin phosphor layers and apply the
results to the entire simulation model. In the
model we assume certain statistic scattering
within the conversion layer.

LED professional: The wavelength in

which the phosphor particle reacts should
be relatively precise. The primary emission
of the blue LED scatters relatively wide.
Does that mean that the entire system of
LED and phosphor always has to be known
for the system simulation?

Wolfgang Nemitz: That is absolutely right.
We use an LED chip for blue light as the
basis for the simulations of the white light.
We checked the measurements and
simulations for a specific LED and examined
that type of LED very carefully. If we take a
different LED as a basis or maybe a different
color converter, then the examinations have
to be done again.

LED professional: How precisely do the
measurement results correspond to the
simulation results on the basis of your model?

Wolfgang Nemitz: The better you know
the basic data (the optical parameters,

the characteristics of the LED chips,

the shape of the color converter, the shape
of the optics and the thermal properties),
the more precise the results will be.

LED professional: Can you stay within
two MacAdams ellipses if you take all
requirements, like a 45°-80° angle
into account?

Wolfgang Nemitz: All the silicones used have
temperature dependent characteristics,
whereby the color conversion layers can be
arranged neatly. An optimal arrangement
can be found for the phosphor material as
well as additional silicone layers in order to
keep the color coordinates within two
MacAdams ellipses.

LED professional: What key findings have
your studies shown over the years?

Wolfgang Nemitz: We actually just
recently made a crucial discovery.
The color conversion layer doesn’t have

(o)
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To verify the
simulation, practical
measurements were
made: The Steady-
state temperature
distribution at a
forward current of
350 mA was measured
by emission-corrected
high-resolution
IR-thermography with
a microscope lens

S0307-25C-350mA 3, 1278V, eps-CK

the same temperature throughout.
The temperature in the lower areas
(close to the chip surface) is lower,
whereas the temperature of the
upper surface is much higher.

That was well known up until now.
What we discovered is that there is
a connection between the different
temperatures and the various
aspects or parameters of white
light emission from an LED.

When, for example, the maximum
temperature is examined in order
to determine the risk for materials
degradation, one has to consider
the temperature at the upper
surface of the color conversion
layer. This surface temperature can
be determined with simulations or
infrared thermography. In order to
make prognoses on the color
coordinates, one has to know the
temperatures of those regions of the
color conversion layer that are near
the LED chip. We showed that these
are the areas of the color converter
for which the phosphor particles
mainly contribute to the emission.
When running an LED on 1 A we
measured a surface temperature of
about 300°C and a temperature of
only 140°C close to the LED chip.
The conversion layer was about
250 pum thick in this set-up.

LED professional: Why is the
outside layer so much hotter than
the inner zone?

Wolfgang Nemitz: The heat
generated by the blue LED can
be dissipated easily to the PCB

(and a cooling plate beneath).
Unfortunately, the Stoke’s shift
losses which occur upon color
conversion produces heat in the
color conversion layer. When the
quantum efficiency of phosphor
is less than 1, additional heat is
produced and this heat can’t be
dissipated because of the poor
thermal conductivity of silicone.
Of course there are approaches
trying to improve heat dissipation
from the color conversion layer.
In this regard phosphor ceramics
or crystal phosphors play an
important role because they
have fundamentally better
thermal characteristics.

LED professional: At the LpS we
heard that in the future LEDs will
be built into materials, ceilings and
other things. Could simulations
for embedded lighting also be
carried out?

Wolfgang Nemitz: We have already
worked together with partners to
integrate light into ceilings using
appropriate materials in the model.
In any case, it is crucial to
understand the thermal and optical
characteristics of the materials.

LED professional: When evaluating
the papers for the LED professional
Scientific Award, the advisory board
paid special attention to the practical
relevance of the papers. Why do you
think your paper received such high
marks for this point?
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Wolfgang Nemitz: The practical
relevance is that we can now
differentiate between the various
temperatures that have to be taken
into account for the observation

of various effects of Phosphor
Coated (PC) LEDs like surface
temperature in case you want to
make estimates of the risk of
material degradation. There is

now a simulation model available
that runs optical and thermal
simulations iteratively. For example,
if we start with the optical
simulation at room temperature
this will be based on certain
scatter characteristics of the color
converter and this results in a
distribution of blue light absorption.
In turn, this is the basis for the
thermal simulation because blue
light absorption determines where,
taking into account the quantum
efficiency and the Stoke’s shift
losses, the heat is produced inside
the color converter. And the
temperature distribution from

the thermal simulation is used

for a new optical simulation
because the blue light absorption
distribution changes with different
temperatures and therefore,

in turn, has to be calculated again
on the base of the temperature
distribution. The result can be
repeatedly entered in a

new thermal simulation.

LED professional: Is this research
result unprecedented?

Wolfgang Nemitz: As a rule, in the
LED community one mainly talks
about thermographic measurements
of maximum temperatures or
outside temperatures. Lower
temperatures near the LED

chip are not taken into account

or are not known because they
can’t be determined by infrared
thermography. In addition to

being able to determine the risk of
material degradation, now the color
coordinates can be predicted.
These are unprecedented results.

LED professional: Can you tell
us about the research team at
Joanneum Research?
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Wolfgang Nemitz: Our team is

made up of ten to twelve researchers.

In the area of thermal simulations
we work together with Professor
Johann Nocolics’ group from the
Institute for Sensor and Actuator
Systems at the Vienna University
of Technology.

LED professional: What do your
future research plans look like?

Wolfgang Nemitz: There is
still a lot to examine. For high
temperatures we still need
additional methods for
characterization. In this high
temperature regime the
measurements are a bit more
difficult because we have to
eliminate several effects.

LED professional: This is your fourth
year at the LpS in Bregenz. What is
your opinion of the fifth anniversary
conference and expo?

Wolfgang Nemitz: The LpS

event is continually improving.

The program is very appealing

and compact. | find it very positive
that new aspects of lighting are
taken up every year. This year |
found the design exhibition very
interesting. Here you can see how
the focus has changed over the years.
New aspects are coming to the
forefront and are presented very
nicely. All'in all, a great development
for the LpS event in Bregenz.

LED professional: What do you say
about the exhibition?
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Wolfgang Nemitz: What | noticed
is that the exhibition has grown
continuously and there are more
people here every year. Since our
research is very application related
and we work with many industry
partners, the LpS is a very good
platform for us to make contacts
and also to intensify the contacts
we have. The award that we won
this year also has a very good
publicity effect. Our clients that are
here see that we work very well on
a scientific basis. And that makes
us very happy.

LED professional: Thank you very
much for the interview. It was very

interesting. Again, congratulations!

Wolfgang Nemitz: Thank you. ll
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Human-Focused Outdoor
[llumination: Trade-Off
Between Pleasing Color
and Circadian Action

A smart RGBA solid-state light engine with tunable correlated color temperature (CCT) and high-fidelity
color rendition was applied for the validation of the Kruithof hypothesis in several outdoor environments.
Subjects were asked to find the most “pleasing” illumination conditions by performing a

CCT adjustment. Maintaining constant illuminance, the mean selected CCT was found to increase
from about 3000+200 K at 5 Ix to about 3500+250 K at 50 Ix almost independently of the content
of the viewed scene. Dr. PrancisSkus Vitta, Head of Lighting and Electronics System Lab at the
Vilnius University shows that this increase is statistically significant and provides qualitative
validation of the Kruithof hypothesis in outdoor environments, but with the intervals of CCT for
“pleasing” illumination, it is substantially broader and shifted to higher values.

The correlated color
temperature (CCT) of a light
source is defined as the
temperature of an ideal black-
body radiator that radiates light
of the same hue as the light
source under test. The light
within the range of 2,500 to
10,000 K is usually treated as
“white” with warm yellowish
and cool bluish hues at the low
and high ends of the CCT
range, respectively. Until the
era of solid-state lighting, the
available colour temperatures
were limited to a finite number
of choices due to the
technological limitations of
incandescent, fluorescent and
discharge lamp technology.

In 1941 A. A. Kruithof,

the researcher of Philips Labs,
raised the hypothesis that
humans prefer light of different
CCT under certain conditions
of illuminance [1]. Despite the
incomplete experimental data,

Figure 1:

Kruithof hypothesis -
the area between

two curves is

claimed to delineate
the conditions for
“pleasing” illumination

Issue 53 | © 2016 Luger Research e U,

the key point of the Kruithof
hypothesis is the existence of
the regions of illuminance
levels and colour temperatures
that are perceived by an
observer as “pleasing” (Figure 1).
According to this work the
“pleasing” lighting conditions

are achieved within the narrow
area between the red and blue
curves in figure 1, while the
upper and lower areas are
perceived as unpleasantly
yellowish and bluish,
respectively.
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Plenty of studies were performed in
order to confirm or deny the Kruithof
predictions. Most of the studies
were focused on indoor office or
household illumination conditions
with illuminances ranging from

100 to 1000 Ix. Some researchers
performed studies with a large
number of subjects and claimed to
confirm the hypothesis qualitatively
by finding the trend of increased
CCT with increasing illuminance.
Moreover, the subjective ranking of
fluorescent lamps has shown that
the most “pleasing” CCT for office
environments is around 4000 K,
which agrees with the Kruithof.

On the other hand, the other
independent research groups have
revealed the preference to higher
illuminance irrespectively of CCT [2].
Such findings imply that the range of
“pleasing” CCTs might exist for a
constant illuminance, but for a
constant CCT, the higher the
illuminance the more “pleasing”
conditions. Also, no effect of CCT
on task performing and cognitive
activity was found at the office
illuminances of 300-600 Ix,

but the influence of the CCT

on mood was observed.

For outdoor environments,
practically no scientific evidence
exists to support the Kruithof
predictions because of the very
narrow intervals of “pleasing” CCTs
proposed for low illuminances.

For the illuminance recommended
by the European standard on road
lighting (2-50 Ix), the Kruithof implies
the most “pleasing” CCTs to be
below 2500 K. Occasionally, the
high-pressure sodium (HPS) lamp
technology, which was introduced
several decades after the Kruithof
work, became the most popular
outdoor light source. HPS lamps
deserved this success due to
significantly high luminous efficacy
(80-140 Im/W), relatively small size,
long lifetime and color rendering
properties better than those of low
pressure sodium ancestors. Later,
when new technologies started
breaking into the outdoor lighting
market, HPS lamps were considered
as reference light sources to
compare with and evaluate the

new ones. Despite the success
story of HPS lamps, scientists still
try to find the most appropriate CCT
for illuminance conditions typical of
outdoor environments. Again,
subjective feelings such as

comfort and safety in parking lot
environment were shown to increase
with increasing illuminance for both
HPS and metal halide (MH) types
of lamps (2000 K and 4250 K,
respectively) with no effect of

the CCT [3]. On the other hand,
some other studies showed that
subjects prefer LEDs or MH lamps
of warm white and cool white
colors (ca. 3000-4000 K) in respect
to HPS (1900 K); however the
effects of color rendering and CCT
on subject decision making have
been not distinguished.

In addition to the visual satisfaction
effects described above, short-
wavelength light has non-visual
(photobiological) effects on humans
and other living beings, especially at
nighttime. Therefore the switching
from blue-deficient light sources to
blue-enriched ones is actively
debated. [4] In particular, with the
discovery of intrinsically photosensitive
retinal ganglion cells, which contain
blue-light absorbing melanopsin
photopigment, the application of
blue-enriched light (MH lamps and
common LEDs) in night-time
environments is recognized to

be harmful due to the suppression
of pineal melatonin secretion and
the shift of melatonin time-phase
even at low illuminances [5].
Melatonin is recognized as one of
the main oncostatic hormones in
human body also responsible

for the circadian rhythms.
Therefore addressing the melatonin
suppression ability of light while
selecting “pleasing” CCT in outdoor
environments is also important.

Below we demonstrate the variation
of the subjectively selected
“pleasing” CCT with illuminance for
different outdoor environments. Also
is shown the readiness of subjects
to sacrifice pleasantness when the
selection of CCT is subjected to
dimming in order to maintain
constant circadian irradiance.

Experiment

Keeping in mind both subjective
visual comfort and photobiological
action, the Lighting Research Group
of Vilnius University performed an
experiment with a tunable multicolor
LED based light engine. Custom
design outdoor luminaires consisting
of four color high power LEDs

(red, amber, green, and royal blue)
and wirelessly controlled 4 channel
power supplies were employed for
the smooth adjustment of the

CCT of light [5]. The image of the
experimental scene is presented in
figure 2 where the luminaires are
mounted on 4.2 m high ladders

(the experimental equipment can be
also seen). The control algorithm
inside the remote computer was
able to instantaneously maintain the
high color fidelity regime (Ra >91)

in the entire CCT adjustment range
by running the color-mixing
optimization routine for the four
primaries. Subjects were allowed to
synchronously control the two
luminaires via a smart phone
graphical interface with unscaled
slider by selecting the desired CCT
within 1850-10000 K linear range
using the forth and back adjustment
in 10 K increments. The examples
of light spectra for different CCTs
are depicted in figure 2a. Also,

the software allowed for operating
the illumination conditions in two
experiment modes. In the first
mode, the constant illuminance
(photopic 5 x and 50 Ix, which
correspond to EN 13201 standard
road classes S4 and CEQ,
respectively) was maintained by the
luminaires while adjusting the CCT
and this regime was employed to
validate the genuine Kruithof
hypothesis. In the second mode, the
software limited the circadian action
of the illuminance by dimming the
luminaires when blue rich (higher
CCT) lighting was selected. The 5 Ix
and 50 Ix illuminations by HPS lamp
(1900 K) were used as circadian
action irradiance reference points
measured in arbitrary units and
equivalent to “5 arb. u.” and “50 arb.
u.”, respectively. The circadian
action was calculated as an integral
of the spectral power distribution of
light weighted by the circadian
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Figure 2:
Experimental
environment within
Bursy courtyard of
Vilnius University

Figure 3:

Spectral power
distributions of the
tunable light source for
different CCTs in the
constant illuminance
(solid lines) and
constant circadian
irradiance (dashed
lines) regimes (left).
Dependence of
circadian dimming
factor on CCT (right)
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efficiency function [6]. The dashed
lines in figure 3a show the spectra of
the light engines in the constant
irradiance mode, while the
dependence of the dimming factor
on CCT is depicted in figure 3b.
After adaptation to certain
iluminance level, each of the
respondents was asked to make
four selections of the most
“pleasing” CCT under two constant
iluminance and two constant
circadian irradiance conditions.

The experiments were performed
within three environments in Vilnius
city. The main experiment was
arranged in the Bursy courtyard of
the historical campus of Vilnius
University. The gray pavement,

Issue 53 | © 2016 Luger Research e U.

yellowish and reddish walls and
single green tree were the
dominating objects of the field of
subject’s view. The supplementary
experiments were carried out in the
park area (Botanical Garden of
Vilnius University) and in the area of
modern city (near Lithuanian
National Gallery of Art) with the
dominating green and brown, and
grayish color hues, respectively.
The supplementary experiments
were carried out to check whether
different surroundings could have
an influence for the selection of the
most “pleasing” color temperature
of illumination. 40 respondents took
part in the main experiment while
22 and 27 subjects participated in
the supplementary experiments,
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respectively. The subjects were
mostly Vilnius University students
and staff of age ranging from

19 to 57 (in average 24) with 43%
of females and 57% of males.

Results and Discussion

The summarized results of the
research are depicted in figure 4.
The colored solid bars show the
obtained mean values of the “most
pleasing” CCT for each of the four
conditions and three environments
with the confidence intervals
depicted as error bars.

Wide confidence intervals evidence
the large scatter of the individual
judgment results. Despite large
scattering, a characteristic shift from
about 3000 K to about 3500 K can
be seen with increasing illuminance
from 5 Ix to 50 Ix under constant
illumination conditions. These values
correspond to “warm white” range of
white light and are significantly
higher than those predicted by
Kruithof (gray horizontal lines

in Figure 4). Interestingly that in
earlier experiments with fixed
number of light sources [3],

this range of CCT was missed and
no difference in preference was
found between HPS and “cool white”
MH lamps. Qualitatively similar trend
(increase from 2500 K to 3200 K)
can be noticed for constant
circadian irradiance conditions when
changing from 5 arb. u. to 50 arb. u.
On the other hand, the CCT
selection difference when changing
from constant illuminance to
constant circadian irradiance
regimes depends on the illumination
level. At low circadian irradiance

(5 arb. u.) subjects preferred to have
more light at noticeably lower CCT of
about 2500 K in comparison with
that in the constant illuminance
regime (about 3000 K). In this case,
the illuminance dimming factor had a
moderate value of 0.6. At higher
circadian irradiance (50 arb. u.),

the mean selection was about

3200 K, which does not significantly
differ from that in the constant
illuminance regime (3500 K).
However, in this case they complied
with a much lower illuminance
(dimming factor of 0.4).
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Our results qualitatively validate

the Kruithof effect in outdoor
environments by that with increasing
the illuminance the higher CCTs

are considered as “pleasing.”
Furthermore the “pleasing” intervals
of CCT, which can be delineated by
the standard deviation of the data,
seem to be much wider than the
intervals defined by Kruithof at low
illuminance (Figure 1 and Figure 3).
In particular we can claim that the
intervals of the “pleasing” CCT

do exist for certain illuminance
conditions and are in average the
most acceptable by the subjects

in terms of pleasantness without

a particular task. Complementary
experiments with dimming that
avoid the increase of circadian
disruption showed that at low
iluminance levels the illuminance
is more important for subjects than
the preferred CCT. Meanwhile,

at higher illuminance levels,
subjects tended to sacrifice some
iluminance for the sake of the
preferred CCT. It is worth noting that
the described research results are
limited to a single geographical
latitude (55°N) and single cultural
background of the respondents.
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Conclusions

The intervals of CCT corresponding
to subjectively “pleasing” illumination
conditions were established for
illuminances typical of outdoor
environment. By performing a

CCT adjustment task under
constant illuminance provided by
continuously tunable solid-state
light engine with high-fidelity color
rendition, the Kruithof hypothesis
was qualitatively validated by that
the subjectively selected “pleasing”
CCT shifts to higher values when
iluminance level is increased.
However the preferred CCT was
found to have much higher mean
values and much wider intervals
than those predicted by Kruithof.
The values obtained do not
significantly depend on the content
and color gamut of the scene at
least for a particular cultural group
of subjects and geographic latitude.

In addition the constant circadian
irradiation experiments showed

that at lower levels of illuminance
subjects tended to select CCT that
is lower than “pleasing” in order to
obtain higher illuminance. On the
other hand, at higher levels of
illuminance subjects complied with
more noticeable dimming for the sake
of maintaining “pleasing” CCT. M
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White Hybrid Light-Emitting
Diodes: A Plausible Solution
for Commercialization and

Health Issues

36

One of the challenges in terms of commercialization of white LEDs is the need for cheap, inorganic
phosphors. In this context, hybrid LEDs have recently emerged as a new approach based on down-
converting organic coatings. The authors, Pedro B. Coto from the Institute for Theoretical Physics,
Marlene Préschel and Uwe Sonnewald from the Department of Biology, and Lukas Niklaus, Michael

D. Weber and Rubén D. Costa from the Department of Chemistry and Pharmacy at the University of
Erlangen-Nuremberg (FAU), describe this technology and cover recent breakthroughs and their prospects.

Figure 1:

Top: Predictions of
the growth of LED
luminaire with respect
to unit sales from
2012 to 2018

(Source: Smallwood,
Strategies Unlimited,
DOE SSL Manufacturing
R&D Workshop,

San Diego, 2012)
Bottom: Cost
distribution for high-
and mid-power LED.
(Source: LEDCOM
model 1b)

Nowadays, more than 20% of
the total of domestic energy
consumption is devoted to
artificial lighting, but it is still
dominated by incandescent
light sources and compact
fluorescent lamps. Generally
speaking, although they have
almost been fully developed,
they are considered to be
inefficient and environmentally
unfriendly. Indeed, both the
USA and the EU have stated
that inorganic white light-
emitting diodes (WLEDs) will
drive the future of artificial
lighting for both indoor and
outdoor purposes [1]. This is
based on their impressive
theoretical efficiency limit of
around 400 Im/W and the
low-cost per lumen, which is

falling a 10-fold every decade [2].

Indeed, recent market studies
have estimated that over

14 billion Euros could be saved
by replacing old illumination
systems by WLEDs [1].

For instance, according to a
McKinsey study, it is assumed
that LEDs will account for 70%

Issue 53 | © 2016 Luger Research e U.

of the global lighting market in
2020, which corresponds to
101 billion Euros (Figure 1) [1a].
At the same time, due to
economics of scale, production
costs will fall to about 32% of
2014 values by 2020 [1].

These impressive expectations
have been established for
monochromatic LEDs, but not
yet for WLEDs, due to the use
of a top coating based on
inorganic phosphors (IP) like
Y,ALO,,; YAG:Ce®* derivatives.
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About Concerns Regarding

IP Coated LEDs

The main drawbacks of IP-based

coating methods are:

¢ High production cost due to the need
of a chemical vapor deposition method

e Intrinsic high cost of the raw materials,
since they are very rare

e Lack of near-infrared and/or deep-red
emitters, and

e Lack of cost efficient protocols to
recycle the IPs [1, 3]

Thus, problems with the IP coatings will
lead to a predicted increase of production
costs of IPs by 5% until 2020. This is even
more critical if we consider that today the
IPs account for up to one fifth of the
production costs of LEDs (Figure 1) [1, 3].
A switch to organic light-emitting diodes
(OLEDs) for general illumination is still not
possible, since OLEDs feature only half
the efficiency and about a 50-times
higher price compared to LEDs on a
dollars per kilo-lumen-basis as well as still
having issues with the lack of recycling
protocols [4]. Thus, alternative IPs and/or
approaches are sought by both the
scientific and industrial communities,

as this route does not meet the
requirements of “Green Photonics” in
terms of ecological sustainability, low
energy consumption, and the use of low-
cost and renewable materials [1, 3].

Besides the future market issues
associated with the IPs, scientists and
social institutions have started to evaluate
the impact of WLEDs on human health [5].
Here, the question is: are LEDs as safe as
old illumination systems? This addresses
both visual and non-visual effects on
human health caused by the strong
brightness in concert with the light
spectrum of WLEDs. The visual effects
involve three major considerations,
namely flickering, glare, and blue light
hazard [5, 6]. Going from less to more
dangerous concerns, it is expected that
flickering will not be very important in the
future, since most of the high quality LED
sources feature rectifiers and filters that
effectively reduce the light flickering to
almost zero. However, this could be
critical for people with a risk of suffering
epileptic seizures - e.g., a few seconds
exposition at 3-70 Hz and susceptibility to
migraines and eye fatigue - e.g., a few
hours exposition at 100-200 Hz. Glare is

the second most dangerous factor if we
consider high power outdoor lighting
systems that can cause temporary and
reversible loss of vision, damage to the
eye tissues, etc. Still there are no
international standards to evaluate this
effect for single point sources. Finally,
the so-called blue-light hazard is
associated with the use of a high blue
component - e.g. InGaN - in combination
with yellowish orange emitting IPs that
typically provides a cold white light
spectrum. As a matter of fact, exposition
of high-intensity blue light leads to retinal
damage, such as the death of
photoreceptors - i.e. necrosis and/or
apoptosis - at wavelengths between
440-490 nm, and damage of retinal
pigment epithelium by means of an
autophagy process [Ba-c]. Although

our body has repair mechanisms,

the photochemical damage is considered
to be accumulative upon interrupted
exposition times. Up to date,
ANSI/IESNA RP27, CIE S009,

and IEC 62471 are international standards
to determine the blue-harmful light in
terms of brightness, distance, number

of sources, and exposition times [5, 6].

Here, the scale ranges from

* RGO - i.e. no risk or unlimited
exposition without hazard effect

* to RG1 - i.e. low risk at times
ranging from 100-10000 s

* to RG2 - i.e. moderate risk at
times of 0.25-100 s

e and finally, to RG3 - i.e. high risk
at times lower than 0.25 s

Examples of RG2 LEDs involve indoor
and outdoor lamps and luminaires with
high brightness, such as automotive
headlights, flash lights, frontal headlights,
and some bright LED display panels. In
general, many of the blue and cold white
LEDs are considered RG1 or RG2, while
white warm LEDs are all considered RGO.
Importantly, these studies do not cover
human cases like those dealing with the
above-mentioned diseases, affecting
children’s eyes that feature a lens that is
more transparent to blue and UV
radiation and a macula that does not
contain enough protective yellow
pigments, as well as old people, whose
eyes have accumulated blue-sensitive
lipofuscin derivatives with age.

In addition, none of the above-mentioned
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Figure 2:
Representation of a
commercial WLED (top)
and WHLED (bottom)
with organic down-
converting packing
coatings

lssue 53 | © 2

studies consider the effects of
lifelong cumulated exposures to
blue light at both high- and low-
dose exposure, as well as the
effect of the UV irradiation or the
lack of N-IR contribution compared
to the sun light spectrum in,

for instance, skin problems

and/or vitamin D production.

Finally, the non-visual effects
involve a change in brain chemistry
induced by light exposition [5, 6d&e].
Although it is well-known that a
high blue contribution in the light
spectrum produces a decrease of
the melatonin levels, affecting the
circadian rhythms, mood, alertness,
appetite, sleep quality, etc., a clear
relationship with the illuminance
level, the exposure duration,

the timing of the exposure,

and the light spectrum is not well
established yet. However, it is
well-known that warm white light -
i.e., light with a dominant yellow,
orange, and/or red contributions -
is less effective in reducing
melatonin than cold white light.

It is important to keep in mind that,
since the sun light spectrum
changes over the course of a day,
the human vision has become
significantly sensitive to the changes
in the solar spectrum - i.e. human
eyes feature photopic (day),
mesopic (sunset) and scotopic
(dim-light) visions. As an example,
our eyes are more sensitive to the
blue component of the white LEDs
(especially cool white LEDs)

during the night.

White Hybrid LEDs as a
Reasonable Alternative
Taking the above described
concerns about commercialization
and health seriously, it is obvious
to state that although WLEDs

will rule the future market [1, 3],
there are clear needs to seek after
new down-converting approaches
to provide warm white LEDs that
fulfill the green economic
requirements [1, 3, 5]. In this
context the potential of white hybrid
light-emitting diodes (WHLEDSs) sets
in [7-10]. In detail, this technology

38

Components:
- Packing
- Inorganic phosphor
- LED chip

(red and green emitters)
- LED chip

- Down-converting packing

WLEDs

WHLEDs

aims to replacing IPs for organic
down-converting materials. Here,
the WHLED architecture consists of
the same electronics and emitting
chips as those developed for
commercial UV- and blue-LEDs,
but coating or replacing the packing
system with a down-converting
organic compound (Figure 2).

The latter is excited by the chip and
the overall light spectrum of the
WHLED involves both the emission
of the LED (UV or blue) and the
emission of the packing. Down-
converting organic compounds
consist of several families like
small-molecules, polymers,
quantum dots, coordination
complexes, and most recently
fluorescent proteins (Figure 3).
Among them, small-molecules,
polymers, and fluorescent proteins
are the most interesting materials
due to lack of toxicity, low-cost
production/recycling, and ease of
chemical design to cover all the
visible and NIR regions towards
mimicking the sun light spectrum.

The state-of-the-art WHLEDs
designed and tested under
laboratory conditions show very
promising results in terms of
luminous efficiencies and color
quality. For instance, WHLEDs have

shown efficiency values of up to
60 Im/W with Commission
International d’Eclairage (CIE)
coordinates of 0.30 / 0.30, color
rendering index (CRI) up to 90,
and correlate color temperature
(CCT) between 2500-6500 K.

The only drawback is the moderate
stability of around hundred hours
under operation conditions. This is
not totally related to the intrinsic
photostability of the organic
compounds, but also to their
interaction with the components of
the matrix chosen to encapsulate
the organic compounds. Here,
scientists have developed four
different approaches [7-10].

In chronological order,

several researchers have mixed
fluorescent compounds like
small-molecules, polymers, and
quantum dots with matrices based
on silicones and/or epoxies
derivatives that require

UV and/or thermal curing
procedures to obtain a robust
encapsulation [7a-d]. Here,

only WHLEDSs prepared with toxic
quantum dots show interesting
stabilities of at least several

days [7b&d], while those with
small-molecules and polymers
feature only a few minutes or
hours [7a&d]. As such,
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Figure 3:

Top - chemical
structures of the
compounds used for
developing matrices
based on

(a) thermal/UV curing
polymers,

(b) MOFs,

(c) cellulose, and

(d) rubber-like
materials.

Bottom - chemical
structures of
down-converting
compounds, namely
(e) small-molecules,
(f) polymers,

(g) coordination
complexes and

(h) fluorescent proteins
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this approach has shown limitations
in terms of degradation of the
compounds upon preparation,
phase separation issues, and lack of
protocols to efficiently implement
them into blue-LEDs. The most
plausible approach is to previously
encapsulate the organic compounds
and then to implement them into
the down-converting coating [7d].
The second approach involves the
use of metal organic frameworks
(MOFs) that show a porous
morphology that allows to adsorb
several mixtures of down-converting
materials to cover the whole visible
spectrum (Figure 3) [8]. Recently,
this idea has been carried out with
the use of three different non-toxic
small-molecules that provide
WHLEDs with CRI over 90 [8b].

This approach is easily applicable

to any commercial LED and it is
versatile with respect to the type of
down-converting materials, but the
stability in terms of luminous
efficiency and color quality as well
as the development of MOFs based
on cheap an environmentally friendly
metals still remain a challenge.
Recently, several groups have
developed a down-converting
system based on a cellulose matrix
and a mixture of blue, green,

and red quantum dots [9].

The preparation of the composite

is quick and facile to reproduce,

but its compatibility with other
materials and the stability of the

WHLED needs to be assessed to
elucidate its prospect. Finally,

we have recently developed a new
encapsulation system that consists
of mixing branched and linear
polymers under vigorous stirring
followed by the partial evaporation
of the solvent under vacuum
conditions [10]. This leads to a
rubber-like material, in which any
kind of down-converting material
can be applied and easily recycled.
Indeed, this matrix was developed
to allow the use of fluorescent
proteins as down-converting coating
for WHLEDs. Hereafter, this new
device will be referred to as
Bio-WHLED. Fluorescent proteins
are environmentally-friendly
compounds and are easily
produced by means of their
expression in E. coli, which is a low-
cost and up-scalable technique [11].
Despite these assets, the need of
water-based buffer solutions and
their low intrinsically stability under
ambient conditions and high
temperatures have hampered their
use in the optoelectronic field.
However, once they are embedded
into the rubber-like matrix, the
fluorescent proteins show stabilities
of several months without affecting
the features of the rubber-like
encapsulation (Figure 4). Similar to
the cellulose-based WHLEDSs,
different amounts and mixtures of
the fluorescent proteins can be
integrated into the rubber-like

material, but we encountered

that the best results are achieved
by using a bottom-up energy
transfer cascade coating (Figure 4).
Here, the UV- and/or blue emission
of the chip is absorbed by the
protein coating that further emits
light at a higher wavelength.

More importantly, the ratio of
down-conversion efficiency -

i.e. the ratio between the maxima
related to the down-converting
coating and the chip - can be
increased up to values of 400%

by means of increasing the amount
of proteins or the thickness of the
coating (Figure 4). The excess of
emission from the first coating can
be used to excite a second coating
that features emission at higher
wavelengths. This procedure can be
repeated as many times as required
to cover up the whole visible
spectrum (Figure 4). In addition,

it can be extended to the NIR region,
since the rubber-like encapsulation
features transmittance values of
around 95% and refractive index
values superior to 1.8 and the
cascade architecture circumvent
energy loss issues due to undesired
energy transfer process.

In detail, the Bio-WHLEDs shown in
figure 4 have been prepared by
covering commercial UV- or blue-
LED by a double- or triple-layer
coatings - i.e. a blue LED (450 nm)
and green (520 nm) / red (650 nm)
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Figure 4:

(a) Pictures of gels and
rubber-like materials
based on fluorescent
proteins.

(b) Top, absorption
spectra over time
suggest high stability

under ambient storage.

Bottom, pictures of
the rubbers upon UV
excitation.

(c) The design of the
first Bio-WHLEDs (top)
and its performance
under continuous
working conditions
(bottom)
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or an UV LED (890 nm) and WHLEDSs can easily use filters and Conclusions

blue (480 nm) / green (520 nm) /
red (650 nm) fluorescent proteins,
respectively. These devices show
a light spectrum that consists of
the sum of the peaks of all the
components of the LED -

i.e. those from the chip and

the down-converting packing,
providing easy-to-tune light
spectrum with, for instance,

CIE coordinates of 0.32 / 0.33,
CRI up to 80, and luminous
efficiencies of 50 Im/W.

More interestingly, the luminous
efficiency and color quality stay
constant over hundreds of hours
with a loss of less than 10% of

its initial values (Figure 4).

In view of the aforementioned,
WHLEDSs can be considered as an
attractive approach in terms of
replacing the expensive and rare
IPs, resulting in a strong reduction
of the total prize of the LED,

and efficiently converting the blue
emission of the chip to the more
necessary low-energy component
for developing warm white emitting
LEDs that are not dangerous to
human health.

attenuators to avoid the flickering
and the glare issues. Though the
only roadblock seems to be stability
towards the commercial
implementation of the technology.
This is even more critical if we
consider the development of high
power LED arrays, in which high
temperatures are reached.

To this end, two major
considerations need to be
addressed in the near future.

The packing system must feature:

* An easy-to-fabricate protocol
without using thermal/UV
curing procedures

* Low cost raw materials and
recycling protocols

¢ High transmittance, refractive
index, and mechanical robustness

The down-converting compounds

must be:

e Easy and cheap to produce

* Nontoxic

* Easy to tune in terms of high
absorption extinction coefficients
and fluorescent quantum yields

* Thermo- and photo-stable under
ambient conditions

Taking these considerations

into account, the Bio-WHLEDs

bear great potential for future
breakthroughs. However,

more efforts need to be devoted

to circumvent the loss of color
quality that is related to denaturation
of the proteins and to enhance the
thermal stability of both the matrix
and the proteins. Currently, we are
designing more thermo- and
photo-stable fluorescent proteins
and polymers to further enhance
the performance of the Bio-WHLEDs
featuring warm white emissions

and even more relevant to mimic
the sun light spectrum. Il
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Embedded Lighting -
Developing New Lighting
Applications for Modern
Architectural Projects

When the era of LED lighting started, everybody talked about the new age of lighting with new
opportunities. While many lighting concepts are still pure replacements of the conventional light
sources, with the maturation of this technology, more and more new concepts are realized, and the
future perspectives are even more exciting. Brad Koerner, Venture Manager - Philips Luminous
Patterns at Philips Lighting, shows examples, explains why such new concepts are desirable, and
discusses which technologies support the introduction of new lighting applications.

Hot,
dangerous and
fragile - the classic
objectification of
lighting fixtures

Many architects and interior
designers have a difficult time
understanding the potential
for new applications of light

permitted by LED technologies.

Architecture is traditionally
framed as a passive form set

in light - imagine an ancient
stone wall illuminated by an
oil-burning lamp. This mindset
is perhaps best exemplified
and perpetuated in modern
architecture by Le Corbusier’s
famous quote:

‘Architecture is the
masterly, correct and
magnificent play of
masses brought
together in light.”
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EMBEDDED LED LIGHTING

Man-made lighting technologies,
which have historically been hot,
fragile and dangerous, needed

to be contained and therefore
objectified, leading most designers
to treat them either as architectural
adornment or a nuisance to

be concealed.

LED lighting technology eliminates
the fundamental problems of
previous electric light sources,

to the point where luminous features
can potentially be embedded
directly into architectural walls,
floors and ceilings. This ability to
“embed” lighting into architectural
materials challenges the lighting
industry to rethink how lighting is
designed, specified and fabricated.

Why Designers Would
Embed Lighting into Their
Walls or Ceilings
Contemporary architecture is largely
based in mid-century modernism,
which strove for a minimalistic
aesthetic. Mid-century designers
reacted against the excessive and
ubiquitous ornamentation that
pervaded classical architecture.
Mies van der Rohe’s famous quip
“less is more” expressed a desire to
strip away garish ornamentation in
favor of a more simple presentation
of material and form. A big part of
that “garish” ornamentation was of
course, decorative light fixtures.
The crystal, glass, intricate metal
work, and warm glow that
constituted classical chandeliers,
sconces and pendants were tossed
in favor of “invisible” light sources
such as recessed downlights,

wall washers, and discrete spot
lights that highlighted gorgeous -
and expensive - materials such as
marble floors, bronze trim, and
rosewood wall panels.

But in the 1970’s and 1980’s the
exquisite materials of the early
modernist masterpieces were
dumbed-down into the bland
commercial materials that came to
dominate interior design: gypsum
wall board, acoustic ceiling tiles,
wall-to-wall carpet. Uniformity of
experience came to dominate, too:

Lighting designers became
obsessed with eliminating glare
and delivering constant lux levels
throughout a space, throughout
the day. The classical experiences
of material variety, highlights and
shadows, temporal changes, and
subtle animation were industrialized
into a homogenous, uniform,

and unchanging light. The result
is oppressive, unmemorable,

and unattractive.

However, contemporary architects,
while still largely rooted in
modernism, are reinvigorating
architectural design with more
visual richness through use of
parametric forms, geometric
patterns, and innovative use of
low-cost materials. In this context,
embedded lighting provides a

fresh new technique with which
to create innovative and eye-
catching spaces.

Exploring Patterns of Light
To what effect does embedded
lighting have on the experience of
space? Let’s consider four
characteristics of embedded light
that have tremendous impact on the
quality of a space:

* The style of light effect selected

* The composition or patterning of
the light effect

* The dynamic animation of the
luminous pattern

¢ The material expression of the
surface

45

Figure 2:

Less is more -
modernism stripped
away decoration in
favor of material
and form

Figure 3:

The oppressive
uniformity of
contemporary lighting
paradigms
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brilliance - integrating ;w: lends itself well as a background
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architectural surface The light itself can take on colors
as warm as candlelight to as cool
as the blue sky or as technicolor
as a paint shop.

Composition or patterning
of light

To generate visual richness at the
scale of an architectural wall or
ceiling surface typically requires
a panelized or repetitive surface,
leading to a natural inclusion of
decorative patterns. Spanning
across large areas, patterns of
stylish light effects makes a big
impact on a space like a lobby or
restaurant interior.

Dynamic animation of the

luminous pattern

Humans are naturally attracted by
Graphics, movement, which is part of our base
patterns, and shadow play - . survival instinct. Movement creates
pleasurable visual sensations:
Dappled sunlight reflecting off a lake
mesmerizes; flickering candlelight

... embedded lighting holds

enormous creative potential enchants; sequenced brilliance from
\ a movie theatre marquee attracts
E ({ / us. Animation has an inherent
l? @ capacity to make us feel

E comfortable, to make a space
L? feel more natural and attractive.
Material expression of
;\ the surface
Q‘g r v Embedding a luminous feature into
‘ [ e a matte-white surface versus a
7 L? 2‘\/[; glossy-black surface has a wildly
different overall impact. Fusing the
g r\\g [ ephemeral magic of light plus the
B i ; [ f ; g tactility of a material creates a whole

B QP new range of surface expressions
"\967 5 Q? t.?L

that support many different thematic



styles and project types. Interior
designers and architects gain
a new tool to craft occupants’
experiences of an elevator lobby,
waiting room, or stylish boutique.

Mass-Customization of
Embedded Lighting

In order to embrace the potential
of embedded lighting, designers
need a cost-effective system to
visualize, specify and install
completg comp.osmons of luminous o agg’sb:igﬁgf
features in architectural surfaces. richness to a space

The architectural design and

construction process is largely Example for
adopting a digital workflow, with a the material expression
growing portion of buildings being | of surface with

lighti
designed and built using building- embedded lighting

information-modeling (“BIM”)
systems. BIM allows for complex
architectural systems to be precisely
designed, visualized with photorealistic
accuracy and efficiently detailed for
construction. And beyond BIM,
leading architects are increasingly
turning to a technique called
“parametric” or “generative” design to
create the wildly expressive sculptural
forms found in so many of the world’s
signature architectural projects.

The architectural lighting industry

is also transforming by largely
adopting a “just-in-time” lean
production workflow. Lean principles
have demonstrated radical
improvements in the manufacturing
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Mass-
customization -
laser cutting is a
common digital
production process
that enables parametric
design

laser cutting -~

sector, effectively producing
products with short lead times only
once an order has been placed.
No longer are products built for
inventory, and variation in product
lines can be readily accommodated
without huge carrying costs.

And beyond lean, digital fabrication
techniques such as CNC laser
cutting, digital printing, 3D printing,
etc. are, in effect, “turbocharging”
lean production by producing
endless variations of products.

Digital fabrication systems in lean
production flows align readily to

the core notion of parametric
design - that design, engineering

or production constraints can be
parametrized and coded into
easy-to-use software tools that can
generate wild variety with little effort.
If a product system is designed with
key parameters varied directly
through digital fabrication,
customized design effectively adds
zero cost to the end product.

Future Production
Technologies for
Embedded Lighting

LED lighting can already be
incorporated into digital production
systems in a variety of ways.

One common example is fixing
standard LED light nodes in
architectural panels that are
digitally fabricated via subtractive
CNC cutting.

Looking toward to the future, it is
readily conceivable that the actual
LED light engine and associated
electronics could be additively
fabricated directly into architectural
panels; plus the panels themselves
may be digitally fabricated. Such a
combination will allow for wild
architectural forms with lighting
systems seamlessly integrated.

For example, on the light engine
side of the solution, technologies
such as conductive inks and
conductive adhesives are
advancing fast enough that printed
electronics are quickly becoming
practical for production volumes.
As with all the advances in digital
printing technologies, printed
electronics hold the promise of
both digital customization and
high-volume, low-cost production.

Another example of light engine
innovation is the field of “e-textiles”,
where conductive traces are woven
into various types of fabrics.

Many types of fabrics are already
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used in architectural interiors
and exteriors. It seems a natural
opportunity to add lighting to
fabric surfaces.

On the architectural side of the
solution, there are many recent
examples of architects and
engineers exploring CNC
production technologies for
building structures and surfaces.
CNC milling of decorative interior
architectural panels has been
available for many years.

CNC milling of formwork is
already commonly used in the
creation of large-scale fiberglass
panels. The more avant-garde
researchers are testing large-
scale 3D printing of concrete.
There have even been experiments
of in-situ CNC woven structures
of fiberglass or carbon-fiber
strands to create gorgeous new
styles of architectural surfaces.

To reiterate: Many of the best
innovations in the lighting industry
are coming from outside the
industry. Robotics, ship building,
textile production, digital printing -
innovators should cast a wide

net to find the next architectural
lighting innovations.
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Creating a Complete
System for Embedded
Lighting

There are numerous challenges

and opportunities the industry faces
in driving the acceptance of new
lighting applications.

Fighting the “paradox of choice”

will be a key area of innovation.
From a marketing and sales
perspective, if you provide a
customer too much choice,

they are paralyzed in making a
decision. How do you help your
customers quickly and efficiently
find or create exactly what they want?

Embedded lighting systems must
integrate directly into architects’

existing design and engineering
work flows. Due to its fundamental
nature as an architectural system,
embedded lighting needs to be
directly fused into the BIM design
process and the more advanced
parametric design processes.
How do you develop lighting
systems natively in BIM?

The true potential of embedded
lighting is in the dynamics
associated with digital control;

but if the industry can’t reduce the
overall project costs of these
offerings, they will remain forever a
luxury feature for only the most
high-end projects. How do you
efficiently simulate, specify, program
and commission cloud-connected,
embedded lighting systems?

Conclusion

When dynamic lighting fuses into
the material surfaces of a space,

it has the potential to make a
profound impact on the way people
feel, the way they act, the way

they interact with others, the way
they interact with the space itself.
Such “embedded lighting” has

the potential to tell stories;

it has the potential to make a
statement with unique visual
attraction in a multitude of
applications. Embedded lighting
breaks through the tired paradigms
of light bulbs and light fixtures and
opens up exciting new opportunities
for both the design and delivery of
architectural lighting systems. M

Embedded

lighting profoundly

“impacts the'way -

people feel'in

architectural spaces
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ight Flicker from LED
nting Systems -
An Urgent Problem to Solve

Flicker is the modulation of a lamp’s light output caused by fluctuations of the mains voltage supply.
Recent research has shown that fluctuations of short wavelength emissions are perceived to a higher
extent and light flicker may have a huge influence on the well-being of end users. Prof. Georges Zissis,
Head of Light & Matter Research Group at the LAPLACE Université de Toulouse presents and
discusses the influence of driver topologies, research results, metrics and standards.

Light flicker is one of the so- Recent investigations show Light Flicker and its Impact
called Temporal Light Artefacts  that some LED lighting products 0N Health and Well-Being
(TLA) defined as undesired may exhibit anomaly high flicker  Light flicker has always been
changes in visual perception rates, especially under dimming  an issue for lamps with possible
induced by a light stimulus conditions. While today there important health impacts. There are
whose luminance or spectral are no mandatory regulations, more conditions that are supposed
distribution fluctuates with time  there are some stringent to be sensitive to flicker but
for an observer in a certain recommendations. This is regardless of how much they
environment. The second TLA an important item for both correlate to this, everyone would
is the stroboscopic effect. consumer satisfaction and like to see it minimized. It isn’t
Light flicker combined with consumer acceptance of uncommon to hear people in offices
rotating, moving parts or spatial  Solid State Lighting products. complain about headaches and
patterns may be responsible dizziness brought on by fluorescent
for stroboscopic effects. lamps with magnetic ballasts [1, 2].
Stroboscopic effects might In fact, research has shown that
induce hazards to workers in fluctuations of short wavelength
proximity to rotating machines emissions are perceived to a
and tools. The typical frequency higher extent [3, 4].
range in which the stroboscopic
effect is perceived is from It is known that exposure to light
80 Hz up to 2000 Hz. flicker (in particular at frequencies
between 3 Hz and 55 Hz) can cause
With the ever-increasing photosensitive epileptic seizures in
penetration of light emitting various forms, depending on the
diode lamps in more individual and his visual pathology,
applications and considering the contrast, the wavelength and
that their mode of operation the viewing angle or distance.
differs from the legacy Approximately 1in 4,000 humans
technologies, one might suffer from photosensitive epilepsy.
expect that light flicker Women and elder people are more
would disappear. sensitive to flicker than men and

younger people.

Furthermore, it is known that people
who suffer from migraines are more
likely to be sensitive to flicker.

-
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In addition, flicker may have serious
consequences for people suffering
from specific medical conditions.

On the opposite side, pulsed lights
may also have some positive effects:
it has been reported that the pulsed
operation of lamps could offer
opportunities for energy savings
according to the Broca-Sulzer

effect [5, 6] due to enhanced
perceived brightness. Thus, it is
argued that energy savings can be
achieved by using pulsed LEDs at a
very high frequency. In that case it is
absolutely necessary to understand
the influence of flicker on humans in
order to avoid any deleterious
effects appearing with products
using that type of pulsed light.

Definitions, Measurement
and Origin of Light Flicker
Light flicker refers to quick, periodic
changes in the lamp’s light output
based on the “luminance contrast
modulation”. Light flicker is due to
fluctuations of the absorbed electrical
power mainly due to fluctuation or
modulation of the mains voltage.

As the mains frequency in Europe
is 50 Hz the light flicker is expected
at 100 Hz (120 Hz, if the mains
frequency is 60 Hz).

Referring to figure 1, there are
two widely accepted methods
for defining light flicker [7]:

Flicker Modulation (or percent
flicker): it takes the maximum
and minimum luminance values
(respectively L .. L ) of the
fluctuation and performs the
following calculation:

L...-L.
F [%] =100 -——— =
L+

max min

/ ALmin/
100 - — " 1
00 Lo.+L.. M

max

Flicker Index: it requires the
calculation of the areas of “zone 1”
and “zone 2” situated above (S,)
and below (S,) the average
luminance as defined by its

RMS value (Lav).
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Fl = @) For the moment there is not any
Sz1 + 322 formal proof that, for periodic light

Both approaches are used in
lighting. In fact Flicker Modulation
metrics is accurate only in the case
of periodic signals and doesn’t take
the waveform of the light variations
into account. On the contrary,
Flicker Index accounts for obvious
differences in waveform shape and
can be used in fully aperiodic
signals. Flicker Index is higher when
rising and/or falling fronts are steep,
Flicker Modulation can’t show this
effect. As Michael Poplawski [8] said
“percent flicker is extremely simple
to determine - requiring only the
measurement of maximum and
minimum values with respect

to a reference and simple math.
Flicker Index, on the other hand,
requires the accurate measurement
of waveform shape with respect

to a reference and much more
complex integral math”.

variations, one or the other metrics
is considered as more accurate for
describing the flicker perception
by the end user. Furthermore,
Kitsinelis et al [9] showed that,

in the case of sinusoidal-like signals
found in the large majority of
electrical lamps there is a strong
correlation between Flicker
Modulation and Flicker Index;
Figure 2 illustrates this finding.
Assuming that Flicker Index is zero
when Flicker Modulation is null we
can obtain the following relation:

— =33 3
= )

In the above relation £ is expressed
in decimal value not in percentile.

As has been mentioned in the above
paragraphs the light flicker definition
is based on luminance contrast
modulation (or variation in general).

©)

O 2016 Luger Re
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Figure 1:
Light flicker definition

Figure 2:
Experimental ¢
orrelation between
Flicker Modulation
and Flicker Index
(R2 is the least
square determination
coefficient)
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Figure 3:
Experimental set-
up for light flicker
measurement in
LAPLACE laboratory

Figure 4:
Schematics of
usual LED ballast
architecture

)

lssue 53

52

However, luminance measurements
are rather difficult to carry out.

For this reason Zissis [10] proposed
to measure light flicker based on
luminous flux time variation instead
of luminance contrast modulation.
This is a good approximation
because it smooth’s the spatial
variation of the light emitted by the
lamp. The measurement can then
be carried out using an Ulbricht
integrating sphere equipped by a
time resolved light detector.

Figure 3 shows the original set-up
at LAPLACE laboratory in Toulouse.
This is a very robust way to evaluate
light flicker. In this primitive version
of the set-up an @80 cm integrating
sphere was equipped with a
selenium cell as a photo-detector
coupled to a Tektronix 2002B
oscilloscope for detecting and
recording the light waveforms and

a true-RMS voltmeter for measuring
the average light output (in millivolts)
independently. The selenium cell
has a rather slow answer and thus
only low frequency flicker can be
detected (up to 1 kHz). Since then
the photo-detector was replaced by
a rapid photodiode (SLD-70BG2)
coupled with a logarithmic amplifier
in order to resolve light flicker at
higher frequencies (up to 100 kHz).

Voltage regulator

Integrating sphere

=

-‘"

Lamp

Light (Se) Cell

Woltmeter

.

Voltmeter

Oscilloscope

=

Flicker measuring set - up

To compare the light flicker
behaviour of different technologies
(especially LED omni-directional
lamps and LED spots) a 100 W
A-shape incandescent lamp

has been used as reference.

The reference lamp exhibited a 10%
Flicker Modulation value at 100 Hz,
the light signal was very close to
sin2(2rft) shape. This is perfectly
logical. Light fluctuation in an
incandescent lamp is, in fine,

due to the variation of filament
temperature within a full AC-period;
the temperature depends on the
Joule heating which is proportional
to sin2(2rtft) and light emission
follows Stefan’s law proportional to
the 4" power of the filament
temperature (thus a small variation
within an AC-period is responsible
for measurable luminous flux
variations at twice the mains
frequency). This amount of light
flicker at 100 Hz is not perceivable
by the human eye.

LED flicker characteristics are
primarily a function of the LED
driver. However, LEDs have to be
driven in DC-current; so, in theory
light flicker should be missing.
However, a LED lamp uses a driver
(CIE official vocabulary imposes
the use of term “ballast” instead of

i

Filter Converter =

O &

“driver”) that is interfacing the LEDs
inside the bulb to the mains plug.
Figure 5 shows simple schematics
of LED ballast generic architecture.
Light flicker is then linked to two
facts: (1) residual ripple after the
rectifier-filter stage and (2) final
stage converter architecture.

Residual ripple is responsible

for light flicker at a frequency of
twice the mains, whereas,
converter architecture usually
leads to high frequency flicker
(several tens of kilohertz).

Low quality, low price, ballasts
using passive filters are usually
responsible for high light flicker.

As US-DoE mentioned [11], a low
cost requirement for a small integral
LED lamp may force a fundamental
trade-off between flicker and the
power factor. Add to that, that very
often, passive elements used as
filters (for instance chemical
capacitors) have a low lifespan and
a huge impact on the environment
[11]. Allin all, a large amount light
flicker at 100 Hz constitutes a
serious indication that ballast
quality and reliability are probably
unacceptably low.

Dimming a LED source can increase
or induce flicker, most notably when
phase-cut controls are used and/or
pulse-width modulation (PWM) is
employed within the driver to reduce
the average light output from the
LED source.

It should be noted that Kitsinelis
et al [13] proposed a very effective
way to detect light flicker using
the camera of a cellular phone.
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Figure 5 shows the obtained results

by this method. The simplicity of
the method allows its use by the

general consumer: just use a smart

phone with an integrated camera,
target the lamp and look at the
phone screen. If striations appear
around the lamp (dark fringes),
then flicker is present. The spatial
frequency of the fringes is related
to the flicker frequency and the
frame rate of the camera.

The contrast between the fringes
is a straightforward estimation

of the Flicker Modulation. Generally

speaking, when fringes are visible
Flicker Modulation is higher than
20%. Large fluctuations (i.e. large
flicker) are clearly recorded as
striped images on the smartphone

display. The stripes tend to fade with

lower Flicker Modulation but they
can still be detected by fine-tuning
the camera settings such as the
exposure. Lamps that show no
flicker or very small fluctuations will
be seen with no fringes on the
display and the recorded images.

This easy and quick flicker test with
such a widely available tool as a
mobile phone may prove useful to
consumers seeking to avoid the
undesirable effects of flicker even
at such non visible frequencies.

Light Flicker
Measurement Results
Globally, 26 lamps (LED, but also
CFLs) have been tested with this
device under real operating
conditions (230 V 50 Hz pure
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Figure 5:

Flicker detection using
the built in camera of
a cell phone obtained
by LAPLACE.

Flicker leads to the
appearance of dark
fringes on the image

Lz Wireless technology solutions

Enlight about our last releases in wireless control technologies for indoor and outdoor lighting applications!

Outdoo

Wireless

e

““m

bmldlng

~
Management ' Central Host and
Software Suite | Database

'

i

0

v

gateway

s &

Lighting
Network

Light & Building 2016 aproaches.
Come and join us at our booth 4.0 B80!

eBlUG

SW|tch to Smart

’ Old switches *
' \
5 made smart

l::“\ \\\ %y

Sync. via cloud

= § Efpirtee



http://www.elt.es/home/i-inicio.html

TECHNOLOGIES

LIGHT FLICKER & DRIVERS

Figure 6:

Luminous flux variation
waveforms for CFL (1%
line) and halogen lamps
(2 line) and LED lamps
(34 and 4t lines)
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sinusoidal stabilized voltage feeding).
Figure 6 shows a sample of
the results.

While all CFL and incandescent
lamps exhibit smooth flicker
behaviour as expected, the tests
show that LED lamps have different
behaviours ranging from zero flicker,
to high flicker content (up to 100%).
Moreover, the waveforms of the
light output fluctuations are not as
smooth and symmetrical as the
ones for CFL and halogen lamps.
This last is a clear indication that
various LED lamps use different
converter architectures.

Figure 7 shows the experimental
Flicker Modulation values for

some tested lamps at nominal
operating conditions.

Very recently, Kukacka [14] also
observed that flicker behaviour
could change with the lamp
operating time (e.g. lamp warming).
Figure 8 shows our measurements
(photodiode current and its FFT)
for a LED lamp immediately after
switching on and 20 minutes later
(the lamp was operating at fix
ambient temperature 25+0.5 °C).
We suspect here that some ballast
components are sensitive to
temperature increases; this is not
a good sign for ballast quality.

It should be noted that a 100 W
incandescent lamp has a flicker

percentage of 10% and good
quality CFLs may reach a per cent
flicker of 20%. In both cases
end-users don’t notice any flicker,
thus we can consider that up to a
Flicker Modulation of 20%, flicker is
acceptable (the next paragraph of
this paper contains a more detailed
discussion of flicker perception).
Thus, looking at figure 7 we
conclude that many products sold
today in occidental markets are
subject to high flicker rates at

low frequencies.

The tests also show that for LED
lamps exhibiting flicker, a voltage
decrease (dimming), induces,

in many cases, more flicker.
Figure 9 gives the results for some
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tested LED lamps. As can be seen,
in infrequent cases Flicker Modulation
stays constant when voltage drops
(lamps n°10 and 17), then the lamp
switches off at an approximate
voltage lower than 100 V.

Flicker Perception

Following DoE [11], when discussing
the potential human impacts of
flicker, it is important to understand
the difference between sensation
and perception. Sensation is the
physiological detection of external
conditions that can lead to a
nervous system response,

while perception is the process

by which the brain interprets
sensory information.

For many years it was generally
accepted that people cannot notice
light flicker if its frequency is higher
than the eye fusion frequency

(e.g. 70 Hz). However, recent
research has shown that
fluctuations of short wavelength
emissions are perceived to a

higher extent. For example,

people suffering from migraines
are more likely to be sensitive

to flicker at high frequencies [15].
The main issue here is how people
perceive flicker and if they accept

it or not. This question is difficult

to answer because flicker perception
is a real multi-parametric effect.

Bullough et al [16] studied the
flicker perception based on two
parameters: the flicker frequency
and the flicker depth at constant
50% duty cycle. The visual task
used to assess flicker perception
was waving a light-coloured rod
against a dark background and
represents close to a worst-case
scenario for detection of
stroboscopic effects.

For rectangular waveforms
operated so that the maximum

light output is produced 50% of

the time and the minimum light
output is produced 50% of the time,
the percent likelihood of detection
can be estimated as follows:

55

Figure 7:

Some experimental
percentage flicker
values of various
lamp technologies as
obtained in LAPLACE
laboratory

Figure 8:

Light Flicker from a
LED lamp measured
by the photo-induced
current in the
detecting photodiode
(upper plot) and its
FFT decomposition
(lower plot) just after
switching on the lamp
(blue line) and after
20 minutes of operation
(green line)

Figure 9:

Flicker modulation for
LED lamps (numbered
from 10 to 20) under
dimmed voltage input

lssue 53
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Figure 10:

LAPLACE experiment
for studying flicker
perception

Figure 11:

Flicker perception
(number of positive
answers) with black
background (left) white
background (center)
and comparison
between the two
colors (right)

25 F + 140
adf%] =100 ————— (4)
f+25F + 140

where £is the flicker frequency (in Hz)
and F, the Flicker Modulation (in %).
This equation is applicable to
frequencies from 100 Hz to 10 kHz
and for Flicker Modulation values
from 5% to 100%.

To assess acceptability of flicker
producing noticeable stroboscopic
effects, a five-point scale was used.
The results suggest that even when
stroboscopic effects from flicker
were readily detected, they were
not always judged as unacceptable.
The acceptability rate, a, can be
estimated using the following
empirical relation:

a[%]ZZ'W

where fis the flicker frequency (Hz)
and f, the borderline frequency (Hz)
between acceptability and
unacceptability, that can be

given as follows:

f, [Hz] = 130log(F, - 73) ©)

Arexis et al [17] in LAPLACE
laboratory designed a new
experiment in order to understand
the influence of the frequency
combined to the duty cycle (Flicker
Modulation depth is also studied).

A black box (Figure 10) was

placed in a dark room and a High
Brightness warm white LED (3000 K)
module placed behind a frosted
glass plate and never seen directly
by the observer. The LED module,
supplied with rectangular current

10cm

50cm

30cm

50cm

\ 4

Im

pulses generates 540 Im and an
average illuminance of 167 Ix on

the background observed surface.

Background surface colour can
be either black or white;

the experiment has been carried-
out with both colors. During the
experiment the frequency was
varied between 50 to 70 Hz and
the duty cycles from 20% to 90%,
in all experiments the average
illuminance was kept constant.

The observers enter the room and
sit 1m from the edge of the light
box. They could not directly
perceive the light source or the
diffuser. We asked the observers
to look directly at the background
of the box in front of their visual
axis and to not move their heads.
We then performed 40 lighting
scenarios with duration of

5 seconds each. After each one
we asked the observers to push
a button if they perceived or felt
light flicker. No other action

was required.

The number of positive answers
for perception of flicker is shown
in figure 11. For lower duty cycles

and lower frequencies the

flicker was more easily detected.
As for the different backgrounds,
we see that with a white
background the volunteer
detected flicker for a larger
range of frequencies.

The fluctuations are more easily
perceived with a white background
due to increased luminance
contrasts. Because of that we
noted that the visual fatigue of
the participants is also higher
with the white background than
with the black background.

Furthermore, we wanted to know
how the volunteers perceive the
most extreme LED flicker cases
that we found in our tests

(100 Hz, more than 90% flicker).
So we ran two lamps side by
side in two similar light boxes.
One of them was operated in

DC mode with no fluctuations
and the other was programmed
to run with pulses at 100 Hz

and a duty cycle of 50% thus
giving us a 100% flicker.

Both black and white background
were used again. The average
power was kept at 2 W.

Number of answers

max of 25
0

1to4

5to9

o g 0NN N

65

Jdlow o wiainiois
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The results were the following:

e With both black and white
background 16 out of 16
volunteers noted that the
pulsed LED was brighter
(Broca - Sulzer effect)

* 15 out of 16 volunteers did not
perceive a light fluctuation with
any background colour. More
especially, 8 out of 8 did not
perceive a fluctuation with the
white background and 7 out of
8 volunteers did not perceive a
light fluctuation with the black
background (the one that
perceived it was correct in
identifying the pulsed lamp)

* When both lamps were set to
pulse (100 Hz, 50% duty cycle)
with different backgrounds then
all our volunteers agreed that the
white background gives a higher
brightness impression, and two
noted a fluctuation with the black
background

There are two important points here.
The first one is that the pulsed
operation of LED lamps can indeed
give us energy savings if people
perceive them as brighter for the
same power input. The second
point here is that although in our
visual perception experiment the
white background made it easier for
flicker to be detected, in the 100 Hz
test this was no longer relevant and
in fact the mobile phone camera
and three volunteers detected it with
the black background.

In her PhD thesis, Arexis [18] tried
to identify the combinations of
[frequency, duty cycle] that flicker
is not perceivable by end-users
(the sample size was in the order
of 500 people).

To achieve that study four
situations were defined as follows:

e Situation 1: 0% of end-users
perceive flicker

e Situation 2: 5% of maximum
end-users perceive flicker

e Situation 3: 20% of maximum
end-users perceive flicker

e Situation 4: at least 50% of
end-users perceive flicker

90

*0%

W5%

Duty Cydle (%)

4 20%

75
Flicker Frequency (Hz)

80 85 90 95 100

Using the obtained answers a
Pareto optimality procedure

was used in order to define the
[frequency, duty cycle] areas

that flicker is not perceivable.
Pareto optimality is a state of
allocation of resources in which

it is impossible to make any one
individual better off without making
at least one individual worse off.
To achieve this classification Arexis
used the work of Villa et al [19]
based on NSGA-II genetic
algorithm. Figure 12 shows an
example of results obtained by
this method. As can be seen,

the Pareto solutions are organized
in 7 distinct islands:

Island 7 corresponds to situation
1 (no flicker perception), Islands 5
and 6 to situation 2 (almost
imperceptible flicker), Island 4 to
the situation 3 (perceptible flicker)
and Islands 1 and 3 correspond
to situation 4 (noticeable flicker).
This type of classification allows
choosing power supply
characteristics in such a way in
order to avoid flicker and achieve
energy savings.

Flicker and Standards

As has seen in the above
paragraphs flicker is a very
important issue that could implead
SSL technology adoption from the
general public. However, for the
moment, no regulation of light
flicker is really implemented in
various world-region regulations.
Flicker requirements could
significantly improve commercial
lamp evaluation for flicker, but in
Energy Star® only apply to

dimmable lamps within Energy Star
requirements [20]. This is not an
acceptable situation that scientists
and policy makers tend to remediate.

In the absence of flicker metrics
and waveforms, specifiers can
pursue qualitative means for
evaluating flicker. Specifiers should
consider how the risk of flicker-
related problems is heightened or
reduced by a given light source,
the type of space, its occupants,
and the tasks being performed.

In fact, flicker effects can be
different following the executed
task by the end-user.

For static tasks or tasks with
moderate eye motion limiting F/ at
values lower than 0.5 should fine.
In the case of more stringent tasks
implying rapid movement of objects
or visual fixation locations, F/ should
be lower than 0.1. The case of
confined environments has to be
considered apart.

A first attempt to provide a generally
accepted standard was to limit
flicker passing through a maximum
acceptable Flicker Index as a
function of frequency within the

100 Hz to 800 Hz range following

a linear relation:

max (Fl) = 0.001 - f (7)

where f is the flicker frequency
expressed in hertz. This criterion
leads to Fi<1,2 for USA at 120 Hz
and Fi/<1,0 at 100 Hz for Europe.
The rationale used by the US
Environmental Protection Agency
(EPA) to establish that limit appears
to originate from experiments on
high-quality conventional light

o7

Figure 12:

Pareto optimal
solutions obtained by
Arexis. The numbers
indicate distinct
“islands” in the
[frequency, duty cycle]
domain based on the 4
zones assumption (0%,
5%, 20%, 50%)
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Figure 13:

Flicker Modulation
depth as a function

of flicker frequency.
Flicker modulation is
given for no effect level
(green) and low risk
level (yellow)
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sources, including CFLs, performed
by the US Department of Energy
(DoE); in this work, the highest F/
value is 0.11 for magnetically
ballasted CFLs. For the moment
this requirement is still not included
in the last version Energy Star
requirements [20].

The Institute of Electrical and
Electronics Engineers (IEEE) P1789
committee who has been working
on light flicker for several years has
recently published recommendations
based Flicker Modulation metrics [21].
Figure 13 shows the proposed limits
by Lehman and Wilkins [22].

It is more appropriate to refer to
flicker based on fd as the dominant
flicker frequency (the term
“dominant frequency” is used at
two instances in IEEE 1789
recommended practice 2 [25] but
not defined in the text). Furthermore,
the IEEE recommendation fixes

90 Hz as cut-off frequency.

This may be seen as a bad choice

because it leads to the rejection
of “European flicker” at 100 Hz
but not “US flicker” at 120 Hz.
This recommendation leads to
a Flicker Modulation up to 8.0%
at 100 Hz and 9.6% at 120 Hz.

It should be underlined that IEEE
1789 is a recommendation and in
any case can’t be seen as a flicker
measurement standard. In fact,
we don’t know how to handle
complex waveforms with several
Fourier components at different
frequencies. |IEEE 1789 suggests
using spectral analysis based on
Fourier transform but the “integrated
criterion” is still an open area of
research. |IEEE 1789 suggests an
algebraic sum but also mentions
other integration methods
(Minkowski norm for instance).

International Energy Agency 4E-SSL
annex is now working also to
establish flicker criteria inspired by
the above IEEE recommendation.
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The proposed criteria will be
adapted to the “tier concept”
proposed in the annex.

These recommendations will be
published sometime in 2016 in the
next version of Performance Criteria.
More information can be found at
ssl.iea-4e.org web page.

More recently, Bullough and
Marcus [23] conducted a study in
which different temporal flicker
waveforms at several frequencies,
suggested that Flicker Index was a
superior metric for characterizing
stroboscopic effects than percent
flicker. This is going to the opposite
way of the IEEE standard.

In addition, NEMA in its position
paper [24] asserts that current

TLA standardization is hampered by
lack of adequate TLA assessment
metrics and that new flicker metrics
and associated measurement
methods for lighting are required.

It is also underlined that this could
add unnecessary cost to the
electronics gears that may be

not really justified.

Today, as per DoE advice [20],
“...in the absence of flicker metrics
LED systems should always be
visually evaluated, ideally with
flicker-sensitive clients. Waving a
finger or pencil rapidly under the
LED source, or spinning a flicker
wheel, can expose the presence of
flicker through the stroboscopic
effect, even for those who are not
naturally sensitive...” We should
express the wish that a formal
world acceptable standard will be
adopted before “toxic”, low quality
products and unscrupulous sellers
poison the market. M
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New Cree® XLamp® XQ-E High Intensity Color
LEDs Offer Highest Candela Performance

XLamp® XQ-E High Intensity LEDs are the industry’s first family of
color LEDs optimized to deliver the highest candela performance.
The XQ-E High Intensity LED is the smallest building block for
color LED designs, allowing lighting manufacturers to boost
performance and reduce size for directional applications.

For additional information, please visit www.cree.com/xlamp/xgehi
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The Role of Special Optics

iIn Human Centric Lighting
and Architecture

While Human Centric Lighting is relatively new and a topic of some debate, few can argue over the
benefits of creating more natural lighting conditions in offices, retail spaces and other architectural
settings. Anthony Ang, Optical Engineer, Suleyman Turgut, Director of Sales, and Mary Ann Giorgio,
Marketing Communications Specialist at Luminit LLC show how special or “tertiary” optics, such as
diffuser and direction film, can play a crucial role in Human Centric Lighting or lighting that takes into
account the emotional and biological needs of humans.

IaTa)

Advocates of Human Centric
Lighting call attention to

the benefits of a lumen-rich
environment.

Health problems associated
with poorly-planned lighting,
such as loss of concentration,
sleep disorders, fatigue, and
irritability, are well documented,
and these symptoms can be
intensified for those with
photophobia or a high sensitivity
to light as well as for those with
reduced visual acuity.

As standard lamps and fixtures
continue to be replaced with
energy-efficient LEDs, lighting
designers and manufacturers
face new challenges. The light
emitted from a bare LED is
highly directional compared to
conventional sources but still
too divergent for spot lighting
applications. The primary optic
lens reduces the divergence in
all directions and restricts the
light to a narrower cone angle
of around 80°. An additional
secondary optic such as

a reflector or TIR optic is
required to further collimate

it to around 10° to allow the

Issue 53 | © 2016 Luger Research e U,

light to illuminate objects
greater than 1 meter away.

A tertiary optic (i.e., diffuser,
spread lens) is usually required
as well to clean up any non-
uniformity in the beam or
modify the beam to the
required shape and angle.

While color-changing LED
bulbs that respond to human
circadian rhythms, as well as
advances in color temperature,
illuminance and spread,

are helping to improve SSL
fixtures, even distribution is still
difficult to achieve due to the
concentrated and directional
nature of LED light. LEDs also
lack the intensity needed to
effectively light a target plane
more than half a meter away.
Special optics such as diffusers
and direction turning film
incorporated during the design
phase or out in the field can be
an effective and economical
way to control illuminance
level, glare, uniform color
temperature, beam direction
and other factors that contribute
to healthier or biophilic lighting.

The Role of Tertiary
Optics in HCL

While secondary optics are
essential to help collimate the
beam, tertiary optics can take
over where the capabilities

of secondary optics end.

For instance, HCL in a large

retail store will be different from
an office seeking to improve staff
productivity through healthier
lighting. Reflectors can have a
counter-effect of glare when used
in environments with shiny floors,
and while TIR optics are effective
collimation, they may not be as
effective for downward recessed
lighting where illumination needs
to be diffused and cover a
greater area. Such variances

in applications is where tertiary
optics such as Light Shaping
Diffusers (LSDs) and prismatic
optics such as Direction Turning
Films (DTFs) can be helpful.

Such beam shaping films can
re-direct a light beam, enhance
color uniformity, reduce glare and
eliminate distracting LED hotspots.
Tertiary optics can also aid
designers faced with awkward
spaces and less-than-ideal
fixture placement.
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Collimate then Expand

Light Shaping Diffusers use surface
relief structures that are replicated
from a holographically-recorded
master. These pseudo random,
non-periodic micro-structures
manipulate light based on optical
refraction by changing the direction
of its energy. When applied to a
lighting fixture or lamp, Light
Shaping Diffusers allow the
designer to shape a light beam to
suit a particular need. LSDs can
effectively improve the color and
spatial uniformity, as well as reduce
glare and multiple shadows.

When incorporated into LED light
strips, these diffusers can
depixelate the LEDs, adjust the
angle and improve uniformity of
the secondary optics. This
“collimate then expand” principle
relies on a secondary optic to
collect and collimate the light and
a diffuser to expand the beam to
the required beam angle.

Figure 1 shows an example of the
effects created by 60° x 1° elliptical
Light Shaping Diffuser on an LED
strip light. The light is shaped by
spreading the horizontal direction
60° and only 1°in the vertical
direction and the result is the
elimination of hotspots, Moiré,
color diffraction, etc.

The Role of Direction
Turning Films in HCL
Direction Turning Film is another
form of tertiary optics that gives
designers greater control of beam
angle. DTF is a non-symmetrical,
linear micro-prismatic structure
that imparts a 20° shift in the
angle of a semi-collimated light
source and is typically installed
inside or above an LED-sourced
luminaire or architectural feature.
When combined with a Light
Shaping Diffuser, the film allows
designers to homogenize, redirect,
and increase the beam angle of a
light source. One of the major

benefits of using DTF is that it
allows for off-axis placement of an
incoming beam, a feature that has
many practical applications in
human centric lighting.

Figure 2 demonstrates how a
direction turning film allows for
off-axis placement of an incoming
beam, and when combined with a
Light Shaping Diffuser can shape
and homogenize the beam in
addition the changing its direction.

Figure 3 shows the basic elements
of a direction turning element and
explains how it works. - A collimated
light source enters from the left.

The light is tilted 20° by the
prismatic structure DTF then strikes
the diffuser surface on the second
side and spreads.

For example, we know that
consumer behavior in retail stores
is influenced by the shopper’s
sense of well-being - if a shopper

feels comfortable, he or she may
stay and shop longer - and poor
lighting, particularly glare, can have
a negative effect on mood.
Because linear fixtures are
frequently located in the center of
shopping aisles, glare resulting
from light reflecting on a shiny floor
can be distracting. DTFs placed
below the secondary optics can
redirect the light from the floor to
the merchandise, thus illuminating
both sides of the aisle without
affecting the people below the
fixture. Creating an atmosphere
that is more conducive to comfort
can be accomplished with existing
fixtures and without changes to
secondary optics.

An example of how tertiary optics
such as light Shaping Diffusers
(LSDs) and prismatic optics such
as Direction Turning Films (DTFs)
can be used in large retail store
environments where linear fixtures
are frequently located in the center

©

Figure 1:

o1

Effects created by a
60° x 1° elliptical Light
Shaping Diffuser

Figure 2:

Direction turning
films allow for off-
axis placement of an
incoming beam

Figure 3:

Basic elements of

a direction turning
element and its
fundamental working

principle
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Figure 4:

Application of light
shaping diffusers and
prismatic optics such
as direction turning
films in a large retail
store environment

Figure 5:

DTF can also be used
to create more pleasing
and uniform coverage.
The image shows an
example of redirecting
pool lighting

of shopping aisle is shown in

figure 4. These films can re-direct
a light beam toward the display
aisles and away from a shiny floor,
thus reducing glare and creating a
more pleasing shopping experience.

In recessed down lighting,
direction turning film can be
applied to lights mounted in close
proximity to a wall. A light beam
that would normally point
downward and reflect off a table,
counter or other surface, can be
redirected 20° to highlight or
“wash” the wall, thus turning
directional light into volumetric
room lighting. The prismatic

structures of DTF can control
directional light and provide

better visual clarity, reduce glare
and increase ground illumination in
pathway/stairway lighting human
centric conditions that can be
especially helpful in hospitals

and assisted living facilities.

A diffuser placed on the opposite
side of the film helps create a
softer, more comfortable luminous
environment as well as reduce
shadows, glare and other factors
that can lead to discomfort.

DTFs can also be useful for
in-grade lighting or recessed
up-lights to direct the beam to

the target wall or structure and

b
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improve illumination and coverage.
The DTF film has also been
successfully implemented in pool
lighting where the beam can be
diverted to the bottom of the

pool without angling the fixture.

Figure 5 shows an additional
application example beyond
common problems associated

with interior lighting structures,
DTF can also be used to redirect
pool lighting. In addition to creating
more pleasing and uniform
coverage, the film helps prevent
the blinding effects swimmers
experience when swimming toward
lights located beneath the surface.

|
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While DTFs have many practical
applications in HCL, there are
limitations designers need to take
into account. The prismatic
structure must face the LED,

and DTFs are most effective when
used on semi-collimated light over
bare LEDs that produce large beam
angles (more than 80°). The film
can be placed directly on top of
secondary optics but designers
working with bare LEDs should
allow some distance between the
light and the film to avoid overheating.

Future Possibilities

While tertiary optics are primarily
being used to enhance HCL in interior
and architectural settings, DTFs are
also being incorporated into avionic
displays to provide optimal viewing
angles for pilots and co-pilots.

Other possibilities include sunlight
harvesting for energy-efficient
buildings where direction turning
film can be applied to windows to
re-direct sunlight toward the ceiling
where it can be scattered downward
to illuminate larger areas of the space.
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The possibilities of these tertiary
optics are limited only by the
imagination and ingenuity of
engineers, designers and the LED
industry as a whole. However,

the ability to shape light and send
it where it is needed most without
changes to the fixture allows
designers to incorporate human
centric lighting principles to even
the most impractical rooms

and spaces. @
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