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Presenter
Presentation Notes
Shuji Nakamura is considered by many to be the ‘godfather’ of LED lighting, having successfully developed the first bright blue LEDs in 1993. This was the breakthrough to enabling bright and energy-saving white light sources. The invention has not only enabled LED lighting, but also created the possibility for flat displays in TV’s, computers and mobile phones.

Nakamura always believed in a ‘better way’ which led to the founding of SORAA.


FULFILLING THE PROMISE OF LED LIGHTING

Bright Blue LED SORAA Directional Lamp Hrst GaN on GaN
Brea kthrough Portfolio Expands Ambient Fixtures
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Hrst (Red) LED Created GaN on GaN LEDs SORAA Launch Hrst GaN Optical Light
Invented on GaN LED Lamp Engines Released

SORAA


Presenter
Presentation Notes
SORAA was founded in 2008 by 3 professors from UC Santa Barbara: Dr. Shuji Nakamura, Dr. Steven DenBaars and Dr. James Speck to develop solid-state lighting technology built on pure gallium nitride substrates.

In 4 short years, SORAA’s lamp portfolio has grown from a single lamp in 2012 to 14 lamp variations in 2016. In this time the company has also introduced its innovative SNAP System and Optical Light Engine range. 2016 will also see the launch of the company’s ambient fixtures.


THE RECIPE FOR SIMPLY PERFECT LIGHT

GaNon GaN™ Soraa VIVID Colour™ Soraa Natural White ™ Point Source Optics™

SORAA


Presenter
Presentation Notes
Vivid Color relates to the VIVID Series only. We will also discuss Flicker Free technology in our low voltage MR16 lamps


GaN on GaN

THE FOUNDATION OF PH

SORAA



PERFECT CRYSTALS

e Conventional crystals generate many defects on foreign substrates

/ () / () > Bpitaxial GaN
./

> Foreign Substrate

e

Standard (Sapphire, SIC, SI)

« GaNon GaN™ results in crystal structure with 1000x fewer defects

> Bpitaxial GaN

> GaN Substrate

SORAA GaN on GaN™

Recognized by Shuji Nakamura as the next step in LED technology (“LED 2.07)
Enables very efficient, very small violet LEDS



Presenter
Presentation Notes
Most standard LEDs are based on 20 year old technology, first developed by Prof. Nakamura


SMALLER DIE SIZE

« GaNon GaN’s perfect crystal structure emits 5x more light per unit area
than conventional LEDs

Standard Competitor Die GaN on GaN Die

o Hficiency of SORAAS Tri-LED technology means that LEHDs can be smaller,
reducing costs and enabling a single source solution



Presenter
Presentation Notes
SORAA uses 36 die in its small lamps (6mm chip), and 72 die in its large lamps 8mm chip)


INNOVATIVE CHIP DESIGN

 1000x few crystal dislocations enables SORAA's innovative triangular LED
design, whilst GaN substrate enables volumetric chips

Photon Escape

o Tri-lateral (“Tri-LED”) configuration allows more light to escape die

 Roughened surface of LED chip further improves light extraction with
efficiency beyond the thin-film limit, approaching 90%




SORAA VIVID COLOUR™




LEDs and spectrum
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We generate a white spectrum by combining
- a pump LED (violet for us)
- several phosphors
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VIOLET-EMISSION 3-PHOSPHOR
TECHNOLOGY

o Standard LEDs emit blue light with red and green phosphors

[

/ 380 Wavelength (nm) 780

 SORAAemits violet light with red, green and blue phosphors

2 phosphor mix produces

a “Broken Spectrum”

3 phosphor mix produces

>

a “Rull Spectrum”

380 Wavelength (nm) 780



Presenter
Presentation Notes
Standard LEDs rely on blue light emitting directly from the LED to create white light. SORAA used 3 phosphors to create white light, which provides improved colour consistency.

You are also more likely to see a colour shift over time with blue-based LEDs. As the red and green phosphors degrade, the blue light becomes stronger. However with SORAA, the colour remains consistent as it is created using a 3 phosphor mix, which degrades at the same rate.


FULL-VISIBLE-SPECTRUM LIGHTING

 SORAASs violet-emitting GaN on GaN™ LHDs with a 3-phosphor mix
render a complete and continuous spectrum

Ha rmful UV Visible Spectrum Wasteful IR
N e SORAA VIVID 95 CRI
R . B Daylight
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Nanometers

o Soraa’stechnology ensures there are no gaps inred or cyan



Presenter
Presentation Notes
Even high CRI light sources struggle to render cyan colours and the bottom end of the spectrum, which is important to whiteness rendering (see later slide). SORAA looks to replicate sunlight minus the harmful UV and wasteful IR.


EVERY TONE, SHADE, TINT AND HUE

 SORAAS technology enables excellent colour rendering across all colours
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The CRI metric only captures rendering To render deep colors you
of these 8 pastels need full-spectrum light

o Bvery colour looks richer and brighter, including warm tones such as RO



Presenter
Presentation Notes
This slide is comparing a blue-emitting CRI95 light source with SORAA’s violet-emitting CRI95 source. SORAA is superior across all samples


HIGHER ACCURACY, MORE INFORMATION

TM-30 uses 99 colour samples vs CRI’s 8

SORAA



COLOUR METRICS - COLOUR RENDERING INDEX
(CRI)



Presenter
Presentation Notes
This slide is a graphic visualisation of CRI. Essentially, the lower the CRI, the duller the subject looks.


SEEING RED?

90 CRI| R9 50 90 CRI| RO 95

SORAA


Presenter
Presentation Notes
This slide is a graphical representation. It is showing the importance of the R9 value. Just because a light source has a ‘High CRI’ (i.e 90+) doesn’t mean it renders all colours well. High CRI sources often have a low R9 value, resulting in dull looking reds.


Summary

Quality of Light
Output
Energy Consumption and Life

Use ability (compatibility w fixtures and gear)

Quality of Light
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Quality of Light
Output
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Use ability (compatibility w fixtures and gear)

Quality of Light
Output
Energy Consumption and Life

Use ability (compatibility w fixtures and gear)
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Soraa Vivid 2 MR16

Halogen MR16

90 CRI LED MR16

80 CRI LED MR16

——

Poor Good

Soraa Confidential

SORAA

Simply Perfect Light”™

Soraa Mvid 2 MR16:

o Qutperforms Halogen MR16 on quality of light
with no compromise on output and fixture and
gear compatibility

Blue Pump LED MR16s:

« Even 90CRI has substantial short comings on
Quality of Light

 Theypose a trade-off with color rendering and
output, but never come up with an offer that
matches halogen on both

« LED MR16s are rated for use in open fixtures
only and have shortcomings in approbation (UL

Class 2 only)
17



SORAA NATURAL WHITE™




VIOLET NOT BLUE

TRUE TO LIFE WHITES

VP, NATURAL WHITE™

Many white objects carry tluorescent agents only picked up

m—— Halogen

by violet light. SORAA's LED cover the entire spectrum of —RAN LD
e Standard LED

colour from violet to red, which reveal whites true to thier

indented hue - from warm rich creams to cool bright whites.

fluorescent

This is SORAA VP, NATURAL WHITE™—perfectly rendering excitation

the infinite range of shades of whites.

= H 1 1
300 400 500 600 700

Wavelength {(nanometers)

¥
Fluorescent Excitation

Unlike Standard LEDs whose wavelength starts at 430nm, our spectral
welenath beair b AN e t idina all the fl P e, ey
wavelength begins at 4Uunm, proviging all the rtiuorescent excitation

needed to clearly distinguish between shades of white

Standard blue-emitting LED SORAA violet-emitting LED

e SORAAS LHDs reveal the different shades of white around us



Presenter
Presentation Notes
Standard LED’s have a ‘yellowing’ effect. SORAA LEDs have a similar effect to sunlight.


SORAA POINT SOURCE OPTICS™




POINT SOURCE OPTICS

Directional lighting requires well controlled beamangles from narrow to
flood; tight form factors; and sharp single shadows
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Folded Prism Optics

SORAASs Innovative folded optics enable crisp, focused beans




NARROW BEAMS

 SORAAS prismatic optic is a breakthrough in footprint, offering extremely
narrow beamdistributions froma low-profile design

10 degree beams possible from a lens
just 8mm thick (MR16 & GU10)

 Fundamental laws of optics dictate that large sources in small form factors
result in wide beamangles

I e : d=Dsin(®/ 2)

 The same lawsthat hinder beam design with large, multiple light sources
become an asset with a small single source



Presenter
Presentation Notes
Using the sample principles, SORAA has also developed a 4 degree AR111 lamp and SLE30 Optical Light Engine.


CRISP SHADOWS

o SORAA’ Point Source Optics provide crisp, single shadows

Multi-Source Competitor LED SORAA Single-Source LED

-

Multiple sources create multiple shadows Single source provides a crisp, single shadow

e Multi-source LEDs project multiple shadows with multiple colours yielding less
attractive results



Presenter
Presentation Notes
Multi-source LEDs can also have the effect of flattening the look of fabrics.


Customise Your Beams

SNAP SYSTEM
LED MRI16 ACLESSORIES

ORA

» World’s First 10°
Single Source LED MR16
« CRI 80 or 95 Full Spectrum Lamp
« Magnetic Self Centering
» Fits All Fixtures
» Multiple Stackable Accessories
« Any Beam Angle
» Ellipse, Color Filters, Louvers
« Dimmable
» Stackable

FREE YOUR IMAGINATION WITH UNLIMITED DESIGN POSSIBILITIES



Presenter
Presentation Notes
Using the sample principles, SORAA has also developed a 4 degree AR111 lamp and SLE30 Optical Light Engine.


SORAA FLICKER FREE™ TECHNOLOGY



WHY DOES FLICKER OCCUR?

e Hicker is caused by the ‘ripple’ in AC current which leads to a ‘ripple’ in
light output

Current Current

AYAVATA

AC Input to lamp (50-60Hz) ‘Rppled’ DC Input to LED (100-120Hz)

Time Time

o Unlike in halogen lamps, LEHDs powered by AC sources respond almost
Instantly to changes in current

 Ripple inthe light output is undampened, leading to a greater perception of

flicker in LEDs SORAA


Presenter
Presentation Notes
It’s important to highlight that by flicker, we are referring to the stroboscopic effect, and not the flicker caused by compatibility issues.


INVISIBLE FLICKER

 Humans are sensitive to ‘invisible flicker’, or ‘stroboscopic effect’, due to
variations in light output between 50Hz — 500Hz

Wand Test Smartphone Test

Intervals of low light lead to Photographs show bands of

gaps in the fan light and dark

o Stroboscopic effects have been associated with headaches, eye strain and

fatigue ‘ SORAA



ERADICATING INVISIBLE FLICKER

e SORAAdeweloped a two-stage digital driver to eliminate the problem of
stroboscopic flicker in our low wvoltage MR16 lamps

Competitor Single Stage Lamp

Current Capacitor Current
Time i Time
Capacitor receives rippled input and delivers reduced ripple to LED
SORAA Two-Stage Hicker Free™ Lamp
Current Smaller Current 2nd Stage Current
/\/\ Capacitor Driver
Time Time Time

Smaller capacitor delivers greater ripple, but 2nd stage eliminates it completely



Presenter
Presentation Notes
Most ‘low flicker’ lamps do not conform to the ANSI product envelop, with elongated bodies to accommodate the larger capacitor.


SORAA FLICKER FREE"

« SORAASs Hicker Hee ™ low wvoltage MR16 lamps completely address the
adverse physiological effects of invisible flicker

Wand Test Smartphone Test

Smooth, unvarying light output leads Results in clear photographs with
to no gaps (flicker free) no banding

e Two-stage driver actsasa ‘constant flow valve’, smoothing the current and
delivering flat DC power to the LED ’ SORAA



SORAA



W i P gt Lt

SORAA BLUEFREE LED™ TECHNOLOGY:
ﬁ WHITE LIGHT WITHOUT BLUE

STAMDARD LED large blue peak

Faded colors
and whites

SORAA BLUEFREE LED - soft white light with no blue

EEFLTIRr

SORAA
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“When 1t comes to
qua lity of light...

...SORAA outshines
the competition.”
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Presenter
Presentation Notes
(Quote is from Korhan Şişman a Turkish light designer at PLANLUX.)
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