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Optimizing Remote Phosphor
for LED Lamp Applications

To generate white light in luminaires, different oportunities exist. One is remote phosphor technology.

This technology allows luminaire manufacturers to differenciate and tune different light parameters

depending on the requirements.  However, in many cases this means a lot of effort. Guenther Hasna,

Chief Technology Officer at Optis GmbH presents a software based approach to optimize and adapt

remote phosphor for lighting applications.
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Light-emitting diodes, originally

used as indicator lamps in many

electronic devices, can now

be found in almost any lighting

system. Phosphor-based LED

technology achieves white light

sources by adding a coating with

phosphors of different colors

around the chip. A fraction of

the original light undergoes the

Stokes shift being transformed

from shorter wavelengths to

longer. If several phosphor layers

of distinct colors are applied, the

emitted spectrum is broadened,

effectively raising the color

rendering index (CRI) value of a

given LED.

The key point in phosphor LED

development is to raise the efficiency

by adapting better package design

and using a more suitable type of

phosphor, requiring state-of-the-art

optics, mechanics, electronics and

analysis software. Although

commercialized CAD and optical

design software are widely available,

most of them work independently. It is

technically challenging and time

consuming to find an optimal solution

for the final design using separate

software.

OptisWorks provides a unique solution

by integrating the optical and

mechanical design into the same

software platform. Powered by OPTIS

SPEOS technology, the software

assists optical design, optimization
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and system integration by simulating

light propagation through complex 3-D

optical components as well as

opto-mechanical assemblies. The

complete integration in SolidWorks

allows optical engineers and

mechanical engineers to design

different modules using the same

software platform. Overall system

performance can be evaluated at any

checkpoint in the design process,

significantly shortening the design

cycle and reducing cost.

Overview
LED chip light source (Figure 1 shows

the phosphor cavity mock-up from the

LED chip emission to the phosphor

dyes) emits photons that could be

scattered or absorbed by the cavity

phosphor dye. Each phosphor

particle can then reemit according to

the quantum efficiency, with a longer

wavelength.

Optical sources are modeled and

created, based on specifications such

as luminous flux, emittance uniformity,

radiation pattern and continuous

spectrum (Figure2 shows the

emission spectrum of the LED

chip source).
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Phosphorescent Material
Modeling
The simulation tool can model the

optical properties of a fluorescent

sample, including the fluorescent

dye and the media in which the dye

particles are immersed. These

properties include quantum

efficiency, absorption spectrum,

emission spectrum and dye

concentration. The absorption

spectrum and emission spectrum

can be import from the dye

manufacturer data sheet.

We used two different dyes

absorbing broadly blue wavelengths

from 360 to 510 nm. Their main

difference consists in the emission

spectrum, the first dye emitting

photons around 530 nm and the

second one around 610 nm. Figure

3a/b shows the imported

absorption and emission as part of

the properties to model the

fluorescent dye.

The LED phosphor encapsulant has

been defined with the input of the

refractive index (n=1.4 at 587nm)

and Abbe number (100). Figure 3c

shows the volume optical material

editor.

Simulation Results and
Optimization
Immediate effects of phosphor

cavity on light propagation are

observed.  Figure 5 shows the

interactive ray tracing, each ray

taking the color corresponding to

the reemitted wavelength.

Once the optical effect of the

phosphor has been verified through

ray tracing, optical detectors are set

up to measure the output of the

LED. Depending on the desired

output, for example luminance,

illuminance or intensity

measurements, different detectors

can be defined.

Preliminary simulation results are

obtained, giving the output of the

LED in candela along with the color

coordinates. Figure 6 illustrates

intensity and color measurements.
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The user is now able to change

concentration of each defined

phosphor to affect the final spectral

output of the LED. The software allows

this operation to be done manually or

through an optimization loop to

converge LED output to color

coordinates of interest.

Summary
The work process how to design,

analyze and optimize a phosphor LED

using a software tool was

demonstrated. With the seamless

integration of OptisWorks and

SolidWorks, it is possible to model

optical components and opto-

mechanical assembly in the same

software environment, thus,

eliminating the potential risk of data

conflict and data loss during import

and export designs between different

software. The integration also enables

the optimization and evaluation of the

entire system simultaneously, which is

often difficult to achieve using

separate software for different

engineering tasks.
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