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Welcome to this presentation on Optical Principals, part of OSRAM Opto
Semiconductors' LED Fundamentals series.

In this presentation we will look at the basic optical laws that apply to solid state
lighting.



Interaction of Light and Surfaces
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When light encounters a surface, or travels from one media to another,
several interactions are possible. For general lighting, we are typically
interested in reflection, transmission, refraction, total internal reflection
(which is really a special case of refraction), and absorption.



Reflection
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Consider a light ray striking a mirrored surface. The angle of the light ray
with respect to the surface normal is theta | and is called the “angle of
incidence”. The Law of Reflection states that the angle of incidence is equal
to the angle of reflection. The is also the definition of a “specular” reflection.
For a surface with some roughness, some of the light will reflect in the
specular direction and some will be reflected in other directions. This can be
called “semi-specular” or “semi-diffuse” reflection. A “diffuse” reflection
sends light in all directions.

It should be noted that transmission works in a similar fashion.



Refraction
A i Light bends toward the normal
n;sing; = nSing, when going from low index to
high index (low density to high
density).
Light bends away from the
normal going from high index
n; to low index.
N
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Refraction takes place when light passes from one media or material to
another, say, from air to plastic. Light bends towards or away from the
surface normal depending on the indicies of refraction of the materials and
the angle of incidence. The equation which describes the relationship
between the angle of incidence and the angle of transmission is known as
“Snell's Law”. In general, light bends toward the normal when going from a
low index to high index, such as air to plastic. Light bends away from the
normal when going from high to low index, for example plastic to air.



Total Internal Reflection (TIR) and Critical Angle

Critical Angle: sin6, = nyn,
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A special case of refraction is called total internal reflection, or TIR. This
occurs when light is traveling from a high index material to a low index
material. Referring to the figure on the left, as the angle of incidence
increases from 1 to 2 to 3, the angle of transmission also increases. When
the angle of incidence reaches the so-called “critical angle,” illustrated by ray
4, the light remains confined in the high index material. Beyond this angle,
light reflects off the high index-low index boundary according to the Law of
Reflection.



Total Internal Reflection (TIR) and Critical Angle
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Since this is a lossless reflection, the principle of TIR can be used to design
high efficiency optics. Lightguides, such as those found in LCD backlights,
also take advantage of TIR.



Fresnel Losses

» When light strikes an interface between two different materials, some light is lost
reflected (even at normal incidence)
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An important consideration when light is passing through different material is
Fresnel loss. When light is going from air to plastic or vice-versa, for
example, part of the light is transmitted and part is reflected, even at normal
incidence. The percentages of transmitted and reflected light depend
primarily upon the angle of incidence and index of refraction. The
polarization state can also be important, but for general lighting an average
polarization is assumed when making calculations.



Fresnel Losses

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0% -+
0 10

LED Fi | Optical Principl

20

| Page 8

30

—— Transmitted
——— Reflected
40 50 60 70 80 20
Incident Angle (deg) OSRAM
Opto Semiconductors

Here is a graph showing the percentages of transmitted and reflected light
through an acrylic sheet surrounded by air. As you can see, significant
transmission losses occur at angles of 60 degrees and beyond. Fresnel
losses can significantly impact optical system efficiency if not considered.



All information contained in this document has been checked with the greatest care.
OSRAM Opto Semiconductors GmbH can however, not be made liable for any damage
that occurs in connection with the use of these contents.

OSRAM Opto Semiconductor GmbH makes no representations and warranties as to a
possible interference with third parties' intellectual property rights in view of products
originating from one of OSRAM Opto Semiconductor GmbH's partners, or in view of
products being a combination of an OSRAM Opto Semiconductor GmbH's product and a
product of one of OSRAM Opto Semiconductor GmbH's partners. Furthermore, OSRAM
Opto Semiconductors GmbH cannot be made liable for any damage that occurs in
connection with the use of a product of one of OSRAM Opto Semiconductor GmbH's
partners, or with the use of a combination of an OSRAM Opto Semiconductor GmbH's
product and a product of one of OSRAM Opto Semiconductor GmbH's partners.
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for securities. Any such offer will be made solely on the basis of the Securities
Prospectus yet to be approved by the German Financial Supervisory Authority

(BaFin) and published thereafter. The information legally required to be provided to
investors will be contained only in the Securities Prospectus.
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Japan or Australia.
ip | Page 10 OSRAM

Opto Semiconductors

10



Thank you for your attention.
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Thank you for viewing this presentation by OSRAM Opto Semiconductors.
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