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Welcome to this presentation on Radiometry and Photometry, part of
OSRAM Opto Semiconductors' LED Fundamentals series.

In this presentation we will:
- define the terms “radiometry” and “photometry”
- discuss important photometric concepts.



Definitions, Units and Symbols

¢ Radiomeiry — deais with the deiection and measurement of eiectromagnetic radiation
across the total spectrum

¢ Photometry — subfield of radiometry; radiometric power scaled by the spectral response
of the human eye
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Radiometry is the field which deals with the detection and measurement of
radiation across the full electromagnetic spectrum, including ultraviolet,
visible, and infrared radiation. Photometry is concerned only with the visible
portion of the spectrum, from about 380 to 780 nanometers.



of the human eye

Definitions, Units and Symbols

¢ Radiomeiry — deais with the deiection and measurement of eiectromagnetic radiation
across the total spectrum
¢ Photometry — subfield of radiometry; radiometric power scaled by the spectral response

Radiometric Photometric
Quantity Symbol Units Quantity Symbol Units
Radiant Power [ON W Luminous Flux P, lumens (Im)
Radiant Intensity Ig W/sr Luminous Intensity I Im/sr
Irradiance E; W/m? llluminance E; Im/m?
Radiance | 2% W/m?2-sr Luminance L:; Im/mZ-sr
“e” = “energetic”
‘" = “visual”
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The table summarizes the most common radiometric and photometric

guantities.




Converting to Photometric Units
= Power (Watts) is converted to luminous
flux (lumens) via the relation:
780 @, = flux (lumens)
P.=P
®, =K [R(2)V(2)dA = Fiiee
\ = photopic response function
380 of the human eye
o8 K = constant (683 Im/W for
i photopic)
z a7
2 o0
_g a4
Wavelength (nm}
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Radiometric power is converted to luminous flux via the integral equation. V-
lambda is the spectral response of the human eye in daylight, otherwise
known as the photopic curve. The unit of luminous flux is the lumen.



Convert Radiometric to Photometric
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This slide shows graphically the radiometric spectral power distribution, P
sub e, multiplied by the photopic curve V-lambda. By taking the area under
the resulting P sub v curve and multiplying by the constant K, the luminous
flux in lumens is calculated.



Solid Angle

Surface Area = A

Sphere radius =R

Solid Angle Q = A/R?

Units: Steradians (sr)
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Solid angle is the 3 dimensional analog of an ordinary angle. In the figure,
the edge of a circular disk, the bright red circle, is projected to the center of a
sphere. The projection intersects the sphere and forms a surface area A.

Solid angle is the area A on the surface of a sphere of radius R divided by
the radius squared. The units of solid angle are steradians. Note that it is a
dimensionless quantity.



Projected Solid Angle

Solid angle area (dQ2)

Area of projected
solid angle (cos @ dQQ)

Unit sphere
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Projected solid angle takes into account the projected area when the
viewpoint is other than the center of the sphere. The element of solid angle
is shown in red. The area of projected solid angle is shown in blue.



Projected Solid Angle

dQ=sinfd0 d¢

dQ =cos@dQ

proj
2t a

Q,, = [ [cosOsingdo dg
0 0

Q =rsin‘a

proj
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As an example, the projected solid angle for a cone of half angle alpha is
calculated.



Photometric Units and Symbols
Photometric Units

ivietric Engiish
Quantity Symbol Units Name Units Name
Luminous Flux P lumens (Im)]  lumens

candela (cd)

Luminous
4 | Im/sr or
Intensity
candlepower
llluminance E Im/m? lux (Ix) Im/ft Ft-candle
Luminance L cd/m? nits cd/m*ft? |Ft-Lambert
|
/ , /
)/
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The most common photometric quantities are shown in the table. We have
already discussed luminous flux. Luminous intensity, or just intensity, is “light
in a direction”. The units of intensity are lumens per solid angle, or
steradians. Note that intensity does not depend on measurement distance.
The next quantity, illuminance, is “light falling on a surface”, with units of
lumens per area. Finally, luminance is “light from a surface in a direction”.
The units are lumens per area per solid angle; it is the perceived brightness.



Lambertian Source

A\ I 2 £ AN\
independent of angle LKU} - LKU}

« Intensity falls off as cos8 ](9) — ]0 COS 9

* Many LEDs are very nearly
Lambertian sources ]
0

I,cos@
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A Lambertian source is defined as one in which the brightness (or
luminance) is independent of angle — in other words, the off-axis luminance
is the same as on-axis. Such a source has an intensity versus angle profile
that falls off as the cosine of the angle. Historically, many LED sources have
had nearly Lambertian beam distributions, simplifiying certain calculations.



Lambertian Source

Total flux in a 28 cone:

20

a
A D=27[1(0)sin0'do’
0

o
D = 27?!10 cos@'sin@'do'
0

® = zsin’ O

The total flux of a Lambertian
source of 1cd isz lumens.
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Take the example of calculating the luminous flux within a certain cone
angle. Substituting the intensity distribution of a Lambertian source into the
equation makes the integration simple. For a so-called Lambertian LED, the
total lumens is about three times the on-axis intensity.



Disclaimer

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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This document constitutes neither an offer to sell nor a solicitation to buy or subscribe
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.

The information contained herein is not for distribution, directly or indirectly, in or

Into the United States of America (including its territories and possessions of any

State of the United States of America or the District of Columbia) and must not be
distributed to U.S. persons (as defined in Regulation S under the U.S. Securities Act

of 1933, as amended ("Securities Act")) or publications with a general circulation in

the United States of America. This document is not an offer of securities for sale in the
United States of America. The securities have not been and will not be registered under
the Securities Act and may not be offered or sold in the United States of America
absent registration or an exemption from registration under the Securities Act. The
Issuer does not intend to register any portion of the offering in the United States of
America or to conduct a public offering of the securities in the United States of America.
This document is not an offer of securities for sale in the United Kingdom, Canada,
Japan or Australia.
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Thank you for your attention.
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Thank you for viewing this presentation by OSRAM Opto Semiconductors.
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