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Total flux measurement
If angular intensity is measured for all possible angles, the sum of the results will be the total flux.
This can take a long time, so total flux is more often measured in an integrating sphere, which
gives the result in a single measurement.
Traditionally, measurements of total flux are made with the source at the center of a large sphere.
The design requirements of the sphere and impact on measurements are discussed elsewhere
and need not be repeated3.  Provided these design requirements are met, there is no problem with
such measurements in the case of LED packages.  Unfortunately, LEDs are more commonly
located at the sphere wall for such measurements, and this leads to many complications that only
standard conditions can resolve.
The first of these problems is that measurements represent hemispherical emission from the LED,
often called forward-looking or 2π flux.  Although total flux and 2π flux are not the same thing, they
are often confused.  Since total flux is always larger than 2π flux, this confusion can sometimes be
mistaken for disagreement between measurements.
The second problem is that measurements of 2π flux are sensitive to conditions of measurement:
size of sphere and openings, the position of the LED, any design flaws in the sphere, and whether
or not an auxiliary lamp is used.
The third problem is the selection of suitable standards.  Calibrated LEDs, as identical as possible
to those being tested, work best for photometric and radiometric measurements, but white light
sources work best for spectroradiometric measurements.  Sometimes the only standards or
calibrations available to the user are inappropriate, and hence results may contain errors.
Work continues on describing standard conditions for such measurements4.  Meanwhile, care
should be taken in selecting equipment and ensuring equivalent conditions when comparing
results.

Irradiance/Illuminance measurement
To measure irradiance or illuminance, all that is required is a clearly defined detector area that has
good cosine response.  All light, regardless of the direction it comes from, is measured and the
properties of the source(s) make no difference to the conditions of measurement.  LEDs present
no problem to this type of measurement.  So why do we need standard conditions?  The fact is
that many LED packages or LED clusters project very non-uniform light patterns onto a surface.
The size and location of the detector within the pattern there affects results. Therefore, it is
important to ensure conditions are identical when making comparisons.

Radiance/Luminance measurement
Generally, radiance or luminance measurements are made using a telescope (or microscope).
The telescope images the LED, then an aperture placed at the image position isolates the portion
of the LED to be measured.  It is important that the aperture is smaller than the LED image in order
to measure radiance or luminance.
Two types of telescopes may be used: reflex or direct viewing design.  Each telescope has both
advantages and disadvantages.  The reflex telescope has advantages of cost, and the image and
aperture planes are the same.  The advantages of the direct viewing telescope are the lack of
alignment, parallax or focusing errors while viewing, and the fact that the aperture can be seen
during alignment (precluding any mix up on which aperture is used).  Generally, the direct viewing
design is preferred for LEDs because good alignment and lack of parallax are critical for non-
uniform sources.
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However, any measurement of radiance or luminance assumes one thing: the angular distribution
of light is independent of the area being measured.  Unfortunately, the lens on packaged LEDs
makes this untrue!  The reality is results depend critically on conditions of measurement, and there
may be no condition that gives a “true” value.”5  How then should measurements be made?  One
option is to establish standard conditions, but there are other possibilities currently being
discussed.  If measurements are made on chip LEDs before packaging, or a packaged sample is
cut and polished flat to remove the lens, then good values can easily be obtained.  Alternatively, if
the Condition A averaged LED intensity is divided by the emitting area of the chip, an “apparent
radiance/luminance” can be obtained.  This latter method does not give true radiance/luminance
but does have the advantages of being relatively easy, avoiding the need for extra equipment, and
is consistent with other measurements.  Discussions continue on which method should be used2.
Meanwhile, when comparing results, ensure the same method and conditions are used.
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