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(57) Abstract: Provided are an integrating sphere pho-
tometer and a measuring method of the same. The inte-
grating sphere photometer includes an integrating sphere
including a lett hemisphere and a right hemisphere, a pho-
tometer disposed on the center surface of the right hemi-
sphere, a photometer baffle disposed in front of the pho-
tometer to be spaced apart therefrom, a light source to be
tested disposed at the center region of the integrating
sphere to illuminate light to at least an illumination region
of the left hemisphere, an auxiliary lamp part disposed in
the vicinity of a contact region between the left hemi-
sphere and the right hemisphere to illuminate light to the
illumination region, and an auxiliary lamp baffle disposed
around the auxiliary lamp part to prevent the light emitted
from the light source to be tested from being directly illu-
minated to the auxiliary lamp part and also to prevent the
light emitted from the auxiliary lamp part from being di-
rectly illuminated to the light source to be tested.



WO 2011/068281 A1 I 000 ) A0 0O 0O A

—  with international search report (Art. 21(3))

Published:



WO 2011/068281 PCT/KR2010/000611

Description
Title of Invention: INTEGRATING SPHERE PHOTOMETER

AND MEASURING METHOD OF THE SAME
Technical Field

[1] The present invention relates to apparatuses for measuring a total luminous flux
[unit: Im] using an integrating sphere and a photometer and, more specifically, to an in-
tegrating photometer which can be applied even to a flat surface light source that has a
size of tens of centimeters or greater and emits light only in a specific direction, hemi-

spherically as well as small-sized conventional light sources.

Background Art

[2] Total luminous flux is one of the key parameters describing the net lighting per-
formance of a light source, which is defined as the sum of luminous flux [unit: Im]
emitted by a light source in all directions. For example, luminous efficacy [unit: Im/W]
is evaluated based on the total luminous flux, which is determined as a ratio of an
output total luminous flux [unit: Im] to an input electrical power [unit: W]. Ac-
cordingly, accurate measurement of a total luminous flux is very important in
evaluating the performance of lighting apparatuses.

[3] In general, the measurement of a total luminous flux is made by a gonio-photometer.
After measuring the spatial distribution of an output luminous intensity over 4z solid
angle using a reference photometer of which luminous intensity responsivity has been
calibrated, the total luminous flux is obtained by mathematically integrating the
luminous intensity distribution.

[4] Alternatively, the measurement of a total luminous flux can be made by an in-
tegrating sphere photometer. In principle, the integrating sphere photometer
structurally integrates the luminous flux inside the integrating sphere, and gives an
output signal nearly proportional to the total luminous flux value of an light source
inside the integrating sphere. Since the integrating sphere photometer utilizes the pro-
portionality, the measurement is performed by comparing a light source to be tested
with a reference lamp of which total luminous flux has been calibrated. The integrating
sphere photometer is advantageous in simple structure and short measuring time.

[5] In the case that a reference lamp and a light source to be tested are identical in kind,
the integrating sphere photometer may easily obtain a highly accurate total luminous
flux through a simple comparison measurement. Due to this advantage, the integrating
sphere photometer has been widely used in practical works.

[6] However, in the case that a reference lamp and a light source to be tested are

different in shape, spectral distribution, and spatial distribution, all the differences
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[7]

[8]

[9]

[10]

[11]

[12]

make measurement errors. To alleviate the errors, the integrating sphere photometer
must be additionally subjected to a correction step. The correction step may include
self-absorption mismatch correction, spectral mismatch correction, and spatial

mismatch correction.
A reference lamp is used for comparison measurement at the integrating sphere

photometer. An incandescent lamp has been conventionally used as the reference lamp.
The correction step for a light source to be tested, which is not very different in shape
and size from the reference lamp, is already well known in the art.

However, in the case that the light source to be tested is a large area surface light
source, self-screening effect may occur to cause difficulty in measuring the total

luminous flux using the integrating sphere photometer.
Disclosure of Invention

Solution to Problem

Embodiments of the present invention provide an integrating sphere photometer and
a measuring method of the same. The integrating sphere photometer may include an in-
tegrating sphere including a left hemisphere and a right hemisphere, a photometer
disposed on the center surface of the right hemisphere, a photometer baffle disposed in
front of the photometer to be spaced apart therefrom, a light source to be tested
disposed at the center region of the integrating sphere to illuminate light to at least an
illumination region of the left hemisphere, an auxiliary lamp part disposed in the
vicinity of a contact region between the left hemisphere and the right hemisphere to il-
luminate light to the illumination region, and an auxiliary lamp baffle disposed around
the auxiliary lamp part to prevent the light emitted from the light source to be tested
from being directly illuminated to the auxiliary lamp part and also to prevent the light
emitted from the auxiliary lamp from being directly illuminated to the the light source
to be tested. The auxiliary lamp may have various degree of angular directionality in
itself as uniform as a point source to as highly narrow as a laser.

According to an example embodiment, the auxiliary lamp part may include an
auxiliary lamp disposed inside the integrating sphere and a reflection cup disposed
adjacent to the auxiliary lamp to provide directionality to the auxiliary lamp.

According to an example embodiment, the auxiliary lamp part may further include an
align unit aligning at least one of the auxiliary lamp and the reflection cup by moving
the same such that light is illuminated to the illumination region.

According to an example embodiment, the auxiliary lamp part may include an
auxiliary lamp disposed outside the integrating sphere, a lens focusing an output light
of the auxiliary lamp, an optical transfer unit having one end disposed inside the in-

tegrating sphere and transferring the light focused by the lens, and an aperture
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[13]

[14]

[15]

[16]

providing directionality to the light output by the optical transfer unit.
According to an example embodiment, the auxiliary lamp part may include an

auxiliary lamp disposed outside the integrating sphere, a lens focusing output light of
the auxiliary lamp and an optical transfer unit having one end disposed inside the in-
tegrating sphere and transferring the light focused by the lens. The auxiliary lamp
baffle may provide directionality to the light output from the one end of the optical
transfer unit.

According to an example embodiment, the auxiliary lamp part may include a
plurality of auxiliary lamp parts disposed at a contact region between the left
hemisphere and the right hemisphere. An outermost region of the region illuminated by
the auxiliary lamp parts may match the illumination region.

Embodiments of the present invention also provide a measuring method of an in-
tegrating sphere photometer including an integrating sphere comprising a left
hemisphere and a right hemisphere, a photometer disposed on the center surface of the
right hemisphere, a photometer baffle disposed in front of the photometer to be spaced
apart therefrom, a light source to be tested disposed at the center region of the in-
tegrating sphere to illuminate light to at least an illumination region of the left
hemisphere, a auxiliary lamp part disposed in the vicinity of a contact region between
the left hemisphere and the right hemisphere to illuminate light to the illumination
region, and an auxiliary lamp baffle disposed around the auxiliary lamp part to prevent
the light emitted from the light source to be tested from being directly illuminated to
the auxiliary lamp part and also to prevent the light emitted from the auxiliary lamp
from being directly illuminated from the light source to be tested. The measuring
method may include mounting a reference lamp on the center region of the integrating
sphere and lighting the reference lamp to measure incident light by the photometer,
putting out the light of the reference lamp and lighting the auxiliary lamp part to
measure incident light by the photometer, removing the reference lamp and mounting
and lighting the light source to be tested to measure incident light by the photometer,
putting out the light of the light source to be tested and lighting the auxiliary lamp part
to measure incident light by the photometer, and calculating the total luminous flux of
the measuring target light source. The reference lamp may have various angular dis-
tribution uniform angular distribution over 4s-solid angle, uniform angular distribution
over 2mt-solid angle for the right hemisphere and O-intensity for the left hemisphere, or
lambertian angular distribution over 2m-solid angle for the right hemisphere and

O-intensity for the left hemisphere.
Advantageous Effects of Invention

According to the present invention, an integration sphere photometer is provided
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[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

with an auxiliary lamp for error correction to effectively correct errors caused by self-
absorption and self-screening effect, which arise when the total luminous flux of a
surface light source is measured, even when an incandescent lamp-type reference lamp
is used. Moreover, the integrating sphere photometer may be used to measure not only
a specific surface light source but also various sizes and shapes of light sources.
Brief Description of Drawings

FIG. 1 is a cross-sectional view illustrating an integrating sphere photometer
according to an embodiment of the present invention.

FIG. 2 is a perspective view illustrating an integrating sphere photometer according
to an embodiment of the present invention.

FIGS. 3 to 6 illustrate integrating sphere photometers according to other em-
bodiments of the present invention.

FIGS. 7 to 10 illustrate a measuring method of an integrating sphere photometer
according to an embodiment of the present invention.

Mode for the Invention

There is a requirement for an integrating sphere photometer which is capable of
measuring the total luminous flux of a surface-type of a light source to be tested and
which is not different in function from a conventional integrating sphere photometer
using a reference lamp. The integrating sphere photometer needs to remove a mea-
surement error caused by self-screening effect.

The present invention will now be described more fully hereinafter with reference to
the accompanying drawings, in which preferred embodiments of the present invention
are shown. However, the present invention may be embodied in many different forms
and should not be construed as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present invention to those skilled in the art. Like
numbers refer to like elements throughout.

FIG. 1 is a cross-sectional view illustrating an integrating sphere photometer
according to an embodiment of the present invention, and FIG. 2 is a perspective view
illustrating an integrating sphere photometer according to an embodiment of the
present invention.

Referring to FIGS. 1 and 2, the integrating sphere photometer includes an integrating
sphere 70 comprising a left hemisphere 70a and a right hemisphere 70b, photometer 10
disposed on the center surface of the right hemisphere 70b, a photometer baffle 20
disposed in front of the photometer 10 to be spaced apart therefrom, a light source to
be tested 30 disposed at the center region of the integrating sphere 70 to illuminate

light to at least an illumination region 33 of the left hemisphere 70a, a auxiliary lamp
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[25]

[26]

[27]

[28]

[29]

part 40 disposed in the vicinity of a contact region between the left hemisphere 70a and
the right hemisphere 70b to illuminate light to the illumination region 33, and an
auxiliary lamp baffle 60 disposed around the auxiliary lamp part 40 to prevent the light
emitted from the light source to be tested 30 from being directly illuminated to the
auxiliary lamp part 40 and also to prevent the light emitted from the auxiliary lamp
part 40 from being directly illuminated to the light sourced to be tested 30..

The integrating sphere 70 may have a diameter ranging from tens of centimeters to
several meters. Reflectance R of an inner circumferential surface of the integrating
sphere 70 may be 90 percent or more. The inner circumferential surface of the in-
tegrating sphere 70 may be a substantially spherical surface. It is not meant that the left
hemisphere 70a and the right hemisphere are divided into each other. The integrating
sphere 70 may comprise a plurality of parts which are removably coupled with each
other. The integrating sphere 70 may be supported by a support 72, which may be
fixedly coupled with a frame 74.

The photometer 10 provides an output signal which is proportional to illuminance on
the front surface of the photometer 10, based on the principle that an electrical signal
when photons reach the photometer 10 is generated. The photometer 10 may be
inserted into a through hole 11 disposed at the center surface of the right hemisphere
70a or may be disposed on the back of the through hole 11.

The photometer baffle 20 may prevent light emitted from the light source to be tested
30 or a reference lamp (not shown) from directly impinging on the photometer 10. The
photometer baffle 20 may be disc-shaped. Reflectance of the photometer baffle 20 may
be 90 percent or more. Axes of the photometer baffle 20 and the photometer 10 are
coaxial with each other. A diameter of the photometer baffle 20 may be greater than
that of the photometer 10 or the through hole 11 or large enough to fully screen the
light from the reference source (not shown) and the light source to be tested 30 to the
photometer 10.

The light source to be tested 30 may be a small-sized, point-like light source or a
surface light source. Preferably, the light source to be tested 30 is a surface light
source. The light source to be tested 30 may be a surface light source such as a
backlight unit for a flat panel display which has a size of tens of centimeters and a flat
shape and emits light by covering only 2n-solid angle, that is, only a hemisphere.

In case of the surface light source, error correction cannot be performed by means of
a conventional integrating sphere photometer. When the surface light source is
mounted in a conventional integrating sphere photometer, it may function as a light
screening baffle of low reflectance in itself. Accordingly, self-screening effect occurs
to prevent smooth redistribution of light inside the integrating sphere. As a result,

conditions of the integrating sphere photometer become different from those when a
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[30]

[31]

[32]

[33]

reference lamp signal is measured. The larger the size of the surface light source to be
tested, the greater the error. To remove the error, comparison measurement must be
performed using a reference lamp of the same shape as the surface light source to be
tested. However, it is practically impossible to provide a reference lamp well-matched
for every light source to be tested. In practical works, advantages of the integrating
sphere photometer are abandoned and a surface light source is measured by means of a
goniophotometer that is relatively complex and requires long measuring time. The go-
niophotometer requires high cost and a space capable of providing a measuring
distance of 10 meters or longer to measure a surface light source having a size of tens
of centimeters.

The auxiliary lamp part 40 may include an auxiliary lamp 42 and a reflection cup 44.
The auxiliary lamp 42 may include at least one of a tungsten halogen lamp, a
deuterium arc lamp, a Globar lamp, a helium-neon laser, a laser diode, and a white
LED. The auxiliary lamp may have various degree of angular directionality in itself as
uniform as a point source to as highly narrow as a laser. The reflection cup 44 may
provide a directionality to output light of the correction light source 42. That is, the
auxiliary lamp 40 may be provided to illuminate the illumination region 33 illuminated
by lighting the light source to be tested 30. If the auxiliary lamp part 40 is installed to
illuminate the illumination region 33, the auxiliary lamp part 40 may provide a
correction considering not only an error caused by self-absorption mismatch but also
an error caused by self-screening effect at the light source to be tested 30. When the
auxiliary lamp part 40 is lit, a substantially identical hemispherical surface is es-
tablished by an inner surface of the integrating sphere 70 to which light of the auxiliary
lamp part 40 runs directly and an inner surface of the integrating sphere 40 to which
light of the light source to be tested 30 runs directly. Thus, the screening effect of the
light source to be tested on a signal of a photometer through internal reflection of the
integrating sphere 70 are identical to each other.

In order to minimize screening light emitted from the light source to be tested 30 by
the auxiliary lamp baffle 60 and cover light over the illumination region 33, the
auxiliary lamp part 40 must be disposed at a contact area between the left hemisphere
70a and the right hemisphere 70b. Preferably, an angle “a’”” between a direction of the
auxiliary lamp part 40 and the central axis of the integrating sphere 70 may be 10
degrees or less.

FIG. 3 illustrates an integrating sphere photometer according to another embodiment
of the present invention. The same parts as explained in FIGS. 1 and 2 will be omitted
herein to avoid duplicate explanations.

Referring to FIGS. 1 and 3, a auxiliary lamp part 40 may further include an align unit
46 which aligns at least one of the auxiliary lamp 42 and the reflection cup 44 by
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

moving the same such that light is illuminated to the illumination region 33.

The align unit 46 may adjust a distance between the reflection cup 44 and the
auxiliary lamp 44 or a position of the auxiliary lamp 44. Thus, the align unit 46 may
control the auxiliary lamp part 40 to accurately aim light on the illumination region 33.

FIG. 4 illustrates an integrating sphere photometer according to another embodiment
of the present invention. The same parts as explained in FIGS. 1 and 2 will be omitted
herein to avoid duplicate explanations.

Referring to FIG. 4, an auxiliary lamp part 140 includes a auxiliary lamp 141
disposed outside the integration sphere 70, a lens 142 focusing output light of the
auxiliary lamp 141, an optical transfer unit 143 having one end disposed inside the in-
tegrating sphere 70 and transferring the light focused by the lens 142, and an aperture
144 providing directionality to the light output by the optical transfer unit 143.

The auxiliary lamp 141 may include at least one of a tungsten halogen lamp, a
deuterium arc lamp, a Globar lamp, a helium-neon laser, a laser diode, and a white
LED. The auxiliary lamp may have various degree of angular directionality in itself as
uniform as a point source to as highly narrow as a laser.

The lens 142 may focus output light of the light source 142 and transfer the focused
light to the optical transfer unit 143. The optical transfer unit 143 may be an optical
fiber or a bundle of optical fibers. The optical fiber 143 may be a multi-mode optical
fiber. An internal diameter of the aperture 144 and a distance between the aperture 144
and the one end of the optical transfer unit 143 may provide directionality. The
distance between the aperture 144 and the one end of the optical transfer unit 143 may
be adjusted.

FIG. 5 illustrates an integrating sphere photometer according to another embodiment
of the present invention. The same parts as explained in FIGS. 1 and 2 will be omitted
herein to avoid duplicate explanations.

Referring to FIG. 5, an auxiliary lamp part 140a may include an auxiliary lamp 141
disposed outside the integrating sphere 70, a lens 142 focusing output light of the
auxiliary lamp 141, and an optical transfer unit 143 having one end disposed inside the
integrating sphere 70 and transferring the light focused by the lens 142.

An auxiliary lamp baffle 60a provides directionality to light output from the one end
of the optical transfer unit 143.

FIG. 5 illustrates an integrating sphere photometer according to another embodiment
of the present invention. The same parts as explained in FIGS. 1 and 2 will be omitted
herein to avoid duplicate explanations. FIG. 6 is a diagram viewed from the x-y plane
in FIG. 2.

Referring to FIG. 6, an auxiliary lamp part may include a plurality of auxiliary lamp

parts 40a~40d. The auxiliary lamp parts 40a~40d may be arranged at a contact region
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[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

between the left hemisphere and the right hemisphere. An outermost region of the
region illuminated by the auxiliary lamp parts 40a~40d may match the illumination
region 33. The auxiliary lamp baffles may include first to fourth auxiliary lamp baffles
60a~60d.

More specifically, the auxiliary lamp parts may include first to fourth auxiliary lamp
parts 40a~40d by which sub-illumination regions 51a~51d may be formed, re-
spectively. An outermost region of the sub-illumination regions 51a~51d may sub-
stantially match the illumination region 33.

A procedure for error correction of an integrating sphere photometer will now be
described below.

FIGS. 7 to 10 illustrate a measuring method of an integrating sphere photometer
according to an embodiment of the present invention.

Referring to FIG. 7, an integrating sphere photometer includes an integrating sphere
70 comprising a left hemisphere 70a and a right hemisphere 70b, photometer 10
disposed on the center surface of the right hemisphere 70b, a photometer baffle 20
disposed in front of the photometer 10 to be spaced apart therefrom, a light source to
be tested 30 disposed at the center region of the integrating sphere 70 to illuminate
light to at least an illumination region 33 of the left hemisphere 70a, a auxiliary lamp
part 140 disposed in the vicinity of a contact region between the left hemisphere 70a
and the right hemisphere 70b to illuminate light to the illumination region 33, and an
auxiliary lamp baffle 60 disposed around the auxiliary lamp part 140 to prevent the
light emitted from the light source to be tested 30 from being directly illuminated to
the auxiliary lamp part 140 and also prevent the light emitted from the auxiliary lamp
part 140 from being directly illuminated to the light source to be tested 30.

A reference lamp 31 is mounted on the center region of the integrating sphere 70.
Next, the reference lamp 31 is lit and the photometer 10 measures incident light to
output an output signal Y. It is assumed that a reference value of the total luminous
flux of the reference lamp 31 is denoted as Px.

Referring to FIG. 8, the light of the reference lamp 31 is put out and the auxiliary
lamp part 140 is lit. The photometer 10 measures incident light to output an output
signal Ag.

Referring to FIG. 9, the reference lamp 31 is removed, and the light source to be
tested 30 is mounted and lit. The photometer 10 measure incident light to output an
output signal Vr.

Referring to FIG. 10, the light of the light source to be tested 30 is put out and the
auxiliary lamp part 140 is lit. The photometer 10 measures incident light to output an
output signal Ar.

The total luminous flux ®r of the light source to be tested 30 is calculated as given
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by equation below:
[53] MathFigure 1
[Math.1]

Yr Ay

(DT:(Y )(A L0

PCT/KR2010/000611

[54] Although the present invention has been described in connection with the em-

bodiment of the present invention illustrated in the accompanying drawings, it is not

limited thereto. It will be apparent to those skilled in the art that various substitutions,

modifications and changes may be made without departing from the scope and spirit of

the invention.
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Claims

An integrating sphere photometer comprising:

an integrating sphere including a left hemisphere and a right
hemisphere;

a photometer disposed on the center surface of the right hemisphere;
a photometer baffle disposed in front of the photometer to be spaced
apart therefrom;

a light source to be tested disposed at the center region of the in-
tegrating sphere to illuminate light to at least an illumination region of
the left hemisphere;

an auxiliary lamp part disposed in the vicinity of a contact region
between the left hemisphere and the right hemisphere to illuminate
light to the illumination region; and

an auxiliary lamp baffle disposed around the auxiliary lamp part to
prevent the light emitted from the light source to be tested from being
directly illuminated to the auxiliary lamp part and also to prevent the
light emitted from the auxiliary lamp part from being directly il-
luminated to the light source to be tested.

The integrating sphere photometer as set forth in claim 1, wherein the
auxiliary lamp part comprises:

an auxiliary lamp disposed inside the integrating sphere; and

a reflection cup disposed adjacent to the auxiliary lamp to provide di-
rectionality to the auxiliary lamp.

The integrating sphere photometer as set forth in claim 2, wherein the
auxiliary lamp part further comprises:

an align unit aligning at least one of the auxiliary lamp and the re-
flection cup by moving the same such that light is illuminated to the il-
lumination region.

The integrating sphere photometer as set forth in claim 1, wherein the
auxiliary lamp part comprises:

an auxiliary lamp disposed outside the integrating sphere;

a lens focusing an output light of the auxiliary lamp;

an optical transfer unit having one end disposed inside the integrating
sphere and transferring the light focused by the lens; and

an aperture providing directionality to the light output by the optical
transfer unit.

The integrating sphere photometer as set forth in claim 1, wherein the
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auxiliary lamp part comprises:

an auxiliary lamp disposed outside the integrating sphere;

a lens focusing output light of the auxiliary lamp; and

an optical transfer unit having one end disposed inside the integrating
sphere and transferring the light focused by the lens,

wherein the auxiliary lamp baffle provides directionality to the light
output from the one end of the optical transfer unit.

The integrating sphere photometer as set forth in claim 1, wherein the
auxiliary lamp part comprises:

a plurality of auxiliary lamp parts disposed at a contact region between
the left hemisphere and the right hemisphere,

wherein an outermost region of the region illuminated by the auxiliary
lamp parts matches the illumination region.

A measuring method of an integrating sphere photometer comprising
an integrating sphere including a left hemisphere and a right
hemisphere, a photometer disposed on the center surface of the right
hemisphere, a photometer baffle disposed in front of the photometer to
be spaced apart therefrom, a light source to be tested disposed at the
center region of the integrating sphere to illuminate light to at least an
illumination region of the left hemisphere, a auxiliary lamp part
disposed in the vicinity of a contact region between the left hemisphere
and the right hemisphere to illuminate light to the illumination region,
and an auxiliary lamp baffle disposed around the auxiliary lamp part to
prevent the light emitted from the light source to be tested from being
directly illuminated to the auxiliary lamp part and also to prevent the
light emitted from the auxiliary lamp part from being directly il-
luminated to the light source to be tested, the measuring method
comprising:

mounting a reference lamp on the center region of the integrating
sphere and lighting the reference lamp to measure incident light by the
photometer;

putting out the light of the reference lamp and lighting the auxiliary
lamp part to measure incident light by the photometer;

removing the reference lamp and mounting and lighting the light source
to be tested to measure incident light by the photometer;

putting out the light of the light source to be tested and lighting the
auxiliary lamp part to measure incident light by the photometer; and

calculating the total luminous flux of the measuring target light source.
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