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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultraviolet
radiation detector and an apparatus for evaluating an ul-
traviolet radiation protection effect.

BACKGROUND ART

[0002] Erythemaandtanningashumanbodyreactions
to ultraviolet radiation tend to be considered as phenom-
ena caused by exposure to ultraviolet radiation only.
However, it is considered that more complicated immune
phenomena are actually caused by simultaneous expo-
sure to visible radiation and infrared radiation as well as
ultraviolet radiation. In this sense, an apparatus is nec-
essary that can detect only ultraviolet radiation with high
sensitivity under exposure to light including visible radi-
ation and infrared radiation as well as ultraviolet radiation
in developing sun protection products for protecting hu-
man bodies from ultraviolet radiation.

[0003] Conventionally, however, no ultraviolet radia-
tion detector has been available as a product that sepa-
rates and evaluates only the effect of ultraviolet radiation
under exposure to visible radiation and infrared radiation
as well. Therefore, conventional ultraviolet radiation de-
tectors adopt the method of eliminating the effect of vis-
ible radiation in detection by attenuating visible radiation
by subjecting a light beam emitted from a white light such
as a xenon lamp to an ultraviolet radiation transmission
filter, exposing a measurement sample to the light beam
with the attenuated visible radiation, and spectrally split-
ting the light beam reflected from or passing through the
measurement sample using a spectrometer.

[0004] For example, there is an apparatus that calcu-
lates the in vitro predicted SPF, frequently used as an
index of the ultraviolet radiation protection effect, by
measuring the intensity of ultraviolet radiation that has
passed through a sun protection product. (See, for ex-
ample, Patent Document 1). However, the conventional
apparatus fails to detect faint ultraviolet radiation with
good sensitivity because of its low ultraviolet radiation
detectivity due to poor wavelength resolution or low de-
tectivity resulting from a low signal amplification factor.
Other examples are disclosed in patent document
FR2710151 as well as in Sayre et al, Allured’s Cosmetics
& Toiletries Magazine, Vol. 114, No 5, May 1999.
[0005] Further, such ultraviolet radiation detectors as
described above employ photodetectors also sensitive
to light beams other than ultraviolet radiation, such as
silicon photodiode detectors, photomultipliers, and CCD
cameras. Therefore, attempts have been made to extract
only ultraviolet radiation using various combinations of
ultraviolet radiation transmission filters in order to eval-
uate only the effect of ultraviolet radiation.

[0006] [Patent Document 1] Patent No. 3337832
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DISCLOSURE OF THE INVENTION
PROBLEM(S) TO BE SOLVED BY THE INVENTION

[0007] However, there is a problem in that only a few
of such ultraviolet radiation transmission filters that trans-
mit only an ultraviolet radiation range and do not transmit
light of wavelengths other than ultraviolet radiation as
described above are practicable in a strict sense.
[0008] Further, exposure toultravioletradiation causes
a measurement sample and materials therearound to
generate fluorescence or phosphorescence. Therefore,
there is a problem in that the conventional photodetector
also sensitive to light beams other than ultraviolet radia-
tion may include scattered components of this fluores-
cence or phosphorescence in measurements.

[0009] The present invention is made in view of the
above-described points, and has an object of providing
an ultraviolet radiation detector according to claim 1.
[0010] The presentinventionis characterized by taking
the following measures in order to achieve the above-
described object.

[0011] An ultraviolet radiation detector of the present
invention, detecting an ultraviolet radiation transmitted
through or reflected from a measurement sample from a
light beam including at least the ultraviolet radiation, in-
cludes spectral means for spectrally splitting the ultravi-
olet radiation from the light beam and photodetection
means for detecting the ultraviolet radiation spectrally
split by the spectral means, the photodetection means
including a photoelectric surface detecting only the ultra-
violet radiation and formed of an element selected from
In, Ga, N, Al, O and Cs.

[0012] An apparatus for evaluating an ultraviolet radi-
ation protection effect of the present invention calculates
the in vitro predicted SPF and the in vivo SPF of a meas-
urement sample by using the ultraviolet radiation detec-
tor.

EFFECT(S) OF THE INVENTION

[0013] According to the presentinvention, itis possible
to detect only ultraviolet radiation with high sensitivity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a configurational diagram of an ultraviolet
radiation detector in a first embodiment of the
present invention.

FIG. 2 is a characteristic diagram of a filter of the first
embodiment.

FIG. 3 is a characteristic diagram of the sensitivity
of the diffraction grating of a spectrometer in the first
embodiment.

FIG. 4 is a characteristic diagram of the spectral sen-
sitivity of an InGaN photoelectric surface of the first
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embodiment.

FIG. 5 is a configurational diagram of an ultraviolet
radiation detector in a second embodiment of the
present invention.

FIG. 6 is a configurational diagram of an ultraviolet
radiation detector in a third embodiment of the
present invention.

DESCRIPTION OF THE REFERENCE NUMERALS

[0015]

10, 30, 50  Ultraviolet radiation detector

11, 31, 51 Light source

12, 52 Filter

13, 33, 53  First optical fiber

14, 34, 54  Irradiation port

15, 55 Measurement sample

16, 56 Measurement sample substrate

17, 37,57  Detection port

18, 38, 58  Second optical fiber

19, 39,59  Spectrometer

20, 40,60 Photodetector

21, 41, 61 Computer

29,49,69 Integrating sphere

32 First filter

35 Measurement sample and/or measure-
ment living body

42 Second filter

43 Intermittent exposure shutter

62 Lock-in amplifier

63 Light chopper

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0016] Next, the best modes for carrying out the
present invention are described as embodiments with
reference to the drawings.

[First Embodiment]

[0017] FIG. 1 is a configurational diagram of an ultra-
violet radiation detector in a first embodiment of the
present invention.

[0018] Referring to FIG. 1, an ultraviolet radiation de-
tector 10, which is an apparatus in the case of having a
measurement sample 15 as a sample, includes a light
source 11, afilter 12, afirst optical fiber 13, an irradiation
port 14, a measurement sample substrate 16, an inte-
grating sphere 29, a detection port 17, a second optical
fiber 18, a spectrometer 19, a photodetector 20, and an
electrical signal processor and analyzer (computer 21).
[0019] The light source 11, for which a xenon lamp,
which is a white light including ultraviolet radiation, visible
radiation, and infrared radiation, is suitably used in the
first embodiment, is not limited to this. Further, the xenon
lamp, which is a white light source, can be used as sim-
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ulated sunlight.

[0020] The filter 12, which is in the vicinity of the light
source 11 in a direction in which light travels from the
light source 11, is a filter that corrects the ultraviolet ra-
diation spectrum of a light beam emitted from the light
source 11.

[0021] FIG. 2 is a characteristic diagram of the filter of
the first embodiment.

[0022] Referring to FIG. 2, the horizontal axis repre-
sents wavelength (nm) and the vertical axis represents
transmittance (%). The conventional filter, for example,
a UG11 manufactured by SCHOTT AG, has the wave-
length characteristic of extracting only ultraviolet radia-
tion as indicated by black circles in the drawing. On the
other hand, the filter 12 of the first embodiment, for ex-
ample, a WG320 manufactured by SCHOTT AG, is char-
acterized by being a filter that transmits light beams of
longer wavelength than ultraviolet radiation as indicated
by white circles in the drawing.

[0023] The conventionalfilteris obtained by mixing var-
ious materials into a glass base material so as to present
the wavelength characteristic as indicated by the black
circles of the drawing, while the filter of the first embod-
iment is formed simply of transparent glass with a con-
trolled composition. Therefore, it is possible to reduce
the manufacturing cost of the entire ultraviolet radiation
detector 10 by using the filter 12 of the first embodiment.
[0024] Referring back to FIG. 1, the first optical fiber
13 is in the vicinity of the filter 12 in a direction in which
light travels from the filter 12. The first optical fiber 13
guides a light beam that has passed through the filter 12
to the irradiation port 14.

[0025] The light beam is emitted from the irradiation
port 14. The irradiation port 14 and the detection port 17
are fixed at a predetermined interval, and the measure-
ment sample substrate 16, on which the measurement
sample 15 is placed, is fixed at a certain distance from
the irradiation port 14. The irradiation port 14, the meas-
urement sample 15, the measurement sample substrate
16, and the integrating sphere 29 are arranged in this
order when indicated in order of light traveling.

[0026] The measurement sample substrate 16, which
is a sample support on which the measurement sample
is placed, is preferably formed of a material that does not
absorb ultraviolet radiation.

[0027] The integrating sphere 29 receives a lightbeam
that has passed through the measurement sample 15
and the measurement sample substrate 16, concen-
trates the light beam, and makes the light beam uniform
by spatially integrating the light beam. The integrating
sphere 29 may be omitted.

[0028] The detection port 17 receives the light beam
made uniform by the integrating sphere 29, and guides
the light beam to the second optical fiber 18 described
below.

[0029] The second optical fiber 18 is in the vicinity of
the detection port 17 in a direction in which light travels
from the detection port 17. The second optical fiber 18
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guides the light beam received by the detection port 17
to the spectrometer 19.

[0030] The spectrometer 19 is a light splitting means
for spectrally splitting the light beam from the second
optical fiber 18 at intervals of 1 nm in a 290 nm to 400
nm range, which is an ultraviolet radiation range. The
photodetector 20 described below is exposed to the ul-
traviolet radiation spectrally split by the spectrometer 19.
[0031] The spectrometer 19 of the first embodiment,
which has its sensitivity characteristic adjusted to ultra-
violet radiation, realizes a highly sensitive spectral per-
formance by using a diffraction grating having a good
sensitivity characteristic in an ultraviolet radiation range
of 200 nm to 400 nm in particular. Specifically, a concave
diffraction grating (model number 10-015) manufactured
by Shimadzu Corporation or the like is selected, but the
spectrometer 19 is not limited to this.

[0032] FIG. 3 is a characteristic diagram of the sensi-
tivity of the diffraction grating of the spectrometer in the
first embodiment.

[0033] Referring to FIG. 3, the horizontal axis repre-
sents wavelength (nm) and the vertical axis represents
diffraction efficiency (relative value).

[0034] The sensitivity characteristic of the concave dif-
fraction grating that is the spectrometer 19 of the first
embodiment has high sensitivity to an ultraviolet radiation
range of 200 nm to 400 nm, and in particular, the diffrac-
tion efficiency (relative value) in the 200 nm to 400 nm
range is more than or equal to 0.5. This characteristic
shows high suitability for use as the diffraction grating of
the spectrometer 19 of the first embodiment.

[0035] The photodetector 20 detects the ultraviolet ra-
diation splitby the spectrometer 19 with an optical sensor,
and converts the intensity of a light beam of each wave-
length into a current or voltage signal. This current or
voltage signal is transmitted to the computer 21 connect-
ed to the photodetector 20 with an electrical interconnec-
tion.

[0036] Withrecentprogressinfaintlightdetectiontech-
niques, photomultipliers with enhanced detection sensi-
tivity are often used. It is apparent also theoretically that
photomultipliers have higher detection sensitivity than
conventional photodiode arrays and CCDs, but it is nec-
essary to select the material of the photoelectric surface
of the photomultiplier depending on the wavelength re-
gion of light to be detected.

[0037] The photodetector 20 serving as the photode-
tection means of the first embodiment realizes a highly
sensitive ultraviolet radiation detector by employing a
photomultiplier having a good sensitivity characteristic in
an ultraviolet radiation range of 200 nm to 400 nm in
particular. Specifically, a photomultiplier is used that has
a photoelectric surface formed of materials selected from
elements such as In, Ga, N, Al, O, and Cs.

[0038] FIG. 4 is acharacteristic diagram of the spectral
sensitivity of an InGaN photoelectric surface of the first
embodiment.

[0039] Referring to FIG. 4, the horizontal axis repre-
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sents wavelength (nm) and the vertical axis represents
quantum efficiency (%). The spectral sensitivity of the
InGaN photoelectric surface of the photomultiplier that is
the photodetector 20 of the first embodiment has high
sensitivity to an ultraviolet radiation range of 160 nm to
400 nm, and in particular, the quantum efficiency in a 200
nm to 400 nm range is more than or equal to 0.1. Further,
the quantum efficiency shows higher sensitivity to the
ultraviolet radiation range than to light beams of wave-
lengths longer than or equal to 400 nm by two to three
digits. This characteristic shows high suitability for use
as the photodetector 20 of the ultraviolet radiation detec-
tor 10 of the first embodiment.

[0040] A descriptionis given above of the case of using
a photomultiplier for the photodetector 20. However, it is
also possible to use a semiconductor photodetector
formed of In, Ga, N, Al, O, etc., as the photodetector 20
in the same manner.

[0041] Referring back to FIG. 1, the computer 21 re-
ceives data from the photodetector 20 and processes the
data into a format easily understandable by a user, so
that the results can be displayed on a screen, printed out
on recording paper, or stored in a storage medium.
[0042] Conventionally, the above-described optical
system from the light source 11 to the photodetector 20
includes expensive materials using such quartz-based
materials that are not caused to generate fluorescence
or phosphorescence by ultraviolet radiation as described
above. However, in the first embodiment, the detector
has sensitivity only to the ultraviolet radiation range.
Therefore, even if materials generate fluorescence or
phosphorescence in the visible radiation range, its effect
does not appear in signal output. Therefore, the optical
system can be formed of inexpensive optical materials,
so that it is possible to reduce the manufacturing cost of
the entire ultraviolet radiation detector 10.

[0043] According to the firstembodiment, it is possible
to evaluate the effect of ultraviolet radiation on a sample
under visible radiation by using a photodetector having
sensitivity only to ultraviolet radiation.

[0044] Further, it is possible to make an apparatus
structure for pursuing the possibility of intensifying a phe-
nomenon induced by ultraviolet radiation in a measure-
ment sample by visible radiation.

[0045] Further, as an optical device used for configur-
ing an apparatus, it is less likely to affect measurements
even with fluorescence or phosphorescence caused by
ultraviolet radiation excitation as described above. Ac-
cordingly, it is also possible to make an inexpensive ap-
paratus configuration.

[Second Embodiment]

[0046] FIG. 5 is a configurational diagram of an ultra-
violet radiation detector in a second embodiment of the
present invention.

[0047] Referring to FIG. 5, an ultraviolet radiation de-
tector 30, which is an apparatus in the case of having a
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measurement sample 35 as a sample, includes a light
source 31, afirst filter 32, a second filter 42, an intermit-
tent exposure shutter 43, a first optical fiber 33, an irra-
diation port 34, an integrating sphere 49, a detection port
37, a second optical fiber 38, a spectrometer 39, a pho-
todetector 40, and an electrical signal processor and an-
alyzer (computer 41).

[0048] The ultraviolet radiation detector 30 is an appa-
ratus for evaluating the ultraviolet radiation reflection
properties of the measurement sample 35 including a
biological sample by emitting visible radiation intermit-
tently or continuously while emitting ultraviolet radiation
constantly. While the ultraviolet radiation detector 10 of
the first embodiment is an apparatus for detecting a test
light beam that has passed through the measurement
sample 15, the ultraviolet radiation measurement appa-
ratus 30 is an apparatus for detecting a test light beam
reflected from the surface of the measurement sample
35. In view of this characteristic, the ultraviolet radiation
detection apparatus 30 is an apparatus suitable for using
an actual living body as the measurement sample.
[0049] The light source 31 has the same configuration
as the light source 11 of the first embodiment. However,
a light beam is emitted from the light source 31 onto the
below-described first filter 32 and second filter 42.
[0050] The first filter 32, which is in the vicinity of the
light source 31 in a direction in which light travels from
the light source 31, is a filter that corrects the ultraviolet
radiation spectrum of the light beam emitted from the
light source 31. Since the first filter 32 has the same con-
figuration as the filter 12 of the first embodiment, a de-
tailed description thereof is omitted. The light beam that
has passed through the first filter 32 is emitted onto the
below-described intermittent exposure shutter 43.
[0051] Theintermittent exposure shutter 43 is a shutter
that intermittently shuts out the light beam that has
passed through the first filter 32. It is also possible to
have the shutter open constantly for continuous passage
ofthe lightbeam. The light beam that has passed through
the intermittent exposure shutter 43 is emitted to the first
optical fiber 33.

[0052] The second filter 42, which is in the vicinity of
the light source 31 in a direction in which light travels
from the light source 31, turns the light beam emitted
from the light source 31 into UVB and UVA ultraviolet
radiation of 290 nm to 400 nm wavelengths. The second
filter 42, for which a WG320 filter and a UG11 filter (both
manufactured by SCHOTT AG) are suitably used, is not
limited to these. The light beam that has passed through
the second filter 42 is emitted to the first optical fiber 33.
[0053] The first optical fiber 33, which is in the vicinity
of the first filter 32 and the second filter 42 in a direction
in which light travels from the first filter 32 and the second
filter 42, guides the light beams that have passed through
the first filter 32 and the second filter 42 to the irradiation
port 34.

[0054] Describing the configuration up to here, ultravi-
olet radiation, visible radiation, and infrared radiation are
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emitted from the irradiation port 34 with the intermittent
exposure shutter 43 being open. On the other hand, with
the intermittent exposure shutter 43 being closed inter-
mittently, ultraviolet radiation is emitted constantly while
visible radiation and infrared radiation are emitted inter-
mittently only when the intermittent exposure shutter 43
is open.

[0055] The above-described light beam is emitted from
the irradiation port 34 onto the measurement sample 35.
The light beam emitted onto the measurement sample
35 is indicated by A in the drawing. The light beam A
emitted from the irradiation port 34 reaches the surface
of the measurement sample 35 to be absorbed or trans-
mitted by the measurement sample 35 with a portion of
the light beam A being reflected from the surface of the
measurement sample 35. This reflected portion of the
light beam is received by the integrating sphere 49.
[0056] The integrating sphere 49, the detection port
37, the second optical fiber 38, the spectrometer 39, the
photodetector 40, and the computer 41 have the same
configurations as the integrating sphere 29, the detection
port 17, the second optical fiber 18, the spectrometer 19,
the photodetector 20, and the computer 21, respectively,
of the first embodiment, and accordingly, a detailed de-
scription thereof is omitted.

[0057] According to the second embodiment, in addi-
tion to the effects of the first embodiment, it is possible
to measure the skin of a living body and the surface of
an unbreakable object because the ultraviolet radiation
detector detects reflected light from the surface of a sam-
ple measurement.

[0058] Further, the workings of the intermittent expo-
sure shutter make it possible to control the presence or
absence of emission of visible radiation and infrared ra-
diation separately from emission of ultraviolet radiation
to a measurement sample. Therefore, it is possible to
compare an evaluation at the time of emission of ultravi-
olet radiation and an evaluation at the time of emission
of ultraviolet radiation, visible radiation, and infrared ra-
diation with respect to the measurement sample.

[Third Embodiment]

[0059] FIG. 6 is a configurational diagram of an ultra-
violet radiation detector in a third embodiment of the
present invention.

[0060] Referring to FIG. 6, an ultraviolet radiation de-
tector 50, which is an apparatus in the case of having a
measurement sample 55 as a sample, includes a light
source 51, a filter 52, a light chopper 63, a first optical
fiber 53, an irradiation port 54, a measurement sample
substrate 56, an integrating sphere 69, a detection port
57, a second optical fiber 58, a spectrometer 59, a pho-
todetector 60, an electrical signal processor and analyzer
(computer 61), and a lock-in amplifier 62.

[0061] Since the light source 51 has the same config-
uration as the light source 11 of the first embodiment, a
detailed description thereof is omitted.
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[0062] Likewise, since the filter 52 has the same con-
figuration as the filter 12 of the first embodiment, a de-
tailed description thereof is omitted. However, a light
beam that has passed through the filter 52 is emitted to
the light chopper 63.

[0063] The light chopper 63, which is a shutter that
intermittently transmits the light beam that has passed
through the filter 52, emits the light beam in pulses. This
light beam is emitted in pulses to the first optical fiber 53.
[0064] Further, the light chopper 63 is electrically con-
nected to the below-described lock-in amplifier 62, so
that the pulsed light and a synchronization signal are ob-
tained from the drive circuit 62, thereby performing syn-
chronization analysis on a signal from the below-de-
scribed photodetector 60.

[0065] The first optical fiber 53, the irradiation port 54,
the measurement sample substrate 56, the integrating
sphere 69, the detection port 57, the second optical fiber
58, the spectrometer 59, the photodetector 60, and the
computer 61 have the same configurations as the first
optical fiber 13, the irradiation port 14, the measurement
sample substrate 16, the integrating sphere 29, the de-
tection port 17, the second optical fiber 18, the spectrom-
eter 19, the photodetector 20, and the computer 21, and
accordingly, a detailed description thereof is omitted.
[0066] However, the computer 61 is electrically con-
nected to the lock-in amplifier 62, and receives a numer-
ical value after detection of a signal from the photode-
tector 60 in the lock-in amplifier 62.

[0067] Thelock-inamplifier 62 is electrically connected
to the photodetector 60, the computer 61, and the light
chopper 63. The lock-in amplifier 62 performs control so
as to synchronize the pulsed light emitted from the light
chopper 63 and a signal received from the photodetector
60. Specifically, this synchronization control synchroniz-
es the two signals using a phase detector circuit in the
lock-in amplifier 62.

[0068] According to the third embodiment, in addition
to the effects of the first embodiment, it is possible to
evaluate properties of the measurement sample 55,
which is degraded fast by ultraviolet radiation included
in a test light beam, at high speed with instantaneous
irradiation of a light beam by the above-described control.
This method makes it possible to complete measurement
before degradation of the measurement sample 55.
[0069] Further, a phenomenon caused in a measure-
ment sample by a pulsed light beam (such as the photo-
degradation of the measurement sample caused by ul-
traviolet radiation) is relaxed by arbitrarily changing the
time width of a pulse emission and pulse emission inter-
vals without changing the total time of emission of a light
beam onto the measurement sample. It is also possible
to evaluate the relaxation process of such a sample that
becomes less affected by ultraviolet radiation between a
pulse emission and reception of the next pulse emission.
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[Fourth Embodiment]

[0070] Asafourthembodiment, the ultravioletradiation
detector 10 of the first embodiment and the ultraviolet
radiation detector 50 of the third embodiment are used
as methods of evaluating an ultraviolet radiation protec-
tion effectin the above-described sun protection product.
Specifically, the in vitro predicted SPF of the sun protec-
tion product is calculated.

[0071] In the ultraviolet radiation detectors 10 and 50
of the first and third embodiments, the in vitro predicted
SPF can be calculated by applying the sun protection
product on the measurement sample substrates 16 and
56, which are skin substitute films, as the measurement
samples 15 and 55, exposing the measurement samples
15 and 55 to test light, detecting the test light transmitted
through the measurement samples 15 and 55 with the
photodetectors 20 and 60, and analyzing the spectrum
of this transmitted light. Specifically, the method dis-
closed in Patent Document 1 can be employed in the
ultraviolet radiation detectors 10 and 50 of the first and
third embodiments.

[0072] Further, the ultraviolet radiation detectors 10
and 50 have extremely high ultraviolet radiation detec-
tivity as described above. Therefore, the ultraviolet radi-
ation detectors 10 and 50 can ensure detection of even
weak ultraviolet radiation in the light transmitted through
a measurement sample showing a high SPF.

[Fifth Embodiment]

[0073] As a fifth embodiment, the ultraviolet radiation
detector 30 of the second embodiment is used as a meth-
od of evaluating an ultraviolet radiation protection effect
in the above-described sun protection product. Specifi-
cally, the in vitro predicted SPF of the sun protection prod-
uct is calculated.

[0074] Inthe ultraviolet radiation detector 30 of the sec-
ond embodiment, the in vitro predicted SPF can be cal-
culated by applying the sun protection product on the
measurement living body 35 as a measurement sample,
exposing the measurement living body 35 to test light,
detecting the test light reflected from the measurement
sample with the photodetector 40, and analyzing the
spectrum of this reflected light.

[0075] A detailed description is given above of pre-
ferred embodiments of the presentinvention. Interchang-
es in arrangement in the apparatus configuration, for ex-
ample, the arrangement of a spectrometer and a light
chopper, are not limited to the embodiments.

[0076] Further, these apparatuses, which may be used
in a 290 nm to 400 nm range in the case of evaluating
the ultraviolet radiation protection effect of a sun protec-
tion product, can be applied broadly in a 200 nm to 400
nm range.
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Claims

An ultraviolet radiation detector (10,30,50) detecting
an ultraviolet radiation transmitted through or reflect-
ed from a measurement sample (15,35,55) from a
light beam including at least the ultraviolet radiation,
characterized by:

spectral means (19,39,59) for spectrally splitting
the ultraviolet radiation from the light beam; and
a photomultiplier (20,40,60) that detects the ul-
traviolet radiation spectrally split by the spectral
means,

characterised in that

the photomultiplier is configured to have a sen-
sitivity only to the ultraviolet radiation by includ-
ing a photoelectric surface detecting only the ul-
traviolet radiation and formed of an element se-
lected from In, Ga, N, Al, O and Cs, and

in that the photomultiplier has a quantum effi-
ciency of 0.1 or more in a 200 nm to 400 nm
range.

The ultraviolet radiation detector as claimed in claim
1, characterized in that the spectral means
(19,39,59) has a sensitivity characteristic adjusted
to the ultraviolet radiation and has a wavelength res-
olution of 1 nm or less.

The ultraviolet radiation detector as claimed in claim
2, characterized in that the spectral means
(19,39,59) has a diffraction grating having a diffrac-
tion efficiency of 0.5 (relative value) or more in a 200
nm to 400 nm range.

The ultraviolet radiation detector as claimed in claim
1, characterized in that the light beam is emitted
onto the measurement sample (15,55) and the ultra-
violet radiation transmitted through the measure-
ment sample (15,55) is detected.

The ultraviolet radiation detector as claimed in claim
1, characterized by:

a light chopper (63) configured to emit the light
beam onto the measurement sample in pulses;
and

a lock-in amplifier (62) configured to synchro-
nize signals of the light chopper and the photo-
detection means.

The ultraviolet radiation detector as claimed in claim
1, characterized in that a time width and an interval
of an emission of the light beam is changeable with-
out changing a total time of the emission of the light
beam onto the measurement sample where an ul-
traviolet radiation transmission characteristic of the
measurement sample changes due to exposure to
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the light beam.

7. The ultraviolet radiation detector as claimed in claim
1, characterized in that the light beam is emitted
onto the measurement sample (35) and the ultravi-
olet radiation reflected from the measurement sam-
ple is detected.

8. The ultraviolet radiation detector as claimed in claim
1, characterized in that the ultraviolet radiation is
emitted continuously onto the measurement sample
(15,35,55) and visible radiation is emitted continu-
ously or intermittently onto the measurement sam-

ple.

9. The ultraviolet radiation detector as claimed in claim
1, characterized in that a xenon lamp is used as a
light source (11) emitting the light beam.

10. The ultraviolet radiation detector as claimed in claim
9, characterized in that the xenon lamp is used as
simulated sunlight.

11. An apparatus for evaluating an ultraviolet radiation
protection effect, characterized in that by using the
ultraviolet radiation detector as claimed in claim 1,
an in vitro predicted SPF and an in vivo SPF of the
measurement sample are calculated.

Patentanspriiche

1. Ultraviolettstrahlendetektionseinrichtung (10, 30,
50) zum Detektieren einer von einer Messprobe (15,
35, 55) von einem mindestens die ultravioletten
Strahlung umfassenden Lichtstrahl lbertragenen
oder reflektierten ultravioletten Strahlung, gekenn-
zeichnet durch:

spektrale Mittel (19, 39, 59) fir eine spektrale
Aufspaltung der ultravioletten Strahlung vom
Lichtstrahl; und

einen Photomultiplier (20, 40, 60), der die von
den spektralen Mitteln spektral aufgespaltene
ultraviolette Strahlung detektiert,

dadurch gekennzeichnet, dass

der Photomultiplier konfiguriert ist, um dadurch
eine Empfindlichkeit ausschlieRlich fir die ultra-
violette Strahlung aufzuweisen, dass er eine
photoelektrische Flache aufweist, die nur die ul-
traviolette Strahlung detektiert und aus einem
Element gebildet ist, das aus In, Ga, N, Al, O
und Cs ausgewabhlt ist, und

dadurch gekennzeichnet, dass der Photomul-
tiplier eine Quanteneffizienz von 0,1 oder mehr
in einem 200-nm- bis 400-nm-Bereich aufweist.

2. Ultraviolettstrahlendetektionseinrichtung nach An-



10.

13 EP 2 071 306 B1 14

spruch 1, dadurch gekennzeichnet, dass die spek-
tralen Mittel (19, 39, 59) eine Empfindlichkeitscha-
rakteristik aufweist, die auf die ultraviolette Strahlung
abgestimmtistund eine Wellenlangenauflésung von
1 nm oder weniger hat.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 2, dadurch gekennzeichnet, dass die spek-
tralen Mittel (19, 39, 59) ein Beugungsgitter mit ei-
nem Beugungswirkungsgrad von 0,5 (relativer Wert)
oder mehr in einem 200-nm- bis 400-nm-Bereich
aufweisen.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass der
Lichtstrahl auf die Messprobe (15, 55) emittiert wird
und die durch die Messprobe (15, 55) Ubertragene
ultraviolette Strahlung detektiert wird.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, gekennzeichnet durch:

einen Lichtzerhacker (63), der fiir ein Emittieren
des Lichtstrahls auf die Messprobe in Pulsen;
und

einen Lock-in-Verstarker (62), der fir ein Syn-
chronisieren von Signalen des Lichtzerhackers
und der Photodetektionsmittel konfiguriert ist.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass eine
Zeitbreite und ein Intervall einer Emission des Licht-
strahls veranderbar ist ohne Veranderung einer Ge-
samtzeit der Emission des Lichtstrahls auf die Mes-
sprobe, wo sich eine Ultraviolettstrahlenlibertra-
gungscharakteristik der Messprobe infolge von Ex-
position gegeniiber dem Lichtstrahl &ndert.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass der
Lichtstrahls auf die Messprobe (35) emittiert wird und
die durch die Messprobe reflektierte ultraviolette
Strahlung detektiert wird.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass die ultra-
violette Strahlung kontinuierlich auf die Messprobe
(15, 35, 55) emittiert wird und sichtbare Strahlung
kontinuierlich oder intermittierend auf die Messprobe
emittiert wird.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 1, dadurch gekennzeichnet, dass eine Xe-
nonlampe (11) als eine den Lichtstrahl emittierende
Lichtquelle benutzt wird.

Ultraviolettstrahlendetektionseinrichtung nach An-
spruch 9, dadurch gekennzeichnet, dass eine Xe-
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1.

nonlampe als simuliertes Sonnenlicht benutzt wird.

Ultraviolettstrahlenschutzeffektevaluierungsein-
richtung, dadurch gekennzeichnet, dass durch
Anwenden der Ultraviolettstrahlendetektionsein-
richtung nach Anspruch 1 ein in vitro vorhergesagter
LSF und ein in vivo-LSF der Messprobe berechnet
werden.

Revendications

Détecteur de rayonnement ultraviolet (10, 30, 50)
détectant un rayonnement ultraviolet transmis a tra-
vers un échantillon de mesure (15, 35, 55) ou réfléchi
par celui-ci provenant d’un faisceau lumineux com-
portant au moins le rayonnement ultraviolet, carac-
térisé par:

un moyen spectral (19, 39, 59) pour diviser de
maniére spectrale le rayonnement ultraviolet
provenant du faisceau lumineux ; et

un photomultiplicateur (20, 40, 60) qui détecte
le rayonnement ultraviolet divisé de maniere
spectrale par le moyen spectral,

caractérisé en ce que

le photomultiplicateur est configuré pour avoir
une sensibilité seulement au rayonnement ul-
travioletenincluantune surface photoélectrique
détectant seulement le rayonnement ultraviolet
et formée d’'un élément choisi parmi In, Ga, N,
Al, O et Cs, et

en ce que le photomultiplicateur aunrendement
quantique supérieur ou égal a 0,1 dans une pla-
ge allant de 200 nm a 400 nm.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
que le moyen spectral (19, 39, 59) a une caractéris-
tique de sensibilité adaptée au rayonnement ultra-
violet et a une résolution de longueur d’onde infé-
rieure ou égale a 1 nm.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 2, caractérisé en ce
que le moyen spectral (19, 39, 59) a un réseau de
diffraction ayant un rendement de diffraction supé-
rieur ou égal a 0,5 (valeur relative) dans une plage
allant de 200 nm a 400 nm.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
que le faisceau lumineux est émis sur I'échantillon
de mesure (15, 55) et le rayonnement ultraviolet
transmis a travers I'’échantillon de mesure (15, 55)
est détecté.

Détecteur de rayonnement ultraviolet tel que reven-
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diqué dans la revendication 1, caractérisé par :

un hacheur de lumiére (63) configuré pour émet-
tre le faisceau lumineux sur I'échantillon de me-
sure sous forme d’impulsions ; et

un amplificateur synchrone (62) configuré pour
synchroniser des signaux du hacheur de lumié-
re et du moyen de photodétection.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
qu’une largeur temporelle et un intervalle d'une
émission du faisceau lumineux sont variables sans
modifier un temps total de I'émission du faisceau lu-
mineux sur I'échantillon de mesure ou une caracté-
ristique de transmission de rayonnement ultraviolet
de I'échantillon de mesure est modifiée en raison de
I'exposition au faisceau lumineux.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
que le faisceau lumineux est émis sur I'échantillon
de mesure (35) et le rayonnement ultraviolet réfléchi
par I'échantillon de mesure est détecté.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
que le rayonnement ultraviolet est émis en continu
sur I'échantillon de mesure (15, 35, 55) et un rayon-
nement visible est émis en continu ou par intermit-
tence sur I'échantillon de mesure.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 1, caractérisé en ce
qu’une lampe au xénon est utilisée en tant que sour-
ce de lumiére (11) émettant le faisceau lumineux.

Détecteur de rayonnement ultraviolet tel que reven-
diqué dans la revendication 9, caractérisé en ce
que la lampe au xénon est utilisée en tant que lu-
miére solaire simulée.

Appareil pour I'évaluation d’'un effet de protection
contre le rayonnement ultraviolet, caractérisé en ce
qu’en utilisant le détecteur de rayonnement ultravio-
let tel que revendiqué dans la revendication 1, un
facteur de protection solaire, dit SPF, prédit in vitro
et un SPF in vivo de I'échantillon de mesure sont
calculés.
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