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(57) La présente mvention concerne une optique (57) An optical array containing a system of absorptive
contenant un systeme de filtres absorbant et un systeme  filters and a system of interference filters. For the sun
de filtres a interfeérences. Dans le cas de la lumicre light the spectral characteristics of transmission of the
solaire, les caractéristiques spectrales de transmission optical array 1s close to the world-wide accepted Daitfey
de l'optique sont proche de [1’echelle "Ditfey" Standard. That standard models human skin sensitivity to
universellement reconnue. Cet ¢chelle sert a la UV burning. The invention allows making inexpensive,
mode¢lisation de la sensibilit¢ de la peau humamne aux  mimature UV sensors that can be applied in miniature
brlilures aux ultraviolets. L 1invention permet ¢galement  devices measuring burning power of UV contained 1n the
de réaliser des detecteurs UV mimiaturisés bon marche sun light.

convenant a des dispositifs miniature mesurant le

pouvoir de brilure des UV du rayonnement solaire.
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(54) Title: OPTICAL ARRAY CONVERTING UV

(57) Abstract

An optical array containing a system of absorptive filters and a system of interference
filters. For the sun light the spectral characteristics of transmission of the optical array is close
to the world-wide accepted Diffey Standard. That standard models human skin sensitivity
to UV buming. The invention allows making inexpensive, miniature UV sensors that can
be applied in miniature devices measuring burning power of UV contained in the sun light.
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Optical array converting UV

This invention is an optical array converting UV radiation, especially contained in sunlight.
The spectral charactcristic of the transmission of the filter 1s similar to the sensitivity of

human skin 10 sun burning. That sensitivity is described by the widely recognized Dittey

Standard called also the Erythema Action Spectrum.

The Roberston Berger UV meter is widely used over the past two decades to measure
UV in good approximation the Diffey/Erythemal Spectral Response. This stationary

device is based on a phosphore convertor screen as the principle mean to reach a

spectral response close to the Erythemal/Diffey Curve.

By now there arc a few UV hand-held mecasuring devices known on the market that are
targeting monitoring of UV radiation for avoiding sunburning:

CASIO Computer Ltd. manufactures a device called “CASIO UC-120 UV7, which has an
optical array containing absorptive filter made of material similar to Schott UG-11 and a
photodiode. The spectral characteristic of the device doesn't match the Diffev Standard.
The device illuminated by sunlight is too sensitive to UV-A, that has low burning power.

US patent 5.196.705 describes a device measuring the intensity and dose of UV. The device
has an optical array containing: an absorptive filter made of material similar to Schott UG-
11, a photo-luminescentive material and a photodiode. The spectral charactenstic of the
device docsn't match the Diffcy Standard. The device is too sensitive to UV-A comparing

to its scnsitivity to UV-B.

Several others solutions for biologically oriented monitors of UV radiation were also

discussed, among them:

US patent 5,036,311 describes a UV-monitoring system in which a light sensing element

is placed under a curved optical element with interference filters imposed on its

surface.
US patent 5,401,970 describes a UV-monitoring device which incorporates a UV-B

sensor and a VIS sensor. The UV-B detector involved is described to be based on a

phosphor convertor screen.
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Description of the invention

33
The invention solves the problem of constructing a device equipped with an optical array

converting UV, visible and IR radiation that has the spectral charactenstic of the

transmission similar to the Diffev Standard.

40
Definition of the relative internal transmission of a set of flters:
T (A)=Tind A )Y Tim(310) (1)
where
A wavclength n nano-meters
45 T () relative internal transmission for A wavelength
T..(A) internal transmission for A wavelength
T,(310) internal transmission for 310nm wavelength
Note that the total intcrnal transmission of the sct of absorptive filters is equal to the product
50) ' of internal transmissions of each consecutive filter.
Definition of the relative transmussion of a set of hlters:
TY(A)=T(A)/T(310) (2)
where:
55 A wavelength in nano-meters
T™'(A) relative transmission for A wavelength
T(A) transmission for A wavelength
T(310) transmission for 310nm wavelength |
60 The Diffey spectral charactenstics will be denoted as D(A) (3)
where:
A wavelcangth in nano-meters

65 In the first solution the array contains a svstem of absorptive filters to block visible and IR.

radiation, a system of interference filters modifying transmission of UV and/or blocking

visible and IR. radiation, scattcring elements, elements forming the hight beam. Interference

filter/filters is/are made of layers of materials having high and low UV refractive indexes.

According to the invention one of the sysiem of interterence filters has layers made of

L W TRy R SR SRR PRPY T—TT 4 ) .

L e oy e s U A R PR S I N L '



CA 02316233 2000-06-22

70 Hafium oxide and/or Zirconium oxide. A collimator placed in the optical path forms the
light beam. The collimator can have surfaces highly absorbing light. At the beginning of the

optical path a scatterer 1s placed to achieve non-directional characternstic of the array. The

scatterer can be made of PTFE

75  In the second solution the arrav contains the first system of absorptive filters to partly block
UV-A, the second system of absorptive filters to block visible and IR. radiation and may
contain scattering elements and/or system/systems of interference filter/filters.

The first system of absorptive filters has internal relative transmission T n(}): between 0
and 0.2 for A=290nnm. between 0.34 and 0.7 for A=300nm, betweern 0.5 and 0.8 for

80 A=320nm. between 0.04 and 0.36 for A=330nm, between 10E-3 and 0.1 for A=340nm,
between 7* 10E-6 and 0.02 for A=350nm, between 2*10E-7 and 7*10E-3 for A=360nm,
between 2* 10E-7 and 7* 10E-3 for A=370nm, between 2*10E-5 and .03 for A=380nm,
between 2*10E-3 and (.14 for A=390nm. The total optical thickness of the first system of
absorptive filters s between 0.3 and 2mm.

85 The second svstem of absorptive filters has internal relative transmission T ,(X): between 0

and 0.3 for A=290nm. between 0.7 and 0.8 for A=300nm, between | and 1.3 for A=320nm,

between | and | 4 for A=330nm, between | and 1.3 for A=340nm, between 1 and 1.12 for
A=330nm, between 0.6 and (.8 for A=360nm, between 0.14 and 0.5 for A=370nm, between
10E-3 and 0.015 for A=380nm, between 10E-10 and 10E-6 for A=390nm. The total optical
0 thickness of the first system of absorptive filters 1s between 0.3 and 1Omm.
At the beginning of the optical path a scatterer is placed to aclueve non-directional
characteristic of the arrav. The scatterer can be made of PTFE. In the optical path

additional system/svstems of interference filters can be placed to block visible and IR,

radiation and/or 10 modify transmission i UV range.
95
This invention allows producing a chcap and simple optical array with a spectral
characteristics in the UV-A and UV-B range following the human skin sensitivity described
by Diffev Standard. The scatterer ensures non-directional characteristics of the array.
Other standards of skin sensitivity to UV-A and UV-B burning can also be easily followed.
00
The invention is presented on the block diagrams where Figl presents the construction of the
version 1 of the aptical array, Fig2 presents the construction of another variant of the
invention presented on Figl, Fig3 presents the construction of the version 2 of the opucal

array, Figd presents the construction of the of the version 3 of the optical array. Fig. 3

é
103 presents T™(X)*D(310)/T"*(310) for optical array from Fig 2 in comparison with the

3
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Diffey Standard D(A), Fig. 6 preseﬁts TA)*D(310)/T™(310) for optical array from Fig 3
in comparison with the Diffev Standard D(A), Fig. 7 presents T"!(l)"D(S lO)fl‘"’(Z’a 10) for
optical array from Fig 4 in comparison with the Diffey Standard D(A).

110 Descnption of the version 1.
The array contains: the laver ] that scatters light, a collimator 2, an absorpuve filter 3 that

makes a system of absorptive filters, a set of interference hilters 4 that makes a system of
interference filtcrs. The absorptive filter 3 1s made of maternial transparent to UV and

blocking visible and IR. radiation. That property has M1 matenal, with a charactenstics
N presented in the table below.
In that example a scatierer 1 1s made of PTFE, and the absorptive filter 3 1s a plano-paralle]
plate, 8mm thick. made of M1 matenial Schott UG-!1 hke The sct of interference filters 4
that 1s placed on the absorptive filter's 3 surface consists of 38 layers of Hafmium oxide
and/or Zircomum oxide and Sihca oxide.
120  The scatterer 1 ensures non-directional charactenstics of the array. The colitmator 2 forms

the light beam. To achieve desired spectral charactenstics the hght beam passes through

the absorptive filter 3 and the interference fiiter 4.

In the other variant of the version 1. that is shown on the Fig 2, the array cointains: the layer

125 5 that scatters light, a collimator 6, absorptive filter 7 that makes a system of absorptive

filters and a first set of interference filters 8 and a second set of interference filters 9 that
both make a system of interferencce filters. The absorptive filter 7 1s made of matenal
transparent to UV and blocking visible and IR. radiation. That property has M1 matenal,
with a charactenstics presented in the table below. f

130 In that example a scatterer 3 is made of PTFE, and absorptive tilter 7 1s a plano-parallel
plate, 8mm thick, made of M1 material, Schott UG-11 hke. The first set of interference

filters 8 and the second set of interference filters 9 are placed on the absorptive filter's 7

surfaces and together consists of 62 lavers of Hafnium oxide and/or Zirconium oxide and

Silica oxide.

135  The scatterer 3 ensures non-directional characteristics of the array. The collimator 6 forms
the light bcam. To achieve desired spectral characteristics the light beam passes through
the first interference filter 8, the absorptive filter 7 and the second interference filter 9.
On the Fig 5 chart the T(X)*D(3 lO)fFf"(B 10) charactenstics of the array is plotted as a
broken line, the Diffev Standard 1s plotted as a solid line. On the chart these two curves

140 are close to each other 1n the 310-323nm range. ’
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Description of the version 2.
The array contains' the laver 10 that scatters hight, a first absorptive filter 1| that makes a

first systcm of absorptive filters, a second absorpuve filter 12 that makes a second svstem
of absomptive filters. The first absorptive filter 11 1s made of maternal transparent to UV
with decreasing transmussion when the wavelength 1s changed from 320 to 350nm, the
second absorptive filter 12 1s made of matenal transparent to UV and blocking visible and
IR. radiation. That property have materials M2 and M1 respectively, with characteristics
presented in the table below.

In that example a scatterer 10 1s made ot PTEE, the first absorptive filter 11 is a plano-
parallel plate, |.3mm thick, made of M2 matenal, Schott GG-19 like, the second
absorptive filter 12 is a plano-parallel plate, 8 mm thick, made of M1 material, Schott UG-
11 lhike.

The scatterer 10 ensures non-dircctional characteristics of the array. To achieve desired

spectral characteristics the hight beam passes through the first absorptive filter 11 and the

second absomtive filter 12,

On the Fig 6 chart T™'(A)*D(310)/T*(310) characteristics of the array is plotted as a broken

line, the Diffev Standard 1s plotted as a solid line.

Description of the version 3.
The array contains: a first absorptive filter 13 that makes a first system of absorptive filters,

a second absorptive filter 14 that makes a second svstem of absorptive filters and a first set

of interference filters 135 and a second set of interference filters 16 that both make a system

of interferencce tilters. The first absorptive filter 13 1s made of material trarsparent to UV
A

with decreasing transmission when wavelength 1s changed from 520 to 350nm, the second
absorptive filter 14 1s made of matenal transparent 1o UV and blocking visible and [R.
radiation. That property have materials M2 and M1 respectively, with charactenistics
p}cscntcd in the table below. Interference filters are constructed to biock visible and IR.
radiation and/or to modify transmission charactenstics in UV,

In that example the first absorptive filter 13 1s a plano-parallel plate, | .5mm thick, made of
M2 marerial, Schott GG-19 like. The second absorptive filter 14 with interference filters
135, 16 placed on the filter 14 surfaces are made together bv Schott as Schott DUG-11

filicr.
To achieve desired spectral characteristics the light beam passes through the first absorpuve

filter 13. the first interference filter 13, the second absorptive filter 14 and the second

interference filter 16.
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On the Fig 7 chart T*'(A)*D(310)/T*(310) characteristics of the array is plotied as a broken

line, the Diffey Standard is plotied as a solid line.

180
TABLE of relative internal transmission T ,{(A)
o — 300 [ 300 [ 316320 [ 330 [ 340 [ 350
Ml glass, | minimsivalwe |0 107 |1 [10 10 |10 10
8 mm thick | maximalvalue | 03 | 0.8 l-
M2 glass, | minimal value m lOE 3 7'10E-6
1.5 mm thick | maximal value_ 107 J1  Jo8 103 j01 ]002 |
~Tom B - N X RN N
M1 glass. minimal value 0.6 10E-10
8 mum thick maximal value 0.8 ] 015 10E-6
M2 glass, minimal value | 2*1CE-7 | Q‘IOE-‘? ' 2*10E-5 | 2*10E-3
1.5 mun tluck maximal value 7*10E-3
1835

Data in tables above are T™' (A) characteristics of plano-paraiel plates made of M}, M2
with given thickness.
The exact values of T ,(A) are described in the example constructions. These data are

example values and 1t 1s obvious that the invention is not restricted to them.

190 The optical arrav in the example constructions has the spectral charactenistics similar to

human skin sensitivity to UV contained in sunlight. Fig S presents T(A)*D(3 10/ T™(310)
chart for optical array from ¥ig 2 in comparison with the Dhffey Standard D(X), Fig. 6

presents T™(X)*D(310)/T*'(310) chart for optical array from Fig 3 in comparison with the
Diffey Standard D(A), Fig. 7 presents T (A)*D(310)/T™(310) chart for optical array from

195 Fig 4 in companson with the Diffev Standard D(A). The biggest discrepancies between the
characteristics and the Diffeyv Standard are for UV-C that 1s absent in sunlight and UV-A

that has 2 minimal burning power comparing with total buming power of sun UV

AMENDED SHEET

AP BRI F T




RCV . VON : EPA -MUBENCHEN  O4 P28~ 3-8 | £ 00

200

210

215

220

223

230

CA

-

»

Claumns

-

What is claimed 1s:

The optical array converting UV, visiblc and IR. radiation, especially contaired 1n
sunlight, with a spectral characteristics following the Diffey Standard comprising
a svstem of absomptive filters (3) (¥ 1g. 1), (7) (Fig. 2) 1o modify transmission

characteristics in the UV range and/or to block visible and IR radiation charactenzed by

nternal transmission for a given wavclength divided by its mnternal transmission for

3 1Unm hight within the following range: between 0 and 0.3 for A=290nm, between 0.7
and 0.8 for A=300nm, between | and 1.3 for A=320nm, between | and 1.4 tor
3=330nm, between 1 and 1.3 for A=340nm, between | and 1.12 for A=350nm, between
0 6 and 0.8 for A=360nm, between (.14 and 0.3 for A=370nm, between 10E-3 and

0 0015 for A=380nm. between 10E-10 and 10E-6 for A=300nm,

a system of interference filters (4) (Fig. 1), (8), (9) (Fig. 2) to modify transmission

characteristics in the UV range and/or to block visible and IR radiation,

a scatterer (1) (Fig. 1), (5) (Fig. 2) at the beginning of the optical path to achicve non-

directional spectral trapsmission characteristics of the array and to improve the spectral
transmission characterisucs of the array.

The array in claim 1 mmprismg a collimator (2) (Fig. 1), (6) (Fig. 2) placed in the
optical path 10 form the light beam passing through the array and to impx?ove the spectral
transmission characteristics of the array where the collimator surface should bg highly
absorptive to the hght

The optical array converting UV, visible and IR. radiation, especially contained In

sunlight, with a spectral characteristics following the Diffey Standard comprising

a first svstem of absorptive filters (11i) (Fig. 3), (13) (Fig. 4) to modify transmission

characteristics in the UV range and/or to block visible and/or IR radiation characterized
by internal transmussion for a given wavelenght divided by its internal transmission for
310nm light within the following range: betweea O and 0.2 for A=290nm, between 0.34
and 0.7 for A=300nm. between 0.5 and 0.8 for A=320nm, between 0.04 and 6.36 for
A=330nm. between 10E-3 and 0.1 for A=340nm, between 7* | 0E-6 and 0.02 ior
A=350nm, between 2" 10E-7 and 7*10E-3 for A=360nm, between 2*10E-7 and 7*10E-3

for A=370nm, between 2*10E-5 and 0.03 for A=380nm. between 2*10E-3 and 0.14 tor
A=390nm,

a second system of absorptive filters (12) (Fig. 3), (14) (Fig. 4) to modify transmission

characteristics in the UV range and/or to block visible and/or IR. radiation charectenzed

by internal transmission for a given wavelength divided by its internal transmission for

7
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310nm light within the following range: between 0 and 0.3 for A=290nm, between 0.7

235 and 0.8 forA=300nm, between | and 1.3 for A=320nm, between 1 and 1.4 for
A=330nm, between 1 and 1.3 for A=340nm, between 1 and 1.12 for A=350nm, berween
0.6 and 0.8 for A=360nm, between 0.14 and 0.3 for A=370nm, between 10E-3 and

0.0015 for A=380nm, between 10E-10 and 10E-6 for A=390nm.
4. The array in claim 3 comprising a scatterer (10) (Fig. 3) at the beginning of the optical
240 path to achieve non-directional spectral transmussion characteristics of the array and to
improve the spectral transmission characteristics of the armay.
5. The array m claim 3 comprising addiuonal interference filters (15), (16) (Fig 4) to

improve the spectral transmission charactenstics of the array.
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