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Optical array converting UV 

· This invention is ari optical array converting UV radiation, especially contained in sunlight. 

5 The spectral characteristic of the transmission of the tilter is similar to the sensitivity of 

human skin to sun burning. That sensitivity is described by"the widely recognized Diffey 

Standard. 

·By now there are a few UV measuring devices based on an optical absorptive filter: 

10 CASIO Computer Ltd. manufactures a device called "CASIO UC-120 UV", which has an 

optical array containing absorptive tilter made of material similar to Schott UG-11 and a 

photodiode. The spectral characteristic of the device doesn't match the Diffey 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 

15 has an optical array containing: an absorptiYe filter made of material similar to Schott UG-

11, a photo-luminescentive material and a photodiode. The spectral characteristic of the 

20 

de\ ice doesn't match the Diffey Standard. The device is too sensitive to UV-A comparing to 

its sensitivity to UV-B. 

Description of the invention 
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The invention solves the problem of constrncting a device equipped with an optical array 

converting UV. visible a11d IR. radiation that has the spectral characteristic of the 

25 transmission similar to the Diffey Standard. 
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Definition of the relative internal transmission of a set of tilters: 

where: 

A. 

'f"1ini(l} 

Tin1(A.) 

Tin1(310) 

wavelength in nano-meters 

relative internal transmission for A. wavelength 

internal transmission for A. wavelength 

internal transmission. for 31 Onm wavelength 

I . 

(1) 
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Note that the total internal transmission of the set of absorptive filters is equal to the product 

of internal transmissions of each consecutive filter. 

Definition of the relative transmission of a set of filters: 

Trel{A.)-T{A.)ff{310) 
where: 

A. wavelength in nano-meters 

T"'(A.) relative transmission for A. wavelength 

T(A.) transmission for A. wavelength 

T(310) transmission for 31 Orun \va.velength 

The Diffey spectral characteristics \\ill be denoted as D(A.) 

where: 

\rnvelength in nano-meters 

iliilm~r 

(2) 

(3) 

In the first solution the array contains a system 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. scattering elements. elements fonning the light beam. lnterference 

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

According to the invention one of the system of interference filters has layers made of 

Hafoium oxide and/or Zirconium oxide. A collimator· placed in the optical path forms the 

light beam. The collimator can hm·e surfaces highly absorbing light. At the beginning of the 

optical path a scatterer is placed to achieve non-directional characteristic of the array. The 

60 scatterer can be made of PTFE. 

In the second solution the arra):· contains the first system of absorpti\'e filters to partly block 

UV-A. the second system of absorpti\·e filters to block visible and IR. radiation and may 

contain scattering elements and/or system/systems of interference filter/filters. 

65 111e first system of absorptive filters has internal relative transmission Trc1;01(A.): between 0 

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 0.36 for ).=330run, between IOE-3 and 0.1 for A=340nm. 

between 7* I OE-6 and 0.02 for A.=3~0nm. between 2* J OE-7 and 7* I OE-3 for A.=360nm, 

between 2* IOE-7 and 7* IOE-3 for A.=370nm, between 2*10E-5 and 0.03 for A.=380nm, 
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70 between 2*10E-3 and 0.14 for A.=390nm. The total optical thickness of the first system of 

absorptive filters is between 0.5 and 2mm. 

The second system of absorptive filters has internal relative transmission T'..:'.n1(A.): between 0 

and 0.3 for A.=290nm, between 0. 7 and 0.8 for A.=300nm, between I and 1.3 for ~=320~ 

between I and 1.4 for A.=330nm. between 1 and 1.3 for A.=340nm, between I and 1.12 for 

75 A.=350run, between 0.6 and 0.8 for A.=360nm, between 0.14 and 0.3 for A.=370nm. between 

IOE-3 and 0.015 for A.=380nm, between lOE-10 and lOE-6 for A.=390nm. The total optical 

thickness of the first system of absorptive filters is between 0.5 and lOnun. 

At the beginning of the optical path a scatterer is placed to achieve non-directional 

characteristic of the array. The scatterer can be made of PTFE. In the optical path 

80 additional system/systems of interference filters can be placed to block visible and IR. 

radiation ai1d/or to modify transmission in UV range. 

This invention allows producing a cheap and simple optical array with a spectral 

characteristics in the UV-A and UV-B range following the human skin sensitivity described 

85 by Diffey Standard. The scatterer ensures non-directional characteristics of the array. 

Other standards of skin sensitivity to UV-A and UV-B buming can also be easily follow~d. 

The invention is presented on the block diagrams where Figl presents the eonstruction of the 

·version 1 of the optical array, Fig2 presents the construction of another variant of the 

90 invention presented on Figl, Fig3 presents the construction of the version 2 of the optical 

array, Fig4 presents the constrnction of the of the version 3 of the optical array. Fig. 5 

presents Trc1(A.)*D(3 l O)frre1(3 l 0) for optical array from Fig 2 in comparison with the 

Diffey Standard D(A.). Fig. 6 presents Tre1(A.)*D(31O)rrrcl(3I0) for optical array from Fig 3 

in comparison with the Diffey Standard D{A.). Fig. 7 presents T""(A.)*0(31O)rrci(3I0) for 

95 optical array from Fig 4 in comparison with the DiiTey Standard DO .. ). 

Description of the version I . 

The array contains: the layer ! that scatters light, a collimator 2, an absorptive filter J that 

makes a system of absorptive filters. a set of interference filters ~ that makes a system of 

100 interference filters. The absorptive filter J is made of material transparent to UV and 

blocking visible and IR. radiation. That property has M 1 material. with a characteristics 

presented in the table below. 
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In that example a scatterer l is made of PTFE. and the absorptive filter l is a piano-parallel 

plate. 8mm thick, made of M l material Schott UG-1 I like. The set of interference filters i . 
105 that is placed on the absorptive filter·s l surface consists of38 layers ofHafuium oxide 

110 

and/or Zirconium oxide and Silica oxide. 

The scatterer! ensures non-directional characteristics of the array. The collimator.1 fonns 

the light beam. To achieve desired spectral characteristics the light beam passes through 

the absorptive filter l and the interference filter_!!. 

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

~ that scatters light. a collimator .Q. absorptive filter 1 that makes a system of absorptive 

filters and a first set of interference filters ! and a second set of interference filters 2 that 

both make a system of interference filters. The absorptive filter l is made of material 

115 transparent to UV and blocking visible and IR. radiation. That property has M 1 material, 

with a characteristics presented in the table below. 

In that example a scatterer 2. is made of PTFE. and absorptive filter 1 is a piano-parallel 

plate. 8mm thick. made of M I material. Schott UG-11 like. The first set of interference 

filters~ and the second set of interference filters .2 are placed on the absorptive filter's l 

120 surfaces and together consists of 62 layers of Hafuium oxide and/or Zirconium oxide and 

Silica oxide. 

The scatterer .i ensures non-directional characteristics of the array. The collimator 2 forms 

the light beam. To achieve desired spectral characteristics the light beam passes through 

the first interference filter .!i. the absorptive filter 1 and the second interference filter .2. 

J 25 On the Fig 5 chart the T'""'(A.)*DP l O)IT'"'C:~ I 0) characteristics of the array is plotted as a 

broken line. the Diffey Standard is plotted as a solid line. On the chart these two curves 

are close to each other in the 3 J0-325nm range. 

Description of the version 2. 

130 The array contains: the layer lQ that scatters light. a first absorptive filter ll that makes a 

first system of absorpti\'c filters. a second absorptive filter 12 t11at makes a second system 

of absorpti\·e filters. The first absorptin:: filter 11 is made of material transparent to UV 

with decreasing transmission when the wavelength is changed from 320 to 350nm, the 

second absorptive filter 12 is made of material transparent to UV and blocking visible and 

l 35 lR. radiation. That property have materials M2 and Ml respectively. with characteristics 

presented in the table below. 
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In that example a scatterer lQ is made of PTFE. the first absorptive filter 11 is a plano­

parallel plate. 1.5mm thick, made ofM2 material. Schott GG-19 like, the second 

absorptive filter ll is a plano-paralJel plate, 8 mm thick, made of Ml material, Schott UG-

140 11 like. 

The scatterer lQ ensures non-directional characteristics of the array. To achieve desired 

spectral characteristics the light beam passes through the first absorptive filter ll and the 

second absorptive filter Jl. 

On the Fig 6 chart Trc1(1'.)*D(3 l O)fr1(3 l 0) characteristics of the array is plotted as a broken 

145 line, the Diffey Standard is plotted as a solid line. 

Description of the version 3. 

The array contains: a first absorptive filter 11 that makes a first system of absorptive filters, 

l 50 a second absorptive filter H that makes a second system of absorptive filters and a first set 

of interference filters I 5 and a second set of interference filters lQ that both make a system 

of interference filters. The first absorptiYc filter 11 is made of material transparent to UV 

with decreasing transmission when wa\'clength is changed from 320 to 350nm, the second 

absorptive filter 11. is made of material transparent to UV and blocking visible and IR. 

155 radiation. That property have materials M2 and Ml respectively, with characteristics 

presented in the table belo\\". Interference filters arc constructed to block visible and IR. 

radiation and/or to modify transmission characteristics in UV. 

In that example the first absorptive filter 13 ·is a piano-parallel plate. I .5111111 thick, made of 

M2 material. Schott GG-19 like. The second absorptive filter H: with interference filters 

160 15, 1.Q placed on the filter 14 surfaces are made together by Schott as Schott DUG-I I 

filter. 

To achieve desired spectral characteristics the light beam passes through the first absorptive 

filter 11- the first interference filter 15. the second absorptive filter Hand the second 

interference filter 16. 

165 On the Fig 7 chart Trd() .. )*0(31O)ff'"c1(3l0) characteristics of the array is plotted as a broken 

line. the Diffey Standard is plotted as a solid line. 
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TABLE of relath>e internal transmission r 1in1(A.) 
170 

l rnml 290 300 310 320 33() 340 350 
Ml glass, minimal value 0 0.7 1 1.0 1.0 1.0 1.0 
8 mm thick maximal value 0.3 0.8 1 1.3 JA 1.3 1.12 
M2glass. minimal value 0 0.34 1 0.5 0.04 IOE-3 7*10E-6 
1. 5 mm thick maximal value 0.2 0.7 1 0.8 0.36 0.1 0.02 

1~ rnml 360 370 380 390 
Ml glass, minimal value 0.6 0.14 IOE-3 lOE-10 
8mm thick maximal value 0.8 0.3 0.015 lOE-6 
M2 glass. minimal value 2*10E-7 2*10E-7 2*10E-5 2*10E-3 
J.5 111111 thick ma:dmal value 7*10E-3 7*10E-3 0.03 0.14 

Data in tables above are T"'\nO .. ) characteristics of plano-paralel plates made of M 1, M2 

175 with given thickness. 

The exact values of r 1in1P .. ) are described in the example constructions. These data are 

example values and it is obvious that the invention ·is not restricted to them. 

The optical array in the example constructions has the spectral characteristics similar to 

human skin sensitivity to UV contained in sunlight. Fig. 5 presents rer(> .. )*0(31O)!f'c1(3l0) 

180 chart for optical array from Fig 2 in comparison with the DilTcy Standard DO.). Fig. 6 

presents T"";() .. )*D(3 l0)/'r"1(3 I 0) chart for optical array from Fig 3 in comparison '~'ith the 

Diffey Standard D(A). Fig. 7 presents TN
1(?-)*D(31O)ff'c1(3l0) chart for optical array from 

·fig 4 in comparison with the Diffey Standard D(A.). The· biggest discrepancies between the 

characteristics and the Diffey Standard are for UV-C that is absent in sunlight and UV-A 

J 85 that has a minimal burning power comparing with total burning power of sun UV. 
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Claims 
I lllllll llllll lllll lllll II llll What is claimed is: 

* C L M S * 

I. The optical array converting UV. visible and IR. radiation. especially contained in 

190 sunlight. with a spectral characteristics follo\ving the Diffey Standard comprising a 

system of absorptive filters t~ block visible and IR. radiation, a system of interferen~ 

filters to modify transmission characteristics in the UV range and/or to block visible and 

IR. radiation, scattering elements and elements to fonn light beam. The interference 

filter is made oflayers of high and low refractive indexes for UV light and some 

195 interference layers in the systems of interference filters (~). (1), (2) are made of 

Hafuium oxide and/or Zirconium oxide. 

2. The array in claim I with the system of absorptive filters (3). (7) which internal 

. transmission for a given wavelength divided by the internal transmission of that second 

system for 31 Onm light are: between 0 and 0.3 for A.=290nm, between 0. 7 and 0.8 for 

200 A.=300nm. between l and 1.3 for A.=320nm, between 1 and 1.4 for A.=330nm, bet\Yeen l 

and 1.3 for A.=340nm, between I and 1.12 for A.=350run, between 0.6 and 0.8 for 

A.=360nm, between 0.14 and 0.3 for A.=370nm, bet\veen IOE-3 and 0.0015 for 

A.=3 80nm, benveen 1OE-10 and 1 OE-6 for A.=390nm. 

3. The array in claim 1 comprising a scatterer (1), (5) at the beginning of the optical path 

205 to achie\·~ non-directional characteristics of the array. 

4. The array in claim 3 comprising the scatterer made of PTFE. 

5. The array in claim 1 comprising a collimator (2). (6) placed in the optical path to fonn 

the light beam passing through the array. The collimator surface could be highly 

absorptive to the light. 

210 6. The optical array converting UV. Yisiblc and IR. radiation. especially contained in 

sunlight. with a spectral characteristics following the Diffey Standard comprising a first 

system of absorptive filters to partly block UV-A light, a second system of absorptive 

filters to block visible and IR. radiation and optionally scattering elements and/or 

system/systems of interference filters. The internal transmission of the first system of 

215 absorpth·e filters divided by the internal transmission of that first system for 3 lOnm 

light are: between 0 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 0.36 for A.=330nm, between IOE-3 and 0.1 

for ).=340nm, between 7* l OE-6 and 0.02 for A.=350nm. between 2* l OE-7 and 7* JOE-3 
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for A.=360nm, between 2* IOE-1 and 7* JOE-3 for A.=370nm, between 2* 1 OE-5 and 0.03 

220 for A.=380nm, between 2* 1 OE-3 and 0.14 for A.=390nm. 

7. The array in claim 6 with total optical thickness of the first system of absorptive filters 

(11), (13) between 0.5 and 2mm. 

8. The array in claim 6 with the second system of absorptive filters (12). (14) which 

internal transmission for a given wavelen.!ith divided by the internal transmission of that 

225 second system for 310nm light are: between 0 and 0.3 for A.=290nm, between 0.7 and 

0.8 for A.=300nm. between 1 and 1.3 for A.=320nm~ benveen I and 1.4 for A.=330nm, 

between I and 1.3 for A.=340nm, between I and 1.12 for A.=350nm, between 0.6 and 0.8 

for 1'..=360nm, between 0.14 and 0.3 for A.=370nm, between lOE-3 and 0.015 for 

A.=380nm, between IOE-10 and lOE-6for1'..=390run. 

230 9. The array in claim 6 with total optical thickness of the second system of absorptive 

filters (12 ), ( J 4) between 0 .5 and J Omm . 

. J 0. The array in claim 6 comprising a scatterer at the beginning of the optical path to 

achieve non-directional characteristics of the array. 

11. The array in claim l 0 comprising the scatterer made of PTFE. 

235 12. The array in claim 6 comprising additional interference filter/filters (15), (16) to block 

visible and IR. radiation and/or to modify a transmission characteristics in the UV 

range. 

·13. The array in claim 12 comprising layers made ofHafuium oxide and/or Zirconium oxide 

as elements of the set of interference filters (15), {16); 
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