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Abstract

There are a number of problems in metrological insurance in the UV spectral region. First, it is a
significant reduction in the accuracy of the transfer of quantities from national standards of the corresponding
optical quantities to working units in the CIE UV ranges. Second, when measuring in the UV CIE ranges, it is
necessary to use a power meter with constant spectral sensitivity inside these ranges and zero outside it, which
is very problematic due to the lack of high-quality UV filters. Third, the accuracy of the results of measuring
optical characteristics of UV radiation is reduced significantly by difference in spectral distributions of the
radiation intensity of the test and reference radiation sources. One of the promising ways to improve the
accuracy of measurements in the UV spectral region is the use of reference radiation sources created based on
LEDs, due to their stability and long lifetime.

A compact reference UVC source based on state-of-the-art commercially available LED were designed
and constructed at B.I. Stepanov Institute of Physics NAS of Belarus. The paper presents the design and results
of the study of the optical characteristics of the radiation of the reference UVC LED source. A power density of
the compact reference UVC LED source is >200 pW/cm?, which provides a fine level for calibrating UV

radiometers in range UVC.
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Introduction

UV radiation is widely used to solve various engi-
neering and scientific problems. Efficiency, quality and
safety of work performed using UV radiation is largely
determined by the quality of measurement.

There are a number of problems in metrological in-
surance in the UV spectral region. First, it is a significant
reduction in the accuracy of the transfer of quantities
from national standards of the corresponding optical
quantities to working units in the CIE UV ranges. Sec-
ond, when measuring in the UV CIE ranges, it is neces-
sary to use a power meter with constant spectral sensitivi-
ty inside these ranges and zero outside it, which is very
problematic due to the lack of high-quality UV filters.
Third, the accuracy of the results of measuring optical
characteristics of UV radiation is reduced significantly by
difference in spectral distributions of the radiation inten-
sity of the test and reference radiation sources.

One of the promising ways to improve the accuracy
of measurements in the UV spectral region is the use of
reference radiation sources created based on LEDs, due to
their stability and long lifetime. Earlier, the Institute of
Physics of the NAS of Belarus has developed a number
of reference radiation sources for the CIE UV ranges
based on LEDs [1 - 3]. In the article, the design of the
created new reference CIE UVC LED source describes.

Design UVC LED source

A reference UVC LED source (RUVCS) based on
state-of-the-art commercially available one LED emitting
at wavelength of 265 nm.

The source operates as follows: the injection current
is supplied to the LED chip 1, the temperature of which is
regulated by the Peltier element 4 based on the resistance
value of the thermistor 5. The heat generated by the Pelti-
er element is removed through the base 6 and is addition-
ally cooled by a radiator of water or air cooling 11. The
temperature controller Arroyo TECSource 5305 was used
to stabilize temperature of the RUVCS. The highly stabi-
lized current source Arroyo 4302 LaserSource was used
to power UV LED.

Optical characteristics of the source

The measurement of optical characteristics of LEDs
and RUVCS was carried out on setup for the measure-
ment of optical characteristics of UV-NIR SSL sources
radiation [4]. The measurements were performed at 25°C
stabilized temperature.

The inset in figure 2 shows the angular distribution
of the radiation intensity of the LED. As can be seen from
the far field, the radiation intensity is approximately the
same within the cone +10°. But the radiation intensity
level of UVC LED is low for calibrating of UV radiome-
ters. Therefore, a correcting lens 13 and a holographic
diffuser 9 are included in the design of the reference
source (Fig. 1).

The figure 2 shows the angular distribution of the
radiation intensity of the RUVCS without holographic
diffuser. As can be clearly seen from the figure, the lens
system of the RUVCS transforms the radiation intensity
of the LED into radiation with a half-width of = 3 ° at
half-maximum intensity.
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Fig. 1. Picture of reference UVC LED source

Moreover, in the viewing angle of + 2 °, the
RUVCS intensity distribution is approximately uniform.
Such a configuration of the lens system provides approx-
imately the same intensity (necessary for calibrating the
radiometer) on a 4x4 cm site at a distance of 50 cm from
the radiation source. The observed changes in the radia-
tion intensity are because the LED lens projects an image
of the chip to infinity. The changes of intensity corre-
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sponds to the electrode of the LED chip. To reduce the
intensity heterogeneity in this angle, we used a holo-
graphic diffuser. As can be seen from Fig. 2, only the use
of the correcting lens made it possible to increase the
power density of the RUVCS by an order of magnitude
and significantly reducing the inhomogeneity of radiation
intensity in the far field.
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Fig. 2. Radiation intensity of reference UVC LED source as a function of angle. Inset shows radiation intensity
of UVC LED and UVC LED at 5° diffuser



Fig. 3 shows the dependence of the power density
on the injection current at measurement distance 50 cm
from RUVCS and the LED chip. As can be seen in the
inset in Fig. 3, the maximum quantum efficiency is
achieved at an injection current of 350 mA. This corre-

sponds to a power density of >200 uW/cm?, which pro-
vides a fine level for calibrating UV radiometers. There-
fore, we recommend this injection current level for source
operation. With this injection current, the LED lifetime
should increase from 10 000 to about 50 000 hours.
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Fig. 3. Intensity of reference UVC LED source as a function of injection current. Inset shows radiation
intensity of UVC LED and UVC LED at + 5° diffuser

As can be seen from Fig. 4, the radiation intensity of
RUVCS are about only 5% at the boundary between
UVC and UVB ranges. At selected level of injection

Wavelength, nm

current, the radiation spectrum is independent of the
viewing angle within the essential radiation intensity
levels (= 3 °).
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Fig. 4. 2D color mapping of reference UVC LED source normalized spectra as a function of angle



Fig. 5 show the distribution (£ 2 %) of the radia-
tion intensity of RUVCS without holographic diffuser in
the working area at distance 50 cm. The used of 1 °

holographic diffuser in the RUVCS leads to an im-
provement in the uniformity of the distribution of the
radiation intensity density up to + 1 %.
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Fig. 5. Intensity of reference

Conclusions

A compact reference UVC source based on state-
of-the-art commercially available LED were designed
and constructed at B.l. Stepanov Institute of Physics
NAS of Belarus. The paper presents the design and re-
sults of the study of the optical characteristics of the
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UVC LED source in the working area

radiation of the reference UVC LED source. A power
density of the compact reference UVC LED source is
>200 pW/cm?, which provides a fine level for calibrat-
ing UV radiometers in range UVC.

B merposoruueckom obecnieuennu B Y®P-001acTH crieKTpa CyllecTBYeT psl npobdieM. Bo-nepBbix, 310

3HAYUTCIIBHOC CHMXKCHHUC TOYHOCTH nepeaaumn

pa3mepa

BCIIMYUH oT HallMOHAJIbHBIX 9TAaJIOHOB

COOTBETCTBYIOIINX ONTHYECKUX BEJIMUUH pabouuM cpejacTBaM nzmepenuit B Y @-nuanazonax CIE. Bo-Bropbix,
npu m3Mmepennu B Y®-mmamazonax CIE HeoOXoamMo HCIONB30BaTh CPENCTBA HM3MEPEHHMH ONTHYECKOH
MOIIHOCTH UMEIOIIUX MOCTOSHHYIO CHEKTPAIbHYI0 YyBCTBUTEIBHOCTBIO BHYTPH 3TUX AMANAa30HOB M HYJIEBYIO
3a ero TpejeiaMu, 9TO OYEeHb MPOOIEMAaTHYHO HM3-32 OTCYTCTBHS KadecTBEHHBIX Y®d-¢punbTpoB. B-Tperhux,
TOYHOCTb PE3yNbTAaTOB U3MEPEHUS ONTHYECKUX XapaKTepPUCTHK Y D-n3nydeHns CyIECTBEHHO CHIXKAETCS U3-3a
pa3iuuMsl B CHEKTPAIbHBIX PACHpPEAEICHUAX WHTEHCUBHOCTH W3IYYEHUS MCOBITYEMOr0 U 3TAJOHHOIO
WCTOYHHMKOB M3iMy4eHus. OJHMM M3 INEpCHEKTUBHBIX CIIOCOOOB IOBBINICHUS] TOYHOCTH HM3MepeHHd B YO-
00JacTH CHEKTpa SBISETCS HCIOJIB30BAaHWE STAJIOHHBIX HCTOYHUKOB W3JIyYEHHs, CO3JaHHBIX Ha OCHOBE
CBETOJMO/IOB, Oarogapsi NX CTaOMIBHOCTH U JUTUTEIIEHOMY CPOKY CITyXKOBI.

KoMmakTHBIN STAIOHHBIA HCTOYHUK yIbTPAPHOIETOBOTO MIITYICHUS s YIABTPa(HOIETOBOTO JUAMa30Ha
CIE C, Ha OCHOBE KOMMEPUYECKH IOCTYIHBIX COBPEMEHHBIX CBETOAMOIOB, Pa3pabOTaH M H3rOTOBICH B
Wncturyr ¢msuxku mvenun Bb.U. CremanoBa HAH benapycu. B nokmame paccMoTpeHa KOHCTPYKIHS U
pe3yabTAaThl MCCICIOBAHUS ONTHYECKUX XaPAKTEPHCTUK HM3IIyYSHHS 3TATOHHOTO CBETOIMOJHOTO HCTOYHHUKA
n3nydeHus. [IMOTHOCTH MOIIHOCTM KOMIAKTHOTO STaJlOHHOTO CBETOAMOJHOIO HCTOYHUKA HA PACCTOSHUU
500 mm cocrasnster > 200 MkBT/cM?, uTO ObecneuMBaET HEOOXOAMMBIA YpPOBEHb I Kaaubposku Yd-

panuomerpoB B Y® nuanazone CIE C.

KaioueBble ciioBa: yanpa(bnoneT; yJII)Tpa(l)I/IOHGTOBBII\;I CBETOAHON, JTAJIOHHBIA UCTOYHHMK H3JIy4YCHUA; U3ME-

peHme.



AHoTanis

YV MmetposorigyHoro 3abe3nedeHHs B Y P-o0macti ciekTpa icHye psa npodsem. [To-niepine, e 3Ha4He 3HUKEH-
HS TOYHOCTI Mepenadi po3Mipy BEJIWYHH Bij HAIIIOHAIBHUX CTAJOHIB BiIMOBITHUX ONTHYHHUX BEIMYUH POOOUUM
3aco0aM BuMipioBanb B Y @-nianazonax CIE. [lo-ngpyre, npu BumiptoBanti B Y ®-nianazonax CIE HeoOXinHO BUKO-
PHUCTOBYBaTH 3aCO0HM BIMipIOBaHb ONTHYHOI IMOTY)KHOCTI MalOTh MOCTI{HY CHEKTpallbHy YyTIHBICTh BCEPEAMHI IUX
ZiarmazoHiB 1 HyJNbOBY 32 HOTO MEXaMH, IO TyXKe IPOoOIeMaTHYHO depe3 BiACyTHICTh sKicHHX Y D-¢dimpTpis. Ilo-
TPETE, TOUHICTh PE3yJbTaTiB BUMIPIOBAHHS ONTHYHUX XapaKTEpPUCTUK Y P-BUIIPOMIHIOBaHHS ICTOTHO 3HIKYETHCS
Yyepe3 BIIMIHHOCTI B CHEKTPAIBbHUX PO3IMONITAaX IHTEHCHBHOCTI BHIIPOMIHIOBAHHS BHIIPOOYBAHOTO i €TaJOHHOTO
JDKepel BUMpoMiHIOBaHHS. OTHUM 3 IMEePCIEKTUBHUX CIOCOOIB MiBHUIIEHHS TOYHOCTI BUMipioBaHb B Y D-o0macTi
CHEKTpa € BUKOPUCTAHHS E€TAJIOHHHX JDKEpesl BUIIPOMIHIOBaHHS, CTBOPEHHX Ha OCHOBI CBITJIOJIOAIB, 3aBISKH iX
CTaOUIBHOCTI 1 TPUBAJIOTO TEPMIHY CIIYKOH.

KomnakTHH# eTaloHHHIA IKEpeo yabTpadiorneToBOro BUIPOMIHIOBAHHS IS YIBTPadiolleTOBOTO Aialla3oHy
CIE C, Ha 0CHOBI KOMEPIIII{HO JOCTYIHUX CY4aCHHX CBITJIOJIOAIB, po3po0ieHuii i BUroToBiIeHui B [HCTHTYTI izn-
ku imMeHi b.I. CrenanoBa HAH Binopyci. Y nonosini po3risiHyTa KOHCTPYKLIS 1 pe3yabTaTH JOCIIHKEHHS ONTHY-
HUX XapaKTepUCTHK BUIPOMiHIOBAaHHS €TAJIOHHOTO CBITJIOAIOAHOTO JKepena BUlpoMiaoBaHHs. LinbHICTh MOTYX-
HOCTI KOMITAaKTHOTO €TAJIOHHOTO CBITJIOMIOJHOTO pKepena Ha Bimctani 500 mm cranoButh> 200 MKBT / cM?, 110
3abe3mneuye HEOOXIMHUH piBeHb I KaniopyBanus Y D-paniomerpis B YO miamazoni CIE C.

KuarouoBi cioBa: ynbpTpadioner, ympTpadioleTOBHI CBITIONION, CTATOHHWUH IKEPETO BHUIIPOMIHIOBAHHS,
BUMIp.
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