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Abstract

BelGIM together with Cersys Analitycs designed and manufactured LED-based reference lamps. The lamp was originally
designed for use not only as a part of the national measurement standards, but also as a transfer standard for verifications
and calibrations of customers’ equipment.

Our analysis of the sources of uncertainty of the LEDs’ photometric parameters (associated with the light source itself)
showed that the main ones are the uncertainties caused by the instability of the power source and the temperature regime
of LED chip. Also in the works carried out within the framework of the EURAMET PhotoLED project it was shown that
the lowest uncertainty of the results of measurements of photometric parameters (on equipment calibrated by the LED-
based standard) is achieved when used as a reference LED with CCT of 4000 K. Based on this concept the reference lamp
was created. COB LED manufactured by CREE is placed in an aluminum housing providing primary heat dissipation.
Thermostabilization at a temperature of 20 °C is provided by a Peltier element and a feedback loop based on the pt-1000
temperature sensor located on the LED surface. Cooling of the Peltier element is performed by a supply fan, while the
LED is completely shielded from the effect of air movement. The temperature controller of the LED is located outside
the lamp and communicates with it, depending on the required configuration, either through the fittings of the calibrated
equipment, or through an optional external cable. This measure reduces greatly the overall dimensions of the source, that
allows to apply it in calibrations of photometric spheres with a diameter of 1 m or more. Lamps are equipped with a set of
interchangeable connectors that provide compatibility with the power fittings of photometric spheres produced by Instrument
Systems GmbH or by using E27 lamp cap. The lamps are powered by an external high-stabilized power source Keithley
2400. The light sources are made in two models: SELFI-I and SELFI-F (acronym for Standard Emitter for Luminous Flux
[and luminous] Intensity), as reference lamps of luminous flux and luminous intensity respectively. The SIIP design differs
from the SIIS by the presence of a diffuser for creation a uniform luminous flux and a horizontal orientation of the LED.

The following was established based on research of metrological characteristics of standard LED lamps:

« Instability of photometric characteristics during 4 hours of continuous operation is not more than 0.05 %.

+ Instability of photometric characteristics during 500 hours is not more than 0.1 %.
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Introduction . . . o
of luminous flux and luminous intensity in recent

Intensive development of lighting technology,
the complexity and improving of the ergonomic
requirements, development of new types of lighting,
all of this makes it necessary to solve more complex
metrological tasks in the field of photometry. The
progress achieved over the past 10 years in the field of
energy-saving light sources is comparable, and in some
ways superior to the revolution of the late 19th century,
when there was a shift from the lights on the basis of
organic fuel burning to electric light bulbs. The situation
with metrological assurance of the measurement
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years has become much more complicated. Firstly,
in accordance with the requirements of international
standards, during calibration of photometric equipment,
it is necessary to use a source with a spectral power
distribution (SPD) as close as possible to the SPD of
the DUT [1]. And SPD’s of the incandenst lamps,
compact fluorescent lamps and LED’s are differ greatly
[2]. Secondly, after the entry into force of the EU
Directive 2005/32/EG, the world’s major producers
turned down the production of incandescent lamps
[3]. At the same time, the production of the standard
lamps for metrological propose was also closed. Similar
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production lines in the countries of the former USSR
were closed in the 90’s. Thus the relevance of the
problem is in no doubt.

Construction research and development

BelGIM has a more than 10 years experience in
LED photometry [4] so together with Cersys Analitycs
it was decided to design and manufacture LED-based
reference lamps. The lamp was designed for use not
only as a part of the national measurement standards,
but also as a transfer standard for verifications and
calibrations of customers’ equipment. After analysis of
state of art in the field of LED photometry, the work
was divided into 2 phases: phase 1 — light source with
natural cooling, phase 2 — light source with forced
cooling.

At phase 1 it was decided to create a model of
not cooled LED-based lamp. Analysis of similar studies
has shown that light sources created at NIM, China,
have sufficient stability [5]. As DUT we used COB
LED and LED-filament lamps. First results of research
showed encouraging results (example of measurement
results see in Table).

The results of stability studies of luminous flux
of the lamps with natural cooling

lamp type 10 h]20 h|30 h|40 h|50 h
LED-filament 1 830 | 826 | 812 | 798 | 770
LED-filament 2 850 | 824 | 816 | 803 | 890
LED-Iuminophore 1 15501530 1525|1521|1518
LED-luminophore 2 | 1550 |1550| 1540 1530|1525

But after 55—60 hours of burning all COB-lamps
burnt out. In our opinion, this was due to the use
of adherent hemispherical diffuser. This design was
chosen to achieve the uniformest light distribution, as
close as possible to that of conventional luminous flux
standard lamps. Nevertheless, this construction also
prevented sufficient heat transfer from LED chip. The
use of LED-filament lamps also had to be abandoned
due to insufficient stability.

At phase 2 we tried another approach. Deep
analysis of the sources of uncertainty of the LED’s
photometric parameters (associated with the light
source itself) showed that the main ones are the
uncertainties caused by the instability of the power
source and the temperature regime of LED chip. Also
in the works carried out within the framework of the
EUROMET PhotoLED project it was shown that the
lowest uncertainty of the results of measurements of
photometric parameters (on equipment calibrated
against the LED-based standard) is achieved when
used as a reference LED with CCT around 4000 K
[6]. Based on this concept the reference lamp was
created.

Characteristics and construction of the lamps

COB LED CXA 2530 manufactured by CREE
is placed in an aluminum housing providing primary
heat dissipation. Thermostabilization at a temperature
of 20 °C is provided by Peltier element and a feedback
loop based on the pt-1000 temperature sensor located
on the LED surface. Cooling of the Peltier element
is performed by a supply fan, while the LED is
completely shielded from the effect of air movement.
Flowchart of the lamp’s heat-stabilizing device is
shown in Fig. 1. Fig. 2 shows the thermogram of the
lamp after stabilization.

%

10 -

Fig. 1. Flowchart of the lamp’s heat-stabilizing device: 1 — COB
LED CXA 2530; 2 — temperature sensor; 3 — heat-integrating
plate; 4 — Peltier element; 5 — dissipating radiator; 6 — the fan;
7 — controller of the Peltier element; 8 — system for blocking
of LED power supply with non-operating cooling system; 9 —
power supply of Peltier element and controller unit; 10 — LED
power supply

Fig. 2. The thermogram of the lamp after stabilization
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Fig. 3. Appearance of SELFI-F (left), SELFI-I (right) lamps

The light sources are made in two models:
SELFI-I and SELFI-F (acronym for Standard
Emitter for Luminous Flux [and Iuminous] Intensity)
as reference lamps of luminous flux and luminous
intensity respectively. The SELFI-F design differs from
the SELFI-I by the presence of a diffuser for creation
a uniform luminous flux and a horizontal orientation
of the LED. Appearance of lamps is shown in Fig. 3.
Spatial distribution of luminous intensity of SELFI
lamps presented in Fig. 4. It is seen that luminous
intensity distribution of SELFI-F lamp has better
homogeneity compare to incandencet standard lamps
of luminous flax of SIP type.

Photometric / Ix

The temperature control unit of the LED is
located outside the lamp and communicates with it,
depending on the required configuration, either through
the fittings of the calibrated equipment, or through an
optional external cable. This measure reduces greatly
the overall dimensions of the source, that allows to
apply it in calibrations of photometric spheres with
a diameter of 1 m or more. Lamps are equipped
with a set of interchangeable connectors that provide
compatibility with the power fittings of photometric
spheres produced by Instrument Systems GmbH or
through a E27 socket. The lamps are powered by an
external high-stabilized power source Keithley 2400.

Photometric / Ix

Fig. 4. Spatial luminous intensity distribution of SELFI-F (left) and SELFI-I (right) lamps
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In general, the open design of the lamp makes
it possible to use any COB LED depending on the
customer’s requirements for the amount of luminous
flux, luminous intensity or CCT.

Before starting study of the characteristics
lamps have been pre-burned 200 hours at a current
of 0.700 A. Studies were carried out on short-
term stability (during up to 8 hours of continuous
operation) and long-term stability (100 hours of
total operating time with interruptions from several
hours to several days). The study of long-term
stability is ongoing.

The following was established based on research
of metrological characteristics of standard LED

than 0.05 %. The value of the luminous flux is from
3000 to 4000 lumens, depending on the lamp current.

* Instability of photometric characteristics for 100
hours is not more than 0.08 %.

Conclusions

The design of high power LED-based standard
lamps for luminous flux and luminous intensity has
been developed. Lamps showed sufficient stability
for use as transfer standards for verifications and
calibrations of customers’ equipment. Work on
the inclusion of the lamps in the State Register of
measuring instruments approved for use in the field of

legal metrology is underway. In addition, it is planned
to use SELFI-I lamps as a light source for PQED-
based primary luminous intensity reproduction.

lamps:
* Instability of photometric characteristics
during 8 hours of continuous operation is not more
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AHHOTAIMA

B beal UM coBmecTHO ¢ KomnaHueil “Llepcuc AHATUTUK” CIPOEKTUPOBAHBI U U3TOTOBJEHBI 3TAJOHHbBIC JIAMITbI Ha
OCHOBE CBETONMONOB. JlaMIbl ObUIM M3HAYAJbHO CIPOEKTUPOBAHBI HE TOJIBKO Ul IPUMEHEHUSI B COCTaBe HALMOHAIbHBIX
STAJIOHOB CWJIBI CBETAa W CBETOBOTO TMOTOKA, HO M B KaueCTBe PabOUYMX CPENCTB M3MEpPEHUs IUIS TMOBEPKU U KaTMOPOBKU
000pyIOBaHUST 3aKa3UMKOB.

AHaNM3 UCTOYHNKOB HEOTIPENETCeHHOCTH U3MepeHNsT (POTOMETPUYECKUX TTapaMeTPOB CBETOAMONOB (CBS3AHHBIX C CAMUM
WCTOYHMKOM CBeTa) MoKas3aj, YTO OCHOBHBIMU SIBJSIIOTCSI HEONPEAEJEHHOCTU, BbI3BAHHBIE HECTAOMJIBHOCTBIO MCTOYHMKA
MUTAHUST U TEMIIEpAaTypHOTO peXuMa CBETOAMOIHOro ynna. Takxke, B pamkax padoT, BbinoaHeHHbIX 110 npoekty EURAMET
PhotoLED, 6b110 Moka3aHo, YTO HaUMEHbIIIAsi HEOTIPEAEJICeHHOCTh PE3YJIbTATOB U3MEPEHUI (hOTOMETPUYECKUX MTapaMeTPOB
(Ha 00OpyIOBaHMUM, OTKATMOPOBAHHOM C TMOMOIIBIO 3TajJlOHA HAa OCHOBE CBETOIMOMOB) AOCTUTAETCS MPU MCIIOIb30BAHUU
B KauecTBe aTajioHHoro ceeroauona ¢ KLIT 4000 K. Mcxons u3 BbIIIEU3IOKEHHBIX YCIOBUI, HAMU ObUI CIIPOEKTUPOBAH
pedepeHCHbIN UCTOYHUK U3TyYeHUs.

Caeronuo, U3rotopjeHHbI 1o TexHojoruu COB, npoussonctea dupmsl CREE pa3MellieH B altoMUHUEBOM KOpITyce,
obecreynBalolleM MepBUYHOE paccerBaHue Teria. TepMocTabuausanus npu temmepatype 20 °C obecrieunBaeTcsl 2J1eMEHTOM
[lenbThe ¥ KOHTYPOM OOpaTHOM CBSI3M Ha OCHOBE HaTumka TemriepaTypsl pt-1000, pacmosioskeHHOTO Ha TTOBEPXHOCTH CBETO-
nuona. OxnaxneHue anemeHTa [lenbTbe OCyIIeCTBIsIETCS MPUTOYHBIM BEHTWJISITOPOM, MPU 3TOM CaM CBETOIMO/| MOJTHOCThIO
9KPaHUPOBAH OT BO3NEUCTBUS NBUKEHMS BO3MyXa. MOMyNb YIpaBlIeHWs] TeMIlepaTypoil CBETONMOMA PACTIONOXEH CHApyKu
JIaMITbl M TTOJKJTIOYAETCsT K Hell, B 3aBUCUMOCTU OT TpebyeMoil KoHbUTypalyu, 100 Yyepe3 pa3beMbl KaTMOpyeMoro ooopyno-
BaHUsI, JINOO Yepe3 NOTIOMHUTENbHBI BHEITHN Kabenb. DTa Mepa 3HAYUTeIbHO YMEHBIIIAeT TabapuTHbIE pa3Mephbl UICTOYHUKA,
YTO MO3BOJISIET IPUMEHSITh €ro ISl KAIMOPOBKY (hoTOMETpUYECKUX 1IAapoB AuameTpoM 1 M u Oosee. Jlamribl ocHallleHbl Ha-
0OpPOM CMEHHBIX Pa3beMOB, KOTOPbIE 0OECTIEYNBAIOT COBMECTUMOCTD C apMaTypoii (hOTOMETPUYECKUX LIAPOB, MPOU3BOIMMBIX
dupmoii Instrument Systems GmbH, unu yepe3 nokonb E27. Jlamnbl mUTaoTCs OT BHEIIHETO BbICOKOCTAOWJIM3UPOBAHHOTO
ncrounnka nuTtanus Keithley 2400. Mcrounuku cBeta BbimoiHeHbl B aByX mompensax: COJIOU-IT u CIJIDU-C (akpoHum
Caeromuomnblie DtanoHHble Jlammbl (i) Potometpriecknx M3mepeHuit), STaJOHHAsl JIaMIla CBETOBOTO ITOTOKA W CHUJIBI
cBeta coorBeTcTBeHHO. KoHcTpykTiBHO naMiibl COJIOU-TT u COJIDU-C ornuyarorcs HaamyreMm auddysopa Ui Co3aaHus
pPaBHOMEPHOTO CBETOBOTO ITOTOKA y TIEPBBIX W TOPU3OHTATHHON OPUEHTAIINM CBETOIVONA BTOPBIX.

KimoueBble clioBa: cujia cBeTa, CBETOBOIM TMOTOK, sTayjioHHas jamma, CU, doromerpus.
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AnHoTauis

Y Benl'l M cninbHO 3 koMnaHielo “llepcic AHATUK” CIIPOEKTOBAHO i BUTOTOBJIEHO €TAJOHHI JJaMIM Ha OCHOBI CBiT-
sonioniB. Jlamnu OyJ10 CroyaTky CIpOEKTOBAHO He JIMILE /I 3aCTOCYBAHHS y CKJIalli HallilOHAJbHUX €TaJIOHIB CWJIM CBITJIa
i CBITJIOBOTO TOTOKY, ajie i Ik poOoyYi 3aco0M BUMIpIOBAaHHS JUIs 3BipeHHSI Ta KajliOpyBaHHsSI 00JlaqHaHHSI 3aMOBHUKIB.

AHaJi3 mKepea HeBU3HAUCHOCTI BUMIpIOBaHHS (DOTOMETPUYHUX TTapaMeTpiB CBITIOMiONIB (TIOB’A3aHMX i3 caMUM JIKepe-
JIOM CBiTJIa) TTOKa3aB, 1[0 OCHOBHUMMU € HEBU3HAYEHOCTi, BUKJIMKAHI HECTaOLIbHICTIO MXKepesa KUBJEHHS i TeMIlepaTypHOTro
pexkuMy CBiTIOMiONHOrO yniy. Takoxk, y pamkax po6it, BukoHaHux 3a npoektom EURAMET PhotoLED, 0yio nmoka3aHo,
10 HaliMeHIIa HEBU3HAUYEHICTh Pe3y/IbTaTiB BUMIpIOBaHb (DOTOMETPUYHUX MapaMeTpiB (Ha oOJIaHAHHI, BiIKaJiOpoBaHOMY 3a
JIONTOMOTOI0 e€TajJloHa Ha OCHOBI CBITJIOMIOMIB) MOCSTAETHCSI MPKM BUKOPUCTAHHI sIK eTasloHHoro cBiTiomiona 3 KKT 4000 K.
Buxonstau 3 BUILEBUKIIAZIEHUX YMOB, HaMU OYJIO CIIPOEKTOBAHO pedepeHCHEe Kepesio BUTIPOMiIHIOBAHHS.

CaiTonion, BurotonieHuii 3a texHosoriero COB, BupooHunTBa dipmu CREE posMillieHo B antromiHieBoMy Kopmyci,
o 3abe3rnedye TMEpBUHHE po3cifoBaHHA Teria. TepmocTtabimizanis 3a temmeparypu 20 °C 3a6Ge3medyeTbes €IeMEHTOM
IlenbThe i KOHTYPOM 3BOPOTHOIO 3B’SI3Ky Ha OCHOBI gaBauya temriepatypu pt-1000, po3ranioBaHOro Ha MOBEPXHi CBITJIOMNI-
ona. OxonmomkeHHsT eeMeHTa [1enbThe 3MiICHIOETHCS TMPUTUIMBHUM BEHTUJISITOPOM, TIPU IIbOMY CaM CBITJIOHIiOA TOBHICTIO
eKpaHOBaHUI BiJ BIUIMBY PyXy MHOBIiTps. Moayab yIpaBliHHSI TEMIIEpaTypolo CBITJIOMiOAA PO3TAlllOBAaHWII 30BHi JIaMITU
i AKITI0YaeThCS 10 Hel, 3aJIeXXHO Bil HeoOXimHO1 KoH(pirypaliii, abo yepe3 po3HiMU KalliOpoBaHOTO 00JIaHAHHS, a00 yepe3
IIONATKOBUIA 30BHillIHIN Kabenb. Lleil 3axin 3Ha4HO 3MeHIIye radapuTHi po3Mipu JKepesa, 110 T03BOJISIE 3aCTOCOBYBATU
ioro g KajaiOpyBaHHsS (DOTOMETPMYHHMX KyJb AiameTpoM 1 M i Oinbiie. JlaMmu ocHallleHO HaGOpOM 3MiHHUX PO3HIMiB,
SIKi 3a0€e3MeuyioTh CYMICHICTh i3 apMaryporo (hOTOMETPUYHUX KyJib, KOTpi BUpoOsse dipma Instrument Systems GmbH,
abo uyepe3 nokoyib E27. JlaMnu XKMUBASITbCSL Bill 30BHILIHBLOTO BMCOKOCTabixizoBaHOro mkepena kupieHHs1 Keithley 2400.
Ixepena cBimia BukoHaHi y aBox Mmomeisx: CEJI®B-IT i CEJI®B-C (akponim Caimmomiomni Ertamonni Jlammu (mist)
doTtomeTpuuHrx BuMipioBaHb), eTaJlOHHA JamIla CBiTJIOBOIO IMOTOKY i CHJIM CBiT/Ja BimmoBinHO. KOHCTpYKTMBHO JlaMIiu
CEJIOB-IT i CEJI®B-C Binpi3Hs0Tbcsl HasIBHICTIO nudy30pa IsT CTBOPEHHSI PiBHOMIPHOTO CBIiTJIOBOTO TIOTOKY Y TIEPIINX
i TOPU30OHTAJIBHOI Opi€HTALlil CBITJIOAIONA APYTUX.

KmouoBi cioBa: cuiia cBiTsia, CBITJIIOBUIT MOTiK, eTasioHHa jJamna, CBJI, ¢oTomerpis.
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