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PhotoLED approach towards LED reference PTB

Proposal of a reference spectrum for detector calibrations with improved
properties for most LED measurements

A Visible

A Visible

]\/\

» Define a reference spectrum for LED light sources

E(4)
EQ)

» Development and construction of LED reference light sources
» Checking the suitability of the new LED reference light sources
» Calibration of photometers with LED reference light sources

» NMI luminous intensity comparison with LED reference light sources

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Definition of a reference spectrum for LEDs PTB

Goal: representative of as many LED spectra as possible

60

= 1516 LED products

KOKKA, A. et al, 2018,
Development of white LED
illuminants for colorimetry
and recommendation of
white LED reference
spectrum for photometry.
Metrologia. 55. 526-534

normalised spectral distribution /mW kim nm-1
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First results PTB
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| T=
Colorimetry, 4th ed. (CIE 015:2018) Q. -

PIB

Phosphor-
type LEDs

Eelative spectral power distribution of LZED- B1
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Eelative spectral power distribution of LED- B3
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Violet-pumped
phosphor-type
LEDs

Eelative spectral power distribution of LZED- 31
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Hybrid-type
LED

Eelative spectral power distribution of LZED- BH1
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Spectral mismatch correction factor (SMCF)PTB
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SMCF for different calibration spectra PTB

Standard llluminant A

Relative spectral power distribution ot Standard illuminant A
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MAEI for Standard llluminant A PTB

Standard llluminant A

Relative spectral power distribution ot Standard illuminant A
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SMCF for different calibration spectra PTB
llluminant LED-B3

Relative spectral power distribution of LED—B3
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PIB

MAEI for llluminant LED-B3

MAE; (INluminant LED-B3)
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PIB

MAEI for different calibration spectra

Standard illuminant A Illuminant LED-B3
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SMCF for different calibration spectra

Standard illuminant A Illuminant LED-B3
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SMCF for different calibration spectra PTB

Standard illuminant A Illuminant LED-B3

HP1: Standard high pressure sodium lamp
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Luminous Intensity Standard type A (LIS-A) @PTB

« 25LEDs

« Light output area similar to W1 41/G

 Internal temperature controller

« Lamp current appr. 65 mA (DC)

 Lamp voltage appr. 75V

 Lamp power appr. > W

« Spectral distribution similar to proposed LED
reference spectrum

« Luminous intensity appr. 245 cd, similar to WI 41/G

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Comparison of llluminant LED-B3 and LIS-A PTB
llluminant LED-B3 LIS-A

Relative spectral power distribution of LED-B3

OSRAM
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LIS-A geometrical alignment behaviour
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LIS-A ambient climate behaviour

PIB

Operation in climate chamber

- NO systematic temperature
dependency <1.5-104

- Neglectable dependence
on humidity
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L1S-A seasoning EEPIB

20 Relative Change of Photocurrent

(me - me, ref)/meJef -1000

-1.0
0
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time / h

Mean change in the light intensity of the modules is signifi-
cantly lower than 0.1% for the last 100 hours of seasoning
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LIS-A repeatibili

EPB
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LIS-A luminous intensity uncertainties

P

- 2 (Jep V% [ Uep | ™ famprignt — famppark
ILED = Cspectral CstrayLight Calignment CambTemp distance (— ) (— )
\ JLEDO | \ Urepo | W Ry Sy
DESCRIPTION UNIT SYMBOL VALUE UNCERTAINTY DOF SENSITIVITY UNCERTAINTY REL.
(IN) UNCERTAINTY
LED Nominal Current A JrEDO 0.065 0 o 2779.39 0. 0.
LED Nominal Voltage v Urepo 70.653 0 =) 10.2626 0. 0.
Exponent LED Voltage Corr. 1 5 2.97 0.09 19 0.00314445 0.000283 1.15919x10°°
Photo Current Amplifier Dark Hz Tamppark 1574.02 3.14804 49 -0.00150284 -0.00473101 -0.0000193786
Exponent LED Current Corr. 1 a 0.74 0.05 19 -0.172363 -0.00861813 -0.0000353006
Corr. Ambient Temperature CambTenp 1 0.00005 19 244,135 0.0122068 0.00005
LED Current A JLED 0.0650459 6.50459x10°% | 49 -2777.43 -0.018066 -0.000074
Amplification Photo Current Rmplifier Q Ry 2.99954%10° 299.954 99 -0.0000813909 -0.0244135 -0.0001
Photo Current Amplifier Hz fampright 164023 32.8046 49 0.00150284 0.0493002 0.000201938
LED Voltage v Urep T70.6521 0.00706521 49 -10.2627 -0.0725082 -0.000297
UF/converter conversion factor %Z We 50078.3 15.0235 49 -0.00487507 -0.0732406 -0.0003
Corr. Factor for Straylight 1 CstrayLight 0.9995 0.0005 39 244,257 0.122129 0.00050025
Distance m distance 2.50001 0.001 49 195.307 0.195307 0.000799997
Corr. f. LED Alignment 1 Calignment 1 0.0008 19 244,135 0.195308 0.0008
Corr. Factor f. Spec. Mismatch Photom. 1 Cspectral 1.0009 0.00137 49 243.916 0.334165 0.00136877
Luminous Responsivity Photometer % Sy 2.7684x10°% | 6.921x10711 o -8.81864%10° ~-0.610338 -0.0025
Result: Luminous Intensity cd Iirep 244.135 - | 945 | - 0.767857 0.00314521
DESCRIPTION UNIT SYMBOL VALUE k CONFIDENCELEVEL EXPAND . REL. EXPAND.
UNCERTAINTY UNCERTAINTY
Result: Luminous Intensity cd Iirp 244.135 2.025 0.9545 1.55491 0.00636905
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Luminous intensity comparison (5 NMIs) EEPIB

Aalto INRIM
2 sources 2 sources
PTB PTB
2 X 2 sources 2 X 2 sources

CMI CSIC
2 sources 2 sources
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Status of the comparison PTB

= All measurements are finished.
= Data analysis Is ongoing.

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Preliminary results of PTB EEPIB
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Preliminary results of PTB EEPIB
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Preliminary results of the comparsion EEPIB

LIS-A #7

* Preliminary results of several
NMiIs with different detector- |
types (Photometer, Trap, | o LSRRI |
PQED). |

= Standard uncertainties (k=1)
are shown. ;

® 245.62

LIS-A #8
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Transportation PTB
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Making LIS-A commercially available EEPIB

* PTB employees plan a spin-off for making LIS-A
commercially available.

= Approval is expected soon.

* For details contact info@luminous-intensity.de
= Or visit www.luminous-intensity.de

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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New revision @PTB

Slightly improved design:

« 24 LEDs In 2 el. circuits

« Max Voltage < 40V per
circuit

* Luminous Intensity:
~240 cd

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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