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Illuminance measurement Background

 Traditional  photometer

- Uses filters in front of the detector element in order to have the normalized spectral 
responsivity similar to V(l) function defined by CIE
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Illuminance measurement Background

 Unfiltered photometer

If the spectrum of the source  is limited to the visible wavelength range (white LED), 
- an unfiltered detector can be used
- it‘s spectral responsivity has to be well known 
- the spectrum of the source has to be measured accurately.
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Illuminance measurement Background

 Unfiltered photometer

- Silicon trap detector 
• Consists of 3 single element silicon photodiodes
• The precision aperture in front of the detector
• the spectral responsivity has to be calibrated against a 

higher standard.
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Illuminance measurement Background

 Unfiltered photometer

- Predictable quantum efficient detector (PQED)
- is a primary realization standard for optical power with well 

known spectral responsivity  
- The spectral responsivity of the PQED can be predicted with  

0.01% standard uncertainty
- Suitable for the visible wavelength range
- Compared to the cryogenic radiometer it worked at room 

temperature and it is easy to operate
- Nitrogen flow system is used to prevent dust and moisture 

contamination
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Classical traceability of photometric measurements in CMI

Customer luminous intensity standard lamp or photometer

Luminous intensity standard lamps or working photometer 
(Wi41 G Osram standard lamps, temperature-stabilized filtered 

detectors with mosaic filter )

Primary photometer
(temperature-stabilized filtered detectors with spatially 

homogeneous filter)

Transfer standard of the total radiant flux of the visible radiation 
(silicon 3 element traps)

National standard of the total radiant flux of the visible radiation
(CMI cryogenic radiometer)

Calibration source A CIE

Calibration source A CIE

A CIE



7

New traceability of photometric measurements of LED

Customer luminous intensity standard LED or photometer

Luminous intensity standard LED or working photometer 
(LIS-A standard LED, temperature-stabilized filtered detectors with 

mosaic filter)

Primary unfiltered photometer
(silicon 3 element trap with precise aperture)

National standard of the total radiant flux of the visible radiation
(CMI cryogenic radiometer)

Calibration source LED

Calibration source LED

LED

LIS-A
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New traceability of photometric measurements of LED

Usage of PQED and LIS-A allows us to reduce the metrological traceability chain to minimum
And the total uncertainty of illuminance measurement is reduced too.

Customer luminous intensity standard LED or photometer

Luminous intensity standard LED or working photometer 
(LIS-A standard LED, temperature-stabilized filtered detectors with 

mosaic filter) 

Primary unfiltered photometer
(PQED with precise aperture)

Calibration source LED

The spectral responsivity 
of the PQED primary 
photometer is well known 
with small uncertainty

LED
Calibration source LED

LIS-A
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 Replacement of convenient Source A with standard source LED

A classical photometer is usually calibrated against calibration standard source A CIE but
it is used to measure different source with different spectra

- Which can cause big errors
- Deviations from the ideal spectral responsivity can be corrected by calculating spectral mismatch 
correction factor but it is not easy because we need to measure the spectral responsivity of the 
photometer and the spectral characteristic of the measured source

Implementation of PQED and LED standard source (Luminous intensity standard LIS-A) to the calibration
process of photometers (luxmeters) brings this benefits:

- It is possible to reach lower uncertainty of the primary calibration
- A classical photometer calibrated against LED calibration

standard source
can measure any type of light with a single
calibration just like before,
but with lower errors on average.

Calibration of photometers with LED source

Calibration measurement
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 Precision aperture (development, and characterization)

 Development of trap detector photometer

 Adapting the PQED for photometric measurement

 Deriving the spectral responsivity of the photometer

 Measurement of the relative spectral distribution of the LED 
calibration source (LIS-A)

 Calculating the luminous responsivity of the PQED and trap 
Photometer for the LIS-A source

 Validation of PQED unfiltered photometer measurement

Implementation of unfiltered photometers

Tasks of this project done to 
implement  unfiltered photometer in 
measurement of LED sources: 



11

 precision aperture (developed, produced  and characterised)

Implementation of unfiltered photometers

PQED

PhotoLED Trap

Special optical technique of measurement of aperture area 
with very low uncertainty used in this project  
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 Development of trap detector photometer – PhotoLED trap

Implementation of unfiltered photometers

N2 flow valve

Precision aperture

3 single element silicon photodiodes



13

 Adapting the PQED for photometric measurement

Implementation of unfiltered photometers

N2 flow
system
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 Deriving the spectral responsivity of the photometer

Implementation of unfiltered photometers

PhotoLED trap Spectral irradiance responsivity 
calibration

The spectral responsivity of the PhotoLED trap is traceable to the CMI cryogenic radiometer 
and was measured on Monochromator based facility. Compared with CMI transfer Si trap.
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 Deriving the spectral responsivity of the photometer

Implementation of unfiltered photometers

PQED spectral responsivity Model
The spectral responsivity of the PQED was modelled and validated by 
comparison with CMI cryogenic radiometer. 
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Implementation of unfiltered photometers

LED LIS-A Source 
was measured with CMI spectral irradiance calibration 
facility based on scanning double monochromator.
The spectral bandwidth was chosen 0.8 nm. 

 Measurement of the relative spectral distribution of LED source
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Implementation of unfiltered photometers

𝑠ఔ illuminance responsivity A/lx

𝑆௅ா஽ 𝜆 relative spectral distribution of 
the measured LED 

𝑠 𝜆 spectral irradiance 
responsivity  [A.W-1m2]

𝐾௖ௗ = 683 lm.W-1
𝑉 𝜆 spectral luminous efficiency 

function V(l).

 Calculating the absolute luminous responsivity

ఔ

௅ா஽
ఒ೘ೌೣ

ఒ೘೔೙

௖ௗ ௅ா஽
଼ଷ଴ ௡௠

ଷ଺଴ ௡௠

௥

𝑠௥ 𝜆 spectral radiance responsivity  
[AW-1]

A Area A of the aperture in front 
of the PQED. 

𝑃𝑄𝐸𝐷
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 The illuminance measurement of white LED sources using PQED

- similar to the measurement with standard photometer on photometric bench

- laser system to adjust the PQED perpendicular to the beam 
- nitrogen flow system is used to prevent dust and moisture

contamination

Precise measurement of relative spectral distribution of the measured LED needed!

Illuminance measurement of white LED sources using  PQED

ఔ illuminance responsivity A/lx
Photocurrent of PQED

ఔ
ఔ

Measurement of PQED photocurrent i
- Illuminance calculation according to the 
formula:
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Implementation of unfiltered photometers

The sensitivity of the Luminous responsivity Uncertainty  for the measurement precision of the  
relative spectral distribution of LED source

Detector

Error of the 
irradiance scale  
(400-480 nm)

[%]

Illuminance 
responsivity 

error [%]

PQED 1.0 0.1

V(l) Photometer 1.0 0.01

 Measurement of the relative spectral distribution of the LED source

error 1%
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 Validation of the PQED measurement

Illuminance measurement of white LED sources using  PQED

a validation of the illuminance measurement of white LED sources 
using PQED was done as a part of illuminance and luminous intensity 
comparison organized in this project. 

The comparison artefact was LED standard
illuminance source LIS-A

Relative deviation from CMI 
Primary V(l) photometer

[%]
PQED 0.0031
PhotoLED trap -0.0019

PQED results were compared with 

- PhotoLED trap unfiltered photometer
- CMI primary filtered photometer 
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 Uncertainty budget for the illuminance measurements

Illuminance measurement of white LED sources using  PQED
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 Practical measurement will be demonstrated in laboratory – you are invited !

Illuminance measurement of white LED sources using  PQED
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