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PTB

The Physikalisch-Technische Bundesanstalt (PTB)
• is the German national metrology institute
• founded in 1887
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Laser Radiometry

Radiometry
• Measurement of the energy or power of electromagnetic 

radiation in the optical spectral range.

Laser Radiometry
• Measurement of the energy or power of laser radiation.

Photometry
• Measurement of electromagnetic radiation in the visible 

spectral range (light), evaluated with the sensitivity of the 
human eye.
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Why Laser Radiometry?

Use of lasers

• with different powers

• at different wavelengths

• in material processing, medicine, communications 
engineering, metrology and research

requires calibrated laser power measuring instruments for

• quality assurance

• production control

• trade

• safety (e.g. eye protection)
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Metrological motivation
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Calibration

The spectral responsivity s of a detector is calibrated:

s = (V – V0) / 

or the correction factor fK of a laser power meter:

fK =  / (A – A0)

: Laser power

V:  Output signal of a detector during irradiation

V0: Zero point signal of a detector without irradiation

A:  Display of a laser power meter during irradiation

A0: Zero point of a laser power meter without irradiation
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Calibration procedure

Step 1: Power measurement by a standard detector and 

calibration of a monitor detector.

Standard

LensAperture Beamsplitter

Laser

Monitor

DUT

Display
Voltmeter

Voltmeter

sMon = VMon/1

1 = VN/sN
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Calibration procedure

Step 2: Power measurement by a monitor detector and 

calibration of a device under test (DUT).

Normal

LensAperture Beamsplitter

Laser

Monitor

DUT

Display
Voltmeter

Voltmeter

sPr = VPr /2

fK = 2 / APr

2 = VMon/sMon
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Calibration chain

Primary standard for optical power
Cryogenic radiometer

350 nm  i  1015 nm;   1 mW; U()  0.002 %

Transfer standard (Si-Trap Detector)
406 nm  i  994 nm;   10 mW; U()  0.02 %

406 nm  i  995 nm
 = 0.4 mW

Standard for CW-Laser power  10 W (LM7)
HeNe-, Kr+-, DPSS-, Nd:YAG-, CO2-Laser

337 nm  i  1064 nm  = 10.6µm
5 mW    10 W; U( ) = 0.1 % U( ) = 0.2 %

406 nm  i  800 nm
 = 5 mW

s()

s()

s()
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Detection principle

Sources of error:

• back reflexion (specular)

• diffuse reflexion

• heating of environment

→ Inequivalency!

hh

th

IU

U
s


=

T = Tabsorber – Theat sink  

Laser power   Heating power UhIh



Absorber

Laser beam with power 

Heating voltage Uh

Heating current Ih

Thermal voltage Uth

Theat sink

Tabsorber
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Cryogenic radiometer

a

P
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=



 el  = 0.99934
 = 0.99990

 : Transmission of Brewster window

: Absorptance of absorber

Pel: substituted electrical power

Measurement uncertainty in the range of 10-5!
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Cryogenic radiometer
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Cryogenic radiometer
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Wavelength expansion: Reflexion measurements

Laser beam

Reflexion 
standard

Absorbing
cone

Detector

Integrating sphere

VK

1. Laser beam impinges on absorbing cone

Reflexion 
standard

Laser beam

Absorbing
cone

Detector

Integrating sphere

VN

2. Laser beam impinges on reflexion standard

Reflexion of absorbing cone:

rK = rN
. (VK – V0) / (VN – V0)

rN: Reflexion of reflexion standard

VK: Detector signal with absorbing cone

VN: Detector signal with reflexion standard

V0: Dark signal of detector

Absorption of absorbing cone: K = 1 – rK
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Standard for CW-Laser power  10 W (LM7)

HeNe-, Kr+-, DPSS-, Nd:YAG-, CO2-Laser

337 nm  i  1064 nm  = 10.6µm

5 mW    10 W; U( ) = 0.1 % U( ) = 0.2 %



Power expansion: Linearity measurements

Measurement of electrical responsivity:

sel(Pel) = Uth/Pel

s()  sel(Pel)

 power-dependent correction factor for
responsivity s

Thermopile

Absorbing cone

Electrical heater

Thermopile

Heat sink    
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Standard for CW-Laser power  10 W (LM7)

HeNe-, Kr+-, DPSS-, Nd:YAG-, CO2-Laser

337 nm  i  1064 nm  = 10.6µm

5 mW    10 W; U( ) = 0.1 % U( ) = 0.2 %



Corrections to the standard LM7

The responsivity of thermal detectors depends on temperature T, power  (or
signal) and wavelength :

s(T,, ) = s0()(1 +  ( - 0)(1 + T (T - T0))

s(T,, ) = s0()(1 + V (V - V0)(1 + T (T - T0))

s0: normalized responsivity

: power coefficient

V: signal coefficient

T: temperature coefficient

For LM7:V = 0,020 %/mV

T = 0,088 %/°C
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International comparison EURAMET.PR-S2

Figure 9: Unilateral Degree of Equivalence (DoE)

Ophir, Nd:YAG, 1 W
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http://www.iopscience.iop.org/0026-1394/47/1A/02003/
http://kcdb.bipm.org/appendixB/appbresults/EUROMET.PR-S2/EUROMET.PR-S2_final_report.pdf


Wavelengths and optical laser power levels
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Recent activities

Calibrations:

- up to 2 kW @ 1065 nm (with own laser)

- Up to 4,5 kW @ 1065 nm (via electrical calibration)

www.primes.de
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Research and Development

Cooperation with the Technical University of Ilmenau (TU-
Ilmenau), PTB´s 5.11 working group and NIST (cooperation 
planned) on the measurement of optical power by means of 
measuring the force generated by photon momentum. 
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Laser Radiometry at PTB: See also Poster
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