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Abstract.  Measurement facilities for detector calibration 
in the Infrared on the spectral range 1 m-14 m are 
currently setting-up. Four techniques are developed: 
Monochromator, Laser, Fourier Transform spectrometer 
and Blackbody. Characteristics of the measurement set-ups 
are presented. The traceability to SI units is showed. Result 
of the characterization of a pyroelectric detector as well as 
the preliminary results of the comparison between the 
different techniques on near IR detector are presented too.  

Introduction 

   LNE, Laboratoire National de Métrologie et d’Essais, 

as the French National Metrology and Testing Laboratory 

is developing a new platform for Infrared and Laser 

radiometry. Laser facility has been built and offers 

calibration services over a wide range of power and 

wavelengths in CW or pulse mode. UV, visible and near 

Infrared (NIR) radiometry calibration services are also 

available. The laboratory is now in the process of 

extending the spectral range to Mid IR and Far IR up to 

14 m to address the industrial needs in domains such as 

temperature measurement using thermal camera. 

Calibration techniques used, traceability to SI units and the 

main result concerning the characterization of a flat 

response detector are described in this paper. 

Measurement techniques

   Measurement set-ups based on four different 
techniques have been recently developed [1-2]. The aim is 
to compare detector calibration results in order to achieve a 
good agreement between these complementary techniques. 
They are: 
- Monochromator based techniques: the set-up uses a 
460mm focal length single monochromator equipped with 
a set of interchangeable gratings and filters order. The 
source is either a Tungsten-Halogen lamp or a 900°C 
Blackbody cavity. The output from the monochromator is 
focused onto the reference detector or the detector under 
calibration using gold plated mirrors. Detector signals are 
measured with lock-in amplifier. 
- Laser based technique: the laboratory is equipped with a 
set of CW IR lasers (NdYag, HeNe and CO2) with 
wavelength ranging from 1.06 m to 10.6 m. The output 
power is measured using a power meter that we have 
developed [3]. 
- Fourier Transform spectrometer based technique: a 
Brucker  type 55 spectrometer is used as a reference 
instrument with the step-scan analysis technique. Sources 
include a Tungsten-Halogen lamp and a globar lamp. The 
spectral range is 1 m-20 m. 
- Blackbody based technique: the output of a Blackbody 

cavity of a known temperature is used as a reference 
source. Combination of the output spectral power 
distribution and the transmission of a well characterized 
interference filter gives access to a known monochromatic 
beam irradiance.

Traceability 

Calibration performed using the monochromator based 
technique is traceable to the cryogenic radiometer of 
LNE-INM through a silicon photodiode. The 
Hamamatsu  type 1337 is calibrated on the spectral range 
400nm-1100nm. This detector is used to calibrate a NIR 
detector such as Ge or InGaAs on the spectral range 
800-1700nm using this procedure: 
- The relative spectral sensitivity of the NIR detector is 
measured using a reference pyroelectric detector 
- Then absolute sensitivity of the InGaAs detector is 
determined using the Si detector at wavelengths 
corresponding to the overlapping wavelength range of the 
two detector types.  
The two measurements are combined to get the spectral 
sensitivity of the InGaAs over the entire spectral range. 
Mid IR and Far IR detectors are calibrated using the same 
procedure in a cascade traceability scheme. 
This traceability scheme applies also to the Fourier 
Transform spectrometer based technique.  
 
Laser based technique calibration is traceable to the 
electrical units. The power meter used as a reference is a 
thermal cavity. Temperature increase due to laser beam 
absorption is related to the same temperature increase due 
to the electrical power dissipated by a resistor wrapped 
around the cavity. 
 
Blackbody based technique is traceable to the temperature 
scale and to radiometry through the measurement of the 
transmission of the interference filters. 
 
The traceability scheme is summarized in table 1. 

Technique Traceability 

Monochromator 
Cryogenic radiometer 
Cascade calibration scheme starting 
with a Si detector 

Laser Electrical power 

Fourier Transform 
spectrometer 

Cryogenic radiometer 
Cascade calibration scheme starting 
with a Si detector 

Blackbody Temperature and radiometry 

Table 1: Traceability scheme 

Results  

   IR radiometry calibration capability of the laboratory 



relies on the use of a pyroelectric detector chosen for the 
wavelength non-selectivity . The schematic of the detector 
is shown on figure 1. The detector consists in a 60° cone 
shape pyroelectric sensor put in a laboratory-made housing 
with a 12mm diameter input aperture which can be fitted 
with interchangeable windows and vacuum pumped. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 1: Schematic of the pyroelectric detector 
 
The detector is characterized for two parameters: spatial 
sensitivity [4] and spectral response flatness. Reflectance 
measurement of the sensitive area is performed to evaluate 
the spectral response flatness. This is done by measuring 
the total reflected power with an integrating sphere. The 
result is shown on figure 2 on the spectral range 
2 m-12 m.  
 

Figure 2: Spectral reflectance of the pyroelectric detector 
 
It has been found that spectral sensitivity of this 
pyroelectric detector is nearly wavelength independent. 
Increase of the reflectance around 6 m is due to 
fluctuation in ambient air characteristics. Additional 
measurements will smooth-up this feature. 
 
In order to validate the results obtained with the different 

techniques, we have performed measurement on Si and 
InGaAs detectors using the monochromator and the laser 
based techniques. Agreement between the two techniques 
are found to be better than 1% which is below the 
uncertainty level for monochromator radiometry (1.5%) 
and for laser radiometry (2%). 

Conclusion

   Infrared or Laser techniques used to characterize a new 

pyroelectric detector has been described and the scheme of 

validation processes outlined. 

Works are currently still under way to extend the spectral 
range for the monochromator and laser based techniques 
comparison and for monochromator and FT spectrometer 
based techniques comparison 
 
Therefore future work will concentrate on the optimization 
of the techniques applied, and on the investigation of the 
measurement protocols differences.  
 

References 

[1] Dubard J, Filtz JR, Valin T, R&D Annual Report BNM 2004, 
Technical report, March 2005  

[2] Grum F, Becherer R.J, Radiometry. Optical Radiation 
Measurements, Vol 1, Academic press, 1979.

[3] Lièvre M, CORM 98 conference (Council for Optical 
Radiation Measurements) 

[4] Filtz JR, Valin T, Lièvre M, , R&D Annual Report BNM 
2000, Technical report, April 2001 

 

 

 

 

Wavelength (nm)

0 2000 4000 6000 8000 10000 12000

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


