
SRD1000, a 13-point reference device for precision thermometry below 8 K 
HDL 
P.O. Box 691, 2300 AR Leiden 
The Netherlands 

W. A. Bosch  LION, Leiden University 
P.O. Box 9504, 2300 RA Leiden 
The Netherlands 

O. W. B. Benningshof 
R. Jochemsen 
O. Usenko 

The SRD1000 device offers calibrated reference points for thermometry on the PLTS-2000 and ITS-90, based on the superconductive transitions of samples of various materials.  
Three additional points (In, V, Pb) were tested to cover the range 3 K to 8 K. A CMN1000 thermometer was developed to support continuous thermometry alongside the 
SRD1000. The MIDS20x type of detection electronics is configured to match the signal parameters of both types of sensors.         

# material TC [mK] WC [mK] UC [%] 
1 W 15 < 0.2 < 0.26 
2 Be 21 < 0.3 < 0.28 
3 Ir80Rh20 30 < 0.5 < 0.34 
4 Ir92Rh08 65 < 0.5 < 0.16 
5 Ir 98 < 0.5 < 0.10 
6 AuAl2 145 < 0.5 < 0.06 
7 AuIn2 208 < 1 < 0.10 
8 Cd 520 < 1 < 0.04 
9 Zn 850 < 2 < 0.05 

10 Al 1180 < 4 < 0.06 
11 In 3400 < 4 < 0.02 
12 V 4900 < 20 < 0.08 
13 Pb 7200 < 6 < 0.02 

List of reference points with: 
-  TC the transition temperature; 
-  WC the width of the transition; 
-   UC the uncertainty of the realisation 

of the reference point. 
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SRD1000 superconductive reference device 

Introduction 
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Overview of all transitions of the 
new 13-point reference device.  

Output voltage VMIDS of the MIDS20x 
electronics versus device temperature 
T:  
- TC and WC of the In, V, and Pb 

transitions qualify to support 
precision thermometry; 

- the slope between the points is 
caused by effects of the In sample 
and does not influence the quality of 
the reference points. 

 

Measurement results additional In, V and Pb points 

Constructional details: 
[1]          thermal plate / mounting adapter; 
[2]          sensor body with Cryoperm / Nb 

magnetic shielding; 
[3]          shielded twisted pair leads;  
[4,5,6]     connections with rf-filters of the primary, 

secondary and compensation coils.   
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fit results equation (1) 
(example)
A = 14.15 mV
B = 14536.42 mV.mK 
d = 0.976 mK
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CMN1000 paramagnetic susceptibility thermometer 
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Constructional details: 
[1]  protective cylinder with Nb shield; 
[2]  sealed capsule (ø 3 x 3 mm) with powdered 

cerium magnesium nitrate (CMN) sample 
and silver-foil thermal link; 

[3]  detection transformer;   
[4]  compensation transformer;  
[5]  base for mechanical and thermal 

connection; 
[6]  shielded twisted pair leads (primary and 

secondary coil connections) with rf-filtered 
terminals.  
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-    the susceptibility Х of CMN follows the Curie-Weiss law below approximately 3 K: 
     Х CMN ~ C / ( T - θ ),  

     with C the Curie-constant and T the temperature; θ is related to the magnetic 
ordering temperature of CMN; 

-    the output voltage VMIDS of the MIDS-20x detection electronics is proportional to the 
susceptibility Х, so approximately:                        

           VMIDS ( T ) =  A +  B  /  (T - d )               (1);  
-    constants A, B and d of (1) are related to the instrumentation and need to be 

calibrated  for each thermometer; 
-    useful temperature range of the thermometer: < 10 mK  -  2 K. 

Signal characteristics: 

Data set VMIDS versus T:  
-    data points fit smoothly to the 

simple equation (1); 
-    fit error ∆T/T is less than 0.5% 

for the range 2 K to 15 mK; 
-    typical values found :  
     A = -100 .. 100 mV,  
     B = 1.5 104 mV.mK,  
     d = 1 mK. 

 Measurement results thermometer characteristics  

-   signal to noise related resolution varies between 4 mK at 2 K, 0.2 mK at 500 mK 
and 10 - 4  mK at 10 mK;  

-   span 2 K to 10 mK is covered within one range of the MIDS20x electronics; 
-   (self-)heating effect is negligible down to the lowest temperatures; 
-   thermal relaxation time is < 5 s at 10 mK and smaller at higher temperatures; 
-   reproducibility with frequent warming - cooling cycles during a run is within the noise 

level, and better than 0.2 %  after a cycle to room temperature; 
-   thermometer is well suited for a temperature controller down to < 10 mK; 
-   thermometer supports accurate thermometry between 10 mK and 2 K alongside the 

SRD1000 device and MIDS-20x electronics. 

Other results: 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


