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EURAMET.T-K9 final protocol 
 

 Regional key comparison 
 

ITS-90 SPRT Calibration from the Ar TP to the Zn FP 
 
 
1 Objective  
This comparison is designed to compare the realization of the ITS-90 through the calibration of 
SPRTs. The range of temperature covered in this comparison is from the triple point of Ar 
(83.8058 K) to the freezing point of Zn (692.677 K). The transfer standards used will be long-
stem SPRTs. 
 
This protocol matches closely the corresponding CCT-K9 key comparison protocol. 
 
 
2 Topology of the comparison  
The comparison is organized in five separate collapsed stars, each star having a CCT-K9 
participant as pilot linking the measurements of 4 to 6 other participants (see Figure 1). LNE-
CNAM was chosen as coordinator of the comparison and charged with the preparation of the 
protocol, the collection of the measurement reports from all participants and the preparation of 
the final report. 

  
Figure 1: Pictorial view of the comparison topology with pilots and other participants. 
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3. Participants 
The pilots of the 5 stars are: 
 

• Star 1:     LNE-Cnam (France)   
• Star 2:     PTB (Germany)   
• Star 3:     INRIM (Italy) 
• Star 4:     VSL (Netherlands)  
• Star 5:     NPL (United Kingdom)  

  
The names, postal and e-mail addresses of the pilots are given in appendix D. 
The other participants in each star are listed in appendix E. 
The names, postal and e-mail addresses of the participants are given in appendix F. 
 
4. Projected Timeline 
 Protocol Agreement February, 2015 
 Transfer Standards Sent to the pilots June, 2015 
 Transfer Standards Returned to NMIs December, 2015 
 Transfer Standards Re-Measured by NMIs June, 2016 
 Draft A Report Completed December, 2016 
 
5. Duties of the participants 
Each participant will provide the following: 
 

♦ 2 ITS-90 calibrated SPRTs 
 

o The participant will select his own SPRTs based on his own criteria for 
suitability and will convey the selection criteria to the Pilot Laboratory in his 
star, 

o The participant will calibrate the two selected SPRTs,  
After calibrating the two selected SPRTs, the participant will deliver one of 
the two calibrated SPRTs to the pilot of his star.  

(here is the slight difference with the CCT-K9 protocol. A second thermometer is prepared and immediately kept at 
disposal in case of trouble with the transfer standard, particularly in case of carrier problems) 
 

o Each participant will repossess their thermometer and will make a re-
calibration.  

o SPRTs are to be measured at every available fixed-point over the range of the 
comparison including the In FP and Ga MP 

 
♦ Calibration results supplied in )(FPW for each Fixed Point (FP) with all corrections 

applied by the NMI such that the )(FPW  values are equivalent to the ITS-90 

assigned temperature values for 0 mA. Uncertainties, )(Wu , may be specific to each 
SPRT.  

 
o Appendix A gives a reporting worksheet 
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♦ The measurement equation used to compute each calibration result with an indication 
of which inputs vary randomly for each realized equilibrium and which inputs are 
systematic across all equilibriums for each fixed point within this comparison  

o Any quantities in the measurement equation that are a mixture of random and 
systematic effects for each SPRT should be broken into constituent parts that 
are either purely random or purely systematic within this comparison. 

� An example of an SPRT measurement is given in Appendix B 
 

♦ Uncertainty budget compliant with CCT WG3 that includes degrees of freedom 
associated to each component  

 
o A template for the uncertainty budget is given in Appendix C 

� Sources of uncertainty may be added or deleted as needed 
� An NMI/DI may choose to supply their own uncertainty budget (CMC 

and WG3 compliant) that includes degrees of freedom for each source of 
uncertainty 
 

(NMI/DI are encouraged to use the template, but if it prefers it may supply its  
own, taking care to not forget any uncertainty components (for this point, the 
suggested budget can be a help) 

 
♦ Heat Flux (Immersion) profile for each fixed-point cell using the SPRTs of this 

comparison  
 

o [R(FP), 0 mA] and corresponding [immersion depth (sensor midpoint), cm] 
 

♦ All results and required information will be e-mailed to the pilots and to the 
coordinator.  

 
If you have questions about any aspect of the protocol or if you are not sure how to report 
something that is requested, please contact the coordinator prior to submitting your report. After 
reviewing all submitted reports, the pilots and/or coordinator will contact you if there is 
anything that is unclear or if any additional information is needed to complete the analysis of the 
data.  
     
Note:  
The thermometer numbers are assigned to NMI/DI SPRTs by loop and arrival date. 
 
Example:  
Third thermometer received in loop 4: L43 (each pilot is in charge to identify the laboratory 
associated with the thermometer L43, and to give to the laboratory the same name that the name 
of the thermometer) 
The pilot in loop 4 is named P4. So the thermometer L43 is belonging to the participant 3 in loop 
4.  
It leads to a given number of Pi (i=1 to 5) and Lij  (i=1 to 5), (j=1 to x depending of the number 
of participants in a loop) 
 
In case the second thermometer is needed, the letter S will be added to the code. Example L43S 
will be the second thermometer sent by the participant 3 to the pilot of the loop 4. 
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6. Duties of the coordinator: 
 

• To identify the participants in each loop 
• To prepare the protocol (with the help of the pilots) 
• To send the protocol to all the participants for agreement 
• To register the comparison and to keep contact with CCT and EURAMET at the 

different stages of the comparison 
• To be informed of the state of progress of the comparison in the different stars / to 

communicate with the pilots (and participants) in case of delays or any other issues.  
• To receive all the results of measurements, but the pilots will exploit the 

measurements made in their loop. 
• To write the draft A and draft B, using the entries of the pilots and with the help of 

the pilots. 
• To exchange with all the participants concerning draft A and draft B. 

 
7. Duties of the pilots: 

• To liaise with NMI/DI participants in their star regarding receipt and return of the 
SPRTs  

• To check the initial value of R (TPW) of the SPRT delivered by each participant, 
before and after annealing, against the final value reported by each participant. In the 
case of significant discrepancy, to consult with the participant and/or the coordinator 
before proceeding with the calibration 

• To carry out the calibration of the SPRTs using the same equipment as was used in 
CCT-K9, or equipment which is known to be compatible with that equipment. It is 
recommended that one of the SPRTs used by the Pilot in CCT-K9 is also included in 
the calibration experiments 

• To prepare tables of results and uncertainties for the Pilot’s calibration of the 
Participants’ SPRTs in accordance with Appendices A, B and C, and to calculate the 
differences ∆T(Lij – Pi) and uncertainties u(Lij – Pi) (see below) 

• To send this information to the Coordinator 

8. Other instructions 
 

• Advice on handling the SPRTs: The SPRTs must be handled with care and only by 
qualified metrology personnel. Hand-carriage of the SPRT from the participant lab to 
the pilot lab and viceversa is recommended and under the responsibility (and costs) of 
the participant. 

• Instructions for reporting the results: The templates in Appendices A, B and C 
should be used for reporting the results. 

• Timetable for communicating the results to the pilot: The participants must report 
the results of their measurements to the pilot at the time they deliver the SPRT to the 
pilot. In case the results of the recalibration (measurements performed after the return 
of the SPRT from the pilot lab) significantly deviates from the initial measurements, 
the participant must notify the pilot lab and deliver the recalibration measurements 
not later than the end of December 2015. 
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• Financial aspects of the comparison: each participating institute is responsible for 
its own costs for the measurements and transport of the SPRTs to and back from the 
pilot laboratory. 

 
9. Method of Analysis and link to the CCT-K9 KCRV value. 
 
For the EURAMET.T-K9 comparison, for each fixed points, and each NMI/DI, the fixed-point 
realization temperature differences from the KCRV and the associated uncertainty will be 
calculated using the following equations: 
 
For each laboratory Lij in star i 
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The two values,  KCRVPiT −∆  and KCRVPiu − will be available from the CCT-K9 report. 
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Appendix A: Measurement Reporting Worksheet  
 
Participating NMI/DI   

   

Before sending SPRTs to Pilot Laboratory   

 )(FPW  mKFPWu )],([  n (*) Comments (if any) 

Zinc     

Tin     

Indium     

Gallium     

Mercury     

Argon     
(*)n, Number of equilibria realized 

Final R(TPW)    TPW Uncertainty:    
      

On return to participating NMI     
      

On Receipt R(TPW)        

 

 

)(FPW  mKFPWu )],([  n (*) Comments (if any) 

Zinc     

Tin     

Indium     

Gallium     

Mercury     

Argon     

(*)n, Number of equilibria realized 

Final R(TPW)        
      

Fixed-Point Cell Information      

 Type /manufacturer/serial number L (cm) (*) Open or sealed cell Traceability 

Zinc     

Tin     

Indium     

Gallium     

Mercury     

Argon     
(*)Maximum thermometer Immersion depth into the substance measured to the thermal centre of the SPRT sensing element, cm 

Measurement System  

Resistance Ratio Bridge Model  

Reference Resistor Model  

Resistor Enclosure Stability, mK  
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R(WTP) values during the calibration process: 
 

All the R(WTP) values and the moment when they are measured according to  the 
measurements at the other fixed points (zinc, tin, indium, gallium, mercury, argon), are 
requested,  in a table.  
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Appendix B: Corrections applied to the measured values  
 
The ratio value W(FPi) at the fixed point FPi is given by the ratio of the SPRT resistance R(FPi) 
at the fixed point FPi to the SPRT resistance R(TPW) at the triple point of water. The SPRT 
resistance measured at the fixed point FPi (and the SPRT resistance R(TPW) measured at the 
triple point of water) must be corrected for the self-heating effect, the hydrostatic head effect and  
the residual gas pressure effect (see respectively section 2.1, 2.2 and 8.4 of CCT/08-19-rev 
document on “Uncertainties in the Realization of the SPRT Subranges of the ITS-90”).   
 
With:  
Rmeas(FPi) the resistance measured at fixed point FPi 

∆Rsh the self-heating correction to the resistance 
∆Rhydr the hydrostatic head correction to the resistance 
∆Rp the residual gas pressure correction to the resistance 
R(FPi) is computed as: 
 
R(FPi) = Rmeas(FPi) + ∆Rsh + ∆Rhydr + ∆Rp 

 

The applied corrections can be expressed in terms of temperature by simply dividing each one of 
them by the SPRT sensitivity coefficient (dR/dT)FPi at the temperature of the fixed point FPi: 
 
∆Tsh = ∆Rsh/(dR/dT)FPi 

∆Thydr = ∆Rhydr/(dR/dT)FPi 

∆Tp = ∆Rp/(dR/dT)FPi 
 
The applied corrections, expressed in terms of temperature, should be reported by the 
participants using the two tables below. 
  
 
 
Before sending SPRTs to Pilot Laboratory      
         
  self-heating hydrostatic  pressure  

  
correction 

mK 
ucorrection 

mK 
correction 

mK 
ucorrection 

mK 
correction 

mK 
ucorrection 

mK 

 

 R (Zn)           

 R (Sn)           

 R  (In)           

 R  (Ga)           

 R (Hg)           

 R  (Ar)           
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After sending SPRT to Pilot Laboratory      
         
  self-heating hydrostatic  pressure  

  
correction 

mK 
ucorrection 

mK 
correction 

mK 
ucorrection 

mK 
correction 

mK 
ucorrection 

mK 

 

 R (Zn)           

  R  (Sn)           

 R  (In)           

 R  (Ga)           

 R (Hg)           

  R  (Ar)           
 
 
 
 
 
 



EURAMET.T- K9  Final Protocol.docx  Page 10 of 15 

Appendix C: Suggested Uncertainty Budget for the Determination of the W-Value of an SPRT  
 
 Participating NMI         

 
              

 Ar  Hg  Ga  In  Sn  Zn   

 mK df mK df mK df mK df mK df mK df Type A or B (*) 

Phase Transition Realization Repeatability                          

Bridge  (repeatability, non-linearity, AC quadrature)              

Reference resistor stability                   

Chemical Impurities                          

Hydrostatic-head                          

Propagated TPW                          

SPRT self-heating                          

Heat Flux                          

Insulation leakage                          

SPRT Pt Oxydation              

Gas pressure                          

              

Combined Standard Uncertainty                   

              

Expanded Uncertainty (k=2 level, using effective df)                   

(*) write A or B depending on the method used 
df: degree of freedom 
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Appendix D:  
 
Name, postal and e-mail addresses of the coordinator: 
 
France LNE-Cnam Hermier, Yves 

Yves.hermier@cnam.fr  
Laboratoire National de Métrologie et D'Essais -  Conservatoire National des Arts et 
Métiers (LNE-CNAM) 
rue du Landy 61  
93210 La Plaine Saint Denis 
 
Name, postal and e-mail addresses of the pilots  
 
France LNE-Cnam Sparasci, Fernando 

fernando.sparasci@cnam.fr 
Martin,Catherine 
catherine.martin@cnam.fr 

Laboratoire National de Métrologie et D'Essais -  Conservatoire National des Arts et 
Métiers (LNE-CNAM) 
rue du Landy 61  
93210 La Plaine Saint Denis 
    
Germany PTB Fischer, Joachim 

joachim.fischer@ptb.de 
Rudtsch, Steffen 
steffen.rudtsch@ptb.de 

Physikalisch-Technische Bundesanstalt (PTB) 
Abbestraße 2-12  
DE-10587 Berlin 
    
Italy INRIM  Fernicola, Vito C. 

v.fernicola@inrim.it 
Steur, Peter 
p.steur@inrim.it 

Istituto Nazionale di Ricerca Metrologica (INRIM) 
Strada delle Cacce 91 
IT-10135 Torino 
    
Netherlands VSL  Peruzzi, Andrea 

aperuzzi@vsl.nl 
Barendregt, Conny 
cbarendregt@vsl.nl 

Thijsseweg 11                                                                            
2629 JA Delft   
    
United 
Kingdom 

NPL Machin, Graham 
graham.machin@npl.co.uk 

Pearce, Jonathan 
jonathan.pearce@npl.co.uk 

National Physical Laboratory (NPL) 
Hampton Road  
TW11 0LW Teddington, Middlesex 
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Appendix E:  
NMi/DI participants in each loop. 
 
 
Loop 1:      
LNE-Cnam 
(France) 

Loop 2:      
PTB 
(Germany) 

Loop 3:      
INRIM  
(Italy)  

Loop 4:      
VSL 
(Netherlands) 

Loop 5:      
NPL  
(United Kingdom) 

 MIKES 

(Finland)  

Roth+Co.AG 

(Switzerland) 
SP  

(Sweden) 
MKEH  

(Hungary) 
SMD  

(Belgium)  

CMI  

(Czech 

Republic)  

MCCAA  

(Malta)  
DTI  

(Denmark) 
EIM  

(Greece) 

CEM  

(Spain)  

UME 

(Turkey)  

HMI  

(Croatia) 
GUM 

 (Poland) 
BIM  

(Bulgaria) 
IPQ  

(Portugal) 

SMU 

(Slovakia)  

MIRS/UL-

FE/LMK 

(Slovenia) 

VMT/FTMC 

(Lithuania) 
BoM 

(FYR Macedonia) 

JV  

(Norway) 

NSAI NML 

(Ireland)  

IMBiH  

(Bosnia-

Herzegovina) 

DPM 

 (Albania) 
BEV  

(Austria) 

  DMDM  

(Serbia) 
 INM  

(Romania) 
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Appendix F:  
Name, postal and e-mail addresses of the participants.  
 
Albania DPM  Spahiu, Iska 

iska.spahiu@dpm.gov.al 
 

General Directorate of Metrology (DPM)  
Rruga : Autostrada Tirane-Durres, km 8, Kashar,  AL- Tirana 
    
Austria BEV Hörhager-Berl, Norbert 

norbert.hoerhager-berl@bev.gv.at 
  

Bundesamt für Eich- und Vermessungswesen (BEV) Arltgasse 35 AT-1160 Wien 
    
Belgium SMD Dobre, Miruna 

Miruna.Dobre@economie.fgov.be 
  

FPS Economy, DG Quality and Safety, Metrology Division (SMD) Boulevard du Roi Albert II 16 BE-
1000 Brussels 
    
Bosnia-
Herzegovina 

IMBiH  Hodzic, Nedzadeta 
nedzadeta.hodzic@met.gov.ba 

  

Institute of Metrology of Bosnia and Herzegovina (IMBiH) Augusta Brauna 2 BA-71000 Sarajevo 
    
Bulgaria BIM  Nedialkov, Sasho 

s.nedialkov@bim.government.bg 
Spasova, Snezhana 
s.spasova@bim.government.bg 

Bulgarian Institute of Metrology (BIM) 52B, G.M. Dimitrov blvd.  BG-1040 Sofia 
    
Croatia HMI  Zvizdic, Davor 

davor.zvizdic@fsb.hr 
Sestan, Danijel 
danijel.sestan@fsb.hr 

Croatian Metrology Institute (HMI) Ulica grada Vukovara 78 HR-10000 Zagreb 
    
Czech 
Republic 

CMI  Strnad, Radek 
rstrnad@cmi.cz 

 Šindelář, martin 
msindelar@cmi.cz 

Czech Metrology Institute (CMI) Okružní 31 CZ-638 00 Brno 
The address of sending of the instruments is : 
Radiová 3, 102 00 Praha 10, Czech Republic 
 
Denmark DTI  Nielsen, Mikkel Bo 

mbn@dti.dk 
Nielsen, Jan 
jnn@dti.dk 

Danish Technological Institute (DTI) Teknologiparken, Kongsvang Allé 29 DK-8000 Århus C 
    
Finland MIKES Heinonen, Martti 

martti.heinonen@mikes.fi 
Hahtela, Ossi 
ossi.hahtela@mikes.fi 

Centre for Metrology and Accreditation (MIKES) Tekniikantie 1 FI-02151 Espoo 
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FYR 
Macedonia 

BoM Petrusova, Olgica 
olgica.petrusova@bom.gov.mk 

 

Bureau of Metrology (BoM) Bull. Jane Sandanski 109 a  MK-1000 Skopje R. 
    
Greece EIM Anagnostou, Miltiadis 

miltiadis.anagnostou@eim.gr 
Kokkini, Evmorfia 
kokkini@eim.gr 

Hellenic Institute of Metrology (EIM) Industrial Area of Thessaloniki Block 45, GR-57022 Sindos, 
Thessaloniki 
    
Hungary MKEH Turzó-András, Emese 

thurzo-a@mkeh.hu 
  

Hungarian Trade Licensing Office (MKEH) Németvölgyi út 37-39 HU-1124 Budapest XII. 
    
Ireland  NSAI NML White, Mary 

mary.white@nsai.ie 
dubhaltach mac lochlainn 
d.maclochlainn@nsai.ie 

NSAI National Metrology Laboratory (NSAI NML) Claremont Avenue, Glasnevin  Ireland 
    
Lithuania VMT/FTMC Mikalauskas, Kazys 

mik@pfi.lt 
  

Centre for Physical Sciences and Technology (VMT/FTMC) A.Gostauto str. 11 LT-01108 Vilnius 
    
Malta MCCAA Bartolo, Joseph 

joseph-anthony.bartolo@mccaa.org.mt 
 Nicola Testa 
 nicola.testa@mccaa.org.mt 

Standards & Metrology Institute (MCCAA) Kordin Business Incubation Centre, Industrial Estate, 
Kordin PLA 3000 
    
Norway JV Bergerud, Reidun Anita 

rab@justervesenet.no 
Åge Olsen 
aao@justervesenet.no 

Justervesenet - Norwegian Metrology Service (JV) Fetveien 99 2027 Kjeller                 
    
Poland GUM  Grudniewicz, Elzbieta 

e.grudniewicz@gum.gov.pl 
Wełna, Andrzej 
a.welna@gum.gov.pl 

Central Office of Measures/Główny Urząd Miar (GUM) ul. Elektoralna 2 00-950 Warszawa 
    
Portugal IPQ Filipe, Eduarda 

efilipe@ipq.pt 
 iloio@ipq.pt  
sgentil@ipq.pt 

Instituto Português da Qualidade (IPQ) Rua António Gião 2 2829-513 Caparica Portugal 
    
Romania INM  Neagu, Marius 

marius.neagu@inm.ro 
ciocirlan eugenia 
eciocirlan@yahoo.com 

National Institute of Metrology (INM) Sos. Vitan-Bârzesti 11 042122 Bucuresti  

 
Serbia DMDM Simic, Slavica 

slavicasimic@dmdm.rs 
Stepanovic,Vladan 
vladanstepanovic@dmdm.rs 

Directorate of Measures and Precious Metals (DMDM) Mike Alasa 14 11 000 Beograd 
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Slovakia SMU Krempasky, Marian 

krempasky@smu.gov.sk 
Martin Koval 
Peter Paulasek 
koval@smu.gov.sk 
peterpaulasek@gmail.com 

        Slovak Institute of Metrology (SMU) Karloveská 63 842 55 Bratislava 
    
Slovenia UL-FE  Bojkovski, Jovan 

jovan.bojkovski@fe.uni-lj.si 
  

University of Ljubljana, Faculty of Electrical Engineering (UL-FE) Tržaška 25 1000 Ljubljana 
    
Spain CEM del Campo, Dolores 

ddelcampo@cem.minetur.es 
García, Carmen 
mcgarciaiz@cem.minetur.es 

Centro Español de Metrología (CEM) C/del Alfar 2 28760 Tres Cantos (Madrid) 
    
Sweden SP  Holmsten, Magnus 

magnus.holmsten@sp.se 
  

Technical Research Institute of Sweden (SP) 50115 Borås Sweden 
    
Switzerland Roth + Co. 

AG 
Senn, Remo 
r.senn@rothcoag.ch 

  

Roth + Co. AG (Roth + Co. AG) Wiesentalstrasse 20 CH-9242 Oberuzwil 
    
Turkey UME Kalemci, Murat 

murat.kalemci@tubitak.gov.tr 
Uytun, Ali 
ali.uytun@tubitak.gov.tr 

Ulusal Metroloji Enstitüsü (UME) Barış Mah. Dr. Zeki Acar Cad. No:1  TR-41470 Gebze, Kocaeli 
 
 
 
 
 
 


