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1. Introduction

The technical basis of the Mutual Recognition Arrangement (MRA) is a set of results obtained in a
course of time through key comparisons carried out by the Consultative Committees (CCs) of the
CIPM, the BIPM and the Regional Metrology Organizations (RMOs). As part of this process, the
CIPM Consultative Committee for Electricity and Magnetism (CCEM) carried out the key compari-
son CCEM-K2 of resistance standards at 10 MQ and 1 GQ. This comparison was piloted by the
National Institute for Standards and Technology and approved by the CCEM for full equivalence in
January 2002 [1, 2].

In order to link the National Metrology Institutes (NMI) organized in EUROMET to the key com-
parison CCEM-K2, the EUROMET Technical Committee for Electricity and Magnetism decided at
its October 2004 meeting to carry out the corresponding RMO key comparison EUROMET.EM-K2.
The Federal Office of Metrology (METAS) acted as pilot laboratory.

2. Participants and organisation of the comparison

2.1 Co-ordinator and members of the support group
The pilot laboratory for the comparison was the Federal Office of Metrology (METAS).

Co-ordinator:
Dr Beat Jeckelmann
Tel.: +41 31 323 3297; e-mail: beat.jeckelmann@metas.ch

Support group, appointed by the EUROMET technical committee for electricity and magnetism:

Dr Bernd Schumacher, Physikalisch-Technische Bundesanstalt (PTB), DE;
e-mail: bernd.schumacher@ptb.de

Dr Gert Rietveld, VSL, NL:
e-mail; grietveld@vsl.nl

2.2 List of participants

Twenty-two EUROMET NMIs and two non-EUROMET NMIs participated in the comparison. Six
laboratories already participated in the key comparison CCEM.K2 and, thus, act as linking laborato-
ries. CSIR-NML performed measurements but withdrew afterwards from the comparison before
reporting results to the pilot laboratory.

No |Country Institute Acronym
1 | Switzerland | Federal Office of Metrology METAS”
2 | Germany Physikalisch-Technische Bundesanstalt PTB”

3 | Slovenia Slovenian Institute of Quality and Metrology SIQ

4 | Slovakia Slovak Institute of Metrology SMU

5 | Netherlands |VSL vsL?)

6 |Lithuania State Metrology Service/ Semiconductor Physics In- | VMT/ PFI
stitute

7 |Finland Centre for Metrology and Accreditation MIKES

8 |Hungary National Office of Measures OMH

9 |Czech Re- |Czech Metrology Institute CMI
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No |Country Institute Acronym
public

10 |Romania National Institute of Metrology INM

11 |Poland Central Office of Measures GUM

12 |Ireland National Metrology Laboratory NML

13 | Norway Norwegian Metrology and Accreditation Service JV

14 |Portugal Instituto Nacional de Engenharia, Tecnologia e Ino- |[INETI/LME

vagao

15 |Latvia Latvian National Metrology Centre LNMC

16 |United National Physical Laboratory NPL"
Kingdom

17 | Belgium Service de la Métrologie SMD

18 | Turkey Ulusal Metroloji Enstitlsi UME

19 |France Laboratoire National d’Essais LNE”
South Africa | CSIR- National Metrology Laboratory CSIR-NML™)

20 |Greece Hellenic Institute of Metrology EIM

21 | Austria Bundesamt fur Eich- und VVermessungswesen BEV

22 | Spain Centro Espariol de Metrologia CEM

23 |Russia D.l. Mendeleyev Institute for Metrology VNIIM”

Table 1: Participants
") These laboratories participated in CCEM-K2 and assure the link to this CCEM key
comparison.
™) CSIR-NML performed the measurements but withdrew from the comparison before
reporting the measurement results.

2.3 Organisation and comparison schedule

The comparison was carried out in two parallel loops (loop A and loop B). The circulation of the
standards started in July 2005 and was completed in July 2007. The detailed time schedule for the
comparison is given in Table 2.

A period of four weeks was originally allowed for the measurements in each laboratory, including
the time necessary for transportation. The standards were re-measured at certain intervals in the
pilot laboratory to establish a drift rate for the standards and to detect resistance changes related to
transport. Due to delays caused by participants and due to transport delays, the original schedule
could not be kept. Several new arrangements were necessary in the course of the exercise. The les-
son learnt from this is that a period of 4 weeks per participant is too tight.

Two participants (INM and GUM) asked for a second measurement slot. Both laboratories sent re-
sults only for this second measurement period.
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Loop A

Institute Country Mean date of meas- Time for measurements
urements and transport (weeks)

Pilot (METAS) Switzerland

PTB Germany 10.08.05 5.9

SIQ Slovenia 20.09.05 4.4

SMU Slovak Republic 21.10.05 5.6

VSL Netherlands 29.11.05 5.7

Pilot (METAS) Switzerland 08.01.06

VMT/PFI Lithuania 13.02.06 4.9

MIKES Finland 19.03.06 3.1

OMH Hungary 09.04.06 5.4

CMmI Czech Republic 17.05.06

GUM Poland June 2006

INM Romania July 2006

CSIR-NML South-Africa August 2006

INM (2™ measurement) | Romania 21.10.06 4.6

GUM (2" measurement) | Poland 22.11.06 9.5

Pilot (METAS) Switzerland

Loop B

Institute Country Mean date of meas- Time for measurements
urements and transport (weeks)

Pilot (METAS) Switzerland

NML Ireland 13.08.05 4.6

VvV Norway 14.09.05 5.6

INETI/LME Portugal 23.10.05 4.5

LNMC Latvia 24.11.05 3.2

Pilot (METAS) Switzerland 16.12.05

NPL United Kingdom 26.01.08 6.4

SMD Belgium 11.03.06 10.3

UME Turkey 22.05.06 6.2

LNE France 05.07.06 11.9

EIM Greece 26.09.06 5.9

BEV Austria 06.11.06 2.8

Pilot (METAS) Switzerland 25.11.06

CEM Spain 01.02.07 11.3

VNIIM Russia 21.04.07 111

Pilot (METAS) Switzerland

Table 2: Comparison schedule
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2.4 Unexpected incidents
Beside the long transit times between laboratories, no major problem was reported.

3. Travelling standard and measurement instructions

The travelling standards for this comparison were kindly supplied by the National Institute of Stan-
dards and Technology (NIST), Gaithersburg, USA and Measurements International (MI), Prescott,
CA.

3.1 Description of the standards

10 MQ
Two different types of travelling standards (three resistors each) were used:

1. NIST type wire-wound resistors. The resistance elements are hermetically sealed in metal con-
tainers. The two resistor terminations of the standards are coaxial BPO connectors mounted on
grooved PTFE circular plates on the top panel of the enclosures. The resistor containers are elec-
trically isolated from the enclosures and electrically connected to the shield of one of the coaxial
connectors. This allows the resistor container of the standard to be operated either in floating
mode, a grounded mode, or driven at a guard potential.

2. Standards manufactured by Measurements International (CA), Model 9331. The resistance ele-
ments are hermetically sealed in metal containers. The four resistor terminations of the standards
are tellurium copper binding posts. A separate ground terminal is included for screening.

1GQ
Two different types of travelling standards (three resistors each) were used:

1. NIST film-type resistors. The mounting of the resistance elements is the same as for the 10 MQ
standards.

2. Standards manufactured by Measurements International (CA), Model 9331S (based on NIST
design). The resistance elements are housed in a double shielded enclosure. The two resistor
terminations of the standards are BPO coaxial connectors mounted directly on the outer enclo-
sure. The inner enclosure containing the resistive element is isolated from the external enclosure.
It is connected to the guard terminal and may be operated either in floating mode, a grounded
mode, or driven at a guard potential.

In each of the two measurement loops, three 10 MQ and three 1 GQ standards were circulated (see
Table 3).
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Loop R Std-ind. | Standards

10 MQ NIST, SN HR 7550

NIST, SN HR 7552

M1 9331, SN 1050109

1GQ NIST, SN HR 9106

M1 9331S, SN 1100036

MI 9331S, SN 1100037

10 MQ MI 9331, SN 1050110

MI 9331, SN 1050111

o (01 |~ |© [0 ([N W |IN |-

NIST SN HR 7551

[EEN
o

1GQ NIST, SN HR 9101

[E=Y
[E=Y

NIST, SN HR 9102

=
N

M1 9331S, SN 1100035

Table 3: List of travelling standards

3.2 Quantities to be measured and conditions of measurement

Resistance of the 10 MQ standards at the following conditions:

test voltage: Viest < 100 V; preferably 10 V
ambient temperature:  (23+0.2) °C

relative humidity: (50 £ 10) %

Resistance of the 1 GQ standards at the following conditions:
test voltage: Viest < 100 V; preferably 100 V
ambient temperature:  (23+0.2) °C

relative humidity: (50 + 10) %

If an ambient temperature of 23 °C could not be achieved, the measurements could also be per-
formed at an ambient temperature of (20 + 0.2) °C. In such a case, the results were corrected to

23 °C using the temperature coefficients determined by the pilot laboratory.

3.3 Measurement instructions

Pre- conditioning: The standards were to be installed in a thermostatic air bath, regulated at the

chosen working temperature, at least 24 h before starting the measurements.

Measurements: It was expected that the measurements would be repeated several times during
the whole period allocated to the participating laboratory.
Method: The measurement method was not specified. It was assumed that every partici-

pant uses its normal measurement method. The method and the traceability
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scheme had to be described in the measurement report.
The choice of the ground/guard configuration was left to the participants.

3.4 Deviations from the protocol
The comparison was carried out as described in the protocol. Except to the modifications in the

comparison schedule, no adjustments of the protocol were necessary.
4. Methods of measurement

A short description of the methods of measurement and the step-up procedures used by each partici-
pant is given in Annex B.

For the 10 MQ measurements, a potentiometric resistance bridge was used by the majority of the
participants. The schematic of such a bridge is shown in Figure 1.

]
|
| eC2
| p2 '-()-1'
| 13-t self- =t
checking K
IreSIStlve : : Rx
I divider p1 | :
-——— = ] V
LE| : I le / - 'ﬁ
: e I | hlgh
— I
P! |' - guard or
[ R | \\ AT ground
source |
V. 1 Detector
S
| RS
|
| P2
{Guard o
: C2e
|

Figure 1: Schematic of the potentiometric measurement bridge, used by the majority of the partici-
pants for the 10 MQ measurements. The bridge equation is given by:
Rx — (Vl _Vz)
(V 3_V4)

R

S

Beside the potentiometric method, the following measurement set-ups were used:

DC current comparator bridge: MIKES, BEV

Capacitance resistance transfer method by RC time measurement (Teraohmmeter): INM
Wheatstone bridge (active arm or traditional): INETI/LME, UME, EIM, VNIIM
Cryogenic current comparator: NPL

Substitution against a 10 MQ reference (traceable to another NMI) using a DMM: LNMC
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For the 1 GQ measurements, an active arm Wheatstone bridge was used by most participants. The
schematic of such a bridge is shown in Figure 2.

» Ix
A

voltage
calibrator

H| Vx

— Ry

AR Detector

Low
@ B

=

ll_
1

x|
<

voltage
calibrator C

Figure 2: Schematic of the double source Wheatstone bridge, used by the majority of the partici-
pants for the 1 GQ measurements. The bridge equation is given by:

%
lp=0= R,=-_*R
X VS S

Beside the Wheatstone method, the following measurement set-ups were used:

Potentiometric bridge (see Fig. 1): SIQ, SMU, VMT/PFI, OMH, CMI, JV, SMD, CEM
Classical Wheatstone bridge: LNE, VNIIM

Capacitance resistance transfer method by RC time measurement (Teraohmmeter): INM
Cryogenic current comparator: NPL

Substitution against Hamon network using a DMM: NML; or using an electrometer: MIKES

5. Repeated measurements of the pilot institute, behaviour of the travelling
standards

5.1 Temperature and voltage dependence

Before starting the measurement loops, the temperature and voltage dependence of the travelling

standards were determined at the pilot laboratory. The temperature was varied between 20 °C and
23 °C. The voltage was varied between 5 V and 81 V for the 10 MQ standards and between 10 V
and 200 V for the 1 GQ standards respectively.

The temperature (T) and voltage (V) dependence can be described by the following model:
Ra(T!V): Ra(Tnovanom)' (:I-+aa(T _Tnom)"'ﬁa(T _Tnom)z +7a(v _Vnom))i (51)
where a is the index for the standard.

The temperature coefficients (« and $) and the voltage coefficient () were determined by a least-
squares fit to the data. The fit results are listed in Table 4.
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Standard Trom (°C) | @ (ppm/K) Sa (Ppm/K?) Voom (V) | 7 (ppm/V)
Index a
10 MQ
1 HR 7550 23 1.10£0.20 0 10 -(0.1+2.7)10°
2 HR 7552 1.60 + 0.20 0 -(0.9+2.7)10°
3 MI 1050109 0.85+0.05 -0.010 £ 0.017 +(0.4 £2.7) 10°
4 M1 1050110 -1.24+0.21 -0.78 £ 0.07 -(25+3.9)10°
5 MI 1050111 0.41+0.10 -0.125 £ 0.036 -(21+2.7)10°
6 HR 7551 3.00+£0.20 0 -(1.0+2.7)10°
1GQ
7 HR 9106 23 -23.6+1.0 0.85+0.36 100 -(3+9)10°
8 M1 1100036 -0.21+£0.25 1.05+0.26 +(2 +18) 107
M1 1100037 -23+9 -54+3.0 -(2+8)10°
10 HR 9101 -25.7+1.0 1.28+0.34 -(5+9)10°
11 HR 9102 -29.6+0.6 0.45+0.22 +(3+7)10°
12 MI 1100035 -1.1+05 -1.25+0.18 +(10 + 14) 107

Table 4. Temperature and voltage coefficients of the travelling standards. The uncertainties are

one-standard-deviations.

5.2 Drift behaviour of the standards

The measurements carried out at the pilot laboratory before starting the comparison, in the middle
of the loops and at the end were used to establish the drift behaviour of the standards.

Due to relaxation effects in the metal used to fabricate a standard, its resistance value changes in
time. Step-like resistance changes are observed after temperature shocks or mechanical shocks.

These step changes usually decay exponentially as a function of time. For this reason, an exponen-
tial component can often been observed in the drift behaviour shortly after the fabrication of a stan-
dard. After a long stabilization time and over short or medium-term time periods, a polynomial fit
up to order two is usually sufficient to describe the resistance change over time.

Following these considerations, two models were used to fit the measurements:

Model 1

Ra (t): Rnom(l+ pa,O + pa,l(t _t0)+ pa,z eXp(_ pa,3 (t _tO ))): Rnom(1+ fl(t)) (52)
Pai, 1 = 0 to 3 are the fit parameters for artefact a. This model was used when a clear exponential

component was observed in the data which could not be satisfactorily described by a polynomial
model.

Model 2

Ra(t)= Rnom(l"' pa,O + pa,l(t _t0)+ pa,z(t _tO )2)= Rnom(1+ f2 (t)) (53)
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For both models, the reference date ty was chosen as 1 February 2005, 00:00 h. The fit results are
listed in Table 5 and plotted in Figures 3 and 4. With one exception (10 MQ standard no 4), the fit
residuals are randomly distributed and the scatter around zero corresponds well with the type A

standard deviation attributed to the individual measurement points.

Standard Model | P, Pa1 Paz Pas
Index a (ppm) (ppm/y) (ppm) (y)
(ppmiy*)™
10 MQ
1 | HR 7550 2 | 45.111+0.050 4.42 +0.11 -0.391 + 0.041
2 | HR 7552 2 38.59 +0.10 9.98 +0.21 -3.117 +0.090
3 | M1 1050109 1 11.71 +0.25 3.20 £0.10 -15.77 + 0.30 1 fix
4 | MI1050110 1 340£29 1.8+ 1.1 -235+25 1.71+0.31
5 | MI 1050111 2 | -0.479+0.083 17.80 + 0.22 -3.375 + 0.084
6 | HR 7551 2 | 13.900+0.042 | 1.998+0.091 | -0.144+0.033
1GQ
7 | HR 9106 2 777.30 £ 0.28 1.79 +0.20 0 fix
8 | M11100036 1 147 +1.1 0.70 + 0.50 17.92+0.94 | 2.81+0.34
MI 1100037 1 -1.2+24 -8.8+1.2 128 + 18 4.71 +0.67
10 | HR 9101 2 49.59 + 0.40 -1.3+1.2 0.75 + 0.42
11 | HR 9102 1 -63.33+0.33 2.10 £0.20 480 + 720 242 +7.4
12 | MI 1100035 1 -16.3+ 1.0 -0.27 +0.44 14.85+0.89 | 2.69+0.36

Table 5: fit parameters describing the drift behaviour of the travelling standards
Model 1, ~ Model 2. Reference date ty: 1 February 2005, 00:00 h
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40 |~
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MI 1050111
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Figure 3: Drift behaviour of the 10 MQ standards. The solid lines represent the fit functions. The
offset was chosen arbitrarily for each standard.
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Figure 4: Drift behaviour of the 1 GQ standards. The solid lines represent the fit functions. The
offset was chosen arbitrarily for each standard.

6. Analysis of comparison data set

6.1 Basic strategy
The analysis of the data set consists of two main steps

1. Normalization of results. The data set is corrected for nominal voltage, nominal temperature
and time drift of the artefacts. This is described in section 6.3.

2. Determination of comparison reference values and degrees of equivalence from the cor-
rected data set using a method of constrained least square optimization. This part follows
with some exceptions the method described in [3]. It is described in section 6.4.

6.2 Results of the participating institutes

The participants were asked to do as many measurements as deemed reasonable distributed in time
over the whole period allocated to the laboratory. This should allow to detect a departure of the drift
behaviour from the overall drift model fitted by the pilot laboratory. For each measurement point
the following information was reported:

13/42



EUROMET.EM-K2 Final report

Date of the measurement

Resistance value

Repeatability of the result (type A standard deviation of the measurement)
Temperature including its uncertainty

Test voltage

Each result reported by the participants can be expressed as:
Ry am = Rion@ 0, 2 )= RuomlL+ Oty o s ToamVp.am ) With (6.1)

p,a,m p,a,m, " p,am
p: Index for the participant
a Index for the artefact
m: Index for the measurement of artefact a at participant p
Opam: Deviation from the nominal value, reported for time t, am, temperature Ty o m and

test voltage Vpam
Furthermore the following nomenclature is used, unless otherwise noted: N, 2 is the number of
measurements done by participant p with artefact a, N, is the number of all measurements done by
participant p.
The values Op 5 m and the associated standard deviations, Ur.pam, are given in Annex A.
In addition to the individual results, mean values for every resistor and combined standard uncer-
tainties were reported. The mean values were not used in the analysis (see Sect. 6.3). The reported
combined uncertainties, Uc.p 5, for participant p and artefact a can be expressed as:

Ugpa® =Uy " +Up_p,°+U,_, ", where: (6.2)

Us-p: Combined standard uncertainty of the measurement set-up (step-up procedure,
bridge...)

UT-p,a: Component related to the temperature measurement and the temperature
dependence of the standard a to be measured.

Ur-p,a: Component related to the repeatability of the measurement; typically the standard

deviation of the mean of the series of measurements performed.
The reported uncertainty values are listed in Table 6.

6.3 Normalization of the results

In a first step, temperature and voltage corrections were applied to the reported results. The cor-
rected results (expressed as deviation from the nominal resistance value) are given by:

Oc—p,a,m = Op,a,m —Q, (Tp,a,m _Tnom)_ﬂ(Tp,a,m _Tnom)z _7/(\/p,a,m _Vnom) (63)
The uncertainty of the mean correction term for every participant and standard may be expressed as:
2 =3 2 = 2
uTV—p,a = (0{ ) u(Tp,a ))2 + (U(O{)' (Tp,a _Tnom))z + (u(a)- U(Tm )) + (Zﬂ : U(Tp,a)' (Tp,a _Tnom))

+ (U(ﬂ) (-rp,a _Tnom)2)2 + (U(]/) <\7p,a _Vnom))2

Most of the measurements were carried out close to the nominal temperature. For this reason, also
the second order term was taken into account in the linear part of the temperature correction. The
resulting uncertainty components are listed in Tables 7 and 8.

(6.4)

In a second step, the time dependence of the standards and an offset term, taken from the results of
the pilot laboratory, are removed from the results:
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M =0 ~fiioltpam) (6.5)

p,am ~— “~c-p,a,m

f1(t) and f,(t) respectively, are the model functions fitted to the results of the pilot laboratory (see
Sect. 5.2.

The normalized results My o m are given in Annex A.

In a third step, the uncertainties uy.pam, Which are related to the repeatability and which were indi-
cated by the participants for each measured value were checked against the variation of the normal-
ized results. If necessary, a corrected value was determined based on the observed scatter of the data.
This was done the following way.

For every participant and artefact, the internal standard deviation of the weighted mean was calcu-
lated as
2 __ 1 (6.6)

Sint—p,a - 1

>

2
ur—pla,m

This value can be compared to the external standard deviation calculated from the scatter of the
individual results as

s2 =

ext—p,a

Y ean el (6.7)

1
(N pa _1)2 u? L th-pam

r-p,a,m

A 1
with M, =——> M ..
N,.®
The ratio R* =S,,_,."/Sipa Can be used to check if the reproducibility values given by the par-

ticipants are reliable or not. Adjusted values u*,_p,a,m for the reproducibility were fixed according to
the following rules:

R2 > 1 u:—p,a,m = R'ur—p,a,m (68)
R?<1 u

Ur_pam=Ur_—pam:

These adjusted values are listed in the Tables given in Annex A. The standard deviation u*r_p,a for
the mean value was chosen as:

U_pa = max(sint—p,wsext—p,a)' (69)

The resulting values are listed in Tables 7 and 8. In cases where only one result per standard was
reported by a participant, the standard deviation given in the report was left unchanged

(u:—p,a = U:_p,a,m =Ur pa )

p Laboratory | 10 MQ 1GQ
Ucpa Ur-pa Us-p UTpa *) [Uepa Ur-pa Us-p UTpa
(ppm)  [(ppm) | (ppm)  |(ppm) J(ppm)  |(ppm)  [(ppm) | (ppm)
1 METAS 0.35 0.10 0.34 0.00 3.03 0.70 3.0 0.0
2 PTB 0.42 0.40 0.14 0.00 3.24 2.10 2.5 0.0
3 SIQ 0.55 0.11 0.54 0.00 3.50 0.70 34 0.0
4 SMU 4.48 1.50 4.22 0.60 18.99 6.50 17.8 1.0
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5 |VsSL 0.96 0.10 0.94 0.17 1.90 1.00 1.6 0.2
6 |VMT/PFI 0.60 0.30 0.52 0.00 3.40 1.00 3.2 0.0
7 |MIKES 0.87 0.28 0.82 0.10 5.20 2.80 4.4 0.1
8 |OMH 2.00 0.35 1.56 1.20 3.80 0.40 2.9 2.4
9 |CMI 3.50 0.10 3.48 0.40 15.00 1.20 14.9 0.8
10 [INM 3.00 0.58 2.94 0.20 22.00 0.60 21.9 2.0
12 |NML 7.40 0.80 7.36 0.10 32.0 8.0 30.84 3.0
13 |V 1.36 0.26 0.76 1.10 6.8 0.4 6.42 2.3
14 |INETI 7.60 0.75 7.56 0.00 110.0 36.0| 103.94 0.0
15 LNMC 2.70 0.40 2.67 0.00 not measured
16  |NPL 0.11 0.06 0.09 0.00 1.5 1.4 0.45 0.0
17 |SMD 1.35 0.36 1.16 0.58 9.0 1.9 8.78 0.6
18 |UME 2.50 0.70 2.40 0.00 6.0 3.6 4.80 0.0
19 LNE not measured 4.8 15 4.6 0.0
20 |EIM 5.70 3.30 4.65 0.00 10.0 6.7 7.42 0.0
21 |BEV 2.00 1.34 1.47 0.19 9.5 3.9 8.38 2.0
22 |CEM 0.34 0.05 0.34 0.00 2.1 0.4 2.05 0.0
23 [VNIIM 0.87 0.16 0.80 0.30 2.3 1.0 1.98 0.6
Table 6:  Combined uncertainties reported by the laboratories
*) A value of 0 for ut.p4 indicates that this component was not explicitly given in the
participant’s uncertainty budget.
p Lab T \ u(T) Utv-p,1 U*r—p,l Utv-p,2 U*r-p,z Utv-p3 u*r-p,S
Q) V) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1| METAS 23.00 5.0 0.030 0.036 0.042 0.050 0.071 0.029 0.051
2|PTB 23.00 10.0 0.031 0.035 0.157 0.048 0.236 0.027 0.299
3[sIQ 22.91 10.0 0.050 0.058 0.047 0.082 0.059 0.043 0.235
4 | SMU 22.98 10.0 0.100 0.112 0.372 0.161 0.614 0.086 0.515
5|VsL 23.05 9.1 0.005 0.008 0.073 0.014 0.078 0.007 0.087
6 | VMT/PFI | 23.01 10.0 0.080 0.089 0.080 0.129 0.038 0.068 0.037
7 | MIKES 23.18 86.6 0.224 0.357 0.210 0.444 0.156 0.302 0.042
8 | OMH 23.00 9.1 0.060 0.067 0.350 0.097 0.350 0.051 0.350
9|cMmi 23.00 9.0 0.500 0.559 0.058 0.806 0.058 0.428 0.073
10 | INM 23.16 10.0 0.040 0.055 0.567 0.072 0.623 0.035 0.574
Utvopa u*r—p,4 Utvps u*r-p,S UTv-p6 u*r—p,ﬁ
12 [NML 23.16 5.0 0.100 0.130 1.458 0.048 0.168 0.303 0.291
13|JV 23.00 9.1 0.100 0.126 0.167 0.042 0.103 0.301 0.064
14 [ INETI 23.08 10.0 0.107 0.139 3.223 0.047 1.415 0.302 0.665
15| LNMC 23.10 9.8 0.100 0.128 2.500 0.043 2.500 0.301 2.500
16 | NPL 23.11 10.0 0.100 0.128 0.476 0.043 0.035 0.302 0.137
17 | SMD 22.99 10.0 0.041 0.061 0.363 0.021 0.125 0.048 0.070
18 | UME 23.10 10.0 0.400 0.505 1.600 0.169 0.700 1.203 0.600
20 | EIM 22.92 10.0 0.154 0.196 3.008 0.065 1.448 0.461 2.738
21|BEV 22.99 100.0 0.111 0.388 1.463 0.247 0.423 0.388 0.085
22 |CEM 23.04 9.1 0.013 0.019 0.218 0.007 0.187 0.040 0.051
23 [ VNIIM 19.99 50.0 0.030 0.929 0.140 0.455 0.140 0.616 0.160
Table 7:  Averaged measurement conditions for the 10 MQ standards. Uncertainty contributions

due to the temperature/voltage correction and the reproducibility of the measurements.

16/42




EUROMET.EM-K2 Final report

p Lab T \ u(T) Utv.p7 Urp7 Utv.ps8 U'rpg UTv.p9 U'rps
Q) V) (epm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1| METAS 23.00 100.0 0.050 1.181 0.367 0.054 0.267 1.258 1.196
2|PTB 23.01 100.0 0.030 0.709 2.234 0.033 0.756 0.768 1.591
3(sIQ 23.00 90.0 0.050 1.185 1.006 0.188 0.746 1.264 0.924
4|SMU 22.99 87.5 0.100 2.410 5.350 0.906 2.716 2.558 2.285
5[VSL 23.09 100.0 0.005 0.112 0.206 0.024 0.357 1.080 0.466
6 | VMT/PFI 23.01 100.0 0.080 1.889 0.210 0.086 0.108 2.016 0.255
7 | MIKES 23.06 100.0 0.223 4.917 1.335 0.254 4.470 5.666 5.618
8| OMH 23.00 9.1 0.120 4.803 0.350 1.651 0.360 5.085 0.360
9(CMI 23.00 90.0 0.500| 11.809 1.446 0.569 1.261] 12582 0.738
10| INM 23.13 100.0 0.040 0.951 0.906 0.057 0.346 1.554 0.599
p Lab T \ u(T) Utv-p,10 U*r-p,lo Utv-p,11 u*r-p,ll Utv-p,12 u*r-p,lZ
°C) (V) (ppm)
12 [ NML 23.04 100.0 0.100 2.573 0.850 2.965 1.351 0.125 1.209
13V 23.00 9.1 0.100 2.714 0.743 3.032 0.933 1.279 0.705
14 | INETI 22.99 100.0 0.068 2.059| 36.369 2.372 7.337 0.037| 36.000
16 | NPL 23.07 100.0 0.100 2.574 3.330 2.965 1.386 0.127 2.317
17 [ SMD 23.03 90.9 0.007 0.224 1.720 0.090 1.930 0.130 2.270
18 | UME 23.19 100.0 0.400| 10.294 3.580| 11.859 5.080 0.505 1.640
19 [LNE 23.00 100.0 0.200 5.146 1.500 5.929 1.500 0.247 1.500
20 [EIM 22.92 100.0 0.137 3.483 5.377 4.013 6.445 0.177 6.995
21| BEV 22.40 100.0 0.263 5.892 1.816 7.162 1.743 0.480 0.774
22 |CEM 23.05 91.0 0.013 0.351 0.531 0.391 0.454 0.130 0.500
23 [ VNIIM 19.99 50.0 0.030 4.366 1.000 2.894 0.900 2.377 0.800

Table 8:  Averaged measurement conditions for the 1 GQ standards. Uncertainty contributions
due to the temperature/voltage correction and the reproducibility of the measurements.

6.4 Calculation of the reference value and its uncertainty

This comparison involves multiple unstable artefacts which were circulated within two different
comparison loops. The method of constrained least squares as proposed in [3] is suitable for han-
dling such a situation of increased complexity.

The analysis is based on a statistical model of the comparison results, which implicitly includes the
laboratory biases. The model equation for a single measurement is given as

M, am = Pao +d, +3(R),, +5(TV),, +5(M) (6.10)

p,a,m

Mp,am are the participant’s results (deviation from nominal) corrected for time drift, temperature
and voltage dependence of the standards according to section 6.3.

Pa,o IS the deviation from the nominal value for standard a at the reference time tp
d, is the bias of the laboratory. This model specifically assumes that the laboratory bias is the
same for every artefact of the same nominal value (10 MQ or 1 GQ).

A random variability (normally distributed about zero) is assigned to each measurement, consisting
of three parts:
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Variation of the artefact (e.g. due to transport) with variance qpya2 .

. Variation due to the error in the temperature and voltage correction. The variance

corresponds to the uncertainty of this correction: uT\,,p’a2

5(M),.m: Variation of each participant’s measurement with a variance that corresponds to

*

u ? (a measure of the repeatability).

r—-p,a,m

Constrained least square optimization. Based on the model for a single measurement (6.10) one
can write down an over-determined system of linear equations in matrix form

M=CX+5 (6.11)

M is a column vector containing the drift, voltage and temperature corrected results My am of all
participants. X is a column vector containing the parameters which need to be determined.

X:(pl,o' pz,o""'dlydz'ds’-")T (6.12)

The superscript T denotes the transpose. C is the design matrix (in this case a column vector con-
sisting of ones) and & stands for the three different components of statistical variability in (6.10). A
solution for the parameter vector X can be found in the least square sense by minimizing the con-
strained and weighted chi-square function

22 =(CX-M) U (CX-M)+ 1> w.d, (6.13)
p

The matrix U, the inverse of which is used as a weight in equation 6.13, is constructed from the
three parts of variability defined in the model 6.10.

U=U,, +Ug +Uq, (6.14)

U,, simply contains the u:—zp,a,m (determined according to the third step in section 6.3 and listed in

Annex A) in the diagonal with all off-diagonal elements set to 0. Repeatability is thus considered as
an independent statistical variation of each single measurement.
Uk has a block diagonal structure with N, x N . submatrices u
elements set to 0

r_pa IN the diagonal and all other

(VI 0 0 0
0 Uy, O ... 0 .. . .
0 0 Ugys 0 pa e
Ug=| . . . Ug pa=| P
. 2 2
o 0 o0 Un o, T I.a

The submatrices are filled with with values q? ,, i.e. 100% correlation is assumed within a block.

The submatrices correspond to the series of measurements of the same artefact in the same labora-
tory, i.e. the border of each block corresponds to a transport of an artefact from one laboratory to
the next. This assumes that transport is inducing a deviation from the nominal value of the artefact

which remains constant during the time of measurement in the laboratory. The values q;a are not a
priori known, but as pointed out in [3] they can be estimated from the residuals of the fitting proce-
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dure itself. This results in an overall transport variability per artefact, which is the same for each
laboratory. It however turns out that this does not lead to satisfactory results. Some of the laborato-
ries show larger inconsistencies between measurements of the same type of artefact (10 MQ or
1 GQ) than others. It has therefore been decided to introduce an individual (per laboratory) variabil-
ity due to transport, which can be written as
2 2 2

qp,a = Cp : qO,a '

q; . represents the base variability per artefact. It is estimated from the typical uncertainties of the

fits to the pilot data to determine the time drift of the artefact. The values, which were used for q¢,
are listed in Table 10a.

¢, is an individual expansion factor per laboratory, which depends on the consistency of measure-

ments of the same type of artefact (10 MQ or 1 GQ) in each laboratory. To determine the consis-
tency the normalized data was separated into sets per laboratory and for each set a reduced Chi
Square was calculated according to
2 1 ~ U

A pred :m(CpM p _Mp> U

p

(CpMp_Mp)

-1
p

The quantities are the same as in equation (6.13) and (6.14) but separated per laboratory, which is
indicated by the subscript p. M o Is a generalized weighted mean given as

~

Ty 4~ Yin 7
Mp :(Cp Up Cp) Cp Up Mp
and N " is the number of measurements done for each data set.

U, is a function of ¢, which initially is set to 1, but subsequently increased for the laboratories

with ;(p’redz >1 until ;(p'redz ~1.The c, values determined this way are listed in Table 10b.

Note: The differences in the observed inconsistencies are not necessarily caused by transport effects,
they might as well be caused by inconsistent treatment of the artefacts in the laboratories. It is how-
ever not possible to distinguish between changes of the artefacts due to transport and inconsisten-
cies in the measurement procedure. One of the basic assumptions of this analysis is a common bias
for the measurements of all artefacts of the same type (10 MQ or 1 GQ), thus it makes sense to as-
sign individual transport uncertainties to take the observed inconsistencies into account.

U, has the same block diagonal structure as U, with the values uy,_,, (determined according to

equation 6.4) filled in, assuming that the temperature and voltage corrections of the same standard
in the same laboratory are 100% correlated. This is an approximation, because it must be expected,
that all corrections on the standards done in the same laboratory are to a certain extent correlated.
To determine the magnitude of this correlation one would need to analyze the different uncertainty
contributions in the correction procedure (First step, section 6.2) in more detail. Considering the
relatively small contribution of this correction to the uncertainty it was decided to repeat the analy-

sis with a U, in which all corrections of the same laboratory are 100% correlated, which can be

regarded as the upper limit of possible correlation. As expected, the changes in results are insignifi-
cant and, thus, support the approximation made.

In (6.13) A denotes the Lagrange multiplier and the imposed constraint is given as
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> w,d, =0 (6.15)
p

with normalized weights wp. The constraint (6.15) in (6.13) is necessary to obtain a single solution
in the optimization. Without constraint, an infinite set of solutions would result. This lies in the na-
ture of the model, leaving both, artefact values and laboratory biases, as free parameters.

Furthermore the constraint defines the comparison reference value (CRV) in the sense that (6.15)
requires the average weighted bias to be zero. This corresponds to the calculation of the CRV as the
weighted mean, as it might be done in a simple one-loop comparison with a single stable artefact.
Thus it makes sense to choose the weights w, in (6.15) as the normalized inverse squares of uncer-
tainties u._, which reflect the measurement capability of a laboratory. uc is constructed as follows:

2 2 2 2
U_p =Ug, +Up_, +U_, +Ug,

2

with the following individual contributions: (6.16)

u,_, Is the combined standard uncertainty of the measurement set-up, reported by the partici-
pant (see Table 6)

ury_, IS the uncertainty component of the temperature and voltage correction.
It is calculated as an average of the uncertainty of each artefact:

1 2
Ury_p :n_zuTV—p,a .
a a

The components ury.pa are given in Tables 7 and 8. n, is the number of artefacts considered in
the analysis. Some participants have included a component due to the temperature coefficient of
the travelling standard in their uncertainty budget. This component is replaced by the values in
Tables 7 and 8.

u,_, represents the reproducibility of the participant’s measurements. It is calculated as
2 1 * 2
ur—p = _Zur—p,a .
n, 3

Ug_, Is the contribution due to transport uncertainty. It is simply the average of the individual
transport uncertainties

2 1 2
Ug_p _n_qu,a
a a

The values are listed in Table 9.
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p |Lab 10 MQ 1GQ
us—p uTV-p ur-p uR-p uc-p us-p uTV-p ur-p uR-p Uc-p
(ppm) | (ppm) | (pPm) | (ppm) | (ppm) | (PPm) | (ppm) | (ppm) (PPm) | (PPM)
1 |METAS 034 004| o0.10| o0.24| 039] 295 1.00| o074 038 322
2 |PTB 0.14| 0.04| 040| o029 052| 247| o060| 210 287 437
3 |sIQ 054 006| 014 053] 0.77| 343| 101 0.90| 4.05| 5.48
4 [sSMU 418 0.12| 150| o0.96| 454| 1781 210| 6.50| 5.14| 19.76
5 [VSL 094 o001 o0.10| o58| 111| 161| 063 100 087 217
6 |VMT/PFI 052 o010 0.30| o029 o068| 325| 160| 1.00| 087 3.86
7 | MIKES 0.82| 037 0.28| o030] 099| 4.38| 433| 280 088] 6.83
8 |OMH 156| 007 035| 053] 169| 292| 4.15( o040| 087 5.16
9 [CcMmI 348 062 0.10| 029 354| 1493| 997| 1.20| 0.88| 18.01
10 |INM 294 006| 059 157| 3.39| 2190| 1.05| 0.66| 2.33| 22.06
12 [NML 736| 022 0.80| 035| 7.41| 30.84| 227| 8.00| 3.01| 32.08
13 |Jv 076/ 021 0.26| o040| 092| 6.42| 246| 0.80| 087 6.97
14 |INETI 756 022 111 7.82| 1094]|103.94| 1.81| 36.00( 1.12]110.02
15 |LNMC 2.67 0.22 2.50 0.35 3.68 not measured
16 |[NPL 0.09| 022 o0.10| 174| 176| o045| 227 247 087| 350
17 [SMD 1.16| 0.04| o036| 035 127| 878| 0.16| 199| 087 9.04
18 |UME 240 o086| 0.70| 259| 370| 4.80| 907 371 0.87| 10.94
19 |[LNE not measured 4,56 4,53 1.50 0.87 6.66
20 [EIM 465 033| 330 470 7.40| 742| 307| 670 0.87| 1050
21 |BEV 147| 032 1.34| 035 205| 8338| 536 390 087| 10.73
22 |CEM 034 003 0.14| o035| 050| 205| 031 050 1.21| 246
23 [VNIIM 0.80| 054 o0.16| 1.34| 166| 198 332 100 087 4.08
Table 9:  Uncertainty components used to calculate the laboratory weights in the least squares ad-
justment
Standard a Joa (PPM) Standard a Joa (PPM)
10 MO 1 0.50 1GQ 7 1.50
2 0.50 8 1.50
3 0.50 9 1.50
4 Excluded 10 1.50
5 0.50 11 1.50
6 0.50 12 1.50

Table 10a: Base transport variability attributed to the artefacts.
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p Lab 10 MQ 1GQ
Cp Cp
1 | METAS 1.00 1.00
2 |PTB 1.00 3.32
3 1SIQ 1.83 4.56
4 | SMU 3.31 5.94
5 | VSL 2.02 1.00
6 | VMT/PFI 1.00 1.00
7 | MIKES 1.00 1.00
8 |OMH 1.83 1.00
9 |CMI 1.00 1.00
10 | INM 5.45 2.69
12 |NML 1.00 3.28
13 |JV 1.00 1.00
14 | INETI 21.68 1.00
15 |LNMC 1.00 -
16 | NPL 4.92 1.00
17 | SMD 1.00 1.00
18 |UME 7.32 1.00
19 |LNE - 1.00
20 [EIM 13.30 1.00
21 |BEV 1.00 1.00
22 |CEM 1.00 1.27
23 [ VNIIM 3.79 1.00

Table 10b: Expansion factor for individual transport uncertainties

Solution of the constrained optimization
The optimization problem (6.13) is linear and can thus be solved analytically [4]. For this the con-
straint (6.15) is best written in matrix form:

W'X=0 (6.17)
with the weight vector W = (0....,0,w,,w,,w,...)" and the parameter vector X (6.12).
The estimate of the parameters X can then be written as
X=A,*cTuM-iw) (6.18)
with
A,=C'U'C+wWwW’
(6.19)

A=(WA, "W WA, 'CTUM

Using linear uncertainty propagation one can write down the uncertainty matrix of the estimated

parameters
U, =A A WW A W) WA, (6.20)

The diagonal of U, contains the squared standard uncertainties of the parameters which are further
down needed for the calculation of the uncertainties of the degrees of equivalence.

d iag(Ux ) = [u fitz(pl,l)’ u fitz(p2,1)1' U fit2 (dl)1 u fit2 (dz )’ u fit2 (ds)'- . ] (6.21)
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Comparison reference value and degrees of equivalence

The constraint (6.15) defines the comparison reference value (CRV) as a consensus value, assuming
that the average bias is zero. Artefact values and laboratory biases obtained through the above de-
scribed constrained optimization can be directly interpreted as the CRV for each artefact and the
unilateral degrees of equivalence (DoE) for each participant, respectively.

To calculate the uncertainty of d,, and thus the uncertainty of the DoE, we have to include the uncer-
tainty associated with the constraint. We write:

O meas =dp =~ 2wyl = 3wy (d ~) (6.22)
J J

Application of the uncertainty propagation law to (6.22) yields the expected variance in the value of
the measured value of dj, arising from the actual d; values of all participants [3]:

-w, Pu.,)”+ Sw u, %, (6.23)
p'#p

where us., (extracted from the participants uncertainty budget according to section 6.2 and listed in
Table 6) are the standard uncertainties which characterize the dispersion of values that could rea-
sonably be attributed to the laboratory bias. Adding the uncertainty component due to the least-
squares fit usit(dp) (6.21), the (expanded) uncertainty for the DoE becomes:

udoez(dp): ufitz(dp)+(1_wp)2us—p2 + ZWPZ Us—pz
p'#p . (624)
Udoe(d p)= 2 ' udoe(dp)

To exclude a laboratory from the determination of the CRV one can simply set the corresponding
weight in equation 6.13 to zero. Reasons for exclusion of a laboratory are:

Laboratories who apply a 1:1 substitution method against a standard calibrated at another NMI
participating in the comparison. This is known beforehand and the corresponding laboratories
are excluded from the start.

An outlying result in the sense that the unilateral DoE is incompatible with zero on the 95%
level, i.e. with ‘d p‘ > Udoe(d p). This is established in an iterative manner. For details see the de-
scription of the fitting procedure below.

The above equations for the uncertainty of the DoE are valid for both, laboratories contributing to
the determination of the CRV and excluded laboratories, respectively. The effect of correlation is
controlled by the terms in equation (6.24) which contain the weight of the corresponding laboratory.

The bilateral degree of equivalence (bilateral DoE) is simply the pairwise differences between labo-
ratory biases (i.e the pairwise differences between the unilateral DoEs) obtained from the fitting
procedure. It can be written for laboratories p=i and p=j as
(bi) _
di’ =d; —d,
The uncertainty of the bilateral DoE consists of the uncertainties related to possible bias and of the
fit uncertainties. For the latter one needs to take the correlation into account, given as covﬁt(di,d J.)

which is a result of the fitting procedure and can be found in the off-diagonal elements of U
uz(di(jbi)): Uy + us—jz +Ug(d)+ ufitz(dj)_ 2C0Vfit(di , dj)
0(a)=2-u(e)
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Unilateral DoEs and their expanded uncertainties are shown in Tables 13 and 14.

Fitting procedure
The least squares problem (6.13) was solved iteratively following the procedure below:

1. The x* was calculated according to (6.13), using the normalized results given in Annex A, and
an estimate of the parameters was obtained with (6.18). A value of 0.10 ppm was chosen as a
starting value for the transport uncertainties ga.

2. After the first step, it became apparent that the 10 MQ standard no 4 (M1 105110) in loop B
suffered from drastic step-like resistance changes during transport. For 9 of the 12 participants
in loop B, the laboratory biases calculated for this standard differs substantially from the values
calculated for the other two 10 MQ standards. It was, thus, decided to remove standard no 4
from the analysis.

3. For 10 MQ, a new solution, without standard no 4, was calculated.

4. A vector of fit residuals can be obtained through
1= () am)= RICX=M) (6.26)
with R being the Cholesky factor of U™, i.e. RTR =U™. For every measurement, the value of
Xpam Was checked. Measurement points with 4, , ., >>1 were removed from the analysis.
These points are:

Participant no 11 (GUM), 1 GQ, standard no 9 (MI 1100037). One result out of one re-
moved for this standard ( y,,4, =—45).

Participant no 14 (INETI), 1 G, standard no 12 (MI 1100035). One result out of one re-
moved for this standard ( y,,,,, =—26).

5. Participants with a unilateral DoE which is incompatible with zero on the 95% level, i.e. with
‘d p‘ > Udoe(d o ) were excluded from the constraint by setting the corresponding weight in (6.12)

to zero, and the constrained optimization was then redone with these participants not contribut-
ing to the definition of the CRV. The optimization was then iteratively repeated until the largest
consistent subset of the data determined the CRV.

The results of the least squares adjustment are given in Tables 11 and 12.

Impact of drift parameters and validation
The above described analysis consisted basically of two steps:

1. Determination of time drift of artefacts by fitting models (5.1) and (5.2) to the data of the pi-
lot laboratory

2. Determination of artefact offset and laboratory bias by employing a constrained linear least
square fit on the drift corrected data set

The fitting procedure of step 1 provided uncertainties for the drift parameters of the models (5.1)
and (5.2). These uncertainties were determined by the uncertainties of the pilot data, but also by the
agreement between data and model. In the analysis presented so far these uncertainties have not
been included in step 2. It is principally possible to do this in an analytical way, but for a proper
treatment correlation needs to be taken into account, which complicates matters. It has therefore
been decided to do a numerical (Monte Carlo) simulation.
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Starting point is the voltage and temperature corrected comparison data set. Two sets of random
numbers are drawn, one multivariate with a covariance matrix U (6.14) reflecting uncertainties due
to repeatability, temperature and voltage correction and transport effects, and one univariate with
variances u,_, (6.24) reflecting uncertainties due to bias. These random numbers are added to the

comparison data set and step 1 and step 2 of the analysis are executed. The whole procedure is re-
peated 5-10* times resulting in a distribution of the DoEs which can be statistically analyzed to ar-
rive at a mean value and an uncertainty of the DoEs. The mean values determined in this way agree
within statistical accuracy with the values of the DoEs determined in the analytical procedure,
whereas the uncertainties of the DoEs are slightly larger as one would expect. The increase however
Is insignificant and does not change the principal outcome of the analysis.

The agreement between numerical and analytical results can not be considered as a full validation
of the procedure but it provides a certain degree of confidence that the results are correct.

The analysis of the fit residuals gives a good indication on the quality of the fit. As an example, the
normalized residuals are shown for the 10 MQ level, loop A, in Fig. 5. The residuals for the three
standards are more or less randomly distributed. No systematic features as a function of time can be
seen. This means that the time dependence determined by the pilot laboratory for the standards de-
scribe the real behaviour during transit reasonably well. A random distribution of the residuals, for
all three standards and the same laboratory, indicates, that the lab bias does not depend on the arte-
fact (which is an important assumption of the analysis).

The residuals for the other 10 MQ loop and the two 1 G loops look similar to Fig. 5.
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Figure 5: Normalized residuals for the constrained least-squares adjustment; 10 MQ, loop A.
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6.5 Unilateral and bilateral degrees of equivalence of the participating institutes

10 MQ

p |Lab W, Usil(dg) | dp = DOE | Ugee(dp) d |

(ppm) | (ppm) (ppm) ?

U d,
1|METAS | 0.3580 0.14 0.49 0.57 0.85
2|PTB 0.1982 0.28 -0.62 0.69 0.90
3[SIQ 0.0896 0.50 1.31 1.45 0.91
4|SMU 0.0026 1.01 6.89 8.59 0.80
5|VSL 0.0434 0.57 -0.50 2.16 0.23
6| VMT/PFI | 0.1167 0.29 -0.81 1.13 0.71
7| MIKES | 0.0545 0.37 -1.05 1.75 0.60
8| OMH 0.0187 0.57 0.13 3.29 0.04
9|CMI 007 0.46 -0.44 7.03 0.06
10 [ INM 0.0" 1.62 8.57 6.72 1.27
12 [NML 0.0010 0.46 -0.27 14.74 0.02
13|V 0.0629 0.42 0.78 1.68 0.46
14 | INETI 0.0004 771  -19.72 21.59 0.91
15| LNMC 007 1.82 -3.68 6.47 0.57
16 | NPL 0.0172 1.73 -1.36 3.48 0.39
17 |SMD 0.0™ 0.42 3.65 2.49 1.47
18 | UME 0.0039 2.69 0.90 7.21 0.13
20 |EIM 0.0010 4.95 -7.18 13.58 0.53
21|BEV 0.0126 0.51 -0.62 3.10 0.20
22 |CEM 0.0 0.42 2.33 1.14 2.05
23| VNIIM 0.0193 1.39 -1.07 3.20 0.33

Table 11:  Results of the least squares adjustment for the 10 MQ comparison. The degree of
equivalence DoE is the difference between a laboratory result and the comparison ref-
erence value. The uncertainty Ugee is the combined expanded uncertainty with a cover-
age factor of k = 2.

“) The weight is set to zero for these laboratories because they apply a 1:1 substitution
method against a standard calibrated at another NMI participating in the comparison.

™) The weight is set to zero for these laboratories because the DoE is incompatible with
zero.
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Table 12:

Final report
p |Lab W, Elfit(dp)) d2=DcSE Udoe(dyp) dp|
m m m

pp pp (ppm) o, ]
1|METAS 0.1055 0.60 -1.41 5.59 0.25
2|PTB 0.0573 2.93 -2.79 7.63 0.37
3[SIQ 0.0365 3.93 -9.30 10.38 0.90
4|SMU 0.0028 5.68 -26.97 37.32 0.72
5|VSL 0.2325 0.93 2.53 3.37 0.75
6| VMT/PFI | 0.0735 1.23 -0.38 6.66 0.06
7| MIKES 0.0235 2.24 -0.41 9.77 0.04
8 | OMH 0.0411 1.96 3.48 7.00 0.50
9|(cMI 0.07 2.20 8.08 30.22 0.27
10| INM 0.07 2.52 -43.48 44.11 0.99
12 |NML 0.0011 3.24 -1.53 61.97 0.02
13|JVv 0.0225 1.66 1.51 13.07 0.12
14| INETI 0.0001 7.74 -31.98|  208.44 0.15
16 | NPL 0.0895 1.90 -0.05 4.17 0.01
17 |SMD 0.0134 1.56 -1.26 17.67 0.07
18| UME 0.0091 2.31 0.02 10.68 0.00
19| LNE 0.0247 1.98 1.80 9.85 0.18
20| EIM 0.0099 4.12 1.02 16.91 0.06
21 |BEV 0.0095 1.80 2.09 17.05 0.12
22 | CEM 0.1816 1.13 0.01 4.26 0.00
23| VNIIM 0.0657 1.98 -0.85 5.62 0.15

Results of the least squares adjustment for the 1 GQ comparison. The degree of
equivalence DoE is the difference between a laboratory result and the comparison ref-
erence value. The uncertainty Ugee IS the combined expanded uncertainty with a cover-
age factor of k = 2.
) The weight is set to zero for these laboratories because they apply a 1:1 substitution
method against a standard calibrated at another NMI participating in the comparison.
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Figure 6:

Figure 7:

Unilateral DoE / pQ/Q

Unilateral DoE / pQ/Q

lteey

s e e e e g e e e P e e B o o P g P
<I—UQ)§U)I6L_LIJ§§§§WED.2225LUE§
m = z g
= §§

Unilateral degrees of equivalence with respect to the CRV at 1 GQ.
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Lab name rll_L?rk\)1 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 20 21 22 23
METAS 1 i 111 | -083 | -6.40 0.99 1.30 153 0.35 093 | -8.08 075 | 029 | 2021 417 184 | -316 | -041 7.67 111 | -184 | 155
(103) | @70) | (863) | (234) | (142) | (195 | (341 | (7.06) | (6.75) | (14.76) | (1.87) | (21.60) | (6.50) | (358) | (2.55) | (7.26) | (13.60) | (3.18) | (1.26) | (3.31)
PTB 2 111 [ %4 | 51| 012 0.19 042 | 076 | -018 | -919 | -0.36 | -1.40 | 19.09 3.06 073 | 427 | -153 656 | -0.00 | -295 | 044
(1.03) 167) | (863) | (232 | (1.39) | (1.93) | (339) | (7.05) | (6.74) | (47 | (1.91) | (2161) | (651) | (360) | (258) | (7.27) | (1361) | (3200 | (1.32) | (3.33)
sl 3 0.83 1.94 | 557 1.82 2.12 2.36 118 176 | -71.25 158 053 | 2103 5.00 267 | -2.33 0.41 8.49 194 | -1.01 | 238
(L70) | (L67) (6873 | (269 | (1.94) | (236) | (365 | (7.18) | (6.88) | (14.83) | (2.34) | (21.65) | (6.65) | (3.85) | (2.91) | (7.39) | (1367) | (348) | (1.89) | (3.60)
SMU B 6.40 751 557 i 7.39 7.70 7.93 6.75 733 | -1.68 7.15 611 | 2661 | 1057 8.24 3.24 599 | 14.07 751 456 | 7.95
(863) | (863) | (8.73 888) | (868 | (878 | (9.22) | (11.10) | 10.90) | (17.07) | (8.78) | (23.24) | (10.76) | (030) | (8.95) | (11.24) | (16.08) | (9.15) | (8.67) | (9.19)
VSL 5 -0.99 012 | -182 | -7.39 ) 031 054 | 063 | -006| -907| 024 -128 | 19.22 3.18 085 | 415 | -1.40 6.68 012 | 283 | 056
(2349 | @32 | (269 | (8.88) (252 | @85 | (399 | (7.36) | (.08) | 14.92) | (284 | i) | 684 | @1n | ¢G32 | @50 | 137 | (683) | (248) | (3.94)
e 130 | -019 | 212 | 770 | -031 i 024 | 094 | -037 | -938| -054| -159 | 1891 2.87 055 | 446 | -1.71 637 | -019 | -314 | 026
(142) | @39) | (194 | (868 | (252 (216) | 353) | (712) | (681) | (1480) | (214) | (2163) | 658) | 373) | (275 | (33 | @364) | (335 | @@64) | (347)
MIKES 7 153 | -042 | 236 | -7.93 | -054 | -0.24 | 11| -060| 961 | -078| -183| 1867 2.64 031 | 469 | -195 613 | -042 | -337 | 002
(195) | @93) | (236) | (878) | (285) | (2.16) (378) | (24) | (6.94) | (14.86) | (253) | 21.67) | (671) | G971 | 3.06) | (745 | (1371) | 361) | (212) | 3.72)
OMH 3 -0.35 0.76 118 | -6.75 0.63 0.94 118 i 057 8.43 040 | -0.65 | 19.85 3.82 149 | 352 | -0.77 731 076 | 220 | 120
(341) | (339) | (365 | (022 | (399 | (353) | (3.78) (776) | @48 | 1512 | @77 | @18s) | (727 | @85 | @14) | (7.96) | (13.99) | (456) | (3.50) | (4.65)
CMI 9 -0.93 018 | -1.76 | -7.33 0.06 037 060 | -057 i 901 | 018 | -122 | 19.28 3.24 091 | 400 | -134 6.74 018 | 277 | 062
(7.06) | (zo5) | (7.18) | (1110) | (7.36) | (7.12) | (7.24) | (7.78) 9.70) | (1633) | (7.24) | (22.71) | (@54) | (7.86) | (7.44) | (10.08) | (15.29) | (7.68) | (7.10) | (7.74)
.y 10 8.08 9.19 7.25 1.68 9.07 9.38 9.61 8.43 9.01 8.83 779 | 2829 | 12.25 9.2 4.92 766 | 15.74 9.19 624 | 9.63
675 | 674 | (6.88) | (1090) | (7.08) | (681) | (6.94) | (7.48) | (9.70) (1620) | (6.94) | (2261) | (932) | (758) | (7.15) | (9.86) | (15.15) | (7.40) | (6.80) | (7.45)
NML 1 0.75 0.36 158 | -7.15 0.24 0.54 078 | 040 018 | -8.83 105 | 19.45 3.42 109 | -391 | -117 6.91 036 | -259 | 0.80
(14.76) | a477) | (14.83) | 7.07) | (14.92) | (14.80) | (4.86) | (15.12) | (16.33) | (16.20) (14.84) | (26.14) | (16.09) | (15.15) | (14.94) | (16.41) | (20.04) | (15.06) | (14.78) | (15.09)
'y 13 0.29 1.40 053 | 611 1.28 1.59 1.83 0.65 122 | -7.79 1.05 20,50 446 214 | 287 | -012 7.96 140 | -155 | 1.85
@sn | @) | (39| @678 | @84 | 19| @53 | @) | @249 | 694 | 1484 (2166) | (667) | (389 | 91 | (742 | (1369 | (353) | (1.98) | (3.64)
INETI 14 2021 | -19.09 | -21.03 | -26.61 | -19.22 | -18.91 | -18.67 | -19.85 | -19.28 | -28.29 | -19.45 | -20.50 16.04 | -18.36 | -23.37 | -2062 | -12.54 | -19.10 | -22.05 | -18.65
(21.60) | (21.61) | (21.65) | (23.24) | (21.71) | (21.63) | (21.67) | (21.85) | (22.71) | (22.61) | (26.14) | (21.66) (2253) | (21.87) | (21.73) | (22.76) | (2551) | (21.81) | (21.61) | (21.83)
LNMC 15 417 | -3.06 500 | -10.57 318 | 287 | -264 | 382 | 324 | -12.25 | -342 | -446 | 16.04 233 | 733 | -459 349 | 306 | 601 | -2.62
(650) | (651) | (6.65) | (10.76) | (6.84) | (658) | (671 | (7.27) | (954) | (9.32) | (16.09) | (6.67) | (22.53) (7349) | 6.89) | (9.68) | (15.03) | (7.15) | (6.53) | (7.21)
NPL 16 184 | -073 267 | -8.24 085 | -055| -031| -149 | -001 992 | -109 | -214 | 1836 233 500 | -2.26 582 | 073 | -368 | -029
(358) | (360) | (385 | (©30) | (@17 | @73 | @97 | (485 | (786) | (758 | (1515) | (3.89) | (21.87) | (7.34) (4.26) | (802 | (14.02) | @67) | (364 | (476)
SMD 17 3.16 4.27 233 | -3.24 415 4.46 4.69 352 4.09 4.92 391 287 | 2337 7.33 5.00 275 | 10.83 4.27 132 | 472
(255 | @58 | (291) | 895 | (332 | @75 | G06) | (414 | 44 | @15 | 1494 | (297) | (173) | (6.89) | (4.26) (762) | 13.80) | (3.93) | (263) | (4.03)
UME 18 0.41 153 041 | 599 1.40 171 1.95 0.77 1.34 7.66 117 012 | 2062 459 226 | -2.75 8.08 153 | -143 | 1.97
@26 | @2n | 239 | 124) | @57 | @33) | @45 | (7.96) | (10.08) | (9.86) | (16.41) | (7.42) | (2276) | (9.68) | (8.02) | (7.62) (1538) | (7.85) | (7.29) | (7.90)
EIM 20 767 | 656 849 | -14.07 668 | 637 | -613 | -7.31 | -6.74 | -15.74 | -691 | -7.96 | 1254 | -349 | 582 | -1083 | -8.08 656 | -951 | -6.11
(13.60) | (13.61) | (13.67) | (16.08) | (13.77) | (13.64) | (13.71) | (13.99) | (15.29) | (15.15) | (20.04) | (13.69) | (25551) | (15.03) | (14.02) | (13.80) | (15.38) (13.93) | (13.62) | (13.96)
BEV ” T 0.00 194 | 751 0.12 0.19 042 | 076 | -018 919 | -0.36 | -140 | 19.10 3.06 073 | 427 | -153 6.56 295 | 044
(3.18) | (320) | (348) | (915) | (383) | (335 | (361) | (456) | (7.68) | (7.40) | (15.06) | (353) | (21.81) | (715) | (467) | (393) | (7.85) | (13.93) (3.25) | (4.46)
CEM 22 1.84 2.95 101 | -456 2.83 314 3.37 2.20 2.77 6.24 2.59 155 | 22.05 6.01 368 | -1.32 1.43 951 2.95 3.39
(126 | @32 | (189 | 667 | (248 | @69 | 12 | 350 | (7.10) | (6.80) | (14.78) | (1.98) | (2161) | (653) | (3.64) | (263) | (7.29) | (13.62) | (3.25) (3.37)
P 2 155 | -044 238 | -7.95 056 | 026 | -002| -120| -0.62 963 | -0.80 | -1.85 | 1865 2.62 029 | 472 | -197 611 | -044 | -3.39
(331) | 333) | (360) | 019) | (394 | G4n | @72 | (465 | (774 | 745 | 1509 | (3.64) | (183) | (721) | (@76) | (4.03) | (7.90) | (13.96) | (4.46) | (3.37)

Table 13:  Bilateral degrees of equivalence d™ for the 10 MQ comparison
sis.

29/42

. Expanded uncertainties (k=2) U (di‘jb") are quoted in parenthe-




EUROMET.EM-K2 Final report

rl;:rze rl;qu 1 2 3 4 5 6 7 8 9 10 12 13 14 16 17 18 19 20 21 22 23
METAS 1 138 7.88 25.56 3.95 1,03 “1.01 489 9.49 42,06 011 2.92 30.56 “1.36 -0.16 143 321 2.44 351 143 -0.56
(9.88) | (12.18) | (37.86) (7.09) (9.15) | (1151 924) | (30.75) | (44.48) | (62.30) | (1453) | (208.54) (7.25) | (18.79) | (1218 | (1159) | (18.00) | (18.13) (7.65) (8.25)
PTB 5 138 i 6.50 24.18 5.33 241 2.39 6.27 -10.87 4068 1.26 430 29.18 2.74 153 2.81 -4.59 382 489 281 194
(9.88) (13.16) | (38.19) 6867) | (1043) | (1256) | (1052) | (31.16) | (44.76) | (6252) | (15.46) | (208.60) 898) | (1952) | (13.29) | (1274) | (1876) | (18.89) (9.30) (9.80)
S0 3 7.88 6.50 ] 17.67 -11.83 8.92 8.89 1277 1738 3418 777 -10.81 22.68 9.25 8.04 9.32 -11.10 -10.32 1139 931 8.45
(1218) | (13.16) (38.84) | (11.22) | (1263) | (1443) | (12.70) | (31.96) | (45.32) | (62.93) | (17.02) | (208.72) | (11.46) | (20.78) | (1507) | (1459) | (20.07) | (2018) | (171 | (1212
SMU 4 2556 2418 1767 i 2951 2659 2657 -30.45 -35.05 16.50 25.44 2848 5.00 26.92 2571 26.99 28.77 28.00 29.07 26.98 26.12
(37.86) | (38.19) | (38.84) (3756) | (38.01) | (3864) | (38.03) | (48.03) | (57.78) | (r2.42) | (39.68) | (211.78) | (37.63) | (41.43) | (38.89) | (38.70) | (41.08) | (41.14) | @7.71) | (37.84)
VSL 5 3.95 533 11.83 29.51 ) 201 2.94 0.94 5.55 46,01 2.06 1.02 3451 258 3.79 252 0.74 151 0.44 252 3.39
(7.09) 667 | (11.22) | (37.56) (7.84) | (10.50) (7.95) | (30.39) | (44.23) | (62.14) | (13.84) | (208.50) (577 | (18.26) | (11.36) | (1072) | (17.46) | (17.59) (6.25) (6.98)
VMT/PEI 6 1.03 241 8.92 26.59 2.91 i 0.03 3.86 8.6 4310 115 “1.89 31.60 -0.33 0.88 -0.40 2.18 140 247 -0.39 0.47
9.15) | (1043) | (1263) | (38.01) (7.84) (11.98) 982) | (3093) | (4461) | (62.41) | (15.01) | (208.58) (817 | (19.46) | (12.75) | (1218) | (18.39) | (1851) (8:52) (9.07)
MIKES 7 1.01 2.39 8.89 26.57 2.94 -0.03 ] 388 8.49 4307 112 1.92 3157 -0.36 0.85 0.43 2.20 143 250 20.42 0.45
(1151) | @256) | (1443) | (3864) | (1050) | (11.98) (12.04) | (31.70) | (45.15) | (62.80) | (1655) | (208.68) | (10.75) | (20.39) | (14.54) | (14.04) | (1967) | (19.78) | (11.01) | (11.44)
OMH 8 4.89 6.27 12.77 30.45 0.94 3.86 3.88 ] ~4.60 46.95 5.01 1.97 35.45 353 474 3.46 1.68 2.45 138 3.46 433
(924) | (1052 | (1270) | (38.03) (7.95) 9.82) | (12.04) (30.95) | (4463) | (62.43) | (15.06) | (208.58) (8.27) | (19.20) | (12.81) | (12.25) | (1843) | (18.56) (8.62) (9.16)
cMI 9 9.49 10.87 17.38 35.05 555 8.46 8.49 1,60 i 51.56 9.61 6.57 40,06 8.13 934 8.06 6.28 7.06 5.99 8.07 8.93
(3075) | (31.16) | (31.96) | (48.03) | (30.39) | (30.93) | (3L.70) | (30.95) (53.40) | (68.97) | (32.97) | (21062) | (30.47) | (35.06) | (3201) | (3178) | (34.64) | (3471) | (3057) | (30.73)
INM 10 42.06 40.68 34.18 -16.50 ~46.01 43.10 ~43.07 ~46.95 5156 i 41.95 ~44.99 “11.50 4343 42.22 4349 4527 4450 4557 ~43.49 4262
(44.48) | (476) | (45.32) | (57.78) | (44.23) | (4461) | (45.15) | (44.63) | (53.40) (76.09) | (46.04) | (213.06) | (44.29) | (47.56) | (45.36) | (45.20) | (47.25) | (47.30) | (4436) | (44.26)
NML 12 011 1.26 777 25.44 4,06 115 112 5.01 9.61 41.95 i 3.04 30.45 148 20.27 155 333 2.55 362 154 20.68
(6230) | (6252) | (62.93) | (7242 | (6214) | (6241) | (62.80) | (62.43) | (68.97) | (76.09) (63.40) | (217.48) | (6214) | (6451) | (6291) | (62.79) | (64.28) | (64.32) | (62.18) | (62.26)
v 13 2.92 4.30 10.81 28.48 1.02 1.89 1.92 1.97 6.57 44.99 3.04 i 33.49 156 2.77 1.49 0.29 0.49 058 1.50 2.36
(1453) | @546) | (17.02) | (39.68) | (13.84) | (1501) | (1655) | (15.08) | (32.97) | (46.04) | (63.40) (208.88) | (13.82) | (2217 | (16.93) | (@651) | (2151) | (2161) | (14.03) | (14.37)
INETI 14 3056 2918 22.68 -5.00 3451 31,60 3157 -35.45 ~40.06 11.50 -30.45 -33.49 ] 31.93 30.72 32.00 33.77 33.00 3407 -31.99 3112
(208.54) | (208.60) | (208.72) | (211.78) | (208.50) | (208.58) | (208.68) | (208.58) | (210.62) | (213.06) | (217.48) | (208.88) (208.48) | (209.20) | (208.72) | (208.68) | (209.14) | (209.16) | (208.50) | (208.52)
NPL 16 136 2.74 9.25 26.92 2.58 033 0.36 353 813 4343 148 “1.56 31.93 i 121 20,07 “1.85 1,07 214 -0.06 0.80
(7.25) (8.98) | (11.46) | (37.63) (5.77) (817) | (10.75) (827) | (3047) | (4429) | (62.14) | (13.82) | (208.48) (1825) | (11.33) | (1069 | @744 | @ars7) (6.20) (6.93)
SMD 17 0.16 153 8.04 25.71 379 -0.88 0.85 474 9.34 1222 0.27 2.7 30.72 121 ) 1.28 -3.06 2.28 335 127 041
(1879 | (1952) | (20.78) | (41.43) | (18.26) | (19.16) | (20.39) | (19.20) | (35.06) | (47.56) | (6451) | (2217) | (209.20) | (18.25) (2072) | (2037) | (2458) | (24.69) | (1840) | (18.67)
UME 18 143 2.81 932 26.99 252 0.40 0.43 346 8.06 4349 155 149 32.00 0.07 128 ] 178 “1.00 2.08 0.01 0.87
(1218) | @329 | @s07) | (3889) | (1136) | (1275) | (1454) | (12.81) | (3201) | (45.36) | (6291) | (16.93) | (208.72) | (11.33) | (20.72) (14.46) | (2001) | (2008) | @161) | (12.00)
LNE 19 3.21 459 11.10 28.77 0.74 2.18 2.20 “1.68 6.28 4527 3.33 0.29 33.77 185 3.06 178 i 0.78 0.30 179 2.65
(1159 | @274) | (1459 | (3870) | (1072) | (1218) | (1404) | (1225 | (31.78) | (4520) | (62.79) | (1651) | (208.68) | (10.69) | (20.37) | (14.46) (1965) | (19.73) | @@o.97) | (11.39)
EIM 20 2.44 3.82 10.32 28.00 151 1.40 143 2.45 7.06 4450 255 0.49 33.00 107 2.28 17.00 -0.78 ] .07 101 188
(18.00) | (@876) | (2007 | (41.08) | (17.46) | (1839) | (1967) | (1843) | (3464) | (a7.25) | (64.28) | (21.51) | (209.14) | (17.44) | (2458) | (20.01) | (19.65) (24.09) | (17.60) | (17.88)
BEV 21 351 189 11.39 29.07 ~0.44 247 2.50 138 5.99 4557 3.62 058 34.07 2.14 3.35 2.08 0.30 107 - 2.08 2.95
(18.13) | (18.89) | (2018) | (41.14) | (1759) | (1851) | (1978) | (1856) | (3471) | (47.30) | (64.32) | (21.61) | (209.16) | (1757) | (2469) | (2008) | (19.73) | (24.09) (17.74) | (18.00)
CEM 29 143 2.81 931 26.98 252 0.39 0.42 346 8.07 4349 154 “1.50 31.99 0.06 127 -0.01 1,79 “1.01 2.08 ] 0.86
(7.65) 930) | (@171 | (37.71) (6.25) (852) | (11.01) (862) | (3057) | (44.36) | (62.18) | (14.03) | (208.50) (6200 | (1840) | (1161) | (1097) | (17.60) | (17.74) (7.34)
VNIIM 23 056 1.94 8.45 26.12 339 047 0.45 433 8.93 1262 0.68 2.36 3112 -0.80 041 -0.87 2.65 -1.88 2.95 -0.86
(8.25) (9.80) | (1212) | (37.84) (6.98) (9.07) | (1144 (9.16) | (30.73) | (44.46) | (62.26) | (14.37) | (208.52) (6.93) | (1867) | (12.00) | (11.39) | (17.88) | (18.00) (7.34)

Table 14:  Bilateral degrees of equivalence d™ for the 1 GQ comparison. Expanded uncertainties (k=2) U (di(jbi)) are quoted in parenthesis.
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6.6 Linking the results of EURAMET.EM-K2 with CCEM-K2 and degrees of equivalence

The purpose of the linking is to determine corrected unilateral and bilateral degrees of equivalence

(DoE) for the laboratories that participated exclusively in the RMO comparison. The corrected val-
ues should represent best estimates of what would have been the results of the laboratories had they
actually participated in the CCEM comparison.

It is assumed that a linking laboratory performed similarly in the CCEM and in the RMO compari-
son. The difference between its unilateral DoE d; in the CCEM and RMO comparison can thus be

taken as the correction A, which needs to be applied to the RMO values.
A. = (CCEM _ gRmO
i M i
with i indicating the linking laboratory. For more than one linking laboratory it is reasonable to

determine a weighted average of all linking labs as the overall correction A
-1

R 1 1
SIS S | via)
iel
with
UZ(Ai):UZ (diCCEM )+u2(diRMO)
and

u*(a) =[2ﬁ)]1

i e L denotes that the sum is over the linking laboratory only.

The correction to the DoEs of those who participated exclusively in the RMO comparison can then
be written as

d.CCEM :d-RMO +A
with uncertainties
uz (diCCEM ) :uz (diRMO)+ u2 (A)
i indicates the laboratories that participated in the RMO comparison only, whereas the linking labo-
ratories will simply keep the DoEs determined in the CCEM comparison.

For the bilateral DoEs d; one can use
CCEM CCEM CCEM
di " =d —d;

with uncertainties
uz (dijCCEM ) — uz (diCCEM )+U2 (deCEM )
The bilateral DoEs d;;°™ are only calculated between laboratories that participated in the RMO

comparison and those which participated not in the RMO comparison, i.e. the bilateral DoEs deter-
mined within the RMO comparison are used unaltered as the CCEM values.

The above procedure leaves all existing unilateral and bilateral DoEs in the CCEM tables untouched
and just adds entries for the laboratories which participated exclusively in the RMO comparison.
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The uncertainties in the above procedure are calculated without taking correlations into account. It
should however be noted that taking correlation into account would require to dive into the details
of both analysis, CCEM and RMO. An effort which can hardly be justified considering that a sub-
stantial amount of time has passed between the CCEM and the RMO comparison. Many laborato-
ries have improved and changed their measurement setup in between. As a consequence the uncer-
tainties in the RMO comparison are significantly smaller than those in the CCEM comparison. The
linking procedure itself is therefore questionable. This has been recognized and another CCEM
comparison is planned, which will be used to link the results of the RMO comparison to. The link-
ing results here should therefore be considered as provisional.

p Lab 10 MQ 1GQ
CCEM EURAMET CCEM EURAMET
di Ui di Ui di Ui di Ui
1| METAS 0.7 2.1 0.49 0.57 2.9 22.8 -141 5.59
2|PTB 0.0 5.0 -0.62 0.69 3.3 13.0 -2.79 7.63
5| VSL 0.6 6.4 -0.50 2.16 -32.3 36.3 2.53 3.37
16 | NPL -0.3 2.3 -1.36 3.48 -7.2 11.0 -0.05 4.17
19| LNE -1.3 18.0 1.80 9.85
23 | VNIIM -0.1 2.8 -1.07 3.20 0.0 7.3 -0.85 5.62

Table 15:  Unilateral degrees of equivalence of the linking labs with respect to the CRV and the
KCRV

Results
Performing the analysis above, the following correction factors A are determined:

10 MQ: A= (0.54 £ 0.81) pQ/Q
1GQ:  A=(-143+2.97) uQiQ
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Table 16a: 10 MQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence
Labj —»
Lab i ﬂ NIST NRC LNE NPL PTB NMIA MSL NMISA SP METAS INRIM
di Ui dij | Ui | ody | Uy | ody | Uy | dy | Ui | dj | Uy | di | Uy | dyi | Uy | dy | U | dj | Ui | dj | U | dj | U

NIST -0.3 29 0.8 6.5 -0.3 38 -0.1 3.9 -0.4 5.9 -0.1 6.3 0.1 3.8 15.0 79.0 -0.9 51 -1.0 3.8 -1.3 6.3
NRC -1.2 5.7 -0.8 6.5 -1.2 6.0 -0.9 6.1 -1.2 75 -0.9 7.8 -0.8 6.0 15.0 79.0 -1.8 6.9 -1.9 6.0 -2.1 7.8
LNE 0.0 21 0.3 38 1.2 6.0 0.3 31 0.0 5.4 0.3 5.8 0.4 29 16.0 79.0 -0.6 45 -0.7 29 -1.0 5.8
NPL -0.3 23 0.1 39 0.9 6.1 -0.3 31 -0.3 55 0.0 59 0.1 31 15.0 79.0 -0.9 4.6 -1.0 31 -1.2 5.9
PTB 0.0 5.0 0.4 5.9 1.2 75 0.0 54 0.3 55 0.3 7.3 0.4 5.4 16.0 79.0 -0.6 6.4 -0.6 5.4 -0.9 7.4
NML -0.3 5.4 0.1 6.3 0.9 7.8 -0.3 5.8 0.0 5.9 -0.3 7.3 0.1 5.8 15.0 79.0 -0.9 6.7 -0.9 5.8 -1.2 7.7
MSL -0.4 21 -0.1 38 0.8 6.0 -0.4 29 -0.1 3.1 -0.4 54 -0.1 5.8 15.0 79.0 -1.0 45 -1.1 31 -1.4 5.9
CSIR-NML -16.0 79.0] -15.0 79.0] -15.0 79.0] -16.0 79.0] -15.0 79.0] -16.0 79.0] -15.0 79.0] -15.0 79.0 -16.0 79.0] -16.0 79.0] -17.0| 79.0
SP 0.6 4.0 0.9 51 18 6.9 0.6 4.5 0.9 4.6 0.6 6.4 0.9 6.7 1.0 45 16.0 79.0 -0.1 4.6 -0.4 6.8
METAS 0.7 2.1 1.0 3.8 19 6.0 0.7 2.9 1.0 3.1 0.6 5.4 0.9 5.8 11 3.1 16.0 79.0 0.1 4.6 -0.3 5.9
INRIM 0.9 5.5 13 6.3 2.1 7.8 1.0 5.8 1.2 5.9 0.9 74 1.2 7.7 14 5.9 17.0 79.0 0.4 6.8 0.3 5.9

VSL 0.6 6.4 0.9 7.2 18 8.5 0.6 6.7 0.9 6.8 0.5 8.1 0.8 8.4 1.0 6.8 16.0 79.0 0.0 7.6 -0.1 6.8 -0.4 8.5
KRISS -2.3 6.3 -2.0 7.0 -1.2 8.3 -2.3 6.5 -2.1 6.6 -2.4 7.9 -2.1 8.3 -1.9 6.6 13.0 79.0 -2.9 74 -3.0 6.6 -3.3 8.3
NIM 0.6 25 0.9 4.0 18 59 0.6 28 0.9 3.1 0.6 5.4 0.9 5.8 1.0 31 16.0 79.0 0.0 4.6 -0.1 3.2 -0.3 6.0
VNIIM -0.1 2.8 0.3 42 11 6.0 0.0 31 0.2 33 -0.1 55 0.2 6.0 0.4 33 16.0 79.0 -0.6 48 -0.7 3.4 -1.0 6.1
SIQ 1.8 2.2 2.1 3.6 3.0 6.1 1.8 3.0 2.1 29 18 5.0 2.1 5.8 2.2 3.0 17.8 79.0 1.2 45 11 2.1 0.9 5.9
SMU 7.4 8.7 7.7 9.2 8.6 10.4 74 9.0 7.7 8.9 7.4 9.8 7.7 10.3 7.8 9.0 234 79.5 6.8 9.6 6.7 8.7 6.5 103
VMT/PFI -0.3 2.0 0.0 35 0.9 6.0 -0.3 2.9 0.0 2.8 -0.3 49 0.0 5.7 0.1 29 15.7 79.0 -0.9 45 -1.0 19 -1.2 5.8
MIKES -0.5 24 -0.2 3.8 0.7 6.2 -0.5 3.2 -0.2 3.1 -0.5 5.1 -0.2 5.9 -0.1 3.2 155 79.0 -1.1 4.7 -1.2 2.3 -1.4 6.0
OMH 0.7 3.7 1.0 4.7 19 6.8 0.7 4.2 1.0 41 0.7 5.8 1.0 6.5 11 4.2 16.7 79.1 0.1 54 0.0 3.6 -0.2 6.6
CMI 0.1 7.2 04 7.8 13 9.2 0.1 7.5 04 75 0.1 8.5 04 9.0 0.5 75 16.1 79.3 -0.5 8.2 -0.6 7.2 -0.8 9.1
INM 9.1 6.9 9.4 75 10.3 9.0 9.1 7.2 9.4 7.2 9.1 8.2 9.4 8.8 9.5 7.2 251 79.3 8.5 8.0 8.4 6.9 8.2 8.8
NML 0.3 14.8 0.6 151 15 15.9 0.3 15.0 0.6 15.0 0.3 155 0.6 15.8 0.7 15.0 16.3 80.4 -0.3 154 -0.4 14.8 -0.6 15.8
WV 1.3 2.3 1.6 37 25 6.2 1.3 3.1 1.6 3.0 13 5.0 1.6 5.9 1.7 3.1 17.3 79.0 0.7 4.6 0.6 2.2 04 6.0
INETI -19.2 216 -189 21.8] -18.0 2241 -19.2 21.7] -18.9 2171 -19.2 22.1] -189 22.3] -1838 21.7 -3.2 81.9] -198 2201 -19.9 216 -20.1| 223
LNMC -3.1 6.7 -2.8 7.3 -1.9 8.8 -3.1 7.0 -2.8 6.9 -3.1 8.0 -2.8 8.6 -2.7 7.0 12.9 79.3 -3.7 7.8 -3.8 6.6 -4.0 8.7
SMD 42 3.0 45 4.2 5.4 6.4 4.2 3.6 45 35 4.2 5.4 45 6.2 4.6 3.6 20.2 79.1 3.6 5.0 35 2.9 3.3 6.3
UME 14 7.4 1.7 7.9 2.6 9.3 14 1.7 1.7 7.6 14 8.6 1.7 9.1 1.8 7.7 174 79.3 0.8 8.4 0.7 7.3 05 9.2
EIM -6.6 13.7 -6.3 14.0 5.4 14.8 -6.6 13.8 -6.3 13.8 -6.6 144 -6.3 14.7 -6.2 13.8 94 80.2 -7.2 14.2 -7.3 13.7 -7.5 14.7
BEV -0.1 35 0.2 45 11 6.7 -0.1 41 0.2 4.0 -0.1 5.7 0.2 6.4 0.3 41 15.9 79.1 -0.7 53 -0.8 34 -1.0 6.5
CEM 2.9 2.0 3.2 35 4.1 6.0 29 29 3.2 2.8 29 4.9 3.2 5.7 3.3 29 18.9 79.0 23 45 2.2 1.9 2.0 5.8

33/42




EUROMET.EM-K2

Final report

Table 16b: 10 MQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence
Labj —»
Lab i ﬂ VSL KRISS NIM VNIIM SIQ SMU VMT/PFI MIKES OMH CMI INM
di Ui dij | Ui | ody | Uy | ody | Uy | dy | Ui | dj | Uy | di | Uy | dyi | Uy | dy | U | dj | Ui | dj | U | dj | U

NIST -0.3 29 -0.9 7.2 2.0 7.0 -0.9 4.0 -0.3 42 -2.1 3.6 -1.7 9.2 0.0 35 0.2 3.8 -1.0 47 -0.4 7.8 -9.4 75
NRC -1.2 5.7 -1.8 8.5 1.2 8.3 -1.8 5.9 -1.1 6.0 -3.0 6.1 -8.6 104 -0.9 6.0 -0.7 6.2 -1.9 6.8 -1.3 9.2] -10.3 9.0
LNE 0.0 21 -0.6 6.7 2.3 6.5 -0.6 2.8 0.0 31 -1.8 3.0 -7.4 9.0 0.3 29 0.5 3.2 -0.7 42 -0.1 75 9.1 7.2
NPL -0.3 23 -0.9 6.8 2.1 6.6 -0.9 31 -0.2 33 -2.1 29 -1.7 8.9 0.0 2.8 0.2 31 -1.0 41 -0.4 75 -9.4 7.2
PTB 0.0 5.0 -0.5 8.1 24 7.9 -0.6 54 0.1 55 -1.8 5.0 -7.4 9.8 0.3 49 0.5 5.1 -0.7 5.8 -0.1 8.5 9.1 8.2
NMIA -0.3 5.4 -0.8 8.4 21 8.3 -0.9 5.8 -0.2 6.0 -2.1 5.8 -1.7 10.3 0.0 57 0.2 5.9 -1.0 6.5 -0.4 9.0 -9.4 8.8
MSL -0.4 21 -1.0 6.8 19 6.6 -1.0 31 -0.4 33 -2.2 3.0 -7.8 9.0 -0.1 29 0.1 3.2 -1.1 4.2 -0.5 75 -9.5 7.2
NMISA -16.0 79.0] -16.0 79.0] -13.0 79.0] -16.0 79.0] -16.0 79.0] -17.8 79.0] -234 795] -15.7 79.0] -155 79.0] -16.7 79.1] -16.1 79.3| -25.1| 79.3
SP 0.6 4.0 0.0 7.6 29 7.4 0.0 4.6 0.6 48 -1.2 45 -6.8 9.6 0.9 45 11 4.7 -0.1 54 0.5 8.2 -8.5 8.0
METAS 0.7 2.1 0.1 6.8 3.0 6.6 0.1 3.2 0.7 34 -1.1 2.1 -6.7 8.7 1.0 1.9 12 2.3 0.0 3.6 0.6 7.2 -8.4 6.9
INRIM 0.9 5.5 0.4 8.5 3.3 8.3 0.3 6.0 1.0 6.1 -0.9 5.9 -6.5 10.3 1.2 5.8 14 6.0 0.2 6.6 0.8 9.1 -8.2 8.8
VSL 0.6 6.4 29 9.0 0.0 6.9 0.6 7.0 -1.2 6.4 -6.8 10.6 0.9 6.3 11 6.5 -0.1 7.0 0.5 9.4 -8.5 9.2
KRISS -2.3 6.3 -2.9 9.0 -2.9 6.7 -2.3 6.8 -4.1 6.7 -9.7 10.8 -2.0 6.6 -1.8 6.7 -3.0 7.3 -2.4 96| -114 94
NIM 0.6 25 0.0 6.9 29 6.7 0.7 3.7 -1.2 33 -6.8 9.1 0.9 3.2 11 35 -0.1 44 0.5 7.6 -8.5 73
VNIIM -0.1 2.8 -0.6 7.0 23 6.8 -0.7 3.7 -1.9 3.2 -7.5 9.0 0.2 31 0.4 3.4 -0.8 44 -0.2 7.6 -9.2 73
SIQ 1.8 2.2 1.2 6.4 41 6.7 1.2 3.3 1.9 3.2 -5.6 8.7 2.1 1.9 24 24 1.2 3.7 18 7.2 -7.3 6.9
SMU 7.4 8.7 6.8 10.6 9.7 10.8 6.8 9.1 75 9.0 5.6 8.7 7.7 8.7 79 8.8 6.8 9.2 73 11.1 -1.7| 109
VMT/PFI -0.3 2.0 -0.9 6.3 2.0 6.6 -0.9 3.2 -0.2 3.1 2.1 1.9 -7.7 8.7 0.2 2.2 -0.9 35 -0.4 7.1 9.4 6.8
MIKES -0.5 24 -1.1 6.5 18 6.7 -1.1 35 -0.4 34 -2.4 24 -7.9 8.8 -0.2 2.2 -1.2 3.8 -0.6 7.2 -9.6 6.9
OMH 0.7 3.7 0.1 7.0 3.0 7.3 0.1 4.4 0.8 44 -1.2 3.7 -6.8 9.2 0.9 35 1.2 3.8 0.6 7.8 -8.4 75
CMI 0.1 7.2 -0.5 9.4 24 9.6 -0.5 7.6 0.2 7.6 -1.8 7.2 -7.3 111 04 7.1 0.6 7.2 -0.6 7.8 -9.0 9.7
INM 9.1 6.9 8.5 9.2 114 9.4 8.5 73 9.2 7.3 73 6.9 1.7 10.9 9.4 6.8 9.6 6.9 8.4 75 9.0 9.7

NML 0.3 14.8 -0.3 16.0 2.6 16.1 -0.3 15.0 04 15.0 -1.6 14.8 -7.2 17.1 0.5 14.8 0.8 14.9 -0.4 15.1 0.2 16.3 -8.8| 16.2
WV 1.3 2.3 0.7 6.5 3.6 6.7 0.7 34 14 3.3 -0.5 2.3 -6.1 8.8 1.6 2.1 18 25 0.6 3.8 1.2 7.2 -7.8 6.9
INETI -19.2 216 -19.8 2251 -16.9 225] -198 21.8] -19.1 21.8] -21.0 216 -26.6 23.2] -189 216 -187 21.7] -199 2191 -193 22.7) -283| 226
LNMC -3.1 6.7 -3.7 9.0 -0.8 9.2 -3.7 7.1 -3.0 7.1 -5.0 6.6 -10.6 10.8 -2.9 6.6 -2.6 6.7 -3.8 7.3 -3.2 951 -123 9.3
SMD 42 3.0 3.6 6.7 6.5 7.0 3.6 3.9 4.3 3.8 2.3 29 -3.2 8.9 45 2.8 47 3.1 35 41 41 74 -4.9 7.1
UME 14 7.4 0.8 9.5 3.7 9.7 0.8 7.8 15 7.7 -0.4 7.4 -6.0 11.2 1.7 7.3 1.9 75 0.8 8.0 13 10.1 -1.7 9.9
EIM -6.6 13.7 -7.2 14.9 -4.3 15.1 -7.2 13.9 -6.5 13.9 -8.5 13.7] -14.1 16.1 -6.4 13.6 -6.1 13.7 -7.3 14.0 -6.7 15.3| -15.7 15.2
BEV -0.1 35 -0.7 7.0 2.2 7.2 -0.7 4.3 0.0 4.2 -1.9 35 -7.5 9.1 0.2 3.3 0.4 3.6 -0.8 46 -0.2 1.7 -9.2 7.4
CEM 2.9 2.0 2.3 6.3 5.2 6.6 23 3.2 3.0 3.1 1.0 1.9 -4.6 8.7 3.1 1.6 34 21 2.2 35 2.8 7.1 -6.2 6.8
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Table 16c: 10 MQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence

Labj —»
Lab i ﬂ NML JV INETI LNMC SMD UME EIM BEV CEM
di Ui di | Uy | dy | Uy | dy | Uy | dy | Uip | dy | Uy | dy | U | dy | Uy | dy | Uy | dyj | U

NIST 03| 29| -06| 151| -16] 37| 89| 218 28] 73| 45| 42| 7] 79| 63| 140| -02| 45| 32| 35
NRC 12| 57| 15| 159| 25| 62| 180| 224 19| 88| 54| 64| 26| 93| 54| 148| 11| 67| 41| 60
LNE 00| 21| 03| 150 13| 31| 192| 217 31| 70| 42| 36| -14| 77| 66| 138 o01| 41| 29| 209
NPL 03| 23| -06| 150| -16|] 30| 89| 217| 28| 69| 45| 35| 17| 76| 63| 138| -02| 40| 32| 28
PTB 00| 50| 03| 155 13| 50| 192| 221 31| s8o| 42| 54| -14| 86| 66| 144| o01| 57| 29| 49
NMIA 03| 54| -06| 158| -16| 59| 189| 223 28| 86| 45| 62| 17| 91| 63| 147| 02| 64| 32| 57
MSL 04| 21| 07| 10| 17| 31| 1188 27| 27| 70| 46| 36| 18] 77| 62| 138| 03| 41| 33| 29
NMISA 160| 790| -163| 804| -173| 790| 32| sro| -129| 793[ 202| 791| -174| 793| 94| 802| -159| 791| -189| 790
sp 06| 40| 03| 154| 07| 46| 198 220 37| 78| 36| 50| 08| 84| 72| 142 07| 53| 23| 45
METAS 07| 21| oa| ws| 06| 22| 199 216| 38| 66| 35| 20| 07| 73| 73| 17| o8| 34| 22| 19
INRIM 09| 55| 06| 18] 04| 60| 201| 223] 40| 87| 33| 63| 05| 92| 75| 17| 10| 65| 20| 58
VsL 06| 64| 03| 160] 07| 65| 198 225| 37| 90| 36| 67| o8| 95| 72| 149 o7| 70| 23| 623
KRISS 23| 63| 26| 161 36| 67| 169 225| o8| 92| 5| 70| 37| 97| 43| 151 22| 72 52| 66
NIM 06| 25| 03| 150 07| 34| 98| 218] 37| 71| 36| 39| o8| 78] 72| 139 o7| 43] 23| 32
VNIIM 01| 28| -04| 150| -14| 33| 191| 218 30| 71| 43| 38| 15| 77| 65| 139| 00| 42| 30| 31
sIQ 18| 22| 16| 148| 05| 23| 210| 216 50| 66| 23| 29| o4| 74| 85| 137| 19| 35| -10| 19
SMU 74| 87| 72| 171| 61| 88| 266| 232| 106| 108 32| 89| 60| 112| 141| 161| 75| 91| 46| 87
VMT/PFI 03| 20| -05| 148 16| 21| 189| 216| 29| 66| -45| 28| 17| 73| 64| 136| 02| 33| 31| 16
MIKES 05| 24| -08| 149 18| 25| 187 217 26| 67| 47| 31| 19| 75| 61| 137| 04| 36| 34| 21
OMH 07| 37| 04| 151| -o6| 38| 199| 2t9] 38| 73| 35| 41| o8| so| 73| 140 o8| 46| 22| 35
CMmI 01| 72| 02| 163 12| 72| 193] 227 32| 95| 41| 74| 13| 101| 67| 13| o02| 77| =28 71
INM 91| 69| 88| 162| 78| 69| 283 226 123] 93| 49| 71| 77| 99| 157 152 92| 74| 62| 68
NML 03| 148 10| 148 195 261| 34| 161| 39| 149| -12| 164| 69| 200| 04| 151| 26| 148
Y, 13| 23| 10| 148 205| 217| 45| 67| 29| 30| 01| 74| 80| 137| 14| 35| 15| 20
INETI 192| 216| -195| 261| 205| 217 160| 225| 234| 217| 206| 228| -125| 255| -191| 218| -220| 216
LNMC 31| 67| 34| 161| 45| 67| 160 225 73| 69| 46| 97| 35| 150] 31| 72| 60| 65
SMD 42| 30| 39| 19| 29| 30| 234 27| 73] 69 27| 76| 108| 138| 43| 39| 13| 26
UME 14| 74| 12| 164 o1| 74| 206] 228 46| 97| 27| 76 81| 154| 15| 78| 14| 73
EIM 66| 137| -69| 200 80| 137| 125| 255| 35| 150| -108| 138| -81| 154 66| 139| 95| 136
BEV 01| 35| -04| 151| -14| 35| 191 218 31| 72| 43| 39| 15| 78| 66| 139 30| 32
CEM 20| 20| 26| 148 15| 20| 220 216| 60| 65| -13| 26| 14| 73| 95| 136| 30| 32
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Table 17a: 1 GQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence
Labj —»
Lab i ﬂ NIST NRC LNE NPL PTB NMIA MSL NMISA SP METAS INRIM VSL
d_|U; di | Uy |ody | Uy |ody | Uy | ody | Uy | ody | Uy fody | Uy fody | Uy fody | Uy fodi | Uy fodi | Uy fodi | Uy | odi | U

NIST -0.1 8.6 0.1 22.1 12 20.5 7.1 14.7 -3.4 16.3 -2.2 67.5 -4.7 11.8 53.0| 581.0 1.5 14.0 -3.0 24.8 -2.6 21.6 32.2 37.6
NRC -0.2 19.8 -01] 221 10| 26.7 69| 227 -35| 237 -2.3| 69.7 -4.8| 209] 53.0| 581.0 13| 221 -31| 301 -2.7| 275 321 412
LNE -1.3 18.0 -1.2| 205 -1.0| 26.7 59| 212 45| 223 -34| 693 -5.9| 193] 52.0]| 581.0 03] 20.7 4.2 29.0 -3.7| 26.3] 31.1| 405
NPL -7.2 11.0 -7.1 14.7 -6.9 22.7 -5.9 21.2 -10.4 17.2 -9.2 67.8] -11.8 13.1] 46.0| 581.0 -5.6 15.1] -10.0 25.4 -9.6 22.2 25.2 37.9
PTB 33 13.0 34| 163 35| 237 45| 223] 104] 172 12| 681 -1.3| 149] 56.0| 581.0 48| 16.6 04] 263 08| 233] 356| 386
NMIA 2.1 66.8 2.2 67.5 2.3 69.7 34| 693 9.2 67.8 -1.2 68.1 -2.5 67.2 55.0 | 585.0 3.7 67.7 -0.8 70.7 -0.4 69.6 34.4 76.1
MSL 4.6 6.6 4.7 11.8 4.8 20.9 5.9 19.3 11.8 13.1 1.3 14.9 2.5 67.2 57.0| 581.0 6.2 12.5 1.7 23.9 2.2 20.6 36.9 37.0
NMISA -53.0| 581.0] -53.0| 581.0] -53.0| 581.0] -52.0| 581.0] -46.0| 581.0] -56.0| 581.0] -55.0| 585.0] -57.0| 581.0 -51.0| 581.0] -56.0| 581.0] -55.0| 581.0] -20.0| 582.0
SP -1.6 10.0 -1.5 14.0 -1.3 22.1 -0.3 20.7 5.6 15.1 -4.8 16.6 -3.7 67.7 -6.2 12.5 51.0| 581.0 -4.5 25.1 -4.0 22.0 30.8 37.8
METAS 29| 2238 30| 248 31| 30.1 42| 29.0] 100| 254 -04] 263 08| 70.7 -1.7| 239] 56.0| 581.0 45| 25.1 04] 30.0] 352| 429
INRIM 25| 193 26| 216 27| 215 37| 263 96| 222 -0.8| 233 04| 69.6 -2.2| 20.6] 55.0]| 581.0 40| 22.0 -0.4| 30.0 348| 412
VSL -32.3 36.3| -32.2 376] -32.1 412 -311| 405] -25.2 37.9] -35.6 386] -344| 76.1] -36.9 37.0 20.0| 582.0] -30.8 37.8] -35.2| 429] -348| 412

KRISS -15| 124 -14| 158 -1.2| 230 -02| 216 57| 164 471 179 -35] 68.0 -6.1| 142] 51.0]| 581.0 01] 16.2 43| 26.1 -39 231] 309| 384
NIM -0.6 8.3 -0.5 12.9 -0.4 20.8 0.6 19.3 6.5 13.3 -3.9 15.1 -2.7 67.3 -5.2 10.5 52.0| 581.0 1.0 13.1 -3.5 24.3 -3.1 21.0 31.7 37.2
VNIIM 0.0 7.3 0.1 12.2 0.2 20.3 1.2 18.8 7.1 12.5 -3.3 14.4 -2.1 67.2 -4.7 9.5 53.0| 581.0 1.5 12.3 -2.9 23.9 -2.5 20.6 32.3 37.0
INTI -75| 126 -8.2| 10.0 -1.4| 16.0 -6.2| 219 -0.3| 16.7] -108| 18.1 96| 680] -121| 142] 45.0/| 581.0 59| 16.1] -104| 26.0] -10.0| 23.0] 248| 384
INMETRO -4.2 11.8 -4.9 9.0 2.0 154 -2.9 215 3.0 16.1 -7.5 175 -6.3 67.8 -8.8 13.5] 49.0| 581.0 -2.6 15.4 -7.1 25.7 -6.7 22.6 28.1 38.2
UTE 43| 355 -5.0| 347 19] 369 -3.0[ 3938 29| 372 -76| 378 64| 756 -8.9| 36.1] 49.0| 582.0 -2.7] 36.9 -71.2| 422 -6.8| 404] 280| 50.8
CENAM 3.7 16.0 30| 140 9.9 18.7 50| 241] 109| 194 04| 20.6 16| 687 -0.9| 17.3] 57.0| 581.0 53| 1838 08| 27.8 12| 25.0] 36.0| 397
SIQ -10.7 12.0| -10.6 1471 -10.5 23.1 941 20.3 -3.5 1421 -14.0 16.1| -12.8 67.9] -15.3 13.7] 42.3| 581.1 -9.1 15.6] -13.6 2441 -13.2 22.7 21.6 37.3
SMU -284 | 378 -283| 388] -282| 427 -27.1| 412) -212| 386 -31.7] 393|] -305| 76.8] -33.0| 384 246| 5822] -26.8| 39.1] -31.3| 43.4] -309| 424 39| 517
VMT/PFI -1.8 8.9 -1.7 124 -1.6 21.7 -0.5 18.7 5.4 11.8 -5.1 14.0 -3.9 67.4 -6.4 111 51.2| 581.1 -0.2 134 -4.7 23.1 -4.3 21.3 30.5 36.4
MIKES -1.8 11.4 -1.7 14.3 -1.6 22.9 -0.5 20.0 5.4 13.8 -5.1 15.7 -3.9 67.8 -6.4 13.2 51.2| 581.1 -0.2 15.2 -4.7 24.2 -4.3 22.4 30.5 37.1
OMH 2.0 9.2 21| 126 22| 218 33| 1838 92| 120 -1.3] 142 -01| 674 -2.6| 11.3] 55.0| 581.1 36| 13.6 -09| 232 -05| 214] 343| 365
CMI 6.7] 30.8 6.8| 32.0 6.8| 36.6 80| 349) 139| 317 34| 326 45| 736 20| 315] 59.6| 581.8 83| 324 38| 374 42| 36.3] 39.0| 46.9
INM -44.9 445 -44.8 453 -44.7 48.7) -436| 474] -377| 452 -482| 458] -47.0 80.3] -495| 45.0 8.1| 582.7] -433| 456 -478| 493 -474| 485] -126 56.8
NML -3.0 62.3 -2.9 62.8 -2.8 65.3 -1.7 64.4 4.2 62.7 -6.3 63.2 -5.1 91.3 -7.6 62.6 50.0 | 584.3 -1.4 63.1 -5.9 65.8 -5.5 65.2 29.3 71.6
JV 0.1 14.4 0.2 16.7 0.3 24.5 14| 21.8 7.3 16.3 -3.2 18.0 -2.0 68.3 -4.5 15.8 53.1| 581.2 1.7 17.5 -2.8 25.7 -2.4 24.1 32.4 38.1
INETI -33.4| 2085 -33.3| 208.7] -33.2| 209.5] -32.1| 209.2] -26.2| 208.7] -36.7| 208.8| -35.5| 219.0| -38.0| 208.6] 19.6| 617.3] -31.8| 208.8] -36.3| 209.6] -35.9| 209.4 -1.1] 2115
SMD -2.7 18.6 -2.6 20.5 -2.5 27.2 -1.4| 248 4.5 20.2 -6.0 215 -4.8 69.4 -7.3 19.8 50.3 | 581.3 -1.1 21.2 -5.6 28.3 -5.2 26.8 29.6 39.9
UME -1.4 12.2 -1.3 14.9 -1.2 23.3 -0.1 20.5 5.8 14.4 -4.7 16.3 -3.5 67.9 -6.0 13.9 51.6 | 581.1 0.2 15.8 -4.3 24.6 -3.9 22.8 30.9 374
EIM -04| 179 -0.3| 19.9 -0.2| 26.7 09| 243 6.8| 195 -3.7] 209 -25| 69.2 -5.0| 19.1] 52.6| 5813 12| 205 -3.3| 27.8 -29| 26.3] 319 39.6
BEV 0.7 18.1 0.8 20.0 0.9 26.8 2.0 24.4 7.9 19.6 -2.6 21.0 -1.4| 69.2 -3.9 19.2 53.7| 581.3 2.3 20.6 -2.2 27.9 -1.8 26.4 33.0 39.7
CEM -1.4 7.3 -1.3| 11.3 -1.2| 211 -0.1| 18.0 58| 10.6 -4.7]1 13.0 -35| 67.2 -6.0 9.8] 51.6| 581.0 02| 124 -4.3| 225 -3.9| 20.6] 309 36.1
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Table 17b: 1 GQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence
Labj —»
Lab i ﬂ KRISS NIM VNIIM INTI INMETRO UTE CENAM SIQ SMU VMT/PFI | MIKES OMH
d_|U; di | Uy |ody | Uy |ody | Uy | ody | Uy | ody | Uy fody | Uy fody | Uy fody | Uy fodi | Uy fodi | Uy fodi | Uy | odi | U

NIST -0.1 8.6 14 15.8 0.5 12.9 -0.1 12.2 8.2 10.0 4.9 9.0 5.0 34.7 -3.0 14.0 10.6 14.7 28.3 38.8 1.7 124 1.7 14.3 -2.1 12.6
NRC -0.2 19.8 12| 230 04| 20.8 -0.2| 203 14| 16.0 -20| 154 -1.9] 36.9 -99| 187 105| 231 282| 427 16| 217 16| 229 22| 218
LNE -1.3 18.0 02| 216 -0.6 19.3 -1.2| 188 62| 219 29| 215 30| 3938 5.0 241 94| 203] 271| 412 05| 187 05] 20.0 -3.3| 1838
NPL -7.2 11.0 -5.7 16.4 -6.5 13.3 -7.1 12.5 0.3 16.7 -3.0 16.1 -2.9 37.2| -10.9 194 3.5 14.2 21.2 38.6 -5.4 11.8 -5.4 13.8 -9.2 12.0
PTB 33 13.0 471 179 3.9 15.1 33| 144) 108| 181 75| 175 76| 378 -04| 206] 140 16.1] 31.7| 393 51| 140 51| 157 13| 142
NMIA 2.1 66.8 3.5 68.0 2.7 67.3 2.1 67.2 9.6 68.0 6.3 67.8 64| 75.6 -1.6 68.7 12.8 67.9 30.5 76.8 3.9 67.4 3.9 67.8 0.1 67.4
MSL 4.6 6.6 6.1 14.2 5.2 10.5 4.7 9.5 12.1 14.2 8.8 13.5 8.9 36.1 0.9 17.3 15.3 13.7 33.0 38.4 6.4 11.1 6.4 13.2 2.6 11.3
NMISA -53.0| 581.0] -51.0| 581.0] -52.0| 581.0] -53.0| 581.0] -45.0| 581.0] -49.0| 581.0| -49.0| 582.0| -57.0| 581.0] -42.3| 581.1]| -24.6| 582.2] -51.2| 581.1] -51.2| 581.1] -55.0| 581.1
SP -1.6 10.0 -0.1 16.2 -1.0 13.1 -1.5 12.3 5.9 16.1 2.6 154 2.7 36.9 -5.3 18.8 9.1 15.6 26.8 39.1 0.2 134 0.2 15.2 -3.6 13.6
METAS 29| 2238 43| 26.1 35| 243 29| 239] 104| 260 71| 257 72| 422 -0.8| 278 136| 244 313| 434 47| 231 47| 242 09] 232
INRIM 25| 193 39| 231 31| 210 25| 20.6] 10.0| 230 6.7| 226 6.8| 404 -1.2| 250 132] 227] 309| 424 43| 213 43| 224 05| 214
VSL -32.3 36.3] -30.9 384 -31.7 37.2| -32.3 37.0] -24.8 384] -28.1 38.2] -28.0 50.8] -36.0 39.7] -216 37.3 -3.9 51.7] -30.5 36.4] -30.5 37.1] -343 36.5
KRISS -15| 124 -0.8 15.0 14| 144 60| 177 27 171 28| 376 52| 202 9.2 17.2] 269| 398 03] 153 03] 16.9 -35| 154
NIM -0.6 8.3 0.8 15.0 -0.6 11.0 6.9 15.1 3.6 144 3.7 36.5 -4.3 18.0 10.1 14.6 27.8 38.7 1.2 12.2 1.2 141 -2.6 124
VNIIM 0.0 7.3 1.4 14.4 0.6 11.0 7.5 14.5 4.2 13.8 4.3 36.2 -3.7 17.5 10.7 12.3 28.4 37.9 1.8 9.4 1.8 11.8 -2.0 9.7
INTI -7.5 12.6 -6.0 17.7 -6.9 15.1 -7.5 145 -3.4 13.1 -3.2 359 -11.2 17.0 3.2 17.4 20.9 39.8 -5.7 154 -5.7 17.0 -9.5 15.6
INMETRO -4.2 11.8 -2.7 17.1 -3.6 144 -4.2 13.8 34 13.1 0.1 35.7 -7.8 16.4 6.5 16.8 24.2 39.6 -2.4 14.8 -2.4 16.4 -6.2 14.9
UTE 43| 355 -28| 376 -3.7| 365 43| 36.2 32| 359 -0.1| 357 -8.0| 374 64| 375] 241| 519 -25| 36.6 25| 373 -6.3| 36.7
CENAM 3.7 16.0 5.2 20.2 43 18.0 3.7 175 11.2 17.0 7.8 16.4 8.0 374 144 20.0 32.1| 410 55 18.3 55 19.7 1.7 18.4
SIQ -10.7 12.0 -9.2 17.2| -10.1 146 -10.7 12.3 -3.2 174 -6.5 16.8 -6.4| 375| -144| 20.0 17.7 38.8 -8.9 12.6 -8.9 1441 -12.8 12.7
SMU -284| 37.8] -269| 39.8] -278| 38.7| -284| 379] -209| 398] -242| 39.6] -241| 519| -321| 410] -177| 388 -26.6| 38.0] -266| 38.6] -304| 380
VMT/PFI -1.8 8.9 -0.3 15.3 -1.2 12.2 -1.8 9.4 5.7 154 24 14.8 2.5 36.6 -5.5 18.3 8.9 12.6 26.6 38.0 0.0 12.0 -3.9 9.8
MIKES -1.8 11.4 -0.3 16.9 -1.2 14.1 -1.8 11.8 5.7 17.0 24 16.4 2.5 37.3 -5.5 19.7 8.9 14.4 26.6 38.6 0.0 12.0 -3.9 12.0
OMH 2.0 9.2 35| 154 2.6 12.4 2.0 9.7 95| 15.6 62| 149 63| 36.7 -1.7| 184 128 12.7] 304| 380 3.9 9.8 39| 120

CMI 6.7 30.8 8.2 33.2 7.3 31.9 6.7 30.9 14.2 33.3 10.9 33.0 10.9| 47.0 3.0 34.7 17.4 32.0 35.1| 48.0 8.5 30.9 8.5 31.7 4.6 30.9
INM -44.9 4451 -434 46.2] -443 453 -449| 446] -374| 46.3] -40.7| 46.0] -40.6 56.9] -486| 473 -342 4531 -16.5 57.8| -43.1| 446 -431| 451] -470| 446
NML -3.0 62.3 -1.5 63.5 -2.4 62.8 -3.0 62.3 4.5 63.5 1.2 63.4 1.3 717 -6.7 64.3 7.8 62.9 25.4 724 -1.1 62.4 -1.1 62.8 -5.0 62.4
JV 0.1 14.4 1.6 19.0 0.7 16.6 0.1 14.7 7.6 19.1 4.3 18.6 44| 38.3 -3.6 21.5 10.8 17.0 28.5 39.7 1.9 15.0 1.9 16.5 -2.0 15.1
INETI -334 | 2085 -31.9| 2089] -32.8| 208.7|] -33.4| 2085] -25.9| 208.9] -29.2| 208.9] -29.1| 2115] -37.1| 209.1] -22.7| 208.7 -5.0| 211.8] -31.6| 208.6] -31.6| 208.7] -35.5]| 208.6
SMD -2.7 18.6 -1.2 22.4 -2.1 20.4 -2.7 18.9 4.8 22.5 15 22.1 16| 401 -6.4| 24.6 8.0 20.8 257 414 -0.9 19.2 -0.9 20.4 -4.7 19.2
UME -1.4 12.2 0.1 17.4 -0.8 14.8 -1.4 12.6 6.1 17.6 2.8 17.0 2.9 37.5 -5.1 20.1 9.3 15.1 27.0 38.9 0.4 12.8 0.4 14.5 -3.5 12.8
EIM -0.4 17.9 1.1 21.8 0.2 19.8 -0.4 18.2 7.1 21.9 3.8 215 3.9 39.8 -4.1 24.0 10.3 20.1 280 | 411 14 18.4 14 19.7 -2.5 18.4
BEV 0.7 18.1 2.2 21.9 1.3 19.9 0.7 18.3 8.2 22.0 4.9 21.6 5.0 39.8 -3.0 24.1 114 20.2 29.1| 411 2.5 18.5 2.5 19.8 -1.4 18.6
CEM -1.4 7.3 0.1 14.4 -0.8 11.1 -1.4 7.9 6.1 14.6 2.8 13.9 2.9 36.2 -5.1 17.6 9.3 11.7 27.0 37.7 0.4 8.5 0.4 11.0 -3.5 8.6
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Table 17c: 1 GQ : Degree of equivalence with respect to the KCRV and pairwise degree of equivalence
Labj —»
Lab i ﬂ CMI INM NML JV INETI SMD UME EIM BEV CEM
d_|U; di | Ui | dy | Uy | dy | Uy | dy | Uyg | dy | Uy | dy | Uy | dy | Uy | di | Uy | dy | Uj | dyj | U

NIST -0.1 8.6 -6.8 32.0 44.8 45.3 2.9 62.8 -0.2 16.7 33.3| 208.7 2.6 20.5 1.3 14.9 0.3 19.9 -0.8 20.0 1.3 11.3
NRC -0.2 19.8 -6.8| 36.6] 44.7| 487 28| 653 -0.3| 245] 33.2] 2095 25| 272 12| 233 02| 267 -09| 268 12| 211
LNE -1.3 18.0 -8.0| 349 436 474 17| 644 -14] 21.8] 32.1] 209.2 14| 248 01| 205 -0.9| 243 -2.0| 244 0.1] 18.0
NPL -7.2 11.0] -13.9 31.7 37.7 45.2 -4.2 62.7 -7.3 16.3 26.2 | 208.7 -4.5 20.2 -5.8 14.4 -6.8 19.5 -7.9 19.6 -5.8 10.6
PTB 33 13.0 -34| 326 482 458 63| 632 32| 18.0] 36.7| 208.8 60| 215 47| 163 37| 209 26| 210 47| 13.0
NMIA 2.1 66.8 -4.5 73.6 47.0 80.3 5.1 91.3 2.0 68.3 35.5] 219.0 4.8 69.4 3.5 67.9 2.5 69.2 14 69.2 35 67.2
MSL 4.6 6.6 -2.0 31.5 49.5 45.0 7.6 62.6 4.5 15.8 38.0 | 208.6 7.3 19.8 6.0 13.9 5.0 19.1 3.9 19.2 6.0 9.8
NMISA -53.0 | 581.0] -59.6| 581.8 -8.1| 582.7] -50.0| 584.3] -53.1| 581.2| -19.6| 617.3] -50.3| 581.3| -51.6| 581.1) -52.6 | 581.3] -53.7| 581.3] -51.6| 581.0
SP -1.6 10.0 -8.3 324 43.3 45.6 14 63.1 -1.7 175 31.8| 208.8 1.1 21.2 -0.2 15.8 -1.2 20.5 -2.3 20.6 -0.2 124
METAS 29| 2238 -3.8| 374 478 493 59| 658 28| 25.7] 36.3| 209.6 56| 283 43| 246 33| 278 22| 279 43| 225
INRIM 25| 193 42| 363] 474 485 55| 65.2 24| 241] 359 2094 52| 26.8 39| 228 29| 263 18| 264 39| 20.6
VSL -323| 36.3] -39.0| 469] 126| 56.8] -293| 716] -324| 381 11| 2115]) -296| 399] -309| 374] -319| 39.6] -330| 39.7] -309| 36.1
KRISS -15| 124 -8.2| 332 434 46.2 15| 635 -1.6| 19.0] 31.9] 208.9 12| 224 01| 174 -11| 218 22| 219 -0.1| 144
NIM -0.6 8.3 -7.3 31.9 44.3 45.3 24 62.8 -0.7 16.6 32.8| 208.7 2.1 20.4 0.8 14.8 -0.2 19.8 -1.3 19.9 0.8 111
VNIIM 0.0 7.3 -6.7 30.9 44.9 44.6 3.0 62.3 -0.1 14.7 33.4| 208.5 2.7 18.9 14 12.6 0.4 18.2 -0.7 18.3 1.4 7.9
INTI -75| 126 -142| 333] 374]| 463 45| 635 -7.6| 19.1] 25.9] 208.9 48| 225 -6.1| 176 -7.1] 219 -8.2| 220 -6.1| 14.6
INMETRO -4.2 11.8] -10.9 33.0 40.7 46.0 -1.2 63.4 -4.3 18.6 29.2 | 208.9 -1.5 22.1 -2.8 17.0 -3.8 215 -4.9 21.6 -2.8 13.9
UTE -43| 355] -109| 470] 406]| 56.9 -1.3] 717 44| 383] 29.1] 2115 -1.6| 401 29| 375 -39 3938 -5.0| 398 29| 36.2
CENAM 3.7 16.0 -3.0 34.7 48.6 47.3 6.7 64.3 3.6 215 37.1| 209.1 6.4 24.6 5.1 20.1 4.1 24.0 3.0 24.1 51 17.6
SIQ -10.7 120 -174 32.0 34.2 45.3 -7.8 62.9| -10.8 17.0 22.7| 208.7 -8.0 20.8 -9.3 15.1| -10.3 20.1| -114 20.2 -9.3 11.7
SMU -28.4 37.8] -35.1 48.0 16.5 57.8] -254 724] -285 39.7 50| 211.8] -25.7 4141 -27.0 38.9] -28.0 4111 -29.1 411 -27.0 37.7
VMT/PFI -1.8 8.9 -8.5 30.9 43.1 44.6 1.1 62.4 -1.9 15.0 31.6 | 208.6 0.9 19.2 -04 12.8 -1.4 18.4 -2.5 18.5 -0.4 8.5
MIKES -1.8 11.4 -8.5 31.7 43.1 45.1 1.1 62.8 -1.9 16.5 31.6 | 208.7 0.9 20.4 -0.4 14.5 -1.4 19.7 -2.5 19.8 -0.4 11.0
OMH 2.0 9.2 46| 309] 470 446 50| 624 20| 15.1]) 355 208.6 47| 19.2 35| 128 25 18.4 14| 18.6 35 8.6
CMI 6.7] 30.8 516 534 96| 69.0 66| 33.0] 40.1]| 2106 93| 351 81| 320 71| 346 6.0 347 81| 30.6
INM -44.9 4451 -51.6 53.4 -41.9 76.1] -45.0 46.0] -115| 2131 -42.2 47.6] -435 4541 -445 47.3] -456 47.3] -435 44.4
NML -3.0| 623 96| 69.0] 419| 76.1 -3.0| 634] 304]| 2175 -0.3| 645 -15| 629 -2.6 | 64.3 -3.6| 64.3 -15| 622
JV 0.1 14.4 -6.6 33.0 45.0 46.0 3.0 63.4 33.5| 208.9 2.8 22.2 15 16.9 0.5 215 -0.6 21.6 15 14.0
INETI -33.4 | 2085 -40.1| 210.6 11.5| 213.1| -304| 217.5] -335] 208.9 -30.7 | 209.2) -32.0| 208.7] -33.0| 209.1] -34.1| 209.2] -32.0| 208.5
SMD -2.7 18.6 -9.3 35.1 42.2 47.6 0.3 64.5 -2.8 22.2 30.7 | 209.2 -1.3 20.7 -2.3 24.6 -3.4 24.7 -1.3 18.4
UME -1.4 12.2 -8.1 32.0 43.5 45.4 15 62.9 -1.5 16.9 32.0| 208.7 1.3 20.7 -1.0 20.0 -2.1 20.1 0.0 11.6
EIM -04| 179 -7.1| 346 445| 473 26| 643 -0.5| 21.5] 33.0| 209.1 23| 246 1.0] 20.0 -1.1| 241 10| 17.6
BEV 0.7 18.1 -6.0 34.7 45.6 47.3 3.6 64.3 0.6 21.6 34.1| 209.2 34 24.7 2.1 20.1 1.1 24.1 2.1 17.7
CEM -1.4 7.3 -8.1 30.6 43.5 44.4 1.5 62.2 -1.5 14.0 32.0 | 208.5 1.3 18.4 0.0 11.6 -1.0 17.6 -2.1 17.7
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7. Changes with respect to draft A version 1 and 2

7.1 Changes requested by the participants
Laboratory 11, GUM Poland, withdrew its result from the comparison

Laboratory 4, SMU Slovakia, increased one of the components in the uncertainty budget for
both, the 10 MQ and the 1 GQ standard.

7.2 Changes and corrections by the pilot laboratory
A refined treatment of transport uncertainty (for details see description of analysis)
Laboratory 8, OMH: A sign error in the 1 GQ data was corrected.

Laboratory 7, MIKES: 1 GQ measurements not taken at the nominal voltage (100 V) have
been removed from the comparison data set.

A small error which affected the uncertainty of the temperature and voltage correction,
equation (6.4), has been corrected. The resulting changes are insignificant.

8.  Summary and conclusions

Twenty-four National Metrology Institutes, among them twenty-two EURAMET members, partici-
pated in the comparison EUROMET.EM-K2 aimed at evaluating the degrees of equivalence of the
measurements of 10 MQ and 1 GQ resistance standards. With three exceptions at 10 MQ, all results
supplied by the participants agreed with the comparison reference value within the expanded uncer-
tainty. The analysis of the comparison results with respect to the CMC claims of the participating
institutes and the measures to be taken in the case of inconsistencies are described in a separate ex-
ecutive report.

The method of constrained least squares was applied to calculate the comparison reference value.
Generally one can say that this method has proven to be useful in this analysis, because it provides a
single, consistent and transparent approach for the determination of the key values of this measure-
ment comparison involving multiple artefacts and overlapping loops.

The characteristics of the standards used as transport artefacts ultimately limit the accuracy of com-
parisons in the resistance field. Besides an uniform drift behaviour in time, step-like resistance
changes may occur during transport due to temperature shocks or mechanical shocks. Such behav-
iour is difficult to model and introduces an undesired bias in the laboratory results. At the 10 MQ
level, the transport uncertainties are the level of the uncertainties claimed by some of the partici-
pants and, thus, limit the meaningfulness of the comparison results.

The link to the CCEM comparison CCEM-K2 and the degrees of equivalence with respect to the
key comparison reference value were evaluated. However, it should be noted that a substantial
amount of time has passed between the CCEM and the RMO comparison. Many laboratories have
improved and changed their measurement setup in between. As a consequence the uncertainties in
the RMO comparison are significantly smaller than those in the CCEM comparison. The linking
procedure itself is therefore questionable. This has been recognized and another CCEM comparison
is planned, which will be used to link the results of the RMO comparison to. The linking results
here should therefore be considered as provisional.
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Annex A: Raw Results

Al 10 MQ

Annex A

Al.l LoopA, 10 MQ standard HR 7550, a=1

p | Meas. # Date Toam u(T) Vo.1m Op1m Ur-p,,m ULplm T,V- f(tp,1,m) Mp,1,m
m to1m - corr.
(°C) (°C) (V) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1| METAS, CH

1 15.04.05 22.91 0.03 5.0 45.98 0.12 0.12 0.10 45.98 0.09
2 20.04.05 22.90 0.03 5.0 45.98 0.12 0.12 0.11 46.04 0.05
3 28.04.05 22.91 0.03 5.0 46.08 0.12 0.12 0.10 46.13 0.04
4 10.05.05 22.91 0.03 5.0 46.18 0.12 0.12 0.10 46.28 -0.01
5 25.05.05 22.93 0.03 5.0 46.41 0.12 0.12 0.08 46.45 0.04
6 26.05.05 22.91 0.03 5.0 46.27 0.12 0.12 0.10 46.46 -0.09
7 10.06.05 22.92 0.03 5.0 46.44 0.12 0.12 0.09 46.63 -0.11
8 27.06.05 22.92 0.03 5.0 46.58 0.12 0.12 0.09 46.82 -0.16

2| PTB, Germany
1 28.07.05 23.04 0.03 10.0 45.70 0.40 0.66 -0.04 47.16 -1.51
2 01.08.05 22.95 0.03 10.0 46.80 0.40 0.66 0.06 47.21 -0.35
3 03.08.05 23.01 0.03 10.0 46.00 0.30 0.50 -0.01 47.23 -1.24
4 05.08.05 23.04 0.03 10.0 46.80 0.70 1.16 -0.04 47.25 -0.49
5 09.08.05 23.05 0.04 10.0 46.70 0.20 0.33 -0.05 47.29 -0.65
6 11.08.05 22.94 0.03 10.0 45.70 0.20 0.33 0.07 47.32 -1.55
7 17.08.05 22.96 0.03 10.0 46.00 0.20 0.33 0.04 47.38 -1.34
8 23.08.05 23.01 0.03 10.0 46.80 0.30 0.50 -0.01 47.45 -0.66

3| SIQ, Slovenia
1 09.09.05 22.98 0.05 10.0 48.00 0.10 0.10 0.02 47.64 0.38
2 10.09.05 23.20 0.05 10.0 48.30 0.10 0.10 -0.22 47.65 0.43
3 11.09.05 23.20 0.05 10.0 48.30 0.10 0.10 -0.22 47.66 0.42
4 12.09.05 23.05 0.05 10.0 48.30 0.10 0.10 -0.06 47.67 0.57
5 27.09.05 22.94 0.05 10.0 48.50 0.30 0.30 0.07 47.83 0.73
6 28.09.05 22.95 0.05 10.0 48.50 0.50 0.50 0.06 47.84 0.72
7 29.09.05 23.06 0.05 10.0 48.70 0.50 0.50 -0.07 47.85 0.78
8 29.09.05 22.87 0.05 10.0 48.60 0.50 0.50 0.14 47.85 0.89
9 29.09.05 22.97 0.05 10.0 48.40 0.60 0.60 0.03 47.86 0.58
10 30.09.05 22.86 0.05 10.0 48.30 0.50 0.50 0.15 47.86 0.59
11 30.09.05 23.08 0.05 10.0 48.50 0.60 0.60 -0.09 47.87 0.55
12 30.09.05 22.83 0.05 10.0 47.50 0.50 0.50 0.19 47.87 -0.18
13 01.10.05 22.60 0.05 10.0 47.10 0.50 0.50 0.44 47.87 -0.33
14 01.10.05 22.75 0.05 10.0 47.20 0.40 0.40 0.28 47.88 -0.40
15 01.10.05 22.75 0.05 10.0 47.70 0.60 0.60 0.28 47.88 0.10
16 02.10.05 22.78 0.05 10.0 47.70 0.40 0.40 0.24 47.88 0.06
17 02.10.05 22.81 0.05 10.0 47.90 0.60 0.60 0.21 47.89 0.22
18 02.10.05 22.78 0.05 10.0 48.30 0.70 0.70 0.24 47.89 0.65

4 | SMU, Slovakia
1 18.10.05 23.00 0.10 10.0 54.30 0.92 1.11 0.00 48.05 6.25
2 21.10.05 23.00 0.10 10.0 52.52 0.45 0.54 0.00 48.08 4.44
3 25.10.05 22.90 0.10 10.0 53.20 1.00 1.20 0.11 48.12 5.19
4 28.10.05 23.00 0.10 10.0 52.31 0.55 0.66 0.00 48.16 4.15
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p | Meas.# Date Toam u(T) Voim Op1m Ur-p,,m ULplm T,V- f(tp,1,m) Mp,1,m
m to1m - corr.
(°C) (°C) (V) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
5| VSL, Netherlands
1 14.11.05 22.99 0.00 9.1 47.12 0.45 0.55 0.02 48.33 -1.19
2 15.11.05 23.01 0.02 9.1 47.71 0.15 0.18 -0.01 48.34 -0.64
3 16.11.05 23.02 0.00 9.1 47.93 0.30 0.37 -0.02 48.35 -0.44
4 18.11.05 22.99 0.00 9.1 47.86 0.20 0.24 0.01 48.37 -0.51
5 21.11.05 22.98 0.00 9.1 47.36 0.68 0.83 0.03 48.41 -1.02
6 23.11.05 23.00 0.00 9.1 47.52 0.38 0.46 0.00 48.43 -0.90
7 24.11.05 22.97 0.00 9.1 47.52 0.19 0.23 0.03 48.44 -0.89
8 29.11.05 22.99 0.01 9.1 47.43 0.27 0.33 0.01 48.49 -1.05
9 30.11.05 22.99 0.01 9.1 48.40 0.29 0.35 0.01 48.50 -0.09
10 01.12.05 23.00 0.00 9.1 48.01 0.90 1.10 0.00 48.51 -0.50
11 02.12.05 23.02 0.00 9.1 47.90 0.68 0.83 -0.02 48.52 -0.64
12 05.12.05 23.02 0.00 9.1 47.52 0.48 0.58 -0.02 48.55 -1.05
13 06.12.05 23.04 0.00 9.1 48.38 0.12 0.15 -0.04 48.56 -0.22
14 09.12.05 23.04 0.00 9.1 48.49 0.44 0.54 -0.05 48.59 -0.15
15 09.12.05 23.05 0.00 9.1 47.95 0.17 0.21 -0.06 48.59 -0.70
16 12.12.05 23.05 0.00 9.1 47.78 0.64 0.78 -0.05 48.62 -0.90
17 13.12.05 23.05 0.00 9.1 47.95 0.33 0.40 -0.06 48.63 -0.74
1| METAS, CH
9 29.12.05 23.04 0.03 5.0 48.98 0.12 0.12 -0.05 48.80 0.13
10 09.01.06 22.98 0.03 5.0 48.94 0.12 0.12 0.02 48.91 0.04
11 13.01.06 22.99 0.03 5.0 48.92 0.12 0.12 0.01 48.95 -0.01
12 19.01.06 22.99 0.03 5.0 49.03 0.12 0.12 0.01 49.01 0.03
6 | SPI, Lithuania
1 30.01.06 23.07 0.08 10.0 48.83 0.17 0.37 -0.08 49.12 -0.37
2 01.02.06 23.04 0.08 10.0 48.83 0.17 0.37 -0.04 49.14 -0.35
3 04.02.06 22.96 0.08 10.0 49.01 0.16 0.35 0.04 49.17 -0.11
4 05.02.06 23.00 0.08 10.0 48.95 0.16 0.35 0.00 49.18 -0.23
5 08.02.06 23.03 0.08 10.0 49.06 0.18 0.39 -0.03 49.21 -0.18
6 10.02.06 23.04 0.08 10.0 48.16 0.16 0.35 -0.04 49.23 -1.11
7 11.02.06 22.97 0.08 10.0 48.24 0.16 0.35 0.03 49.24 -0.96
8 12.02.06 22.98 0.08 10.0 48.10 0.17 0.37 0.02 49.25 -1.12
9 13.02.06 23.00 0.08 10.0 48.25 0.16 0.35 0.00 49.26 -1.01
10 14.02.06 23.00 0.08 10.0 48.18 0.17 0.37 0.00 49.27 -1.09
11 15.02.06 23.00 0.08 10.0 48.10 0.16 0.35 0.00 49.28 -1.17
12 16.02.06 23.01 0.08 10.0 48.18 0.16 0.35 -0.01 49.29 -1.12
13 18.02.06 22.96 0.08 10.0 48.30 0.16 0.35 0.04 49.31 -0.96
14 19.02.06 22.95 0.08 10.0 48.37 0.17 0.37 0.06 49.32 -0.89
15 21.02.06 23.04 0.08 10.0 48.22 0.16 0.35 -0.04 49.34 -1.16
16 22.02.06 23.09 0.08 10.0 48.35 0.16 0.35 -0.10 49.35 -1.10
17 23.02.06 23.01 0.08 10.0 48.57 0.17 0.37 -0.01 49.36 -0.80
18 25.02.06 23.05 0.08 10.0 48.42 0.16 0.35 -0.06 49.38 -1.01
19 26.02.06 22.99 0.08 10.0 48.47 0.16 0.35 0.01 49.39 -0.91
20 27.02.06 23.00 0.08 10.0 48.48 0.17 0.37 0.00 49.40 -0.91
7 | MIKES, Finland
1 11.03.06 23.16 0.30 100.0 48.84 0.09 0.33 -0.17 49.52 -0.85
2 13.03.06 23.32 0.30 100.0 49.17 0.16 0.58 -0.34 49.54 -0.71
3 17.03.06 23.12 0.20 10.0 47.90 0.50 1.82 -0.13 49.58 -1.81
4 20.03.06 22.98 0.20 100.0 49.41 0.15 0.55 0.03 49.61 -0.17
5 24.03.06 23.01 0.20  40.0 49.87 0.50 1.82 -0.01 49.65 0.22
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p | Meas.# Date Toam u(T) Voim Op1m Ur-p,,m ULplm T,V- f(tp,1,m) Mp,1,m
m to1m - corr.
(°C) (°C) (V) | (epm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)

6 28.03.06 23.13 0.20 100.0 48.04 0.13 0.47 -0.13 49.68 -1.77
7 29.03.06 23.24 0.20 100.0 49.22 0.19 0.69 -0.26 49.69 -0.73

8 | OMH, Hungary
1 05.04.06 23.00 0.06 9.1 50.49 0.35 0.35 0.00 49.75 0.74

9 | CMI, Czech Republic
1 11.05.06 23.00 0.50 9.0 49.00 0.10 0.10 0.00 50.10 -1.10
2 15.05.06 23.00 0.50 9.0 49.00 0.10 0.10 0.00 50.13 -1.13
3 23.05.06 23.00 0.50 9.0 49.00 0.10 0.10 0.00 50.21 -1.21

10 | INM, Romania
1 12.10.06 23.09 0.04 100 57.00 2.50 2.54 -0.10 51.47 5.43
2 12.10.06 23.17 0.04 10.0 55.00 2.50 2.54 -0.19 51.47 3.34
3 13.10.06 23.16 0.04 100 53.00 2.50 2.54 -0.18 51.48 1.34
4 13.10.06 23.16 0.04 10.0 54.00 2.50 2.54 -0.18 51.48 2.34
5 13.10.06 23.19 0.04 100 54.00 2.50 2.54 -0.21 51.48 231
6 13.10.06 23.21 0.04 100 60.00 2.50 2.54 -0.23 51.48 8.29
7 18.10.06 23.19 0.04 10.0 60.00 2.50 2.54 -0.21 51.52 8.27
8 18.10.06 23.17 0.04 100 58.00 2.50 2.54 -0.19 51.52 6.29
9 19.10.06 23.09 0.04 10.0 54.00 2.50 2.54 -0.10 51.53 2.37
10 20.10.06 23.10 0.04 100 53.00 2.50 2.54 -0.11 51.54 1.35
11 20.10.06 22.92 0.04 10.0 58.00 2.50 2.54 0.09 51.54 6.55
12 23.10.06 23.14 0.04 100 58.00 2.50 2.54 -0.15 51.56 6.28
13 23.10.06 23.16 0.04 10.0 57.00 2.50 2.54 -0.18 51.56 5.26
14 23.10.06 23.17 0.04 100 59.00 2.50 2.54 -0.19 51.56 7.25
15 26.10.06 23.25 0.04 10.0 53.00 2.50 2.54 -0.28 51.59 1.14
16 26.10.06 23.24 0.04 100 56.00 2.50 2.54 -0.26 51.59 4.15
17 26.10.06 23.22 0.04 10.0 58.00 2.50 2.54 -0.24 51.59 6.17
18 26.10.06 23.22 0.04 100 57.00 2.50 2.54 -0.24 51.59 5.17
19 26.10.06 23.21 0.04 10.0 61.00 2.50 2.54 -0.23 51.59 9.18
20 26.10.06 23.22 0.04 10.0 59.00 2.50 2.54 -0.24 51.59 717

1| METAS, CH
13 25.01.07 22.93 0.03 5.0 52.29 0.12 0.12 0.07 52.33 0.03
14 30.01.07 23.06 0.03 5.0 52.51 0.12 0.12 -0.07 52.37 0.07
15 05.02.07 23.05 0.03 5.0 52.49 0.12 0.12 -0.06 52.42 0.02
16 12.02.07 23.07 0.03 5.0 52.55 0.12 0.12 -0.08 52.48 0.00
17 27.02.07 22.97 0.03 5.0 52.53 0.12 0.12 0.03 52.59 -0.04
18 15.03.07 22.97 0.03 5.0 52.65 0.12 0.12 0.04 52.71 -0.02
19 05.04.07 22.99 0.03 5.0 52.88 0.12 0.12 0.01 52.87 0.02
20 23.04.07 22.97 0.03 5.0 52.81 0.12 0.12 0.03 53.00 -0.16
21 22.05.07 23.04 0.03 5.0 53.12 0.12 0.12 -0.04 53.21 -0.13
22 29.05.07 23.04 0.03 5.0 53.22 0.12 0.12 -0.04 53.26 -0.09
23 29.05.07 23.04 0.03 5.0 53.20 0.12 0.12 -0.04 53.26 -0.11
24 04.07.07 23.02 0.03 5.0 53.59 0.12 0.12 -0.02 53.52 0.05
25 05.07.07 23.02 0.03 5.0 53.41 0.12 0.12 -0.02 53.52 -0.13
26 17.07.07 23.04 0.03 5.0 53.94 0.12 0.12 -0.04 53.61 0.30
27 20.07.07 23.04 0.03 5.0 53.86 0.12 0.12 -0.04 53.63 0.19
28 13.08.07 23.03 0.03 5.0 53.76 0.12 0.12 -0.04 53.79 -0.06
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Annex A

A 12 LoopA, 10 MQ standard HR 7552, a =2

p |[Meas. #| Date To2m um | Veam | Opzm | Urpzm Uy pam TV- | f(tham) | Mp2m
m to2m = corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
METAS, CH
1 15.04.05 22.91 0.03 5.0 40.61 0.20 0.20 0.14 40.47 0.27
2 20.04.05 22.90 0.03 5.0 40.58 0.20 0.20 0.16 40.59 0.15
3 28.04.05 22.92 0.03 5.0 40.69 0.20 0.20 0.14 40.78 0.04
4 10.05.05 22.91 0.03 5.0 40.83 0.20 0.20 0.14 41.06 -0.10
5 25.05.05 22.93 0.03 5.0 41.08 0.20 0.20 0.12 41.40 -0.20
6 26.05.05 22.91 0.03 5.0 41.23 0.20 0.20 0.14 41.40 -0.03
7 10.06.05 22.92 0.03 5.0 41.49 0.20 0.20 0.13 41.74 -0.13
8 27.06.05 22.92 0.03 5.0 41.84 0.20 0.20 0.13 42.10 -0.13
PTB, Germany
1 28.07.05 22.92 0.03 10.0 41.00 0.20 0.54 0.13 42.70 -1.57
2 01.08.05 23.06 0.03 100 41.30 0.20 0.54 -0.10 42.77 -1.57
3 03.08.05 22.91 0.03 10.0 40.40 0.30 0.81 0.14 42.81 -2.26
4 05.08.05 23.03 0.03 10.0 41.60 0.40 1.08 -0.05 42.85 -1.29
5 09.08.05 23.02 0.03 100 41.20 0.20 0.54 -0.03 42.92 -1.75
6 12.08.05 22.97 0.03 10.0 42.00 0.30 0.81 0.05 42.98 -0.93
7 16.08.05 23.00 0.03 100 43.40 0.50 1.36 0.00 43.05 0.35
8 22.08.05 23.03 0.03 10.0 42.80 0.20 0.54 -0.05 43.16 -0.40
SIQ, Slovenia
1 09.09.05 23.14 0.05 10.0 43.20 0.10 0.22 -0.22 43.48 -0.51
2 10.09.05 23.16 0.05 10.0 43.30 0.10 0.22 -0.26 43.50 -0.46
3 11.09.05 23.14 0.05 10.0 43.30 0.10 0.22 -0.22 43.52 -0.44
4 12.09.05 23.07 0.05 10.0 43.30 0.10 0.22 -0.11 43.53 -0.35
5 27.09.05 22.94 0.05 10.0 43.80 0.10 0.22 0.10 43.78 0.11
6 28.09.05 22.93 0.05 10.0 43.90 0.10 0.22 0.11 43.79 0.22
7 29.09.05 23.10 0.05 10.0 44.30 0.30 0.66 -0.16 43.81 0.33
8 29.09.05 22.91 0.05 10.0 43.70 0.10 0.22 0.14 43.81 0.03
9 29.09.05 22.98 0.05 10.0 43.90 0.20 0.44 0.03 43.82 0.11
10 30.09.05 22.86 0.05 10.0 43.80 0.10 0.22 0.22 43.83 0.20
11 30.09.05 23.03 0.05 10.0 43.70 0.10 0.22 -0.05 43.83 -0.18
12 30.09.05 22.77 0.05 10.0 43.40 0.20 0.44 0.37 43.83 -0.07
13 01.10.05 22.65 0.05 10.0 43.00 0.10 0.22 0.56 43.84 -0.28
14 01.10.05 22.72 0.05 10.0 43.10 0.10 0.22 0.45 43.85 -0.30
15 01.10.05 22.70 0.05 10.0 43.50 0.20 0.44 0.48 43.85 0.13
16 02.10.05 22.82 0.05 10.0 43.50 0.10 0.22 0.29 43.86 -0.07
17 02.10.05 22.78 0.05 10.0 43.40 0.10 0.22 0.35 43.86 -0.11
18 02.10.05 22.75 0.05 10.0 43.50 0.20 0.44 0.40 43.87 0.03
SMU, Slovak Republic
1 19.10.05 23.00 0.10 10.0 51.35 0.56 1.44 0.00 44.12 7.23
2 24.10.05 22.90 0.10 10.0 52.03 0.32 0.83 0.16 44.19 8.00
3 28.10.05 23.00 0.10 10.0 49.55 0.85 2.19 0.00 44.25 5.30
4 31.10.05 23.00 0.10 10.0 49.87 0.55 1.42 0.00 44.29 5.58
VSL, Netherland
1 14.11.05 23.05 0.00 9.1 42.18 0.30 0.36 -0.09 44.49 -2.40
2 15.11.05 23.03 0.00 9.1 42.63 0.21 0.25 -0.05 4451 -1.92
3 16.11.05 23.07 0.01 9.1 42.75 0.21 0.25 -0.11 44,52 -1.89
4 17.11.05 23.08 0.00 9.1 42.71 0.29 0.34 -0.12 44,54 -1.95
5 18.11.05 23.07 0.00 9.1 42.66 0.17 0.20 -0.11 4455 -1.99
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p |[Meas.#| Date To2m u(T) Voom | Opam Ur-p,2,m u:—pZm T,V- f(tp.2,m) Mp.2,m
m to2m = corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
6 21.11.05 23.06 0.00 9.1 42.44 0.35 0.42 -0.10 44,59 -2.25
7 23.11.05 23.03 0.00 9.1 42.18 0.29 0.34 -0.05 44.62 -2.49
8 24.11.05 23.07 0.01 9.1 42.33 0.22 0.26 -0.10 44,63 -2.41
9 25.11.05 23.07 0.00 9.1 42.50 0.21 0.25 -0.11 44.64 -2.26
10 30.11.05 23.02 0.00 9.1 43.08 0.35 0.42 -0.04 44.71 -1.66
11 01.12.05 23.04 0.00 9.1 42.62 0.35 0.42 -0.06 44,72 -2.17
12 02.12.05 23.05 0.00 9.1 42.39 0.30 0.36 -0.09 44.74 -2.43
13 05.12.05 23.06 0.01 9.1 41.99 0.35 0.42 -0.10 44,78 -2.89
14 06.12.05 23.06 0.00 9.1 43.33 0.27 0.32 -0.10 44.79 -1.57
15 09.12.05 23.07 0.00 9.1 43.22 0.21 0.25 -0.11 44.83 -1.72
16 09.12.05 23.08 0.00 9.1 43.25 1.24 1.47 -0.13 44.83 -1.71
17 12.12.05 23.08 0.00 9.1 42.35 1.16 1.38 -0.13 44.87 -2.65
18 13.12.05 23.08 0.00 9.1 42.34 0.78 0.92 -0.13 44.88 -2.67
1| METAS, CH
9 29.12.05 23.02 0.03 5.0 45.16 0.15 0.15 -0.04 45.08 0.04
10 09.01.06 22.98 0.03 5.0 45.24 0.15 0.15 0.03 45.21 0.05
11 13.01.06 22.99 0.03 5.0 45.24 0.15 0.15 0.02 45.25 0.01
12 19.01.06 22.99 0.03 5.0 45.27 0.15 0.15 0.02 45.32 -0.03
6 [ SPI, Lithuania
1 03.02.06 23.04 0.08 10.0 43.12 0.15 0.16 -0.06 45.47 -2.41
2 05.02.06 23.00 0.08 10.0 43.05 0.14 0.15 0.00 45.49 -2.44
3 06.02.06 23.00 0.08 10.0 43.34 0.15 0.16 0.00 45.50 -2.17
4 08.02.06 23.05 0.08 10.0 43.08 0.16 0.17 -0.08 45.52 -2.52
5 10.02.06 23.03 0.08 10.0 43.03 0.15 0.16 -0.05 45.54 -2.56
6 11.02.06 22.95 0.08 10.0 43.12 0.14 0.15 0.08 45.55 -2.35
7 12.02.06 22.94 0.08 10.0 43.28 0.14 0.15 0.10 45.56 -2.18
8 13.02.06 23.02 0.08 10.0 43.07 0.16 0.17 -0.03 45.57 -2.53
9 14.02.06 23.00 0.08 10.0 42.85 0.15 0.16 0.00 45.58 -2.73
10 16.02.06 23.03 0.08 10.0 42.93 0.14 0.15 -0.05 45.60 -2.72
11 17.02.06 23.00 0.08 10.0 43.33 0.14 0.15 0.00 45.61 -2.28
12 18.02.06 22.98 0.08 10.0 43.15 0.15 0.16 0.03 45.62 -2.43
13 19.02.06 22.95 0.08 10.0 43.09 0.14 0.15 0.08 45.63 -2.46
14 21.02.06 23.06 0.08 10.0 43.12 0.15 0.16 -0.10 45.65 -2.62
15 22.02.06 23.09 0.08 10.0 43.33 0.15 0.16 -0.14 45.65 -2.47
16 25.02.06 23.00 0.08 10.0 43.12 0.14 0.15 0.00 45.68 -2.56
17 26.02.06 23.03 0.08 10.0 43.19 0.15 0.16 -0.05 45.69 -2.55
18 27.02.06 23.01 0.08 10.0 43.14 0.15 0.16 -0.02 45.70 -2.57
7 | MIKES, Finland
1 12.03.06 23.38 0.30 100.0 44,52 0.11 0.42 -0.53 45.82 -1.83
2 13.03.06 23.38 0.30 100.0 45.03 0.16 0.61 -0.53 45.83 -1.33
3 17.03.06 23.23 0.20 10.0 44.40 0.50 1.90 -0.37 45.86 -1.83
4 21.03.06 22.97 0.20 100.0 44.15 0.08 0.32 0.12 45.89 -1.62
5 24.03.06 23.12 0.20 40.0 43.00 0.50 1.90 -0.17 45.92 -3.08
6 28.03.06 23.20 0.20 100.0 43.79 0.25 0.95 -0.24 45,95 -2.40
7 29.03.06 23.28 0.20 100.0 42.84 0.20 0.76 -0.37 45.96 -3.48
8 30.03.06 23.21 0.20 100.0 44.56 0.06 0.23 -0.26 45.96 -1.66
8 | OMH, Hungary
1 05.04.06 23.00 0.06 9.1 45.09 0.35 0.35 0.00 46.00 -0.91
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EUROMET.EM-K2 Annex A
p | Meas.# Date To2m u(T) Vp.2m Op,2m Ur-p,2,m u:—pZm T,V- f(tp.2,m) Mp.2,m
m th2m - corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
9 | CMI, Czech Republic
1 11.05.06 23.00 0.50 9.0 45.00 0.10 0.10 0.00 46.24 -1.24
2 15.05.06 23.00 0.50 9.0 45.00 0.10 0.10 0.00 46.26 -1.26
3 23.05.06 23.00 0.50 9.0 45.00 0.10 0.10 0.00 46.30 -1.30
10 | INM, Romania
1 12.10.06 23.10 0.04 100 53.00 2.74 2.79 -0.16 46.55 6.29
2 12.10.06 23.20 0.04 10.0 57.00 2.74 2.79 -0.32 46.55 10.13
3 13.10.06 23.16 0.04 100 59.00 2.74 2.79 -0.26 46.54 12.20
4 13.10.06 23.16 0.04 10.0 57.00 2.74 2.79 -0.26 46.54 10.20
5 13.10.06 23.20 0.04 100 55.00 2.74 2.79 -0.32 46.54 8.14
6 13.10.06 23.21 0.04 100 64.00 2.74 2.79 -0.34 46.54 17.12
7 18.10.06 23.16 0.04 10.0 56.00 2.74 2.79 -0.26 46.54 9.21
8 18.10.06 23.17 0.04 100 55.00 2.74 2.79 -0.27 46.54 8.19
9 19.10.06 23.10 0.04 10.0 57.00 2.74 2.79 -0.16 46.53 10.31
10 20.10.06 23.10 0.04 100 55.00 2.74 2.79 -0.16 46.53 8.31
11 20.10.06 23.10 0.04 10.0 59.00 2.74 2.79 -0.16 46.53 12.31
12 23.10.06 22.95 0.04 100 57.00 2.74 2.79 0.08 46.53 10.55
13 23.10.06 23.14 0.04 10.0 57.00 2.74 2.79 -0.22 46.53 10.25
14 23.10.06 23.15 0.04 100 58.00 2.74 2.79 -0.24 46.53 11.23
15 26.10.06 23.17 0.04 10.0 64.00 2.74 2.79 -0.27 46.52 17.21
16 26.10.06 23.16 0.04 100 60.00 2.74 2.79 -0.26 46.52 13.22
17 26.10.06 23.22 0.04 10.0 60.00 2.74 2.79 -0.35 46.52 13.13
18 26.10.06 23.22 0.04 100 60.00 2.74 2.79 -0.35 46.52 13.13
19 26.10.06 23.23 0.04 100 58.00 2.74 2.79 -0.37 46.52 11.11
20 26.10.06 23.21 0.04 10.0 60.00 2.74 2.79 -0.34 46.52 13.14
1| METAS, CH
13 12.02.07 23.07 0.03 5.0 45.85 0.15 0.27 -0.11 45.99 -0.25
14 27.02.07 22.97 0.03 5.0 46.16 0.15 0.27 0.04 45.88 0.32
15 15.03.07 22.97 0.03 5.0 46.02 0.15 0.27 0.05 45.74 0.33
16 05.04.07 22.98 0.03 5.0 45.24 0.15 0.27 0.03 45.55 -0.29
17 23.04.07 22.98 0.03 5.0 45.18 0.15 0.27 0.04 45.36 -0.14
18 22.05.07 23.04 0.03 5.0 45.11 0.15 0.27 -0.06 45.03 0.01
A 1.3 LoopA, 10 MQ standard MI 105109, a =3
p Meas. # Date Tp’gym U(T) prg’m Op,3,m ur—p,3,m U:_ p3m T,V' f(tp’&m) Mp,3,m
m tp’3]m - corr.
(°C) (°C) (V) (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
1| METAS, CH
1 30.03.05 20.03 0.03 5.0 -3.71 0.16 0.16 2.63 -1.27 0.19
2 31.03.05 21.18 0.03 5.0 -2.60 0.16 0.16 1.59 -1.21 0.20
3 01.04.05 21.18 0.03 5.0 -2.69 0.16 0.16 1.59 -1.18 0.08
4 04.04.05 22.03 0.03 5.0 -1.83 0.16 0.16 0.83 -1.03 0.03
5 07.04.05 22.91 0.03 5.0 -1.00 0.16 0.16 0.08 -0.90 -0.01
6 28.04.05 22.91 0.03 5.0 -0.30 0.16 0.16 0.07 0.02 -0.25
7 10.05.05 22.91 0.03 5.0 0.14 0.16 0.16 0.08 0.53 -0.30
8 26.05.05 22.91 0.03 5.0 1.15 0.16 0.16 0.08 1.19 0.05
9 10.06.05 22.92 0.03 5.0 1.67 0.16 0.16 0.07 1.78 -0.04
10 27.06.05 22.91 0.03 5.0 2.30 0.16 0.16 0.07 2.43 -0.06
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EUROMET.EM-K2 Annex A
p |[Meas.#| Date Toam u(T) Voam | Opam Ur-p,3,m u:—pSm T,V- f(tp,3,m) Mp.3,m
m toam = corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)

2 | PTB, Germany
1 28.07.05 23.04 0.03 10.0 3.80 0.20 0.79 -0.03 3.55 0.22
2 01.08.05 22.95 0.03 100 1.50 0.20 0.79 0.04 3.69 -2.15
3 03.08.05 23.01 0.03 10.0 2.50 0.20 0.79 -0.01 3.76 -1.27
4 05.08.05 23.04 0.03 100 3.00 0.30 1.18 -0.03 3.83 -0.86
5 09.08.05 23.05 0.04 100 3.00 0.20 0.79 -0.04 3.97 -1.01
6 11.08.05 23.00 0.03 100 2.70 0.20 0.79 0.00 4.04 -1.34
7 16.08.05 23.00 0.03 10.0 3.00 0.30 1.18 0.00 4.21 -1.21
8 22.08.05 23.03 0.03 10.0 4.60 0.20 0.79 -0.03 441 0.16

3| SIQ, Slovenia
1 09.09.05 23.17 0.05 10.0 7.60 0.10 0.83 -0.15 5.03 2.43
2 10.09.05 23.17 0.05 10.0 8.10 0.10 0.83 -0.15 5.06 2.89
3 11.09.05 22.96 0.05 10.0 8.10 0.10 0.83 0.03 5.09 3.04
4 12.09.05 23.02 0.05 10.0 7.80 0.10 0.83 -0.02 5.12 2.66
5 27.09.05 22.95 0.05 10.0 8.00 0.10 0.83 0.04 5.60 2.44
6 28.09.05 22.97 0.05 10.0 8.20 0.10 0.83 0.03 5.61 2.61
7 29.09.05 22.97 0.05 10.0 9.10 0.10 0.83 0.03 5.65 3.47
8 29.09.05 22.95 0.05 10.0 9.20 0.50 4.16 0.04 5.66 3.58
9 29.09.05 23.01 0.05 10.0 8.90 0.10 0.83 -0.01 5.67 3.22
10 30.09.05 23.02 0.05 10.0 8.60 0.20 1.66 -0.02 5.68 2.90
11 30.09.05 22.94 0.05 10.0 7.90 0.10 0.83 0.05 5.69 2.26
12 30.09.05 22.69 0.05 10.0 7.20 0.20 1.66 0.26 5.70 1.77
13 01.10.05 22.74 0.05 10.0 6.20 0.10 0.83 0.22 5.72 0.71
14 01.10.05 22.66 0.05 10.0 6.10 0.20 1.66 0.29 5.72 0.67
15 01.10.05 22.72 0.05 10.0 6.30 0.20 1.66 0.24 5.73 0.81
16 02.10.05 22.81 0.05 10.0 6.20 0.20 1.66 0.16 5.75 0.62
17 02.10.05 22.78 0.05 10.0 5.90 0.20 1.66 0.19 5.75 0.33
18 02.10.05 22.75 0.05 10.0 6.20 0.10 0.83 0.21 5.76 0.65

4 | SMU, Slovak Republic
1 19.10.05 23.00 0.10 10.0 15.60 1.20 1.39 0.00 6.25 9.35
2 24.10.05 22.90 0.10 10.0 13.95 0.65 0.75 0.09 6.40 7.64
3 27.10.05 23.00 0.10 10.0 13.60 1.00 1.16 0.00 6.49 7.11
4 31.10.05 23.00 0.10 10.0 12.90 1.00 1.16 0.00 6.61 6.29

5| VSL, Netherland
1 14.11.05 23.05 0.01 9.1 6.57 0.38 0.68 -0.04 7.01 -0.48
2 15.11.05 23.02 0.01 9.1 7.22 0.09 0.16 -0.02 7.04 0.16
3 16.11.05 23.05 0.01 9.1 7.24 0.37 0.66 -0.04 7.07 0.13
4 17.11.05 23.06 0.01 9.1 7.14 0.30 0.53 -0.05 7.10 -0.01
5 18.11.05 23.11 0.00 9.1 7.18 0.33 0.59 -0.10 7.12 -0.04
6 21.11.05 23.19 0.00 9.1 6.70 0.49 0.87 -0.16 7.21 -0.67
7 23.11.05 23.03 0.00 9.1 6.69 0.37 0.66 -0.02 7.26 -0.60
8 24.11.05 23.06 0.00 9.1 6.72 0.23 0.41 -0.05 7.29 -0.63
9 25.11.05 23.12 0.00 9.1 7.21 0.21 0.37 -0.10 7.32 -0.21
10 29.11.05 23.06 0.01 9.1 6.79 0.14 0.25 -0.05 7.43 -0.69
11 30.11.05 23.07 0.01 9.1 7.36 0.33 0.59 -0.06 7.46 -0.16
12 01.12.05 23.09 0.01 9.1 7.06 0.37 0.66 -0.07 7.49 -0.50
13 02.12.05 23.09 0.00 9.1 6.86 0.15 0.27 -0.08 7.51 -0.73
14 05.12.05 23.10 0.01 9.1 6.58 0.42 0.75 -0.09 7.60 -1.11
15 06.12.05 23.11 0.00 9.1 7.42 0.72 1.28 -0.09 7.62 -0.29
16 09.12.05 23.11 0.00 9.1 7.62 0.61 1.09 -0.09 7.71 -0.18
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p |[Meas.#| Date Toam u(T) Voam | Opam Ur-p,3,m u:—pSm T,V- f(tp,3,m) Mp.3,m
m toam = corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)

17 09.12.05 23.12 0.00 9.1 7.42 0.22 0.39 -0.10 7.71 -0.38
18 12.12.05 23.11 0.01 9.1 7.33 0.13 0.23 -0.10 7.79 -0.56
19 13.12.05 23.12 0.00 9.1 7.38 0.31 0.55 -0.10 7.81 -0.54

1| METAS, CH
11 29.12.05 23.05 0.03 5.0 8.30 0.15 0.15 -0.05 8.26 0.00
12 09.01.06 22.98 0.03 5.0 8.66 0.15 0.15 0.02 8.54 0.14
13 13.01.06 22.99 0.03 5.0 8.65 0.15 0.15 0.01 8.64 0.03
14 19.01.06 22.99 0.03 5.0 8.63 0.15 0.15 0.01 8.79 -0.15

6 | SPI, Lithuania
1 30.01.06 23.07 0.08 10.0 8.54 0.17 0.17 -0.06 9.06 -0.58
2 01.02.06 23.03 0.08 10.0 8.60 0.17 0.17 -0.03 9.10 -0.53
3 04.02.06 22.99 0.08 10.0 8.65 0.16 0.16 0.01 9.18 -0.52
4 05.02.06 23.00 0.08 10.0 8.67 0.16 0.16 0.00 9.20 -0.53
5 06.02.06 23.00 0.08 10.0 8.75 0.17 0.17 0.00 9.23 -0.47
6 08.02.06 23.05 0.08 10.0 8.57 0.16 0.16 -0.04 9.28 -0.75
7 10.02.06 23.01 0.08 10.0 8.44 0.17 0.17 -0.01 9.32 -0.90
8 11.02.06 22.98 0.08 10.0 8.45 0.17 0.17 0.02 9.35 -0.88
9 12.02.06 23.01 0.08 10.0 8.61 0.17 0.17 -0.01 9.37 -0.77
10 13.02.06 23.02 0.08 10.0 8.61 0.23 0.23 -0.02 9.40 -0.81
11 14.02.06 23.00 0.08 10.0 8.72 0.16 0.16 0.00 9.42 -0.70
12 15.02.06 23.00 0.08 10.0 8.80 0.16 0.16 0.00 9.45 -0.64
13 16.02.06 23.00 0.08 10.0 9.00 0.17 0.17 0.00 9.47 -0.47
14 17.02.06 23.00 0.08 10.0 9.07 0.17 0.17 0.00 9.49 -0.43
15 18.02.06 22.98 0.08 10.0 8.95 0.17 0.17 0.02 9.52 -0.55
16 19.02.06 22.95 0.08 10.0 9.03 0.16 0.16 0.04 9.54 -0.47
17 21.02.06 23.01 0.08 10.0 8.97 0.16 0.16 -0.01 9.59 -0.62
18 23.02.06 23.01 0.08 10.0 9.16 0.17 0.17 -0.01 9.64 -0.49
19 25.02.06 23.06 0.08 10.0 9.08 0.17 0.17 -0.05 9.68 -0.66
20 26.02.06 22.98 0.08 10.0 9.23 0.17 0.17 0.02 9.71 -0.47
21 27.02.06 23.01 0.08 10.0 9.14 0.17 0.17 -0.01 9.73 -0.60

7 | MIKES, Finland
1 10.03.06 23.37 0.30 100.0 8.58 0.18 0.76 -0.35 10.00 -1.77
2 11.03.06 23.33 0.20 100.0 8.39 0.15 0.64 -0.31 10.03 -1.95
3 13.03.06 23.38 0.20 100.0 6.28 0.25 1.06 -0.36 10.07 -4.15
4 14.03.06 23.34 0.20 100.0 8.18 0.12 0.51 -0.32 10.09 -2.23
5 17.03.06 23.21 0.20 100.0 9.00 0.60 2.55 -0.21 10.15 -1.36
6 21.03.06 23.21 0.20 100.0 8.56 0.19 0.81 -0.22 10.25 -1.90
7 23.03.06 22.88 0.20 100.0 10.50 1.00 4.25 0.07 10.30 0.27
8 24.03.06 22.85 0.20 100.0 8.85 0.60 2.55 0.09 10.32 -1.38
9 27.03.06 23.05 0.20 100.0 7.50 0.50 212 -0.08 10.39 -2.96
10 28.03.06 23.28 0.20 100.0 7.01 0.21 0.89 -0.27 10.41 -3.67
11 28.03.06 23.28 0.20 100.0 10.76 0.42 1.78 -0.27 10.42 0.07
12 29.03.06 23.19 0.20 100.0 9.26 0.09 0.38 -0.20 10.43 -1.36
13 29.03.06 23.10 0.20 100.0 8.65 0.51 2.17 -0.12 10.44 -1.91
14 30.03.06 23.15 0.20 100.0 8.80 0.01 0.04 -0.16 10.45 -1.81

8| OMH, Hungary
1 05.04.06 23.00 0.06 9.1 9.69 0.35 0.35 0.00 10.58 -0.89

9 | CMI, Czech Republic
1 11.05.06 23.00 0.50 9.0 11.00 0.10 0.13 0.00 11.35 -0.35
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EUROMET.EM-K2 Annex A
p |[Meas.#| Date Toam u(T) Voam | Opam Ur-p,3,m u:—pSm T,V- f(tp,3,m) Mp.3,m
m tham o corr.
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
2 15.05.06 23.00 0.50 90  11.00 0.10 0.13 000  11.43 -0.43
3 23.05.06 23.00 0.50 9.0  11.00 0.10 0.13 000  11.60 -0.60
10 [ INM, Romania
1 12.10.06 23.09 004 100  26.00 2.50 2.50 -0.08 1422  11.70
2 13.10.06 23.16 0.04 100  23.00 2.50 2.50 014  14.24 8.62
3 14.10.06 23.20 004 100  18.00 2.50 2.50 017  14.26 357
4 15.10.06 23.18 0.04 100  21.00 2.50 2.50 015  14.27 6.57
5 16.10.06 23.20 004 100  21.00 2.50 2.50 017  14.29 6.54
6 17.10.06 23.18 0.04 100  21.00 2.50 2.50 015  14.31 6.54
7 18.10.06 23.18 004 100  22.00 2.50 2.50 015  14.32 752
8 19.10.06 23.11 004 100  19.00 2.50 2.50 -0.09  14.34 457
9 20.10.06 23.01 004 100  21.00 2.50 2.50 -0.01  14.36 6.64
10 21.10.06 22.92 004 100  24.00 2.50 2.50 007 1437 9.70
11 22.10.06 23.14 004 100  23.00 2.50 2.50 012 14.39 8.49
12 23.10.06 23.17 004 100  23.00 2.50 2.50 015 1441 8.45
13 24.10.06 23.15 0.04 100  23.00 2.50 2.50 013 1442 8.45
14 25.10.06 23.27 004 100  19.00 2.50 2.50 023 14.44 4.33
15 26.10.06 23.24 004 100  25.00 2.50 2.50 020 1445  10.34
16 27.10.06 23.24 004 100  23.00 2.50 2.50 020  14.47 8.32
17 28.10.06 23.22 0.04 100  24.00 2.50 2.50 019  14.49 9.32
18 29.10.06 23.21 004 100  28.00 2.50 2.50 018 1450  13.32
19 30.10.06 23.23 004 100  24.00 2.50 2.50 020 1452 9.28
1|[{METAS, CH
15 25.01.07 22.93 0.03 50  16.18 0.15 0.19 006  15.87 0.36
16 30.01.07 23.06 0.03 50  16.02 0.15 0.19 -0.05  15.95 0.03
17 05.02.07 23.05 0.03 50  16.07 0.15 0.19 -0.04  16.03 0.00
18 12.02.07 23.07 0.03 50  16.23 0.15 0.19 -0.06  16.14 0.04
19 05.04.07 22.99 0.03 50  16.90 0.15 0.19 001  16.87 0.04
20 23.04.07 22.98 0.03 50  16.77 0.15 0.19 002 17.11 -0.32
21 22.05.07 23.04 0.03 50  17.29 0.15 0.19 -0.03 1750 -0.23
22 04.07.07 23.01 0.03 50  18.16 0.15 0.19 -0.01  18.05 0.10
23 05.07.07 23.01 0.03 50  17.93 0.15 0.19 -0.01  18.07 -0.14
24 17.07.07 23.04 0.03 50 1837 0.15 0.19 -0.03 1822 0.13
25 20.07.07 23.04 0.03 50 1856 0.15 0.19 -0.03  18.25 0.28
26 14.08.07 23.01 0.03 50 1861 0.15 0.19 -0.01 1855 0.05
27 03.12.07 22.98 0.03 50  19.63 0.15 0.19 001  19.86 -0.22
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A 1.4 Loop B, 10 MQ standard M1 105110,a=4

p | Meas. # tDate Tpam u(T) Voam | Opam Ur-p,4m u:“m T,V-corr | f(toam) | Mpam
m p,4,m o

(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)

1| METAS, CH
1 03.03.05 22.98 0.05 5.0 12.83 0.50 0.55 -0.04 13.78 -0.98
2 10.03.05 22.98 0.05 5.0 13.89 0.50 0.55 -0.04 14.49 -0.64
3 22.03.05 23.11 0.05 5.0 15.52 0.50 0.55 0.14 15.62 0.04
4 30.03.05 20.03 0.05 5.0 13.36 0.50 0.55 3.18 16.31 0.23
5 31.03.05 21.18 0.05 5.0 16.66 0.50 0.55 0.31 16.43 0.54
6 01.04.05 21.18 0.05 5.0 16.42 0.50 0.55 0.31 16.49 0.25
7 04.04.05 22.04 0.05 5.0 17.13 0.50 0.55 -0.49 16.78 -0.13
8 07.04.05 22.91 0.05 5.0 17.65 0.50 0.55 -0.12 17.01 0.52
9 01.06.05 22.92 0.05 5.0 22.06 0.50 0.55 -0.11 21.21 0.74
10 10.06.05 22.92 0.05 5.0 22.39 0.50 0.55 -0.11 21.80 0.48

12 | NML, Ireland
1 02.08.05 23.16 0.10 50 -25.70 0.30 3.36 0.19 2486  -50.37
2 03.08.05 23.12 0.10 50 -24.90 0.30 3.36 0.14 2491  -49.67
3 04.08.05 23.22 0.10 50 -22.60 0.50 5.59 0.26 2496  -47.30
4 05.08.05 23.28 0.10 50 -26.60 0.90 10.07 0.34 25.01 -51.28
5 08.08.05 23.32 0.10 50 -17.80 0.50 5.59 0.39 25.16  -42.58
6 09.08.05 22.64 0.10 50 -28.90 0.60 6.71 -0.46 2521  -5457
7 10.08.05 23.33 0.10 50 -37.80 0.60 6.71 0.40 25.27  -62.67
8 11.08.05 23.32 0.10 50 -36.20 0.30 3.36 0.39 2532 -61.13
9 12.08.05 23.02 0.10 50 -31.20 4,50 50.34 0.01 2536  -56.55
10 15.08.05 22.50 0.10 50 -25.40 2.00 22.37 -0.63 25,51 -51.55
11 16.08.05 23.13 0.10 50 -27.50 1.50 16.78 0.15 2556 -52.91
12 17.08.05 23.13 0.10 50 -33.10 1.00 11.19 0.15 25.61  -58.56
13 18.08.05 23.14 0.10 50 -32.50 0.80 8.95 0.16 25.66  -58.00
14 19.08.05 23.21 0.10 50 -32.80 1.20 13.42 0.25 25.71  -58.26
15 24.08.05 23.21 0.10 50 -29.50 1.40 15.66 0.25 25.95 -55.20
16 24.08.05 23.26 0.10 50 -29.20 0.40 4.47 0.31 25.95 -54.84

13| JV, Norway
1 26.09.05 23.00 0.10 9.1 30.24 0.24 0.24 0.00 27.40 2.84
2 26.09.05 23.00 0.10 9.1 30.38 0.65 0.65 0.00 27.40 2.98
3 27.09.05 23.00 0.10 9.1 30.15 0.25 0.25 0.00 27.44 2.71

14 | INETI, Portugal
1 12.10.05 23.12 0.11 100 -69.27 0.70 25.06 0.15 28.04 -97.16
2 28.10.05 22.94 0.11 100 -73.99 0.50 17.90 -0.07 28.64 -102.70
3 31.10.05 23.13 0.11 100 -62.50 0.24 8.59 0.16 28.74  -91.08
4 02.11.05 22.97 0.11 100 -51.40 0.10 3.58 -0.04 28.81  -80.25
15 | LNMC, Lettland

1 25.11.05 23.10 0.10 9.8 -10.40 2.50 2.50 0.12 29.59  -39.87

1| METAS, CH
11 14.12.05 23.15 0.05 5.0 28.32 0.50 0.79 0.18 30.20 -1.69
12 20.12.05 2291 0.05 5.0 30.48 0.50 0.79 -0.11 30.37 -0.01
13 23.12.05 22.89 0.05 5.0 29.48 0.50 0.79 -0.15 30.47 -1.13
14 29.12.05 22.99 0.05 5.0 30.46 0.50 0.79 -0.03 30.63 -0.20
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p | Meas. # tDate Toam u(T) Voam | Opam Ur-p.4,m u:—p4m T,V-corr | f(toam) Mp.a,m
m p,4,m o
(°C) (°C) (V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
16 | NPL, United Kingdom
1 27.01.06 23.09 0.10 10.0 10.07 0.02 0.64 0.11 3141 -21.24
2 30.01.06 23.08 0.10 10.0 11.53 0.05 1.96 0.10 31.48 -19.86
3 01.02.06 23.11 0.10 10.0 10.98 0.70 27.91 0.14 3153 -20.41
4 01.02.06 23.11 0.10 10.0 11.85 0.02 0.76 0.14 3153 -19.55
17 | SMD, Belgium
1 01.03.06 22.97 0.05 10.0 39.40 0.36 0.36 -0.03 32.18 7.19
18 | UME, Turkey
1 27.05.06 23.10 040 10.0 56.80 1.60 1.60 0.12 33.85 23.07
20 | EIM, Greece
1 12.09.06 22.94 0.17 10.0 59.70 0.30 6.68 -0.07 35.37 24.26
2 13.09.06 23.00 0.18 10.0 32.20 0.60 13.35 0.00 35.38 -3.18
3 14.09.06 22.88 0.21 100 42.70 0.30 6.68 -0.15 35.39 7.16
4 15.09.06 22.98 0.12 10.0 51.20 0.60 13.35 -0.02 35.40 15.77
5 22.09.06 22.96 0.13 100 70.50 0.60 13.35 -0.05 35.49 34.96
6 25.09.06 22.93 0.13 10.0 52.30 0.50 11.13 -0.09 35.52 16.69
7 29.09.06 22.82 0.13 100 52.30 0.90 20.03 -0.22 35.57 16.51
8 04.10.06 22.90 0.12 10.0 57.90 0.40 8.90 -0.12 35.62 22.15
9 05.10.06 22.91 0.17 10.0 60.00 0.30 6.68 -0.11 35.63 24.25
10 09.10.06 22.91 0.16 10.0 45.60 0.80 17.80 -0.11 35.68 9.81
21 | BEV, Austria
1 25.10.06 23.01 0.05 100.0 42.78 0.69 10.29 0.24 35.86 7.16
2 25.10.06 23.00 0.05 100.0 41.95 0.92 13.67 0.23 35.86 6.32
3 26.10.06 23.01 0.05 100.0 40.81 0.89 13.21 0.23 35.86 5.18
4 26.10.06 23.01 0.05 100.0 41.22 0.94 13.88 0.23 35.87 5.59
5 26.10.06 23.01 0.05 100.0 42.57 0.84 12.53 0.23 35.87 6.93
6 26.10.06 23.01 0.05 100.0 42.86 1.51 22.49 0.23 35.87 7.22
7 26.10.06 23.01 0.05 100.0 4471 0.66 9.77 0.23 35.87 9.07
8 27.10.06 23.01 0.05 100.0 45.06 0.34 5.11 0.23 35.88 9.42
9 27.10.06 23.01 0.05 100.0 44.40 0.42 6.20 0.23 35.88 8.76
10 27.10.06 23.01 0.05 100.0 44.82 0.37 5.47 0.24 35.88 9.18
11 28.10.06 23.00 0.05 100.0 50.69 7.19| 106.68 0.23 35.89 15.03
12 29.10.06 23.00 0.05 100.0 42.57 3.92 58.17 0.23 35.90 6.90
13 30.10.06 23.01 0.05 100.0 37.20 7.01| 103.99 0.24 35.91 1.53
14 30.10.06 22.98 0.05 100.0 29.07 1.69 25.02 0.20 35.91 -6.65
15 31.10.06 23.00 0.05 100.0 27.53 3.38 50.20 0.23 35.92 -8.16
16 02.11.06 23.01 0.05 100.0 26.66 1.65 24.53 0.23 35.95 -9.05
17 10.11.06 22.99 0.05 100.0 25.66 0.80 11.94 0.22 36.03 -10.15
18 10.11.06 22.99 0.05 100.0 26.05 0.33 4.91 0.22 36.03 -9.76
19 10.11.06 23.00 0.05 100.0 25.84 0.43 6.33 0.22 36.03 -9.97
20 11.11.06 23.00 0.05 100.0 25.13 0.47 7.01 0.22 36.03 -10.68
21 11.11.06 23.00 0.05 100.0 25.33 0.47 7.01 0.22 36.03 -10.48
22 11.11.06 23.00 0.05 100.0 25.79 0.53 7.91 0.22 36.04 -10.03
23 11.11.06 23.00 0.05 100.0 25.15 0.52 7.72 0.22 36.04 -10.67
24 11.11.06 23.00 0.05 100.0 25.15 1.13 16.84 0.22 36.04 -10.67
25 12.11.06 23.00 0.05 100.0 25.88 0.29 4.30 0.22 36.04 -9.94
26 12.11.06 22.99 0.05 100.0 25.68 1.09 16.22 0.22 36.04 -10.14
27 13.11.06 23.00 0.05 100.0 25.53 0.27 4.02 0.22 36.06 -10.31
28 13.11.06 23.01 0.05 100.0 25.93 1.00 14.82 0.23 36.06 -9.90
29 14.11.06 23.00 0.05 100.0 25.80 1.85 27.51 0.23 36.06 -10.03
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p | Meas. # ItDate Toam u(T) ‘Vp,“,m Opam | Urpam Ul am T,V-corr | f(toam | Mpam
m p,4,m o
(°C) (°C) V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
30 14.11.06 23.01 0.05 100.0 26.06 0.42 6.18 0.23 36.06 -9.77
31 14.11.06 23.01 0.05 100.0 28.26 1.94 28.86 0.24 36.07 -7.57
32 14.11.06 23.01 0.05 100.0 29.21 0.88 13.02 0.24 36.07 -6.62
33 15.11.06 23.01 0.05 100.0 33.09 0.66 9.74 0.24 36.07 -2.74
34 16.11.06 22.28 0.50 100.0 31.43 2.87 42.63 -0.67 36.08 -5.32
35 18.11.06 22.33 0.51 100.0 33.13 2.65 39.39 -0.60 36.11 -3.58
1| METAS, CH
15 25.11.06 23.01 0.05 5.0 37.05 0.50 0.50 0.01 36.18 0.88
16 26.11.06 23.02 0.05 5.0 36.40 0.50 0.50 0.01 36.19 0.22
22 | CEM, SP
1 06.02.07 23.09 0.01 9.1 43.52 0.62 0.66 0.11 36.84 6.79
2 07.02.07 23.05 0.01 9.1 43.01 0.62 0.66 0.06 36.84 6.23
3 07.02.07 23.01 0.01 9.1 43.06 0.62 0.66 0.01 36.84 6.23
4 07.02.07 23.05 0.01 9.1 43.27 0.62 0.66 0.05 36.84 6.48
5 08.02.07 23.05 0.01 9.1 44.17 0.62 0.66 0.05 36.85 7.37
6 08.02.07 23.05 0.01 9.1 43.75 0.62 0.66 0.05 36.85 6.95
7 08.02.07 23.03 0.01 9.1 44.49 0.62 0.66 0.03 36.85 7.67
8 09.02.07 23.03 0.01 9.1 4481 0.62 0.66 0.03 36.86 7.98
9 09.02.07 23.03 0.01 9.1 44.45 0.62 0.66 0.03 36.86 7.62
23 | VNIIM, Russia
1 24.04.07 19.97 0.03 50.0 21.60 0.14 0.14 -3.67 3744  -1951
1| METAS, CH
17 03.07.07 23.04 0.05 5.0 37.79 0.50 1.15 0.03 37.94 -0.12
18 06.07.07 23.04 0.05 5.0 38.57 0.50 1.15 0.04 37.96 0.65
19 13.07.07 23.03 0.05 5.0 37.39 0.50 1.15 0.03 38.01 -0.59
20 13.08.07 23.25 0.05 5.0 36.85 0.50 1.15 0.34 38.21 -1.01
21 20.08.07 22.99 0.05 5.0 35.89 0.50 1.15 -0.03 38.25 -2.39
22 03.12.07 22.98 0.05 5.0 39.59 0.50 1.15 -0.04 38.89 0.67
A 15 Loop B, 10 MQ standard MI 105111,a=5
p | Meas. # ItDate Tp5m u(m) | Vpsm | Opsm Ur-p5,m u:—pSm T,V-corr | f(tysm) Mp.5.m
m p,5,m o
(°C) () | (V) [ (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
1| METAS, CH
1 10.03.05 22.98 0.05 5.0 1.25 0.26 0.26 0.00 1.33  -0.09
2 22.03.05 23.11 0.05 5.0 1.90 0.26 0.26 -0.06 189 -0.04
3 30.03.05 20.03 0.05 5.0 -0.15 0.26 0.26 2.31 224  -0.08
4 31.03.05 21.18 0.05 5.0 1.14 0.26 0.26 1.15 230 -0.01
5 01.04.05 21.18 0.05 5.0 1.22 0.26 0.26 1.15 2.33 0.04
6 04.04.05 22.04 0.05 5.0 1.84 0.26 0.26 0.50 249 014
7 07.04.05 22.91 0.05 5.0 2.54 0.26 0.26 0.03 261  -0.04
8 28.04.05 22.91 0.05 50 3.27 0.26 0.26 0.03 355 -0.26
9 26.05.05 22.91 0.05 5.0 5.25 0.26 0.26 0.03 4.78 0.50
10  10.06.05 22.92 0.05 5.0 571 0.26 0.26 0.02 5.41 0.33
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p | Meas.# tDate Tosm u(m) | Vesm | Opsm Ur-p,5,m u:—pSm T,V-corr | f(tysm) Mpsm
m p,5m o
(°C) S | (M) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
12 [ NML, Ireland
1 02.08.05 23.16 0.10 5.0 5.30 0.40 0.91 -0.08 7.56 -2.33
2 03.08.05 23.12 0.10 5.0 5.80 0.30 0.68 -0.06 7.60 -1.86
3 04.08.05 23.22 0.10 5.0 6.10 0.50 1.13 -0.10 7.64 -1.64
4  05.08.05 23.28 0.10 5.0 6.90 0.70 1.59 -0.13 7.68 -0.90
5 08.08.05 23.32 0.10 5.0 6.50 0.50 1.13 -0.14 7.79 -1.43
6 09.08.05 22.64 0.10 5.0 7.20 0.30 0.68 0.14 7.83 -0.50
7 10.08.05 23.33 0.10 5.0 6.70 0.70 1.59 -0.15 7.87 -1.32
8 11.08.05 23.32 0.10 5.0 6.00 1.00 2.27 -0.14 7.91 -2.05
9 12.08.05 23.32 0.10 5.0 7.20 0.60 1.36 -0.14 7.95 -0.89
10 15.08.05 23.28 0.10 5.0 7.40 1.50 3.40 -0.13 8.07 -0.79
11 16.08.05 23.13 0.10 5.0 7.00 0.40 0.91 -0.06 8.11 -1.17
12 17.08.05 23.13 0.10 5.0 7.50 0.10 0.23 -0.06 8.14 -0.71
13 18.08.05 23.14 0.10 5.0 8.60 0.40 0.91 -0.07 8.18 0.35
14 19.08.05 23.21 0.10 5.0 6.40 0.20 0.45 -0.10 8.22 -1.92
13| JV, Norway
1 14.09.05 23.00 0.10 9.1 9.62 0.10 0.12 0.00 9.21 0.41
2 26.09.05 23.00 0.10 9.1 10.43 0.21 0.25 0.00 9.66 0.77
3 27.09.05 23.00 0.10 9.1 10.38 0.37 0.44 0.00 9.69 0.69
14 | INETI, Portugal
1 12.10.05 23.10 0.11 10.0 -5.81 0.55 3.02 -0.04 10.24 -16.09
2 13.10.05 23.10 0.11 100 -2.33 0.62 341 -0.04 10.27 -12.64
3 02.11.05 22.94 0.11 100 -0.15 0.33 1.81 0.03 10.98 -11.10
15 | LNMC, Lettland
1 25.11.05 23.10 0.10 9.8 5.90 2.50 2.50 -0.04 11.77 -5.91
1| METAS, CH
11  14.12.05 23.03 0.05 5.0 12.19 0.26 0.26 -0.02 12.42 -0.25
12 20.12.05 22.90 0.05 5.0 12.83 0.26 0.26 0.03 12.61 0.25
13 23.12.05 22.88 0.05 5.0 12.43 0.26 0.26 0.04 12.72 -0.25
14  29.12.05 22.99 0.05 5.0 12.95 0.26 0.26 0.00 12.90 0.04
16 | NPL, United Kingdom
1 30.01.06 23.09 0.10 10.0 10.56 0.07 0.15 -0.04 13.90 -3.38
2 30.01.06 23.10 0.10 10.0 10.39 0.02 0.04 -0.04 13.90 -3.55
3 01.02.06 23.11 0.10 10.0 10.63 0.06 0.13 -0.05 13.96 -3.38
4 01.02.06 23.11 0.10 10.0 10.64 0.12 0.28 -0.05 13.96 -3.37
17 | SMD, Belgium
1 03.03.06 22.99 0.05 10.0 18.10 0.13 0.13 0.00 14.83 3.27
18 | UME, Turkey
1 26.05.06 23.13 0.40 10.0 20.00 0.70 0.70 -0.05 17.07 2.88
20 | EIM, Greece
1 13.09.06 23.00 0.18 10.0 16.50 0.40 3.64 0.00 19.45 -2.95
2 14.09.06 22.88 0.21 10.0 15.50 0.30 2.73 0.05 19.47 -3.92
3 15.09.06 22.98 0.12 10.0 18.30 0.50 4,55 0.01 19.49 -1.18
4 22.09.06 22.96 0.13 10.0 26.00 0.50 4,55 0.02 19.62 6.39

13/32




EUROMET.EM-K2 Annex A

p | Meas.# tDate Tosm u(m) | Vesm | Opsm Ur-p,5,m u:—pSm T,V-corr | f(tysm) Mpsm
m p,5m o
(°C) S | (VM) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
5 25.09.06 2293 013 100  19.30 0.50 4,55 0.03 19.68  -0.35
6 29.09.06 2282 013 100 9.70 0.60 5.46 0.07 19.75  -9.98
7 04.10.06 2290 012 100 1270 0.60 5.46 0.04 19.84  -7.10
8 05.10.06 2291 017 100 1410 0.50 4.55 0.04 19.86  -5.72
9 09.10.06 2291 016 10.0 7.90 1.30| 11.84 0.04 19.93 -11.99
21 | BEV, Austria
1 25.10.06 2301  0.05 100.0  20.99 0.68 3.24 0.19 2022  0.96
2 25.10.06 2300 005 1000  20.64 1.00 4.75 0.19 2022  0.61
3 26.10.06 2301 005 100.0  20.44 1.29 6.13 0.19 2022  0.40
4 26.10.06 2301 005 1000  20.85 0.80 3.78 0.19 2023 081
5 26.10.06 2301 005 1000  20.66 1.08 5.13 0.19 2023  0.62
6 26.10.06 2300 005 1000  22.06 1.67 7.92 0.19 2023 201
7 27.10.06 2301 005 1000 2151 0.29 1.38 0.19 2024 146
8 27.10.06 2301 005 100.0 22.88 0.31 1.47 0.19 2024  2.82
9 27.10.06 2301 005 100.0 22.50 1.01 4.80 0.19 2025  2.44
10  27.10.06 2300 005 100.0 22.15 0.35 1.65 0.19 2025  2.09
11  28.10.06 2301 005 100.0 1863  10.77| 5111 0.19 2026  -1.44
12 29.10.06 2301 005 100.0 17.96 856| 40.62 0.19 2028  -2.13
13 30.10.06 2300  0.05 100.0 15.05 5.95| 28.25 0.19 2029  -5.05
14  30.10.06 2298 005 1000  20.62 2.22| 1053 0.20 2030 0.2
15 31.10.06 2300 005 1000 17.04 2.76 |  13.09 0.19 2031  -3.09
16  02.11.06 2301 005 1000 15.85 3.04| 1444 0.19 2035  -4.32
17 10.11.06 2300 005 1000  17.37 0.31 1.45 0.19 2048  -2.92
18 10.11.06 2299 005 1000 16.94 0.56 2.66 0.19 2048  -3.35
19 10.11.06 2300 005 1000  17.19 0.27 1.28 0.19 20.48  -3.10
20 11.11.06 2300  0.05 100.0 17.04 0.72 3.44 0.19 2049  -3.25
21 11.11.06 2300  0.05 100.0 16.59 0.28 1.32 0.19 2049  -3.71
22 11.11.06 2299 005 100.0 17.04 0.37 1.76 0.19 2049  -3.26
23 11.11.06 2300 005 100.0 17.27 0.45 2.12 0.19 2049  -3.03
24 11.11.06 2300 005 100.0 17.41 0.91 432 0.19 2050  -2.90
25 12.11.06 2299 005 100.0 1751 0.94 4.46 0.19 2050  -2.80
26 12.11.06 2300 005 1000 17.42 0.75 3.57 0.19 2050  -2.89
27 13.11.06 2300 005 1000 17.01 0.72 3.42 0.19 2053  -3.33
28  14.11.06 2301 005 1000 17.52 0.75 3.54 0.19 2053  -2.82
29 14.11.06 2301 005 1000  16.50 0.25 1.18 0.19 2053  -3.85
30 14.11.06 2301 005 1000 17.16 0.61 2.90 0.19 2054  -3.19
31 14.11.06 2301 005 1000  18.08 1.66 7.89 0.19 2054  -2.27
32 14.11.06 2301 005 100.0 1871 0.59 2.78 0.19 2054  -1.65
33 15.11.06 2301 005 100.0 18.89 1.01 4.79 0.18 2055  -1.47
34 16.11.06 2233 051 100.0 19.35 0.82 3.91 0.46 2056  -0.75
1| METAS, CH
15 25.11.06 2301 005 50 2077 0.26 0.26 -0.02 2071 0.04
16  26.11.06 2302 005 50 2061 0.26 0.26 -0.02 20.73  -0.13
22 [CEM, SP

1 06.02.07 2308 001 91 2260 0.56 0.56 -0.03 2168  0.89
2 07.02.07 2304 001 91 2278 0.56 0.56 -0.02 2169  1.07
3 07.02.07 2301 001 91 2245 0.56 0.56 -0.01 2169  0.75
4 07.02.07 2300 001 91 2246 0.56 0.56 0.00 2169  0.77
5 08.02.07 2304 001 91 2286 0.56 0.56 -0.02 2170  1.14
6 08.02.07 2304 001 91 2273 0.56 0.56 -0.02 2170  1.01
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p | Meas.# tDate Tosm u(m) | Vesm | Opsm Ur-p,5,m u:—pSm T,V-corr | f(tysm) Mpsm
m p,5m o
(°C) S | (VM) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
7 08.02.07 23.03 001 91 2273 0.56 0.56 -0.01 21.70 1.02
8 09.02.07 23.03 001 91 2312 0.56 0.56 -0.01 21.71 1.40
9 09.02.07 23.03 001 91 2285 0.56 0.56 -0.01 21.71 1.13
23 [ VNIIM, Russia
1 24.04.07 20.00 003 500 17.10 0.14 0.14 1.31 2241  -4.00
1|METAS, CH
17  03.07.07 23.04 005 50 2297 0.26 0.33 -0.03 22.83 0.12
18 06.07.07 23.04 005 50 2298 0.26 0.33 -0.03 22.84 0.12
19 13.07.07 23.03 005 50 2292 0.26 0.33 -0.02 22.86 0.03
20 20.07.07 23.04 005 50 2346 0.26 0.33 -0.03 22.89 0.55
21 13.08.07 23.17 005 50 2274 0.26 0.33 -0.07 2295  -0.28
22 20.08.07 22.99 005 50 2261 0.26 0.33 0.00 22.96  -0.36
A 1.6 Loop B, 10 MQ standard HR 7551, a =6
p Meas. # Date Tp,G,m U(T) Vp,G,m Op,G,m ur—p,G,m u:—p - T,V' f(tp,G,m) MP,G,m
m th6m - corr
(°C) S | M | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
1|METAS, CH
1 15.04.05 22.91 003 50 14.06 0.10 0.10 027 14.30 0.04
2 20.04.05 22.90 003 50 14.03 0.10 0.10 030 14.32 0.01
3 28.04.05 22.92 003 50 14.09 0.10 0.10 025  14.37 -0.03
4 10.05.05 22.91 003 50 1412 0.10 0.10 026  14.43 -0.05
5 25.05.05 22.93 003 50 1435 0.10 0.10 021 1451 0.05
6 26.05.05 22.91 003 50 1421 0.10 0.10 027 1451 -0.04
7 10.06.05 22.92 003 50 1431 0.10 0.10 023  14.59 -0.06
8 27.06.05 22.92 003 50 1435 0.10 0.10 024  14.68 -0.09
12 | NML, Ireland
1 02.08.05 23.16 010 50 13.70 0.20 049| -049 1486 -1.65
2 03.08.05 23.12 010 50 15.80 0.80 1.95| -0.37 14.87 0.57
3 04.08.05 23.22 010 50 15.80 0.50 1.22| -0.66 14.87 0.26
4 05.08.05 23.28 010 50 16.60 0.90 219| -085 1488 0.88
5 08.08.05 23.32 010 50 14.80 0.40 097| -097 1489 -1.06
6 09.08.05 22.64 010 50 14.90 0.80 1.95 1.08  14.90 1.08
7 10.08.05 23.33 010 50 16.80 0.30 0.73| -0.99 14.90 0.90
8 11.08.05 23.32 010 50 15.70 0.50 1.22| -097 1491 -0.17
9 12.08.05 23.32 010 50 16.40 0.40 097| -097 1491 0.52
10 15.08.05 23.07 010 50 14.00 1.50 365| -0.22 1493 -1.14
11 16.08.05 23.13 010 50 15.20 1.00 244| -039 1493 -0.13
12 17.08.05 23.13 010 50 15.10 0.50 1.22| -039 14.94 -0.23
13 18.08.05 23.14 010 50 15.80 0.60 1.46| -043 14.94 0.43
14  19.08.05 23.21 010 50 15.80 1.20 292| -064 1495 0.22
13 | JV, Norway
1 01.09.05 23.00 010 9.1 14.84 0.31 0.31 0.00 15.01 -0.17
2 02.09.05 23.00 010 9.1 14.83 0.47 0.47 0.00 15.02 -0.19
3 06.09.05 23.00 010 91 1471 0.51 0.51 0.00 15.04 -0.33
4 07.09.05 23.00 010 9.1 1484 0.31 0.31 0.00 15.04 -0.20
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p | Meas.# Date Toem u(m) | Voem | Opem Ur-p,6,m u:—pﬁm T,V- f(tp,6,m) Mp.6,m
m taaam - corr
(°C) S | V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
5 12.09.05 23.00 0.10 9.1 1512 0.25 0.25 0.00 15.07 0.05
6 12.09.05 23.00 0.10 9.1 15.09 0.08 0.08 0.00 15.07 0.02
7 15.09.05 23.00 0.10 9.1 14097 0.16 0.16 0.00 15.08 -0.11
8 26.09.05 23.00 0.10 9.1 1544 0.81 0.81 0.00 15.14 0.30
9 26.09.05 23.00 0.10 9.1 1474 0.59 0.59 0.00 15.14 -0.40
14 | INETI, Portugal
1 28.10.05 23.12 0.10 100 -11.81 0.30 0.78 -0.37 1529  -27.48
2 31.10.05 23.16 0.10 100 -13.20 0.50 1.29 -047 1531  -28.98
15| LNMC, Lettland
1 25.11.05 23.10 0.10 9.8 13.30 2.50 2.50 -0.30 1543 -2.43
1| METAS, CH
9 14.12.05 23.01 0.03 50 1561 0.10 0.10 -0.02 1553 0.06
10 20.12.05 22.92 0.03 50 15.40 0.10 0.10 0.23 1555 0.08
11 23.12.05 22.94 0.03 50 1557 0.10 0.10 0.19 1557 0.19
12 29.12.05 22.99 0.03 50 15.58 0.10 0.10 0.04 15.60 0.03
16 | NPL, United Kingdom
1 27.01.06 23.09 0.10 100 1594 0.06 0.31 -0.28  15.73 -0.07
2 30.01.06 23.08 0.10 100 16.05 0.04 0.21 -0.23  15.75 0.08
3 01.02.06 23.17 0.10 100 15.78 0.05 0.26 -0.51  15.76 -0.48
4 01.02.06 23.15 0.10 100 1592 0.07 0.41 -045 15.76 -0.29
17 | SMD, Belgium
1 16.03.06 23.00 0.02 10.0 19.00 0.07 0.07 -0.01  15.95 3.04
18 | UME, Turkey
1 26.05.06 23.08 0.40 100 14.20 0.60 0.60 -0.24  16.27 -2.31
20 [ EIM, Greece
1 13.09.06 23.00 0.18 10.0 9.40 0.30 9.67 0.00 16.75 -7.35
2 14.09.06 22.88 0.20 10.0 9.80 0.20 6.45 0.36 16.75 -6.59
3 15.09.06 22.98 0.12 10.0 12.00 0.20 6.45 0.06 16.76 -4.70
4 22.09.06 22.96 0.13 100 23.70 0.90 29.01 0.12 16.79 7.03
5 25.09.06 22.93 0.13 100 10.70 0.30 9.67 021 16.80 -5.89
6 29.09.06 22.82 0.13 10.0 -3.30 0.50 16.12 054 16.82 -19.58
7 05.10.06 2291 0.17 10.0 -4.40 0.20 6.45 027 16.84  -20.97
8 06.10.06 22.90 0.14 10.0 -4.40 0.30 9.67 030 16.85 -20.95
9 10.10.06 22.92 0.16 10.0 -4.60 0.20 6.45 024 16.86 -21.22
21 | BEV, Austria
1 25.10.06 23.01 0.05 100.0 16.40 1.23 1.23 0.05 16.93 -0.48
2 25.10.06 23.00 0.05 100.0 15.93 0.35 0.35 0.08 16.93 -0.92
3 26.10.06 23.01 0.05 100.0 16.47 0.33 0.33 0.07 16.93 -0.39
4 26.10.06 23.01 0.05 100.0 15.91 1.06 1.06 0.07 16.93 -0.95
5 26.10.06 23.00 0.05 100.0 16.00 0.23 0.23 0.08 16.93 -0.85
6 26.10.06 23.01 0.05 100.0 15.48 0.51 0.51 0.07 16.93 -1.38
7 26.10.06 23.01 0.05 100.0 16.27 0.74 0.74 0.07 16.93 -0.59
8 27.10.06 23.01 0.05 100.0 15.30 0.30 0.30 0.07 16.93 -1.56
9 27.10.06 23.01 0.05 100.0 16.09 0.59 0.59 0.07 16.93 -0.77
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p |Meas.#| Date Toem | U(T) ‘vp,e,m Opsm | Upsm | ulpom | TV | fben) | Mpsm
m th6m - corr
(°C) S | V) | (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
10 27.10.06 2301 005 100.0 15.96 0.49 0.49 0.07 1693  -0.91
11 28.10.06 2301 005 100.0 1555 7.60 7.60 0.07 1694  -1.32
12 29.10.06 2301 005 100.0 15.16 3.32 3.32 007 1694  -1.71
13 29.10.06 2301 005 100.0 14.75 4.94 4.94 0.07 1694  -2.13
14 30.10.06 2298  0.05 100.0 16.62 1.91 1.91 016 1695  -0.16
15 31.10.06 2300 005 100.0 17.18 0.95 0.95 0.10  16.95 0.33
16 02.11.06 2303 005 100.0 15.39 2.85 2.85 001 1696  -1.56
17 10.11.06 2299 005 100.0 16.59 0.39 0.39 011 1699  -0.30
18 10.11.06 2299  0.05 1000 16.60 1.21 1.21 011 1699  -0.28
19 10.11.06 2300 005 100.0 17.01 0.74 0.74 0.10  16.99 0.11
20 11.11.06 2300 005 100.0 16.48 0.34 0.34 010 1699  -041
21 11.11.06 2300  0.05 1000 16.32 0.82 0.82 010 1699  -0.57
22 11.11.06 2300  0.05 1000 14.94 0.82 0.82 010 17.00  -1.95
23 11.11.06 2300 005 100.0 16.51 0.64 0.64 010 17.00  -0.39
24 11.11.06 2300 005 100.0 16.45 0.20 0.20 010 17.00  -045
25 12.11.06 2299  0.05 100.0 16.67 0.86 0.86 011 1700  -0.22
26 12.11.06 2299 005 100.0 16.60 0.32 0.32 011 1700  -0.29
27 13.11.06 2299 005 100.0 17.45 0.98 0.98 0.12  17.00 0.57
28 13.11.06 2301 005 100.0 16.33 1.03 1.03 0.07 1701  -0.61
29 14.11.06 2301 005 100.0 16.95 0.64 0.64 0.07 17.01 0.02
30 14.11.06 2301 005 100.0 16.49 0.61 0.61 0.07 1701  -0.44
31 14.11.06 2301 005 100.0 16.69 0.67 0.67 006 1701  -0.26
32 14.11.06 2301  0.05 1000 16.48 0.37 0.37 006 17.01  -0.47
33 15.11.06 2301 005 100.0 16.52 2.03 2.03 006 17.01  -043
34 17.11.06 2333 051 1000 15.27 0.91 091| -090 1702  -2.65
1| METAS, CH
13 24.11.06 2300 003 50 17.02 0.10 010| -001 1705  -0.04
14 25.11.06 2301 003 50 16.99 0.10 010| -005 1705  -0.11
15 26.11.06 2302 003 50 16.92 0.10 010| -0.05 1706  -0.19
22 | CEM, SP
1 06.02.07 2303 001 91 20.02 0.16 0.16| -0.09 17.34 2.59
2 06.02.07 2304 001 91 20.00 0.16 016| -011 17.34 2.55
3 07.02.07 2304 001 91 1995 0.16 0.16| -0.13 17.34 2.48
4 07.02.07 2304 001 91 2021 0.16 0.16| -0.13 17.34 2.74
5 07.02.07 2306 001 91 19.93 0.16 0.16| -0.17 17.34 2.41
6 08.02.07 2303 001 91 1991 0.16 0.16| -0.09 17.35 2.47
7 08.02.07 2303 001 91 20.27 0.16 0.16| -0.09 17.35 2.83
8 08.02.07 2303 001 91 2005 0.16 0.16| -0.09 17.35 2.61
9 09.02.07 2305 001 91 2020 0.16 0.16| -0.14 17.35 2.71
10  09.02.07 2305 001 91 19.80 0.16 0.16| -0.14 17.35 2.31
23 [ VNIIM, Russia
1 24.04.07 2000 0.03 50.0 840 0.16 0.16 9.04 1763  -0.19
1| METAS, CH
16 28.06.07 2314 003 50 18.38 0.10 0.10| -0.43 17.87 0.07
17 02.07.07 2303 003 50 18.05 0.10 010| -0.10 17.89 0.07
18 06.07.07 2304 003 50 18.07 0.10 010 -0.13  17.90 0.04
19 13.07.07 2303 003 50 1801 0.10 010 -011 1793  -0.02
20 13.08.07 2329 003 50 1893 0.10 0.10| -0.88 18.03 0.02
21 20.08.07 2299 003 50 18.00 0.10 0.10 0.03 1806  -0.03
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Annex A

A2 1GQ
A2.1 LoopA, 1GQ standard HR 9106,a=7
p | Meas. # tDate T u(T) Voim Op7m | Urp7m u:—p7m T,V-corr | f(ty7.m) Mp7m
m p,7,m o
(°C) (°C) V) | (ppm) | (ppm) |  (ppm)| (ppm) | (ppm) | (ppm)
METAS, CH
1 15.04.05 23.04 0.05 100.0 778.01 1.10 1.10 092 777.67 1.27
2 19.04.05 23.10 0.05 100.0 774.58 1.10 1.10 242 777.69 -0.68
3 26.04.05 20.04 0.05 100.0 854.83 1.10 1.10 -77.29  777.72 -0.17
4 28.04.05 20.97 0.05 100.0 829.99 1.10 1.10 -51.51  777.73 0.75
5 02.05.05 22.00 0.05 100.0 801.21 1.10 1.10 -24.40  777.75 -0.94
6 10.05.05 23.20 0.05 100.0 77244 1.10 1.10 478 777.79 -0.57
7 26.05.05 23.00 0.05 100.0 778.27 1.10 1.10 -0.05 777.87 0.36
8 10.06.05 23.04 0.05 100.0 777.05 1.10 1.10 0.82 777.94 -0.06
9 28.06.05 23.03 0.05 100.0 776.74 1.10 1.10 0.68 778.03 -0.60
PTB, Germany
1 11.08.05 23.01 0.03 100.0 778.00 2.00 5.91 024 778.24 -0.01
2 12.08.05 23.05 0.03 100.0 789.90 2.00 5.91 118 778.25 12.83
3 15.08.05 22.98 0.03 1000 789.10 2.00 5.91 -0.47 778.26 10.37
4 17.08.05 22.93 0.03 100.0 780.50 2.00 5.91 -1.65 778.27 0.58
5 19.08.05 23.05 0.03 1000 785.00 2.00 5.91 1.18 778.28 7.90
6 22.08.05 22.96 0.03 100.0 777.60 2.00 5.91 -0.94 778.30 -1.64
7 23.08.05 23.03 0.03 1000 77750 2.00 5.91 0.71 778.30 -0.09
SIQ, Slovenia
1 20.09.05 22.98 0.05 90.0 755.10 1.20 12.13 -0.50 778.44 -23.84
2 20.09.05 22.97 0.05 90.0 756.10 0.40 4.04 -0.74 778.44 -23.08
3 21.09.05 22.98 0.05 90.0 755.60 0.30 3.03 -0.50 778.45  -23.35
4 21.09.05 22.99 0.05 90.0 757.00 0.60 6.06 -0.26  778.45 -21.71
5 22.09.05 23.04 0.05 90.0 760.20 0.50 5.05 092 77845 -17.34
6 23.09.05 23.02 0.05 90.0 759.90 0.40 4.04 0.44 778.45 -18.11
7 23.09.05 23.02 0.05 90.0 759.80 0.30 3.03 0.44 77845 -18.21
8 23.09.05 23.03 0.05 90.0 768.70 0.40 4.04 0.68 778.46 -9.08
9 24.09.05 23.04 0.05 90.0 766.30 0.80 8.09 092 77846 -11.24
10 24.09.05 23.04 0.05 90.0 765.10 0.50 5.05 0.92 778.46 -12.44
11 24.09.05 23.11 0.05 90.0 765.90 0.50 5.05 257 77846  -10.00
12 24.09.05 23.10 0.05 90.0 764.40 0.60 6.06 2.33 778.46 -11.73
13 25.09.05 23.06 0.05 90.0 764.20 0.50 5.05 139 778.46  -12.88
14 25.09.05 22.96 0.05 90.0 767.30 1.00 10.11 -0.97 778.47 -12.14
15 26.09.05 22.96 0.05 90.0 766.50 0.30 3.03 -0.97 778.47 -12.94
16 26.09.05 22.95 0.05 90.0 767.10 0.90 9.10 -1.21  778.47 -12.58
17 26.09.05 22.95 0.05 90.0 766.50 0.50 5.05 -1.21 778.47 -13.18
18 26.09.05 23.01 0.05 90.0 765.10 1.10 11.12 0.21 778.47 -13.16
19 26.09.05 23.09 0.05 90.0 762.20 0.30 3.03 2.10 778.47 -14.18
20 27.09.05 23.12 0.05 90.0 76150 0.50 5.05 2.80 77847  -14.17
21 27.09.05 23.04 0.05 90.0 766.60 0.60 6.06 0.92 778.48 -10.96
SMU, Slovak Republic
1 12.10.05 23.10 0.10 50.0 757.20 4.50 20.04 222 778.55 -19.13
2 20.10.05 23.00 0.10 100.0 750.50 2.50 11.13 0.00 778.59 -28.09
3 25.10.05 23.00 0.10 1000 76850 1.90 8.46 0.00 778.61 -10.11
4 29.10.05 23.00 0.10 100.0 775.20 2.20 9.80 0.00 778.63 -3.43
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p | Meas.# tDate Tozm u(T) Vo7m Op7m | Urp7m U:7p7m T,V-corr | f(ty7.m) Mp.7.m
m p,7,m o
(°C) (°C) V) (ppm) | (ppm) (ppm) [ (ppm) | (ppm) | (ppm)
5[ VSL, Netherland
1 21.11.05 23.02 001 100.0 780.01 0.44 1.06 0.35 778.75 1.62
2 23.11.05 23.04 001 100.0 780.81 0.47 1.13 0.85 778.76 2.90
3 23.11.05 23.04 0.00 100.0 780.91 0.78 1.88 0.83 778.76 2.98
4 30.11.05 23.06 0.00 100.0 78175 0.34 0.82 1.39  778.79 4.35
5 01.12.05 23.06 0.00 100.0 780.55 0.47 1.13 1.44  778.79 3.20
6 01.12.05 23.06 0.00 100.0 780.75 0.54 1.30 1.39  778.79 3.35
7 01.12.05 23.06 0.00 100.0 78145 0.44 1.06 1.46  778.80 4.12
8 01.12.05 23.05 0.00 100.0 781.05 0.31 0.75 1.23  778.80 3.48
9 02.12.05 23.08 0.00 100.0 78198 0.34 0.82 1.77 778.80 4.95
10 03.12.05 23.08 0.00 100.0 781.78 0.66 1.59 1.77 778.80 4.75
11 03.12.05 23.08 0.00 100.0 78218 0.43 1.04 1.79 778.81 5.17
12 04.12.05 23.08 0.00 100.0 782.48 0.52 1.25 1.89 77881 5.56
13 04.12.05 23.08 0.00 1000 78178 0.62 1.49 1.94 778.81 4.90
14 09.12.05 23.10 0.00 100.0 781.87 0.38 0.92 2.41 778.84 5.45
15 13.12.05 23.08 001 100.0 78247 0.59 1.42 1.91 778.85 5.53
16 13.12.05 23.10 0.00 100.0 780.68 0.28 0.67 243 778.86 4.25
17 14.12.05 23.10 0.00 100.0 780.18 0.37 0.89 241 778.86 3.73
18 14.12.05 23.10 0.00 100.0 779.78 0.28 0.67 2.34 778.86 3.26
19 14.12.05 23.08 0.00 100.0 780.78 0.19 0.46 1.77 778.86 3.69
1| METAS, CH
10 29.12.05 23.07 0.05 1000 776.20 1.10 1.10 1.69 778.93 -1.04
11 10.01.06 23.05 0.05 1000 77861 1.10 1.10 1.06  778.99 0.68
12 13.01.06 23.02 0.05 100.0 780.13 1.10 1.10 0.35 779.01 1.47
13 19.01.06 23.06 005 1000 777.96 1.10 1.10 1.34  779.04 0.26
6 | SPI, Lithuania
1 03.02.06 22.97 0.08 100.0 783.43 0.53 0.70 -0.71  779.11 3.61
2 07.02.06 23.00 0.08 100.0 783.06 0.60 0.79 0.00 779.13 3.93
3 08.02.06 23.00 0.08 100.0 78297 0.96 1.27 0.00 779.13 3.84
4 11.02.06 23.00 0.08 100.0 782.34 0.48 0.63 0.00 779.15 3.19
5 13.02.06 23.02 0.08 100.0 783.03 0.60 0.79 047 779.16 4.34
6 15.02.06 23.03 0.08 100.0 78351 0.62 0.82 0.71  779.17 5.05
7 17.02.06 22.94 0.08 100.0 783.17 0.2 0.69 -1.42  779.18 2.58
8 18.02.06 23.00 0.08 100.0 78353 0.53 0.70 0.00 779.18 4.35
9 20.02.06 23.06 0.08 100.0 78294 0.63 0.83 1.42  779.19 5.16
10 21.02.06 23.00 0.08 100.0 78254 0.46 0.61 0.00  779.20 3.34
11 22.02.06 23.01 0.08 100.0 783.01 0.2 0.69 0.24  779.20 4.04
12 23.02.06 23.03 0.08 100.0 78234 0.51 0.67 0.71 779.21 3.84
13 26.02.06 23.00 0.08 100.0 783.37 0.72 0.95 0.00 779.22 4.15
7 | MIKES, Finland
1 10.03.06 23.25 030 100.0 77050 2.20 22.96 5.83  779.28 -2.95
2 17.03.06 22.70 020 100.0 784.00 0.40 4.18 701 779.32 -2.33
3 20.03.06 23.06 020 100.0 804.00 2.70 28.18 1.42 779.33  26.08
4 20.03.06 22.63 020 100.0 795.80  0.40 4.18 -8.80 779.33 7.67
5 20.03.06 22.64 020 100.0 803.30 0.40 4.18 -850 779.33 1547
6 22.03.06 22.91 020 100.0 765.00  3.40 35.49 219 77934 -16.54
77 22.03.06 23.16 020 300.0 764.00 3.60 37.58 434 77934  -11.01
8" 23.03.06 23.07 020 500.0 77200 1.70 17.75 2.68 779.35 -4.67
9" 24.03.06 23.09 0.20 1000.0 769.90 2.50 26.10 471  779.35 -4.74
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p | Meas.# tDate Tozm u(T) Vo7m Op7m | Urp7m U:7p7m T,V-corr | f(ty7.m) Mp.7.m
m p,7,m o
(°C) (°C) (V) | (ppm) | (ppm) |  (pPm)| (pPm) | (ppm) | (ppm)
10 25.03.06 22.95 020 1000 797.30 3.50 36.53 -1.25  779.36 16.69
11 27.03.06 23.20 020 1000 776.00 0.50 5.22 472 779.37 1.35
12 28.03.06 23.20 020 1000 77180 0.70 7.31 472  779.37 -2.85
13 28.03.06 23.06 020 1000 781.30 0.40 4.18 1.42  779.37 3.34
14 28.03.06 23.31 020 1000 77240 0.40 4.18 732 779.37 0.34
15 28.03.06 23.21 0.20 1000 77580 0.40 4.18 496  779.37 1.38
16 29.03.06 23.08 020 100.0 783.60 0.40 4.18 1.89 779.38 6.11
17 30.03.06 23.15 020 1000 776.10 0.40 4.18 3.54 779.38 0.26
18 30.03.06 23.30 020 1000 769.30 0.50 5.22 7.08 779.38 -3.00
“) point not used in analysis: test voltage outside range

8 | OMH, Hungary
1 14.04.06 23.00 0.20 9.1 780.96 0.35 0.35 -0.25  779.45 1.25

9 | CMI, Czech Republic
1 10.05.06 23.00 0.50 90.0 803.00 1.20 2.51 -0.03  779.58 23.39
2 16.05.06 23.00 0.50 90.0 800.00 1.20 2.51 -0.03 779.61 20.36
3 22.05.06 23.00 0.50 90.0 805.00 1.20 2.51 -0.03 779.64 25.33

10 | INM, Romania
1 18.10.06 23.15 0.04 1000 731.00 0.60 3.95 3.54 780.37 -45.83
2 18.10.06 23.20 0.04 1000 734.00 0.60 3.95 472 780.37 -41.65
3 19.10.06 23.21 0.04 1000 735.00 0.60 3.95 496 780.38 -40.42
4 19.10.06 23.20 0.04 1000 733.00 0.60 3.95 472 780.38 -42.66
5 19.10.06 23.20 0.04 1000 735.00 0.60 3.95 472 780.38  -40.66
6 20.10.06 23.03 0.04 1000 727.00 0.60 3.95 0.71 780.38 -52.67
7 20.10.06 23.04 0.04 1000 728.00 0.60 3.95 0.94 780.38 -51.44
8 20.10.06 23.06 0.04 1000 729.00 0.60 3.95 1.42 780.38  -49.97
9 20.10.06 23.06 0.04 1000 734.00 0.60 3.95 1.42 780.38  -44.97
10 23.10.06 23.08 0.04 1000 727.00 0.60 3.95 1.89 78040 -51.51
11 23.10.06 23.10 0.04 1000 732.00 0.60 3.95 2.36  780.40 -46.04
12 23.10.06 23.07 0.04 1000 729.00 0.60 3.95 1.65 780.40 -49.74
13 23.10.06 23.09 0.04 1000 730.00 0.60 3.95 2.12 780.40  -48.27
14 25.10.06 2291 0.04 1000 732.00 0.60 3.95 -2.12  780.41  -50.53
15 25.10.06 22.94 0.04 1000 730.00 0.60 3.95 -1.42 780.41  -51.82
16 25.10.06 22.96 0.04 1000 733.00 0.60 3.95 -0.94 780.41  -48.35
17 26.10.06 23.27 0.04 1000 728.00 0.60 3.95 6.37 780.41 -46.04
18 26.10.06 23.27 0.04 1000 730.00 0.60 3.95 6.37 780.41 -44.04
19 26.10.06 23.25 0.04 1000 730.00 0.60 3.95 590 780.41  -4451

1| METAS, CH
14 25.01.07 23.06 0.05 1000 780.43 1.10 1.27 151 780.86 1.08
15 26.01.07 22.98 0.05 1000 779.94 1.10 1.27 -0.59  780.87 -1.52
16 05.02.07 22.94 0.05 1000 779.74 1.10 1.27 -1.37  780.91 -2.55
17 13.02.07 22.98 0.05 1000 780.03 1.10 1.27 -0.57 780.96 -1.49
18 15.02.07 22.95 0.05 1000 78329 1.10 1.27 -1.11  780.96 1.22
19 06.03.07 22.96 0.05 1000 78324 110 1.27 -0.97 781.06 1.21
20 22.03.07 22.93 0.05 1000 783.02 1.10 1.27 -1.73  781.14 0.16
21 19.04.07 22.90 0.05 1000 784.09 1.10 1.27 -2.32 781.28 0.50
22 01.06.07 23.00 0.05 1000 781.09 1.10 1.27 -0.07 781.49 -0.47
23 12.07.07 22.89 0.05 1000 78440 1.10 1.27 -251 781.69 0.20
24 15.08.07 22.86 0.05 1000 785.88 1.10 1.27 -3.32 781.85 0.70
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A2.2 Loop A, 1GQ standard MI 1100036, a =8

p Meas. # tDate Toem u(T) Vogm Opam Ur-pgm u;p am T,V-corr f(tp,8,m) Mp.gm
m p,8,m -
(°C) (°C) ) (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
METAS, CH
1 22.02.05 22.96 0.05 100.0 1.10 0.80 0.80 0.04 0.50 0.64
2 03.03.05 22.99 0.05 100.0 -1.45 0.80 0.80 0.01 -0.47 -0.97
3 11.03.05 22.87 0.05 100.0 -1.46 0.80 0.80 0.14 -1.26 -0.06
4 20.04.05 23.00 0.05 100.0 -4.50 0.80 0.80 0.00 -4.74 0.24
5 11.05.05 23.23 0.05 100.0 -4.60 0.80 0.80 -0.24 -6.15 1.31
6 17.05.05 23.23 0.05 100.0 -6.44 0.80 0.80 -0.24 -6.52 -0.15
7 26.05.05 23.08 0.05 100.0 -6.87 0.80 0.80 -0.08 -7.03 0.08
8 10.06.05 23.06 0.05 100.0 -7.99 0.80 0.80 -0.07 -7.82 -0.24
9 27.06.05 23.07 0.05 100.0 -9.71 0.80 0.80 -0.07 -8.59 -1.19
PTB, Germany
1 11.08.05 23.00 0.03 100.0 -9.40 2.00 2.00 0.00 -10.19 0.79
2 12.08.05 23.05 0.03 100.0 -10.60 2.00 2.00 -0.05 -10.22 -0.43
3 15.08.05 22.97 0.03 100.0 -7.40 2.00 2.00 0.03 -10.31 2.94
4 17.08.05 22.92 0.03 100.0 -9.90 2.00 2.00 0.08 -10.36 0.55
5 19.08.05 23.04 0.03 100.0 -6.50 2.00 2.00 -0.04  -10.42 3.88
6 22.08.05 23.04 0.03 100.0 -8.10 2.00 2.00 -0.04 -10.50 2.36
7 23.08.05 23.08 0.03 100.0 -9.10 2.00 2.00 -0.08  -10.53 1.35
SIQ, Slovenia
1 22.09.05 22.80 0.05 90.0 -15.50 0.60 6.05 0.23 -11.26 -4.02
2 22.09.05 22.83 0.05 90.0 -16.40 0.70 7.06 0.20 -11.26 -4.95
3 22.09.05 23.02 0.05 90.0 -17.60 0.40 4.03 0.00 -11.26 -6.34
4 22.09.05 22.97 0.05 90.0 -17.10 0.30 3.02 0.05 -11.26 -5.79
5 22.09.05 22.96 0.05 90.0 -17.40 0.20 2.02 0.06 -11.26 -6.08
6 22.09.05 22.94 0.05 90.0 -17.70 0.30 3.02 0.08 -11.26 -6.35
7 24.09.05 23.05 0.05 90.0 -14.40 0.40 4.03 -0.03  -11.30 -3.14
8 24.09.05 23.07 0.05 90.0 -14.90 0.30 3.02 -0.05 -11.30 -3.66
9 24.09.05 23.02 0.05 90.0 -15.00 0.20 2.02 0.00 -11.30 -3.70
10 25.09.05 23.02 0.05 90.0 -12.40 0.70 7.06 0.00 -11.32 -1.08
11 25.09.05 22.96 0.05 90.0 -12.60 0.40 4.03 0.06 -11.32 -1.22
12 25.09.05 22.98 0.05 90.0 -13.10 0.80 8.07 0.04 -11.32 -1.74
13 26.09.05 23.08 0.05 90.0 -9.40 0.30 3.02 -0.06 -11.34 1.88
14 26.09.05 23.10 0.05 90.0 -10.60 0.20 2.02 -0.08 -11.35 0.66
15 27.09.05 23.03 0.05 90.0 -11.50 0.20 2.02 -0.01  -11.35 -0.16
16 27.09.05 23.02 0.05 90.0 -10.30 0.30 3.02 0.00 -11.36 1.06
SMU, Slovak Republic
1 14.10.05 23.00 0.10 50.0 -48.50 3.00 7.32 0.10 -11.67 -36.73
2 21.10.05 23.00 0.10 100.0 -47.10 2.50 6.10 0.00 -11.79 -35.31
3 25.10.05 22.90 0.10 100.0 -42.50 1.80 4.39 0.10 -11.85 -30.54
4 27.10.05 23.00 0.10 100.0 -35.80 2.10 5.12 0.00 -11.88 -23.92
VSL, Netherland
1 17.11.05 23.05 0.01 100.0 -11.10 0.19 1.60 -0.05 -12.19 1.05
2 21.11.05 23.03 0.00 100.0 -8.16 0.21 1.77 -0.04 -12.24 4.05
3 23.11.05 23.07 0.00 100.0 -9.25 0.23 1.93 -0.07  -12.27 2.95
4 24.11.05 23.06 0.00 100.0 -9.16 0.19 1.60 -0.06 -12.27 3.05
5 24.11.05 23.06 0.00 100.0 -9.45 0.20 1.68 -0.06  -12.27 2.76
6 24.11.05 23.07 0.00 100.0 -9.65 0.32 2.69 -0.07 -12.28 2.55
7 01.12.05 23.09 0.01 100.0 -9.41 0.12 1.01 -0.09 -12.36 2.86
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p | Meas.# tDate Toem u(T) Vosm Opsm | Urpsm u:—pSm T,V-corr | f(tysm) Mp.gm
m p,8.m o
(°C) (°C) ) (ppm) | (ppm) (ppm) | (ppm) | (ppm) | (ppm)
8 02.12.05 23.09 0.01 100.0 -7.76 0.63 5.30 -0.10 -12.37 4,52
9 05.12.05 23.11 0.00 100.0 -6.70 0.55 4.63 -0.11 -1241 5.60
10 08.12.05 23.12 0.00 100.0 -5.66 0.26 2.19 -0.12  -12.44 6.66
11 09.12.05 23.12 0.00 100.0 -5.82 0.22 1.85 -0.13  -12.45 6.50
12 12.12.05 23.11 0.00 100.0 -4.69 0.63 5.30 -0.12  -12.48 7.67
13 12.12.05 23.12 0.00 100.0 -6.19 0.18 151 -0.12  -12.48 6.17
14 13.12.05 23.11 0.00 100.0 -6.29 0.15 1.26 -0.12  -12.49 6.08
15 13.12.05 23.11 0.00 100.0 -6.19 0.18 151 -0.12  -12.49 6.18
16 13.12.05 23.12 0.00 100.0 -6.29 0.18 1.51 -0.12  -12.49 6.07
17 14.12.05 23.12 0.00 100.0 -7.29 0.24 2.02 -0.12  -12.50 5.08
18 14.12.05 23.10 0.00 100.0 -6.69 0.22 1.85 -0.10 -12.50 5.71
19 14.12.05 23.10 0.00 100.0 -6.99 0.11 0.93 -0.10 -12.50 5.41
20 14.12.05 23.10 0.00 100.0 -6.69 0.18 1.51 -0.10 -1251 5.71
21 15.12.05 23.10 0.00 100.0 -7.19 0.22 1.85 -0.11  -1251 5.21
1| METAS, CH
10 29.12.05 22.99 0.05 100.0 -12.55 0.80 0.80 0.01 -12.64 0.11
11 10.01.06 23.05 0.05 100.0 -12.04 0.80 0.80 -0.05 -12.74 0.66
12 13.01.06 23.05 0.05 100.0 -12.72 0.80 0.80 -0.05  -12.77 0.00
13 19.01.06 23.15 0.05 100.0 -12.79 0.80 0.80 -0.15 -12.81 -0.13
6 [ SPI, Lithuania
1 06.02.06 22.95 0.08 100.0 -13.99 0.41 0.41 0.05 -12.93 -1.01
2 07.02.06 23.05 0.08 100.0 -13.08 0.44 0.44 -0.05  -12.93 -0.20
3 08.02.06 23.00 0.08 100.0 -14.64 0.46 0.46 0.00 -12.94 -1.70
4 10.02.06 22.97 0.08 100.0 -13.70 0.42 0.42 0.03 -12.95 -0.71
5 11.02.06 23.03 0.08 100.0 -13.55 0.42 0.42 -0.03  -12.96 -0.63
6 12.02.06 23.00 0.08 100.0 -13.16 0.42 0.42 0.00 -12.96 -0.19
7 13.02.06 23.03 0.08 100.0 -13.69 0.42 0.42 -0.03  -12.97 -0.76
8 17.02.06 22.96 0.08 100.0 -13.61 0.42 0.42 0.04 -12.99 -0.57
9 18.02.06 23.00 0.08 100.0 -13.96 0.41 0.41 0.00 -13.00 -0.96
10 19.02.06 23.05 0.08 100.0 -13.23 0.42 0.42 -0.05  -13.00 -0.28
11 20.02.06 23.06 0.08 100.0 -13.52 0.41 0.41 -0.06 -13.01 -0.58
12 22.02.06 22.98 0.08 100.0 -13.66 0.41 0.41 0.02 -13.02 -0.62
13 23.02.06 23.04 0.08 100.0 -13.31 0.42 0.42 -0.04  -13.02 -0.33
14 24.02.06 22.96 0.08 100.0 -13.67 0.41 0.41 0.04 -13.03 -0.60
15 25.02.06 22.96 0.08 100.0 -13.97 0.42 0.42 0.04 -13.03 -0.89
7 | MIKES, Finland
1 08.03.06 23.27 0.30 100.0 -2.40 1.00 43.42 -0.28  -13.09 10.41
2 09.03.06 23.31 0.30 100.0 -25.70 1.10 47.76 -0.32 -13.09 -12.93
3 14.03.06 23.40 0.30 100.0 -33.60 0.80 34.73 -0.42 -13.11  -20.91
4 16.03.06 23.01 0.30 100.0 -19.20 3.00| 130.26 -0.01 -13.12 -6.09
5 17.03.06 22.67 0.20 100.0  -15.00 0.60 26.05 0.35 -13.12 -1.53
6 17.03.06 22.91 0.20 100.0 -14.30 0.60 26.05 0.09 -13.12 -1.08
7 18.03.06 23.07 0.20 100.0 -35.30 1.00 43.42 -0.07 -13.13 -22.24
8 20.03.06 22.64 0.20 100.0 -2.70 0.60 26.05 0.38 -13.14 10.81
9” 23.03.06 23.12 0.20 500.0 -50.30 0.28 12.16 -0.93 -13.15 -38.08
107 24.03.06 23.06 0.20 1000.0 -44.80 0.40 17.37 -1.86 -13.15 -33.51
11 26.03.06 22.98 0.20 100.0 -29.50 0.47 20.41 0.02 -13.16 -16.32
12 29.03.06 23.10 0.20 100.0 -9.60 0.20 8.68 -0.10 -13.17 3.46
13 29.03.06 23.13 0.20 100.0 -14.70 0.50 21.71 -0.14  -13.17 -1.67
14 30.03.06 23.10 0.20 100.0 -6.70 0.20 8.68 -0.10 -13.17 6.37
15 30.03.06 23.17 0.20 100.0 -14.30 0.50 21.71 -0.18  -13.17 -1.31
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p | Meas.# ItDate Toem u(T) Vosm Opsm | Urpsm u:—pSm T,V-corr | f(tysm) Mp.gm
m p,8.m o
(°C) (°C) ) (pm) | (ppm) | (ppm) | (ppm) | (pPm) | (ppm)
“) point not used in analysis: test voltage outside range
8 | OMH, Hungary
1 14.04.06 23.00 0.20 9.1 -7.00 0.36 0.36 0.18 -13.22 6.40
9 | CMI, Czech Republic
1 10.05.06 23.00 0.50 90.0 -3.00 0.80 1.97 0.02 -13.28 10.30
2 16.05.06 23.00 0.50 90.0 0.00 1.20 2.96 0.02 -13.29 13.31
3 22.05.06 23.00 0.50 90.0 -5.00 0.80 1.97 0.02 -13.30 8.32
10 | INM, Romania
1 18.10.06 23.16 0.04 100.0 -51.00 0.37 1.47 -0.17  -13.33  -37.84
2 19.10.06 23.21 0.04 100.0 -52.00 0.37 1.47 -0.22  -13.33  -38.89
3 19.10.06 23.20 0.04 100.0 -51.00 0.37 1.47 -0.21  -13.33  -37.88
4 19.10.06 23.20 0.04 100.0 -51.00 0.37 1.47 -0.21  -13.33  -37.88
5 19.10.06 23.20 0.04 100.0 -53.00 0.37 1.47 -0.21  -13.33  -39.88
6 20.10.06 23.03 0.04 100.0 -55.00 0.37 1.47 -0.03  -13.33  -41.70
7 20.10.06 23.04 0.04 100.0 -53.00 0.37 1.47 -0.04 -13.33 -39.71
8 20.10.06 23.06 0.04 100.0 -54.00 0.37 1.47 -0.06  -13.33  -40.73
9 20.10.06 23.06 0.04 100.0 -52.00 0.37 1.47 -0.06  -13.33  -38.73
10 23.10.06 23.10 0.04 100.0 -54.00 0.37 1.47 -0.10 -13.33  -40.78
11 23.10.06 23.10 0.04 100.0 -51.00 0.37 1.47 -0.10 -13.33  -37.78
12 23.10.06 23.07 0.04 100.0 -55.00 0.37 1.47 -0.07  -13.33  -41.75
13 23.10.06 23.09 0.04 100.0 -52.00 0.37 1.47 -0.09 -13.33  -38.77
14 25.10.06 23.06 0.04 100.0 -53.00 0.37 1.47 -0.06  -13.33  -39.74
15 25.10.06 23.27 0.04 100.0 -54.00 0.37 1.47 -0.28  -13.33  -40.96
16 25.10.06 23.27 0.04 100.0 -50.00 0.37 1.47 -0.28  -13.33  -36.96
17 26.10.06 23.25 0.04 100.0 -52.00 0.37 1.47 -0.26  -13.32 -38.94
18 26.10.06 23.25 0.04 100.0 -54.00 0.37 1.47 -0.26  -13.32  -40.94
1[METAS, CH
14 26.01.07 23.12 0.05 100.0 -14.26  0.80 0.89 -0.13  -13.22 -1.17
15 13.02.07 22.96 0.05 100.0 -14.47  0.80 0.89 0.04 -13.19 -1.23
16 15.02.07 22.67 0.05 100.0 -12.76 0.80 0.89 035 -13.19 0.78
17 06.03.07 23.02 0.05 100.0 -11.86 0.80 0.89 -0.02  -13.16 1.28
18 22.03.07 23.07 0.05 100.0 -12.67 0.80 0.89 -0.07  -13.13 0.39
19 19.04.07 22.92 0.05 100.0 -13.58 0.80 0.89 0.08 -13.09 -0.41
20 04.06.07 23.02 0.05 100.0 -13.24  0.80 0.89 -0.02  -13.01 -0.25
21 11.12.07 23.04 0.05 100.0 -12.36 0.80 0.89 -0.04 -12.67 0.27
A2.3 Loop A, 1GQ standard M1 1100037,a=9
p | Meas.# ItDate Toom u(T) Vpom Opom | Urpam u:—pgm T,V-corr | f(tsom) Mp.om
m p,9,m o
(°C) (°C) V) (ppm) | (ppm) (ppm) | (ppm) (ppm) (ppm)
1| METAS, CH
1 20.04.05 22.90 0.05 100.0 46.10  2.50 2.93 -2.39 43.59 0.13
2 11.05.05 23.21 0.05 100.0 29.61 250 2.93 5.23 31.97 2.87
3 17.05.05 22.90 0.05 100.0 26.04 250 2.93 -2.34 28.95 -5.26
4 26.05.05 23.03 0.05 100.0 26.48  2.50 2.93 0.69 25.20 1.97
5 10.06.05 23.07 0.05 100.0 19.36 250 2.93 1.70 19.74 1.31
6 27.06.05 23.07 0.05 100.0 11.70 250 2.93 1.65 14.54 -1.20
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p | Meas.# tDate Toom u(T) Vpom Opom | Urpom u:—pgm T,V-corr | f(tyom) Mp.om
m p,9.m o
(°C) (°C) V) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (pPPM)

2| PTB, Germany
1 11.08.05 23.07 0.03 100.0 -6.00 2.00 4.21 1.65 5.07 -9.42
2 12.08.05 23.09 0.03 100.0 -7.70 2.00 4.21 212 490 -10.49
3 15.08.05 22.96 0.03 100.0 -5.60 2.00 4.21 -0.94 442  -10.96
4 18.08.05 22.87 0.03 100.0 -11.00 2.00 4.21 -3.05 395 -18.01
5 19.08.05 23.03 0.03 100.0 -6.30 2.00 4.21 0.71 3.80 -9.40
6 22.08.05 23.05 0.03 100.0 -2.30 2.00 4.21 1.18 3.35 -4.48
7 23.08.05 23.04 0.03 100.0 -4.60 2.00 4.21 0.94 3.21 -6.87

3| SIQ, Slovenia
1 21.09.05 22.87 0.05 90.0 -1.10 0.30 2.01 -3.07 -0.51 -3.67
2 21.09.05 22.83 0.05 90.0 -3.80 0.30 2.01 -4.01 -0.52 -7.30
3 22.09.05 22.83 0.05 90.0 -6.30 0.30 2.01 -4.01 -0.53 -9.79
4 24.09.05 23.12 0.05 90.0 -1.40 0.90 6.04 2.80 -0.80 2.20
5 24.09.05 23.07 0.05 90.0 -4.30 0.90 6.04 1.63 -0.81 -1.87
6 24.09.05 23.08 0.05 90.0 -5.60 0.40 2.69 1.86 -0.81 -2.92
7 25.09.05 23.01 0.05 90.0 -5.20 0.90 6.04 0.22 -0.91 -4.07
8 25.09.05 23.00 0.05 90.0 -6.60 0.80 5.37 -0.02 -0.92 -5.70
9 26.09.05 23.09 0.05 90.0 -2.30 0.80 5.37 2.10 -1.01 0.81
10 26.09.05 23.10 0.05 90.0 -4.20 1.10 7.38 2.33 -1.03 -0.84
11 27.09.05 22.91 0.05 90.0 -5.20 0.60 4.03 -2.13 -1.05 -6.28
12 27.09.05 22.97 0.05 90.0 -4.80 0.60 4.03 -0.72 -1.09 -4.43

4| SMU, Slovak Republic
1 17.10.05 23.00 0.10 50.0 -35.80 2.00 6.15 -0.09 -2.88  -33.01
2 20.10.05 22.90 0.10 100.0 -36.00 1.30 4.00 -2.35 -3.12 -35.23
3 26.10.05 23.00 0.10 100.0 -27.90 1.90 5.85 0.00 -3.60 -24.30
4 31.10.05 23.00 0.10 100.0 -32.40 1.20 3.69 0.00 -3.98  -28.42

5| VSL, Netherland
1 21.11.05 23.04 0.01 100.0 -9.75 0.63 6.57 0.94 -5.42 -3.39
2 24.11.05 23.08 0.01 100.0 -8.86 0.28 2.92 1.76 -5.61 -1.48
3 24.11.05 23.07 0.00 100.0 -9.48 0.25 2.61 1.69 -5.62 -2.16
4 01.12.05 23.11 0.01 100.0 -10.21 0.27 2.82 251 -6.03 -1.66
5 02.12.05 23.13 0.01 100.0 -8.81 0.15 1.57 2.98 -6.09 0.26
6 05.12.05 23.12 0.01 100.0 -5.41 0.60 6.26 2.82 -6.25 3.66
7 07.12.05 23.15 0.00 100.0 -5.16 0.23 2.40 3.45 -6.38 4.68
8 08.12.05 23.15 0.00 100.0 -5.06 0.27 2.82 341 -6.39 4,74
9 08.12.05 23.14 0.00 100.0 -5.06 0.25 2.61 3.36 -6.40 4.70
10 08.12.05 23.14 0.01 100.0 -3.66 0.68 7.10 3.17 -6.41 5.93
11 09.12.05 23.14 0.00 100.0 -5.73 0.22 2.30 3.29 -6.47 4.04
12 09.12.05 23.13 0.00 100.0 -5.90 0.40 4.17 3.05 -6.49 3.64
13 10.12.05 23.13 0.00 100.0 -6.60 0.21 2.19 3.15 -6.50 3.05
14 10.12.05 23.13 0.00 100.0 -5.68 0.41 4.28 3.01 -6.51 3.84
15 10.12.05 23.13 0.00 100.0 -6.23 0.42 4.38 3.15 -6.53 3.44
16 10.12.05 23.13 0.00 100.0 -7.05 0.31 3.23 3.05 -6.54 2.54
17 12.12.05 23.13 0.01 100.0 -5.20 0.08 0.83 3.03 -6.64 4.47
18 13.12.05 23.12 0.01 100.0 -6.69 0.09 0.94 2.70 -6.69 2.70
19 14.12.05 23.10 0.02 100.0 -6.69 0.37 3.86 2.30 -6.74 2.35

1| METAS, CH
7 29.12.05 23.02 0.05 100.0 -10.50 2.50 2.50 0.50 -7.48 -2.52
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p | Meas.# tDate Toom u(T) Vpom Opom | Urpom u:—pgm T,V-corr | f(tyom) Mp.om
m p,9.m o
(°C) (°C) V) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (pPPM)
8 10.01.06 23.11 0.05 100.0 -7.54 2.50 2.50 2.68 -8.03 3.17
9 13.01.06 23.02 0.05 100.0 -9.42 2.50 2.50 0.52 -8.15 -0.75
10 19.01.06 23.12 0.05 100.0 -9.69 2.50 2.50 2.80 -8.42 1.53
6 | SPI, Lithuania
1 30.01.06 23.00 0.08 100.0 -5.85 0.62 0.85 0.00 -8.84 2.99
2 31.01.06 23.05 0.08 100.0 -6.12 0.61 0.84 1.18 -8.88 3.93
3 01.02.06 23.00 0.08 100.0 -6.25 0.63 0.86 0.00 -8.91 2.67
4 02.02.06 23.01 0.08 100.0 -6.06 0.63 0.86 0.24 -8.95 3.13
5 07.02.06 23.00 0.08 100.0 -6.76 0.62 0.85 0.00 -9.15 2.39
6 07.02.06 23.00 0.08 100.0 -6.96 0.61 0.84 0.00 -9.15 2.18
7 08.02.06 23.00 0.08 100.0 -7.74 061 0.84 0.00 -9.18 1.45
8 18.02.06 23.00 0.08 100.0 -7.07 0.61 0.84 0.00 -9.55 2.48
9 19.02.06 23.05 0.08 100.0 -6.25 0.62 0.85 1.18 -9.59 4,51
10 26.02.06 23.00 0.08 100.0 -6.98 0.61 0.84 0.00 -9.84 2.86
11 27.02.06 23.03 0.08 100.0 -7.17 0.61 0.84 0.71 -9.87 3.41
7 | MIKES, Finland
1 09.03.06 23.27 0.30 100.0  -29.90 2.20| 110.01 6.34 -10.23  -13.32
2 16.03.06 23.09 0.30 100.0 -23.00 0.60 30.00 212 -1046  -10.42
3 17.03.06 23.02 0.20 100.0 -1.40 1.40 70.01 0.47  -10.49 9.56
4 17.03.06 23.17 0.20 100.0 -20.60 0.60 30.00 3.88 -10.50 -6.23
5 18.03.06 22.93 0.20 100.0 -27.30 0.77 38.50 -1.65 -10.53  -18.41
6 20.03.06 22.64 0.20 100.0 -7.90 0.60 30.00 -8.46  -10.60 -5.76
77 24.03.06 22.99 0.20 500.0 -56.20 0.15 7.50 048 -10.72  -45.00
8”7 240306 2301 020 1000.0 -58.70 0.30| 15.00 1.83 -10.72  -46.14
9 29.03.06 23.20 0.20 100.0 -10.70 1.90 95.01 4,70  -10.88 4.88
10 29.03.06 23.18 0.20 100.0 -14.90 0.40 20.00 423  -10.89 0.22
11 30.03.06 23.04 0.20 100.0 -16.90 0.40 20.00 094 -10.91 -5.05
12 30.03.06 23.20 0.20 100.0 -13.90 2.60| 130.01 470 -10.91 1.71
“) point not used in analysis: test voltage outside range
8 | OMH, Hungary
1 14.04.06 23.00 0.20 9.1 -10.15 0.36 0.36 -0.16  -11.36 1.05
9 | CMI, Czech Republic
1 10.05.06 23.00 0.50 90.0 -6.50 0.70 1.21 -0.02 -12.12 5.60
2 16.05.06 23.00 0.50 90.0 -7.00 1.20 2.08 -0.02 -12.29 5.27
3 22.05.06 23.00 0.50 90.0 -9.00 0.60 1.04 -0.02  -12.46 3.44
10 | INM, Romania
1 18.10.06 23.12 0.04 100.0 -58.00 0.41 2.61 282 -16.30 -38.88
2 18.10.06 23.16 0.04 100.0 -60.00 0.41 2.61 3.76  -16.30 -39.94
3 18.10.06 23.20 0.04 100.0 -60.00 0.41 2.61 470 -16.30 -39.00
4 19.10.06 23.20 0.04 100.0 -60.00 0.41 2.61 470 -16.33  -38.97
5 19.10.06 23.20 0.04 100.0 -60.00 0.41 2.61 470 -16.33  -38.97
6 19.10.06 23.20 0.04 100.0 -60.00 0.41 2.61 470 -16.33  -38.97
7 19.10.06 23.20 0.04 100.0  -58.00 0.41 2.61 470 -16.33  -36.97
8 20.10.06 23.03 0.04 100.0 -57.00 0.41 2.61 071 -16.35 -39.94
9 20.10.06 23.04 0.04 100.0 -60.00 0.41 2.61 094 -16.35 -42.71
10 20.10.06 23.06 0.04 100.0 -62.00 0.41 2.61 141 -16.35 -44.24
11 20.10.06 23.06 0.04 100.0 -62.00 0.41 2.61 141 -16.35 -44.24
12 23.10.06 23.08 0.04 100.0 -57.00 0.41 2.61 1.88 -16.43  -38.69
13 23.10.06 23.10 0.04 100.0 -62.00 0.41 2.61 235 -16.43  -43.22
14 23.10.06 23.08 0.04 100.0 -60.00 0.41 2.61 1.88 -16.43  -41.69
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p | Meas.# ItDate Toom u(T) Vpom Opom | Urpom u:—pgm T,V-corr | f(tyom) Mp.om
m p,9,m o

(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (pPPM)
15 23.10.06 23.08 0.04 100.0 -59.00 041 2.61 1.88 -16.43  -40.69
16 25.10.06 2291 0.04 100.0 -57.00 041 2.61 -2.12  -16.48  -42.64
17 26.10.06 23.26 0.04 100.0 -61.00 041 2.61 6.11 -16.50 -38.39
18 26.10.06 23.27 0.04 100.0 -57.00 041 2.61 6.34 -16.50 -34.15
19 26.10.06 23.25 0.04 100.0 -60.00 041 2.61 588 -16.50 -37.62

1|METAS, CH
11 25.01.07 23.09 0.05 100.0 -20.16 2,50 2.50 206 -18.75 0.65
12 12.02.07 22.96 0.05 100.0 -22.27 250 2.50 -1.05 -19.19 -4.13
13 15.02.07 22.98 0.05 100.0 -1991 250 2.50 -0.51  -19.26 -1.16
14 06.03.07 22.96 0.05 100.0 -18.76  2.50 2.50 -1.00 -19.72 -0.04
15 22.03.07 22.94 0.05 100.0 -19.12 250 2.50 -1.37  -20.11 -0.38
16 19.04.07 22.99 0.05 100.0 -20.18 250 2.50 -0.35  -20.78 0.25
17 01.06.07 23.03 0.05 100.0 -19.21 250 2.50 061 -21.84 3.24
18 15.08.07 22.88 0.05 100.0 -20.47 250 2.50 -2.81  -23.65 0.37

A2.4 Loop B, 1GQ standard HR 9101, a =10
p | Meas. #| Date Tp10m u(T) Voiom | Opiom | Urpiom u:—plOm T,V-corr | f(tp10m) | Mpiom
m tp,10,m T

(c) | o V) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)

1|METAS, CH
1 15.04.05 22.92 0.05 100.0 51.57  0.80 0.80 -2.01 49.35 0.21
2 19.04.05 22.88 0.05 100.0 53.65 0.80 0.80 -3.13 49.34 1.18
3 26.04.05 19.89 0.05 100.0 14179  0.80 0.80| -92.18 49.32 0.29
4 28.04.05 20.98 0.05 100.0 106.15 0.80 0.80| -57.24 49.31 -0.40
5 02.05.05 21.95 0.05 100.0 7752  0.80 0.80| -28.38 49.30 -0.16
6 10.05.05 23.19 0.05 100.0 4330 0.80 0.80 4.84 49.28 -1.14
7 25.05.05 23.01 0.05 100.0 49.38 0.80 0.80 0.33 49.24 0.47
8 08.06.05 23.02 0.05 100.0 48.10 0.80 0.80 0.59 49.21 -0.52

12 | NML, Ireland
1 03.08.05 23.17 0.10 100.0 41.00 8.00 14.05 4.37 49.11 -3.74
2 04.08.05 23.37 0.10 100.0 3400 1.00 1.76 9.51 49.11 -5.59
3 08.08.05 23.27 0.10 100.0 41.00 3.00 5.27 6.94 49.10 -1.16
4 09.08.05 22.90 0.10 100.0 4400 2.00 351 -2.57 49.10 -7.67
5 10.08.05 23.47 0.10 100.0 32.00 4.00 7.03 12.08 49.10 -5.01
6 12.08.05 23.07 0.10 100.0 51.00 3.00 5.27 1.80 49.09 3.71
7 15.08.05 22.66 0.10 100.0 64.00 3.00 5.27 -8.74 49.09 6.17
8 16.08.05 2291 0.10 100.0 51.00 2.00 3.51 -2.31 49.09 -0.40
9 17.08.05 22.98 0.10 100.0 45,00 2.00 351 -0.51 49.09 -4.60
10 18.08.05 22.92 0.10 100.0 44,00 3.00 5.27 -2.06 49.08 -7.14
11 19.08.05 22.99 0.10 100.0 47.00 1.00 1.76 -0.26 49.08 -2.34
12 24.08.05 22.95 0.10 100.0 45,00 1.00 1.76 -1.29 49.08 -5.36

13 { JV, Norway
1 16.09.05 23.00 0.10 9.1 4400 1.90 1.90 -0.45 49.05 -5.49
2 17.09.05 23.00 0.10 9.1 45,10 3.60 3.60 -0.45 49.05 -4.39
3 18.09.05 23.00 0.10 9.1 4690 2.60 2.60 -0.45 49.05 -2.59
4 20.09.05 23.00 0.10 9.1 4510 2.90 2.90 -0.45 49.04 -4.39
5 21.09.05 23.00 0.10 9.1 4560  3.20 3.20 -0.45 49.04 -3.89
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p |[Meas.#| Date To10,m u(T) Vp.10m Opiom | Urpiom u:—plOm T,V-corr | f(tp10m) | Mpiom
m 1:p,lo,m T
(°C) (°C) ) (pm) | (ppm) | (ppm) | (ppm) | (pPm) | (ppm)
6 22.09.05 23.00 0.10 9.1 45.30 1.70 1.70 -0.45 49.04 -4.19
7 23.09.05 23.00 0.10 9.1 44.80 2.50 2.50 -0.45 49.04 -4.69
8 24.09.05 23.00 0.10 9.1 45.30 1.90 1.90 -0.45 49.04 -4.18
9 25.09.05 23.00 0.10 9.1 45.40 1.80 1.80 -0.45 49.04 -4.08
14 | INETI, Portugal
1 24.10.05 22.99 0.08 100.0  -40.37 36.00 51.43 -0.26 49.01 -89.64
2 04.11.05 22.92 0.08 100.0 34.16 36.00 51.43 -2.06 49.01 -16.90
1[METAS, CH
9 14.12.05 22.92 0.05 100.0 49.48 0.80 1.17 -1.99 48.99 -1.50
10 19.12.05 22.93 0.05 100.0 52.05 0.80 1.17 -1.91 48.99 1.15
11 23.12.05 22.97 0.05 100.0 4958 0.80 1.17 -0.88 48.99 -0.29
12 29.12.05 22.96 0.05 100.0 50.71  0.80 1.17 -1.06 48.99 0.66
16 | NPL, United Kingdom
1 20.01.06 23.00 0.10 100.0 4291  0.19 6.76 -0.05 49.00 -6.13
2 23.01.06 23.01 0.10 100.0 46.05  0.27 9.30 0.34 49.00 -2.61
3 23.01.06 23.01 0.10 100.0 45,74  0.30 10.59 0.17 49.00 -3.09
4 31.01.06 23.14 0.10 100.0 53.86  0.15 5.08 3.48 49.00 8.33
5 31.01.06 23.15 0.10 100.0 5482  0.30 10.48 3.89 49.00 9.71
17 | SMD, Belgium
1 20.03.06 23.02 0.01 90.9 51.00 1.72 1.72 0.50 49.04 2.46
18 | UME, Turkey
1 18.05.06 23.20 0.40 100.0 52.00  3.58 3.58 5.14 49.11 8.03
19 | LNE, France
1 03.07.06 23.00 0.20 100.0 49.60 1.50 1.50 0.00 49.20 0.40
20 | EIM, Greece
1 21.09.06 22.91 0.13 100.0 74.00  0.50 19.60 -2.31 49.41 22.28
2 22.09.06 22.96 0.13 100.0 7190 0.60 23.52 -1.03 49.41 21.46
3 26.09.06 23.00 0.14 100.0 66.90  0.40 15.68 0.00 49.43 17.47
4 02.10.06 22.89 0.15 100.0 4240 050 19.60 -2.83 49.45 -9.87
5 03.10.06 22.84 0.12 100.0 4280 0.30 11.76 -4.11 4945  -10.76
6 06.10.06 22.90 0.14 100.0 46.10 0.20 7.84 -2.57 49.46 -5.93
21 | BEV, Austria
1 29.10.06 22.38 0.23 100.0 75.44  4.66 466| -15.94 49.54 9.96
2 03.11.06 22.37 0.22 100.0 7317  4.22 422 -16.20 49.55 7.42
3 08.11.06 22.30 0.24 100.0 73.56 2.99 2.99| -18.00 49.57 5.99
4 13.11.06 22.36 0.22 100.0 73.90 3.35 3.35| -16.45 49.59 7.86
22 | CEM, SP
1 25.01.07 23.09 0.01 91.0 53.32 1.20 2.71 2.17 49.89 5.60
2 25.01.07 23.09 0.01 91.0 54.30 1.20 2.71 217 49.89 6.58
3 26.01.07 23.10 0.01 91.0 54.73 1.20 2.71 2.45 49.89 7.29
4 26.01.07 23.10 0.01 91.0 53.96 1.20 2.71 2.45 49.89 6.52
5 27.01.07 23.09 0.01 91.0 55.13 1.20 2.71 2.32 49.90 7.56
6 27.01.07 23.09 0.01 91.0 53.59 1.20 2.71 2.32 49.90 6.02
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p |[Meas.#| Date To10,m u(T) Vp.10m Opiom | Urpiom u:—plOm T,V-corr | f(tp10m) | Mpiom
m 1:p,lo,m T
(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
7 28.01.07 23.09 0.01 91.0 53.56 1.20 2.71 217 49.90 5.83
8 28.01.07 23.09 0.01 91.0 55.06 1.20 2.71 217 49.90 7.33
9 29.01.07 23.04 0.01 91.0 56.78 1.20 2.71 1.06 49.91 7.94
10 29.01.07 23.05 0.01 91.0 54.80 1.20 2.71 1.24 49.91 6.14
11 29.01.07 23.06 0.01 91.0 50.50 1.20 2.71 1.40 49.91 1.99
12 30.01.07 23.06 0.01 91.0 50.71 1.20 2.71 1.47 49.91 2.27
13 30.01.07 23.05 0.01 91.0 49.83 1.20 2.71 1.32 49.91 1.24
14 30.01.07 23.05 0.01 91.0 51.28 1.20 2.71 1.32 49.91 2.69
15 01.02.07 23.05 0.01 91.0 49.07 1.20 2.71 1.32 49.92 0.47
16 01.02.07 23.05 0.01 91.0 49.12 1.20 2.71 1.32 49.92 0.52
17 01.02.07 23.05 0.01 91.0 48.60 1.20 2.71 1.32 49.92 0.00
18 01.02.07 23.05 0.01 91.0 52.68 1.20 2.71 1.32 49.92 4.08
19 02.02.07 23.05 0.01 91.0 49.04 1.20 2.71 1.32 49.92 0.44
20 02.02.07 23.05 0.01 91.0 50.44 1.20 2.71 1.32 49.92 1.84
21 02.02.07 23.05 0.01 91.0 52.95 1.20 2.71 1.32 49.92 4.35
22 03.02.07 23.05 0.01 91.0 50.05 1.20 2.71 1.32 49.93 1.44
23 03.02.07 23.05 0.01 91.0 49.58 1.20 2.71 1.32 49.93 0.97
24 03.02.07 23.05 0.01 91.0 49.83 1.20 2.71 1.32 49.93 1.22
25 04.02.07 23.05 0.01 91.0 49.48 1.20 2.71 1.32 49.93 0.87
26 04.02.07 23.05 0.01 91.0 51.34 1.20 2.71 1.32 49.93 2.73
23 | VNIIM, Russia
1 19.04.07 20.00 0.03 50.0 141.70 1.00 1.00| -77.38 50.30 14.02
1| METAS, CH
13 03.07.07 23.11 0.05 100.0 48.06 0.80 0.80 2.89 50.75 0.20
14 11.07.07 23.01 0.05 100.0 51.25 0.80 0.80 0.13 50.80 0.58
15 12.07.07 22.88 0.05 100.0 54.26 0.80 0.80 -3.05 50.80 0.40
16 20.07.07 22.93 0.05 100.0 52.25 0.80 0.80 -1.88 50.85 -0.49
17 14.08.07 22.94 0.05 100.0 52.73 0.80 0.80 -1.62 51.02 0.08
18 20.08.07 22.87 0.05 100.0 53.76 0.80 0.80 -3.42 51.06 -0.72
A25 Loop B, 1GQ standard HR 9102, a =11
p | Meas. # Date Toa1m u(T) Vpiim Opitm | Urpiim u:fpllm T,V-corr | f(tp11m) | Mpiim
m tp,ll,m ’
(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1| METAS, CH
1 15.04.05 22.95 0.05 100.0 -57.43 0.70 0.70 -1.57  -59.26 0.26
2 19.04.05 22.95 0.05 100.0 -59.31 0.70 0.70 -1.42  -60.12 -0.62
3 26.04.05 19.96 0.05 100.0 33.69 0.70 0.70| -94.45 -61.07 0.30
4 28.04.05 20.97 0.05 100.0 0.39 0.70 0.70| -61.97 -61.29 -0.29
5 02.05.05 21.94 0.05 100.0 -29.14 0.70 0.70| -3196 -61.64 0.54
6 10.05.05 23.18 0.05 100.0 -66.95 0.70 0.70 529 -62.06 0.40
7 25.05.05 23.02 0.05 100.0 -63.48 0.70 0.70 050 -62.42 -0.56
8 08.06.05 23.02 0.05 100.0 -63.15 0.70 0.70 053 -62.49 -0.13
9 28.06.05 23.02 0.05 100.0 -64.05 0.70 0.70 053 -62.45 -1.07
12 | NML, Ireland
1 03.08.05 23.12 0.10 100.0 -73.00 19.00 62.97 356  -62.27 -7.17
2 04.08.05 23.30 0.10 100.0 -70.00 1.00 3.31 8.89 -62.27 1.16
3 08.08.05 23.34 0.10 100.0 -63.00 2.00 6.63 10.08  -62.25 9.32
4 09.08.05 22.94 0.10 100.0 -63.00 1.00 3.31 -1.78  -62.24 -2.54
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p | Meas.# Date To11,m u(T) Vpiim Opiim | Upirm u:fpllm T,V-corr | f(tp11m) | Mpizm
m 1:p,ll,m ’
(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
5 10.08.05 23.57 0.10 100.0 -77.00 5.00 16.57 16.89  -62.23 2.13
6 12.08.05 23.32 0.10 100.0 -74.00 2.00 6.63 948  -62.22 -2.29
7 15.08.05 22.71 0.10 100.0  -55.00 2.00 6.63 -8.60 -62.21 -1.39
8 16.08.05 22.92 0.10 100.0  -65.00 1.00 3.31 -2.37  -62.20 -5.17
9 17.08.05 22.96 0.10 100.0 -71.00 3.00 9.94 -1.19 -62.19 -9.99
10 18.08.05 22.92 0.10 100.0  -70.00 1.00 3.31 -2.37 -62.19 -10.18
11 19.08.05 23.01 0.10 100.0 -67.00 1.00 3.31 0.30 -62.18 -4.52
12 24.08.05 22.97 0.10 100.0 -68.00 3.00 9.94 -0.89  -62.15 -6.73
13 {JV, Norway
1 17.09.05 23.00 0.10 9.1 -66.40 3.10 3.10 0.36 -62.02 -4.02
2 17.09.05 23.00 0.10 9.1 -66.10 1.70 1.70 0.36 -62.02 -3.72
3 18.09.05 23.00 0.10 9.1 -68.80 4.10 4.10 0.36 -62.01 -6.43
4 20.09.05 23.00 0.10 9.1 -66.90 7.80 7.80 0.36  -62.00 -4.54
5 21.09.05 23.00 0.10 9.1 -68.60 2.90 2.90 0.36 -61.99 -6.24
6 22.09.05 23.00 0.10 9.1 -67.30 3.10 3.10 0.36 -61.99 -4.95
7 23.09.05 23.00 0.10 9.1 -68.90 2.50 2.50 0.36 -61.98 -6.55
8 24.09.05 23.00 0.10 9.1 -67.20 2.30 2.30 0.36 -61.98 -4.86
9 25.09.05 23.00 0.10 9.1 -68.20 4.40 4.40 0.36  -61.97 -5.87
14 | INETI, Portugal
1 18.10.05 23.05 0.08 100.0 -95.69 14.00 14.67 148 -61.84 -32.37
2 19.10.05 23.07 0.08 100.0 -104.86 14.00 14.67 2.07 -61.83 -40.95
3 26.10.05 22.92 0.08 100.0 -98.78 14.00 14.67 -2.37 -61.79  -39.36
4 04.11.05 23.04 0.08 100.0 -72.10 14.00 14.67 119 -61.74 -9.17
1| METAS, CH
10 14.12.05 22.93 0.05 100.0  -59.33 0.70 0.77 -2.05 -61.51 0.13
11 19.12.05 22.94 0.05 100.0 -59.35 0.70 0.77 -1.72 -61.48 0.41
12 23.12.05 22.97 0.05 100.0 -60.88 0.70 0.77 -0.83  -61.45 -0.26
13 29.12.05 22.99 0.05 100.0  -59.55 0.70 0.77 -0.33  -61.42 1.54
16 | NPL, United Kingdom
1 20.01.06 23.03 0.10 100.0 -65.31 0.49 4,79 0.81 -61.29 -3.21
2 31.01.06 23.15 0.10 100.0 -65.92 0.44 4.28 432 -61.23 -0.37
3 31.01.06 23.13 0.10 100.0 -63.95 0.61 5.97 3.95 -61.23 1.23
4 01.02.06 23.12 0.10 100.0 -59.25 0.22 2.20 352 -61.23 5.49
5 01.02.06 23.10 0.10 100.0 -59.52 0.23 2.30 299 -61.23 4.70
17 | SMD, Belgium
1 21.03.06 23.04 0.00 909 -64.00 1.93 1.93 1.10 -60.95 -1.94
18 | UME, Turkey
1 22.05.06 23.18 0.40 100.0  -58.00 5.08 5.08 5.34  -60.59 7.93
19 | LNE, France
1 03.07.06 23.00 0.20 100.0 -60.00 1.50 1.50 0.00 -60.35 0.35
20 | EIM, Greece
1 21.09.06 22.91 0.13 100.0 -33.50 0.80 32.28 -2.67  -59.89 23.72
2 22.09.06 22.96 0.13 100.0 -33.70 0.60 24.21 -1.19  -59.89 25.00
3 26.09.06 23.00 0.14 100.0  -39.50 0.40 16.14 0.00 -59.86 20.36
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p |[Meas.#| Date To11,m u(T) Vpiim Opiim | Upirm u:fpllm T,V-corr | f(tp11m) | Mpizm
m 1:p,ll,m ’
(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
4 02.10.06 22.89 0.15 100.0 -67.20 0.20 8.07 -3.26  -59.83  -10.63
5 03.10.06 22.84 0.12 100.0 -61.10 0.70 28.24 -4.74  -59.82 -6.02
6 06.10.06 22.90 0.14 100.0 -65.50 0.80 32.28 -296  -59.81 -8.66
21 | BEV, Austria
1 29.10.06 22.44 0.28 100.0 -32.15 2.83 2.83| -16.60 -59.67 10.92
2 04.11.06 22.34 0.24 100.0 -30.27 4,55 455| -1956  -59.64 9.80
3 08.11.06 22.32 0.22 100.0 -29.18 3.40 340| -20.16 -59.62 10.28
4 12.11.06 22.43 0.22 100.0 -32.01 3.79 3.79| -16.89 -59.59 10.69
22 | CEM, SP
1 27.01.07 23.03 0.01 91.0 -61.99 1.20 1.20 0.90 -59.15 -1.94
2 28.01.07 23.03 0.01 91.0 -61.21 1.20 1.20 0.90 -59.15 -1.17
3 29.01.07 23.03 0.01 91.0 -58.91 1.20 1.20 0.90 -59.14 1.13
4 30.01.07 23.03 0.01 91.0 -59.29 1.20 1.20 0.90 -59.14 0.74
5 31.01.07 23.03 0.01 91.0 -61.63 1.20 1.20 0.90 -59.13 -1.60
6 01.02.07 23.00 0.01 91.0 -59.37 1.20 1.20 0.12 -59.13 -0.12
7 02.02.07 23.00 0.01 91.0 -59.13 1.20 1.20 0.12 -59.12 0.11
23 | VNIIM, Russia
1 19.04.07 19.99 0.03 50.0 34.10 0.90 0.90| -89.02 -58.68 3.77
1| METAS, CH
14 11.07.07 22.88 0.05 100.0 -53.75 0.70 0.81 -3.44  -58.20 1.00
15 20.07.07 22.90 0.05 100.0 -55.26 0.70 0.81 -2.94  -58.15 -0.04
16 14.08.07 22.89 0.05 100.0  -55.33 0.70 0.81 -3.21  -58.00 -0.53
17 20.08.07 22.83 0.05 100.0 -53.85 0.70 0.81 -496  -57.97 -0.84
A2.6 Loop B, 1GQ standard Ml 1100035, a =12
p Meas. # Date Tp,lz,m U(T) Vp,lZ,m C)p,12,m ur-p,12,m u:—p,lz,m T,V- f(tp,lz,m) Mp,lz,m
m to12m corr.
(°C) (°C) ) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1| METAS, CH
1 22.02.05 23.01 0.05 100.0 -4.20 0.70 0.70 0.01 -3.60 -0.59
2 03.03.05 23.01 0.05 100.0 -4.25 0.70 0.70 0.01 -4.44 0.20
3 10.03.05 23.10 0.05 100.0 -5.22 0.70 0.70 0.12 -5.04 -0.05
4 20.04.05 23.03 0.05 100.0 -7.60 0.70 0.70 0.03 -8.01 0.43
5 25.04.05 20.04 0.05 100.0 -15.77 0.70 0.70 7.67 -8.29 0.19
6 02.05.05 21.96 0.05 100.0 -8.54 0.70 0.70 0.19 -8.70 0.36
7 11.05.05 23.19 0.05 100.0 -8.75 0.70 0.70 0.25 -9.19 0.69
8 26.05.05 23.04 0.05 100.0 -9.57 0.70 0.70 0.05 -9.96 0.44
9 10.06.05 23.02 0.05 100.0 -10.99 0.70 0.70 0.02 -10.63 -0.34
10 27.06.05 23.04 0.05 100.0 -12.95 0.70 0.70 0.05 -11.32 -1.58
12 | NML, Ireland
1 17.08.05 23.00 0.10 100.0 -15.00 6.00 9.05 0.00 -12.93 -2.07
2 18.08.05 22.91 0.10 100.0 -9.00 6.00 9.05 -0.10 -12.96 3.85
3 19.08.05 22.98 0.10 100.0 -11.00 2.00 3.02 -0.02  -12.98 1.96
4 23.08.05 22.89 0.10 100.0 -10.00 2.00 3.02 -0.12  -13.08 2.96
5 24.08.05 23.03 0.10 100.0 -6.00 1.00 151 0.03 -13.11 7.14
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p | Meas. # Date To12,m u(T) Vpa2.m Opizm | Urpizm u:ﬁ 12m T,V- f(to12m) | Mpazm
m th12m Lo corr.
(°C) (°C) ) (ppm) | (pPM) | (ppm) | (pPmM) | (ppm) | (ppPm)
13| JV, Norway
1 17.09.05 23.00 0.10 9.1 -6.00 1.80 1.80 091 -13.66 8.57
2 18.09.05 23.00 0.10 9.1 -3.70 5.80 5.80 091 -13.68 10.89
3 19.09.05 23.00 0.10 9.1 -5.30 2.50 2.50 091 -13.70 9.31
4 21.09.05 23.00 0.10 9.1 -5.60 2.90 2.90 091 -13.75 9.05
5 21.09.05 23.00 0.10 9.1 -4.10 1.40 1.40 091 -13.75 10.55
6 22.09.05 23.00 0.10 9.1 -6.10 1.60 1.60 091 -13.77 8.57
7 23.09.05 23.00 0.10 9.1 -5.20 2.80 2.80 091 -13.79 9.50
8 24.09.05 23.00 0.10 9.1 -5.30 3.40 3.40 091 -13.81 9.42
9 25.09.05 23.00 0.10 9.1 -8.20 1.90 1.90 0.91 -13.83 6.54
14 | INETI, Portugal
1 24.10.05 23.00 0.03 100.0 -994.44 36.00 36.00 0.00 -14.35 -980.09
1| METAS, CH
11 14.12.05 22.94 0.05 100.0 -15.78 0.70 0.70 -0.07  -15.05 -0.79
12 19.12.05 22.96 0.05 100.0 -15.00 0.70 0.70 -0.05 -15.11 0.06
13 23.12.05 23.08 0.05 100.0 -15.18 0.70 0.70 0.09 -15.16 0.07
14 29.12.05 23.07 0.05 100.0 -14.45 0.70 0.70 0.08 -15.22 0.85
16 | NPL, United Kingdom
1 20.01.06 23.00 0.10 100.0 -57.62 0.38 23.80 0.00 -15.43 -42.20
2 23.01.06 23.01 0.10 100.0 -30.74 0.35 21.57 0.02 -1545 -15.27
3 23.01.06 23.01 0.10 100.0 -30.66 0.40 24.79 0.01 -1545 -15.20
4 31.01.06 23.13 0.10 100.0 -15.43 0.08 4.65 0.14 -1552 0.24
5 31.01.06 23.13 0.10 100.0 -15.36 0.04 2.73 0.14 -15.52 0.30
17 | SMD, Belgium
1 22.03.06 23.04 0.01 909 -17.00 2.27 2.27 0.14 -15.87 -1.00
18 | UME, Turkey
1 18.05.06 23.20 0.40 100.0 -15.00 1.64 1.64 0.22 -16.15 1.37
19 [ LNE, France
1 03.07.06 23.00 0.20 100.0 -12.00 1.50 1.50 0.00 -16.32 4.32
20 | EIM, Greece
1 20.09.06 22.94 0.13 100.0 6.80 0.50 35.19 -0.07 -16.52 23.25
2 21.09.06 22.91 0.13 100.0 8.40 0.20 14.07 -0.10 -16.52 24.82
3 26.09.06 23.00 0.14 100.0 7.00 0.20 14.07 0.00 -16.53 23.53
4 02.10.06 22.89 0.15 100.0 -21.10 0.30 21.11 -0.12  -16.55 -4.68
5 03.10.06 22.84 0.12 100.0 -20.00 0.30 21.11 -0.18  -16.55 -3.63
6 09.10.06 22.91 0.16 100.0 -26.00 0.20 14.07 -0.10 -16.56 -9.54
21| BEV, Austria
1 31.10.06 22.36 0.22 100.0 -12.23 2.00 2.00 -0.72  -16.60 3.65
2 04.11.06 22.59 0.42 100.0 -12.83 1.61 1.61 -0.46  -16.61 3.32
3 08.11.06 22.35 0.24 100.0 -13.08 1.16 1.16 -0.73  -16.61 2.81
4 12.11.06 22.51 0.33 100.0 -12.23 1.85 1.85 -0.55 -16.62 3.84
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p Meas. # Date Tp,12,m U(T) Vp,12,m Op,lz,m Urp,12,m u:—p,lz,m T.V- 1:(tp,lz,m) Mp,lz,m
m tp,12,m corr.
(©) (©) \2 (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
22 | CEM, SP
1 25.01.07 23.08 0.01 91.0 -1255 1.20 2.50 0.18 -16.73 4.36
2 25.01.07 23.08 0.01 91.0 -15.07 1.20 2.50 0.18 -16.73 1.84
3 26.01.07 23.08 0.01 91.0 -1431 1.20 2.50 018 -16.73 2.60
4 26.01.07 23.08 0.01 91.0 -14.23 1.20 2.50 0.18 -16.73 2.68
5 27.01.07 23.07 0.01 91.0 -1413 1.20 2.50 0.17 -16.73 2.77
6 27.01.07 23.07 0.01 910 -13.31 1.20 2.50 017 -16.73 3.59
7 28.01.07 23.07 0.01 91.0 -1492 1.20 2.50 017 -16.73 1.98
8 28.01.07 23.07 0.01 91.0 -13.33 1.20 2.50 017 -16.73 3.57
9 29.01.07 23.07 0.01 91.0 -1467 1.20 2.50 017 -16.73 2.23
10 29.01.07 23.07 0.01 91.0 -1453 1.20 2.50 017 -16.73 2.37
11 29.01.07 23.07 0.01 91.0 -15.05 1.20 2.50 017 -16.73 1.85
12 30.01.07 23.07 0.01 91.0 -1434 1.20 2.50 017 -16.73 2.56
13 30.01.07 23.07 0.01 91.0 -1456 1.20 2.50 017 -16.73 2.34
14 30.01.07 23.07 0.01 91.0 -14.06 1.20 2.50 017 -16.73 2.84
15 01.02.07 23.08 0.01 91.0 -14.86 1.20 2.50 0.18 -16.74 2.06
16 01.02.07 23.00 0.01 91.0 -18.49 1.20 2.50 0.09 -16.74 -1.66
17 01.02.07 23.02 0.01 91.0 -17.89 1.20 2.50 012 -16.74 -1.04
18 01.02.07 23.02 0.01 91.0 -18.96 1.20 2.50 012 -16.74 -2.11
19 02.02.07 23.02 0.01 91.0 -18.14 1.20 2.50 012 -16.74 -1.28
20 02.02.07 23.02 0.01 91.0 -21.49 1.20 2.50 012 -16.74 -4.63
21 02.02.07 23.02 0.01 91.0 -19.45 1.20 2.50 012 -16.74 -2.59
22 03.02.07 23.02 0.01 91.0 -17.71 1.20 2.50 012 -16.74 -0.85
23 03.02.07 23.02 0.01 91.0 -17.56 1.20 2.50 012 -16.74 -0.70
24 03.02.07 23.02 0.01 91.0 -19.53 1.20 2.50 012 -16.74 -2.67
25 04.02.07 23.02 0.01 91.0 -19.43 1.20 2.50 012 -16.74 -2.57
23 | VNIIM, Russia
1 19.04.07 19.99 0.03 50.0 -25.00 0.80 0.80 -2.87  -16.82  -11.05
1[{METAS, CH
15 03.07.07 22.87 0.05 100.0 -16.09  0.70 0.72 -0.13  -16.90 0.68
16 11.07.07 23.06 0.05 100.0 -16.15 0.70 0.72 0.07  -16.90 0.82
17 20.07.07 22.91 0.05 100.0 -16.90 0.70 0.72 -0.09  -16.91 -0.08
18 14.08.07 22.94 0.05 100.0 -17.47  0.70 0.72 -0.07  -16.94 -0.60
19 20.08.07 22.91 0.05 100.0 -17.59  0.70 0.72 -0.09  -16.94 -0.75
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Annex B: Methods of Measurement

Annex B

Lab Lab 10 MQ 1GQ
No Method Traceability Method Traceability
1 METAS Potentiometric bridge (Ml QHR, Cryogenic current Active arm Wheatstone QHR, Cryogenic current
6000B) comparator to 1 MQ, Hamon | bridge comparator to 1 MQ, Hamon
Step up to 10 MQ Step up to 100 MQ
2 PTB Potentiometric bridge (Ml QHR, Cryogenic current Active arm Wheatstone QHR, Cryogenic current
6000A) comparator to 10 kQ2, Step up | bridge comparator to 10 kQ; Step up
to 10 MQ based on binary to 100 MQ based on binary
voltage divider of the Ml voltage divider of a MI 6000
bridge bridge
3 SIQ Potentiometric bridge (Ml 10 kQ calibrated at PTB; step | Potentiometric bridge (Ml 10 kQ calibrated at PTB; step
6000B) up based on binary voltage 6000B) up based on binary voltage
divider of the Ml bridge divider of the MI bridge
4 SMU Potentiometric bridge (Ml 10 kQ calibrated at BIPM; Potentiometric bridge (Ml 10 kQ calibrated at BIPM;
6000B) step up based on binary 6000B) step up based on binary
voltage divider of the Ml voltage divider of the Ml
bridge bridge
5 VSL Potentiometric bridge (Ml QHR to 10 kQ; step up based | Active arm Wheatstone QHR to 10 kQ; step up to 10
6000A) on binary voltage divider of bridge MQ based on binary voltage
the M1 6000 bridge; MI 6000 divider of the M1 6000 bridge
bridge checked with a Hamon
step-up procedure
6 VMT/ PFI Potentiometric bridge (Ml 10 kQ calibrated at PTB and | Potentiometric bridge (Ml 10 kQ calibrated at PTB and
6000B) CMI; step up based on binary | 6000B) CMI; step up based on binary
voltage divider of the Ml voltage divider of the Ml
bridge bridge
7 MIKES DC current comparator bridge | QHR, Cryogenic current Active arm Wheatstone QHR to 10 kQ; Hamon step-

(DCCT) Guildline 6675;

Substitution against Hamon
using an electrometer

comparator to 10 kQ, Hamon
Step up to 10 MQ

bridge;
Substitution against Hamon
using an electrometer

up procedure
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Annex B

Lab Lab 10 MQ 1GQ
No Method Traceability Method Traceability
8 OMH Potentiometric bridge (Ml 1 Q calibrated at BIPM; step | Potentiometric bridge (Ml 1 Q calibrated at BIPM; step
6000A) up based on DCCT bridge 6000A) up based on DCCT bridge
and on binary voltage divider and on binary voltage divider
of the M1 bridge of the M1 bridge
9 CMI Potentiometric bridge (Ml 10 MQ calibrated at PTB Potentiometric bridge (Ml 1 GQ calibrated at PTB
6000B) 6000B)
10 INM Teraohmmeter Guildline 6520 | 10 MQ calibrated at PTB Teraohmmeter Guildline 6520 | 1 GQ calibrated by
Measurement Int. Standards
Calibration Lab., Canada
12 NML Potentiometric bridge (Ml 10 kQ calibrated at BIPM, Substitution against Hamon 10 kQ calibrated at BIPM,
6000A) Hamon Step up to 10 MQ using a Fluke 8508 DMM Hamon Step up to 1 GQ
13 |V Potentiometric bridge (Ml QHR to 10 kQ; Hamon step- | Potentiometric bridge (M QHR to 10 kQ; Hamon step-
6000A) up procedure to 1 MQ and MI | 6000A) up procedure to 1 MQ and M
6000 bridge step-up 6000 bridge step-up
procedure procedure
14 INETI/LME | Active arm Wheatstone 1 Q and 10 kQ calibrated at Active arm Wheatstone 1 Q3 and 10 kQ calibrated at
bridge BIPM; Step-up using a DCCT | bridge BIPM; Step-up using a DCCT
bridge bridge
15 LNMC Substitution against 10 MQ 10 MQ calibrated at SP not measured
using a DMM
16 NPL Cryogenic current comparator | QHR, step-up using CCC Cryogenic current comparator | QHR, step-up using CCC
(CCC) (CCC)
17 SMD Potentiometric bridge (Ml 10 kQ calibrated at BIPM; Potentiometric bridge (Ml 10 kQ calibrated at BIPM;
6000B) step up based on binary 6000B) step up based on binary
voltage divider of the Ml voltage divider of the Ml
bridge bridge
18 UME Active arm Wheatstone QHR, step-up using CCC and | Active arm Wheatstone QHR, step-up using CCC and

bridge

binary voltage divider of a Ml
6000 bridge

bridge

binary voltage divider of a Ml
6000 bridge
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Lab Lab 10 MQ 1GQ
No Method Traceability Method Traceability
19 LNE not measured “Controlled” Wheatsone QHR
bridge (LNE type)
20 EIM Active arm Wheatstone QHR to 10 kQ; step-up Active arm Wheatstone QHR to 10 kQ; step-up
bridge procedure not declared bridge procedure not declared
21 BEV DCCT bridge Guildline 1 Q and 10 kQ calibrated at Active arm Wheatstone 1 Q and 10 kQ calibrated at
6675A BIPM; Step-up using a DCCT | bridge BIPM; Step-up using a DCCT
bridge bridge
22 CEM Potentiometric bridge (Ml QHR to 10 kQ; Hamon step- | Potentiometric bridge (Ml QHR to 10 kQ2; Hamon step-
6000B) up procedure to 1 MQ and MI | 6000B) up procedure to 1 MQ and M
6000 bridge step-up 6000 bridge step-up
procedure; additional 10:1 procedure; additional 10:1
ratio checks ratio checks
23 VNIIM Wheatstone bridge VNIIM QHR; DCCto 1 k2 and Wheatstone bridge VNIIM QHR; DCCto 1 kQ and

10 kQ; Hamon step up
procedure to 10 MQ using
Wheatstone bridge

10 kQ2; Hamon step up
procedure to 1 GQ using
Wheatstone bridge

3/3




EUROMET.EM-K2

Annex C1

Uncertainty Budgets provided by the Participants for R = 10 MQ

1 METAS

The measurement consists in a 1:1 comparison (ry:1) against a reference standard R calibrated in

terms of the quantized Hall resistance. The step-up to 10 MQ is carried out using a cryogenic current

comparator up to 100 kQ and a Hamon device from 100 kQ to 10 MQ. The model for the 1:1

comparison at 10 MQ can be simplified to:

Rx =0y Rs Hkl

ki are correction factors. The corresponding uncertainties (grouped together according to the main

influence factors) are given below.

Quantity Standard Probability Sensitivity | Uncertainty | Degree of

uncertainty | distribution coefficient | contribution | freedom
X u(xs)/ X; /method of u(R)/R

10° evaluation (A, B) |Ci HQ/OQ Vi
Step-up QHR to 10 MQ 0.26 normal A 1 0.26 22
10 MQ reference standard: 0.15 normal A 1 0.15 90
stability, temperature and
loading effects
1:1 bridge ratio: accuracy, 0.14 normal A 1 0.14 24
interchange effects
Leakage effects 0.10 rectangular B 1 0.10 1000
Temperature dependence 0.0%) rectangular B 1 0.00 1000
DUT
Reproducibility Ry 0.10 normal A 1 0.10 22
measurement

Combined standard uncertainty: 0.36 pQ/Q

Effective degrees of freedom: 73

Expanded uncertainty (95% coverage factor): [0.72 pQ/Q

*) The temperature dependence of the device under test is taken into account in the analysis (see report)
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2PTB

The value for Ry is determined by

Ry, =V R -k; -k;
where Ry is the reference resistor, kp the drift correction and kr the temperature correction for Ry. V denotes
the ratio determined by the bridge. It is calculated from the settings & of the binary divider and the voltage
differences U; between the divider and the respective voltage taps of the resistors. U, denotes the voltage
across both, Ry and Ry.

V = U0 '(51 _‘92)_(U1 _Uz)
Uy (&5 —¢,)-U;-U,)

The uncertainty budget also includes the type A uncertainty for the repeatability of the measurements over
several days (repeat).

All quantities are considered to be uncorrelated.

Quantity | Estimate Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty distribution coefficient | contribution | freedom
Xi Xi /method of
u(xi) evaluation (A, B) | C; u(R;) v
Rn 1,0000044 MQ | 0,05 Q normal B 10 0,50 Q 50
v 10,000384 0,2:10° normal A 1-10°Q 0,200 9
kv 1 0,054-10° normal B 10-10°Q 0,54 Q 310
kr 1 0,029-10° rectangular B 1010°Q  {0,29 Q inf
ko 1 0,12-10° rectangular B 10-10°Q 1,2Q inf
repeat 1 0,4-10° normal A 10-10°Q 40 7
Rx 10,000428 MQ
Combined standard uncertainty: 4,24 Q)
Effective degrees of freedom: 8
Expanded uncertainty (95% coverage factor): 10 Q k=2,4)
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3SIQ

Annex C1

Uncertainty budget (10 MQ NIST, Ser. No. HR 7550):

Probability
distribution /
Standard method of Sensitivity Uncertainty |Degree of
Quantity Estimate uncertainty evaluation coefficient contribution freedom
Xi Xi u(xi) (A, B) Ci u(Ri) Vi
Rs| 1.0000084 MQ| - -
K_drift Rs 0 MQ
K _Tc_Rs omal
Ratio | 10.0003970 0.0000006 rectangular /B | 1.0000084 MQ
K_rep 0 0.0000011 normal / A 1.0000084 MQ
Rx| 10.000481 MQ
4 SMU
Uncertainty budget for 10 MQ - (result)
Quantity Estimate Relative Probability | Sensitivity Relative Degree of
standard distribution | coefficient uncertainty freedom
Xi Xi uncertainty /method of contribution
evaluation Ci Vi
u(xi) (A, B) u(Ry)
Rs 999 982,0 Q 2,0x10° B 1,0 2,0x10°® o
S8R -150Q 8,7x10” B 1,0 8,7x10” 50
SRt 0,0Q 6,0x10° B 1,0 6,0x107 50
3Ry 0,00 1,5x10° B 1,0 2,5x10° 50
SRy 0,0Q 6,0x10°’ B 1,0 6,0x10°’ 50
SR 0,00 1,2x10° B 1,0 2,2x10° 50
SRy U 10V 10V 1,0x10° B 1,0 1,0x10°® o
SRy M1 60008 10,000000 5,0x107 B 1,0 5,0x107 o
Ry Ry 1,2x10°® A 10,000 000 M 1,5x10°® 120
Combined relative standard uncertainty: 4,48 x 10®
Effective degrees of freedom: 100
Expanded relative uncertainty (95% coverage 90X 108
factor):
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5 VSL

The following model equation is the basis for the uncertainty budget of the 10 MQ resistors:

Riom = riom * (1+8riom + Srpower) * rim * (1+0rim) * (1+ Srieak) * Rrer / (1+6R10mT)

with as value of the 10 kQ reference resistor:
Rref = Riok * (1+8R10kt + SR1okarift + OR10kpower)
This equation is based on the two-step step-up procedure: first from 10 kQ to 1 MQ (via two

1:10 ratio measurements, checked with a 10 x 100 kQ Hamon device), followed by a 1 MQ
to 10 MQ measurement (checked with a 10 x 10 MQ Hamon device).

Quantity Definition
Riom DUT

I'1om Measured ratio in 1 MQ - 10 MQ measurement. The uncertainty in the
mean of the data is only 0.09 ppm. This reflects the stability of the
measurement bridge as well as the small variation in temperature during
the measurements combined with a small temperature coefficient of the
DUT.

Oriom Uncertainty of 1 MQ - 10 MQ ratio. A measurement of the 1:100 ratio of
a 10 x 10 MQ Hamon device using the same bridge leads to a result that
is equal to 100 within 2 ppm. Therefore the uncertainty in the step from
1 MQ to 10 MQ is estimated to be at most 1 ppm.

O leak Effect of leakage in bridge, cables, reference resistor and DUT. Most of
the leakage effects are already contained in drigy and oryy. The residual
effects of leakage are estimated to be less than 1 ppm.

Sl power Power / voltage effect in the 1 MQ transfer resistor; this resistor is used
at two different voltages during the step-up chain. The uncertainty
contribution is estimated to be smaller than 0.4 ppm.

l1m Measured ratio in 10 kQ - 1 MQ measurement. The uncertainty in the
mean of the data is only 0.05 ppm.
Orm Uncertainty of 10 kQ2 - 1 MQ ratio. A measurement of the 1:100 ratio of

a 10 x 100 k&2 Hamon device using the same bridge leads to a result that
is equal to 100 within typically 0.2 ppm — 0.5 ppm. Therefore the
uncertainty in the step from 10 kQ to 1 MQ is estimated to be at most
0.7 ppm.
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6R10MT

Temperature effect on unknown 10 MQ resistor, including non
equilibrium temperature of resistor and temperature sensor. Plotting the
measurement values as a function of temperature indicates that the
temperature coefficient of the 10 MQ resistor is smaller than 10 ppm/°C.
Combining this with the maximum temperature excursion of 0.1 °C
during the measurements, residual effects that are not averaged lead to an
uncertainty of at most 0.3 ppm.

RlOK

Reference resistor with nominal value 10 kQ. Via 1:1 measurements to a
10 kQ resistor that is directly measured against the QHE setup of the
NMi VSL, the 10 kQ reference of all Ml 6000A measurements is
calibrated at a level of 0.04 ppm (k = 2).

8R10KT

Temperature effect on reference resistor, including non-equilibrium
temperature of resistor and temperature sensor. Given the total
temperature excursion of around 0.1 °C and a temperature coefficient of
-0.06 ppm/°C, the uncertainty of this contribution is less than 0.01 ppm.

8RlOKdrift

Drift in reference resistor since last calibration. Based on the well-known
history of the standard and the QHE calibration in September 2005, only
2 months before the comparison, the uncertainty in the correction for the
drift is 0.01 ppm.

SRlOKpower

Power effect in the 10 kQ reference resistor, which is estimated to be at

most 0.01 ppm.

This results in the following uncertainty budget for the NIST HR 7550 resistor:

Quantity Value Standard Degrees of | Distribution| Sensitivity | Uncertainty
Uncertainty | Freedom Coefficient [ Contribution
Fom 10.000458900 900:10°° 16 normal; A | 1.0-10° 0.90 Q
Sriom 0.0 577.10° rect; B 10-10° 58Q
SF power 0.0 231.10° rect; B 10-10° 230
ST eak 0.0 577.10°° s rect; B 10-10° 5.8Q
Fim 99.99993400 5.00-10° 19 normal; A | 100.10° 0.50 Q
8w 0.0 404107 s rect; B 10-10° 400
8R1omT 0.0 173.10° e rect; B -10-10° -1.7Q
Riok 10000.025820 Q | 200:10° Q 50 normal; B 1000 0.20 Q
8R1okT 0.0 5.77-10° e rect; B 10-10° 0.058 O
SR 10karift 0.0 10.0:10° 50 normal; B | 10-10° 0.10 Q
8R1okpower 0.0 5.77:10° rect; B 10-10° 0.058 Q
Riom 10.00047812 MQ |  9.62Q
With as final result: Ryom pr 7550 = (10.000 478 + 0.000 019) MQ k=2)

The uncertainty budgets for the other two 10 MQ resistors are essentially equal.
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6 VMT/PFI
Uncertainty budget for Rx s/n HR7552
Date: 2006.02.11
. Standard F_’ropab!hty Sensitivity | Uncertainty Degree
Quantity Estimate X; uncertainty distribution/ coefficient | contribution of
Xi u(x) method of Ci u(R) freedom
evaluation (A,B) Vj
X1 0 0.01 Rectangular / B 1.0E+01 0.058 infinity
X2 0 0.10 Normal / B 1.0E+01 1.000 4
X3 0 2.00E-01 Normal /B 1.0E+01 2.000 11
X4 999981.8772 | 3.00E-01 Normal / B 1.0E+01 3.000 23
X5 0 2.89E-03 Rectangular /B | 1.0E+01 0.029 12
X6 10.00061246 | 5.90E-07 Normal / A 1.0E+06 0.590 7
X7 0 5.77E-07 Rectangular / B 1.0E+06 0.577 infinity
X8 0 5.77E-08 Rectangular / B 1.0E+06 0.058 infinity
X9 0 3.00E-06 Normal / A 1.0E+06 3.000 46
X10 0 3.46E+00 Rectangular /B 1.0E+00 3.464 infinity
Rx 10000431.23
Combined standard uncertainty: 6.0
Effective degrees of freedom: infinity
Expanded uncertainty ( 95% coverage
factor): 12.0

Model function:

RX = (X1 + X2+ X3+ X4 +X5)* (X6 + X9 + X7 + X8) + X10

where:

X1
X2
X3
X4
X5
X6

X7
X8
X9
X10

Traceability SR104 10 kQ (Q)
Stability of SR104 (Q)
Scaling 10 kQ to 1 MQ (Q)
Resistance of 1 MQ reference (Q)
Temperature stability of 1 MW reference ( Q)
10:1 ratio 10MQ unknown/ 1 MQ reference (includes detector resolution, voltage source

stability)

Bridge 10:1 ratio error
Bridge linearity error
Repeatability of 10:1 ratio measurements

Leakage (Q)
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EUROMET.EM-K2 Annex C1

7 MIKES

Budget of uncertainty for 10 MOhm resistor (NIST_7550) measured by DCC 6675 Guildline
bridge with 1:1 ratio from 10 MOhm reference.

Mathematical model:

When DCC bridge is balanced, the value Rigv of the unknown resistor is obtained from the
relationship:

Rx = Rret * (1 + Oref + Korift + KTemper + Kioad ) * Kpcc (1 + Kor + Kieak + kpos)*(l + Krx)

where:

Rrer IS the value of reference resistor.
oref IS the relative error of the reference resistor.
Kporirt IS the relative error due to drifts in reference resistor.

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor.
Kiad IS the relative error due to uncorrected loading effects in reference resistor.

kncc  is the nominal ratio of the bridge.

Kpr is specified 1 ¢ uncertainty of the bridge ratio for that range.

kieak 1S the relative error due to leakage currents

kpos 1S the relative error due to relative position of the unknown and the reference resistors.

Krx is the relative error due to temperature effects and drifts of the unknown resistor during its stay in
laboratory

The relative standard uncertainty is given by :
U(Rx) / Rx = \/{ [U (RRef) /RRef]2 + [U (kDCC)/ kDCC]2 + [U (kread)/ kread]z}

Where U(Kread) / Kread is the relative standard deviation of the measurement results.

Table I11. Uncertainty budget for the 10M traveling resistor (NIST7550)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
X X standard distribution / | coefficient | uncertainty Freedom
Ohm uncertainty Method of C contribution |v;
u(x;), 10° | evaluation (A,B) u;(Rx), (10°°)

RRef 1000 041.21 0 rect/B 1 0 inf
ORef 0 0.68 rect/B 1 0.68 inf
Korift 0 0.1 rect/B 1 0.1 inf
KTemper 0 0.23 rect/B 1 0.23 inf
Kioad 0 0.07 rect/B 1 0.07 inf
Koce 1 0 rect/B 1 0 inf
Ko 0 0.375 rect/B 1 0.375 inf
Kpos 0 0.1 rect/B 1 0.1 inf
Kieak 0 0.05 rect/B 1 0.05 inf
Krx 0 0.1 rect/B 1 0.1 inf
Kread 0 0.15 normal/A 1 0.15 60
Riom 10 000488.6 | Combined standard uncertainty (1 ) 0.85 3

RSS of Type A uncertainties 0.15

RSS of Type B uncertainties 0.82
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MIKES Budget of uncertainty for 10 MOhm resistor (NIST_7550) measured by substitution
method with the Keithley 6517A electrometer, from Hamon 10 MOhm reference with 1:1
ratio.

Mathematical model:

When DCC bridge is balanced, the value Rigv of the unknown resistor is obtained from the
relationship:

Rx = Rref * (1 + d?ef + KDrift + KTemper + KIoad) * I(DMM (1 + kDet+ kleak)* (1 + ka)

where:

Rref 1S the value of reference resistor
Oret IS the relative error of the reference resistor.
Korirt 1S the relative error due to drifts in reference resistor

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor

Kioag IS the relative error due to uncorrected loading effects in reference resistor

komm 1S the nominal ratio

kpet is the relative error of Keithley readings due to the drifts in DMM during measurements
kieak 1S the relative error due to leakage currents

Krx is the relative error due to temperature effects and drifts of unknown resistor during its stay in
laboratory

The relative standard uncertainty is given by :
U(Rx) / Rx = \/{ [U (RRef) /RRef]2 + [U (kDCC)/ kDCC]2 + [U (kread)/ kread]z}

Where U(Kread) / Kreag is the relative standard deviation of the measurement results.

Table 1. Uncertainty budget for 10M

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
X, X standard distribution / | coefficient | uncertainty Freedom
Ohm uncertainty Method of Ci contribution | v;
u(x;), 10° | evaluation (A,B) ui(Rx), (10°)

RRet 1000 041.21 0 rect/B 1 0 inf
ORef 0 0.44 rect/B 1 0.44 inf
Komm 1 0 rect/B 1 0 inf
Koet 0 0.4 rect/B 1 0.4 inf
Kieak 0 0.1 rect/B 1 0.1 inf
Korift 0 0.1 rect/B 1 0.1 inf
Ktemper 0 0.23 rect/B 1 0.23 inf
Kioad 0 0.1 rect/B 1 0.07 inf
Krx 0 0.1 rect/B 1 0.1 inf
Kread 0 0.58 normal/A 1 0.58 50
Riom 10 000489.9 | Combined standard uncertainty (1 o) 0.94 2

RSS of Type A uncertainties 0.58

RSS of Type B uncertainties 0.73
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MIKES Budget of uncertainty for 10 MOhm resistor (NIST_7550) measured by DCC 6675
Guildline bridge with 1:1 ratio from 10 MOhm Hamon reference.

Mathematical model:

When DCC bridge is balanced, the value Rigv of the unknown resistor is obtained from the
relationship:

Rx =Ryt ™ (1 + Oret + Kpritt + KTemper + Kioad ) * Kpce (1 + Kor + Kieak + kpos)*(l + ka)

where:

Rret IS the value of reference resistor.
oref IS the relative error of the reference resistor.
Korit IS the relative error due to drifts in reference resistor.

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor.
Kioad IS the relative error due to uncorrected loading effects in reference resistor.

kncc  is the nominal ratio of the bridge.

Kpr is specified 1 o uncertainty of the bridge ratio for that range.

kieak 1S the relative error due to leakage currents

kpos 1S the relative error due to relative position of unknown and reference resistors.

Krx is the relative error due to temperature effects and drifts of unknown resistor during its stay in
laboratory

The relative standard uncertainty is given by :
U(Rx) / Rx = \/{ [U (RRef) /RRef]2 + [U (kDCC)/ I(DCC]Z + [U (kread)/ kread]z}

Where U(Kread) / Kread is the relative standard deviation of the measurement results.

Table 2. Uncertainty budget for the 10M traveling resistor (NIST7550)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
X X standard distribution / | coefficient | uncertainty Freedom
Ohm uncertainty Method of Ci contribution |v;
u(x;), 10° | evaluation (A,B) u;(Rx), (10°°)

RRef 1000 041.21 0 rect/B 1 0 inf
ORef 0 0.44 rect/B 1 0.68 inf
Korift 0 0.1 rect/B 1 0.1 inf
Ktemper 0 0.2 rect/B 1 0.23 inf
Kioad 0 0.05 rect/B 1 0.07 inf
Koce 1 0 rect/B 1 0 inf
Kpr 0 0.375 rect/B 1 0.375 inf
Kpos 0 0.1 rect/B 1 0.1 inf
Kieak 0 0.05 rect/B 1 0.05 inf
Krx 0 0.1 rect/B 1 0.1 inf
Kread 0 0.15 normal/A 1 0.15 60
Riom 10 000488.6 | Combined standard uncertainty (1 ) 0.65 1

RSS of Type A uncertainties 0.15

RSS of Type B uncertainties 0.62
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8 OMH
Uncertainty budget for 10 MQ HR550
Quantity Estimate Standard Probability Sensitivity Uncertainty Degree of
uncertainty distribution coefficient contribution freedom
Xi Xi /method of
u(xi) evaluation (A, Ci u(R;) Vi
B)
1 MO 1.0001808 1.55 B 1 1.55 inf,
working M ppm normal
standard
working 0 0.1ppm/year B 2 years 0.2 inf.
standard drift
rectangular
MI 6000A 0 0.05 B 1 0.05 inf,
bridge
ppm rectangular
temperature 0 0.12°C B 10ppm/°C 1.2 inf.
dependence
rectangular
Ratio 9.99869709 0.35 A 1 0.35 11
measurement
ppm normal
Ry 10.000504854
MQ
Combined standard uncertainty: 2.0 ppm
Effective degrees of freedom: 11772
Expanded uncertainty (95% coverage factor): 4.0 ppm
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Annex C1

9 CMI
uniy | csime | SO | Gatuion | SO | comnotion | D!
| o
' u(x) (A, B) Ci u(R) Vi
Rs 9.999 92 MQ 1.5 x10°MQ normal 1.000 15 x10° "
3 Rsp +1x10°MQ | 5x10°/V3MQ | rectangular 1.000 29x10° "
5. 0.5 x10° 0.5 x10°/V3 rectangular | 10.000 MQ 0.29 x10° 0
3 0.2 x10°® 0.2 x10°/V3 rectangular | 10.000 MQ 0.12 x 10° w©
8. 1 0 MQ 1 x10°/V3MQ rectangular 1.000 0.58 x 107 ©
8. mn 0 MQ 1 x10°/V3MQ | rectangular 1.000 0.58 x 10° 0
5.1 0MQ 1 x10°/V3MQ | yectangular 1.000 058 x10° oo
5. ¢ 0 MQ 1 x10°/V3MQ | rectangular 1.000 0.58 x 10° w
e | 1.000056 3 0.1 x10° normal | 10.000MQ | 0.1 x10° 14
R« 10.000 49 MQ
Combined relative standard uncertainty: 3.5 x10°
Effective degrees of freedom: 21 008 750
Expanded relative uncertainty (95% coverage 7 x10°®
factor):
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10 INM
Model equation of the measurement:

The principle of measurement applied was the substitution method. The measurand is
described by the equation

Rx = Rs + (Rxm — Rswm)

If this equation is expanded in order to include relevant deviation of the input quantities ,
it becomes:

Rx = Rs + (Rxm — Rsm) + 0Rp + 0Rst + 0Rm - ORxr

To obtain the conventional value and the standard uncertainty of the resistor under test —
UUT- MI 9331, SN 1050109, the two-terminal method - “grounded mode” variant was
used (see Fig.1) and the following input quantities were considered:

Reference standard (Rs)

Resistance value of the 10 MQ standard resistor. The last calibration certificate for the
reference standard gives a resistance value of 9.99942 MQ and a standard uncertainty of
0,02 k2 at the specified reference temperature of 23 °C.

Difference between the measured values of UUT and the reference standard

(Rxm - Rsm) Rxm and Rgy are the indications of the teraohmmeter for each of the two
resistors (UUT and standard).

Nineteen observations were made. The mean difference was of +0.81 kQ with an
estimated associated standard uncertainty: s, = 0.006 kQ2 (see Table 4).

Drift of the value of the standard (8Rp)

The uncertainty due to the drift of standards value has a rectangular distribution with
bounds at + 0.03 kQ.

Temperature corrections (6Rst, 0RxT)

The air bath temperature at the time of calibration was measured with a digital
thermometer. The mean value of the temperature was 23,16 °C and the range of variation
was 22.92 °C + 23.27 °C. The associated uncertainty was + 0.08 °C.

The known values of the temperature coefficients of the reference resistor

ocs = —3.8 x 10°/K; Bs = 0.2 x 10°/K? (at Trer = 23 °C), result the + 0,003 kQ bounds for
the deviation (rectangular distribution).

For the UUT the temperature coefficients are unknown, but the uncertainty of the
correction is approximately 0.002 kQ (Technical Protocol).

Change of the indicated values caused by disturbances in the power supply line
(6Rm) We estimated the changes of the teraohmmeter indication due to the instabilities in
the power supply line to be + 0.03 kQ (triangular distribution).
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Standard Serial No 1050109
Quantity Estimate Standard Probability | Sensitivity |Uncertainty |Degree of
uncertainty | distribution | coefficient |contribution |freedom
Xi Xi /method of
u(xi) evaluation  |Ci u(Ri) vi
(A, B)
Rs 9.99942 MQ | 0.02 kQ Normal/B 1 0.02 kQ 0
r +0.81kQ | 0.006kQ | Normal/A 1 0.006 kQ 18
SRsp 0 0.02kQ | Rectangular/B 1 0.02 kQ 2
ORst -0.006 kQ 0.002 kQ | Rectangular/B 1 0.002 kQ 2
ORxT 0 0.002kQ | Normal/B -1 0.002 kQ 0
ORm 0 0.012 kQ | Triangular/B 1 0.012 kQ 50
Rx 10.00022 MQ
Combined standard uncertainty: 0.03 kQ
Effective degrees of freedom: 11
Expanded uncertainty (95% coverage 0.07 kQ

factor):
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12 NML

The measurement model, containing the significant input quantities, 1s:
Ry=m-ryrn R [1+a-(23-T)]+A; +A; (1)

where R is the resistance of the unknown 10 MQ resistor:
7, 1s the ratio of the resistance of the unknown 10 MQ) resistor to the resistance of the
1 MQ/step transfer standard in the series configuration:

7, 1s the ratio of the resistance of the 1 MQ/step transfer standard in the series configuration, to
its resistance in the parallel configuration:

7, 1s the ratio of the resistance of the 1 MQ)/step transfer standard in the parallel configuration to

the resistance of the 10 kO reference standard:
R; 1s the resistance of the 10 kO reference standard:

@ 1s the relative temperature coefficient of Ry ;
T is the mean measuring temperature:
A, is the correction due to leakage effects:

A, 15 the correction due to all etfects which change randomly during the measurement.

If we write the resistance wvalues and ratios in terms of their nominal values

Ny (N N fp) b : . .
l[RIc }._.I'IC }..1'2{ J.f';: ._RSE ). and fractional deviations from nominal ( J,.6,.5,,d;.6; ) we

Ry =R;"™ -(1+6y)
r=r"(1+6) i=1.23 .(2)
Ry =R"7 - (1+6y)
and equation (1) reduces to :
A A
Sy ~6,+0,+0,+0; +a-(23-T)+—L_+ X .(3)

e

N
R, R,

where we have retained only the first order terms of small quantities,
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The uncertainty budget for the 10 MO measurement 1s presented in Table 1 below.
In order to simplify the presentation, the standard uncertainties for the input quantities
04.0,.0,.0,.0, mclude the effects due to calibration. dmft, non-linearity, temperature. and

other influences. The standard uncertainties of these input quantities are dominated by
contributions from systematic effects whose uncertamnty contributions are obtamed by a type B
method. Consequently, the number of degrees of freedom associated with these estimates is
taken to be infinite. The relative temperature coefficient used in the table is obtained from the
MI 9331 specification sheet.

Quantity | Estimate Standard Method of | Sensitivity Uncertainty Degrees of
Uncertamnty | Evaluation | Coefficient Contribution | Freedom

, 47 pQQ | 500 B 1 5uQyQ o0

0, 0.0 QU | 4 uQQ0Q B 1 4 uQyQ o0

3, 26 pyQy | 2 QY0 B 1 2 uyaQ a0

5. 1L4puQ/Q [05u00 B 1 0.5 poyo o0

(T-23) 0.00°C 0.10°C B 0.6 nV/O°C™ | 0.1 pQ/o =0

A, 00 300 B 107017 310 o0

Ay 00 80 A 10’a! 0.8 Y0 13

5y 8.7 pQy/o
Combimed Standard Uncertainty 74 nQ/0
Effective Degrees of Freedom >10°
Expanded Uncertainty (95% C.F.) 15 pyaQ

Table 1 Uncertainty Budget for 10 MQ Measurement

15/28



EUROMET.EM-K2

133V

Annex C1

Making a linear approximation in the deviations, the measurement function can be written as:

Rx = r-(Rs+3Rps+3Rps+8Rrs) +T1-Rs - (drc+drg+8rg+8r.c) -6Rpx -6R7x

where :
Rx
r
Rs
O0Rps
ORps
ORTs
61’(:
81‘5
or g
or g
ORpx
ORTx

Value of unknown resistor (object),

Measured ratio T,

Resistance of reference standard,

- Drift/Stability of reference standard,

- Influence of Pressure on reference standard,

- Influence of Temperature on reference standard,

- Caorrection factor for influence of thermoelectric voltages,
- Correction factor for Bridge linearity /offset,

- Correction factor for Leakage currents in Bridge/scanner,
- Correction factor for Leakage currents in ref. & object (w. active Guard),
- Influence of Pressure on object,

Influence of Temperature on object.

Uncertainty budget 10 MQ SN. 1050111

Quantity Estimate Standard | Probability | Sensitivity | Uncertainty | Degree of
uncertainty | distribution | coefficient | contribution | freedom
X X; /method of R.
! u(Ry)
u(x;) evaluation Ci 14
(A, B) (Q)
r 10,000 0971 2,6e-6 Norm./ A 1,0e+6 Q
Rs 1 000 000,43 Q . . . . 0
6RD3 0Q R . . . o o
ORps 0Q . . . . L b
or g 0 60e-9 Rect./ B 1,0e+7 Q . 0
or g 0 50e-9 Norm./ B 1,0e+7 Q : 0
8Rpx 0Q . .. . . i
OR1x 0Q . . - L i
ore 0 10e-9 Rect./ B 1,0e+7 Q ‘ °0
org 0 200e-9 Rect./ B 1,0e+7 Q . 0
R, , deviation 101,4 Q
from nominal
value
Combined standard uncertainty: 13,6 Q
Effective degrees of freedom: 1522
Expanded uncertainty 27 O
( 95% coverage factor ):
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14 INETI

Annex C1

Probability distribuition

Relative uncertainty

Degree of

Quantity Estimate Standard uncertainty J method of evaluation Sensitivity coefficient contribution freedom
Xi Xi u(xi) (A, B) ci [ui(Rx)]2 Vi
Rs + 8RD + 8RsST 1000069 5,5E-01 Q B / rectangular 10 3,00E+01 o o
Ratio 9,9986624 7,54E-05 B / rectangular 1,00E+06 Q 5,68E+03 o 0
Ratio - 7,49E-06 A/ normal 1,00E+06 Q 5,61E+01 o 17
RX 9,999349E+06 5,8E+03 Q ©

Combined Standard Uncertainty, Uc (Rx) =
Effective degrees of freedom=
Expanded uncertainty (95% coverage factor) =

7,6E+00 uQ/IQ
o0

15 pQIQ
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Annex C1

Uncertainty budget Type: NHR No. 7551

Quantity Estimate Relative Probability Sens. | Relative | Degree of

standard distribution /method | coeff | uncertai | freedom
Xi X uncertainty of evaluation (A) nty

Ci contribu | v;
u(xi tion
u(Ry)
Resistance of the 9,999650 MQ | 2,5 x 10° MQ | Normal 1 2,5 x |infinity
reference Rs 10
MQ

Drift of the resistance | 1x 10° MQ 0,578 x 10° Rectangular 1 0,578 x | infinity
of the reference since MQ 10°
its last calibration Drift MQ
Rs
Temperature related 1,3x10°MQ 0,75 x 10° MQ | Rectangular 1 0,75x | infinity
resistance variation of 10°
the reference R+ MQ
Standard deviation of 0,7 x10°MQ |0,4 x 10°MQ | Rectangular 1 0,4x 10° | infinity
the Multimeter > MQ
6Rmultimeeter
Rx 10,000133 MQ

Combined relative standard uncertainty: 2,7 x 10° MQ

Effective degrees of freedom: infinity

Expanded relative uncertainty (95% coverage |+ 5,4 x 10° MQ

factor):
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16 NPL

The uncertainty contributions of the bridge consist of the ratio error eccc, error due to

Annex C1

the combining network g¢,, and the error due to non-linearity of the SQUID readout
esouip In the case of the measurement without SQUID servo (i.e. only in the 1 GQ
measurement).

10 MQ Uncertainty Budget

Quantity Estimate Standard Probability Sensitivity Uncertainty Degree of

uncertainty distribution coefficient contribution freedom
Xi X /method of

u(x;) evaluation (A, |C; u(Ri) Vi

B)

gcce - 0.012 ppm Rectangular/B 1 0.012 pQYy/Q Inf
Een - < 0.1 ppb Rectangular/B 1 < 0.0001uY/Q | Inf
€sQUID ) N/A )
Rstandard 1 MQ 0.018 pyQ Normal/A 1 0.018puQ/Q 4
Retandard 1 MQ 0.046 pQY/Q Rectangular/B 1 0.046uQ/Q Inf
Tstandard 20°C 0.1°C Rectangular/B 0.2 ppm/°C | 0.020 pY/Q Inf
Roufter 10 MQ 0.020 pQY/Q Normal/A 1 0.020 pQY/Q 4
Robuffer 10 MQ 0.012 pQY/Q Rectangular/B 1 0.012 pQ/Q Inf
Thuffer 20°C 0.1°C Rectangular/B 0.5 ppm/°C | 0.050 py/Q Inf
P/coeffouster 1mw 1mw Rectangular/B 50 ppm/W [ 0.050 puY/Q Inf
Ry 10 MQ 0.055 uY/Q | Normal/A 1 0.055 u/Q |3
Rx 10 MQ

Combined standard uncertainty: 0.107 uQ/Q

Effective degrees of freedom: 42

Expanded uncertainty (95% coverage factor): 0.220 uQ/Q
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17 SMD

The uncertainty calculations were made using commercially available software develo-
ped according the rules of the GUM [2], [3] and [4]. The following mathematical models
were used:

R, =R, sl +dReedr + dRsts + dfsdew + SRspa) s, = (1 + &, + Sinbr + Seonbr) (1 + dRxee + SRdev + dlger)

The following components were taken into account:

R, = value of the unknown resistor.

R; = value of the reference resistor calibrated by SMD and corrected for the tem-
perature difference.

dRsdr . uncertainty on the value of the correction for the drift of Bs.

dRsts = uncertainty of Rs due to the uncertainty on the exact knowledge of the tem-
perature of this resistor. This is due to the short-term stability of the climatic test
chamber.

dRsdev = influence of the applied voltage on Rs

dRsps = uncertainty due to the possible influence of atmospheric pressure on Rs.

rs . successively means of measurement results recorded the ratios RJ/R, or RJ/R..
dr; = correction for the ratios RJ/R, or R/R..

dlinbr : uncertainty coming from the non-linearity of the bridge.

dconbr: uncertainty coming from the influence of the limited insulation of the bridge
and of the connecting leads, the guarding, grounding and shielding, the thermal
emfs, the electromagnetic interference, ...

SRxtx : uncertainty on Rx due to the uncertainty on the exact knowledge of the tem-
perature of the unknown resistor. This due to the short-term instability of the climatic
test chamber.

dRxdev = influence of the applied voltage on Rx

dRxpx : uncertainty due to influence of the atmospheric pressure on Rx.
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Uncertainty Budgets:
Rx: Value of the unknown resistor to be calibrated
Quantity Value Standard | Degrees | Distributi | Sensitivity | Corr.- | Index
Uncertainty of on Coefficient | Coeff.
Freedom
Rs 10.00010200 9.50-10°® 50 normal 1.0 073 | 534
%
aRsdr 0.0 577-10°° infinity | rectangula 10 044 | 197
r Yo
5Rsts 0.0 346107 | infinity |rectangula 10 0.03 | 0.0%
r
sRsdev 0.0 11510° | infinity |rectangula 10 0.09 |0.8%
r
dRsps 0.0 14.4-10° infinity | rectangula 10 0.01 | 0.0%
r
ra 0.9999911984 | 68.0-107 7 normal -10 -0.05 [ 0.3%
dra 0.0 57.7.10° infinity | rectangula 10 0.04 | 0.2%
r
alinbr 0.0 57710" infinity | rectangula 10 0.0 |0.0%
r
Grevbr 0.0 577-10° | infinity |rectangula 10 0.44 | 187
r Yo
Sconbr 0.0 289-107° infinity | rectangula 10 D22 |499%
r
SRxtx 0.0 34610° infinity | rectangula 10 0.03 |0.0%
r
5Rxdey 0.0 11510° | infinity |rectangula 10 0.09 |0.8%
r
SRxpx 0.0 14.4-10°7 infinity | rectangula 10 0.01 | 0.0 %
r
Rx 10.0001800 | 13.0-10° 180
Results:
Quantity Value Expanded Coveraga Coverage
Uncertainty factor
Rx 10.000190 26-10°° 2.0 95% (t-table 95.45%)
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18 UME

The model function of uncertainty can be written as below

(RS + AR +JR

RX—

STemp JF&QSvoIt)>< (EXappI +éEXdrf ) B
(ESappI +éESdrf)

Sdrf

xTemp

Rs , reference resistance value.

URrcal, calibration uncertainty of the reference resistance value. It’s always given 2 and has got
normal distribution.

Usrsar, drift of the reference resistance of the reference since its last calibration. This value is
added to the uncertainty calculation as rectangular distribution.

Usrstemp, temperature related resistance variation of the reference. This value is added to the
uncertainty calculation as rectangular distribution.

Usrsvolt, POWer related resistance variation of the reference. This value is added to the uncertainty
calculation as rectangular distribution.

Exappl, applied voltage value.

Uexcal, Calibration uncertainty of the voltage value. It’s always given 26 and has normal
distribution.

Usexarf, drift of the voltage of the reference since its last calibration. This value is added to the
uncertainty calculation as rectangular distribution.
Esappl, applied voltage value

Uescal, Calibration uncertainty of the voltage value. It’s always given 2 and has normal
distribution.

Uesarf, drift of the reference voltage since its last calibration. This value is added to the uncertainty
calculation as rectangular distribution.

Ry , calibrated resistance value.

Usrxtemp, temperature related resistance variation of the unknown. This value is added to the
uncertainty calculation as rectangular distribution.

Urstd, Standard deviation of the measurement and it has normal distribution.
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Proposed scheme for an uncertainty budget for Rx (S/N: HR7551 , 10MQ)

Annex C1

. . Relative . Relative
Quantity Estimate - Sensitivity .
standard Probability .. uncertainty
) . coefficient o
uncertainty | distribution contribution
Xi Xi Ci
U(Xi) Ui(RX)
Reference resistance | ;¢ g 3x10® | Normal , k=2 10 1,5x10°®
value (Rs)
Reference
Resistance Drift 1x10°® Rectangular 10 0,58x10°®
(ORsarf)
Ref.Resistance
temperature effect 2x10® Rectangular 10 1,16x10°
(SRStemp)
Ref.Resistance
Voltage effect 0,3x10® | Rectangular 10 0,17x10°®
(SRSvolt)
Applied voltage 10 1x10° | Normal k=2 | 1E+06 0,5x10°
(Exappt)
Drift of the voltage 1x10°® Rectangular 1E+06 0,58x10°®
(6Exarr)
Applied voltage 1 1x10° | Normal k=2 | 1E+07 0,5x10°®
(Esappl)
Drift of the voltage 1x10°® Rectangular 1E+07 0,58x10°®
(OEsdrf)
Calibrated
Res.Temperature 0 Rectangular -1 0
effeCt (SRXtemp)
Repeatability (Req) 0,6x10° Normal 1 0,6x10°
4,69x10°
Ry 10000142Q Ue =5 uQ/Q
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20 EIM
10M  HR7551 |
Quantity Estimate Standard Probabili Sensitivity Uncertai | Deg
uncertainty ty coefficient nty of
Distributi contributi | free
on on do
m
Xi Xi u(xi) (Type Ci u(Ry) Vi
A/B)
Reference
resistor value 10000345 | Q 0
Electrometer
uncertainty 1.E-11 A 0
Bridge linearity 1.E-11 A o
Leakages 1.E-11 A 0
Calibrator 10 V | 3.E-05 \Y B -7.E+05 | Q/V 0
Reproducibility | 10 000054 | Q
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21 BEV

The following sources of uncertainty as stated in the respective tables are taken into account:

e Rysca : This is the calibration uncertainty of the standard resistors of BEV which were used
for this comparison. These calibration uncertainties are calculated for each standard
resistor of BEV when the internal calibration procedure is done. The largest calibration
uncertainty is used for calculating the uncertainty budget of this comparison.

The value of the estimate is given in the respective table e.g. “10 MQ” as an example for a
measurement against a 10 MQ standard resistor of BEV. At the 10 MQ-level the drift of the
standards since the last calibration are included in this contribution.

e JSRetair - This is the uncertainty associated with the standard resistors of BEV due their drift
within the time since the last internal calibration. This contribution is considered at the 1 GQ
level.

e J3Rgs7s: This is the uncertainty associated with the measuring bridge.
o  JORes7ses: This is the contribution from the resolution of the bridge.

e JSRemp: This is the uncertainty of the temperature measurement. The following contributions
are taken into account: calibration uncertainty, type A uncertainty, uncertainty of
temperature measuring bridge, uncertainty due to temperature instabilities within the bath.

e  JRpeas: This is the type A uncertainty of the measurements.

e  JSRuie: This is the contribution from the measurement wires because of the two-wire-
measurement method.

o JRusernun: This is the contribution from not compensated offset effects of the null detector.
¢  JRiemo: This is the contribution from not compensated thermal emfs.

¢ JRpvmratio: This is the contribution from the ratio voltmeter according to the manufacturer
specification.

e J3Rurs: This is the contribution from the temperature coefficient of the standard resistors
from manufacturer specification.

e JORmry« This is the contribution from a rough estimation of the temperature coefficient of the
DUT resistor.

e J3Rwrs: This is the contribution from an estimation of the voltage coefficient of the standard
resistor.
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NIST standard, SN HR 7551

Annex C1

Relative Felselol iy Rel
Suanit Estimate standard distribution | Sensitivity unce.rt Deg. of
y X; /method of | coefficient " | freedom
Xi uncert. . contr.
(] evaluation Ci Vi
U(Xi) (A B) u(yi)
Rrefcal 10 000 000.000 | 1.365 pQ/Q normal/B 1.0 1.365 50
ORee75 0 0.577 uQ/Q rect/B 1.0 0.577 infinite
ORe675 res 0 0.001 uQ/Q rect/B 1.0 0.001 infinite
(MQYQY)/
ORtemp 0 0.042 K rect/B 5.0 K 0.208 infinite
ORmeas 10 000 161.990 | 1.340 uQ/Q normal/A 1.0 1.340 33
combined
uncertainty
[uQ/Q], k=1 2.009
Deviation
from
nominal expanded
value uncertainty
[LQY/Q) 16.199 [uQ/Q], k=2 4,018
Effective
degree of
freedom
W eff 97.42
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22 CEM

Annex C1

In the analysis of uncertainty for this comparison, the following mathematical model is
considered. For the 10 MQ standards:

, where:

RxlOM

=Ty (1+ 510 )rHlok N H RlOk

1)

- Rxom: Value of the 10 MQ travelling standard, relative to Quantum Hall Resistance.
- I Measured ratio of travelling standard to the Hamon device in series. Nominally equal to 10.
- 010 Correction to 10:1 bridge ratio

- TIuiok: Ratio Hamon device in parallel to the 10 kQ standard. Nominally equal to 1.

- Nu: Ratio series-parallel of the Hamon device, nominally equal to 100.
- Ry Value of the 10 kQ standard resistor, referred directly to Quantum Hall Resistance.
Resulting the following formula for the relative uncertainty:

u ? (RxloM )

u*(ry)

u*(8y,)

uz(Rlok ) + uz(rHlok)

“(Ny)

(RxloM )2

(ra)’

(1 + 510 )2

(RlOK )2

(rH 10k )

;T

u
(N )’

The results individualized for every resistor are presented in separated tables.

Uncertainty budget for HR 755110 MQ standard

)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
standard distribution coefficient | uncertainty freedom
Xi Xi uncertainty /method of contribution
evaluation (A, | Ci Vi
u(xi) B) u(R;)
I 10,000 054 02 5x10° A 1 5x10° 9
510 0 3.2x107 B 1 3.2x 107 o
M0k 1.000 013 590 2x10° A 1 2x10° 11
Ny 100 1x107 B 1 1x107 o
Riok 10 000.0104 2 © 3x10° B 1 3x10° o0
Ryiom 10.000 200 3 MQ
-7
Combined relative standard uncertainty: 34x10
Effective degrees of freedom: 19045
-7
Expanded relative uncertainty (95% coverage 6,7x10
factor):
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23 VNIIM

The model for the measurement of 10 MQ ... . . ...
R (10M)x = Rs1* Npa+(1 + 5comp + Jteakt + O wb1 + O woarm + Jt1)
The components are:

R(10M)y: the unknown resistor,

Rq1: the standard resistor of 100 kQ

Npi @ the ratio of the parallel- series transfer of the Hamon device No. 1 (10 x1 MQ)

oomp:  the relative uncertainty due to digital comparator linearity (readings),

deak1:  the relative uncertainty due to leakage resistance from node points of the Wheatstone
bridge (Wb),

owp1:  the relative uncertainty due to Wb balancing for 10 MQ resistors (sensitivity,
reproducibility),

Owbarm:  the relative uncertainty due to the stability of the Wb arms (100 kQ)

o the relative uncertainty due to instability temperature of the resistors.

The relative standard uncertainty is then given by:

uROM),)  [(uR)) (uNy)Y | & (.
RoM ), J [ ) S

Uncertainty budget for the 10MQ . =~ =~ = NIST S/IN HR7551
Quantity Estimate Relative Probability  [Sensitivity Relative Degree of
standard distribution  |coefficient uncertainty  (freedom
Xi Xi uncertainty, |/method of contribution,
107 evaluation Ci 107 Vi
u(x;) (A, B) u(Ry)
Ra 100.0000 k2
Nu1 100 1.8 Rectangular/ |1.0 1.8 Inf
B
Scomp 0 1.6 Normal/A 1.0 1.6 19
Oleak 0 1.0 Rectangular/ | 1.0 1.0 Inf
B
Owb1 0 2.5 Normal/A 1.0 2.5 17
Swharm 0 4.5 Normal/B 1.0 4.5 12
o 0 3.2 Normal/B 1.0 3.2 12
Rx 10.000084
MQ
Relative combined standard uncertainty: 8.7-10”7
Effective degrees of freedom: 68
Relative expanded uncertainty (95% 17.7-107 (k = 2.03)
coverage factor):
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Uncertainty Budgets provided by the Participants for R = 1 GQ

1 METAS

The measurement consists in a 10:1 comparison (ri0:1) against a reference standard Rs (100 MQ)
calibrated in terms of the quantized Hall resistance. The step-up to 100 MQ is carried out using a
cryogenic current comparator up to 1 MQ and then a Hamon device from 1 MQ to 100 MQ. The
model for the 10:1 comparison up to 1 GQ can be simplified to:

Rx =l Rs Hkl

ki are correction factors. The corresponding uncertainties (grouped together according to the main
influence factors) are given below.

Quantity Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty | distribution coefficient | contribution | freedom
Xi u(x) X; /method of u(R)/R
10° evaluation (A, B) |Ci HQ/Q Vi
Step-up QHR to 100 MQ 1.40 normal A 1 1.40 25
100 MQ reference 0.44 normal A 1 0.44 60
standard: stability,
temperature and loading
effects
Voltage dependence 1.00 normal A 1 1.00 10
reference
Bridge, 10:1 ratio: voltage 0.50 normal A 1 0.50 8
ratio calibration
Bridge, 10:1 ratio: voltage 2.30 rectangular B 1 2.30 1000
ratio stability
Temperature dependence 0.0%) rectangular B 1 0.00 1000
DUT
Reproducibility Ry 0.70 normal A 1 0.70 18
measurement
Combined standard uncertainty: 3.03 pQ/Q
Effective degrees of freedom: 278
Expanded uncertainty (95% coverage factor): |6.1 pQ/Q

*) The temperature dependence of the device under test is taken into account in the analysis (see report)

EM-K2_final-report_ AppC-E9.doc, 12.05.09
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2PTB

The value for Ry is determined by
1 .
—_— W Wlth RN = RNO'kD.kT
__B N
U N
The voltage across Ry is kept fixed and the voltage across the reference standard is varied to balance the

bridge. The balancing condition is Ig = 0. The residual value of Iz is taken into account in the calculation. Ry is
the reference resistor, and kp the drift correction and kr the temperature correction for Ry.

The measurement uncertainty includes a contribution for the short term instability of the standards (repeat),

and for the bridge error (bridge).

All quantities are considered to be uncorrelated.

Quantity | Estimate Standard Probability Sensitivity | Uncertainty | Degree of
uncertainty distribution coefficient | contribution |freedom
Xi X /method of
u(x;) evaluation (A, B) |G u(Ri) g
Rn 100,00305 MQ 200 Q normal B 10 2000 Q 50
kr 1 0,346-10° rectangular B 1.10°Q 350 Q inf
ko 1 0,1210° rectangular B 1.10°Q 120 Q inf
Ux 100,04111V 9.10°V normal A 1-10'QV 90 Q 9
Un -9,996568 V 9-10° Vv normal A 1.10°Q/V 900 Q 9
s 0,551:10™ A 0,0510"” A |normal A -1.10%Q/A | -500 Q 59
bridge 1 0,924.10° rectangular B 1.10°0Q 920 Q inf
repeat 1 2,1-10° normal A 1.10°Q 2100 Q 7
Rx 1,0007796 GQ
Combined standard uncertainty: 3240 Q
Effective degrees of freedom: 16
Expanded uncertainty (95% coverage factor): 6800 Q k=2,2)
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Annex C2

3SIQ
Uncertainty budget (1 GQ NIST, Ser. No. HR 9106):
Probability
distribution /
Standard method of Sensitivity Uncertainty | Degree of
Quantity Estimate uncertainty evaluation coefficient contribution freedom
Xi Xi u(xi) (A, B) Ci u(Ri) Vi
Rs 100.0029 MQ B B
K_drift_Rs omal
K_Tc_Rs 0 MQ
Ratio| 10.007339 0.00003 rectangular / B 100.0029 MQ
K_rep 0 0.00001 normal / A 100.0029 MQ
Rx 1000.763 MQ |
4 SMU
Uncertainty budget for 1 GQ - (result)
Quantity | Estimate Relative Probability | Sensitivity Relative Degree of
standard distribution | coefficient uncertainty freedom
Xi Xi uncertainty /method of contribution
evaluation Ci Vi
u(xi) (A, B) u(Ri)
Rs 99 997 700 Q 7,0x10° B 1,0 7,0x10° %
SR -180 Q 1,0x10°® B 1,0 1,0x10°® 50
SRt 0,00 1,0x10° B 1,0 1,0x10°® 50
SR 0,00 4,5x10° B 1,0 12x10° 50
SRyt 0,00 1,0x10° B 1,0 1,0x10° 50
SR 0,00 3,5x10° B 1,0 8,5x10° 50
SRy U 100v 100 V 5,0x10°® B 1,0 5,0x10°° o
SRy mi 10,000000 5,0x10°® B 1,0 5,0x10° o
6000B
Rx R« 6,5x107° A 1.000 000 000 6,5x10° 120
Combined relative standard uncertainty: 18,99 10°®
Effective degrees of freedom: 100
Expanded relative uncertainty (95% coverage 38x10°®
factor):
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5 VSL

The following model equation is the basis for the uncertainty budget of the 1 G resistors:

Rig = g * (1+3r16) * Riom * (1+8rpower) * (143N eact Ol bridge) / (1+0R1aT);

Quantity Definition
Ric DUT

e Measured ratio in 10 MQ - 1 GQ measurement. The standard uncertainty
in the mean of the data is only 0.25 ppm for the NIST resistor and 0.4
ppm for the MI resistors. This reflects the stability of the measurement
bridge as well as the small variation in temperature during the
measurements combined with a not too large temperature coefficient of
the DUT.

ol Uncertainty of 10 MQ - 1 GQ ratio, including the calibration of the
bridge voltages. A measurement of the 1:100 ratio of a 10 x 100 MQ
Hamon device using the same bridge leads to a result that is equal to 100
within 0.7 ppm (see appendix B). Therefore the uncertainty in the step
from 10 MQ to 1 GQ is estimated to be at most 1.5 ppm.

O leak Effect of leakage in bridge, cables, reference resistor and DUT. Most of
the leakage effects are already contained in dryg. The residual effects of
leakage are estimated to be less than 2 ppm.

S power Power / voltage effect in the 100 MQ transfer resistor; this resistor is
used at two different voltages during the step-up chain. The uncertainty
contribution is estimated to be smaller than 1 ppm.

Sl bridge Bridge linearity — better than 0.5 ppm, given the good balancing of the
bridge and the good linearity of the 100 V range of the HP3458A DVM
that is used to calibrate the ratio of the voltages over reference and
unknown resistor.

Riom 10 MQ reference resistor that is the starting point of the 1 GQ
measurements. The uncertainty is 1 ppm (see the 10 MQ uncertainty
budget)

SRiGT Temperature effect on the DUT, including non equilibrium temperature

of resistor and temperature sensor. Given the total temperature excursion
of around 0.1 °C and an estimated temperature coefficient of smaller
than 10 ppm/°C (for the NIST resistor), residual effects that are not
averaged lead to an uncertainty of at most 0.3 ppm.
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Annex C2

This results in the following uncertainty budget for the NIST HR 9106 resistor:

Quantity Value Standard Degrees of | Distribution | Sensitivity | Uncertainty

Uncertainty | Freedom Coefficient | Contribution
re 99.9906300 25.0.10° 20 normal; A | 10-10° 250
Sris 0.0 866107 0 rect; B 1.0-10° 870
S eak 0.0 1.15:10° rect; B 1.0-10° 1200
S power 0.0 577-10° rect; B 1.0-10° 580
SN pricge 0.0 289107 0 rect; B 1.0-10° 290
Riom 10.0087500 MQ 10.0Q 50 normal; A 100 1000
8R1aT 0.0 173-10° 0 rect; B -1.0-10° -170

Ric 1.00078122:10° 1900 660
With as final result: Rig nr 9106 = (1.000 781 2 + 0.000 003.8) GQ (k=2)

The uncertainty budgets for the other two 1 GQ resistors (made by M) are essentially equal.

The major difference is the fact that the Ml resistors have a significant temperature

coefficient. If the measurement data are plotted against temperature for all three 1 GQ

resistors, we observe that the temperature coefficient of the NIST resistor seems less than

10 ppm/°C whereas the Ml resistors seem to have a temperature coefficient that is

approximately equal to (+60 = 20) ppm/°C — see Figure 5 below. Thus the contribution of
SRyt becomes larger, resulting in an increased total uncertainty of 4.3 ppm (k = 2). Note that
this uncertainty comes close to that of the NIST 1 GQ resistor, when a correction would be

applied to the MI 1 GQ data (using known temperature coefficients of these standards).

Rx value [Mohm]

999.996

999.994

999,992

999.990 A

999.988

23.02

L 2
*
0 o St
% .

23.04

23.06 23.08

23.10

Temperature [°C]

23.12

23.14

Data of the M1 93318, snr 1100036, 1 G resistor as a function of temperature
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6 VMT/PFI
Uncertainty budget for Rx s/n 1100036
Date: 2006.02.11
Probability
. Standard distribution/ Sensitivit Uncertaint
Quantity Estimate x; uncertainty method of coefficien); contributio?\/ Degree Of_
X u(x;) evaluation ci u(Ry) freedom v
(A.B)
X1 0 0.58 Rectangular / B 1.0E+01 5.8 infinity
X2 0 10.0000 Normal / B 1.0E+01 100.0 4
X3 0 2.00E+01 Normal / B 1.0E+01 200.0 11
X4 0 3.00E+01 Normal / B 1.0E+01 300.0 23
X5 0 3.00E+01 Normal / B 1.0E+01 300.0 7
X6 100004940.6 | 4.00E+01 Normal / B 1.0E+01 400.0 7
X7 0 4.33E+01 | Rectangular/B 1.0E+01 433.0 infinity
X8 9.999370453 | 1.24E-07 Normal / A 1.0E+08 12.4 7
X9 0 2.89E-05 | Rectangular/B 1.0E+08 2886.9 infinity
X10 0 5.77E-08 | Rectangular/B 1.0E+08 5.8 infinity
X11 0 1.00E-05 Normal / A 1.0E+08 1000.0 45
X12 0 1.15E+03 | Rectangular/B 1.0E+00 1154.7 infinity
X13 0 2.89E-01 | Rectangular/B 1.0E+01 2.9 infinity
RX 999986448
Combined standard
uncertainty: 3.4E+03
Effective degrees of freedom: infinity
Expanded uncertainty ( 95% coverage
factor): 6.7E+03

Model function:
RX=(X1+X2+X3+X4+X5+X6+X7+X13)*(X8+X9+X10+ X11) + X12

where;
X1
X2
X3
X4
X5
X6
X7
X8

X9

X10
X11
X12
X13

Traceability SR104 10 kQ (Q)
Stability of SR104 ( Q)
Scaling 10 kQ to 1 MQ (Q)

Stability of 1 MQ reference ( Q)

Scaling 1 MQ to 100 MQ (Q)
Resistance of 100 MQ reference (Q)

Temperature stability of 100 MQ reference (Q)
10:1 ratio 1 GQ unknown / 100 MQ reference (includes detector resolution, voltage

source stability)

Bridge 10:1 ratio error
Bridge linearity error
Repeatability of 10:1 ratio measurements

Leakage (Q)

Temperature stability of 1 MQ reference ( Q)
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7 MIKES

Budget of uncertainty for 1 GOhm resistor (NIST_901), measured by substitution method
with the Keithley 6517A DMM from 1 GOhm Hamon reference.

Mathematical model:
The value Riom of the unknown resistor is obtained from the relationship:
Rx = Rref * (1 + d?ef + KDrift + KTemper + Ksettime) * kNom(l + kDet+ kleak)* (1 + ka)

where:
RRef

d?ef

Koritt

Annex C2

is the value of the reference resistor
is the relative error of the reference resistor.
is the relative error due to drifts and instabilities in reference resistor

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor
Keetitime 1S the relative error due to settling time of Rx and Rs

kNom
Kpet

kIeak
ka
laboratory

is the nominal measured ratio
is the relative error of DMM Keithley readings due to drifts of zero during measurements
is the relative error due to leakage currents
is the relative error due to temperature effects and drifts of unknown resistor during its stay in

The relative standard uncertainty is given by :
U(Rx) / Rx = \/{ [U (RRef) /RRef]2 + [U (kNom)/ kNom]2 + [U (kread)/ kread]z}

Where U(Kread) / Kread is the relative standard deviation of the measurement results.

Table VI. Uncertainty budget for 1 GOhm (NIST_901)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
X; X standard distribution / coefficient | Uncertainty Freedom
Ohm uncertainty Method of Ci contribution |v;
u(x;), 10° | evaluation (A,B) u;(Rx), (10°°)

Riet 100007900 0 Rect/B 1 0 inf
ORef 0 3.0 Rect/B 1 3.0 inf
Korift 0 1.0 Rect/B 1 1.0 inf
Kremper 0 1.4 Rect/B 1 1.4 inf
Ksetitime 0 1 Rect/B 1 1 inf
Knom 1 0 Rect/B 1 0 inf
Koet 0 2.5 Rect/B 1 2.5 inf
Kieak 0 0.5 rect/B 1 0.5 inf
Krx 0 0.1 Rect/B 1 0.1 inf
Kread 0 0.5 Normal/A 1 0.5 50
Ric 1000775400 | Combined standard uncertainty (1 o) 4.5 6

RSS of Type A uncertainties 1.0

RSS of Type B uncertainties 4.4
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MIKES Budget of uncertainty for 1 GOhm resistor (NIST_901), measured by DCC 6675
Guildline bridge with 10:1 ratio from 100 MOhm reference.

Mathematical model:

When DCC bridge is balanced, the value Rigv of the unknown resistor is obtained from the
relationship:

I:\)x = Rref * (1 + d?ef + KDrift + KTemper + KIoad) * kDCC (l + kbr+ kIeak + kbr/volt)*(:l- + ka)

where:

Rret IS the value of reference resistor.
oref IS the relative error of the reference resistor.
Korit IS the relative error due to drifts in reference resistor.

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor.
Kioag IS the relative error due to uncorrected loading effects.

kpcc  is the nominal ratio of the bridge.

Kpr is specified 1 o uncertainty of the bridge ratio for that range.

kieak 1S the relative error due to leakage currents.

Kormvort 1S the relative error due to lower then nominal applied test voltage.

Krx is the relative error due to temperature effects and drifts of unknown resistor during its stay in
laboratory

The relative standard uncertainty is given by :
U(Rx) / Rx = \/{ [U (RRef) /RRef]2 + [U (kDCC)/ kDCC]2 + [U (kread)/ kread]z}

Where u(Kreaq) / Kreag 1S the relative standard deviation of the measurement results.

Table 3. Uncertainty budget for 1 GOhm (NIST 901)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
X X standard distribution / | coefficient | uncertainty Freedom
Ohm uncertainty Method of Ci contribution | v;
u(x;), 10° | evaluation (A,B) ui(Rx), (10°)

RRet 99991004.96 0 rect/B 1 0 inf
ORef 0 2.1 rect/B 1 2.1 inf
kDrift 0 0.6 rect/B 1 0.6 inf
Kremper 0 1.4 rect/B 1 1.4 inf
Kioad 0 0.5 rect/B 1 0.5 inf
Koce 10 0 rect/B 1 0 inf
Kpr 0 4 rect/B 1 4 inf
Korvolt 0 2 rect/B 1 2 inf
Kieak 0 0.5 rect/B 1 0.5 inf
Krx 0 0.3 rect/B 1 0.3 inf
Kread 0 1 normal/A 1 1 60
Riom 1000784200 | Combined standard uncertainty (1 o) 5.3 3

RSS of Type A uncertainties 1

RSS of Type B uncertainties 5.2
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MIKES Budget of uncertainty for 1 GOhm resistor (NIST_901), measured by substitution

Annex C2

method with Keithley 6517A DMM from 1 GOhm (U1G) reference at 1:1 ratio.

Mathematical model:
The value Rjom Of the unknown resistor is obtained from the relationship:
Rx = Rref * (1 + a?ef + KDrift + KTemper + Ksettime) * kNom(l + kDet+ kleak)* (1 + ka)

where:
RRef

aQef

Koritt

is the value of the reference resistor
is the relative error of the reference resistor.
is the relative error due to drifts and instabilities in reference resistor

Kremper 1S the relative error due to uncorrected temperature instabilities of reference resistor
Keetitime 1S the relative error due to settling time of Rx and Rs

Knom 1S the nominal measured ratio

kpet IS the relative error of DMM Keithley readings due to drifts of zero during measurements
kieak 1S the relative error due to leakage currents

Krx is the relative error due to temperature effects and drifts of unknown resistor during its stay in
laboratory

The relative standard uncertainty is given by :
U(Rx) / Ry = \/{ [LI (RRef) /RRef]2 + [LI (kNom)/ kNom]2 + [U (kread)/ kread]z}

Where U(Kread) / Kreag is the relative standard deviation of the measurement results.

Table 4. Uncertainty budget for 1 GOhm (NIST 901)

Quantity Estimate Relative Probability Sensitivity | Relative Degree of
Xi X standard distribution / | coefficient | Uncertainty | Freedom
Ohm uncertainty Method of Ci contribution |V,
u(xy), 10° | evaluation (A,B) u(Rx), (10

RRet 100009600 0 Rect/B 1 0 Inf
ORef 0 5.2 Rect/B 1 5.2 Inf
Korift 0 0.3 Rect/B 1 0.3 Inf
Kremper 0 0.6 Rect/B 1 0.6 Inf
Ksetitime 0 0.5 Rect/B 1 0.5 Inf
Knom 1 0 Rect/B 1 0 Inf
Kpet 0 2 Rect/B 1 2 Inf
Kieak 0 0.5 rect/B 1 0.5 Inf
Krx 0 0.1 Rect/B 1 0.1 Inf
Kread 0 1 Normal/A 1 1 50
Ric 1000775400 | Combined standard uncertainty (1 o) 5.7 3

RSS of Type A uncertainties 1.0

RSS of Type B uncertainties 5.6
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MIKES Budget of uncertainty for 1 GOhm resistor (NIST_901), measured by modified

Wheatstone bridge (“Two Calibrator”) method from 100 MOhm (U100M) reference.

The result was calculated using following equation:

Model equation:
RX=(ks*K+0dgrift) *RS+01+0¢ +set Oyt

Where:

Rx is the value of the 1 GOhm unknown resistor

Ks is the correction for measured voltage ratio

K is the measured voltage ratio;

daritt 1S the relative error due to drift; cumulative measurement time (about 40 min)

Rs is the value of the reference resistance

d is the uncertainty due to effect of the leakage current from unguarded Rx and Rs resistor
element sections to ground on the final result

Ot is the uncertainty due to effect of temperature variations of Rx and Rs to the final result

Oset is the resolution of ND during the calibrator settings

Ol is the 1/f type low frequency fluctuation in ND.

Table 5. Uncertainty budget for 1 GOhm.

Quantity Estimate Relative Probability Sensitivity |Relative Degree of
X, X Standard distribution / | coefficient | Uncertainty Freedom
Ohm uncertainty Method of c contribution Vi
u(x;), 10° | evaluation (A,B) ui(Rx), (10°)

Ks 1.0000041000 0.08 Rect/B 1 0.08 0
K 10.00854276 0.48 Norm/A 1 0.48 10
Surift 0.0 1.44 Rect/B 1.44 ©
Rs 99.991100-10° Ohm 2.1 Norm/B 1 2.1 50
S 0.0 Ohm 0.3 Rect/B 1 0.3 0
S 0.0 Ohm 0.8 Rect/B 1 0.8 s
Sset 0.0 Ohm 0.6 Rect/B 1 0.6 s
Sife 0.0 Ohm 2.9 Rect/B 1 2.9 ©
Rx = 1.0007693:10° Ohm Combined standard uncertainty (1 o) 4.0 1

RSS of Type A uncertainties, 10 0.48

RSS of Type B uncertainties, 10° 3.97
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Uncertainty budget for 1 GQ No:1100036

Quantity Estimate Standard Probability Sensitivity Uncertainty Degree of
uncertainty distribution coefficient contribution freedom
Xi Xi /method of
u(x) evaluation (A, Ci u(R;) Vi
B)
100 MO 100.0067504 21 B 1 2.1 inf,
working MQ ppm normal
standard
leakage effects 0 2 B 1 2 inf.
ppm rectangular
MI 6000A 0 0.05 B 1 0.05 inf,
bridge
ppm rectangular
temperature 0 0.2°C B 12ppm/°C for 2.4 inf.
inhomogeneity
rectangular
Ratio 9.999255017 0.36 A 1 0.36 29
measurement
ppm normal
Ry 999.993001
MQ
Combined standard uncertainty: 3.8
Effective degrees of freedom: 353173
Expanded uncertainty (95% coverage factor): 7.6
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9 CMI
uniy | csimae | S| Gbton| SO | cotouton | 000
X cvaluation (cel
u(xi) (A, B) Gi u(R) Vi
Rs 1.000014GQ | 35 x10°GQ normal 1.001 35 x10° "
3. o +12 x10°GQ | 20 x10°/+3GQ | rectangular 1,001 115 x 10° -
5. 5 x10°/4'3 5x10°/3 rectangular 1.000 GQ 2.9 x10° 0
3 0.2 x10°/V3 0.2 x10°/V3 rectangular 1.000 GQ 0.1 x10°® 0
5. 1 0GQ 2 x10°/N3GQ rectangular 1.001 1.2 x10° o
5. ru 0GQ 2 x10°/V3GQ rectangular 1.001 1.2 x10° ©
5. L 0GQ 10 x10°/V3GQ rectangular 1.001 5.8 x 10 ©
5. ¢ 0GQ 10 x10°/V3GQ | yectangular 1.001 58 x 10° w
repesPily | 1,000 776 5 12 x10° normal 1.000 GO 12 x10° 14
Rx 1. 000 803 GQ2
Combined relative standard uncertainty: 15 x10°®
Effective degrees of freedom: 341 797
Expanded relative uncertainty (95% coverage 30 x10°®
factor):
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Model equation of the measurement:

The principle of measurement applied was the substitution method. The measurand is
described by the equation

Rx = Rs + (Rxm — Rswm)

If this equation is expanded in order to include relevant deviation of the input quantities,
it becomes:

Rx = Rs + (Rxm — Rsm) + 0Rp + 0Rst + 0Rm - dRxr

To obtain the conventional value and the standard uncertainty of the resistor under test —
UUT- MI 9331S, SN 1100037, the “driven at a guard potential’variant was used and the
following input quantities were considered:

Reference standard (Rs)

Resistance value of the 1 GQ, Measurement International, type 9331G, serial no
1100184. The calibration certificate for the reference standard gives a resistance value of
0.999998 GQ and standard uncertainty 15 kQ2 at the specified reference temperature of
23 °C.

Difference between measured values of UUT and reference standard (Rxm - Rsm)
Rxm and Rsy are the indications of the teraohmmeter for each of the two resistors (UUT
and standard).

Nineteen observations were made. The mean difference between measured value of UTT
and reference standard was -57 kQ with an estimated associated standard uncertainty:

Sp = 0.4 kQ (see Table 4).

Drift of the value of the standard (8Rp)
The uncertainty due to the drift of standards value is represented by a rectangular

distribution with bounds + 25 kQ.

Temperature corrections (8Rst, 8RxT)

The air bath temperature at the time of calibration was measured with a digital
thermometer. The mean value of the temperature was 23,13 °C and the range of variation
was 22.91 °C =+ 23.27 °C. The associated uncertainty was + 0.08 °C.

For the resistor under test the temperature coefficients are unknown, but the uncertainty
of the correction is approximately 2 kQ (Technical Protocol).

For the standard resistor the maximum change for the 23 °C £ 5 °C are 25 kQ. The
uncertainty of the correction is represented by a rectangular distribution with bounds

+ 5 k.
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Change of the indicated values caused by disturbances in the power supply line

(6Rm)

We estimated the changes of the teraohmmeter indication due to the instabilities in the
power supply line with bounds + 5 kQ (triangular distribution).

Measurement results

Standard M1 9331, SN 1100037

Quantity Estimate Standard Probability Sensitivity Uncertainty Degree of
uncertainty distribution coefficient contribution freedom
X Xi /method of
u(xy) evaluation (A, |G u(Ri) Vi
B)
Rs 0.999998 GQ 15 kQ Normal/B 1 15 kQ 00
Rxm-Rsw | 57k 0.4 kQ Normal/A 1 0.4 kQ 18
dRsp 0 15 kQ Rectangular/B 1 15 kQ 2
ORsT 0 3kQ Rectangular/B 1 3kQ 2
ORm 0 2 kQ Triangular/B 1 2 kQ 50
ORxT 0 2 kQ Normal/B -1 2 kQ o0
Rx 0.999941 GQ
Combined standard uncertainty: 22 kQ
Effective degrees of freedom: 9
Expanded uncertainty (95% coverage factor): 50 kQ
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The measurement model, containing the significant input quantities 1s :
RXZF']'I'z'F'3'RS'[1+|SE'(23—.T)]+$L+L"1R ...(4}

where Ry is the resistance of the unknown 1 GQ resistor:
1, 1s the ratio of the resistance of the unknown 1 GQ resistor to resistance of the

100 MC)/step transfer standard in the series configuration:

15 1s the ratio of the resistance of the 100 MCQ/step transter standard in the series configuration,
to its resistance in the parallel configuration:

7y 1s the ratio of the resistance of the 100 MQ/step transtfer standard in the parallel configuration

to the resistance of 1MCQ)/step transfer standard in the series configuration:
R; 1s the resistance of the 1MQ)/step transfer standard in the series configuration

« 1s the relative temperature coetficient of Ry :
T is the mean measuring temperature;
A, 1s the correction due to leakage effects:

Ay 1s the correction due to all effects which change randomly during the measurement.

If we write the resistance walues and ratios in terms of their nominal wvalues
N N N N) m . .. .
(RIC :'._.1'1c }.1'2{ ).F'}( ._RS( ). and fractional deviations from nominal ( &,.6,.5,.8;.8; ) we

have :

Ry =R;™ - (1+5,)
n=r"1+6) =123 ..(5)
Ry =R -(1+65)

equation (4) reduces to :

A A
Sy =0, 40, +8; +8g +a-(23-T)+—L—+—
X 1 3 RJ; (N Rf(j\. )

.(6)

where we have retained only the first order terms of small quantities.
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The uncertainty budget for the 1 GQ measurement is presented in Table 2 below.
In order to simplify the presentation. the standard uncertainties for the input quantities

§4.0,,0,.0,.0,; include the effects due to calibration, drift. non-linearity, temperature, and

other influences. The standard uncertainties of these input quantities are dominated by
confributions from systematic effects whose uncertainty contributions are obtained by type B

method. Consequently, the number of degrees of freedom associated with these estimates is

taken to be infinite. The relative temperature coefficient used in the table 1s for the NIST type
resistor and is taken from Jarrett et al.. IEEE Trans Instrum Meas., 52, Apr 2003, p 475.

16/29

Quantity | Estimate Standard Method of | Sensitivity Uncertainty | Degrees of
Uncertainty | Evaluation | Coefficient Contribution | Freedom

3, 1729 pQyQ | 20 pQ/0Q B 1 20 uCY/0 =

0, 0.0 nyQ 20 pQ/0 B 1 20 uQyQ @0

4, +219.2 uQy/Q) | 5 uQQ B 1 5 pQ0 £

Oy +2.5 pyQ) 5u0/Q B 1 5 pQQ Ee

(T-23) | 0.00°C 0.10°C B 30pQvoect 300 %

A, 00 10 kO B 10°0° 10 nQy/0Q =

Ag 00 kO A 10707 8 nQ/0 12

dy +48.8 u0yQ
Combined Standard Uncertainty 32 uQy/Q
Effective Degrees of Freedom >10°
Expanded Uncertamty (95% CF.) 64 Y Q

Table 2 Uncertainty Budget for 1 GQ Measurement
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133V

Making a linear approximation in the deviations, the measurement function can be written as:

Rx = r-(Rs+3Rps+3Rps+8Rrs) +T1-Rs - (drc+drg+drg+8r.c) -6Rpx -6R7x

where :
Rx - Value of unknown resistor (object),
r - Measured ratio r,
Rs - Resistance of reference standard,
o0Rps - Drift/Stability of reference standard,
0Rps - Influence of Pressure on reference standard,
0Rts - Influence of Temperature on reference standard,
orc - Caorrection factor for influence of thermoelectric voltages,
org - Correction factor for Bridge linearity /offset,

or g - Correction factor for Leakage currents in Bridge/scanner,

or g - Correction factor for Leakage currents in ref. & object (w. active Guard),
0Rpx - Influence of Pressure on object,

0Rrx - Influence of Temperature on object.

Uncertainty budget 1 GQ MI.9331S, SN.1100035

Quantity Estimate Standard | Probability | Sensitivity | Uncertainty | Degree of
uncertainty | distribution | coefficient | contribution | freedom
X X /method of R.
. 3 u(Ry)
u(xi) evaluation Ci "
(A, B) (Q)
r 9,999 551 3 4,33e-6 Norm./ A 1,0e+8 Q
Rs 100 003 939 Q C - . . S o0
ORps 0Q S . ‘ . . b
SRPS 0Q . e . . o . o
or g 0 6,25e-6 Rect./ B 1,0e+9 Q S o0
or g 0 577e-9 Norm./ B 1,0e+9 Q > o0
SRPX 0Q s P . o
orc 0 10e-9 Rect./ B 1,0e+9 Q 0
org 0 200e-9 Rect./ B 1,0e+9 Q S 0
R, , deviation -5483Q
from nominal
value
Combined standard uncertainty: 6,83E+03 Q
Effective degrees of freedom: 492 712
Expanded uncertainty 14E+03 Q
( 95% coverage factor ):

The use of active guard has a large influence on leakage effects. The leakage is therefore split into two
components, one where the active guard is working and another where it is not. The backplane of
scanner and bridge are at ground potential. The terminals are not guarded there.
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The resistance R, of the unknown resistor was obtained from the relationship:

R =(R +dR, + R, )* Ratio

where: R;—is the value of the reference resistance and the component of the uncertainty includes the drift

of the resistance, R, and it's variation with temperature, 8R+s;

Ratio — is the ratio measured by the Wheatstone bridge.

18/29

. - = . - Probability distribuition| - Relative uncertainty Degree of
Quantity Estimate Standard uncertainty ! method of evaluation Sensitiity cosfficent contribution freedom
X X wyxi) A, B) =] [uifRx)j2 T3
R + IRD + oRsT 100006316 8 4E+D0D 0 B / rectangular 10 B, 99E+03 of o
Ratio 99894734 1,10E-03 B / rectangular 1,00E+08 Q 1,20E+10 o ]
Ratio - 3.B3E-05 A4 normal 1,00E+08 [n] 1,32E+07 o 11
RX 1,000005E+09 1,2E+10 o @
Combined Standard Uncerainty, Uc (Rx) = 1,10E+02 poi
Effective degrees of freedom= 2
Expanded unceriainty (85% coverage factor] = 220 PELE
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The uncertainty contributions of the bridge consist of the ratio error eccc, error due to the

combining network &cn, and the error due to non-linearity of the SQUID readout esquip in the case

of the measurement without SQUID servo (i.e. only in the 1 GQ measurement).

1 GQ Uncertainty Budget

Quantity Estimate Standard Probability Sensitivity Uncertainty Degree of

uncertainty distribution coefficient contribution freedom
Xi Xi /method of

u(x;) evaluation (A, |Ci u(Ri) Vi

B)

gcce - 0.012 ppm Rectangular/B 1 0.012 uQY/Q Inf
Ecn - < 0.1 ppb Rectangular/B 1 < 0.0001pY/Q | Inf
€sQUID - 0.58 1 0.58 pQ/Q Inf
Rstandard 10 MQ 0.027 pQ/Q Normal/A 1 0.027uQ/Q 4
Retandard 10 MQ 0.087 u/Q | Rectangular/B 1 0.087uQ/Q Inf
Tstandard 20°C 0.1°C Rectangular/B 0.5 ppm/°C | 0.050 pQY/Q Inf
Rx 1GQ 1.426 pQ/Q Normal/A 1 1.426 uQ/Q 4
Rx 1GQ

Combined standard uncertainty: 1.54 pQ/Q

Effective degrees of freedom: 55

Expanded uncertainty (95% coverage factor): 3.98 pQY/Q
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The uncertainty calculations were made using commercially available software develo-
ped according the rules of the GUM [2], [3] and [4]. The following mathematical models
were used:

R, =R, sl +dRedr + dRats + dResdow + fRspa) s e, « (1 + &, + Sinbr + Seondr) (1 + dRxee + SRodev + dlagpr)

The following components were taken into account:

R\ = value of the unknown resistor.

R: = value of the reference resistor calibrated by SMD and corrected for the tem-
perature difference.

dRsdr ; uncertainty on the value of the correction for the drift of Rs.

dRsts = uncertainty of Rs due to the uncertainty on the exact knowledge of the tem-
perature of this resistor. This is due to the short-term stability of the climatic test
chamber.

dRsdcv = influence of the applied voltage on Rs

dRsps = uncertainty due to the possible influence of atmospheric pressure on Rs.
g successively means of measurement results recorded the ratios R./R, or RyJ/R..
drs = correction for the ratios Ro/Ry or Ry/R..

dlinbr ; uncertainty coming from the non-linearity of the bridge.

dconbr. uncertainty coming from the influence of the limited insulation of the bridge
and of the connecting leads, the guarding, grounding and shielding, the thermal
emfs, the electromagnetic interference, ...

JRxtx : uncertainty on Rx due to the uncertainty on the exact knowledge of the tem-
perature of the unknown resistor. This due to the short-term instability of the climatic
test chamber.

dRxdev = influence of the applied voltage on Rx

dRxpx : uncertainty due to influence of the atmospheric pressure on Rx.
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Rx: Value of the unknown resistor to be calibrated
Quantity Value Standard | Degrees | Distributl | Sensitivity | Corr.- | Index
Uncertainty of on Coefficient | Coeff.
Freadom
Rs 100.003370 250-10°® 50 normal 10 028 | 7.7 %
5Rsdr 0.0 7.22410° | infinity |rectangula| 1000 0.80 | 64.3
r Yo
aRsts 0.0 115-10® infinity | rectangula 1000 0.01 | 0.0%
r
8Rsdcv 0.0 57.7-10°% infinity | rectangula 1000 0.01 | 0.0%
r
SRsps 0.0 14.4-10% | infinity |rectangula 1000 00 |0.0%
r
ra 10.0001742 | 17.2-10° 5 normal 100 019 | 3.7 %
Gra 0.0 2.89-10° infinity | rectangula 1000 0.32 | 10.3
r %
alinbr 0.0 577107 infinity | rectangula 1000 0.0 |0.0%
r
dravbr 0.0 1.15-10°% infinity | rectangula 1000 013 [ 1.6 %
r
fconbr 0.0 2.89-107° infinity | rectangula 1000 0.32 | 103
r o
BRxtx 0.0 577-10 | infinity |rectangula| -1000 | -0.06 | 0.4 %
r
dRxdev 0.0 1.15-10°° infinity | rectanguia =-1000 013 [16%
r
&Rxpx 0.0 144107 | infinity |rectangula| -1000 00 [0.0%
r
Rx 1000.05112 | 9.00-10° 2600
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
Rx 1000.051 0.018 2.0 95% (t-table 95.45%)
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18 UME

The model function of uncertainty can be written as below

. (Rs +Rsgrf *Rstemp * Rsvoit)*(E xappl * Exarf)

X

xTem
(ESappI +éESdrf) P

Rs , reference resistance value.

URrcal, calibration uncertainty of the reference resistance value. It’s always given 26 and has got
normal distribution.

Usrsarf, drift of the reference resistance of the reference since its last calibration. This value is
added to the uncertainty calculation as rectangular distribution.

Usrstemp, temperature related resistance variation of the reference. This value is added to the
uncertainty calculation as rectangular distribution.

Usrsvolt, POWer related resistance variation of the reference. This value is added to the uncertainty
calculation as rectangular distribution.

Exappl, applied voltage value.

Uexcal, Calibration uncertainty of the voltage value. It’s always given 26 and has normal
distribution.

Usexdrf, drift of the voltage of the reference since its last calibration. This value is added to the
uncertainty calculation as rectangular distribution.
Esappi, applied voltage value

Uescal, Calibration uncertainty of the voltage value. It’s always given 2o and has normal
distribution.

Uesarf, drift of the reference voltage since its last calibration. This value is added to the uncertainty
calculation as rectangular distribution.

Ry , calibrated resistance value.

Usrxtemp, temperature related resistance variation of the unknown. This value is added to the
uncertainty calculation as rectangular distribution.

Urstg, Standard deviation of the measurement and it has normal distribution.
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Proposed scheme for an uncertainty budget for Rx (S/N: 1100035, 1GQ)

. ) Relative . Relative
Quantity Estimate - Sensitivity .
standard Probability .. uncertainty
. . coefficient .
uncertainty | distribution contribution
Xi Xi Ci
u(x;) Ui(Rx)
Reference resistance 1E+08 1x10° | Normal , k=2 10 5 x10
value (Rs)
Reference
Resistance Drift 1,5x10° | Rectangular 10 0,87x10°®
(ORsarf)
Ref.Resistance
temperature effect 0,5x10° | Rectangular 10 0,29x10°
(SRStemp)
Ref.Resistance
Voltage effect 0,02x10° | Rectangular 10 0,012x10°
(SRSvolt)
Applied voltage 100 1x10° | Normal, k=2 | 1E+07 0,5x10°
(Exapp1)
Drift of the voltage 1x10°® Rectangular 1E+07 0,58x10°®
(0Exarr)
Applied voltage 10 1x10° | Normal k=2 | 1E+08 0,5x10°
(Esappi)
Drift of the voltage 1x10°® Rectangular 1E+08 0,58x10°®
(OEsarf)
Calibrated
Res.Temperature 0 Rectangular -1 0
effeCt (SRXtemp)
Repeatability (Req) 1,64x10” Normal 1 1,64x10°
10,9x10°
Rx 999998500 Q Ue ~12 nQ/Q
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19 LNE
EQUATION
. : R\1+0 .
When the bridge is balanced (dm =0) : Rx = ( ) Equation 1
P P/ U
-R({ 1 1 1
where, 0 = —[— +—+ —]
g RXn p R
g : open loop gain of amplifier
Rxn : nominal value of Rx
o) : input resistance of the amplifier
U : measurement voltage (100 V)
UNCERTAINTY BUDGET
From Equation 1,
2 2 2 2
P.R R P P.R
—— | W@)+| = | WP)+| = | VI(R)+| = | u*(Q)
Q Q Q Q’
U(R x) = 2
Rx.\P +
(P+Q) u?(dm)
Q.U - (P+Q)dm
Probability Standard Sensitivit Uncertainty Dearees of
Component distribution /method | uncertainty VLY | contributio 9
; coefficient freedom
of evaluation value n
Calibration of P Normal/B 25Q 100 2,5 kQ 500
Calibration of R Normal/B 250 100 2,5 kQ 500
Calibration of Q Normal/B 250 mQ 10* 2,5 kQ 500
Temper;t}u;e effect Rectangular/B 110 100 1,1 kQ 500
Temper:rt]”ée effect | Rectangular/s 600 MQ 100 60 Q 500
Temperoargu(r?e effect Rectangular/B 6 mQ 10 60 Q 500
Input Impedance
and of open loop Rectangular/B 510.10° 10°0Q 510 Q 500
gain of amplifier (3)
Sensibility and 9 1
noise (dm) Rectangular/B 1,5puv 1,01.10°QV 1,52 kQ 500
Leakage
resistances Rectangular/B 50 mQ 100 50 500
Combined uncertainty (k=1) 48.10°R
Combined uncertainty (k=2) 9,5.10° R
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1G HR9101
Quantity Estimate Standard Proba Sensitivity Uncertainty | Deg
uncertainty bility coefficient contribution of
Dist. free
X X uCei) (Type Ci u(Ri) Vi
A/B)
Reference
resistor value 100 004 477 Q ©
Electrometer
uncertainty 7.E-13 A o
Bridge linearity 7.E-13 A o
Leakages 7.E-13 A . . . . . o
Calibrator 10 V | 3.E-05 V B -7.E+07 QN o
Reproducibility 1000057340 | Q
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The following sources of uncertainty as stated in the respective tables are taken into account:

e Rysca : This is the calibration uncertainty of the standard resistors of BEV which were used
for this comparison. These calibration uncertainties are calculated for each standard
resistor of BEV when the internal calibration procedure is done. The largest calibration
uncertainty is used for calculating the uncertainty budget of this comparison.

The value of the estimate is given in the respective table e.g. “10 MQ” as an example for a
measurement against a 10 MQ standard resistor of BEV. At the 10 MQ-level the drift of the
standards since the last calibration are included in this contribution.

e JSRetair - This is the uncertainty associated with the standard resistors of BEV due their drift
within the time since the last internal calibration. This contribution is considered at the 1 GQ
level.

e J3Rgs7s: This is the uncertainty associated with the measuring bridge.
o  JORes7ses: This is the contribution from the resolution of the bridge.

e JSRemp: This is the uncertainty of the temperature measurement. The following contributions
are taken into account: calibration uncertainty, type A uncertainty, uncertainty of
temperature measuring bridge, uncertainty due to temperature instabilities within the bath.

e  JRpeas: This is the type A uncertainty of the measurements.

e  JSRuie: This is the contribution from the measurement wires because of the two-wire-
measurement method.

o JRusernun: This is the contribution from not compensated offset effects of the null detector.
¢  JRiemo: This is the contribution from not compensated thermal emfs.

¢ JRpvmratio: This is the contribution from the ratio voltmeter according to the manufacturer
specification.

e J3Rurs: This is the contribution from the temperature coefficient of the standard resistors
from manufacturer specification.

e JORmry« This is the contribution from a rough estimation of the temperature coefficient of the
DUT resistor.

e J3Rwrs: This is the contribution from an estimation of the voltage coefficient of the standard
resistor.
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Rel EolRelol ity Relative
: Estimate ’ dist/method Sens. Deg. of
Quantity X stand. of coeff. uncert. A g
X uncert. . cont.
[0 u(x) evaluation Ci u(y) v
I (A,B) yl

Rret.cal 1000 000 000. 5 uQ/Q normal/B 1.0 5.000 50
Rret drift 0 2.309 pQ/Q rect/B 1.0 2.309 infinite
ORuire 0 0.006 uQ/Q rect/B 1.0 0.006 infinite
IR offsethull 0 0.127 uQ/Q rect/B 1.0 0.127 infinite
ORthermo 0 0.013 uQ/Q rect/B 1.0 0.013 infinite
ORpvMRatio 0 2.500 pQ/Q normal/B 1.0 2.500 50
ORTkrs 0 0.400 K rect/B 1.0 (MLQ/Q)/K 0.400 infinite
SRRy 0 0.400 K rect/B 5.0 (LQ/Q)/K 1.998 infinite
ORvkrs 0 57.735 \Y rect/B 0.100 (LI 5.774 infinite
ORneas 1000 074 016. 3.934 uQ/Q normal/A 1.0 3.934 3

combined

uncertainty

[nQ/Q],

k=1 9.464
Deviation
from expanded
nominal uncertainty
value [nQ/QY],
[uQ/Q] 74.016 k=2 18.927

Effective

degree of

freedom

Vi eft 86.16

27/29




EUROMET.EM-K2 Annex C2

22 CEM

In the analysis of uncertainty for this comparison, the following mathematical model is
considered. For the 1 GQ standards:

Ry = IoRioom (1+ 010 + 6; ) 3)
, Where the symbols have the following meanings:

- Rye: Value of the 1 GQ travelling standard, relative to Quantum Hall Resistance.
- Iy Measured ratio of 1 GQ to 100 MQ standard resistor.

- Riyoom: Value of 100 MQ standard.

-« Temperature coeficient of 100 MQ standard.

- o Temperature difference between measure

With th following expression for uncertainty:

uz(Rle) uz(rxz) uz(RlOOM) U2(§10) 5T2U2(a) azuz(é-T)
2 2 T 2 T 2 T 2 T 2 (4)
(Rle ) (rxz) (RlOOM ) (1+ Oy + 0y ) (1+ Oy + 0y ) (1+ Oy + 0y )

The results individualized for every resistor are presented in separated tables.

Uncertainty budget for HR9101 1 GQ Ry 1 ¢

Quantity Estimate Relative Probability Sensitivity Relative Degree of
standard distribution coefficient uncertainty freedom
Xi X uncertainty /method of contribution
evaluation (A. | Cj Vi
u(xi) B) u(R)
I 9.897 653 3 4.4 %107 A 1 4.4 %107 25
R100Mm 101.039 54 MQ 2x10° B 1 2x10° 10
S0 0 3.2x 107 B 1 3.2x 10”7 0
a -29.3 x 10°°/°C 2.4x 10°°C A 0.017°C 4.2 x10° 10
or 0.017°C 0.004 °C A -29.3 x 10°/°C 1x107 25
Rxc 1,000 054 3 GQ
Combined relative standard uncertainty: 2.1x10°
Effective degrees of freedom: 12
Expanded relative uncertainty (95% coverage 4.6 x 10
factor):
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23 VNIIM

The model for the measurement of 1 GQ .

R (1G)x = Rs2* Ni2:(1 + Jarit + I teakz2 + 0 w2 + 6 wharm + Jt2)
The components are:

R(1G)x: the unknown resistor,

Rs2 = R(10M): the standard resistor of 10 MQ

N2 : the ratio of the parallel- series transfer of the Hamon device No. 2 (10 x100 MQ)

Surift: the relative uncertainty due to short term drift of the 10 MQ standard resistors,

Oeak2: the relative uncertainty due to leakage resistance from node points of the
Wheatstone bridge (Wb),

Owb2: the relative uncertainty due to Wb balancing for 1 GQ resistors (sensitivity,

OWbarm: the relative uncertainty due to the stability of the Wb arms (100 kQ)

M. the relative uncertainty due to instability temperature of the resistors.

The relative standard uncertainty is then given by :

uRAG))  [(uRL)Y (uiNy)Y) | & (e
o) [0 (] S

Uncertainty budget for the 1 GQ .

Quantity Estimate Relative Probability Sensitivity Relative Degree of
standard distribution coefficient uncertainty freedom
Xi Xi uncertainty, | /method of contribution,
10 evaluation Ci 10 Vi
U(Xi) (A, B) u(Ri)
Rs2 = R(10M) |10 MQ
N> 100 15 Normal/B 1.0 15 12
Surift 0 0.2 Normal/A 1.0 0.2 12
Oleak? 0 0.8 Rectangular/ | 1.0 0.8 Inf.
B
Swb2 0 1.0 Normal/A 1.0 1.0 11
Swbarm 0 0.5 Normal/B 1.0 0.5 12
o 0 0.6 Normal/B 1.0 0.6 8
Ry« 1000.142 MQ
Relative combined standard uncertainty: 2.3-10°
Effective degrees of freedom: 51
Relative expanded uncertainty (95% 4.7-10°(k = 2.05)
coverage factor):
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1. Introduction

The Mutual Recognition Arrangement (MRA) states that its technical basis is a set of results ob-
tained in a course of time through key comparisons carried out by the Consultative Committees
(CCs) of the CIPM, the BIPM and the Regional Metrology Organisations (RMOSs). As part of this
process, the CIPM Consultative Committee for Electricity and Magnetism (CCEM) carried out the
key comparison CCEM-K2 of resistance standards at 10 MQ and 1 GQ. This comparison was pi-
loted by the National Institute for Standards and Technology and approved by the CCEM for full
equivalence in January 2002 [1, 2].

In order to link the National Metrology Institutes organised in EUROMET to the key comparison
CCEM-K2, the EUROMET Technical Committee for Electricity and Magnetism decided at its Oc-
tober 2004 meeting to organise the corresponding RMO key comparison EUROMET.EM-K2.

The procedures outlined in this document should allow for a clear and unequivocal comparison of
the measurement results. The protocol was prepared following the CCEM guidelines for planning,
organizing, conducting and reporting key, supplementary and pilot comparisons.

2. Travelling standards

2.1 Description of the standards

10 MQ
Two different types of travelling standards (three resistors each) are used:

1. NIST type wire-wound resistors. The resistance elements are hermetically sealed in metal con-
tainers. The two resistor terminations of the standards are coaxial BPO connectors mounted on
grooved PTFE circular plates on the top panel of the enclosures. The resistor containers are
electrically isolated from the enclosures and electrically connected to the shield of one of the
coaxial connectors. This allows the resistor container of the standard to be operated either in
floating mode, a grounded mode, or driven at a guard potential.

2. Standards manufactured by Measurements International (CA), Model 9331. The resistance ele-
ments are hermetically sealed in metal containers. The four resistor terminations of the stan-
dards are tellurium copper binding posts. A separate ground terminal is included for screening.

1GQ
Two different types of travelling standards (three resistors each) are used:

1. NIST film-type resistors. The mounting of the resistance elements is the same as for the 10 MQ
standards.

2. Standards manufactured by Measurements International (CA), Model 9331S (based on NIST
design). The resistance elements are housed in a double shielded enclosure. The two resistor
terminations of the standards are BPO coaxial connectors mounted directly on the outer enclo-
sure. The inner enclosure containing the resistive element is isolated from the external enclo-
sure. It is connected to the guard terminal and may be operated either in floating mode, a
grounded mode, or driven at a guard potential.

In order to keep a reasonable time scale for the comparison, the measurement will be carried out in
two separate loops. In each loop, three 10 MQ and three 1 GQ standards will be circulated:
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Loop A

10 MQ:  NIST standard, SN HR 7550
NIST standard, SN HR7552
M1 9331, SN 1050109

1GQ: NIST standard, SN HR 9106
MI 9331S, SN 1100036
M1 9331S, SN 1100037

Loop B

10 MQ:  NIST standard, SN HR 7551
MI 9331, SN 1050110
MI 9331, SN 1050111

1 GQ: NIST standard, SN HR 9101
NIST standard, SN HR 9102
MI 9331S, SN 1100035

2.2 Quantities to be measured

Resistance of the 10 MQ standards at the following conditions:
test voltage: Viest < 100 V; preferably 10 V

ambient temperature: (23+0.2) °C

relative humidity: (50 + 10) %

Resistance of the 1 GQ standards at the following conditions:
test voltage: Viest < 100 V; preferably 100 V
ambient temperature: (23+0.2) °C

relative humidity: (50 £10) %

If not possible otherwise, the measurements may also be performed at an ambient temperature of
(20 £0.2) °C. In such a case, the results will be corrected to 23 °C using the temperature coeffi-
cients determined by the pilot laboratory. The uncertainty of the correction is approximately

0.2 pQ/Q for the 10 MQ standards and 2 pQ/Q for 1 GQ respectively.

2.3 Method of computation of the Reference value

The comparison reference value (CRV) will be evaluated following the principles laid down in [3].
A generalized version of the procedure described in [4] will be applied to account for the drift of the
travelling standards. The proposed principles of the analysis are:
The results obtained by the pilot laboratory will be used to determine the drift behaviour of the
travelling standards and to link the two loops A and B of the comparison;
The results provided by the participants will be corrected to the nominal temperature (23 °C)
and nominal test voltages (10 V for 10 MQ standards and 100 V for 1 GQ) using the sensitivity
coefficients determined by the pilot laboratory;
For the calculation of the CRV, the weighted mean over the laboratories will be used;

If for a result, the uncertainty contribution due to the traceability to another NMI amounts to a
substantial part of the overall uncertainty value, the result is not taken into account in the calcu-
lation of the CRV.
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3. Organisation

3.1 Co-ordinator and members of the support group

The pilot laboratory for the comparison is the Swiss Federal Office of Metrology and Accreditation
(METAS).

Co-ordinator and contact person for technical questions:
Dr Beat Jeckelmann
Tel.: +41 31 323 3297; e-mail: beat.jeckelmann@metas.ch

Organizational matters:
Mrs Beatrice Steiner
Tel.: +41 31 323 3430; e-mail: beatrice.steiner@metas.ch

Support group:
Dr Bernd Schumacher, Physikalisch-Technische Bundesanstalt (PTB), DE;
e-mail: bernd.schumacher@ptb.de

Dr Gert Rietveld, NMi Van Swinden Laboratorium (NMi-VSL), NL.:
e-mail: grietveld@nmi.nl

3.2 Participants

The participating institutes are listed in the following table. The contact details are given in Appen-
dix Al.

No |Country Institute Acronym
1 |Austria Bundesamt firr Eich- und Vermessungswesen BEV
2 |Belgium Service de la Métrologie SMD
3 |Czech Re- |Czech Metrology Institute CMI
public
4 | Finland Centre for Metrology and Accreditation MIKES
5 |France Laboratoire National d’Essais LNE"
6 |Germany Physikalisch-Technische Bundesanstalt PTB”
7 | Greece Hellenic Institute of Metrology EIM
8 |Hungary National Office of Measures OHM
9 |lreland National Metrology Laboratory NML
10 |Latvia Latvian National Metrology Centre LNMC
11 |Lithuania State Metrology Service/ Institute for Semiconductor | VMT/ PFI
Physics
12 | Netherlands | NMi Van Swinden Laboratorium B.V. NMi-VSL”
13 | Norway Norwegian Metrology and Accreditation Service JV
14 |Poland Central Office of Measures GUM
15 |Portugal Instituto Nacional de Engenharia, Tecnologia e Ino- |[INETI/LME
vacao
16 |Romania National Institute of Metrology INM
17 |Russia D.l. Mendeleyev Institute for Metrology VNIIM?
18 |Slovakia Slovak Institute of Metrology SMU
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No |[Country Institute Acronym

19 |Slovenia Slovenian Institute of Quality and Metrology SIQ

20 | South Africa | CSIR- National Metrology Laboratory CSIR-NML

21 | Spain Centro Espariol de Metrologia CEM

22 | Switzerland | Swiss Federal Office of Metrology and Accreditation | METAS”

23 | Turkey Ulusal Metroloji Enstitlisl UME

24 | United National Physical Laboratory NPL"
Kingdom

“ These laboratories participated in CCEM-K2 and will assure the link to this CCEM key comparison.
Table 1: Participants

3.3 Time schedule

The comparison is carried out in two parallel loops (loop A and loop B). The circulation of the
standards starts in July 2005 and is planned to end in August 2006. The detailed time schedule for
the comparison is given in Appendix A2.

A period of four weeks is allowed for the measurements in each laboratory, including the time nec-
essary for transportation. It is intended to re-measure the standards at certain intervals in the pilot
laboratory to establish a drift rate for the standards and to detect transport problems. The time pe-
riod in the pilot laboratory is extended to cover small delays in the circulation of the standards.

In agreeing with the proposed circulation time schedule, each participating laboratory confirms that
it is capable to perform the measurements in the limited time period allocated in the time schedule.
If, for some reasons, the measurement facility is not ready or custom clearance should take too
much time, the laboratory is requested to contact immediately the co-ordinator in the pilot labora-
tory. According to the arrangement made in this special case the travelling standards must be even-
tually sent directly to the next participant before the measurement has been finished or even without
performing any measurements. In such a case, there is a possibility to carry out the measurements at
the end of the comparison.

If delay occurs, the pilot laboratory shall inform the participants and revise - if necessary - the time
schedule, or skip one country and put it at the end of the circulation.

3.4 Transportation

Transportation is at each laboratory’s own responsibility and cost. Due to the time constraints, a
recognised courier service (e.g. UPS, DHL..) guaranteeing an adequate delivery time, inclusive
of the time for customs procedure, should be used. Where appropriate, customs procedures have
to be examined in advance of the transport. The courier service has to be informed that the
transport case should not be exposed to extreme temperatures or mechanical shocks.

In some countries, the case will be transported with an ATA carnet for customs clearance. Upon
each movement of the package, the person organising the transit must ensure that the carnet is
presented to customs on leaving the country, and upon its arrival in the country of destination.
When the package is sent unaccompanied, the carnet must be included with the other forward-
ing documents so that the handling agent can obtain customs clearance. In no case should the
carnet be packed inside the case. In some cases it is possible to attach the carnet to the case. The
carnet must be stored in the laboratory very carefully because a loss of the carnet may cause a
serious delay in the comparison schedule.
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On receipt of the case, the participant shall inform the pilot laboratory by sending the receipt
form given in Appendix A5 by fax or e-mail.

Immediately after the completion of the measurements, the case is to be transported to the next
participant. It is advisable to organise this transport beforehand. The pilot laboratory has to be

informed through the form given in Appendix A6 about the dispatch of the case. The next par-
ticipant should be informed as well.

3.5 Unpacking, handling, packing
The transport cases contain the following items:

Packing list, loop A
Three 10 MQ standard resistors:
o NIST, SN HR7550
o NIST, SN HR7552
o MI 9331, SN 1050109

Three 1 GQ standard resistors:
o NIST, SN HR9106
o MI9331S, SN 1100036
o MI9331S, SN 1100037

10 BPO-BNC adapters

Ambient conditions recorder. This recorder is used to monitor the temperature of the standards
during transport and to monitor vibrations and shocks.

Instruction manual

Packing list, loop B
Three 10 MQ standard resistors:
o NIST, SN HR 7551
o MI 9331, SN 1050110
o MI 9331, SN 1050111

Three 1 GQ standard resistors:
o NIST, SN HR 9101
o NIST, SN HR 9102
o0 MI9331S, SN 1100035

8 BPO-BNC adapters

Ambient conditions recorder. This recorder is used to monitor the temperature of the standards
during transport and to monitor vibrations and shocks.

Instruction manual

On receipt of the case, unpack the standards carefully and check for any damage and the complete-
ness of the audit pack according to the packing list. The ambient conditions recorder should not be
removed from the transport case. If possible, the transport case should be stored in the laboratory.
Any damage of the standards or missing item shall be reported on the receipt form to be sent to the
co-ordinator.

Before sending the case out, check the packing list and ensure everything is enclosed. The standards
should be packed in the original transport case as illustrated in the instruction manual. Ensure that
the ATA carnet (where applicable) is packed outside the case for easy access by customs.
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3.6  Failure of the travelling standard

Should one of the standards be damaged during the comparison, the pilot laboratory has to be in-
formed immediately.

3.7 Financial aspects, insurance

Each participating laboratory covers the costs of the measurements, transportation and eventual
customs formalities as well as for any damage that may occur within its country. The overall costs
for the organisation of the comparison are covered by the organising pilot laboratory. The pilot
laboratory has no insurance for any loss or damage of the standards during transportation.

4. Measurement instructions

4.1 Test before measurements

No initial tests are required. However, depending on the measurement set-up it may be necessary to
measure the isolation resistance between the resistive elements and the case of the standards.

4.2 Measurement performance

Pre- conditioning: The standards should be installed in a thermostatic air bath, regulated at the cho-
sen working temperature, at least 24 h before staring the measurements.

Measurand: Resistance value of the travelling standards at DC, expressed in terms of the con-
ventional value of the von Klitzing constant Rk.gp = 25812.807 Q.

Test voltage: 10 MQ:  Viest <100 V; preferably 10 V
1GQ: Vit <100 V; preferably 100 V

Temperature: (23 +0.2) °C ((20 + 0.2) °C in exceptional cases; see Sect. 2.2); the temperature
should not exceed the given limits.
Humidity: (50 £ 10) %.

Measurements:  The measurements should be repeated several times during the whole period al-
located to the participating laboratory.

4.3 Method of measurement
The measurement method is not specified. It is assumed that every participant uses its normal

measurement method. The method and the traceability scheme have to be described in the meas-
urement report (see below).

The choice of the ground/guard configuration is left to the participants. Sect. 2.1 describes the inter-
nal configuration of the ground/guard terminals in the resistance standards.

5. Uncertainty of measurement

5.1 Main uncertainty components

A detailed uncertainty budget in accordance with the ISO Guide to the Expression of Uncertainty in
Measurement shall be reported for one resistor of each nominal value.
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To have a comparable uncertainty evaluation, a list of principal uncertainty contributions is given.
Depending on the measuring methods, this list may vary:

Step-up procedure

Reference standard (drift, temperature and voltage dependence)
Measuring set-up (stability, gain and offset-effects, configuration)
Leakage effects

Temperature

Reproducibility

5.2 Scheme to report the uncertainty budget
A proposed scheme for the uncertainty budget is given in Annex A3.

6. Measurement report

Each participant is asked to submit a printed and signed report by mail within 6 weeks after com-
pleting the measurements. A copy of the report may also be sent by e-mail. In the case of differ-
ences between electronic and paper versions of the report, the signed paper form is considered to be
the valid version. The report should contain at least the following (see also Appendix A4):

Description of the measuring set-up including the ground/guard configuration. (If a two-
terminal method is used in the case of the MI standards, the connection scheme should be re-
ported);

Traceability scheme. If the traceability to the Sl is provided by another NMI, the name of the
NMI has to be stated (needed to identify possible sources of correlation);

Description of the measurement procedure;

The measurement results: Mean resistance value for every standard and the corresponding mean
date of measurement; individual results in the form described in Appendix A4;

The test voltages chosen for the measurements;

The ambient conditions of the measurement: the temperature and humidity with limits of varia-
tion;

A complete uncertainty budget in accordance with the principles of the ISO Guide to the Ex-
pression of Uncertainty in Measurement, including degrees of freedom for every component and
calculation of the coverage factor. Such an analysis is a prerequisite to be considered in the cal-
culation of the comparison reference value. It is also an essential part of the final report which
will appear in the BIPM Key Comparison Database.

The pilot laboratory will inform a participating laboratory if there is a large deviation between the
results of the laboratory and the preliminary reference values. No other information will be commu-
nicated before the completion of the circulation.

7. Report of the comparison

The pilot laboratory will prepare the draft A report within three months after completion of the cir-
culation. This report will be prepared with the aid of the support group and will be sent to all par-
ticipants for comments.
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Al  Detailed list of participants
Name Institute Acronym | Address Country Telephone Telefax e-mail
Wolfgang Bundesamt fur Eich- und | BEV Arltgasse 35 Austria +43149110350 |+4314920875 |w.waldmann@metrologie.at
Waldmann Vermessungswesen 1060 Wien 3501
Jacques Federal Public Service SMD F.P.S. ECONOMY, Belgium +3222064687 |+3222065547 |jacques.nicolas@mineco.fgov.be
Nicolas Economy - Metrology S.M.E.'s, SELF EM-
Division PLOYED & ENERGY hugo.verbeeck@mineco.fgov.be
Hugo Calibration Service - +32 2 206 46 86
Verbeeck Room 3 /020 NGIII -
Boulevard du Roi Albert
I, 16
1000 BRUSSELS
BELGIUM
Petr Czech Metrology Institute | CMI Radiova 3 Czech +420 266 020 117 | +420 272 704 pchrobok@cmi.cz
Chrobok 10200 Praha 10 Republic 852
Alexandre Centre for Metrology and | MIKES Tekniikantie 1 Finland +358 10 605 4431 | +358 9 455 4875 | alexandre.satrapinski@mikes.fi
Satrapinski Accreditation (< 1.10.: Otakaari 7B)
02150 Espoo
Isabelle Laboratoire national de LNE 33 Avenue du Général France +33140956261 |+331409555 isabelle.blanc@Ine.fr
Blanc métrologie et d’essais Leclerc 99
92260 Fontenay aux Ro-
ses
> 2006 not known yet not known yet
29 Avenue Roger Henne- +3313069 12
quin 34 (Trappes)
78197 Trappes Cedex
Bernd Physikalisch-Technische |PTB Bundesallee 100, 38116 Germany +49 531 592 2122 | +49 531 592 bernd.schumacher@ptb.de
Schumacher Bundesanstalt Braunschweig 2105
Irene Hellenic Institute of EIM Industrial Area of Thessa- | Greece +30 2310 569 970 | +30 2310 569 eirini.flouda@eim.org.gr
Flouda Metrology loniki, Block 45 996
GR - 57 022 Sindos,
Thessaloniki

V 2.0, 27.09.06/Jk
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Name Institute Acronym | Address Country Telephone Telefax e-mail
Tibor National Office of OMH Németvolgyi ut 37-39 Hungary +36 1 458 5897 +36 14585949 | t.nemeth@omh.hu
Németh Measures 1124 Budapest
Oliver National Metrology NML Enterprise Ireland Ireland +3531808 2252 | +353 1808 2026 | oliver.power@enterprise-
Power Laboratory (Ireland) Glasnevin ireland.com
Dublin 9
Ojars Veismanis | Latvian National LNMC K. Valdemara Street 157 | Latvia +371 736 29 89 +371736 28 05 | gjars.veismanis@Inmc.lv
Metrology Centre Ltd. 1013 Riga
Gintautas Semiconductor Physics SPI A. Gostauto 11 Lithuania +3705261 8065 |+3705262 7123 | ambra@pfi.lt
Ambrazevicius | Institute 01108 Vilnius
Gert NMi Van Swinden NMi-VSL | P.O Box 654 Netherlands +31 15269 1645 | +3115261 2971 |grietveld@nmi.nl
Rietveld Laboratorium 2600 AR Delft
Tore Justervesenet Vv Fetveien 99 Norway +47 64 84 8484 | +47 64 84 84 85 | tore.sorsdal@justervesenet.no
Sgrsdal 2007 Kjeller
Dobroslawa Central Office of GUM ul. Elektoralna 2 Poland +48 22 581 9302 | +48 22 581 9499 | electricity@gum.gov.pl
Sochocka Measures 00-139 Warszawa
Mario Costanzo | Instituto Nacional de INETI/ Estrada do Paco do Portugal +351 21 092 4681 | +351 21 714 mario.nunes@ineti.pt
Nunes Engenharia, Tecnologiae | LME Lumiar 22 3997
Inovacao 1649-038 Lishoa
Marciana National Institute of INM sos. Vitan Barzesti 11 Romania +40 21 334 5060, |+40 21 334 5533 | marciana.simionescu@inm.ro
Simionescu Metrology sector 4 ext. 153
042122 Bucuresti
Yuri Semenov D.I.Mendeleyev Institute | VNIIM Moskovsky prospect, 19 | Russia +7 8123239621 |+78127130114 |Y.P.Semenov@vniim.ru
for Metrology 190005 St.-Petershourg
Lubomir Slovak Institute of Me- SMU Karloveska ul. 63 Slovak Repub- | +421 2 602 94363 | +421 2 654 harich@smu.gov.sk
Harich trology 842 55 Bratislava lic 29592
Matjaz Slovenian Institute of MIRS SIQ | Trzaska cesta 2 Slovenia +386 14778 310 |+386 14778 303 | matjaz.lindic@siqg.si
Lindi¢ Quality and Metrology 1000 Ljubljana
Anda CSIR - National CSIR- CSIR-NML Building #5 | South Africa | +27 12 841 2660 |+27 12 841 2131 | asikrwege@csir.co.za
Sikrwege Metrology Laboratory NML P.O. Box 395 / 4458
Pretoria 0001
Feélix Spanish Centre of CEM c/ del Alfar, 2 Spain +34 91 807 4826 |+34 91807 48 07 | fraso@cem.es
Raso Metrology 28760 Tres Cantos
Madrid
Beat Swiss Federal Office of METAS Lindenweg 50 Switzerland +41 313233297 |+41 31 32 33210 | beat.jeckelmann@metas.ch
Jeckelmann Metrology and Accredita- 3003 Bern-Wabern

tion
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EUROMET.EM-K2 Technical Protocol
Resistance 10 MQ, 1 GQ

Name Institute Acronym | Address Country Telephone Telefax e-mail
Handan Tubitak Gebze Yerleskesi | TUBITAK | Anibal Cad. PK.54 Turkey +90 262 679 5000, | +90 262 679 handan.sakarya@ume.tubitak.gov.tr
Sakarya UME Besevler ext. 4153 5001
41470 Gebze/Kocaeli
Colin National Physical NPL Hampton Road United +44 20 8943 6195 | +44 20 8614 colin.porter@npl.co.uk
Porter Laboratory Teddington TW11 0LW | Kingdom 0493
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A2 Schedule of the measurements

Loop A
Institute Country Start date Time for measurements
and transport
Pilot (metas) Switzerland until July 2005
PTB Germany August 2005 4 weeks
SIQ Slovenia September 2005 4 weeks
SMU Slovak Republic October 2005 4 weeks
NMi-VSL Netherlands November 2005 4 weeks
Pilot (metas) Switzerland December 05 to January |8 weeks
2006
SPI Lithuania February 2006 4 weeks
MIKES Finland March 2006 4 weeks
OMH Hungary April 2006 4 weeks
CMI Czech Republic Mai 2006 4 weeks
GUM Poland June 2006 4 weeks
INM Romania July 2006 4 weeks
CSIR-NML South-Africa August 2006 4 weeks
INM (2" measurement) | Romania October 2006 4 weeks
GUM (2™ measurement) | Poland November 2006 4 weeks
Pilot (metas) Switzerland December 2006 4 weeks
Loop B
Institute Country Start date Time for measurements
and transport
Pilot (metas) Switzerland until July 2005
NML Ireland August 2005 4 weeks
WV Norway September 2005 4 weeks
INETI/LME Portugal October 2005 4 weeks
LNMC Latvia November 2005 4 weeks
Pilot (metas) Switzerland December 2005 4 weeks
NPL United Kingdom | January 2006 4 weeks
SMD Belgium February 2006 4 weeks
UME Turkey March 2006 4 weeks
LNE France April 2006 4 weeks
EIM Greece September 2006 4 weeks
BEV Austria October 2006 4 weeks
CEM Spain November 2006 4 weeks
VNIIM Russia December 2006 4 weeks
Pilot (metas) Switzerland January 2007 4 weeks

V 2.0, 27.09.06/Jk
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EUROMET.EM-K2
Resistance 10 MQ, 1 GQ

Technical Protocol

A3  Typical scheme for an uncertainty budget
Quantity Estimate Standard un- Probability Sensitivity Uncertainty Degree of
certainty distribution coefficient contribution freedom
Xi Xi /method of
u(x) evaluation (A, |G u(Ry) W
B)
Rx

Combined standard uncertainty:

Effective degrees of freedom:

Expanded uncertainty (95% coverage factor):

The detailed uncertainty has to be provided in this form for one standard of each nominal value.
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EUROMET.EM-K2
Resistance 10 MQ, 1 GQ

Ad

Layout of the measurement report

Measurement procedure

Ambient conditions

Measurement set-up and traceability scheme

Temperature: mean value, uncertainty and range of variation
Humidity: mean value, uncertainty and range of variation

Test voltage

Mean date of measurement

1. Measurand
2.
3.
4. Results
a.
b.
C.
d.

5. Detailed uncertainty budget

Mean resistance value, combined standard uncertainty

Appendix: Detailed results

Standard Serial No

Technical Protocol

Date

Temperature
T (°C)

Stand. Un-
cert.
T (°C)

Test voltage
V)

Measurement
result: Deviation
from nominal
value (LQ/Q)

Type A uncer-
tainty (LQ/Q)
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EUROMET.EM-K2 Technical Protocol
Resistance 10 MQ, 1 GQ

A5  Confirmation note of receipt
Telefax Telefax Telefax

(Please pass on immediately!)

To:  Swiss Federal Office of Metrology and Accreditation
attn.: Mrs. Beatrice Steiner

Lindenweg 50, CH-3003 Bern-Wabern, Switzerland

FAX No. : +41 31 323 3210
e-mail: beatrice.steiner@metas.ch

From: (participating laboratory):

Fax: International +
Pages (total): 1
In the case of faulty reproduction, please call:

Re: Euromet key comparison Euromet.EM-K2 - Receipt of travelling standards

After visual inspection:

[_] No damage of the suitcase and the travelling standards has been noticed

[ ] the following damage(s) must be reported( if possible add a picture):

Date: .o SIGNATUNE: ..o
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EUROMET.EM-K2 Technical Protocol
Resistance 10 MQ, 1 GQ

A6  Confirmation note of dispatch
Telefax Telefax Telefax

(Please pass on immediately!)

To:  Swiss Federal Office of Metrology and Accreditation
attn.: Mrs. Beatrice Steiner

Lindenweg 50, CH-3003 Bern-Wabern, Switzerland

FAX No. : +41 31 323 3210
e-mail: beatrice.steiner@metas.ch

From: (participating laboratory):

Fax: International +
Pages (total): 1
In the case of faulty reproduction, please call:

Re: Euromet key comparison Euromet.EM-K2 - Dispatch of travelling standards

We have informed the next participant on.............cc.ccocevveneee. that we will send the travelling stan-
dards to them.
We confirm having sent the travelling standards of the EUROMET.EM-K2 key comparison

(0] o TR to the next participant.

Additional informations:

Date: .o SIGNALUIE: oo
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