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1. PERIOD OF MEASUREMENTS

Turn

1

Measurement Periods

02.03.2015 - 13.03.2015

20.04.2015 - 23.04.2015

16.06.2015 - 30.06.2015

18.08.2015 — 25.08.2015

19.10.2015 - 20.10.2015

23.02.2016 - 06.05.2016

28.07.2016 - 05.08.2016

07.11.2016 - 11.11.2016

2. AMBIENT CONDITIONS

Temperature
Relative Humidity

(23 £ 1) °C
(45 £ 10) %rh

3. THE MEAUREMENT STANDARDS USED

Name

Calibrator

DC Current Shunt

Multimeter

Measurements Report of TUBITAK UME for EURAMET Project 1341

Manufacturer

Fluke
Guildline

HP

EURAMET Project 1341 - Draft B Report

Model No
5720A

9211A

3458A

Serial No Traceability
7215201 TUBITAK UME
57970 TUBITAK UME

2823A15436 TUBITAK UME
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Name Manufacturer Model No Serial No Traceability
AC-DC Transfer Standard Fluke 792A 6130002 TUBITAK UME
AC-DC Current Shunt/ A40-1 A (0.5Q) / 3820095/ s
Fluke/Fluk TUBITAK UME
AC-DC Transfer Standard uke/Fluke 792A 6130002 v v
AC-DC Current Shunt/ A40-10 mA (87 Q) / 3820009/ N
Fluke/Fluk TUBITAK UME
AC-DC Transfer Standard Hierriue 792A 6130002
Multimeter HP 3458A 2823A15077 TUBITAK UME

4. MEASUREMENT METHOD

After each arrival of the travelling standard to TUBITAK UME, the travelling standard was allowed
to stabilise for 24 hours with the power turned on before measurements were performed.

DC Voltage

DC voltage function of the travelling standard was calibrated by direct measurement method; The
known DC voltages generated by the characterized multifunction calibrator were applied to the
travelling standard and the readings of the travelling standard were recorded.

A settling time of more than 5 min for 100 mV, 10 V & 100 V and 10 min for 1000 V were allowed
before starting measurements.

The errors of the travelling standard were determined using the formula (1) given below:

Measured Value (reading of Travelling Standard) — Applied Value (1)
Applied Value

Error =

During the measurement, the travelling standard was set to the configurations below:

Resolution 7; Filter ON; Fast OFF; Front Input; Internal Guard

DC Current

DC current function of the travelling standard was calibrated by using the DC Current Shunt
which is connected to the travelling standard in series. The voltage drop on the DC Current Shunt
was measured with a reference multimeter and the applied current was calculated using the
resistance of the Shunt and the measured voltage. The errors of the travelling standard were
determined using the equation (1).

A settling time of more than 5 min for 100 yA & 10 mA and 30 min for 1 A were allowed before
starting measurements.

During the measurement, the travelling standard was set to the configurations below:

Resolution 7; Filter ON; Fast OFF; Front Input; Internal Guard

Measurements Report of TUBITAK UME for EURAMET Project 1341 3/29
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DC Resistance
DC resistance function of the travelling standard was calibrated by the characterized multifunction
calibrator. The errors of the travelling standard were determined using the equation (1).

A settling time of more than 5 min were allowed before starting measurements.

During the measurement, the travelling standard was set to the configurations below:

10Q 10 kQ 1 MQ
TrueQ TrueQ Normal Q
Resolution 7 Resolution 7 Resolution 7
4-Wire 4-Wire 4-Wire
Low Current OFF Low Current OFF & ON Low Current OFF
Filter ON Filter ON Filter ON
Fast OFF Fast OFF Fast OFF
Front Input Front Input Front Input
Internal Guard Internal Guard Internal Guard

AC Voltage

AC voltage function of the travelling standard was calibrated by AC-DC transfer method. At each
test frequency, first AC voltage from a calibrator was applied to the parallel connected AC-DC
Transfer Standard and the travelling standard, and then DC voltage of the calibrator was adjusted
to produce as close as possible output on the transfer standard to those produced by test AC
voltage. After initial adjustment, measurement cycles continued by applying AC and DC voltages
to the transfer standard and the travelling standard in a sequence: AC, DC-, DC+, AC. First, error
of the AC voltage was calculated then the errors of the travelling standard were determined using
the formula (1).

A settling time of more than 5 min was allowed before starting measurements.
During the measurement, the travelling standard was set to the configurations below:

Resolution 6; Transfer ON; AC Coupled; RMS Filter 100 Hz (RMS Filter 40 Hz for measurement
points at 55 Hz); Front Input, Internal Guard

AC Current

AC current function of the travelling standard was calibrated by sets of AC/DC current shunt &
AC/DC transfer standard. AC/DC current shunts were connected in series with the travelling
standard and the voltage drops across these current shunts were measured by AC/DC transfer
standard. The applied AC current was calculated from DC current measured by the travelling
standard and the determined AC/DC current transfer difference. The error of the travelling
standard was determined by comparing the reading of the standard to the applied AC current
using the formula (1).

A settling time of more than 5 min for 10 mA and 30 min for 1 A were allowed before starting
measurements.

During the measurement, the travelling standard was set to the configurations below:
Resolution 6; AC Coupled; RMS Filter 100 Hz; Front Input, Internal Guard

Measurements Report of TUBITAK UME for EURAMET Project 1341 4/29
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During the comparison, the travelling standard was measured by TUBITAK UME at beginning
and end of each loop which consist of no more than 3 institutes in order to monitor the
performance of the travelling standard. The values reported by TUBITAK UME is the average of 8
measurements performed by TUBITAK UME. The all measurements results of TUBITAK UME
and the drift of the travelling standard, evaluated from these results are given in Appendix A.

DC VOLTAGE
Range of Nominal . Reading of S
8508A Value Applied Value 8508A Error of 8508A Uncertainty
200 mV +100 mV 99.99984 mV 100.00005 mV 2.1 uviv 2.9 yviv
20V +10V 9.999994 Vv 10.000036 V 4.2 WV 0.8 pviv
200V +100 V 100.00000 V 99.99978 V -2.2 yviv 1.1 pviv
1000 V + 1000 V 1000.0013 V 999.9998 V -1.5 pviv 1.4 yviv
DC CURRENT
Range of Nominal . Reading of S
8508A value Applied Value 8508A Error of 8508A Uncertainty
200 pA + 100 pA 100.00007 pA 99.99922 pA -8 yA/A 10 A/A
20 mA +10 mA 9.999962 mA 10.000191 mA 23 pAJA 10 pA/A
2A +1A 1.0000216 A 0.9998975 A -124 pA/A 12 yA/A
DC RESISTANCE
Range of | Mode of Nominal , Reading of Error of Nt
8508A 8508A Value Applied Value 8508A 8508A Uncertainty
20Q TrueQ 10Q 10.000164 Q 10.000309 Q 14.5 pQ/Q 1.3 uQ/Q
TrueQ 10 kQ 9.999882 kQ 9.999972 kQ 9.0 uQ/Q 3.0 uQ/Q
20 kQ
TrueQ Lol 10 kQ 9.999885 kQ 9.999984 kQ 9.9 uQ/Q 3.0 uQ/Q
2 MQ Normal Q 1 MQ 0.9999520 MQ 0.9999612 MQ 9.2 uQ/Q 6.0 uQ/Q
Measurements Report of TUBITAK UME for EURAMET Project 1341 5/29
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AC VOLTAGE
Nominal Value : :
RgggBerf vortage | Frequency Cgﬁggg Reggégg el Error of 8508A Uncertainty*
100 mV 55 Hz 100.0000 mV 100.0000 mV 0.000 mV/V 0.040 mV/V
200 mV
100 mV 1 kHz 100.0000 mV 100.0044 mV 0.044 mV/IV 0.040 mV/V
10V 55 Hz 10.00000 V 10.00050 V 0.050 mV/V 0.011 mV/V
20V 10V 1 kHz 10.00000 V 10.00095 V 0.095 mV/V 0.010 mV/V
10V 100 kHz 10.00000 V 10.00065 V 0.065 mV/V 0.016 mV/V
100 V 55 Hz 100.0000 V 99.9988 V -0.012 mV/V 0.015 mV/V
200V 100 V 1 kHz 100.0000 V 100.0028 V 0.028 mV/V 0.018 mV/V
AC CURRENT
Nominal Value . :
Rgggngf current | Frequency éﬂf:;‘: Reggég% i Error of 8508A Uncertainty?
10 mA 300 Hz 10.00000 mA 10.00057 mA 0.057 mA/A 0.020 mA/A
20 mA 10 mA 1 kHz 10.00000 mA 10.00074 mA 0.074 mA/A 0.020 mA/A
1A 300 Hz 1.000000 A 0.999902 A -0.098 mA/A 0.035 mA/A
A 1A 1 kHz 1.000000 A 0.999967 A -0.033 mA/A 0.035 mA/A
1 Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
Measurements Report of TUBITAK UME for EURAMET Project 1341 6/29
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5.1. Uncertainty Budget for DC Voltage

Model Function:

E =Viy — Vg + 8V — Vs — Ve

Table 1. Uncertainty budget for 100 mV

o . Degrees of
] . Standard - Sensitivit Uncertaint
QLN UIEL Uncertainty rgloEloliny Coefficienyt Contributio¥1 BRI
Xi Xi . Distribution A . (DoF)
u(xi) Ci ui(Ex) Vi
V. Voltage, indicated
% by the UUT 100.00005 mV 0.01 pv Normal 1 0.01 pv 9
The voltage,
Vs |generated bythe | 9999984 mv | 0.07 v Normal -1 0.07 pV 100
reference calibrator
Correction of the
indicated voltage
8Vix |due to the finite 0.00000 mV | 0.003 uV | Rectangular 1 0.00 pV 100
resolution of the
uuT
Correction of the
SV voltage, generated
S |by the calibrator 0.00000 mV 0.12 pv Rectangular -1 0.12 pv 100
(drift etc.)
Voltage correction
8Vent |due to the residual | 00000 mv 0.05uV | Rectangular 1 0.05 pV 100
emf voltages
Combined Uncertainty, u(Ex) 0.14 pv
0.00021 mV
Effective Degrees of Freedom, Vest 200
Ex | The error of UUT Coverage Factor, k 2.01
2.1 pviv _ 0.29 pv
H Expanded Uncertainty, U(Ex)
2.9 yviv
Measurements Report of TUBITAK UME for EURAMET Project 1341 7/29
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Table 2. Uncertainty budget for 10 V

o . Degrees of
] . Standard - Sensitivit Uncertaint
QUEITIEY L Uncertainty PiTEl o1l Coefficienyt Contributio¥1 gl
Xi Xi . Distribution A . (DoF)
u(xi) Ci Ui(Ex) Vi
V Voltage, indicated
% by the UUT 10.000036 V 0.16 pv Normal 1 0.16 pv 9
The voltage,
Vs |generated by the 9.999994 V 2.50 pV Normal -1 2.50 pV 100
calibrator
Correction of the
indicated voltage
8Vix |due to the finite 0.000000 V 0.29 uV | Rectangular 1 0.29 pV 100
resolution of the
uuT
Correction of the
Y, voltage, generated
S by the calibrator 0.000000 V 2.89 lJV ReCtangUlar -1 2.89 lJV 100
(drift etc.)
Voltage correction
8Vem | due to the residual | 000000 Vv 0.05uV | Rectangular 1 0.05 pV 100
emf voltages
Combined Uncertainty, u(Ex) 3.8 uv
0.000042 V .
Effective Degrees of Freedom, Vest 199
Ex | The error of UUT Coverage Factor, k 2.01
4.2 pv 7.7 WV
Vv Expanded Uncertainty, U(Ex)
0.8 uyviv
Measurements Report of TUBITAK UME for EURAMET Project 1341 8/29
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Table 3. Uncertainty budget for 100 V

S . Degrees of
Quantity Estimate Standard Probability SenS|_t|y|ty Unce_rtamty Freedom
_ _ Uncertainty | ~. ., . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci U|(Ex) Vi
| Voltage, indicated
Vix by the UUT 99.99978 V 22wV Normal 1 22wV 9
The voltage,
Vs |generated by the 100.00000 V 40 pVv Normal -1 40.0 yv 100
calibrator
Correction of the
indicated voltage
SVix |due to the finite 0.00000 V 29 v Rectangular 1 29 uv 100
resolution of the
uuT
Correction of the
voltage, generated
OVs by the calibrator 0.00000 V 40.4 pv Rectangular -1 404 yv 100
(drift etc.)
Voltage correction
OVemt | due to the residual 0.00000 V 0.05 pv Rectangular 1 0.05 uv 100
emf voltages
Combined Uncertainty, u(Ex) 57 uv
-0.00022 V .
Effective Degrees of Freedom, Vest 202
Ex | The error of UUT Coverage Factor, k 2.01
2.2 uVIV _ 0.11 mV
H Expanded Uncertainty, U(Ex)
1.1 pyVIV
Measurements Report of TUBITAK UME for EURAMET Project 1341 9/29
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Table 4. Uncertainty budget for 1000 V

S . Degrees of
Quantity Estimate Standard Probability SenS|_t|y|ty Unce_rtamty Freedom
_ _ Uncertainty | ~. ., . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci U|(Ex) Vi
| Voltage, indicated
Vix by the UUT 999.9998 V 22 uv Normal 1 22 uv 9
The voltage,
Vs |generated by the 1000.0013 V 400 pVv Normal -1 400 pyVv 100
calibrator
Correction of the
indicated voltage
SVix |due to the finite 0.0000 V 29 v Rectangular 1 29 uv 100
resolution of the
uuT
Correction of the
voltage, generated
OVs by the calibrator 0.0000 V 577 uv Rectangular -1 577 v 100
(drift etc.)
Voltage correction
OVemt | due to the residual 0.0000 V 0.05 pv Rectangular 1 0.05 uv 100
emf voltages
Combined Uncertainty, u(Ex) 703 v
-0.0015 Vv .
Effective Degrees of Freedom, Vest 179
Ex | The error of UUT Coverage Factor, k 2.01
1.5 uVIv . 1.4mV
H Expanded Uncertainty, U(Ex)
1.4 pvIiV
Measurements Report of TUBITAK UME for EURAMET Project 1341 10/29
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5.2. Uncertainty Budget for DC Current

Model Function:

Vovm +97bvm +IVpvmx +OVEME | 5, +or
IX

E, =iy —
o Rs +0Rs +0Ry,
Table 5. Uncertainty budget for 100 pA
. . Degrees of
Quantity Estimate Standqrd Probability Sens[tlylty Uncertalr)ty Freedom
_ _ Uncertainty | . .~ . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) Vi
Current, indicated
iy by the UUT 99.99922 pA | 0.000001 pA Normal 1 0.00000 pA 9
Voltage indicated
Vowm by the reference 99.99876 mV | 0.00003 mV Normal 0.001 Q" 0.00003 pA 9
voltmeter
Correction of "
Vow |Voltmeter 0.00000 mV | 0.00025 mV Normal 0.001 Q 0.00025 pA 100
Correction of
SVpyux | Voltmeter due toits | 0.00000 mV | 0.00038 mV | Rectangular | 0.001 Q 0.00038 pA 100
drift
Correction due to
SVemE uncompensated 0.00000 mV | 0.00005 mV | Rectangular | 0.001 Q" 0.00005 pA 100
emf voltages
Resistance of the 2
Rs DC current shunt 999.987 Q 0.0015 Q Normal -0.1 pviQ 0.00015 pA 100
Correction due to
R drift of the DC 0.000 Q 0.0012 Q | Rectangular | -0.1 pV/Q? 0.00012 pA 100
current shunt
Correction due to
R, |Power coefficient of 0.000 Q 0.0000 Q | Rectangular | -0.1 pV/Q? 0.00000 pA 100
DC current shunt
Correction due to
oI, |finite resolution of 0.00000 pA | 0.000029 pA | Rectangular 1 0.00003 pA 100
uuT
Correction due to
finite input
A impedance of the 0.00000 pA | 0.00001 pA | Rectangular 1 0.00001 pA 100
reference voltmeter
Combined Uncertainty, u(Ex) | 0.00049uA
-0.0008 pA .
Effective Degrees of Freedom, Vet 243
Ex The error of UUT Coverage Factor, k 2.01
-8 MA/A 0.0010 pA
8 nA/ Expanded Uncertainty, U(Ex)
10 pA/A
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Table 7. Uncertainty budget for £10 mA

o . Degrees of
Quantity Estimate Standgrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
) ) Uncertainty S Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) Vi
C t, indicated b
|| urrent, GG DY | 16.000191 mA| 0.0000009 mA | Normal 1 0.000001 mA 9
ix |the UUT
Voltage indicated by
Vowm the reference 99.99962 mV 0.00003 mV Normal 0.1 0" 0.000003 mA 9
voltmeter
Correction of 4
SVowm | Voltmeter 0.00000 mV 0.00025 mV Normal 0.1Q 0.000025 mA 100
Correction of
8Vpuwx| Yoltmeter due to its 0.00000 mV 0.00038 mV | Rectangular 0.1Q" 0.000038 mA 100
drift
Correction due to
SVemr uncompensated emf | 0.00000 mV 0.00005 mV Rectangular 0.1 Q" 0.000005 mA 100
voltages
Resistance of the 5
R 10.00000 Q 0.000015 Q Normal -0.001 V/Q? | 0.000015 mA 100
s | DC current shunt
Correction due to
§Rs |drift of the DC 0.00000 Q 0.000009 Q Rectangular | -0.001 V/Q? | 0.000009 mA 100
current shunt
Correction due to
SR, |Power coefficient of 0.00000 Q 0.000000 Q Rectangular | -0.001 V/Q? | 0.000000 mA 100
DC current shunt
Correction due to
Sl finite resolution of 0.000000 mA | 0.0000029 mA | Rectangular 1 0.000003 mA 100
uuT
Correction due to
finite input
sp |ione Py 0.000000 mA | 0.00000001 mA | Rectangular 1 0.000000 mA 100
L |impedance of the
reference voltmeter
Combined Uncertainty, u(Ex) | 0.00005 mA
0.00023 mA
Effective Degrees of Freedom, Vet 232
Ex | The error of UUT Coverage Factor, k 2.01
23 pA/A _ 0.00010 mA
H Expanded Uncertainty, U(Ex)
10 pA/A
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Table 8. Uncertainty budget for +1 A

o . Degrees of
Quantity Estimate Standa_rd Probability Sen5|_t|y|ty Unce_rtalr?ty Freedom
_ ) Uncertainty - Coefficient | Contribution
Xi Xi . Distribution ‘ A (DoF)
U(X|) Ci u'(EX) Vi
t, indicat
| Surrent,indicated by | 9998975 A | 0.0000001 A | Normal 1 0.0000001 A 9
ix [the UUT
Voltage indicated by
Vo |the reference 100.00632 mV | 0.00003 mV Normal 10 Q! 0.0000003 A 9
voltmeter
Correction of 4
5Vowm | Voltmeter 0.00000 mV 0.00025 mV Normal 10 Q 0.0000025 A 100
Correction of
SVowwx| Yoltmeter due to its 0.00000 mV 0.00038 mV | Rectangular 10 Q1 0.0000038 A 100
drift
Correction due to
8Veye | Uncompensated emf | 0.00000 mV 0.00005 mV | Rectangular 10 Q' 0.0000005 A 100
voltages
Resist f the D
R, |lesistance oftheDC| 4400004 0 | 000000030 | Normal | -10v/Q2 | 0.0000030A | 100
S |current shunt
Correction due to
SR |drift of the DC 0.000000 O | 0.0000002 Q | Rectangular | -10 V/Q? 0.0000017 A 100
current shunt
Correction due to
SR, |power coefficient of 0.000000 Q 0.0000000 Q | Rectangular | -10 V/Q? 0.0000000 A 100
DC current shunt
Correction due to
oI, | finite resolution of 0.000000 A | 0.00000003 A | Rectangular 1 0.0000000 A 100
uuT
Correction due to
finite i
s; | nite input 0.000000 A | 0.00000000 A | Rectangular 1 0.0000000 A 100
L |impedance of the
reference voltmeter
Combined Uncertainty, u(Ex) | 0.000006 A
-0.000124 A
Effective Degrees of Freedom, Vest 326
Ex | The error of UUT Coverage Factor, k 2.01
124 uAJ/A . 0.000012 A
H Expanded Uncertainty, U(Ex)
12 yA/A
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5.3. Uncertainty Budget for DC Resistance

Model Function:

E =Ry, — Ry + 8Riy — 5Rq

Table 9. Uncertainty budget for 10 Q TrueQ

e . Degrees of
Quantity Estimate Standa_rd Probability Sen5|_t|y|ty Unce_rtalr}ty Freedom
' . Uncertainty S Coefficient | Contribution
Xi Xi . Distribution ' ‘ (DoF)
u(xi) Ci ui(Ex) Vi
Resistance,
Rix B‘S‘fted by the 10.000309 Q | 0.0000013Q | Normal 1 1.3E-06 Q 9
The resistance
R, |@pplied by the 10.000164 Q | 0.0000020 Q | Normal -1 2.0E-06 Q 100
reference calibrator
Correction of the
indicated
SRy |resistance dueto | 000000 Q | 0.0000003 Q | Rectangular 1 2.9E-07 Q 100
the finite resolution
of the UUT
Drift of reference
ORs | calibrator 0.000000 Q 0.0000058 Q | Rectangular -1 5.8E-06 Q 100
Combined Uncertainty, u(Ex) | 0.0000063 Q
0.000145 Q
Effective Degrees of Freedom, Vet 132
Ex | The error of UUT Coverage Factor, k 2.02
14.5 pQ/IQ 0.000013 Q
Expanded Uncertainty, U(Ex)
1.3 uQ/IQ
Measurements Report of TUBITAK UME for EURAMET Project 1341 14/29
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Table 10. Uncertainty budget for 10 kQ TrueQ

e . Degrees of
Quantity Estimate Standa_rd Probability Sen5|_t|y|ty Unce_rtalr_lty Freedom
) _ Uncertainty AP Coefficient | Contribution
Xi Xi . Distribution , ‘ (DoF)
u(xi) Ci ui(Ex) Vi
Resistance,
Ri\ indicated by the 9.999972 kQ | 0.0000006 kQ Normal 1 5.7E-07 kQ 9
uuT
The resistance
R, applied by the 9.999882 kQ | 0.0000150 kQ Normal -1 1.5E-05 kQ 100
reference calibrator
Correction of the
indicated
SRix resistance due to 0.000000 kQ | 0.0000003 kQ | Rectangular 1 2.9E-07 kQ 100
the finite resolution
of the UUT
Drift of reference
ORs | calibrator 0.000000 kQ | 0.0000006 kQ | Rectangular -1 5.8E-07 kQ 100
Combined Uncertainty, u(Ex) | 0.015Q
0.000090 kQ
Effective Degrees of Freedom, Vet 101
Ex | The error of UUT Coverage Factor, k 2.03
9.0 Q/Q 0.030 Q
Expanded Uncertainty, U(Ex)
3.0 pQ/Q
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Table 11. Uncertainty budget for 10 kQ TrueQ Lol

o . Degrees of
Quantity Estimate Standard Probability SenS|_t|y|ty Unce_rta|r_1ty Freedom
_ _ Uncertainty S Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci UI(EX) Vi
Resistance,
R, |indicated by the 9.999984 kQ | 0.0000011 kQ Normal 1 1.1E-06 kQ 9
UuT
The resistance
R, |applied by the 9.999885 kQ | 0.0000150 kQ Normal -1 1.5E-05 kQ 100
reference calibrator
Correction of the
indicated
SR, | resistance due to 0.000000 kQ | 0.0000003 kQ | Rectangular 1 2.9E-07 kQ 100
the finite resolution
of the UUT
Drift of reference
ORs | calibrator 0.000000 kQ | 0.0000006 kQ | Rectangular -1 5.8E-07 kQ 100
Combined Uncertainty, u(Ex) 0.015Q
0.000099 kQ
Effective Degrees of Freedom, Vet 101
Ex | The error of UUT Coverage Factor, k 2.03
9.9 uQ/Q 0.030 Q
Expanded Uncertainty, U(Ex)
3.0 pQ/Q
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Table 12. Uncertainty budget for 1 MQ NormalQ

e . Degrees of
Quantity Estimate Standa_rd Probability Sen5|_t|y|ty Unce_rtalr_lty Freedom
) _ Uncertainty AP Coefficient | Contribution
Xi Xi . Distribution , ‘ (DoF)
u(xi) Ci ui(Ex) Vi
Resistance,
R, |indicated by the 0.9999612 MQ | 0.00003 kQ Normal 1 3.2E-08 MQ 9
uuT
The resistance
R, |applied by the 0.9999520 MQ | 0.00275 kQ Normal -1 2.8E-06 MQ 100
reference calibrator
Correction of the
indicated
SR, |resistance dueto | 0.0000000 MQ | 0.00003 kQ | Rectangular 1 2.9E-08 MQ 100
the finite resolution
of the UUT
Drift of ref
SR, cg:ibfat;f erence 1 0.0000000 MQ | 0.00115kQ | Rectangular -1 1.2E-06 MQ 100
Combined Uncertainty, u(Ex) | 0.0030 kQ
0.0000092 MQ .
Effective Degrees of Freedom, Vet 134
Ex | The error of UUT Coverage Factor, k 2.02
9.2 uQ/IQ 0.0060 kQ
Expanded Uncertainty, U(Ex)
6.0 pQ/Q
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5.4. Uncertainty Budget for AC Voltage

Model Function:

Ex =Vix +Vix —(Vbc +Vpc ) x(1+dac-Dc + IREF + Idrift + Iset—up + conn)

Table 13. Uncertainty budget for 100 mV, 55 Hz

. . Degrees of
Quantity Estimate Standa_rd Probability SenS|_t|y|ty Unce_rtalr)ty Freedom
i ) Uncertainty | ~. ., " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) v
| AC Voltage,
Vix indicated by the UUT 100.0000 mV | 7.91 uyv/\Vv Normal 1 7.91 pviv 9
Correction of the
indicated voltage
dVix |due to the finite 0.0000 mV 0.29 yV/V | Rectangular 1 0.29 pviv 100
resolution of the
UuT
DC Voltage,
Vpe indicated by the UUT 99.99832 mV | 0.16 yV/V Normal 1 0.16 pv/ivV 9
Correction of DC
d0Vpc |voltage reading of 0.00021 mV 1.5 pviv Normal 1 1.45 pviv 100
the UUT
Measured AC/DC
dac-pc | voltage transfer -7.3 yWNV 1.2 uyv/iv Normal 1 1.15 yv/iv 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 22 uviv 5.0 yv\Vv Normal 1 5.00 pv/vV 9
standard
Correction due to
Oarift | drift of AC/DC 0.0 pyv\Vv 2.9 uyv/iv Rectangular 1 2.89 pviv 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 yviv 11.5 pV/V | Rectangular 1 11.55 pv/iv 100
system
Correction due to
frequency
Oconn dependency of the 0.0 pv/iv 11.5 uyV/V | Rectangular 1 11.55 pviv 100
connection elements
Combined Uncertainty, u(Ex) | 19.1 pV/V
0.0000 mV
Effective Degrees of Freedom, Vet 153
Ex | The error of UUT Coverage Factor, k 2.02
-0.000 MV/V . 39 uviv
m Expanded Uncertainty, U(Ex)
0.040 mV/V
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Table 14. Uncertainty budget for 100 mV, 1 kHz

e . Degrees of
Quantity Estimate Standa_rd Probability Sen5|_t|y|ty Unce_rtalr}ty Freedom
. . Uncertainty | ~. .. .. Coefficient | Contribution
Xi Xi ‘ Distribution ' ‘ (DoF)
u(x,) Ci U|(Ex) Vi
| AC Voltage,
Vix indicated by the UUT 100.0044 mV | 6.32 uyv/V Normal 1 6.32 pvV/V 9
Correction of the
indicated voltage
O0Vix |due to the finite 0.0000 mV 0.29 yV/V | Rectangular 1 0.29 uyv/\Vv 100
resolution of the
uuT
DC Voltage,
Vbc indicated by the UUT 99.9951 mV 0.16 pv/Vv Normal 1 0.16 uyv/V 9
Correction of DC
dVpc |voltage reading of 0.00021 mV 1.5 yviv Normal 1 1.45 pviv 100
the UUT
Measured AC/DC
dac-pc | voltage transfer 39.7 WiV 1.2 pyv\v Normal 1 1.15 pviv 3
difference
AC/DC transfer
Srer | Quorence of the 7.0 WV 50uVN | Normal 1 5.00 UV 9
standard
Correction due to
Oarit | drift of AC/DC 0.0 uv/vV 2.9 uv/iv Rectangular 1 2.89 uv/v 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pv/vV 12.7 yV/V | Rectangular 1 12.70 uyv/vV 100
system
Correction due to
frequency
dconn dependency of the 0.0 pv/vV 11.5 yV/V | Rectangular 1 11.55 uv/v 100
connection elements
Combined Uncertainty, u(Ex) | 19.3 pV/V
0.0044 mV
Effective Degrees of Freedom, Vest 196
Ex The error of UUT Coverage Factor, k 2.01
0.044 mV/V _ 39 uviv
m Expanded Uncertainty, U(Ex)
0.040 mV/IV
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Table 15. Uncertainty budget for 10 V, 55 Hz

o . Degrees of
Quantity Estimate Standqrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
, , Uncertainty | .. " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(Xl) Ci Ul(EX) Vi
~ |AC Voltage,
Vix indicated by the UUT 10.00050 V 2.21 uyv/iv Normal 1 2.21 uviv 9
Correction of the
indicated voltage
O0Vix |due to the finite 0.00000 V 0.29 yV/V | Rectangular 1 0.29 pv/v 100
resolution of the
uuT
DC Voltage,
Vbc indicated by the UUT 9.999417 V 0.06 pv/ivV Normal 1 0.06 pv/vV 9
Correction of DC
6Vpc |voltage reading of 0.000042 VvV 0.4 pviv Normal 1 0.40 pv/iv 100
the UUT
Measured AC/DC
dac-pc | voltage transfer 49.1 pvIiv 0.6 pv/iV Normal 1 0.58 pv/v 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 5.0 yv/iv 2.5 uyviv Normal 1 2.50 pv/v 9
standard
Correction due to
Oaritt | drift of AC/DC 0.0 pyvivV 1.2 yvV/V | Rectangular 1 1.15 uyv/ivV 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
system
Correction due to
frequency
dcomn dependency of the 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
connection elements
Combined Uncertainty, u(Ex) | 5.5 uyv/V
0.00050 V
Effective Degrees of Freedom, Vest 100
Ex | The error of UUT Coverage Factor, k 2.03
0.050 mV/V _ 11 pviv
m Expanded Uncertainty, U(Ex)
0.011 mV/V
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Table 16. Uncertainty budget for 10 V, 1 kHz

o . Degrees of
Quantity Estimate Standqrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
, , Uncertainty | .. " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) Vi
~ |AC Voltage,
Vix indicated by the UUT 10.00095 V 0.63 pvV/V Normal 1 0.63 pv/Vv 9
Correction of the
indicated voltage
O0Vix |due to the finite 0.00000 V 0.29 yV/V | Rectangular 1 0.29 pv/v 100
resolution of the
uuT
DC Voltage,
Vbc indicated by the UUT 9.999008 V 0.06 pv/ivV Normal 1 0.06 pv/vV 9
Correction of DC
6Vpc |voltage reading of 0.000042 V 0.40 uyv/v Normal 1 0.40 pv/iv 100
the UUT
Measured AC/DC
dac-pc | voltage transfer 94.0 uv/iVv 0.17 uviv Normal 1 0.17 uv/iv 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 1.0 yv/V 2.5 uyviv Normal 1 2.50 pv/v 9
standard
Correction due to
Oaritt | drift of AC/DC 0.0 pyvivV 1.2 yvV/V | Rectangular 1 1.15 uyv/ivV 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
system
Correction due to
frequency
dcomn dependency of the 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
connection elements
Combined Uncertainty, u(Ex) | 5.0 yV/V
0.00095 V
Effective Degrees of Freedom, Vest 100
Ex | The error of UUT Coverage Factor, k 2.03
0.095 mV/V _ 10 pviv
m Expanded Uncertainty, U(Ex)
0.010 mV/V
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Table 17. Uncertainty budget for 10 V, 100 kHz

o . Degrees of
Quantity Estimate Standqrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
, , Uncertainty | .. " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(Xl) Ci Ul(EX) Vi
~ |AC Voltage,
Vix indicated by the UUT 10.00065 V 0.63 vV Normal 1 0.63 pv/Vv 9
Correction of the
indicated voltage
O0Vix |due to the finite 0.00000 V 0.29 yV/V | Rectangular 1 0.29 pv/v 100
resolution of the
uuT
DC Voltage,
Vpbe indicated by the UUT 9.999260 V 0.06 pv/ivV Normal 1 0.06 pv/vV 9
Correction of DC
dVpc | voltage reading of 0.000042 V 0.40 uyv/v Normal 1 0.40 pv/iv 100
the UUT
Measured AC/DC
dac-pc | voltage transfer 52.8 uv/iVv 1.15 pviv Normal 1 1.15 uyv/v 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 17 uviv 2.5 uyviv Normal 1 2.50 pv/v 9
standard
Correction due to
Oaritt | drift of AC/DC 0.0 pyvivV 2.9 yVv/V | Rectangular 1 2.89 uv/iv 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pyv\Vv 3.5 uV/V | Rectangular 1 3.46 pv/V 100
system
Correction due to
frequency
dcomn dependency of the 0.0 pyv\Vv 5.8 yV/V | Rectangular 1 5.77 uwWiV 100
connection elements
Combined Uncertainty, u(Ex) | 7.9 yv/V
0.00065 V
Effective Degrees of Freedom, Vet 110
Ex | The error of UUT Coverage Factor, k 2.02
0.065 mV/V _ 16 pVIV
m Expanded Uncertainty, U(Ex)
0.016 mV/V
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Table 18. Uncertainty budget for 100 V, 55 Hz

o . Degrees of
Quantity Estimate Standqrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
, , Uncertainty | .. " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(Xl) Ci Ul(EX) Vi
~ |AC Voltage,
Vix indicated by the UUT 99.9988 V 2.53 pviv Normal 1 2.53 yv\v 9
Correction of the
indicated voltage
O0Vix |due to the finite 0.0000 V 0.29 yV/V | Rectangular 1 0.29 pv/v 100
resolution of the
uuT
DC Voltage,
Vpbe indicated by the UUT 100.00060 V 0.06 pv/ivV Normal 1 0.06 pv/vV 9
Correction of DC
6Vpc |voltage reading of -0.00022 VvV 0.55 pviv Normal 1 0.55 vV 100
the UUT
Measured AC/DC
dac-pc | voltage transfer -7.8 yWIV 0.58 uv/v Normal 1 0.58 pv/v 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 4.0 yvIvV 5.0 yviv Normal 1 5.00 pv/vV 9
standard
Correction due to
Oarit | drift of AC/DC 0.0 pyvivV 1.7 uV/V | Rectangular 1 1.73 uviv 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
system
Correction due to
frequency
dcomn dependency of the 0.0 pyv\Vv 29 uV/V | Rectangular 1 2.89 uv/v 100
connection elements
Combined Uncertainty, u(Ex) | 7.2 yV/V
-0.0012 V )
Effective Degrees of Freedom, Vest 35
Ex | The error of UUT Coverage Factor, k 2.08
-0.012 mV/V _ 15 pviv
m Expanded Uncertainty, U(Ex)
0.015 mV/V
Measurements Report of TUBITAK UME for EURAMET Project 1341 23/29

EURAMET Project 1341 - Draft B Report

Page 93 of 355




N4

—TiBiTAK—

UME

Table 19. Uncertainty budget for 100 V, 1 kHz
o . Degrees of
Quantity Estimate Standqrd Probability Sen3|.t|y|ty Uncertalr}ty Freedom
, , Uncertainty | .. " . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) Vi
~ |AC Voltage,
Vix indicated by the UUT 100.0028 V 0.32 uyv/\v Normal 1 0.32 pviv 9
Correction of the
indicated voltage
dVix | due to the finite 0.0000 V 0.29 yV/V | Rectangular 1 0.29 pv/v 100
resolution of the
uuT
DC Voltage,
Vpe indicated by the UUT 99.99675 V 0.06 uv/Vv Normal 1 0.06 pv/v 9
Correction of DC
6Vpc |voltage reading of -0.00022 VvV 0.55 pviv Normal 1 0.55 vV 100
the UUT
Measured AC/DC
dac-pc | voltage transfer 31.7 yW\V 0.58 pv/iv Normal 1 0.58 pv/v 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 3.0 pviv 7.5 uviv Normal 1 7.50 pv/iv 9
standard
Correction due to
Odritt | drift of AC/DC 0.0 pv/iv 0.9 uyv/V | Rectangular 1 0.87 pv/iv 4
transfer standard
Correction due to
Oset-up | AC/DC transfer 0.0 pv/iv 29 uV/V | Rectangular 1 2.89 uyviv 100
system
Correction due to
frequency
Sconn dependency of the 0.0 pyv\Vv 1.7 yV/V | Rectangular 1 1.73 uyv/ivV 100
connection elements
Combined Uncertainty, u(Ex) | 8.3 pV/V
0.0028 V
Effective Degrees of Freedom, Vest 14
Ex | The error of UUT Coverage Factor, k 2.21
0.028 mV/V ) 18 pviv
m Expanded Uncertainty, U(Ex)
0.018 mV/V
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5.5. Uncertainty Budget for AC Current

Model Function:

Ex = lix + lix —(Ipc +Ipc ) x (1 +dac_pc + IREF + Jdrift + Iset—up )

Table 20. Uncertainty budget for 10 mA, 300 Hz

o . Degrees of
Quantity Estimate Standard Probability SenS|_t|y|ty Unce_rtalr?ty Freedom
_ _ Uncertainty | ~. ., . Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci ui(Ex) Vi
AC current, indicated
lix by the UUT 10.00057 mA | 0.95 pA/A Normal 1 0.9 uA/A 9
Correction of the
indicated current due
olix |to the finite 0.00000 mA 0.29 pA/A | Rectangular 1 0.3 yA/A 100
resolution of the
uuT
e |DPC current, 9.99933mA | 0.09 pA/A | Normal 1 0.1 HA/A 9
D¢ lindicated by the UUT| ' '
Correction of DC
dlpc |current reading of 0.00023 mA 5.0 pA/A Normal 1 5.0 yA/A 100
the UUT
Measured AC/DC
dac-nc |current transfer 40.8 pA/A 1.15 yA/A Normal 1 1.2 yA/A 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 3 MA/A 5.5 pA/A Normal 1 5.5 pA/A 4
standard
Correction due to
darirt | drift of AC/DC 0 yA/A 2.9 yA/A | Rectangular 1 2.9 pA/A 100
transfer standard
Correction due to
Oset-up | AC/DC transfer 0 uA/A 4.6 yA/A Rectangular 1 4.6 uyA/A 100
system
Combined Uncertainty, u(Ex) | 9.3 yA/A
0.00057 mA
Effective Degrees of Freedom, Vest 32
Ex | The error of UUT Coverage Factor, k 2.08
7 A 20 uA/A
ST A Expanded Uncertainty, U(Ex)
0.020 mA/A
Measurements Report of TUBITAK UME for EURAMET Project 1341 25/29

EURAMET Project 1341 - Draft B Report Page 95 of 355




N4

—TiBiTAK—

UME

Table 21. Uncertainty budget for 10 mA, 1 kHz

s . Degrees of
Quantity Estimate Sta”d?rd Probability SenS|_t|y|ty Unce_rtalr?ty Freedom
_ _ Uncertainty | ~. ., . Coefficient | Contribution
Xi Xi ‘ Distribution . A (DoF)
u(xi) Ci ui(Ex) Vi
AC current, indicated
lix by the UUT 10.00074 mA | 0.32 uA/A Normal 1 0.3 yA/A 9
Correction of the
indicated current due
Olix | to the finite 0.00000 mA 0.29 pyA/A | Rectangular 1 0.3 pA/A 100
resolution of the
uuT
e |DC current, 9.99917 mA | 0.09 pA/A | Normal 1 0.1 uA/A 9
DC lindicated by the UUT| ' '
Correction of DC
dlpc |current reading of 0.00023 mA 5.0 yA/A Normal 1 5.0 yA/A 100
the UUT
Measured AC/DC
dac-Dc | current transfer 60 uA/A 0.58 pA/A Normal 1 0.6 yA/A 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 0 pA/A 5.5 pA/A Normal 1 5.5 pA/A 4
standard
Correction due to
darirt | drift of AC/DC 0 yA/A 2.9 yA/A | Rectangular 1 2.9 pA/A 100
transfer standard
Correction due to
Oset-up | AC/DC transfer 0 uA/A 4.6 yA/A Rectangular 1 4.6 yA/A 100
system
Combined Uncertainty, u(Ex) | 9.2 yA/A
0.00074 mA
Effective Degrees of Freedom, Vest 30
Ex | The error of UUT Coverage Factor, k 2.09
74 A 20 uA/A
WA/ Expanded Uncertainty, U(Ex)
0.020 mA/A
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Table 22. Uncertainty budget for 1 A, 300 Hz

T : Degrees of
Quantity Estimate Standa_rd Probability SenS|_t|y|ty Unce_rtalr?ty Freedom
. . Uncertainty | ~. .. . Coefficient | Contribution
Xi Xi ‘ Distribution . , (DoF)
U(XI) Ci UI(EX) Vi
AC current, indicated
lix by the UUT 0.999902 A 1.90 pA/A Normal 1 1.9 yA/A 9
Correction of the
indicated current due
dlix |to the finite 0.000000 A 0.29 yA/A | Rectangular 1 0.3 yA/A 100
resolution of the
UuT
e |PC current, 1.000093A | 0.13pA/A | Normal 1 0.1 uA/A 9
B¢ |indicated by the UUT| i M
Correction of DC
dlpc | current reading of -0.000124 A 6.0 uA/A Normal 1 6.0 yA/A 100
the UUT
Measured AC/DC
dac-pc | current transfer 26.9 pA/A 0.87 pA/A Normal 1 0.9 yA/A 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer 4 uyA/A 10.5 pA/A Normal 1 10.5 yA/A 4
standard
Correction due to
daritt | drift of AC/DC 0 uA/A 5.8 yA/A | Rectangular 1 5.8 yA/A 100
transfer standard
Correction due to
Oset-up | AC/DC transfer 0 yA/A 8.7 yA/A | Rectangular 1 8.7 yA/A 100
system
Combined Uncertainty, u(Ex) | 16.1 yA/A
-0.000098 A .
Effective Degrees of Freedom, Vest 22
Ex | The error of UUT Coverage Factor, k 213
-98 PA/A . 35 LA/A
H Expanded Uncertainty, U(Ex)
0.035 mA/A
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Table 23. Uncertainty budget for 1 A, 1 kHz

T : Degrees of
Quantity Estimate Standa_rd Probability SenS|_t|y|ty Unce_rtalr?ty Freedom
. . Uncertainty | ~. .. . Coefficient | Contribution
Xi Xi ‘ Distribution . , (DoF)
U(XI) Ci UI(EX) Vi
AC current, indicated
lix by the UUT 0.999967 A 1.90 pA/A Normal 1 1.9 yA/A 9
Correction of the
indicated current due
dlix |to the finite 0.000000 A 0.29 yA/A | Rectangular 1 0.3 yA/A 100
resolution of the
uuT
e |PC current, 1.000033A | 0.13pA/A | Normal 1 0.1 uA/A 9
B¢ |indicated by the UUT| i M
Correction of DC
dlpc | current reading of -0.000124 A 6.0 uA/A Normal 1 6.0 yA/A 100
the UUT
Measured AC/DC
dac-pc | current transfer 92.3 yA/A 0.69 pA/A Normal 1 0.7 uA/A 3
difference
AC/DC transfer
difference of the
OREF AC/DC transfer -1 yAJA 10.5 pA/A Normal 1 10.5 yA/A 4
standard
Correction due to
daritt | drift of AC/DC 0 uA/A 5.8 yA/A | Rectangular 1 5.8 yA/A 100
transfer standard
Correction due to
Oset-up | AC/DC transfer 0 uA/A 8.7 yA/A | Rectangular 1 8.7 yA/A 100
system
Combined Uncertainty, u(Ex) | 16.1 yA/A
-0.000033 A .
Effective Degrees of Freedom, Vest 21
Ex | The error of UUT Coverage Factor, k 213
-33 pA/A . 35 LA/A
H Expanded Uncertainty, U(Ex)
0.035 mA/A
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Appendix A: Drift of the Travelling Standard

Drift
: Range of . . :
Function Travelling Std. Measurement Point Drift per Day Unczﬁrztf)mty
200 mV 100 mV 0.000759 uv/vV 0.25 pviv
20V 10V 0.000277 uyviv 0.14 pvIivV
DC Voltage
200V 100 V -0.001938 pVv/IvV 0.17 pvIv
1000 V 1000 V -0.002353 pV/IV 0.20 pVIV
200 pA 100 pA -0.00273 pA/A 0.74 pyA/A
DC Current 20 mA 10 mA 0.00329 pA/A 0.58 pA/A
2A 1A -0.03609 pA/A 1.8 HA/A
100 mV @ 55 Hz -0.01005 pv/vV 2.2 ywviv
200 mV
100 mV @ 1 kHz -0.00648 pVv/vV 2.2 ywiv
10V@55Hz 0.00009 uv/v 0.58 pvVivV
AC Voltage 20V 10V @ 1kHz 0.00129 yv/v 0.71 pyvVIvV
10 V@ 100 kHz -0.03399 pviv 6.2 yv/V
100 V@ 55 Hz -0.00278 pVvIiv 1.1 uvIiv
200V
100V @ 1 kHz -0.00179 pviv 1.2 yvIv
10 mA @ 300 Hz 0.01317 pA/A 1.7 yA/A
20 mA
10 mA @ 1 kHz 0.01273 pA/A 1.4 yA/A
AC Current
1A @ 300 Hz -0.02973 pA/A 2.3 yAJA
2A
1A@ 1kHz -0.03034 pA/A 3.7 yA/A
20 Q
(TrueQ) 10 Q 0.003143 uQ/Q 0.27 uQ/IQ
10 kQ 0.002281 uQ/Q 0.30 uQ/Q
DC Resistance 20 kQ
(TrueQ) 10 kQ (LOI) 0.002708 pQ/Q 0.30 pQ/Q
2 MQ
(Normal) 1 MQ 0.005075 uQ/Q 0.18 pQ/Q
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1. PARTICIPANT INSTITUTE

Institute

Contact Person

E-mail

Address

Montenegrin Bureau of Metrology (MBM)
Rabina Sabotic

rabina.sabotic@metrologija.gov.me

Kralja Nikole 2
81000 Podgorica, Montenegro

2. PERIOD OF MEASUREMENTS

The measurements were carried out from March 17, 2015 to March 23, 2015.

3. AMBIENT CONDITIONS

Temperature

Relative Humidity :

(23 £1)°C
(45+10) % rh

4. THE MEAUREMENT STANDARDS USED

Name

Digital multimeter

Calibrator

Manufacturer Model No Serial No
FLUKE 8508A 136561138
FLUKE 5520A 1343003

5. MEASUREMENT METHOD

Traceability

SIQ, Slovenia

MBM, Montenegro

This method uses a high precision digital multimeter, manufacturer FLUKE, type 8508A and
calibrator, manufacturer FLUKE, type 5520A. At first we measure voltage, current or resistance with
our reference multimeter and after that, we measure voltage, current or resistance with multimeter

under test.
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6. MEASUREMENT RESULTS
DC VOLTAGE
Range of Nominal . . g
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 mVv +100 mV 99.99912 mV 99.99848 mV -6.4 uvV/v 5.9 uv/v
20V +10V 10.000019 V 10.000086 V 6.7 uV/V 1.1 uv/iv
200V +100 V 100.00023 V 100.000092 V -1.4 uv/v 5.3 uV/ivV
1000 V +1000 V 999.99382 V 999.99534 V 1.5 uV/vV 5.9 uv/v
DC CURRENT
Range of Nominal . . g
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 pA + 100 pA 99.99269 nA 99.99111 pA -0.016 mAJ/A 0.018 mA/A
20 mA +10 mA 9.99998 mA 10.00029 mA 0.031 mA/A 0.005 mA/A
1A +1A 1.000137 A 0.999887 A -0.25 mA/A 0.09 mA/A
DC RESISTANCE
Range of Mode of Nominal . Reading of o
8508A 8508A Value Applied Value 8508A Error of 8508A | Uncertainty
20Q TrueQ 10Q 10.000081 Q 10.00025 Q 0.02 mQ/Q 0.01 mQ/Q
TrueQ 10 kQ 9.999956 kQ 10.000143 kQ 0.019 mQ/Q 0.008 mQ/Q
20 kQ
TrueQ Lol 10 kQ 9.999993 kQ 10.000098 kQ 0.011 mQ/Q 0.009 mQ/Q
2 MQ Normal Q 1 MQ 1.000003 MQ | 1.000009 MQ 0.006 mQ/Q 0.086 mQ/Q
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AC VOLTAGE
Range of Nominal Value Applied
q 2 1
8508A Voltage Reading of 8508A | Error of 8508A Uncertainty
Voltage | Frequency
100 mV 55 Hz 99.99861 mV 99.99873 mV 0.00 mvV/V 0.16 mV/V
200 mV
100 mv 1 kHz 99.99802 mV 100.00301 mV 0.05 mV/V 0.14 mVvV/V
0oV 55 Hz 10.00065 V 10.00087 V 0.02 mvV/V 0.11 mvV/V
20V 0oV 1 kHz 10.00073 V 10.00085 V 0.01 mvV/V 0.12 mV/IV
0V 100 kHz 10.00006 V 9.99979 V -0.03 mV/V 0.72 mV/IV
100V 55 Hz 100.00615 V 100.00177 V -0.04 mVv/V 0.11 mVv/V
200V
100V 1 kHz 100.00077 V 100.00018 V -0.01 mV/IV 0.09 mvV/V
AC CURRENT
T Nominal Value Applied
a g 1
8508A Current Reading of 8508A | Error of 8508A Uncertainty
Current | Frequency
10 mA 300 Hz 9.999748 mA 10.001142 mA 0.14 mA/A 0.49 mA/A
20 mA
10 mA 1 kHz 10.000422 mA 10.001345 mA 0.09 mA/A 0.49 mA/A
1A 300 Hz 1.000132 A 1.000033 A -0.10 mA/A 0.82 mA/A
1A
1A 1 kHz 1.000124 A 0.999964 A -0.2 mA/A 1.1 mA/A
! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
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7. UNCERTAINTY BUDGET

7.1. DC Voltage

Model Function:

.

g ZAVOD ZA
METROLOGIJU

BUREAU OF

METROLOGY

Error (Ex)=Vix+oVres-\Vs-0Vs-0Vd-6Vcs

Table 1. Uncertainty budget for 100 mV

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
Uncertainty Lo Coefficient | Contribution
X; X; Distribution (DoF)
u(xi) Ci Ui(E) V.
[}
Voltage, indicated by the DMM | 99,99848
Vix 0,05 uv/vV Normal 1 0,05 uv/vV 9
under test, FLUKE 8508A mV
Correction of the indicated voltage
0,0000
0Vies | due to the finite resolution of the v 0,03 uvV/vV Rectangular 1 0,03 uv/v 1E+99
m
DMM
Voltage, indicated by the reference | 99,99892
Vs 0,20 uv/vV Normal -1 -0,20 uV/vV 9
DMM, FLUKE 8508A mV
Voltage correction obtain from the
0,0002
6V, | calibration of the reference DMM, v 1,00 uv/vV Normal -1 -1,00 uV/V 1E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000
6Vy | due to drift of the reference DMM, v 2,75 uwv/v Normal -1 -2,75 uwV/v 1E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000
oVes | due to short time stability of v 0,07 uv/vV Normal -1 -0,07 uV/V 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, u(Ex) | 2.9 uv/vV
-0,00064 Effective Degrees of Freedom, Vess | 4 2E+05
Error (Ey) mv :
Coverage Factor, k 2
-6,4 uV/v _
Expanded Uncertainty, U(E,) 59 pvV/V
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Table 2. Uncertainty budget for 10 V
. . Standard - Sensitivity | Uncertainty DB O
Quantity Estimate . Probability L L Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) Vi
1
Voltage, indicated by the DMM | 10,00008
Vix 0,03 uv/vV Normal 1 0,03 uv/vV 9
under test, FLUKE 8508A 6V
Correction of the indicated voltage
0,00000
OVwes | due to the finite resolution of the v 0,03 uv/vV Rectangular 1 0,03 uv/vV 1E+99
DMM
Voltage, indicated by the reference | 10,00003
Vs 0,02 uv/vV Normal -1 -0,02 uV/vV 9
DMM, FLUKE 8508A V
Voltage correction obtain from the -
8V, | calibration of the reference DMM, | 0,000011 | 0,50 pV/V Normal -1 -0,50 uV/v 1E+99
FLUKE 8508A V
Correction of the indicated voltage
0,00000
dV4 | due to drift of the reference DMM, v 0,20 uv/vV Normal -1 -0,20 uV/vV 1E+99
FLUKE 8508A
Correction of the indicated voltage
0,00000
oVes | due to short time stability of v 0,02 uv/vV Normal -1 -0,02 uV/v 99
calibrator, FLUKE 5520A
0.00007 Combined Uncertainty, u(g,) 0,54 uV/V
' Effective Degrees of Freedom, Vett | 1 6E+06
Error (Ey) \V -
Coverage Factor, k 2
6,7 uV/V :
Expanded Uncertainty, U(E,) 1,1 pV/V
MBM Report on EURAMET Project 1341 5/25

EURAMET Project 1341 - Draft B Report

Page 104 of 355




%

g ZAVOD ZA
METROLOGIJU

BUREAU OF

METROLOGY
Table 3. Uncertainty budget for 100 V
. . Standard - Sensitivity | Uncertainty DB O
Quantity Estimate . Probability L L Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Voltage, indicated by the DMM | 100,0000
Vix 0,03 uv/vV Normal 1 0,03 uv/vV 9
under test, FLUKE 8508A 92V
Correction of the indicated voltage
0,00000
OVwes | due to the finite resolution of the v 0,03 uv/vV Rectangular 1 0,03 uv/vV 1E+99
DMM
Voltage, indicated by the reference | 100,0001
Vs 0,03 uv/vV Normal -1 -0,03 uV/v 9
DMM, FLUKE 8508A 7V
Voltage correction obtain from the
0,00006
oV | calibration of the reference DMM, v 1,0 pvV/vV Normal -1 -1,00 pV/vV 1E+99
FLUKE 8508A
Correction of the indicated voltage
0,00000
dV4 | due to drift of the reference DMM, v 2,5 uV/vV Normal -1 -2,5 uv/v 1E+99
FLUKE 8508A
Correction of the indicated voltage
0,00000
oVes | due to short time stability of v 0,01 pv/vV Normal -1 -0,01 uV/Vv 99
calibrator, FLUKE 5520A
-0.00014 Combined Uncertainty, u(g,) 2,6 uV/V
\V Effective Degrees of Freedom, Vett | 5 5E+08
Error (Ey) -
-1,4 Coverage Factor, k 2
uv/v Expanded Uncertainty, U(E,) 53 pV/V
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Table 4. Uncertainty budget for 1000 V
. . Standard - Sensitivity | Uncertainty DB O
Quantity Estimate . Probability L L Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(X|) Ci uI(EX) Vi
1
Voltage, indicated by the DMM | 999,9953
Vix 0,05 uv/vV Normal 1 0,05 uv/vV 9
under test, FLUKE 8508A 4V
Correction of the indicated voltage
Vs | due to the finite resolution of the | 0,0000V | 0,03 uV/V Rectangular 1 0,03 uv/vV 1E+99
DMM
Voltage, indicated by the reference | 999,9953
Vs 0,04 uv/vV Normal -1 -0,04 uV/vV 9
DMM, FLUKE 8508A 2V
Voltage correction obtain from the
-0,0015
oV | calibration of the reference DMM, v 1,00 pvV/vV Normal -1 -1,0 pv/v 1E+99
FLUKE 8508A
Correction of the indicated voltage
8Vs | due to drift of the reference DMM, | 0,0000 V 2,7 pV/V Normal -1 -2,7 uvV/vV 1E+99
FLUKE 8508A
Correction of the indicated voltage
SVes | due to short time stability of | 0,0000V | 0,02 pV/V Normal -1 -0,02 uV/v 99
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 2,9 uV/V
0.0015 V Effective Degrees of Freedom, Vert | g 7E+07
Error (Ey) ’ -
1,5 pvV/vV Coverage Factor, k 2
Expanded Uncertainty, U(E,) 59 pvV/V
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7.2. DC Current

Model Function:

Error (Ex)=lix+odlres-1s-6ls-dld-olcs

Table 5. Uncertainty budget for 100 nA

-

.

: ZAVOD ZA
METROLOGIJU

BUREAU OF

METROLOGY

A . Degrees of
Quantity Estimate USnt;r:ii;;dt Probability 222:22:;3% gonnier:ﬁtr:gg Freedom
Xi Xi Y| Distribution (DoF)
u(x;) Ci ui(Eo "
[}
Current, indicated by the DMM | 99,99111 0,0001 0,00005
lix Normal 1 9
under test, FLUKE 8508A MA mA/A mA/A
Correction of the indicated current
0,00000 0,00003 0,00003
Oles | due to the finite resolution of the Rectangular 1 1E+99
MA mA/A mA/A
DMM
Current, indicated by the reference | 99,99269 0,0001 -0,00006
Is Normal -1 9
DMM, FLUKE 8508A MA mA/A mA/A
Current correction obtain from the
0,00000
ol | calibration of the reference DMM, A 0,004 mA/A Normal -1 -0,004 mA/A 1E+99
J
FLUKE 8508A
Correction of the indicated current
0,00000
oIy | due to drift of the reference DMM, A 0,008 mA/A Normal -1 -0,008 mA/A | 1,00E+99
J
FLUKE 8508A
Correction of the indicated current
0,00000 0,00004 -0,00004
oles | due to short term stablity of Normal -1 99
A mA/A mA/A
calibrator FLUKE 5520A
Combined Uncertainty, u(g,) 0,01 mA/A
-0,0016 .
Effective Degrees of Freedom, Vet | 2 9E+09
A
Error (Ey)) K Coverage Factor, k 2
-0,016
mA/A Expanded Uncertainty, U(E,) 0.015
mA/A
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Table 6. Uncertainty budget for 10 mA
. . Standard - Sensitivity | Uncertainty DR B 0
QR S Uncertaint Pl iy Coefficient | Contribution FESEID
Xi Xi Y| Distribution (DoF)
u(x;) Ci Ui(Ey) Vi
[}
Current, indicated by the DMM | 10,00029 0,00004 0,00004
lix Normal 1 9
under test, FLUKE 8508A mA mA/A mA/A
Correction of the indicated current
0,00000 0,00003 0,00003
Oles | due to the finite resolution of the Rectangular 1 1E+99
mA mA/A mA/A
DMM
Current, indicated by the reference | 10,00004 0,00006 -0,00006
Is Normal -1 9
DMM, FLUKE 8508A mA mA/A mA/A
Current correction obtain from the
-0,00006
oI, | calibration of the reference DMM, A 0,003 mA/A Normal -1 -0,003 mA/A 1E+99
m
FLUKE 8508A
Correction of the indicated current
0,00000
oIy | due to drift of the reference DMM, A 0,009 mA/A Normal -1 -0,009 mA/A 1,00E+99
m
FLUKE 8508A
Correction of the indicated current
0,00000 0,0001 -0,0001
oles | due to short term stablity of Normal -1 99
mA mA/A mA/A
calibrator FLUKE 5520A
Combined Uncertainty, u(E,) O
0,00031 mA/A
mA Effective Degrees of Freedom, Vet | 1 9E+07
Error (Ey) :
0,031 Coverage Factor, k 2
mA/A
Expanded Uncertainty, U(E,) DT
mA/A
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Table 7. Uncertainty budget for 1 A
A . Degrees of
Quantity Estimate USnt;r:ii;;dt Probability gig:gg’é% gonnierggtltr:m Freedom
Xi Xi Y| Distribution (DoF)
u(X|) Ci uI(EX) Vi
[}
Current, indicated by the DMM | 0,999887 0,0002
lix Normal 1 0,000 mA/A 9
under test, FLUKE 8508A A mA/A
Correction of the indicated current
0,000000 0,00003
0les | due to the finite resolution of the Rectangular 1 0,000 mA/A 1E+99
A mA/A
DMM
Current, indicated by the reference | 1,000097 0,0001
Is Normal -1 0,000 mA/A 9
DMM, FLUKE 8508A A mA/A
Current correction obtain from the
0,000040
oI, | calibration of the reference DMM, A 0,05 mA/A Normal -1 -0,05 mA/A 1E+99
FLUKE 8508A
Correction of the indicated current
0,000000
oIy | due to drift of the reference DMM, A 0,09 mA/A Normal -1 -0,09 mA/A 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000 0,0002
oles | due to short term stablity of Normal -1 0,000 mA/A 99
A mA/A
calibrator FLUKE 5520A
Combined Uncertainty, u(E,) G
-0,00025 mA/A
A Effective Degrees of Freedom, Vet | 3 9E+10
Error (Ey) :
-0,25 Coverage Factor, k 2
mA/A ; 0,09
Expanded Uncertainty, U(Ey) '
mA/A
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7.3. DC Resistance
Model Function:

Error (Ex)=Rix+0Rres-RS-0Rs-0Rd-ORcs

Table 8. Uncertainty budget for 10 Q TrueQ

L . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Resistance, indicated by the DMM | 10,00025 0,0001
Rix Normal 1 0,0001 mQ/Q 9
under test, FLUKE 8508A Q mQ/Q
Correction of the indicated resistance
0,000000 0,00003 -0,00003
ORrs | due to the finite resolution of the Rectangular -1 1E+99
Q mQ/Q mQ/Q
DMM
Resistance, indicated by the | 10,000101 0,0002 -0,0002
Rs Normal -1 9
reference DMM, FLUKE 8508A Q mQ/Q mQ/Q
Resistance correction obtain from
-0,000020 0,0005 -0,0005
ORs | the calibration of the reference Normal -1 1E+99
Q mQ/Q mQ/Q
DMM, FLUKE 8508A
Correction of the indicated resistance
0,000000 0,0052
ORy | due to drift of the reference DMM, Normal -1 -0,005 mQ/Q 1E+99
Q mQ/Q
FLUKE 8508A
Correction of the indicated current
0,000000 0,0002 -0,0002
ORcs | due to short term stablity of Normal -1 99
Q mQ/Q mQ/Q
calibrator FLUKE 5520A
Combined Uncertainty, u(E,) Cone
mQ/Q
0,0002 €2 Effective Degrees of Freedom, Vet | 7 1E+06
Error (Ey) 0,02 :
Coverage Factor, k 2
mQ/Q
. 0,01
Expanded Uncertainty, U(E,)
mQ)/Q)
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Table 9. Uncertainty budget for 10 kQ TrueQ

L . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
X x Uncertainty Distribution Coefficient | Contribution (DoF)
' ' u(xi) Ci Ui(Ex) "
1
Resistance, indicated by the DMM | 10,000143 0,00004
Rix 0,00004 kQ Normal 1 9
under test, FLUKE 8508A kQ mQ/Q
Correction of the indicated resistance
0,000000 0,00003
ORrs | due to the finite resolution of the 0,00003 kQ Rectangular 1 1E+99
kQ mQ/Q
DMM
Resistance, indicated by the | 9,999966 -0,0003
Rs 0,0003 kQ Normal -1 9
reference DMM, FLUKE 8508A kQ mQ/Q
Resistance correction obtain from
-0,000010
ORs | the calibration of the reference ‘O 0,0005 kQ Normal -1 -0,001 mQ/Q 1E+99
DMM, FLUKE 8508A
Correction of the indicated resistance
0,000000
SRy | due to drift of the reference DMM, . 0,0040 kQ Normal -1 -0,004 mQ/Q 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000 -0,0002
ORcs | due to short term stablity of 0,0002 kQ Normal -1 99
kQ mQ/Q
calibrator FLUKE 5520A
Combined Uncertainty, u(E,) s
0,00019 mQ/Q
kQ Effective Degrees of Freedom, Vess | 2 3E4+05
Error (Ey) :
0,019 Coverage Factor, k 2
m€/Q
Expanded Uncertainty, U(E,) 0.008
m{)/Q
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Table 10. Uncertainty budget for 10 kQ TrueQ Lol

L . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Resistance, indicated by the DMM | 10,000098
Rix 0,0003 kQ Normal 1 0,0003 mQ/Q 9
under test, FLUKE 8508A kQ
Correction of the indicated resistance
0,000000 0,00003
ORrs | due to the finite resolution of the 0,00003 kQ Rectangular 1 1E+99
kQ mQ/Q
DMM
Resistance, indicated by the | 10,000003
Rs 0,0002 kQ Normal 1 0,0002 mQ/Q 9
reference DMM, FLUKE 8508A kQ
Resistance correction obtain from
-0,000010
0Rs | the calibration of the reference ‘O 0,0005 kQ Normal 1 0,001 mQ/Q 1E+99
DMM, FLUKE 8508A
Correction of the indicated resistance
0,000000
SRy | due to drift of the reference DMM, . 0,0045 kQ Normal -1 -0,004 mQ/Q 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000 -0,0003
ORcs | due to short term stablity of 0,0003 kQ Normal -1 99
kQ mQ/Q
calibrator FLUKE 5520A
Combined Uncertainty, u(E,) Cone
0,0001 mQ/Q
kO Effective Degrees of Freedom, Vet | 2 E+05
Error (Ey) '
0,011 Coverage Factor, k 2
mQ/Q
Expanded Uncertainty, U(E,) 0.009
m{)/Q
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Table 11. Uncertainty budget for 1 MQ Normal

L . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
X x Uncertainty Distribution Coefficient | Contribution (DoF)
' ' u(x;) Ci Ui(E) "
1
Resistance, indicated by the DMM | 1,000009 0,00008
Rix 0,00008 MQ Normal 1 9
under test, FLUKE 8508A MQ mQ/Q
Correction of the indicated resistance
0,0000000 0,00003
ORrs | due to the finite resolution of the 0,00003 MQ | Rectangular 1 1E+99
MQ mQ/Q
DMM
Resistance, indicated by the | 1,000001 -0,00007
Rs 0,00007 MQ Normal -1 9
reference DMM, FLUKE 8508A MQ mQ/Q
Resistance correction obtain from
0,0000015
ORs | the calibration of the reference MO 0,00075 MQ Normal -1 -0,001 mQ/Q 1E+99
DMM, FLUKE 8508A
Correction of the indicated resistance
0,0000000
ORy | due to drift of the reference DMM, MO 0,043 MQ Normal -1 -0,043 mQ/Q 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,0000000 -0,00009
ORcs | due to short term stablity of 0,00009 MQ Normal -1 99
MQ mQ/Q
calibrator FLUKE 5520A
Combined Uncertainty, U(Ey) | 0,04 mQ/Q
ROLote Effective Degrees of Freedom, Verr | 4 3E+11
MQ
Error (Ey) Coverage Factor, k 2
0,006
mQ/Q Expanded Uncertainty, U(E,) 0,086
m{)/Q
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7.4. AC Voltage
Model Function:

Error (Ex)=Vix+oVres+oVc-Vs-6Vs-0Vd-oVes

-
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METROLOGY

Table 12. Uncertainty budget for 100 mV @ 55 Hz

o . Degrees of
Quantity Estimate Standa_rd Probability Sensmyny Uncefta"!ty Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Ci Ui(Ex) v
Voltage, indicated by the DMM | 99,99873
Vie 0,001 mv/V Normal 1 0,001 mVv/V 9
under test, FLUKE 8508A mV
Correction of the indicated voltage
0,0000 0,0003
0Vrws | due to the finite resolution of the Rectangular 1 0,0003 mV/V | 1,00E+99
mV mV/V
DMM
Correction of the indicated voltage 0,0000 0,0005
ove Rectangular 1 0,001 mVv/V 1,00E+99
due to connection mV mV/V
Voltage, indicated by the reference | 99,99661
Vs 0,002 mV/V Normal -1 -0,002 mV/V 9
DMM, FLUKE 8508A mV
Voltage correction obtain from the
0,0020
oV | calibration of the reference DMM, v 0,030 mV/V Normal -1 -0,030 mV/V | 1,00E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000
oV4 | due to drift of the reference DMM, v 0,075 mV/V Normal -1 -0,075 mV/V | 1,00E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000
oVes | due to short time stability of v 0,001 mv/V Normal -1 -0,001 mV/V 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) Ol
0,00012 mV/V
mv Effective Degrees of Freedom, Vet | 5 7E+07
Error (Ey) ,
0,001 Coverage Factor, k 2
mV/V . 0,16
Expanded Uncertainty, U(E,) '
mV/V
MBM Report on EURAMET Project 1341 15/25

EURAMET Project 1341 - Draft B Report

Page 114 of 355




%

: ZAVOD ZA
METROLOGIJU

BUREAU OF

METROLOGY
Table 13. Uncertainty budget for 100 mV @ 1 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Voltage, indicated by the DMM | 100,00301
Vig 0,003 mVv/V Normal 1 0,003 mV/V 9
under test, FLUKE 8508A mV
Correction of the indicated voltage
0,0000 0,0003
0Vrws | due to the finite resolution of the Rectangular 1 0,0003 mV/V | 1,00E+99
mV mVv/V
DMM
Correction of the indicated voltage 0,0000
ove 0,002 mV/V | Rectangular 1 0,002 mV/V 1,00E+99
due to connection mV
Voltage, indicated by the reference | 100,00002
Vs 0,002 mV/V Normal -1 -0,002 mV/V 9
DMM, FLUKE 8508A mV
Voltage correction obtain from the
-0,0020
8Vs | calibration of the reference DMM, v 0,03 mV/V Normal -1 -0,03 mV/V 1,00E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000
dVy | due to drift of the reference DMM, v 0,06 mv/V Normal -1 -0,06 mV/V 1,00E+99
m
FLUKE 8508A
Correction of the indicated voltage
0,0000 0,0009
oVes | due to short time stability of Normal -1 -0,001 mV/V 99
mV mVv/V
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 0,07 mV/V
Dol Effective Degrees of Freedom, Vet | 2 4E+06
mV
Error (Ey) Coverage Factor, k 2
0,05
. 0,14
mVv/V Expanded Uncertainty, U(E,)
mV/V
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Table 14. Uncertainty budget for 10 V @ 55 Hz
. . Standard - Sensitivity | Uncertainty DR B 0
QR S Uncertaint Pl iy Coefficient | Contribution FESEID
Xi Xi Y| Distribution (DoF)
u(x;) Ci Ui(Ey) Vi
1
Voltage, indicated by the DMM | 10,00087
Vig 0,001 mv/V Normal 1 0,0009 mV/V 9
under test, FLUKE 8508A V
Correction of the indicated voltage
0,0003
6Vies | due to the finite resolution of the | 0,00000 V VIV Rectangular 1 0,0003 mV/V | 1,00E+99
m
DMM
Correction of the indicated voltage 0,0029
ove 0,00000 V Rectangular 1 0,003 mV/V 1,00E+99
due to connection mV/V
Voltage, indicated by the reference | 10,00065 -0,0009
Vs 0,001 mV/V Normal -1 9
DMM, FLUKE 8508A \Y mV/V
Voltage correction obtain from the
5Vs | calibration of the reference DMM, | 0,00000 V | 0,015 mV/V Normal -1 -0,02 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVy | due to drift of the reference DMM, | 0,00000 V | 0,053 mV/V Normal -1 -0,05 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
-0,0005
oVes | due to short time stability of | 0,00000V | 0,001 mV/V Normal -1 99
mVv/V
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 0,05 mV/V
Doz Effective Degrees of Freedom, Vet | 2E+07
V
Error (E,) Coverage Factor, k 2
0,02
. 0,11
mV/V Expanded Uncertainty, U(E,)
mV/V
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Table 15. Uncertainty budget for 10 V @ 1 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Voltage, indicated by the DMM | 10,00085
Vix 0,001 mV/V Normal 1 0,001 mVv/V 9
under test, FLUKE 8508A V
Correction of the indicated voltage
0,0003
6Vies | due to the finite resolution of the | 0,00000 V VIV Rectangular 1 0,0003 mV/V | 1,00E+99
m
DMM
Correction of the indicated voltage
ove 0,00000V | 0,04 mV/IV Rectangular 1 0,04 mv/V 1,00E+99
due to connection
Voltage, indicated by the reference | 10,00053
Vs 0,001 mV/V Normal -1 -0,001 mvV/V 9
DMM, FLUKE 8508A V
Voltage correction obtain from the
5Vs | calibration of the reference DMM, | 0,00020 V | 0,015 mV/V Normal -1 -0,02 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVy | due to drift of the reference DMM, | 0,00000 V | 0,04 mV/V Normal -1 -0,04 mV/IV 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
0,0004 -0,0004
SVes | due to short time stability of | 0,00000 V Normal -1 99
mVv/V mVv/V
calibrator, FLUKE 5520A
Combined Uncertainty, u(Ey) | 006 mv/v
DO Effective Degrees of Freedom, Vet | g 0E+07
V
Error (Ey) Coverage Factor, k 2
0,01
. 0,12
mVv/V Expanded Uncertainty, U(E,)
mV/V
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Table 16. Uncertainty budget for 10 V @ 100 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Voltage, indicated by the DMM
Vic 9,99979 V | 0,002 mV/V Normal 1 0,002 mV/V 9
under test, FLUKE 8508A
Correction of the indicated voltage
0,0003
6Vies | due to the finite resolution of the | 0,00000 V VIV Rectangular 1 0,0003 mV/V | 1,00E+99
m
DMM
Correction of the indicated voltage
ove 0,00000 V | 0,058 mV/V | Rectangular 1 0,06 mv/V 1,00E+99
due to connection
Voltage, indicated by the reference | 10,00006
Vs 0,002 mV/V Normal -1 -0,002 mV/V 9
DMM, FLUKE 8508A V
Voltage correction obtain from the
6V, | calibration of the reference DMM, | 0,00000 V | 0,05 mV/V Normal -1 -0,050 mVv/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVy | due to drift of the reference DMM, | 0,00000 V | 0,35 mV/V Normal -1 -0,35 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
0,0007
SVes | due to short time stability of | 0,00000 V Y Normal -1 -0,001 mV/V 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, u(Ey) | 036 mv/v
U Effective Degrees of Freedom, Vet | 6 4E+09
V
Error (Ey) Coverage Factor, k 2
-0,03
. 0,72
mV/V Expanded Uncertainty, U(E,)
mV/V
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Table 17. Uncertainty budget for 100 V @ 55 Hz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(X|) Ci uI(EX) Vi
[}
Voltage, indicated by the DMM | 100,00177
Vix 0,002 mV/V Normal 1 0,002 mV/V 9
under test, FLUKE 8508A V
Correction of the indicated voltage
0,0003
6Vies | due to the finite resolution of the | 0,00000 V VIV Rectangular 1 0,0003 mV/V | 1,00E+99
m
DMM
Correction of the indicated voltage 0,0005
ove 0,00000 V Rectangular 1 0,0005 mV/V | 1,00E+99
due to connection mV/V
Voltage, indicated by the reference | 100,0032
Vs 0,002 mV/V Normal -1 -0,002 mV/V 9
DMM, FLUKE 8508A V
Voltage correction obtain from the
6V, | calibration of the reference DMM, | 0,00300 V | 0,02 mV/V Normal -1 -0,02 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVy | due to drift of the reference DMM, | 0,00000 V | 0,05 mV/V Normal -1 -0,05 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVes | due to short time stability of | 0,00000V | 0,001 mV/V Normal -1 -0,001 mV/V 99
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 0,06 mV/V
-0,004 V Effective Degrees of Freedom, Vet | 6 9E+06
Error (Ey) -0,04 Coverage Factor, k 2
mV/V . 0,11
Expanded Uncertainty, U(E,) '
mV/V
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Table 18. Uncertainty budget for 100 V @ 1 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ey) Vi
[}
Voltage, indicated by the DMM | 100,00018 0,0004
Vix Normal 1 0,0004 mV/V 9
under test, FLUKE 8508A \ mVv/V
Correction of the indicated voltage
0,0003
6Vies | due to the finite resolution of the | 0,00000 V VIV Rectangular 1 0,0003 mV/V | 1,00E+99
m
DMM
Correction of the indicated voltage 0,0008
ove 0,00000 V Rectangular 1 0,001 mVv/V 1,00E+99
due to connection mV/V
Voltage, indicated by the reference | 100,00077 0,0006
Vs Normal -1 -0,001 mV/V 9
DMM, FLUKE 8508A \Y mVv/V
Voltage correction obtain from the
6V, | calibration of the reference DMM, | 0,00000V | 0,02 mV/V Normal -1 -0,02 mV/V 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
oVy | due to drift of the reference DMM, | 0,00000 V | 0,04 mV/V Normal -1 -0,04 mV/IV 1,00E+99
FLUKE 8508A
Correction of the indicated voltage
0,0006
SVes | due to short time stability of | 0,00000 V Y Normal -1 -0,001 mV/V 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 0,05 mV/V
UL Effective Degrees of Freedom, Vet | 2 6E+08
V
Error (E,) Coverage Factor, k 2
-0,01
. 0,09
mV/V Expanded Uncertainty, U(E,)
mV/V
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Error (Ex)=lix+dlres+olc-1s-0ls-0ld-olcs

Table 19. Uncertainty budget for 10 mA @ 300 Hz

o . Degrees of
Quantity Estimate Standqrd Probability Sensmyny UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(X|) Ci uI(EX) Vi
[}
Current, indicated by the DMM | 10,001142 0,0006
lix Normal 1 0,001 mA/A 9
under test, FLUKE 8508A mA mA/A
Correction of the indicated current
0,000000 0,0003
Sles | due to the finite resolution of the Rectangular 1 0,000 mA/A 1,00E+99
mA mA/A
DMM
Correction of the indicated current | 0,000000 0,0043
olc Rectangular 1 0,004 mA/A 1,00E+99
due to connection mA mA/A
Current, indicated by the reference | 10,001048 0,0009
Is Normal -1 -0,001 mA/A 9
DMM, FLUKE 8508A mA mA/A
Current correction obtain from the
-0,001300
oI, | calibration of the reference DMM, A 0,06 MA/A Normal -1 -0,055 mA/A 1,00E+99
m
FLUKE 8508A
Correction of the indicated current
0,000000
dly | due to drift of the reference DMM, A 0,24 mA/A Normal -1 -0,240 mA/A 1,00E+99
m
FLUKE 8508A
Correction of the indicated current
0,000000
oles | due to short time stability of A 0,002 mA/A Normal -1 -0,002 mA/A 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, u(Ey) | 925 ma/a
0,0014 .
Effective Degrees of Freedom, Ve 1,5E+10
mA
Error (Ey)) Coverage Factor, k 2
0,14
. 0,49
mA/A Expanded Uncertainty, U(E,)
mA/A
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Table 20. Uncertainty budget for 10 mA @ 1 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty UnceTta"!tV Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ey) Vi
[}
Current, indicated by the DMM | 10,001345 0,0009
lix Normal 1 0,001 mA/A 9
under test, FLUKE 8508A mA mA/A
Correction of the indicated current
0,000000 0,0003
0les | due to the finite resolution of the Rectangular 1 0,0003 mA/A | 1,00E+99
mA mA/A
DMM
Correction of the indicated current | 0,000000
ole 0,03 mA/A Rectangular 1 0,03 mA/A 1,00E+99
due to connection mA
Current, indicated by the reference | 10,001022
Is 0,001 mA/A Normal -1 -0,001 mA/A 9
DMM, FLUKE 8508A mA
Current correction obtain from the
-0,000600
oIy | calibration of the reference DMM, A 0,05 mA/A Normal -1 -0,05 mA/A 1,00E+99
m
FLUKE 8508A
Correction of the indicated current
0,000000
dly | due to drift of the reference DMM, A 0,24 mA/A Normal -1 -0,24 mA/A 1,00E+99
m
FLUKE 8508A
Correction of the indicated current
0,000000
oles | due to short time stability of A 0,001 mA/A Normal -1 -0,001 mA/A 99
m
calibrator, FLUKE 5520A
Combined Uncertainty, U(Ey) | 025 ma/A
DLiblerz Effective Degrees of Freedom, Vet | 3 7E+10
mA
Error (Ey) Coverage Factor, k 2
0,09
. 0,49
mA/A Expanded Uncertainty, U(E,)
mA/A
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Table 21. Uncertainty budget for 1 A @ 300 Hz
. . Standard - Sensitivity | Uncertainty DR B 0
QR S Uncertaint Pl iy Coefficient | Contribution FESEID
Xi Xi Y| Distribution (DoF)
u(X|) Ci uI(EX) Vi
[}
Current, indicated by the DMM | 1,000033
lix 0,002 mA/A Normal 1 0,002 mA/A 9
under test, FLUKE 8508A A
Correction of the indicated current
0,000000 0,0003
0les | due to the finite resolution of the Rectangular 1 0,003 mA/A 1,00E+99
A mA/A
DMM
Correction of the indicated current | 0,000000
ole 0,05 mA/A Rectangular 1 0,05 mA/A 1,00E+99
due to connection A
Current, indicated by the reference | 1,000202
Is 0,002 mA/A Normal -1 -0,002 mA/A 9
DMM, FLUKE 8508A A
Current correction obtain from the
-0,000070
oIy | calibration of the reference DMM, A 0,07 mA/A Normal -1 -0,07 mA/A 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000
oly | due to drift of the reference DMM, A 0,40 mA/A Normal -1 -0,40 mA/A 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000
oles | due to short time stability of A 0,002 mA/A Normal -1 -0,002 mA/A 99
calibrator, FLUKE 5520A
Combined Uncertainty, u(g,) 0,4 mA/A
-0,0001 .
Effective Degrees of Freedom, Vet | 4 gE+09
A
Error (Ey) Coverage Factor, k 2
-0,10
. 0,82
mA/A Expanded Uncertainty, U(E,)
mA/A
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Table 22. Uncertainty budget for 1 A @ 1 kHz
A . Degrees of
Quantity Estimate Standqrd Probability Sensm\-nty Uncefta"!ty Freedom
Uncertainty A Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Gi Ui(Ex) Vi
[}
Current, indicated by the DMM | 0,999964
lix 0,002 mA/A Normal 1 0,002 mA/A 9
under test, FLUKE 8508A A
Correction of the indicated current
0,000000 0,0003
0les | due to the finite resolution of the Rectangular 1 0,0003 mA/A | 1,00E+99
A mA/A
DMM
Correction of the indicated current | 0,000000
ole 0,4 mA/A Rectangular 1 0,4 mA/A 1,00E+99
due to connection A
Current, indicated by the reference | 1,000124
Is 0,003 mA/A Normal -1 -0,003 mA/A 9
DMM, FLUKE 8508A A
Current correction obtain from the
0,000000
oIy | calibration of the reference DMM, A 0,1 mA/A Normal -1 -0,1 mA/A 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000
oly | due to drift of the reference DMM, A 0,4 mA/A Normal -1 -0,4 mA/A 1,00E+99
FLUKE 8508A
Correction of the indicated current
0,000000
oles | due to short time stability of A 0,001 mA/A Normal -1 -0,001 mA/A 99
calibrator, FLUKE 5520A
-0.0002 Combined Uncertainty, u(g,) 0,5 mA/A
A Effective Degrees of Freedom, Vert | 5 5E+09
Error (Ey) -
-0,2 Coverage Factor, k 2
mA/A Expanded Uncertainty, U(EJ) | 1,1 mA/A
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Laboratory Condition

Ambient Conditions

Temperature 2311°C
Relative Humidity 50+10 %

Reference standards used in intercomparison

Reference standards Serial No.
Reference DMM 8508A/01 154961897
Multifunctional calibrator 5720A 1560210

Set of reference resistors Fluke 742 A 10 Q , 100Q, 1kQ 1481018;1602001;1602002
Reference resistors SR 104 Tegam 10 kQ J1-1121629

AC Current shunt SIQ -10 mA SIQ12067

1. Calibration DC and AC Voltage:

IMBIH reference method used in this intercomparison for calibration DC voltage is
substitution method. Our reference multimeter DMM Fluke 8508A/01 has been used as
reference standard and multifunctional calibrator Fluke 5720A as source of DC volatage. Our
reference multimeter is traceable to Slovenian Istitute for Quality (SIQ).

The calibration of the digital multimeter (UUT) was carried out at the points indicated by
intercomparison protocol during 5 days in period of 30 Mart - 6 April 2015.

Twenty (20) repeated observations of DC (AC) voltage per each day have been take in
account for evalvation mean value (1) and experimental standard uncertanty according to
formula (2).

The results are checked in terms of consistency based on the F-test and they prove to belong
to a same population. According to that, final mean value (3) have been obtained as weighted
mean of all measurement sets as well as weighted standard uncertainty (4). Weights have

been taken in account as the reciprocal of the variance of the each sets.

20
_ =1 X;
=1
X; = ln : (1)
og = |2 K =X (2)
Xt n(n—1)
Report of intercomparison 2
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Pk
=12
_ [
p-—— @
Xk
Ogx = (4‘)

Where:

Xi - mean value of i th set of measurement

0 ;- standard uncertainty of i-th sets of measurement
X - weighted mean value

0 z-weighted standard uncertainty

R/

% Uncertainty evaluation

The measurement uncertainty reported in the tables 1 and 3 have been obtained
taking into account all contributing factors to uncertainty which affecting the
measurement. The reported expanded uncertainty of measurement is stated as the
standard uncertainty of measurement multiplied by a coverage factor k, which

corresponds to a coverage probability of approximately 95 %.

Mathematical model used for evaluation of error and uncertainty of DC and AC voltage :

E = Vig + 6Viures — (Vis + 0Vs, .. + 6Vscar + 8Vs,,...) + Vsrs_mrc

e E —Measurement error of the DMM-UUT

eV -Voltage, indicated by the UUT-DMM

e dV,s -Correction of the indicated voltage due to the finite resolution of the DMM-UUT

e Vs -Voltage, indicated by the Ref-DMM 8508A

e dVss -Correction of the indicated voltage due to the finite resolution of the Ref-DMM 8508A

e ®Vsgec -Correction of the measured voltage by the the Ref-DMM due to specification (90 day)

e ®Vs.y—Correction due to last calibration of Ref DMM

o ®Vs1s.mrc —Correction due to Short term stability of voltage source (multifunctional calibrator's
24 h specification)

Report of intercomparison 3
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2. Calibration of resistance

Method used in this intecomparison for calibration resistances is direct method for value 10
Q and 10 kQ using our set of refrerence resistors Fluke 742A as reference standard,
since for 1 MQ we used substitution method and refrerence multimeter DMM Fluke
8508A/01 as reference standard . Our reference resistors are traceable to Czech Metrology
Institute and multimetre is traceable to Slovenian Istitute for Quality (SIQ).

The calibration of the digital multimeter (UUT) was carried out at the points indicated by
intercomparison protocol during 5 days in period of 30 Mart - 6 April 2015.

Ten observations for direct and twenty for substitution method of resistace per each day have
been take in account for evalvation mean value (1) and experimental standard uncertanty
according to formula (2). Standard resistors during measurement have been placed in
temerature stabilized air bath with temperure stability £0.05°C.

The results are checked in terms of consistency based on the F-test and they prove to belong
to a same population. According to that, final mean value (3) have been obtained as weighted

mean of all measurement sets as wel as weighted standard uncertainty (4)
% Uncertainty evaluation

The measurement uncertainty reported in the table 5 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by a coverage factor k, which corresponds to a coverage probability of

approximately 95 %.

Mathematical models used for evaluation of error and uncertainty of resistance for direct and

substitution method are :

Direct method:

E = Rix + 6Rixres — (R’S + SRdrift + 6R'scq + 6R5temp)
Substitution method:

E = Riy + SRizres — (R"is + ORs, . + 6R"scq + SRs )

e E -Measurement error of the DMM-UUT
o R -Resistance, indicated by the UUT-DMM
e ORi,,s -Correction of the indicated resistance due to the finite resolution of the DMM-UUT

¢ R's —Resistance of standard resistors

Report of intercomparison 4
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R";s resistance indicated by the Ref-DMM

e ORgirt -Correction of the resistance of standard resistors due to drift

e OR's., - Correction due to last calibration of standard resistors

e BRgs.emp —Correction of resistance of standard resistors due to temperature change

e ORg. -Correction of the indicated resistance due to the finite resolution of the Ref-DMM

o ORsspec -Correction of the measured resistance by the the Ref-DMM due to specification (90

day)
e  BR".y—Correction due to last calibration of Ref DMM

3. Calibration of DC current

IMBIH reference methods used for calibration DC current are indirect method using Ohm's
low for value (100 pA ; 10 mA) and substitution method for value (1 A). Set of refrerence
resistors Fluke 742A DMM and DMM Fluke 8508A/01 for indirect method and in case of
susbstitution method refrerence multimeter DMM Fluke 8508A/01 have been used as
reference standards. Our reference resistors are traceable to Czech Metrology Institute and
DMM is traceable to Slovenian Istitute for Quality (SIQ).

The calibration of the digital multimeter (UUT) was carried out at the points indicated by
intercomparison protocol during 5 days in period of 30 Mart - 6 April 2015.

Ten observations for indirect and twenty for substitution method of current per each day have
been take in account for evalvation mean value (1) and experimetal standard uncertanty
according to formula (2). Final mean value (3) have been obtained as weighted mean of all
measurement sets as wel as weighted standard uncertainty (4).

Standard resistors during measurement have been placed on conditions which exist in
laboratory ( t=23£1°C and H=50£10%). Nominal value of resistors was chosen in such way
that disipated power is less then 10 mW.

®,

% Uncertainty evalvation

The measurement uncertainty reported in the table 2 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by a coverage factor k, which corresponds to a coverage probability of

approximately 95 %.

Mathematical model used for evaluation of error and uncertainty of DC current for

substitution method is :

E = liy + Slinres — (Iis + 8, + 8lsy, + 815, ) + Slseauec

Report of intercomparison 5
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e E - Measurement error of the DMM-UUT

e | -Current, indicated by the DMM-UUT

e |5 -Current, indicated by the Ref-DMM 8508A

e Ol -Correction of the indicated current due to the finite resolution of the DMM-UUT

e Olg.s -Correction of the indicated current due to the finite resolution of the Ref-DMM 8508A
e Olg., —Correction due to last calibration of Ref DMM

o Olsspec -Correction of the measured current by the the Ref-DMM due to specification (90 day)

e  Olsismrc —Correction due to short term stability of current source (multifunctional calibrator's 24
h specification)

Mathematical model used for evaluation of error and uncertainty of DC current for indirect
method is:
ViS + 5VSspec + 5V5resx + SVload

RS + SRdrift + SRPower + 5Rtemp

Ex = Iix + 8lix —

Ex -Measurement error of the DMM-UUT
lix -Current indicated by the UUT-DMM

ol -Correction of indicated current due to finite resolution of the UUT-DMM

Vs -Voltage indicated by the reference voltmeter

OVsspec Correction of indicated voltage due to specification (1 year absolute specification)
OVsesx -Correction due to finite resolution of the reference voltmeter

8V, -Correction of voltage due to finite input impedance of the reference voltmeter
Rs-Resistance of the standard resistors stated in the calibration certificate

ORy;it: -Correction due to drift of standard resistors since its last calibration

ORr.wer -Correction of resistance of the standard resistor due to power coefficient

OR..mp -Correction of resistance of the standard resistor due to change of temperature

4. Calibration of AC current

IMBIH reference methods used for calibration AC current are substitution method for value
(2 A 300 Hz and 1 kHz) and indirect method using reference current shunt for value
(10 mA 300 Hz and 1 kHz). Refrerence current shunt SIQ-10 mA and DMM Fluke 8508A/01
for indirect method and in case of susbstitution method reference multimeter DMM Fluke
8508A/01 have been used as reference standards. Our reference current shunt and Ref DMM
are traceable Slovenian Istitute for Quality (SIQ).

The calibration of the digital multimeter (UUT) was carried out at the points indicated by

intercomparison protocol during 5 days in period of 30 Mart - 6 April 2015.
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Twenty observation of current per each day have been taken in account for evalvation mean
value (1) and experimental standard uncertanty according to formula (2). Final mean value (3)
have been obtained as weighted mean of all measurement sets as wel as weighted standard
uncertainty (4). Standard current shunt during measurement have been placed on conditions
which exist in laboratory ( t=23+1°C and H=50£10%).

The measurement uncertainty reported in the table 4 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by
a coverage factor k, which corresponds to a coverage probability of approximately 95 %.
Mathematical model used for evaluation error and uncertainty of AC current for substitution

method is:

E = le + 5Iixres - (IlS + 5157‘35 + 515(3(11 + SISSpeC) + SIStSMFC

o E - Measurement error of the DMM-UUT

e | -Current, indicated by the DMM-UUT

e |5 -Current, indicated by the Ref-DMM 8508A

e &l -Correction of the indicated current due to the finite resolution of the DMM-UUT
e Jls.s -Correction of the indicated current due to the finite resolution of the Ref-DMM
o  Jls.o —Correction due to last calibration of Ref DMM

o Olsspec -Correction of the measured current by the the Ref-DMM due to specification (90 day)

o Olsismrc — Correction due to short term stability of current source (multifunctional calibrator's 24
h specification)

Mathematical model used for evualvation error and uncertainty of AC current for indirect
method via the AC current shun is:

ViS + 6VSspec + 5VSresx

Ex = Iix + 8l —
X lX lX RS + 6RDrift + 5RPower + 5Rtemp

*(1+ 8ac-pc + Sarife) - (1 — S10aa)

Ex The error of indication of the UUT-DMM

lix Current indicated by the UUT -DMM

Vs Voltage indicated by the reference voltmeter

0Vsspec Voltage correction due to specification of the voltmeter (1 year spec.)

OVs.esx Correction od voltage due to finite resolution of the reference voltmeter

Rs DC resistance of the current shunt, stated in the calibration certificate

ORp:irt Correction due to drift of the reference of the DC current shunt since its last calibration

OR..mp Correction of DC resistance of the reference current shunt due to change of temperature
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ORr,wer Correction of DC resistance of the reference current shunt due to power coefficient

ol Correction of indicated current due to finite resolution of the UUT-DMM

&, .24 Correction of circuit loading due to finite input impedance of the reference voltmeter

Oxc.oc AC-DC difference of current shunt

O4iirt Correction due to drift of AC-DC difference of the current shunt since its last calibration
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1. MEASUREMENT RESULTS

Table 1. DC VOLTAGE

Range of Nominal . Reading of .
8508A value Applied Value 8508A Error of 8508A | Uncertainty
200 mV +100 mV 100,001 09 mV 99,999 99 mV -11,0 uwv/v 5,6 uV/V
20V +10V 9,999 976 V 10,000 029 V 5,3 pWIV 2,4 WV
200V +100V 99,999 76 V 99,999 61V -1,6 yVIV 4,1 pyVIvV
1000 V + 1000 V 999,999 7 V 999,996 4 V -3,3 yVIV 4,5 uviv
Table 2. DC CURRENT
Range of Nominal . Reading of .
8508A value Applied Value 8508A Error of 8508A | Uncertainty
200 pA + 100 pA 100,002 81 pA 100,000 73 pA -20,8 pA/A 5,5 pA/A
20 mA +10 mA 10,000 044 mA 10,000 244 mA 20,0 pA/A 3,4 uA/A
1A +1A 1,000 059 3 A 0,9999207 A -138,7 pA/A 171,5 pAJA
Table 3. AC VOLTAGE
Nominal Value
Range of Applied Reading of .
8508A Voltage 8508A Error of 8508A | Uncertainty
Voltage | Frequency
100 mV 55 Hz 99,990 2 mV | 99,994 7 mV 45 yviv 194 uyviv
200 mV
100 mV 1 kHz 99,994 7 mV | 99,998 9 mV 42 yviv 180 uv/v
10V 55 Hz 10,00021V | 10,000 53V 33 pviv 109 pvIivV
20V 10V 1 kHz 10,00005V | 10,00095V 90 uviv 91 uviv
10V 100 kHz 10,000 54V | 10,000 58 V 4 uviv 714 pviv
100 V 55 Hz 100,001 2V 99,998 0 V -33 uyvivV 115 pviv
200V
100 V 1 kHz 99,999 3V 100,001 8 V 25 yviv 98 uviv
Table 4. AC CURRENT
Range of Nominal Value Applied Reading of
8508A Current 8508A Error of 8508A | Uncertainty
Current | Frequency
10 mA 300 Hz 10,000 08 10,000 57 49 pA/A 86 pAJA
20 mA
10 mA 1 kHz 9,999 76 10,000 69 93 LA/A 86 LA/A
1A 300 Hz 1,000 017 A 0,999 920 A -97 pA/A 843 pA/A
1A
1A 1 kHz 1,000 105 A 1,000 071 A -35 yA/A 843 pA/A
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Table 5. DC RESISTANCE

Range of Mode of | Nominal e Dliedalne Reading of Error of Uity
8508A 8508A Value 8508A 8508A
20Q TrueQ 10Q 10,000 122 Q 10,000 262 Q 14 uQ/Q 1,2 pQ/IQ
TrueQ 10 kQ 10,000 003 kQ | 10,000 090 kQ | 8,7 uQ/Q 1,2 pQ/IQ
20Ka TrueQ Lol 10 kQ 10,000 003 kQ | 10,000 101 kQ | 9,8 uQ/Q 1,2 uQ/IQ
2 MQ Normal Q 1 MQ 1,000 014 1 MQ | 1,000 021 7 MQ | 7,7 pQ/Q 5,2 uQ/Q

|
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2. BUDGETS OF MEASURMENT UNCERTAINTY

DC Voltage 100 mV

1. DC Voltage results

Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation [ uncertainty || .. " . Y coefficient contribution freedom
. Distribution . . R
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (mV) 100,001 09 7,41E-06 normal -1 -7,41E-06 19
Resolution of Ref DMM (mV) 0 2,89E-06 rectangular -1 -2,89E-06 inf
90 day specification for Ref DMM (mV) 0 1,20E-04 normal -1 -1,20E-04 inf
Correction due to last calibration of .
Ref DMM (mV) 0 1,00E-04 normal -1 -1,00E-04 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (mV) 0 231B-04 normal 1 2.318-04 inf
Voltage idicated by UUT-DMM (mV) 99,999 99 6,29E-06 normal 1 6,29E-06 19
Resolution of UUT- DMM (mV) 0 2,89E-06 rectagular 1 2,89E-06 inf
Combined Uncertainty, u(Ex) (mV) 2,79E-04
Error Ex (mV) -0,00110 -
Effective degrees of freedom, veff 2,51E+07
Coverage Factor, k 2
Error Ex (uV/IV) -11,0
Expanded uncertainty U(Ex) (uV/V) 5,6
DC Voltage 10 V
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation || uncertainty || .. .~ . Y coefficient contribution freedom
. Distribution . . .
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 9,999 976 2,19E-07 normal -1 -2,19E-07 19
Resolution of Ref DMM (V) 0 2,89E-07 rectangular -1 -2,89E-07 inf
90 day specification for Ref DMM (V) 0 9,00E-06 normal -1 -9,00E-06 inf
Correction due to last calibration of .
Ref DMM (V) 0 5,00E-06 normal -1 -5,00E-06 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 6,50E-06 normal 1 6,50E-06 inf
Voltage idicated by UUT-DMM (V) 10,000 029 5,03E-07 normal 1 5,03E-07 19
Resolution of UUT- DMM (V) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (V) 1,22E-05
Error Ex (V) 0,000 053 -
Effective degrees of freedom, veff 6,33E+06
Coverage Factor, k 2
Error Ex (uV/IV) 53 -
Expanded uncertainty U(Ex) (uV/V) 2,4
DC Voltage 100 V
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation [ uncertainty || .. " . Y coefficient contribution freedom
. Distribution . . R
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 99,999 76 2,46E-06 normal -1 -2,46E-06 19
Resolution of Ref DMM (V) 0 2,89E-06 rectangular -1 -2,89E-06 inf
90 day specification for Ref DMM (V) 0 1,50E-04 normal -1 -1,50E-04 inf
Correction due to last calibration of .
Ref DMM (V) 0 1,00E-04 normal -1 -1,00E-04 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 9.81E-05 normal 1 9,81E-05 inf
Voltage idicated by UUT-DMM (V) 99,999 61 4,09E-06 normal 1 4,09E-06 19
Resolution of UUT- DMM (V) 0 2,89E-06 rectagular 1 2,89E-06 inf
Combined Uncertainty, u(Ex) (V) 2,05E-04
Error Ex (V) -0,000 16 -
Effective degrees of freedom, veff 1,07E+08
Coverage Factor, k 2
Error Ex (uV/IV) -1,6
Expanded uncertainty U(Ex) (uV/V) 4,1
DC Voltage 1000 V
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation || uncertainty || .. . . Y coefficient contribution freedom
. Distribution . . .
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 999,999 7 2,30E-05 normal -1 -2,30E-05 19
Resolution of Ref DMM (V) 0 2,89E-05 rectangular -1 -2,89E-05 inf
90 day specification for Ref DMM (V) 0 1,55E-03 normal -1 -1,55E-03 inf
Correction due to last calibration of .
Ref DMM (V) 0 1,00E-03 normal -1 -1,00E-03 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 1,278-03 normal ! 127803 inf
Voltage idicated by UUT-DMM (V) 999,996 4 5,74E-05 normal 1 5,74E-05 19
Resolution of UUT- DMM (V) 0 2,89E-05 rectagular 1 2,89E-05 inf
Combined Uncertainty, u(Ex) (V) 2,24E-03
Error Ex (V) -0,003 3 -
Effective degrees of freedom, veff 4,30E+07
Coverage Factor, k 2
Error Ex (uV/V) -3,3 -
Expanded uncertainty U(Ex) (uV/V) 4,5
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2. DC Current results

DC 100 uA
. .y Standard Probability [Sensitivity coefficient| ncertaiy Degrees of
Quantity Estimation uncertainty S X contribution freedom
. Distribution ci . -
u(xi) ui(Ex) Vi
Voltage indicated by Ref DMM (mV) 100,003 23 1,62E-05 normal -1 1/kQ -1,62E-05 pA 19
Resolution of Ref DMM (mV) 0 2,89E-06 rectangular -1 1/kQ -2,89E-06 pA inf
Absolute (1 year) specification of Ref DMM (mV) 0 2,75E-04 normal -1 1/kQ -2,75E-04 pA inf
Loading voltage of Ref DMM (mV) 0 5,77E-06 rectangular -1 1/kQ -5,77E-06 pA inf
Standard resistor Rs (kQ) 1,000 004 27 5,00E-07 normal -100 mv/k()Z -5,00E-05 pA inf
Correction due to drift of standard resistor (kQ) 0 1,15E-07 rectagular -100 mV/sz -1,15E-05 pA inf
Correction due to temperature change of 2 .
standard resistor (kQ) 0 1,73€-07 rectagular -100 mV/kQ -1,73E-05 A inf
Current indicated by UUT-DMM (pA) 100,000 73 9,55E-06 normal 1 pA 9,55E-06 pA 19
Resolution of UUT- DMM (pA) 0 2,89E-06 rectagular 1 pA 2,89E-06 pA inf
Combined U tainty, u(Ex 2,76E-04
Error Ex (uA) 0,00208 om |.ne ncertainty, u(Ex) (pA)
Effective degrees of freedom, veff 1,43E+06
Coverage Factor, k 2
Error Ex (nA/A) -20,8
Expanded uncertainty U(Ex) (pA/A) 55
10 mA
. . . Standgrd Probability [Sensitivity coefficient Uncgrtal_ty Degrees of
Quantity Estimation uncertainty S X contribution freedom
. Distribution ci - -
u(xi) ui(Ex) Vi
Voltage indicated by Ref DMM (V) 1,000 006 4 6,96E-08 normal -0,01 1/Q -6,96E-07 mA 19
Resolution of Ref DMM (V) 0 2,89E-08 rectangular -0,01 1/Q -2,89E-07 mA inf
Absolute (1 year) specification of Ref DMM (V) 0 1,70E-06 normal -0,01 1/Q -1,70E-05 mA inf
Loading voltage of Ref DMM (V) 0 5,77E-09 rectangular -0,01 1/Q -5,77E-08 mA inf
Standard resistor Rs (Q) 100,000 202 1 5,00E-05 normal -0,0001 viQ? -5,00E-06 mA inf
Correction due to drift of standard resistor (Q) 0 1,15E-05 rectagular -0,0001 V/QZ -1,15E-06 mA inf
Correction due to temperature change of g ¥ 2 R » .
standard resistor (Q) 0 1,15E-05 rectagular 0,0001 VIQ 1,15E-06 mA inf
Current indicated by UUT-DMM (mA) 10,000 244 9,76E-07 normal 1 mA 9,76E-07 mA 19
Resolution of UUT- DMM (mA) 0 2,89E-07 rectagular 1 mA 2,89E-07 mA inf
Combined Uncertainty, u(Ex) (mA) 1,71E-05
Error Ex (mA) 0,000 200 -
Effective degrees of freedom, veff 1,42E+06
Coverage Factor, k 2
Error Ex (uA/A) 20,0
Expanded uncertainty U(Ex) (pA/A) 3,4
DC Current 1 A
Standard Probabilit Sensitivity|| Uncertaity |Degrees of
Quantity Estimation | uncertainty o y coefficient || contribution | freedom
. Distribution ) . .
u(xi) Ci ui(Ex) Vi
Current indicated by Ref DMM (A) 1,000 059 3 8,49E-08 normal -1 -8,49E-08 19
Resolution of Ref DMM (A) 0 2,89E-08 rectangular -1 -2,89E-08 inf
90 day specification for Ref DMM(A) 0 7,05E-05 normal -1 -7,05E-05 inf
Correction due to last calibration of Ref DMM (A) 0 4,50E-05 normal -1 -4,50E-05 inf
Correction due to Short Trem stability of .
. ) 0 1,90E-05 normal -1 -1,90E-05
Multifuctional Calibrator (24 h) (A) inf
Current idicated by UUT-DMM (A) 0,999 920 7 8,67E-08 normal 1 8,67E-08 19
Resolution of UUT- DMM (A) 0 2,89E-08 rectagular 1 2,89E-08 inf
Combined Uncertainty, u(Ex) (A) 8,58E-05
Error Ex (A) -0,000 138 7 -
Effective degrees of freedom, veff 9,50E+12
Coverage Factor, k 2
Error Ex (MA/A) -138,7 -
Expanded uncertainty U(Ex) (pA/A) 171,5

e —————
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AC Voltage 100 mV 55 Hz

3. AC Voltage results

Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation | uncertainty | .. """ . Y coefficient contribution freedom
. Distribution ) ) .
u(xi) ci Ui(Ex) Vi
Voltage indicated by Ref DMM (mV) 99,990 2 2,80E-04 normal -1 -2,80E-04 19
Resolution of Ref DMM (mV) 0 2,89E-05 rectangular -1 -2,89E-05 inf
90 day specification for Ref DMM (mV) 0 7,00E-03 normal -1 -7,00E-03 inf
Correction due to last calibration of .
Ref DMM (mV) 0 3,00E-03 normal -1 -3,00E-03 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (mV) 0 Rl normal ! 6.00E-03 inf
Voltage idicated by UUT-DMM (mV) 99,994 7 2,06E-04 normal 1 2,06E-04 19
Resolution of UUT- DMM (mV) 0 2,89E-05 rectagular 1 2,89E-05 inf
Combined Uncertainty, u(Ex) (mV) 9,70E-03
Error Ex (mV) 0,004 5 -
Effective degrees of freedom, veff 2,12E+07
Coverage Factor, k 2
Error Ex (uVIV) 45
Expanded uncertainty U(Ex) (uV/V) 194
AC Voltage 100 mV 1 kHz
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation || uncertainty | . " . y coefficient contribution freedom
. Distribution ) ) .
u(xi) ci Ui(Ex) Vi
Voltage indicated by Ref DMM (mV) 99,994 7 2,05E-04 normal -1 -2,05E-04 19
Resolution of Ref DMM (mV) 0 2,89E-05 rectangular -1 -2,89E-05 inf
90 day specification for Ref DMM (mV) 0 6,00E-03 normal -1 -6,00E-03 inf
Correction due to last calibration of .
Ref DMM (mV) 0 3,00E-03 normal -1 -3,00E-03 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (mV) 0 6,00E-03 normal ! 6,00E-03 inf
Voltage idicated by UUT-DMM (mV) 99,998 9 2,52E-04 normal 1 2,52E-04 19
Resolution of UUT- DMM (mV) 0 2,89E-05 rectagular 1 2,89E-05 inf
Combined Uncertainty, u(Ex) (mV) 9,01E-03
Error Ex (mV) 0,004 2 -
Effective degrees of freedom, veff 2,14E+07
Coverage Factor, k 2
Error Ex (uV/V) 42
Expanded uncertainty U(Ex) (pV/V) 180
AC Voltage 10 V 55 Hz
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation | uncertainty o Y coefficient contribution freedom
. Distribution . ) .
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 10,000 21 9,93E-06 normal -1 -9,93E-06 19
Resolution of Ref DMM (V) 0 2,89E-06 rectangular -1 -2,89E-06 inf
90 day specification for Ref DMM (V) 0 5,00E-04 normal -1 -5,00E-04 inf
Correction due to last calibration of .
Ref DMM (V) 0 1,50E-04 normal -1 -1,50E-04 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 1,.50E-04 normal ! 1,50E-04 inf
Voltage idicated by UUT-DMM (V) 10,000 53 1,09E-05 normal 1 1,09E-05 19
Resolution of UUT- DMM (V) 0 2,89E-06 rectagular 1 2,89E-06 inf
Combined Uncertainty, u(Ex) (V) 5,43E-04
Error Ex (V) 0,000 33 -
Effective degrees of freedom, veff 7,01E+07
Coverage Factor, k 2
Error Ex (uV/IV) 33
Expanded uncertainty U(Ex) (pV/V) 109
S —
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AC Voltage 10 V1 kHz

Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation || uncertainty | . " . y coefficient contribution freedom
. Distribution ) . .
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 10,000 05 4,83E-06 normal -1 -4,83E-06 19
Resolution of Ref DMM (V) 0 2,89E-06 rectangular -1 -2,89E-06 inf
90 day specification for Ref DMM (V) 0 4,00E-04 normal -1 -4,00E-04 inf
Correction due to last calibration of .
Ref DMM (V) 0 1,50E-04 normal -1 -1,50E-04 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 1.50E-04 normal ! 1,50E-04 inf
Voltage idicated by UUT-DMM (V) 10,000 95 5,48E-06 normal 1 5,48E-06 19
Resolution of UUT- DMM (V) 0 2,89E-06 rectagular 1 2,89E-06 inf
Combined Uncertainty, u(Ex) (V) 4,53E-04
Error Ex (V) 0,000 90 -
Effective degrees of freedom, veff 5,53E+08
Coverage Factor, k 2
Error Ex (uV/V) 90
Expanded uncertainty U(Ex) (pV/V) 91
AC Voltage 10 V 100 kHz
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation | uncertainty S y coefficient contribution freedom
. Distribution . . )
u(xi) ci ui(EX) Vi
Voltage indicated by Ref DMM (V) 10,000 54 4,75E-06 normal -1 -4,75E-06 19
Resolution of Ref DMM (V) 0 2,89E-06 rectangular -1 -2,89E-06 inf
90 day specification for Ref DMM (V) 0 3,50E-03 normal -1 -3,50E-03 inf
Correction due to last calibration of .
Ref DMM (V) 0 5,00E-04 normal -1 -5,00E-04 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 5,00E-04 normal ! 5,00E-04 inf
Voltage idicated by UUT-DMM (V) 10,000 58 5,37E-06 normal 1 5,37E-06 19
Resolution of UUT- DMM (V) 0 2,89E-06 rectagular 1 2,89E-06 inf
Combined Uncertainty, u(Ex) (V) 3,57E-03
Error Ex (V) 0,000 04 -
Effective degrees of freedom, veff 2,30E+12
Coverage Factor, k 2
Error Ex (uVIV) 4
Expanded uncertainty U(Ex) (pV/V) 714
AC Voltage 100 V 55 Hz
Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation | uncertainty o Y coefficient contribution freedom
. Distribution . . )
u(xi) ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 100,001 2 9,90E-05 normal -1 -9,90E-05 19
Resolution of Ref DMM (V) 0 2,89E-05 rectangular -1 -2,89E-05 inf
90 day specification for Ref DMM (V) 0 5,00E-03 normal -1 -5,00E-03 inf
Correction due to last calibration of .
Ref DMM (V) 0 2,00E-03 normal -1 -2,00E-03 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (V) 0 2,05E-03 normal ! 2,05E-03 inf
Voltage idicated by UUT-DMM (V) 99,998 0 1,05E-04 normal 1 1,05E-04 19
Resolution of UUT- DMM (V) 0 2,89E-05 rectagular 1 2,89E-05 inf
Combined Uncertainty, u(Ex) (V) 5,76E-03
Error Ex (V) -0,003 3 -
Effective degrees of freedom, veff 9,62E+07
Coverage Factor, k 2
Error Ex (uVIV) -33 -
Expanded uncertainty U(Ex) (pV/V) 115
|
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AC Voltage 100 V 1 kHz

Standard Probabilit Sensitivity Uncertaity Degrees of
Quantity Estimation || uncertainty | . " . y coefficient contribution freedom
. Distribution . . .
u(xi) Ci ui(Ex) Vi
Voltage indicated by Ref DMM (V) 99,999 3 4,90E-05 normal -1 -4,90E-05 19
Resolution of Ref DMM (V) 0 2,89E-05 rectangular -1 -2,89E-05 inf
90 day specification for Ref DMM (V) 0 4,00E-03 normal -1 -4,00E-03 inf
Correction due to last calibration of .
0 2,00E-03 normal -1 -2,00E-03
Ref DMM (V) inf
Correction due to Short Trem stability of .
L . 0 2,05E-03 normal 1 2,05E-03 inf
Multifuctional Calibrator (24 h) (V)
Voltage idicated by UUT-DMM (V) 100,001 8 4,91E-05 normal 1 4,91E-05 19
Resolution of UUT- DMM (V) 0 2,89E-05 rectagular 1 2,89E-05 inf
Combined Uncertainty, u(Ex) (V) 4,92E-03
Error Ex (V) 0,002 5 -
Effective degrees of freedom, veff 9,62E+08
Coverage Factor, k 2
Error Ex (uVIV) 25 -
Expanded uncertainty U(Ex) (pV/V) 98
4. Results of AC current
10 mA 300 Hz
- pegrees
Standard - - - Uncertait
. N K Probability | Sensitivity coefficient o y of
Quantity Estimation uncertainty S X contribution
) Distribution ci . freedom
u(xi) ui(Ex) L
Voltage indicated by Ref DMM (V) 0,999 918 7,38E-07 normal -0,01 1/Q -7,38E-06 mA 19
Resolution of Ref DMM (V) 0 2,89E-07 rectangular -0,01 1/Q -2,89E-06 mA inf
Absolute (1 year) specification of Ref DMM (V) 0 4,25E-05 normal -0,01 1/Q -4,25E-04 mA inf
Correction due to Loading of Ref DMM (1-8load) 1,0001 5,00E-06 rectangular -0,01 VIQ -5,00E-05 mA inf
DC resistance of current shunts Rs (Q) 100,000 934 7,50E-05 normal -0,0001 \//Q2 -7,50E-06 mA inf
Correction due to drift of shunt resistance (Q) 0 2,89E-05 rectagular -0,0001 V/Q2 -2,89E-06 mA inf
Correction due to temperature change of g . 2 . g .
shunt_resistance (Q) 0 2,31E-05 rectagular 0,0001 Vv/IQ 2,31E-06 mA inf
AC-DC difference of current shunt 0,999 999 5,50E-06 normal -0,01 vIQ -5,50E-05 mA inf
Drift of AC-DC difference of current shunt 0 5,77E-07 rectangular -0,01 VIQ -5,77E-06 mA inf
Current indicated by UUT-DMM (mA) 10,000 57 2,28E-05 normal 1 mA 2,28E-05 mA 19
Resolution of UUT- DMM (mA) 0 5,77E-06 rectagular 1 mA 5,77E-06 mA inf
Combined Uncertainty, u(Ex) (mA) 4,32E-04
Error Ex (mA) 0,000 49 -
Effective degrees of freedom, veff 2,43E+06
Coverage Factor, k 2
Error Ex (WA/A) 49
Expanded uncertainty U(Ex) (pA/A) 86
10 mA 1 kHz
Standard - - - Uncertaity Degrees
) A h Probability [ Sensitivity coefficient - of
Quantity Estimation uncertainty o . contribution
) Distribution ci . freedom
u(xi) ui(Ex) .
Vi
Voltage indicated by Ref DMM (V) 0,999 882 7,51E-07 normal -0,01 1/Q -7,51E-06 mA 19
Resolution of Ref DMM (V) 0 2,89E-07 rectangular -0,01 1/Q -2,89E-06 mA inf
Absolute (1 year) specification of Ref DMM (V) 0 4,25E-05 normal -0,01 1/Q -4,25E-04 mA inf
Correction due to Loading of Ref DMM (1-8load) 1,0001 5,00E-06 rectangular -0,01 VIQ -5,00E-05 mA inf
DC resistance of current shunts Rs (Q) 100,000 934 7,50E-05 normal -0,0001 \//Q2 -7,50E-06 mA inf
Correction due to drift of shunt resistance (Q) 0 2,89E-05 rectagular -0,0001 v/Q? -2,89E-06 mA inf
Correction due to temperature change of ¥ ¥ 2 . ¥ .
shunt_resistance (Q) 0 2,31E-05 rectagular 0,0001 Vv/IQ 2,31E-06 mA inf
AC-DC difference of current shunt 1,000 004 5,50E-06 normal -0,01 VIQ -5,50E-05 mA inf
Drift of AC-DC difference of current shunt 0 5,77E-07 rectangular -0,01 VIQ -5,77E-06 mA inf
Current indicated by UUT-DMM (mA) 10,000 69 9,17E-06 normal 1 mA 9,17E-06 mA 19
Resolution of UUT- DMM (mA) 0 5,77E-06 rectagular 1 mA 5,77E-06 mA inf
Combined Uncertainty, u(Ex) (mA) 4,32E-04
Error Ex (mA) 0,000 93 -
Effective degrees of freedom, veff 6,45E+07
Coverage Factor, k 2
Error Ex (WA/A) 93
Expanded uncertainty U(Ex) (pA/A) 86
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AC Currente 1 A300 Hz

Standard Probabilit Sensitivity | Uncertaity || Degrees of
Quantity Estimation | uncertainty || .. . Y coefficient [contribution|| freedom
. Distribution . . .
u(xi) Ci Ui(Ex) Vi
Current indicated by Ref DMM (A) 1,000 017 2,59E-06 normal -1 -2,59E-06 19
Resolution of Ref DMM (A) 0 2,89E-07 rectangular -1 -2,89E-07 inf
90 day specification for Ref DMM (A) 0 4,00E-04 normal -1 -4,00E-04 inf
Correction due to last calibration of .
Ref DMM (A) 0 1,50E-05 normal -1 -1,50E-05 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (A) 0 1,33E-04 normal ! 1,33E-04 inf
Current idicated by UUT-DMM (A) 0,999 920 2,42E-06 normal 1 2,42E-06 19
Resolution of UUT- DMM (A) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (A) 4,22E-04
Error Ex (A) -0,000 097 -
Effective degrees of freedom, veff 7,52E+09
Coverage Factor, k 2
Error Ex (MA/A) -97
Expanded uncertainty U(Ex) (uA/A) 843
AC Currente 1 A 1kHz
Standard Probabilit Sensitivity | Uncertaity || Degrees of
Quantity Estimation | uncertainty || .. Y coefficient [contribution| freedom
. Distribution . . .
u(xi) Ci ui(Ex) Vi
Current indicated by Ref DMM (A) 1,000 105 2,08E-06 normal -1 -2,08E-06 19
Resolution of Ref DMM (A) 0 2,89E-07 rectangular -1 -2,89E-07 inf
90 day specification for Ref DMM (A) 0 4,00E-04 normal -1 -4,00E-04 inf
Correction due to last calibration of .
Ref DMM (A) 0 1,50E-05 normal -1 -1,50E-05 inf
Correction due to Short Trem stability of .
Multifuctional Calibrator (24 h) (A) 0 1,33E-04 normal 5 ~1,335-04 inf
Current idicated by UUT-DMM (A) 1,000 071 2,48E-06 normal 1 2,48E-06 19
Resolution of UUT- DMM (A) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (A) 4,22E-04
Error Ex (A) -0,000 035 -
Effective degrees of freedom, veff 1,06E+10
Coverage Factor, k 2
Error Ex (MA/A) -35
Expanded uncertainty U(Ex) (pA/A) 843
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5.

10 Q True Ohm

Results of DC resistance

Standard Probability || Sensitivity Uncertaity [ Degrees of
Quantity Estimation | uncertainty | Distributio | coefficient contribution || freedom
u(xi) n Ci ui(Ex) Vi
Standard Resistors (Q) 10,000 122 5,00E-06 normal -1 -5,00E-06 9
Correction of Standard Resistors due to drift from last i
i X 0 1,15E-06 rectangular -1 -1,15E-06 inf
calibration (Q)
Correction of Standard Resistors due to temperature 0 3,00E-08 rectaguler A -3,00E-08 inf
change (Q)
Resistance indicated by UUT-DMM (Q) 10,000 262 8,01E-07 normal 1 8,01E-07 9
Resolution of UUT- DMM (Q) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (Q) 5,20E-06
Error Ex (Q) 0,000 140 -
Effective degrees of freedom, veff 10,54
Coverage Factor, k 2,28
Error Ex (uQ/Q) 14,0 -
Expanded uncertainty U(Ex) (uQ/Q) 1,2
10 kQ True Ohm
Standard | Probability || Sensitivity Uncertaity [ Degrees of
Quantity Estimation | uncertainty | Distributio | coefficient contribution || freedom
u(xi) n Ci ui(Ex) Vi
Standard Resistors (kQ) 10,000 003 5,00E-06 normal -1 -5,00E-06 9
Correction of Standard Resistors due to drift from last .
L 0 1,15E-06 rectangular -1 -1,15E-06 inf
calibration (kQ)
Correction of Standard Resistors due to temperature 0 3,00E-09 rectagular 4 -3,00E-09 inf
change (kQ)
Resistance indicated by UUT-DMM (kQ) 10,000 090 3,38E-07 normal 1 3,38E-07 9
Resolution of UUT- DMM (kQ) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (kQ) 5,15E-06
Error Ex (Q) 0,000 087 -
Effective degrees of freedom, veff 10,14
Coverage Factor, k 2,28
Error Ex (Q/Q) 8,7 -
Expanded uncertainty U(Ex) (uQ/Q) 1,2
10 kQ True Ohm Lol
Standard | Probability|| Sensitivity Uncertaity [ Degrees of
Quantity Estimation | uncertainty | Distributio | coefficient || contribution | freedom
u(xi) n Ci ui(Ex) Vi
Standard Resistors (kQ) 10,000 003 5,00E-06 normal -1 -5,00E-06 9
Correction of Standard Resistors due to drift from last i
o 0 1,15E-06 rectangular -1 -1,15E-06 inf
calibration (kQ)
Correction of Standard Resistors due to temperature 0 3,00E-09 rectagular 4 -3,00E-09 inf
change (kQ)
Resistance indicated by UUT-DMM (kQ) 10,000 101 6,96E-07 normal 1 6,96E-07 9
Resolution of UUT- DMM (kQ) 0 2,89E-07 rectagular 1 2,89E-07 inf
Combined Uncertainty, u(Ex) (kQ) 5,19E-06
Error Ex (Q) 0,000 098 -
Effective degrees of freedom, veff 10,42
Coverage Factor, k 2,28
Error Ex (uQ/Q) 9,8 -
Expanded uncertainty U(Ex) (uQ/Q) 1,2
1 MQ
Standard Probability | Sensitivity Uncertaity [ Degrees of
Quantity Estimation || uncertainty [ Distributio | coefficient contribution || freedom
u(xi) n Ci ui(Ex) Vi
Resistance idicated by Ref DMM (MQ) 1,000 014 1 3,06E-08 normal -1 -3,06E-08 19
Resolution of Ref DMM (MQ) 0 2,89E-08 rectangular -1 -2,89E-08 inf
90 day specification for Ref DMM (MQ) 0 2,50E-06 normal -1 -2,50E-06 inf
Correction due to last calibration of Ref DMM (MQ) 0 7,50E-07 normal -1 -7,50E-07 inf
Voltage idicated by UUT-DMM (MQ) 1,000 021 7 2,89E-08 normal 1 2,89E-08 19
Resolution of UUT- DMM (MQ) 0 2,89E-08 rectagular 1 2,89E-08 inf
Combined Uncertainty, u(Ex) (kQ) 2,61E-06
Error Ex (MQ) 0,000 007 7 -
Effective degrees of freedom, veff 5,62E+08
Coverage Factor, k 2
Error Ex (uQ/Q) 7,7
Expanded uncertainty U(Ex) (uQ/Q) 5,2
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1. PARTICIPANT INSTITUTE

Institute National Institut of Metrology, Romania

Contact Person Liliana Cirneanu

E-mail liliana.cirneanu@inm.ro

Address Sos. Vitan-Barzesti, nr.11, sector 4, 042122 Bucuresti, Romania

2. PERIOD OF MEASUREMENTS

18 — 26 May 2015

3. AMBIENT CONDITIONS

Temperature (23 1 )°C
Relative Humidity : ( 50 = 15 )%rh

H+

4. THE MEAUREMENT STANDARDS USED

Multif ti UME, Turkey
ga:ig:‘act ;’" Fluke 5730A 2941503 G1LV-0033 /
09.04.2015

5. MEASUREMENT METHOD

Direct comparison against multifunction calibrator
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6. MEASUREMENT RESULTS

AC VOLTAGE
Nominal Value . .
e W — Cgﬁggg Readin9 o | Error of 8508A | Uncertainty'
100 mV 55 Hz 100.0005 mV 99.9947 mV -58 uVvIv 128 pviv
200 mV
100 mV 1 kHz 100.0004 mV 99.9989 mV -15 yviv 128 pv/iv
10V 55 Hz 10.00008 V 10.00056 V 48 uVIV 42 yWIV
20V 10V 1 kHz 10.00004 V 10.00096 V 92 uviv 42 pviv
10V 100 kHz 9.99987 V 10.00032 V 45 pVIv 107 pv/ivV
100V 55 Hz 100.0001 V 99.9990 V -11 uyviv 51 pviv
0y 100 V 1 kHz 100.0001 V 100.0028 V 27 uyviv 51 pviv
AC CURRENT
Nominal Value . .
R;ggg AOf Current | Frequency éﬂf:'ei(: Re:sd(;g% el Error of 8508A Uncertainty1
10 mA 300 Hz 10.00009 mA 10.00063 mA 54 pA/A 134 pA/A
omA 10 mA 1 kHz 10.00006 mA 10.00076 mA 70 yA/A 132 pA/A
1A 300 Hz 0.999970 A 0.999911 A -59 pA/A 287 pA/A
A 1A 1 kHz 0.999965 A 0.999984 A 19 pA/A 274 pyA/A

! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
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7. UNCERTAINTY BUDGET

7.1. DC Voltage

7.2. DC Current
7.3. DC Resistance

7.4. AC Voltage
Model Function:

Ex :V_x - (VC +Vdrift ) +Vres

Ex = absolute error of 8508; for report, it has to be reported as relative error to V,om

V, = indicated value; its estimate is aritmethic mean of 20 indications of DMM 8508,
associated contribution to combined uncertainty is experimental standard deviation of their mean

V. = applied voltage value, measured at the calibrator output; its estimate and contribution to
combined uncertainty are extracted from calibration certificate data of calibrator

Vi = Value which accounts for drift of the value of the voltage at the calibrator output since
its last calibration; its estimate is zero, contribution to combined uncertainty is extracted from
calibrator specifications for relative accuracy for 90 days (2 months passed since last calibration)

V,es = value which accounts for DMM 8508 finite resolution; its estimate is zero, contribution to
combined uncertainty is 1/2+/3 of value corresponding to last digit of DMM indication

Table 4. Uncertainty budget for 100 mV / 55 Hz

e . Degrees of
Quantity Estimate Standa_rd Probability Sens[tlylty Unce!'t au?ty Freedom
Uncertainty s Coefficient | Contribution
X Xi Distribution (DoF)
u(x)) Ci ui(Ex) V.
\/_X 99.9947 mV 0.00014 mV normal 1 0.00014 mV 19
Ve 100.0005 mV 0.0015 mV normal -1 0.0015 mV 0
Varit 0mV 0.00625 mV normal -1 0.00625 mV 0
Vies 0mvV 0.00003 mV rectangular 1 0.00003 mV 0
Combined Uncertainty, u(gEy;) | 0.0064 mV
Effective Degrees of Freedom, v >50
Error (Ey) -0.0058 mV
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 0.0128 mV

As absolute values, the results are: error E, = - 0.0058 mV, with an expanded

uncertainty (k = 2) U(Ex) = 0.0128 mV

As relative values to nominal value of 100 mV, the results are:

Ex = - 58 pVv/V; U(Ex) = 128 pVv/V
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7.5. AC Current

Model Function:
Ex = Ix - (IC + Idrifl ) + Ires

Similar to voltage model but quantities are currents. Meanings of variable indexes are same.

Table 5. Uncertainty budget for 10 mA / 1 kHz

e . Degrees of
Quantity Estimate Standa_rd Probability Sens[tlylty Unce!'t au?ty Freedom
Uncertainty s Coefficient | Contribution
X Xi Distribution (DoF)
u(x;) Ci ui(Ex) -
I
E 10.00076 mA | 0.000004 mA normal 1 0.000004 mA 19
le 10.00006 mA 0.00020 mA normal -1 0.00020 mA 0
it 0mA 0.000625 mA normal -1 0.000625 mA 0
lres 0mA 0.000003 mA rectangular 1 0.000003 mA 0
Combined Uncertainty, u(E,) 0'(:22\66
Effective Degrees of Freedom, v >50
Error (Ey) 0.00070 mA
Coverage Factor, k 2
Expanded Uncertainty, U(E,) 0'22132

As absolute values, the results are: error E, = 0.00070 mA, with an expanded
uncertainty (k = 2) U(Ex) = 0.00132 mA

As relative values to nominal value of 10 mA, the results are:

Ex =70 pA/A; U(Ex) = 132 pA/A
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1. PARTICIPANT INSTITUTE

Institute CENTER FOR PHYSICAL SCIENCES AND TECHNOLOGY: METROLOGY
DEPARTMENT (FTMC)

Copiinesed Andrius BartaSitinas

E-mail . .
andrius.bartasiunas@ftmec.lt

Address A. Gogtauto str. 11, LT-01108 Vilnius, Lithuania.

2. PERIOD OF MEASUREMENTS

Measurements were taken in period of 2015-07-27 to 2015-07-31.

3. AMBIENT CONDITIONS

Temperature

Relative humidity

:(23+1)°C

£ (45 £ 10) % th

4. THE MEASUREMENT STANDARDS USED

Name Mam::factur Model No Serial No Traceability
DC Voltage FLUKE 7001 47001 Local primary Josephson DC voltage
standard standard.
Keysignt Technologies, issued 2014-
Digital 10-09, certificate number 1-
multimeter AGILENT 3458A US28030263 ‘ 5559727843-1;
Local adjustment of DC voltage (10
V).
Refqence FLUKE 759A 2410019 Adjusted before measureplent§ to
divider meet manufacturers specification.
Czech Metrology Institute, issued
ACIDC mansier | pLUKE | 7924 8295002 2008-08-29, certificate number
6011-KL-V576-08.
Multifunction | gy yrp | 57204 9500204 Adjusted locally.
calibrator
Calibrated locally against 1 Ohm
10 Ohm standarq resigtor (Czech Metrology
standard resistor TINSLEY 5685A 279942 Inst}tute, issued 2012-11-05,
certificate number 1011-KL-
A00043-12).
10 kilo Ohm Czech Metrology ‘Institute, issued
standard resistor TEGAM SR104 K201090230104 2012-11-05, certificate number
1011-KL-A00044-12.
Calibrated locally against 100 kOhm
I mega Ohm > 10 kOhm stapdard .resistors (Czech
standard resistor TINSLEY 5615B 279523 Metrology Institute, issued 2012-11-
05, certificate number 1011-KL-
A00044-12).
Page 77 of 285
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5. MEASUREMENT METHOD

For 100 mV DC voltage, a direct measurement of reference standard was used (10 V FLUKE 7001
Zener voltage standard connected to FLUKE 752A reference divider, set at ratio 1:100). For 10 V DC
voltage, a direct measurement of 10 V FLUKE 7001 Zener voltage standard was used. All resistance
measurements were done by direct measurement of standard resistors.

For other measurements FLUKE 5720A calibrator was used. To determine applied value for DC
voltage (100 V and 1000 V), DC current and AC current, a reference multimeter was used (AGILENT
3458A). Applied value calculated as average of two values (one before measurement with traveling
standard, onother after). Each value calculated as average of 30 readings. 100 and 1000 V DC output of
calibrator were divided by FLUKE 752A set at ratio 1:10 and 1:100 respectively and measured with
AGILENT 3458A reference DMM at 10 volt range. All DC current and AC current values were measured
directly from calibrator output.

For AC voltages, a calibrator output was measured using FLUKE 792A AC/DC transfer standard

and then adjusted to output exact nominal voltage. Adjusted calibrator output then measured with traveling
standard directly.

Page 78 of 285 2
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6. MEASUREMENT RESULTS

DC VOLTAGE
Range of . . Reading of Error of < .1
8508A Nominal value | Applied value 8508A 8508A Uncertainty
200 mV +100 mV 99,99882 mV | 99,99880 mV -2,0- 107 5,1-10°
20V +10 V 9,999882 V 9,999926 V 4,4 -10° 1,0 - 10
200 V +100 V 100,00007 V 99,99996 V -1,1 - 10° 1,5-10°
1000V +1000 V 1000,0027 V 1000,0021 V -6,0 - 107 1,4-10°
DC CURRENT
Range of . . Reading of Error of c 1
8508A Nominal value | Applied value 8508A 8508A Uncertainty
200 pA +100 pA 100,00027 pA | 99,99949 uA -7,8 - 10° 3,4-107
20 mA +10 mA 9,999962 mA | 10,000199 mA 2,37 107 2,8-107
1A +1 A 0,9999564 A 0,9998687 A -8,77 - 10 1,2-10+
DC RESISTANCE
Range of | Mode of Nominal . Reading of Error of ..
85084 | 85084 | value | ~Ppliedvalue 85084 gs08A | Unmeertainty
20 Q TrueQ 10 Q 9,999975 Q 10,000115 Q 1,4-107 1,1-10°
20 kQ TrueQ 10 kQ 10,000011kQ | 10,000100kQ | 8,9-10° 1,1-10°
TrueQ Lol 10 kQ 10,000011 kQ | 10,000111 kQ 1,0 - 107 1,3-10°
2 MQ Normal Q 1 MQ 0,9999582 MQ | 0,9999673 MQ | 9,1-10° 1,7-10°
AC VOLTAGE
Range of Nominal value . Reading of Error of o)
8508A | Voltage | Frequency | “PPlied voltage | 5480 gs0ga | Lneertainty
200 mV 100 mV 55Hz 100,0000 mV_ | 99,9945 mV | -5,5-107 1,4-104
100 mV 1 kHz 100,0000 mV_ | 99,9991 mV | -9,0 - 10 1,3-10+
10V 55Hz 10,00000 V 10,00062 V 6,2 - 107 4,4 -107
20V 10V 1 kHz 10,00000 V 10,00106 V 1,06 - 104 43107
10V 100 kHz 10,00000 V 10,00081 V 8,1 -107 3,3-10%
200 V 100 V 55Hz 100,0000 V 99,9990 V -1,0 - 107 5,7-10°
100 V 1 kHz 100,0000 V 100,0033 V 3,3 - 103 52-10°
AC CURRENT
Range of Nominal value Applied Reading of Error of Uncertainty!
8508A | Current | Frequency current 8508A 8508A y
20 mA 10 mA 300 Hz 10,00062 mA | 10,00052 mA | -1,0-107 5,7-10*
10 mA 1 kHz 10,00051 mA | 10,00066 mA 1,5-107 5,5-10*
LA 1A 300 Hz 1,000073 A 0,999901 A | -1,72-10* 1,2-10°
1A 1 kHz 1,000121 A 0,999989 A | -1,32-10* 1,2-107
!Expanded uncertainty corresponding to the coverage probability of approximately 95%.
Page 79 of 285
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7. UNCERTAINTY BUDGET

7.1. DC voltage

Model function (100 mV DC):

_ ((Xs +X4)_(X1 'Xz))+X5

Y
(X 1 X 2 )
Table 1. Uncertainty budget for 100 mV
cpe s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertan.lty freedom
uncertainty | .. . . coefficient | contribution
X; X; distribution (DoF)
u(xy) Ci u(Ey) v
X 10V
Zener 9,999881922 | 5,010 Normal -0,100001 | -5,0-10° 148
reference
standard, V
X5 752A
reference 0,01 2,5-108 Normal -99,99998 -2,5-10° infinity
divider ratio
X3Z
Measurement | 0,09999880 | 2,98 - 108 Normal 10,000118 2,98 - 107 29
result, V
X4Z
Resolution of 9 3 e
. 0 2,89-10 Rectangular 10,000118 2,89 -10 infinity
the traveling
standard, V
X5Z
Repeatability 0 4,04 -108% | Rectangular | 10,000118 4,04 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 2,55 - 10°
Error 5 107 Effective Degrees of Freedom, v, | infinity
Ey Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 5,10 - 10
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Model function (10 V DC):

Y = ((Xz +X3)_X1)+X4
Xl
Table 2. Uncertainty budget for 10 V
cpe s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertan.lty freedom
uncertainty | . . . coefficient | contribution
X; X; distribution (DoF)
u(xy) Ci u(Ey) v
X 10V
Zener 9,999881922 | 5,0 - 10 Normal -0,100002 | -5,0-107 148
reference
standard, V
Xzi
Measurement 9,999926 5,51 -107 Normal 0,1000012 5,51-108 29
result, V
X3I
Resolution of 4 8 . )
: 0 2,89 -10 Rectangular | 0,1000012 2,89 -10 infinity
the traveling
standard, V
X4I
Repeatability 0 5,77 -107 | Rectangular | 0,1000012 5,77 - 108 infinity
of results, V
Combined Uncertainty, u(E,) | 5,0 - 10”7
Error 44 106 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,0 - 10°
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Model function (100 V DC):

Y = ((Xﬁ +X7)_(X5 'Xz +X1 +X3 +X4))+X8

(X X, + X, + X, +X,)

Table 3. Uncertainty budget for 100 V

e s . Degrees of
Quantity Estimate Standa‘rd Probability Sens1t1.wty Uncertan.lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(xy) Ci u(Ey) v
X 10V
Lener 0 5010 Normal -0,01 -5,0 - 107 148
reference
standard, V
X, 752A
reference 10 1,0-10° Normal -0,1 -1,0- 107 infinity
divider ratio
X5: 5720A
gf‘;l‘)?fityo; 0 4,5-10° Normal -0,01 45107 infinity
100V, V
Xu: Applied 0 9,35-107 | Normal 0,01 9,35 - 10% 29
voltage, V
Xsi
gi/f[el\r/fnce 10,000007 | 2,75-10¢ | Normal 0,1 -2,75-107 | infinity
accuracy, V
X6I
Measurement | 99,99996 5,10 - 10 Normal 0,01 5,10-108 29
result, V
X7Z
Resolution of 0 2.89-10¢ | Rectangular | 0,01 2,89-10% | infinity
the traveling
standard, V
XgZ
Repeatability 0 5,77 - 10 | Rectangular 0,01 5,77 - 108 infinity
of results, V
Combined Uncertainty, u(E,) | 7,4 - 10”7
Error 11 -10% Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,5 10°
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Model function (1000 V DC):

Y = ((Xﬁ +X7)_(X5 'Xz +X1 +X3 +X4))+X8

(X X, + X, + X, +X,)

Table 4. Uncertainty budget for 1000 V

cpe s . Degrees of
Quantity Estimate Standa‘rd Probability Sens1t1.wty Uncertan.lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(xy) Ci u(Ey) v
X 10V
Lener 0 5,0 10 Normal -0,001 -5,0 - 107 148
reference
standard, V
X, 752A
reference 100 2,5-10° Normal -0,01 -2,5-10 infinity
divider ratio
X3: 5720A
gf‘;l‘)?fityo; 0 3,510 Normal -0,001 3,5-107 infinity
1000V, V
Xs: Applied 0 7,40-107 | Normal -0,001 -7,40 - 1010 29
voltage, V
Xsi
gi/f[el\r/fnce 10,000027 | 2,75-10¢ | Normal 0,1 -2,75-107 | infinity
accuracy, V
X6I
Measurement | 1000,0021 5,71 -10° Normal 0,001 5,71-108 29
result, V
X7Z
Resolution of i i . )
. 0 2,89 - 10° | Rectangular 0,001 2,89 - 108 infinity
the traveling
standard, V
XgZ
Repeatability 0 1,12-10* | Rectangular 0,001 1,12 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 6,83 - 107
Error 6.0 - 107 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, UE,) | 1,4 - 10°
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7.2. DC current

Model function (100 pA DC):

_ ((Xz +X3)_(X1 + X, + X +X6))+X7

Y
(X, +X,+X,+X,)
Table 5. Uncertainty budget for 100 pA
o Degrees
. . Standard Probabilit Sensitivity | Uncertainty %f
Quantity Estimate . y . o
X " uncertainty distributi coefficient | contribution | freedom
! ' u(x;) on ¢ u(E,) (DoF)
Vi
Xi: Applied 1100 0002710 | 4,57- 1011 | Normal | -9999.805 | -4,57-107 29
current, A
Xgi
Measured 99,99949 - 10¢ | 2,64 - 10! Normal 9999,973 2,64 - 107 29
current, A
X3:
Resolution of 0 2,89 1012 | Reetangul | 9909 973 | 289.10% | infinity
traveling ar
standard, A
X4Z
%‘f\i\rjme 0 1,15-10° | Normal | -9999.895 | -1,15-10% | infinity
accuracy, A
X5Z
Reference
DMM last 0 1,00 - 107 Normal -9999,895 -1,00 - 103 infinity
calibration,
A
Xe: ST20A
‘S’f;;)'fi’lrity";t 0 7,50 - 101 | Normal | -9999,895 | -7,50-10° | infinity
100 pA, A
X7 Rectangul
Repeatability 0 4,04 - 101 ar & 9999,973 4,04 - 107 infinity
of results, A
Combined Uncertainty, u(E,) | 1,7 - 107
Error 78 106 Effective Degrees of Freedom, v, | infinity
E, i Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 3,4 - 10°
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Model function (10 mA DC):

Y = ((Xz +X3)_(X1 +X4 +X5 +X6))+X7

(X, +X,+X,+X,)

Table 6. Uncertainty budget for 10 mA

Degrees
Quantity Estimate Standa'rd Probability Sensiti.vity Uncertail.lty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ci u(E,) (DoF)
Vi
Xi: Applied | 609999962 | 2.88-109 | Normal | -100,0028 | -2.88- 107 29
current, A
Xgi
Measured 0,010000199 1,07 - 10 Normal 100,00038 1,07 - 107 29
current, A
X3Z
Resolution of . ) e
. 0 2,89 - 1071 | Rectangular | 100,00038 2,89 - 108 infinity
traveling
standard, A
X4Z
%ﬁeﬁnce 0 1,00-107 | Normal | -100,0028 | -1,00-10% | infinity
accuracy, A
X5Z
Reference
DMM last 0 8,50 - 108 Normal -100,0028 -8,50 - 10 infinity
calibration,
A
Xe: ST20A
‘S’f;;)'fi’lrity";t 10 0 500108 | Normal | -100,0028 | -500-10¢ | infinity
mA, A
X7I
Repeatability 0 8,08 - 10° | Rectangular | 100,00038 8,08 - 10”7 infinity
of results, A
Combined Uncertainty, u(E,) | 1,4 - 107
Error 237 .10 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 2,8 - 10
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Model function (1 A DC):

Y = ((Xz +X3)_(X1 +X4 +X5 +X6))+X7

(X, +X,+X,+X,)

Table 7. Uncertainty budget for 1 A

Degrees
Quantity Estimate Standa'rd Probability Sensiti.vity Uncertail.lty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ci u(E,) (DoF)
Vi
Xi: Applied | 0 9999564 | 355107 | Normal | -0.999956 | -3.55-107 29
current, A
Xgi
Measured 0,9998687 1,85 - 107 Normal 1,0000436 1,85 - 107 29
current, A
X3Z
Resolution of . ) e
. 0 2,89 -10® | Rectangular | 1,0000436 2,89 - 108 infinity
traveling
standard, A
X4Z
%ﬁeﬁnce 0 550-10° | Normal | -0,999956 | -550-10% | infinity
accuracy, A
X5Z
Reference
DMM last 0 2,15-10°3 Normal -0,999956 22,1510 infinity
calibration,
A
Xe: 5720A
‘S’f;;)'fi’lrity";t 0 8,00-10¢ | Normal | -0,999956 | -8,00-10¢ | infinity
1A, A
X7I
Repeatability 0 1,67 - 10 | Rectangular | 1,0000436 1,67 - 106 infinity
of results, A
Combined Uncertainty, u(E,) | 6,0 - 10?
Error 877 - 105 Effective Degrees of Freedom, v, | infinity
E, > Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,2 - 10+
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7.3. DC resistance

Model function (10 Ohms):

Y = ((Xs +X4)_(X1 +X2))+X5

(X, +.X,)
Table 8. Uncertainty budget for 10 Ohms
Degrees
Quantity | Estimate | Otndard | o pability | Scnsitivity | Uncertainty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ¢ u(E,) (DoF)
Vi
X;: 10 Ohm
reference 9,999975317 5,00 - 106 Normal -0,100002 -5,00 - 1077 54
resistor, Ohm
Xzi
Temperature
correction of 0 2,89 - 107 Rectangular | -0,100002 -2,89 - 108 infinity
reference
resistor, Ohm
X3Z
Measurement | 10,000115 1,82 - 10 Normal 0,1000002 1,82 - 107 29
result, Ohm
X4Z
Resolution of
traveling 0 2,89 - 107 Rectangular | 0,1000002 2,89 - 108 infinity
standard,
Ohm
XSZ
Repeatability 0 849107 | Rectangular | 0,1000002 | 849-10% | infinity
of results,
Ohm
Combined Uncertainty, u(E,) | 5,4 - 107
Error 14 - 10 Effective Degrees of Freedom, v, | 71,33266
E, ’ Coverage Factor, k | 2,0357
Expanded Uncertainty, U(E,) | 1,1 - 10°
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Model function (10 kOhms):

_ ((Xs +X4)_(X1 +X2))+X5

Y
(X, +.X,)
Table 9. Uncertainty budget for 10 kOhms
Degrees
Quantity | Estimate | Otandard | o pability | Scnsitivity | Uncertainty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ci u(E,) (DoF)
Vi
Xi: 10 kOhm
reference 10000,011 5,00 - 103 Normal -0.0001 -5,00 - 107 54
resistor, Ohm
Xzi
Temperature
correction of 0 1,15-10* Rectangular -0.0001 -1,15-108 infinity
reference
resistor, Ohm
X3I
Measurement 10000,1 2,22 103 Normal 0.0001 2,22 - 107 29
result, Ohm
X4Z
Resolution of
traveling 0 2,89 - 10+ Rectangular 0.0001 2,89 - 108 infinity
standard,
Ohm
XSZ
Repeatability 0 826104 | Rectangular |  0.0001 8.26-10% | infinity
of results,
Ohm
Combined Uncertainty, u(E,) | 5,5 - 10”7
Error 89 .10 Effective Degrees of Freedom, v, | 75,96887
E, ’ Coverage Factor, k | 2,0334
Expanded Uncertainty, U(E,) | 1,1 - 10°
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Model function (10 kOhms, Lol):

Y = ((Xs +X4)_(X1 +X2))+X5

(X, +X,)
Table 10. Uncertainty budget for 10 kOhms Lol
cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertan.lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X;: 10 kOhm
reference 10000,011 5,00 - 1073 Normal -0.0001 -5,00 - 107 54
resistor, Ohm
Xgi
Temperature
correction of 0 1,15-10* | Rectangular -0.0001 -1,15- 108 infinity
reference
resistor, Ohm
X3:
Measurement 10000,111 3,59 107 Normal 0.0001 3,59 - 107 29
result, Ohm
X4I
Resolution of
traveling 0 2,89 - 10* | Rectangular 0.0001 2,89 -108 infinity
standard,
Ohm
X5Z
Repeatability 0 8,83- 104 | Rectangular |  0.0001 8,83-10% | infinity
of results,
Ohm
Combined Uncertainty, u(E,) | 6,22 - 107
Error 10 - 105 Effective Degrees of Freedom, v | 86,854070
E, ’ Coverage Factor, k | 2,0292
Expanded Uncertainty, UE,) | 1,3 - 10
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Model function (1 MOhm):

Y = ((Xs +X4)_(X1 +X2))+X5

(X, +.X,)
Table 11. Uncertainty budget for 1 MOhm
cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertall‘lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X;: 1 MOhm
reference 999958,18 0,8 Normal -1-10° -8,00 - 1077 23
resistor, Ohm
Xgi
Temperature
correction of 0 3,46 - 102 | Rectangular -1-10¢ -3,46 - 108 infinity
reference
resistor, Ohm
X3:
Measurement 999967,3 2,01 - 10! Normal 1-10° 2,01-107 29
result, Ohm
X4I
Resolution of
traveling 0 2,89 102 | Rectangular 1-10° 2,89-108 infinity
standard,
Ohm
X5Z
Repeatability 0 577-102 | Rectangular | 110 577-10% | infinity
of results,
Ohm
Combined Uncertainty, u(E,) | 8,28 - 107
Error 9.1 - 10 Effective Degrees of Freedom, v | 26,323916
E, > Coverage Factor, k | 2,0996
Expanded Uncertainty, U(E,) | 1,7 - 10°
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7.4. AC voltage

Model function (100 mV@ 55 Hz):

_ ((Xs +X6)_(X2 + X, + X, +X4))+X7

Y
(X, +X,+X,+X,)
Table 12. Uncertainty budget for 100 mV @55 Hz
Degrees
Quantity Estimate Standa.rd Probability Sensiti.vity Uncertail.lty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ¢ u(E,) (DoF)
Vi
X]Z 10V
Zener 0 3,00 - 108 Normal -9,99945 | 3,00 107 148
reference
standard, V
Xgi
Calibrator 0,1 6,25-10° Normal -9,99945 -6,25 - 10 infinity
output, V
Xgl
Calibrator 0 1,60 - 10° Normal -9,99945 -1,60 - 103 infinity
stability, V
X4 792A
transfer 0 1,75 -10° Normal -9,99945 -1,75 - 107 infinity
standard, V
X5Z
Measurement | 0,0999945 1,53 -10° Normal 10 1,53 - 107 29
result, V
X6I
Resolution of 0 2,89-10% | Rectangular 10 2,89-107 | infinity
traveling
standard, V
X7I
Repeatability 0 1,73 - 107 Rectangular 10 1,73 - 106 infinity
of results, V
Combined Uncertainty, u(E,) | 6,9 - 10
Error 55 .10° Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,4 - 10+
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Model function (100 mV@ 1 kHz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 13. Uncertainty budget for 100 mV @1 kHz

Degrees
Quantity Estimate Standa.rd Probability Sensiti.vity Uncertail.lty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ci u(E,) (DoF)
Vi
X]Z 10V
Zener 0 3,00 - 108 Normal -9,99991 | -3,00- 107 148
reference
standard, V
Xgi
Calibrator 0,1 6,25 -10° Normal -9,99991 -6,25 - 10 infinity
output, V
X3:
Calibrator 0 1,60 - 10° Normal -9,99991 -1,60 - 103 infinity
stability, V
X4 792A
transfer 0 1,75 -10° Normal -9,99991 -1,75 - 1073 infinity
standard, V
X5Z
Measurement |  0,0999991 7,03 - 107 Normal 10 7,03 - 10 29
result, V
X6I
Resolution of 0 2,89-10% | Rectangular 10 2,89-107 | infinity
traveling
standard, V
X7I
Repeatability 0 1,73 - 108 Rectangular 10 1,73 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 6,7 - 10
Error 9.0 - 106 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,3 - 10+
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Model function (10 V@ 55 Hz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 14. Uncertainty budget for 10 V @55 Hz

Degrees
Quantity Estimate Standa.rd Probability Sensiti.vity Uncertail.lty of
X . uncertainty distribution coefficient | contribution | freedom
! ! u(x;) ci u(E,) (DoF)
Vi
X]Z 10V
Zener 0 3,00 - 10 Normal | -0,100006 | -3,00-107 148
reference
standard, V
Xgi
Calibrator 10 2,00 - 104 Normal -0,100006 -2,00 - 1073 infinity
output, V
X3:
Calibrator 0 6,40 - 107 Normal -0,100006 -6,40 - 10 infinity
stability, V
X4 792A
transfer 0 6,00 - 10 Normal -0,100006 -6,00 - 10 infinity
standard, V
X5Z
Measurement 10,00062 2,90 - 107 Normal 0,1 2,90 - 10 29
result, V
X6I
Resolution of 0 2,89-106 | Rectangular 0,1 2,89-107 | infinity
traveling
standard, V
X7I
Repeatability 0 1,35-10¢ Rectangular 0,1 1,35 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 2,2 - 107
Error 62 - 105 Effective Degrees of Freedom, v, | infinity
E, ¢ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 4,4 - 10°
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Model function (10 V@ 1 kHz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 15. Uncertainty budget for 10 V @1 kHz

cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertall‘lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X 10V
Lener 0 3,00-106 | Normal | -0,100011 | -3,00-107 148
reference
standard, V
Xzi
Calibrator 10 2,00 - 10 Normal -0,100011 -2,00 - 107 infinity
output, V
X3I
Calibrator 0 6,40 - 103 Normal -0,100011 -6,40 - 10° infinity
stability, V
X4: 792A
transfer 0 5,00 - 10°° Normal -0,100011 -5,00 - 10° infinity
standard, V
Xsi
Measurement | 10,00106 1,65-103 Normal 0,1 1,65-10° 29
result, V
X6Z
Resolution of | - 2,89-10¢ | Rectangular | 0,1 289107 | infinity
traveling
standard, V
X7Z
Repeatability 0 5,77 - 10 Rectangular 0,1 5,77 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 2,15 - 107
Error 1.06 - 10 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 4,3 - 107
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Model function (10 V@ 100 kHz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 16. Uncertainty budget for 10 V @100 kHz

cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertall‘lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X 10V
Lener 0 3,00-106 | Normal | -0,100008 | -3,00-107 148
reference
standard, V
Xzi
Calibrator 10 1,65- 103 Normal -0,100008 -1,65- 104 infinity
output, V
X3I
Calibrator 0 1,58 - 104 Normal -0,100008 -1,58 - 107 infinity
stability, V
X4: 792A
transfer 0 7,50 - 10°° Normal -0,100008 -7,50 - 10° infinity
standard, V
Xsi
Measurement | 10,00081 1,22 -10°3 Normal 0,1 1,22 -10° 29
result, V
X6Z
Resolution of | - 2,89-10¢ | Rectangular | 0,1 289107 | infinity
traveling
standard, V
X7Z
Repeatability 0 1,73 - 10 Rectangular 0,1 1,73 - 106 infinity
of results, V
Combined Uncertainty, u(E,) | 1,66 - 107
Error 81 105 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 3,3 - 104
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Model function (100 V@ 55 Hz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 17. Uncertainty budget for 100 V @55 Hz

cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertall‘lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X 10V
Lener 0 3,00 - 10 Normal 0,01 -3,00 - 107 148
reference
standard, V
Xzi
Calibrator 100 2,3-1073 Normal -0,01 -2,30- 107 infinity
output, V
X3I
Calibrator 0 6,40 - 104 Normal -0,01 -6,40 - 10° infinity
stability, V
X4: 792A
transfer 0 1,50 - 1073 Normal -0,01 -1,50 - 103 infinity
standard, V
Xsi
Measurement | 99,9990 2,95 -10* Normal 0,01 2,95-10° 29
result, V
X6Z
Resolution of | - 2,89-105 | Rectangular | 0,01 289107 | infinity
traveling
standard, V
X7Z
Repeatability 0 5,77 - 103 Rectangular 0,01 5,77 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 2,84 - 10°
Error 10 -10° Effective Degrees of Freedom, v, |  infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 5,7 - 10
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Model function (100 V@ 1 kHz):

Y = ((Xs +X6)_(X2 +X1 +X3 +X4))+X7

(X, +X,+X,+X,)

Table 18. Uncertainty budget for 100 V @1 kHz

cpen s . Degrees of
Quantity Estimate Standa.rd Probability Sens1t1y1ty Uncertall‘lty fr%edom
X, x; uncertainty distribution coefficient | contribution (DoF)
u(x;) ¢i ui(Ey) v
X 10V
Lener 0 3,00 - 10 Normal 0,01 -3,00 - 107 148
reference
standard, V
Xzi
Calibrator 100 2,3-1073 Normal -0,01 -2,30- 107 infinity
output, V
X3I
Calibrator 0 6,40 - 104 Normal -0,01 -6,40 - 10° infinity
stability, V
X4: 792A
transfer 0 1,00 - 1073 Normal -0,01 -1,00 - 103 infinity
standard, V
Xsi
Measurement | 100,0033 1,55-10% Normal 0,01 1,55-10° 29
result, V
X6Z
Resolution of | - 2,89-105 | Rectangular | 0,01 289107 | infinity
traveling
standard, V
X7Z
Repeatability 0 5,77 - 103 Rectangular 0,01 5,77 - 107 infinity
of results, V
Combined Uncertainty, u(E,) | 2,59 - 107
Error 33 105 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 5,2 - 10
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7.5. AC current

Model function (10 mA @ 300 Hz ):

Y = ((Xz +X3)_(X1 +X4+X5 +X6))+X7

(X, +X,+X,+X,)

Table 19. Uncertainty budget for 10 mA @300 Hz

T Estimate Standard | Probability | Sensitivity Uncertaint Degrees of
uncertainty | distributio | coefficient Y | freedom (DoF)
X; X; i) n ‘. contributio v
' n u(E,) '
zi‘lﬁr?rﬁpged 0,01000062 | 1,71 - 108 Normal | -99,9928 | -1,71- 10 29
Xgi
Measured 0,01000052 2,45-108 Normal 99,9938 2,45 -10° 29
current, A
X3:
5:::;3;?;; 0 2,89 -10° | Rectangular | 99,9938 | 2,89 - 107 infinity
standard, A
X4Z
%‘f\i\rjme 0 2,510 Normal | -99,99281 | -2,5-10% infinity
accuracy, A
X5Z
Reference
DMM last 0 1,35-10° Normal -99,9928 -1,35-10* infinity
calibration,
A
Xe: 5720A
calibrator 0 1,65 - 107 Normal -99,9928 -1,65-10°7 infinity
stability, A
X7Z
szl;eraet;bftlslt 0 6,35-10% | Rectangular | 99,9938 | 6,35- 10 infinity
A
Combined Uncertainty, u(E,) | 2,85 - 10*
Error 1.0 - 107 Effective Degrees of Freedom, v, | infinity
Ey ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 5,7 - 10+
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Model function (10 mA @ 1 kHz ):

Y = ((Xz +X3)_(X1 +X4+X5 +X6))+X7

(X, +X,+X,+X,)

Table 20. Uncertainty budget for 10 mA @1 kHz

T Estimate Standard | Probability | Sensitivity Uncertaint Degrees of
uncertainty | distributio | coefficient Y | freedom (DoF)
X; X; i) n ‘. contributio v
' n u(Ey) '
zi'lﬁrgﬁplfd 0,01000051 | 1,78 - 108 Normal | -99,9964 | -1,78- 10 29
Xgi
Measured 0,01000066 1,35- 108 Normal 99,9949 1,35- 10 29
current, A
X3Z
?Fff;j;?ﬁg 0 2,89-10° | Rectangular | 99,9949 | 2,89 107 infinity
standard, A
X4Z
%ﬁeﬁnce 0 2,510 Normal | -99,99641 | -2,5-10% infinity
accuracy, A
X5Z
Reference
DMM last 0 1,0-10°¢ Normal -99,9964 -1,0-10* infinity
calibration,
A
Xe: 57T20A
calibrator 0 5,0-107 Normal -99,9964 -5,0- 107 infinity
stability, A
X7Z
ny)I;eritsﬁltlslt 0 577-10% | Rectangular | 99,9949 | 5,77 106 infinity
A
Combined Uncertainty, u(E,) | 2,74 - 10*
Error 15 - 105 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 5,5 - 10+
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Model function (1 A @ 300 Hz ):

Y = ((Xz +X3)_(X1 +X4+X5 +X6))+X7

(X, +X,+X,+X,)

Table 21. Uncertainty budget for 1 A @300 Hz

T Estimate Standard Probability | Sensitivity IEC e L Degrees of
uncertainty | distributio | coefficient y . | freedom (DoF)
X; X; i) n ‘. contributio v
' n u(E,) '
zi'lﬁrgﬁplfd 1,000073 | 1,52-10° Normal | -0,999755 | -1,52-10° 29
Xgi
Measured 0,999901 6,80 - 10 Normal 0,999927 6,80 - 106 29
current, A
X3Z
?Fff;j;?ﬁg 0 2,89 - 107 | Rectangular | 0,999927 | 2.89- 107 infinity
standard, A
X4Z
%ﬁeﬁnce 0 6,0 - 10 Normal | -0,999755 | -6,0-10% infinity
accuracy, A
X5Z
Reference
DMM last 0 - Normal - - infinity
calibration,
A
Xe: 5720A
calibrator 0 2,75 107 Normal -0,999755 | -2,75-107 infinity
stability, A
X7Z
ny)I;eritsﬁltlslt 0 4,62-10° | Rectangular | 0,999927 | 4,62 - 10 infinity
A
Combined Uncertainty, u(E,) | 6,0 - 10+
Error 172 - 104 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,2 - 1073
Page 100 of 285 24

EURAMET Project 1341 - Draft B Report

Page 170 of 355



Model function (1 A @ 1 kHz ):

Y = ((Xz +X3)_(X1 +X4+X5 +X6))+X7

(X, +X,+X,+X,)

Table 22. Uncertainty budget for 1 A @1 kHz

T Estimate Standard Probability | Sensitivity IEC e L Degrees of
uncertainty | distributio | coefficient y . | freedom (DoF)
X; X; i) n ‘. contributio v
' n u(E,) '
zi'lﬁrgﬁplfd 1,000121 | 1,24-10° Normal | -0,999747 | -124-10° 29
Xgi
Measured 0,999989 7,41 -10° Normal 0,999879 7,41 - 10 29
current, A
X3Z
?Fff;j;?ﬁg 0 2,89 - 107 | Rectangular | 0,999879 | 2.89-107 infinity
standard, A
X4Z
%ﬁeﬁnce 0 6,0 - 10 Normal | -0,999747 | -6,0- 10" infinity
accuracy, A
X5Z
Reference
DMM last 0 - Normal - - infinity
calibration,
A
Xe: 5720A
calibrator 0 50-107 Normal -0,999747 -5,0- 107 infinity
stability, A
X7Z
ny)I;eritsﬁltlslt 0 52-10° | Rectangular | 0,999879 | 5.2- 10 infinity
A
Combined Uncertainty, u(E,) | 6,0 - 10+
Error 132 104 Effective Degrees of Freedom, v, | infinity
E, ’ Coverage Factor, k | 2
Expanded Uncertainty, U(E,) | 1,2 - 1073
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1. Introduction

This report is intended to present a summary of the results of Portuguese participation in the
EURAMET Project No 1341: “Comparison on Calibration of Multimeter”.

Portugal has been scheduled to participate between 2015-09-03 and 2015.09.11.

2. PARTICIPANT INSTITUTE
IPQ — Instituto Portugués da Qualidade

Institute . . .
Laboratério Nacional de Metrologia
Contact Person Luis Ribeiro
E-mail Iribeiro@ipq.pt
Rua Anténio Gido 2
Address

PT - 2829-513 Caparica, Portugal

3. PERIOD OF MEASUREMENTS

2015-09-03 to 2015-09-10

4. Travelling Standard

The travelling standard was an 82 digit multimeter, Fluke 8508A Reference Multimeter, serial
number 969656608, supplied by TUBITAK UME.

It was received on 2015-08-28 from:

Saliha TURHAN

TUBITAK ULUSAL METROLOJi ENSTITUSU
Gebze Yerlegkesi

P.K. 54 41470

Gezbe Kocaeli

under carnet at nr. TR-0024368
It was shipped on 2015-09-11 to:

Stanislava Kroneva Petrovska
Bureau of Metrology (BoM)
Bull. Jane Sandanski 109 a
MK-1000 Skopje R.

FYR Macedonia
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5. Measurement Quantities and Points

The quantities measured were DC voltage, DC current, AC voltage, AC current and DC
resistance in the points defined in the technical protocol.

Measurement quantities & points and the configuration of Fluke 8508A

: Measurement Range of Configuration of
Quantity Point 8508A 8508A
100 mV 200 mV Resolution 7
DC Voltage 10V 20V Filter ON
100 V 200 V Fast OFF
1000 V 1000V | Front Input
100 pA 200 pA Resolution 7
Filter ON
10 mA 20 mA
DC Current Fast OFF
1A 2A Front Input
+
100 mV @ 55 Hz 200 mV Resolution 6
100mV @ 1 k';'_Z Transfer ON
10V @ 55 Hz
AC Voltage 10V @ 1kH 20V AC Coupled
@1 khz RMS Filter 100 Hz
10V @ 100 kHz (RMS Filter 40 Hz @ 55 Hz)
100 V@ 55 Hz 200 V/
100 V @ 1 kHz Front |npUt
10 mA @ 300 Hz 20 mA Resolution 6
ACC ) 10mA @ 1 kHz AC Coupled
urren
1A @ 300 Hz oA RMS Filter 100 Hz
1A@1kHz Front Input
t
100 200 TrueQ (- Normal Q for 1 MQ)
Resolution 7
4-Wire
10 kQ
DC 0 Low Current OFF
Resistance 10 kQ' 20 kQ (*Low Current ON)
Filter ON
Fast OFF
1 MQ' 2MQ
Front Input
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6. AMBIENT CONDITIONS
The limits founded in the overall period are covered by the following limits:
Temperature : (23x1)°C
Relative Humidity : (61+9) % rh

25,0 80
24,5 70
24,0 60
23,5 50
23,0 40
22,5 ~ 30
22,0 . 20
1-set 4-set 7-set 10-set 13-set
* Temp e Humid

7. MEASUREMENT RESULTS

7.1. DC VOLTAGE

The measurement method was based on a direct measurement of a standard cell or a
standardized multifunction calibrator output.

THE MEAUREMENT STANDARDS USED

Reference standard FLUKE 7001 44323 Josephson Effect
Multifunction FLUKE 5720A 8657201 Josephson effect
calibrator
Resistance Divider FLUKE 720A 4395008 Josephson effect
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MEASUREMENT RESULTS

Range of Nominal Applied Reading of Egrgrjgggf Uncertainty
8508A Value Value 8508A (ppm)
(ppm)
200 mV 100 mV 100,00000 mV | 99,999878 mV -1,22 1,3
20 V 10 V 9,999850 V 9,9998897 V 3,96 0,22
200 V 100 V 100,00000 V 99,99987 V -1,31 1,8
1000 V 1000 V 1000,0000 V | 1000,00236 V 2,36 2,4

7.2. DC CURRENT

The measurement method was based on a direct measurement of a DC current provided by a
multifunction calibrator standardized by means of a standard resistance.

THE MEAUREMENT STANDARDS USED

Multifunction calibrator FLUKE 5720 8657201 BIPM
Standard Resistor, 10 kQ ESI SR104 J207119030104 BIPM
Standard Resistor, 10 Q TINSLEY 5685A 7002/08 BIPM
Standard Resistor, 0.1 Q TINSLEY 3504C 183610 BIPM

Reference multimeter AGILENT 3458A MY45041453 Josephson Effect

MEASUREMENT RESULTS

. : Error of -

Range of Nominal : Reading of Uncertainty
8508A value Airplize el 8508A LI (opm)

(Ppm)
200 pA 100 pA 99,999020 pA 99,997927 pA -10,92 0,73
20 mA 10 mA 9,9999863 mA 10,000200 mA 21,41 0,68
1A 1A 1,0000021 A 0,9998865 A -115,6 1,3

7.3. ACVOLTAGE

The measurement method was based on a direct measurement of an AC voltage provided by a
multifunction calibrator standardized by thermal converters with resistive adapters after
characterization of the equivalent DC output.

THE MEAUREMENT STANDARDS USED

Multifunction calibrator

Thermal converters

Resistive adapters

FLUKE

5720

8657201
TC90

Josephson effect

PTB
PTB

Portuguese participation report on EURAMET Project 1341

EURAMET Project 1341 - Draft A2 Report

4/18
Page 176 of 355



MEASUREMENT RESULTS

g Error of
Range of ezl vElue Applied Reading of 8508A Uncertainty
8508A Voltage Frequency Value 8508A (ppm) (ppm)

200 mV 100 mV 55 Hz 100,0000 mV | 99,99890 mV -11,0 18
m 100 mV 1 kHz 100,0000 mV | 100,00205 mV 20,5 18
10 V 55 Hz 10,0000 V 10,00056 V 56,0 12
20 V 10 V 1 kHz 10,0000 V 10,000993 V 99,3 8,8
10 V 100 kHz 10,0000 V 10,000735 V 73,4 14
200 V 100 V 55 Hz 100,000 V 99,9979 V -21,1 23
100 V 1 kHz 100,000 V 100,0018 V 18,1 19

7.4. AC CURRENT

The measurement method was based on a direct measurement of an AC current provided by a
multifunction calibrator standardized by thermal converters with resistive shunts after
characterization of the equivalent DC output.

THE MEAUREMENT STANDARDS USED

Multifunction FLUKE 5720 8657201 Josephson
calibrator effect
Thermal converters PTB TCO05 PTB
Resistive adapters FLUKE A40 20 mA 4730003 PTB
Resistive adapters FLUKE A40 2 A 4550001 PTB
MEASUREMENT RESULTS
R f Nominal Value Readi f error of U taint
ange o i u . eading o S508A ncertainty
8508A Hpplied VELLE 8508A (opm) (opm)
Voltage | Frequency
20 mA 10 mA 300 Hz 9,9999863 mA | 10,00056 mA 56,9 52
m 10 mA 1 kHz 9,9999863 mA | 10,00068 mA 69,8 52
5 A 1A 300 Hz 1,0000021 A 0,99993 A -76,5 117
1A 1 kHz 1,0000021 A 1,00002 A 14,6 117
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7.5. DC RESISTANCE

The measurement method was based on a direct measurement of standard resistors with the
multimeter under calibration.

THE MEAUREMENT STANDARDS USED

Standard Resistor, 10 Q Guildline 9330 57499 BIPM
Standard Resistor, 10 kQ ESI SR104 J207119030104 BIPM
Standard Resistor, 1 MQ Guildline 9330 58180 BIPM

MEASUREMENT RESULTS

Fangeol | Mades! | Momina | appiea vaie | Regdingol | ool | uncertamy
200 TrueQ 10Q 10,0003531 Q | 10,000488 Q 13,49 ppm 0,69 ppm
TrueQ 10 kQ 9.999,9906 Q | 10.000,0827 O 9,21 ppm 0,63 ppm
20Ka TrueQ Lol 10 kQ 9.999,9906 Q | 10.000,0843 Q 9,37 ppm 0,63 ppm
2 MQ Normal Q 1 MQ 1000080,93 Q | 1000096,8 Q 15,9 ppm 1,6 ppm
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8. UNCERTAINTY BUDGET

The uncertainty of measurement was calculated according to the JCGM 100 “Guide to the
Expression of Uncertainty in Measurement” [3] for the coverage probability of approximately 95 %.

1.1. DC Voltage

Model Function:

E =1+ Al — (U *AU)

or
E=1+AI-U
Where:
E Error of the multimeter
I Multimeter reading
Al Correction of the multimeter reading error due to the finite resolution
U Reference value
AU Resistive divider
Uncertainty budget for 100 mV
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
. o . Contributio | Freedom
Xi Xi Uncertainty Distribution Coefficient n (DoF)
u(x;) Ci Ui(Ex) Vi
I 0,09999988 V 2,2E-08 V Normal 1 2,2E-08 V 105
Al oV 2,9E-10 V Rectangular 1 29E-10V 50
U 1,000001 V 5,8E-08 V Rectangular -0,0999999 V | -5,8E-09V 50
AU 0,0999999 V 5,8E-08 V Rectangular -1,000001 V | -5,8E-08 V 50
Combined Uncertainty, u(Ex) | 6,2E-08 vV
Effective Degrees of Freedom, Ve 66
Error (Ey) -1,2E-07 V
Coverage Factor, k 2,04
Expanded Uncertainty, U(E,)| 1,3E-07V
Uncertainty budget for 10 V
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freedom
Xi Xi Uncertainty Distribution Coefficient Contribution (DoF)
u(x;) Ci ui(Ex) Vi
I 9,9998899 V 9,5E-07 V Normal 1 9,5E-07 V 187
Al oV 2,9E-08 V Rectangular 1 2,9E-08 V 50
U 9,9998501 V 5,8E-07 V Rectangular 1 5,8E-07 V 50
Combined Uncertainty, u(Ex)| 1,1E-06 V
Error (Ey) 4.0E-05 V Effective Degrees of Freedom, Vg 233
Coverage Factor, k 2,01
Expanded Uncertainty, U(E,)| 2,2E-06 V
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Uncertainty budget for 100 V

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freedom
X X; Uncertainty Distribution Coefficient Contribution (DoF)
u(x;) Ci u;i(Ex) Vi
I 99,99987 V 1,7E-05V Normal 1 1,7E-05V 168
Al oV 2,9E-07 V Rectangular 1 29E-07V 50
U 100,0V 8,7E-05V Rectangular 1 8,7E-05V 50
Combined Uncertainty, u(Ex) | 8,8E-05V
Effective Degrees of Freedom, Ve 54
Error (Ey) -1,3E-04 V
Coverage Factor, k 2,05
Expanded Uncertainty, U(Ey)| 1,8E-04V
Uncertainty budget for 1000 V
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freedom
Xi Xi Uncertainty Distribution Coefficient Contribution (DoF)
u(x;) Cj ui(Ex) Vi
I 1000,0024 V 1,7E-04 V Normal 1 1,7E-04 V 87
Al oV 2,9E-06 V Rectangular 1 2,9E-06 V 50
U 1000,0 V 1,2E-03 V Rectangular 1 1,2E-03 V 50
Combined Uncertainty, u(Ex)| 1,2g-03 Vv
Effective Degrees of Freedom, Vg 52
Error (Ey) 2,36E-03 V
Coverage Factor, k 2,05
Expanded Uncertainty, U(E,) | 2,4E-03V
1.2. DC Current
Model Function:
E=1+4+Al—-(U/R)
Where:
E Error of the multimeter
I Multimeter reading
Al Correction of the multimeter reading error due to the finite resolution
U Voltage reference value
R Standard resistance value
Uncertainty budget for 100 yA
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Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(eDe(;:llé))m
u(x;) Ci ui(Ex) Vi
I 9,9998E-05 A 2,5E-11 A Normal 1 2,5E-11 A 74
Al 0A 2.9E-12 A Rectangular 1 2.9E-12 A 50
U 0,9999892 A 5,8E-08 A Rectangular -1,0E-04 Q' -5,8E-12 A 50
R 9999,990 0 2 5E-03 0 Rectangular 1,0E-08 Vv Q? 2 5E-11 A 50
Combined Uncertainty, u(Ex)| 36E-11 A
Error (Ey) 1,09E-09 A Effective Degrees of Freedom, Ve 127
Coverage Factor, k 2,02
Expanded Uncertainty, U(Ey) | 7,3E-11 A
Uncertainty budget for 10 mA
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(?éj,?)m
u(xi) Cj Ui(Ey) Vi
I 1,0000E-02 A 1,4E-09 A Normal 1 1,4E-09 A 79
Al 0A 2,9E-10 A Rectangular 1 2,9E-10 A 50
U 0,17000000 A 5,8E-09 A Rectangular -1,0E-01 Q' -5,8E-10 A 50
R 10,000 0 3,0E-06 0 Rectangular 1,0E-03 v Q? 3.0E-09 A 50
Combined Uncertainty, u(Ex)| 3,3E-09 A
Error (Ey) 2 14E-07 A Effective Degrees of Freedom, Ve 77
Coverage Factor, k 2,03
Expanded Uncertainty, U(E,)| 6,8E-09 A
Uncertainty budget for 1 A
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Xi Xi Uncertainty Distribution Coefficient Contribution Fr(eDeOd'é))m
u(xi) Ci ui(Ex) Vi
I 9,9989E-01 A 2,3E-07 A Normal 1 2,3E-07 A 134
Al 0A 2,9E-08 A Rectangular 1 2,9E-08 A 50
U 0,0999966 A 5,8E-09 A Rectangular -1,0E+01 Q” -5,8E-08 A 50
R 0,100 5,8E-08 0 Rectangular 1,0E+01 vVQ* | 58E-07 A 50
Combined Uncertainty, u(Ex)| 6,3e-07 A
Error (E) 1 16E-04 A Effective Degrees of Freedom, Ve 68
Coverage Factor, k 2,04
Expanded Uncertainty, U(Ey)| 1,3E-06 A
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1.3. AC Voltage

Model Function:

E=1+Al—(U+AU)

Where:

E Error of the multimeter

I Multimeter reading

Al Correction of the multimeter reading error due to the finite resolution
U Voltage reference value corresponding to the DC caractherization

AU Corretion due to the AC/DC transfer

Uncertainty budget for 100 mV 55 Hz

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Xi Xi Uncertainty Distribution Coefficient Contribution Fr(eDe(;j:)m
u(xi) Ci Ui(Ex) Vi
I 0,0999989 V 5,3E-07 V Normal 1 5,3E-07 V 106
Al oV 2,9E-08 V Rectangular 1 2,9E-08 V 50
U 0,1000000 V 6,6E-07 V Rectangular 1 6,6E-07 V 50
AU 2,8E-07 V Rectangular 1 2,9E-07 V 50
Combined Uncertainty, u(Ex)| 9,0E-07 Vv
Effective Degrees of Freedom, Vg 137
Error (Ey) -1,1E-06 V
Coverage Factor, k 2,02
Expanded Uncertainty, U(Ey)| 1,8E-06 V
Uncertainty budget for 100 mV 55 Hz
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(gac?:)m
u(x;) Ci ui(Ex) Vi
| 0,1000021 V 5,7E-07V Normal 1 57E-07 V 104
Al ov 2,9E-08 V Rectangular 1 2,9E-08 V 50
U 0,1V 6,6E-07 V Rectangular 1 6,6E-07 V 50
AU 2,3E-07 V Rectangular 1 2,3E-07 V 50
Combined Uncertainty, u(Ex)| 9,1E-07 Vv
Effective Degrees of Freedom, Vs 136
Error (Ey) 2,05E-06 V
Coverage Factor, k 2,02
Expanded Uncertainty, U(Ey)| 1,8E-06V
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Uncertainty budget for 10 V 55 Hz

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(?;éj,g)m
u(x;) Ci Ui(Ex) Vi
I 10,000560 V 3,3E-05V Normal 1 3,3E-05V 60
Al oV 2,9E-06 V Rectangular 1 2,9E-06 V 50
U 10,0V 2,3E-05V Rectangular 1 2,3E-05V 50
AU 4,0E-05 V Rectangular 1 4,0E-05V 50
Combined Uncertainty, u(Ex)| 5,7g-05V
Error () 5. 60E-04 V Effective Degrees of Freedom, Ve 134
Coverage Factor, k 2,02
Expanded Uncertainty, U(E,)| 1,2E-04V
Uncertainty budget for 10 V 1 kHz
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(tga(;j:)m
u(x;) Ci ui(Ex) Vi
[ 10,000994 V 1,3E-05 V Normal 1 1,3E-05 V 90
Al oV 2,9E-06 V Rectangular 1 2 9E-06 V 50
U 10,0V 2,3E-05 V Rectangular 1 2,3E-05V 50
AU 3,5E-05 V Rectangular 1 3.5E-05 V 50
Combined Uncertainty, u(Ex)| 4,3g-05V
Error (E,) 9.93E-04 V Effective Degrees of Freedom, Ve 102
Coverage Factor, k 2,02
Expanded Uncertainty, U(E,)| 8,8E-05V
Uncertainty budget for 10 V 100 kHz
X X; Uncertainty Distribution Coefficient Contribution Vi
u(x;) Ci Ui(Ex)
[ 10,000735 V 1,4E-05V Normal 1 1,4E-05 V 101
Al oV 2,9E-06 V Rectangular 1 2 9E-06 V 50
U 10,0V 2,3E-05 V Rectangular 1 2,3E-05V 50
aU 6,4E-05 V Rectangular 1 6,4E-05 V 50
Combined Uncertainty, u(Ex) | 6,9€-05V
Error (E,) 7 35E-04 V Effective Degrees of Freedom, Ve 68
Coverage Factor, k 2,04
Expanded Uncertainty, U(Ey)| 1,4E-04V
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Uncertainty budget for 100 V 55 Hz

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freed
X X; Uncertainty Distribution Coefficient Contribution r(eDeo,f)m
u(xi) Ci ui(Ey) Vi
I 99,9979 V 3,1E-04 V Normal 1 3,1E-04 V 127
Al oV 2,9E-05V Rectangular 1 2 9E-05V 50
U 100,0 V 5,2E-05V Rectangular 1 5,2E-05V 50
AU 1,1E-03 V Rectangular 1 1,1E-03 V 50
Combined Uncertainty, u(Ex)| 1,1E-03 V
Effective Degrees of Freedom, Ve 58
Error (Ey) -2,11E-03 V
Coverage Factor, k 2,04
Expanded Uncertainty, U(Ey)| 2,3E-03V
Uncertainty budget for 100 V 1 kHz
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freedom
Xi Xi Uncertainty Distribution Coefficient Contribution (DoF)
u(x;) Ci ui(Ey) v,
I 100,0019 V 1,1E-04 V Normal 1 1,1E-04 V 150
Al oV 29E-05V Rectangular 1 2 9E-05V 50
U 100,0V 52E-05V Rectangular 1 5,2E-05 V 50
AU 9.2E-04 V Rectangular 1 9.2E-04 V 50
Combined Uncertainty, u(Ex)| 9,3E-04V
Effective Degrees of Freedom, Ve 52
Error (Ey) 1,81E-03 V
Coverage Factor, k 2,05
Expanded Uncertainty, U(E,)| 1,9E-03V
1.4. AC Current
Model Function:
E=1+AI—-(Q+AQ)
Where:
E Error of the multimeter
1 Multimeter reading
Al Correction of the multimeter reading error due to the finite resolution
Q Current reference value corresponding to the DC caractherization
AQ Corretion due to the AC/DC transfer
Portuguese participation report on EURAMET Project 1341 12/18

EURAMET Project 1341 - Draft A2 Report Page 184 of 355



Uncertainty budget for 10 mA 300 Hz

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(?;éj,g)m
u(x;) Ci Ui(Ex) Vi
I 0,01000056 A 2,6E-08 A Normal 1 2,6E-08 A 256
Al 0A 2,9E-09 A Rectangular 1 2,9E-09 A 50
Q 0,00999998 A 2,3E-07 A Rectangular 1 2,3E-07 A 50
AQ 1,2E-07 A Rectangular 1 1,2E-07 A 50
Combined Uncertainty, u(Ex)| 2 5€-07 A
Error () 5. 69E-07 A Effective Degrees of Freedom, Ve 76
Coverage Factor, k 2,03
Expanded Uncertainty, U(E,) | 5,2E-07 A
Uncertainty budget for 10 mA 1 kHz
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(?;éj,g)m
u(x;) Ci Ui(Ex) Vi
I 0,01000068 A 1,6E-08 A Normal 1 1,6E-08 A 162
Al 0A 2,9E-09 A Rectangular 1 2,9E-09 A 50
Q 0,009999986 A 2,3E-07 A Rectangular 1 2,3E-07 A 50
AQ 1,2E-07 A Rectangular 1 1,2E-07 A 50
Combined Uncertainty, u(Ex)| 2 5€-07 A
Error () 6.98E-07 A Effective Degrees of Freedom, Ve 75
Coverage Factor, k 2,03
Expanded Uncertainty, U(E,)| 5,26E-07 A
Uncertainty budget for 1 A 300 Hz
Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
X X; Uncertainty Distribution Coefficient Contribution Fr(?;éj,g)m
u(xi) Ci Ui(Ex) Vi
I 0,999926 A 7,4E-06 A Normal 1 7,4E-06 A 172
Al 0 2,9E-07 A Rectangular 1 2 9E-07 A 50
Q 1,0000022 A 5,3E-05 A Rectangular 1 5,3E-05 A 50
AQ 2.1E-05 A Rectangular 1 2.1E-05 A 50
Combined Uncertainty, u(Ex)| 5,6E-05A
Effective Degrees of Freedom, Ve 67
Error (Ey) -7,65E-05 A
Coverage Factor, k 2,04
Expanded Uncertainty, U(Ey) | 1,2E-04 A
Portuguese participation report on EURAMET Project 1341 13/18

EURAMET Project 1341 - Draft A2 Report

Page 185 of 355




Uncertainty budget for 1 A 1 kHz

Quantity Estimate Standard Probability Sensitivity Uncertainty | Degrees of
Freedom
X X; Uncertainty Distribution Coefficient Contribution (DoF)
u(x;) Ci u;i(Ex) Vi
I 1,000017 A 7,7E-06 Normal 1 7,7E-06 A 202
Al 0A 2,9E-07 Rectangular 1 2 9E-07 A 50
Q 1,0000022 A 5,3E-05 Rectangular 1 5,3E-05 A 50
4Q 2,1E-05 1 2,E-05A 50
Combined Uncertainty, u(Ex)| 5,6€E-05A
Effective Degrees of Freedom, Ve 67
Error (Ey) 1,46E-05 A
Coverage Factor, k 2,04
Expanded Uncertainty, U(Ey) | 1,2E-04 A
1.5. DC Resistance
Model Function:
E=1+Al—-(R+AR)
Where:
E Error of the multimeter
I Multimeter reading
Al Correction of the multimeter reading error due to the finite resolution
R True value of the standard resistor
AR Corretion of the standard resistor error due to the temperature
AR = R X a(23°C — t) + R X B(23°C — t)?
Where:
a temperature coefficient of the standard resistor, °C
B temperature coefficient of the standat resistor, °C
t temperature of the standard resistor
Uncertainty budget for 10 Q
o . Degrees of
Quantity Estimate Standgrd Probability Sens[tlylty Uncertalr)ty Freedom
Uncertainty S Coefficient | Contribution
X; X; Distribution (DoF)
u(x;) Ci ui(Ex) v
I 10,00048 Q 2,0E-07 Q Normal 1 2,0E-07 Q 99
Al 0Q 2,9E-07 Q Rectangular 1 2,9E-07 Q 0
R 10,0003524 Q 2,97E-06 Q t-student -1 2,97E-06 Q 30
t 22,981 °C 0,037 °C Rectangular | 3,9E-05 Q°C" | 1,45E-06 Q 0
Combined Uncertainty, u(gy) | 3,3E-06 Q
Effective Degrees of Freedom, Ve 47
Error (Ey) 134,9E-06 Q
Coverage Factor, k 2,1
Expanded Uncertainty, U(Ey) | 6,9E-06 Q
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Uncertainty budget for 10 kQ

o : Degrees of
Quantity Estimate Standgrd Probability Sen5|_t|y|ty Uncertalr)ty Freedom
Uncertainty S Coefficient Contribution
X; X; Distribution (DoF)
u(xi) Ci ui(Ex) v
1 10000,0827 Q 1,4E-04 Q Normal 1 1,4E-04 Q 99
Al 0Q 2,9E-04 O Rectangular 1 2,9E-04 Q L)
R 9999,9904 Q 2,50E-03 Q t-student -1 2,50E-03 Q 6
t 22,629 °C 0,046 °C Rectangular | 4 1F-04 Q°C™ 1,9E-05 Q 0
Combined Uncertainty, u(gyx) | 0,0025 Q
Effective Degrees of Freedom, Ve 6,4
Error (Ey) 0,0921 Q
Coverage Factor, k 2,5
Expanded Uncertainty, U(E) | 0,0063 Q
Uncertainty budget for 10 kQ Lol
. . Degrees of
Quantity Estimate Standa_rd Probability SenS|_t|\_/|ty Unce_rtalr)ty Freedom
Uncertainty S Coefficient Contribution
X; X; Distribution (DoF)
u(x;) Ci ui(Ex) -
I
1 10000,0843 Q 3,4E-04 Q Normal 1 3,4E-04 Q 99
Al 0Q 2,9E-04 Q Rectangular 1 2,9E-04 Q 0
R 9999,9904 Q 2,50E-03 Q t-student -1 2,50E-03 Q 7
t 22,698 °C 0,043 °C Rectangular | 4 4£-04 Q°C™ 1,9E-05 Q 0
Combined Uncertainty, u(Ey) | 0,0025 Q
Effective Degrees of Freedom, Vs 6,6
Error (Ey) 0,0937 Q
Coverage Factor, k 2,5
Expanded Uncertainty, U(Ey) | 0,0063 Q
Uncertainty budget for 1 MQ
N . Degrees of
Quantity Estimate Standa_rd Probability SenS|_t|\_/|ty e el Freedom
Uncertainty S Coefficient Contribution
X; X; Distribution (DoF)
u(x;) Cj ui(Ex) Vi
1 1000096,8Q 5,7E-03 Q Normal 1 5,7E-03 Q 99
Al 0Q 2,89E-02 Q Rectangular 1 2 89E-02 Q 0
R 1000080,93 Q 7,374E-01 Q t-student -1 7,374E-01 Q 16
t 23,221°C 0,032 °C Rectangular 0Q°c™! 0Q e
Combined Uncertainty, u(Ey) 0,74 Q
Effective Degrees of Freedom, Ve 16
Error (Ey) 15,9 Q
Coverage Factor, k 2,2
Expanded Uncertainty, U(Ey) 1,6 Q
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Bureau of metrology
Republia of Macedonia

1. PARTICIPANT INSTITUTE

Institute Bureau of metrology - BoM , Republic of Macedonia

Contact Person Stanislava Kroneva-Petrovska

E-mail stanislava.kroneva@bom.gov.mk

Address Blvd. Jane Sandanski 109a, MK-1000 Skopje, Republic of Macedonia

2. PERIOD OF MEASUREMENTS

From 21.09.2015 to 28.09.2015

3. AMBIENT CONDITIONS

Temperature D (23£1)°C
Relative Humidity : (46+£5)%rh

4. THE MEAUREMENT STANDARDS USED

Name Manufacturer Model No Serial No Traceability
Multifunctional
Elliion Wavetek-Datron 4808 29276 EIM, Greece
5. MEASUREMENT METHOD
Direct method
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6. MEASUREMENT RESULTS

Bureau of metrology
Republia of Macedonia

DC VOLTAGE
Range of 8508A | Nominal Value | Applied Value Regsd(;ggof Error of 8508A Uncertainty*
200 mV +100 mV 99.999574mV | 99.99799 mV -16 pV/V 21 pV/vV
20V +10V 10.0000466 V 10.000039 V 0.8 pV/IvV 13 pV/iv
200 V +100V 100.00013 V 99.99946 \/ -6.7 pV/V 14 pV/V
1000 V +1000 V 999 998522 \/ 999 9941 \/ -4.4 VIV 15 pV/V
DC CURRENT
Range of 8508A | Nominal Value | Applied Value Reglsd(;ggof Error of 8508A Uncertainty!
200 pA +100 pA 99.999329 pA 99.99925 pA -1 pA/A 146 nA/A
20 mA +10mA 10.0001815 mA|  10.000179 mA|  0-3 nA/A 72 pA/A
1A 1A 1.00002388 A 0.9998825 A| -4l pA/A 204 pAA
DC RESISTANCE
el | Vool | Mol | s vaie | el | Eorl T caraimy
20 Q TrueQ 10 Q 10.0002137 Q | 10.00024 Q 3 Q0 45 nQ/Q
0ka TrueQ 10 kQ 10.0004207 kQ | 10.000389kQ | "3 HE/Q 23 pyQ
TrueQ Lol 10 ko 10.0004207 kQ | 10.000408 kQ | -1 HYQ 23 pQ/Q
2 MQ Normal Q 1 MQ 1.00007704 MQ | 1 0000733 MO, | -4 HOY/Q 42 pQ/Q
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a

AC VOLTAGE
Range of Nominal Value Ayeliie
. .
8508A Voltage Reading of 8508A | Error of 8508A Uncertainty
Voltage | Frequency
100 mV 55 Hz 99.99805 mV 99.9975 mV -6 WV/V 232 uv/v
200 mV
100 mv 1 kHz 99.99146 mV 100.0023mv | 108 pV/V 223 pViv
10V S5 Hz 10.000246 V 10.00020 V S pVIivV 144 pViv
20V 10V 1 kHz 10.000423 V 10.00073 V 31 uV/vV 137 uV/vV
10v 100 kHz 10.001553 V 1000117 V| S8 RVV 958 pV/v
100 V 55 Hz 100.00355 V 99.9983 V -52 MV/V 276 MV/V
200V
100V 1 kHz 100.00370 V 100.0025 V -12 uwv/v 269 uv/v
AC CURRENT
Range of Nominal Value Ayl
H H 1
8508A Current Reading of 8508A | Error of 8508A Uncertainty
Current | Frequency
oma | 0MA | S0 10.001917 mA|  10.00058mA | 134 RA/A 647 pA/A
10 mA 1 khz 10.001926 mA 1000085 mA|  108nA/A 647 pA/A
A 1A 300 Hz 1.0001116 A 0.999902 A -210 pA/A 1498 pA/A
1A 1 kHz 1.0001466 A 0.999892 A -255 pA/A 1498 pA/A
! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
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The model function is the same for all quantities.
Model Function:

Ey = (Xix + 6Xix) - (Xs + 5Xs)

Xix | DMM reading

Xs | The value applied by the reference calibrator

0Xs | Drift from the reference calibrator

0Xix | The finite resolution of DMM

7.1. DC Voltage

Model Function:
E, = (Vix + 6Vix) - (Vs + SVS)

Table 1. Uncertainty budget for 200 mV

s . Degrees of
Quantity Estimate Standa_rd Probability Sen5|F|\_/|ty Uncelftam_ty Freedom
_ ) Uncertainty A Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
Vix 99.99799 mV 0.05 uV/V Normal 1 0.05 uV/V 9
dVix 99.99957 mV 8.00 uv/v Normal -1 8.00 pv/v 50
Vs 0.00000 mV 6.93 uv/vV Rectangular -1 6.93 uv/vV o0
Vs 0.00000 mV 0.03 uv/vV Rectangular 1 0.03 uv/vV o0
Combined Uncertainty, u(Ex) | 10.58 pV/vV
Effective Degrees of Freedom, Vert 153.20
Error (Ex) -16 pv/vV
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) 21 pV/V
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Table 2. Uncertainty budget for 10 V

o . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
: ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Vix 10.000039 V 0.02 uV/V Normal 1 0.02 uV/V 9
dVix 10.000047 V 6.00 uV/vV Normal -1 6.00 pv/v 50
Vs 0.000000 V 1.91 pV/v Rectangular -1 1.91 pvV/vV ¢
dVs 0.000000 V 0.03 uv/vV Rectangular 1 0.03 uv/vV o0
Combined Uncertainty, u(Ex) | 6.30 pV/V
Effective Degrees of Freedom, Vest 60.65
Error (Ex) -0.8 pv/v
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) 13 pV/v
Table 3. Uncertainty budget for 100 V
. . Standard - Sensitivity Uncertainty Degrees of
Quantity Estimate . Probability .. S Freedom
_ _ Uncertainty A Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
Vix 99.99946 V 0.33 uV/V Normal 1 0.33 uV/V 9
dVix 100.00013 V 6.00 uV/vV Normal -1 6.00 pv/v 50
Vs 0.000000 V 3.18 uv/v Rectangular -1 3.18 uv/v o0
dVs 0.00000 V 0.03 uv/vV Rectangular 1 0.03 uv/vV o0
Combined Uncertainty, u(Ex) | 6.80 uV/v
Effective Degrees of Freedom, Vert 82.42
Error (Ex) | -6.7 nV/V
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) 14 pV/V
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Table 4. Uncertainty budget for 1000 V

o . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
: ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Vix 999.9941 V 0.06 uV/V Normal 1 0.06 uV/V 9
dVix 999.9985 V 6.00 uV/V Normal -1 6.00 uV/V 50
Vs 0.000000 V 433 uv/v Rectangular -1 433 uv/v o0
dVs 0.0000 V 0.03 uv/vV Rectangular 1 0.03 uv/vV o0
Combined Uncertainty, u(Ex) | 7.40 uV/V
Effective Degrees of Freedom, Vest 115.66
Error (Ex) -4.4 pv/vV
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) 15 pv/vV
7.2. DC Current
Model Function:
Ex = (Ijx + 6ly) — (s + 61)
Table 5. Uncertainty budget for 100 nA
. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”"er.ta”‘.W Freedom
i ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci U|(Ex) Vi
lix 99.99925 pA 0.33 pA/A Normal 1 0.33 A/A 9
dlix 99.99933 nA 22.50 pA/A Normal -1 22.50 pA/A 50
Is 0.00000 pA 69.28 pA/A Rectangular -1 69.28 pA/A o0
dls 0.00000 pA 0.03 pA/A Rectangular 1 0.03 pA/A o
Combined Uncertainty, u(Ex) | 72.8 pA/A
Effective Degrees of Freedom, Vest
Error (Ex) -1 pA/A S
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 146 pA/A
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Table 6. Uncertainty budget for 10 mA

o . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
Uncertainty Lo Coefficient Contribution
Xi Xi _ Distribution _ , (DoF)
u(xi) Ci Ui(Ex) Vi
1
lix 10.000179 mA 0.04 pA/A Normal 1 0.04 pA/A 9
dlix 10.000182 mA 21.5 pA/A Normal -1 21.5 pA/A 50
Is 0.000000 mA 28.87 nA/A Rectangular -1 28.87 pA/A o0
dls 0.000000 mA 0.03 pA/A Rectangular 1 0.03 pA/A o0
Combined Uncertainty, u(Ex) | 36.0 pA/A
Effective Degrees of Freedom, Vest 392.87
Error (Ex) -0.3 nA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) 72 uV/V
Table 6. Uncertainty budget for 1 A
s . Degrees of
Quantity Estimate Standa_rd Probability Sen5|F|\_/|ty Uncelftam_ty Freedom
i ) Uncertainty Lo Coefficient Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
1
lix 0.9998825 A 0.23 pA/A Normal 1 0.23 pA/A 9
dlix 1.0000239 A 75.00 pA/A Normal -1 75.00 pA/A 50
Is 0.0000000 A 69.28 nA/A Rectangular -1 69.28 nA/A o0
dls 0.0000000 A 0.03 pA/A Rectangular 1 0.03 pnA/A o0
Combined Uncertainty, u(Ex) | 102.1 pA/A
Effective Degrees of Freedom, Vest 171.73
Error (Ex) -141 nA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 204 nv/v
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7.3. DC Resistance

Model Function:

Eyx = (Rix + 6R;x) — (Rs + 6Ry)

Table 7. Uncertainty Budget for 10 Q TrueQ

. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
Uncertainty Lo Coefficient Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Rix 10.000240 Q 0.06 pQ/Q Normal 1 0.06 pQ/Q 9
dRix 10.000214 Q 17.50 pQ/Q Normal -1 17.50 pQ/Q 50
Rs 0.000000 Q 14.43 pQ/Q Rectangular -1 14.43 pQ/Q o0
ORs 0.000000 Q 0.30 uQ/Q Rectangular 1 0.30 uQ/Q o0
Combined Uncertainty, u(Ex) | 22.7 pQ/Q
Effective Degrees of Freedom, Veft 141.16
Error (Ex) 3 nQ/Q
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 45 nQ/Q
Table 8. Uncertainty Budget for 10 kQ TrueQ
. . Degrees of
Quantity Estimate Standa.rd Probability Sensm\./lty U”"er.ta”‘.w Freedom
_ _ Uncertainty A Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
Rix 10.000389 kQ 0.02 pQY/Q Normal 1 0.02 pQY/Q 9
dRix 10.000421 kQ 10.00 pQ/Q Normal -1 10.00 pQ/Q 50
Rs 0.000000 kQ 5.20 nQ/Q Rectangular -1 5.20 pQ/Q o
ORs 0.000000 kQ 0.03 pQ/Q Rectangular 1 0.03 pQ/Q o
Combined Uncertainty, u(Ex) | 11.3 pQ/Q
Effective Degrees of Freedom, Vert 80.70
Error (Ex) -3 nQ/Q '
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 93 nQ/Q

Bureau of metrology
Republic of Macedonia

EURAMET Project 1341 - Draft B Report

Report on EURAMET Project 1341

8/15

Page 195 of 355




Bureau of metrology
Republia of Macedonia

Table 9. Uncertainty Budget for 10 kQ TrueQ Lol

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”"er.ta'”.w Freedom
_ _ Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution ) . (DoF)
u(xi) Ci Ui(Ex) Vi
1
Rix 10.000408 kQ 0.10 pQ/Q Normal 1 0.10 pQ/Q 9
ORix 10.000421 kQ 10.00 uQ/Q Normal -1 10.00 uQ/Q 50
Rs 0.000000 kQ 5.20 uQ/Q Rectangular -1 5.20 uQ/Q o0
ORs 0.000000 kQ 0.03 nQ/Q Rectangular 1 0.03 nQ/Q o0
Combined Uncertainty, u(Ex) | 11.3 pQ/Q
Effective Degrees of Freedom, Vert 80.71
Error (Ex) -1 pQ/Q
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 23 pQ/Q
Table 10. Uncertainty Budget for 1 MQ Normal
s . Degrees of
Quantity Estimate Standa_rd Probability Sen5|F|\_/|ty Uncelftam_ty Freedom
_ _ Uncertainty S Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci U|(Ex) Vi
Rix 1.0000733 MQ 0.17 pQ/Q Normal 1 0.17 pQ/Q 9
dRix 1.0000770 MQ 15.00 pQ/Q Normal -1 15.00 pQ/Q 50
Rs 0.0000000 MQ 14.43 pQ/Q Rectangular -1 14.43 pQ/Q o
ORs 0.0000000 MQ 0.03 nQ/Q Rectangular 1 0.03 pQ/Q o0
Combined Uncertainty, u(Ex) | 20.8 pQ/Q
Effective Degrees of Freedom, Vert 185.39
Error (Ex) -4 nQ/Q .
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 42 pnQ/Q

Bureau of metrology
Republic of Macedonia

EURAMET Project 1341 - Draft B Report

Report on EURAMET Project 1341

9/15

Page 196 of 355




7.4. AC Voltage

Model Function:

Ey = (Vix + 6Vix) — (Vs + 6Vs)
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Table 11. Uncertainty Budget for 100 mV @ 55 Hz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”"er.ta'”.w Freedom
_ _ Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution ) . (DoF)
u(xi) Ci Ui(Ex) Vi
1
Vix 99.9975 mV 22 uV/V Normal 1 22 uV/V 9
dVix 99.99805 mV 70.0 pvV/V Normal -1 70.0 pv/vV 50
Vs 0.0000 mV 92.4 uwv/vV Rectangular -1 92.4 uwv/vV o0
dVs 0.0000 mV 0.3 pv/vV Rectangular 1 0.3 pv/ vV o0
Combined Uncertainty, u(Ex) | 115.93 pV/V
Effective Degrees of Freedom, Vert 376.1
Error (Ex) -6 pV/vV
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 232 pv/v
Table 12. Uncertainty Budget for 100 mV @ 1 kHz
. . Degrees of
. . Standard - Sensitivity Uncertainty
Quar?tlty Estlmate Uncertainty P.rob.abll_lty Coefficient | Contribution AR
Xi Xi _ Distribution _ _ (DoF)
U(X|) Ci U|(Ex) Vi
Vix 100.0023 mV 1.7 uV/IV Normal 1 1.7 uV/V 9
dVix 99.9915 mV 70.0 pvV/vV Normal -1 70.0 pvV/vV 50
Vs 0.0000 mV 86.6 uv/v Rectangular -1 86.6 uvV/vV o0
dVs 0.0000 mV 0.3 uv/v Rectangular 1 0.3 pv/vV e
Combined Uncertainty, u(Ex) | 111.37 pV/V
Effective Degrees of Freedom, Vert 320.33
Error (Ex) 108 pV/V
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 223 pv/v
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Table 13. Uncertainty Budget for 10 V @ 55 Hz

L . Degrees of
. . Standard - Sensitivity Uncertainty
QU] S Uncertainty P_rob_abll_lty Coefficient | Contribution FTESEE
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Vix 10.00020 V 17 pVIv Normal 1 17 pVIv 9
dVix 10.00025 V 55.5 uV/vV Normal -1 55.5 uv/v 50
Vs 0.00000 V 46.2 uvV/vV Rectangular -1 46.2 uvV/vV 0
dVs 0.00000 V 0.3 uv/vV Rectangular 1 0.3 pv/ vV 0
Combined Uncertainty, u(Ex) | 72.23 pV/V
Effective Degrees of Freedom, Vet 143.42
Error (Ex) -5 uv/vV .
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 144 uv/v
Table 14. Uncertainty Budget for 10 V @ 1 kHz
s . Degrees of
Quantity Estimate Standa.rd Probability Sensm\.nty Unceljtaln'ty Freedom
_ _ Uncertainty A Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
Vix 10.00073 V 0.8 uV/V Normal 1 0.8 uV/V 9
dVix 10.00042 V 555 uV/ivV Normal -1 555 uv/v 50
Vs 0.00000 V 40.4 uwv/vV Rectangular -1 40.4 uwv/vV )
dVs 0.00000 V 0.3 uV/vV Rectangular 1 0.3 uv/vV o0
Combined Uncertainty, u(Ex) | 68.66 pV/V
Effective Degrees of Freedom, Vest 117.10
Error (Ex) 31 pv/v
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 137 nv/v
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Table 15. Uncertainty Budget for 10 V @ 100 kHz

o . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
: ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Vix 10.00117 V 1.0 pV/V Normal 1 1.0 uV/V 9
dVix 10.00155 V 475.0 pV/v Normal -1 475.0 uvV/vV 50
Vs 0.00000 V 63.5 uv/vV Rectangular -1 63.5 uvV/vV ¢
dVs 0.00000 V 0.3 uV/vV Rectangular 1 0.3 uv/vV o0
Combined Uncertainty, u(Ex) | 479.23 uV/vV
Effective Degrees of Freedom, Vest 51.80
Error (Ex) -38 nv/v
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | g5g nv/v
Table 16. Uncertainty Budget for 100 V @ 55 Hz
s . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncelftam_ty Freedom
i ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
u(xi) Ci Ui(Ex) Vi
1
Vix 99.9983 V 4.0 pV/V Normal 1 4.0 uV/V 9
dVix 100.0035 V 130.0 pV/V Normal -1 130.0 pV/V 50
Vs 0.0000 V 46.2 uV/vV Rectangular -1 46.2 uV/vV )
dVs 0.0000 V 0.3 uV/vV Rectangular 1 0.3 uv/vV o0
Combined Uncertainty, u(Ex) | 138.02 uV/V
Effective Degrees of Freedom, Vest 63.53
Error (Ex) -52 nv/v
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 276 nv/v
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Table 17. Uncertainty Budget for 100 V @ 1 kHz

o . Degrees of
Quantity Estimate Uit;r;?:irnci Probability gﬁgi}fs{% gonnierzgaﬂtr;m Freedom
Xi Xi _ Y Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
Vix 100.0026 V 1.1 pv/vV Normal 1 1.1 v/ vV 9
dVix 100.0037 V 130.0 pV/V Normal -1 130.0 pvV/V 50
Vs 0.0000 V 34.6 uvV/ vV Rectangular -1 34.6 uV/V 0
dVs 0.0000 V 0.3 uv/vV Rectangular 1 0.3 pv/ vV 0
Combined Uncertainty, u(Ex) | 134.54 pV/V
Effective Degrees of Freedom, Veft 57.36
Error (Ex) -12 pv/v
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 269 nv/v
7.5. AC Current
Model Function:
Ex = (Iix + 81y) — (Is + 615)
Table 18. Uncertainty Budget for 10 mA @ 300 Hz
s . Degrees of
Quantity Estimate Standa.rd Probability Sensm\.nty Unceljtam'ty Freedom
_ _ Uncertainty A Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
lix 10.00058 mA 1.5 pA/A Normal 1 1.5 nA/A 9
dlix 10.00192 mA 302.4 pA/A Normal -1 302.4 pA/A 50
Is 0.000000 mA 115.5 pA/A Rectangular -1 115.5 pA/A o
dls 0.000000 mA 0.3 pA/A Rectangular 1 0.3 pA/A o0
Combined Uncertainty, u(Ex) | 323.7 pA/A
Effective Degrees of Freedom, Vest 65.64
Error (Ex) -134 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 647 nA/A
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Table 19. Uncertainty budget for 10 mA @ 1 kHz

o . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam_ty Freedom
: ) Uncertainty Lo Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
lix 10.00085 mA 1.4 pA/A Normal 1 1.4 pA/A 9
dlix 10.001926 mA 302.4 pA/A Normal -1 302.4 pA/A 50
Is 0.000000 mA 115.5 pA/A Rectangular -1 115.5 pA/A ¢
dls 0.000000 mA 0.3 pA/A Rectangular 1 0.3 pA/A o0
Combined Uncertainty, u(Ex) | 323.7 pA/A
Effective Degrees of Freedom, Vest 65.64
Error (Ex) -108 nA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | ga7 nA/A
Table 20. Uncertainty Budget for 1 A @ 300 Hz
s . Degrees of
Quantity Estimate Standa_rd Probability Sen5|F|\_/|ty Uncelftam_ty Freedom
_ _ Uncertainty S Coefficient | Contribution
Xi Xi _ Distribution ) _ (DoF)
U(X|) Ci U|(Ex) Vi
lix 0.999902 A 2.8 nA/A Normal 1 2.8 HA/A 9
dlix 1.0001116 A 712.4 pA/A Normal -1 712.4 pA/A 50
Is 0.0000000 A 230.9 pA/A Rectangular -1 230.9 pA/A o0
dls 0.0000000 A 0.3 pA/A Rectangular 1 0.3 pA/A o0
Combined Uncertainty, u(Ex) | 748.9 pA/A
Effective Degrees of Freedom, Vert 61.06
Error (Ex) -210 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 1498 pA/A
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Table 21. Uncertainty budget for 1 A @ 1 kHz

o . Degrees of
Quantity Estimate Standa.rd Probability Sensm\_/lty Uncerta"!ty Freedom
_ _ Uncertainty P Coefficient | Contribution
Xi Xi _ Distribution _ _ (DoF)
u(xi) Ci Ui(Ex) Vi
1
lix 0.999892 A 3.1 pA/A Normal 1 3.1 pA/A 9
dlix 1.000147 A 712.4 pA/A Normal -1 712.4 pA/A 50
Is 0.0000000 A 230.9 pA/A Rectangular -1 230.9 pA/A o0
ols 0.0000000 A 0.3 tA/A Rectangular 1 0.3 tA/A ¢
Combined Uncertainty, u(Ex) | 748.9 nA/A
Effective Degrees of Freedom, Veft 61.06
Error (Ex) -255 nA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Ex) | 1498 pa/A
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S| METROSERT

1. PARTICIPANT INSTITUTE

Institute AS Metrosert

Contact Person Andrei Pokatilov

E-mail andrei.pokatilov@metrosert.ee
Address Teaduspargi 8, 12618 Tallinn, Estonia

2. PERIOD OF MEASUREMENTS

29.10.2015...03.11.2015

3. AMBIENT CONDITIONS

Temperature : (23,0+1,5)°C
Relative Humidity : (454 10) % rh

4. THE MEAUREMENT STANDARDS USED

Name Manufacturer Model No Serial No Traceability
Voltage standard Fluke 7000 863148193 VTT, Finland
Resistance standard . .

La Tinsley 5685A 280233 VTT, Finland
ReS'Staq%eéta”dard Tinsley 5685A 280082 VTT, Finland
Resistance standard . .

L kO Tinsley 5685B 280260 VTT, Finland
Resistance standard . .
Tinsley 5685B 274915 VTT, Finland
10 kQ
Resistance standard
ZP P4010 250 Metrosert
1MQ
Reference valiage Fluke 752A 2081001 ;
divider
ACIDC transfer Fluke 792A 8600001 SP, Sweden
standard
AC/DC shunt 10 mA Fluke A40 85860001 SP, Sweden
AC/DC shunt1 A Fluke A40 85860009 SP, Sweden
AS Metrosert Report on EURAMET Project 1341 1/19
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S| METROSERT

(continued) THE MEAUREMENT STANDARDS USED

Name Manufacturer Model No Serial No Traceability
100 A range extender M 6011B 11000128 -
Nanovoltmeter Agilent 34420A MY42003613 Metrosert
Calibrator Fluke 5720A 9781214 Metrosert

5. MEASUREMENT METHOD

The multimeter Fluke 8508A-01 S/N 969656608 has been calibrated in accordance to Technical
Protocol of Comparison on Calibration of Multimeter Rev. 2 provided by TUBITAK UME and
Metrosert’s calibration guides based on the EURAMET Calibration Guide EURAMET cg-15. The
multimeter has been calibrated against the reference standards at DCV, RES and DCI functions, and
against the calibrator Fluke 5720A at DCV, ACV and ACI functions. Before calibration of the
multimeter, the corresponding output values of the calibrator have been calibrated against the
reference standards.

DC Voltage

At the measurement point 10 V, the multimeter has been calibrated directly against the reference
voltage standard Fluke 7000. The measurement points 100 mV, 100 V and 1000 V have been
calibrated against the calibrator Fluke 5720A. Before calibration of the multimeter, the corresponding
output values of the calibrator have been calibrated against the 10 V output of the voltage standard
Fluke 7000 using the reference voltage divider Fluke 752A.

Resistance
At the measurement points 10 Q, 10 kQ and 1 MQ, the multimeter has been calibrated directly against

the standard resistors, maintained in thermostats at stable temperature.

DC Current
At the measurement points 100 pA, 10 mA and 1A, the multimeter has been calibrated against the

calibrator Fluke 5720A. Before calibration of the multimeter, the corresponding output values of the
calibrator have been calibrated by measuring the voltage across the standard resistors. At the 1 A
value, the MI 100 A range extender has been used on its 10:1 current ratio to divide current of the
calibrator from 1 A to 100 mA to be supplied to the 1 Q standard resistor.

AC Voltage

At the AC voltage measurement points, the multimeter has been calibrated against the calibrator Fluke
5720A. Before calibration of the multimeter, the corresponding output values of the calibrator have
been calibrated by using the AC/DC transfer standard Fluke 792A.
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AC Current

At the AC current measurement points, the multimeter has been calibrated against the calibrator Fluke
5720A. Before calibration of the multimeter, the corresponding output values of the calibrator have

been calibrated by using the AC/DC transfer standard Fluke 792A and AC/DC current shunts Fluke
A40.
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MEASUREMENT RESULTS
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DC VOLTAGE
Range of Nominal . . L
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 mV +100 mV 99,99961 mV 100,00004 mV 4,3 uVIv 5,9 uviv
20V +10V 9,999870 V 9,999911 V 4,1 pVIv 1,0 VIV
200V +100 V 99,99994 V 99,99972 V -2,2 uVIvV 2,1 uwIv
1000 V +1000 V 1000,0004 V 999,9980 V -2,4 uwWIV 2,1 uv/v
DC CURRENT
Range of Nominal . . .
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 pA +100 pA 100,00073 nA 99,99960 uA -11,3 pA/A 9,6 nAJA
20 mA +10 mA 9,999913 mA 10,000181 mA 26,8 LAJA 9,5 nAJA
1A +1A 0,9999973 A 0,9998770 A -120,3 pA/A 11,7 uA/A
DC RESISTANCE
Range of Mode of Nominal . Reading of Lo
8508A 8508A Value Applied Value 8508A Error of 8508A | Uncertainty
20 Q TrueQ 10 Q 10,000011 Q 10,000151 Q 14,0 uQ/Q 1,0 pQ/Q
TrueQ 10 kQ 10,000145 kQ 10,000233 kQ 8,8 nQ/Q 1,0 pY/Q
20 kQ
TrueQ Lol 10 kQ 10,000145 kQ 10,000245 kQ 10,0 nQ/Q 1,0 pQ/Q
2 MQ Normal Q 1 MQ 1,0000637 MQ | 1,0000742 MQ 10,5 nQ/Q 9,3 nQ/Q
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AC VOLTAGE
SR Nominal Value Applied
q g i
8508A Voltage Reading of 8508A | Error of 8508A Uncertainty
Voltage | Frequency
100 mV 55 Hz 99,9996 mV 99,9946 mV -50 uv/vV 59 uv/vV
200 mV
100 mv 1 kHz 99,9996 mV 99,9992 mV -4 uv/vV 59 uwv/v
0V 55 Hz 9,99983 V 10,00035 V 52 uwv/v 58 uv/v
20V 0oV 1 kHz 9,99992 V 10,00090 V 98 uv/vV 58 uv/vV
0V 100 kHz 10,00033 V 10,00146 V 113 uv/v 117 uv/v
100V 55 Hz 100,0006 V 99,9991 V -15 uv/v 59 uv/v
200V
100V 1 kHz 100,0007 V 100,0033 V 26 uv/vV 59 uv/v
AC CURRENT
T Nominal Value Applied
a g 1
8508A Current Reading of 8508A | Error of 8508A Uncertainty
Current | Frequency
10 mA 300 Hz 9,99992 mA 10,00049 mA 57 nAJA 17 pAJA
20 mA
10 mA 1 kHz 9,99987 mA 10,00059 mA 72 uAJA 17 pA/A
1A 300 Hz 0,999987 A 0,999896 A -91 pA/A 24 uAJA
1A
1A 1 kHz 0,999983 A 0,999973 A -10 pA/A 24 uAJA
! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
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6. UNCERTAINTY BUDGET
6.1. DC Voltage

The combined uncertainty for calibration of the DMM at the DCV function is given by the
following equation:

UP(Ex) = UP(Vi)+ UA(Ve)+ U*(0Vioas) + U*(Vaw) + U (rai) + U (Vain) + U2(5Vg) + U0V + UP(6Vi)

where the uncertainty components of the input quantities X; are the following:

Vix DMM reading

Vs The voltage applied by the reference calibrator

oVioad | Loading the reference calibrator

Vstd The voltage of the voltage standard

rdiv The ratio of voltage divider

Vdiff | Voltage difference between output of the voltage divider and output of the calibrator

ovg The gain error of the nanovoltmeter

oVth Thermal EMF

oVix The finite resolution of DMM

Table 1. Uncertainty budget for 100 mV

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncer_ta"!ty Freedom
Uncertainty A Coefficient | Contribution
Xi X; Distribution (DoF)

u(x;) Ci Ui(Ex) o
1
Vix 100,00004 mV 0,02 uv/vV normal 1 0,02 uvV/vV 49
Vs 99,99961 mV 1,73 uv/vV rectangular 1 1,73 pv/vV 0
0V oad 0,00000 mV 0,23 uv/vV rectangular 1 0,23 uv/vV 00
Vg 9,999870 V 0,50 uv/v normal 1 0,50 uv/vV o0
Fdiv 100:1 VIV 0,29 uv/v rectangular 1 0,29 uv/v 0
Vit -0,00091 mV 0,03 uvV/v normal 1 0,03 uv/v 49
oVy 0,00000 mV 0,12 uv/vV rectangular 1 0,12 pvV/v 0
oV 0,00000 mVv 2,31 uv/v rectangular 1 2,31 uv/vV o0
oVix 0,00001 mV 0,03 uv/v rectangular 1 0,03 uv/vV o0

Combined Uncertainty, u(Ey) 2,96 uV/V
Effective Degrees of Freedom, Ves @

Error (Ey) 4,3 uv/v

Coverage Factor, k 9

Expanded Uncertainty, UE,) | 592 yv/v
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Table 2. Uncertainty budget for 10 V

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertalr!ty Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Ci ui(Ex) v
Vi 9,999911 V 0,06 uvV/vV normal 1 0,06 uv/vV 49
Ve 9,999870 V 0,50 pv/v normal 1 0,50 uv/v ©
oV 0,000000 V 0,02 uvV/vV rectangular 1 0,02 uv/vV o0
Vi 0,000001 V 0,03 uv/vV rectangular 1 0,03 uv/vV o0
Combined Uncertainty, u(E,) | .50 wv/v
Effective Degrees of Freedom, Ve -
Error (Ey) 4,1 uvV/vV
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 1,00 uv/v
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Table 3. Uncertainty budget for 100 V
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. . Degrees of
Quantity Estimate Standqrd Probability SenS|F|y|ty Uncertalqty Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Vi 99,99972 V 0,01 pv/v normal 1 0,01 pv/v 49
Vs 99,99994 V 0,87 uV/vV rectangular 1 0,87 uV/vV 00
0V oad 0,00000 V 0,23 uv/v rectangular 1 0,23 uv/vV )
Vg 9,999870 V 0,50 pv/vV normal 1 0,50 uv/vV o0
Igiv 10:1 VIV 0,12 pv/vV rectangular 1 0,12 uv/vV o0
oV 0,00001 V 0,03 uv/vV rectangular 1 0,03 uv/vV )
Combined Uncertainty, u(E,) | 103 pv/v
Effective Degrees of Freedom, Ve -
Error (Ey) 2,3 uV/V
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 2 06 pv/v
Table 4. Uncertainty budget for 1000 V
s . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncer_ta”!ty Freedom
Uncertainty A Coefficient | Contribution
Xi X; Distribution (DoF)
U(Xi) Ci Ui(EX) v;
Vig 999,9980 V 0,01 uV/V normal 1 0,01 uV/V 49
Vs 1000,0004 V 0,87 uvV/vV rectangular 1 0,87 uvV/vV o0
0V1oad 0,00000 V 0,23 uv/vV rectangular 1 0,23 uv/vV o0
Vg 9,999870 V 0,50 uv/v normal 1 0,50 uv/v o0
Fiy 100:1 VIV 0,29 pv/v rectangular 1 0,29 uv/v )
ov; 0,0001 VvV 0,03 uv/v rectangular 1 0,03 pvV/v 0
Combined Uncertainty, u(E,) 1,07 pV/vV
Effective Degrees of Freedom, Ve -
Error (E,) 2,4 uV/v
Coverage Factor, k 9
Expanded Uncertainty, U(E,) | 2 14 pv/v
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6.2. DC Current

The combined uncertainty for calibration of the DMM at the DCI function is given by the
following equation:

uz(Ex) = uz(lix)+ u2(|3)+ uz(élstd) + uz(élload) + uz(élv) + uz(élvt) + uz(5]ix) + uz(élext)

where the uncertainty components of the input quantities X; are the following:

Iix
Is

-DMM reading,
-the current applied by the reference calibrator,

olqq  -current variation due to standard resistor,
oliag  -CUrrent variation due to voltmeter input impedance,
oI,  -current variation due to voltmeter uncertainty,
olx  -current variation due to thermal EMF,
oli,  -the finite resolution of DMM,
dle  -current variation due to range extender (applies at 1 A only).
Vi DMM reading
Vs The voltage applied by the reference calibrator
6Vieas | Loading the reference calibrator
Vita The voltage of the voltage standard
Tdiv The ratio of voltage divider
Vagr | Voltage difference between output of the voltage divider and output of the calibrator
6V, The gain error of the nanovoltmeter
6Vin | Thermal EMF
6Vix | The finite resolution of DMM
Table 5. Uncertainty budget for 100 A
s . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncer_ta"!ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(x;) Ci (= v
lix 99,99960 pA 0,10 nA/A normal 1 0,10 pA/A 49
I 100,00073 pA 2,89 nA/A rectangular 1 2,89 nA/A o0
0lgq 0,00000 pA 0,50 uA/A normal 1 0,50 nA/A o0
0l\oad 0,00000 pA 0,58 nA/A rectangular 1 0,58 pA/A 00
ol, 0,00000 pA 2,95 nA/A normal 1 2,95 uA/A o0
ol 0,00000 pA 2,31 pA/A rectangular 1 2,31 pA/A o0
ol 0,00001 pA 0,03 pA/A rectangular 1 0,03 nA/A 0
Combined Uncertainty, u(Ey) 4,79 pA/A
Effective Degrees of Freedom, Ve .
Error (Ex) -11,3 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 9 58 ua/A
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Table 6. Uncertainty budget for 10 mA
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L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”C“.ta"!‘y Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Ci ui(Ex) v
lix 10,000181 mA 0,02 nA/A normal 1 0,02 nA/A 49
I 9,999913 mA 2,89 nA/A rectangular 1 2,89 nA/A )
Olyq 0,000000 mA 0,50 nA/A normal 1 0,50 pA/A 00
0l\0ad 0,000000 mA 0,01 nA/A rectangular 1 0,01 pA/A o0
ol, 0,000000 mA 2,95 nA/A normal 1 2,95 nA/A o0
ol 0,000000 mA 2,31 pA/A rectangular 1 2,31 pA/A o0
ol; 0,000001 mA 0,03 pA/A rectangular 1 0,03 nA/A o0
Combined Uncertainty, U(E,) | 476 nA/A
Effective Degrees of Freedom, Ve -
Error (Ey) 26,9 nA/A
Coverage Factor, k 2
Expanded Uncertainty, U(E,) 9,52 uA/A
Table 7. Uncertainty budget for 1 A
. . Standard - Sensitivity Uncertainty D358 0l
Quantity Estimate - Probability - S Freedom
Uncertainty A Coefficient | Contribution
Xi X; Distribution (DoF)
u(x;) Ci ui(Ex) o
1
lix 0,9998770 A 1,73 pA/A rectangular 1 1,73 pA/A 49
s 0,9999973 A 2,89 pA/A rectangular 1 2,89 nA/A )
Oloy 0,0000000 A 2,89 nA/A rectangular 1 2,89 pA/A o0
0l 0,0000000 A 0,50 nA/A normal 1 0,50 nA/A o0
0l\0ad 0,0000000 A 0,01 nA/A rectangular 1 0,01 nA/A o0
ol, 0,0000000 A 2,95 uA/A normal 1 2,95 uA/A 0
oly 0,0000000 A 2,31 pA/A rectangular 1 2,31 pA/A o0
ol 0,0000001 A 0,03 nA/A rectangular 1 0,03 nA/A o0
Combined Uncertainty, u(E,) 5,83 RA/A
Effective Degrees of Freedom, Ves @
Error (B | -120,3 pA/A
Coverage Factor, k 9
Expanded Uncertainty, U(E,) | 11 66 pA/A
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UX(E,) = U3(Ri)+ UA(Ry)+ U*(ORy) + U*(IRyy)
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6.3. DC Resistance

The combined uncertainty for calibration of the DMM at the RESISTANCE function is
given by the following equation:

where the uncertainty components of the input quantities X; are the following:

Rix -DMM reading,
Rs -the resistance value applied by the standard resistor,

OR; -effect of the temperature of thermostat,

OR;;, -the finite resolution of DMM.

Table 8. Uncertainty Budget for 10 Q TrueQ

. . Degrees of
Quantity Estimate Standayd Probability Sensm\-nty Uncertam-ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Rix 10,000151 Q 0,03 nQ/Q normal 1 0,03 nQ/Q 49
Rs 10,000011 Q 0,50 pQ/Q normal 1 0,50 pQ/Q 0
ORy 0,000000 Q 0,06 nQ/Q rectangular 1 0,06 nQ/Q 0
ORix 0,000001 Q 0,03 pQ/Q rectangular 1 0,03 pQ/Q 0
Combined Uncertainty, U(Ey) | 0,51 nQ/Q
Effective Degrees of Freedom, Ve -
Error (Ey) 14,0 pQ/Q
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 102 uQ/0
Table 9. Uncertainty Budget for 10 kQ TrueQ
Standard Sensitivit Uncertaint DEYEEE O
Quantity Estimate . Probability HVILY ainty Freedom
Uncertainty T Coefficient | Contribution
X Xi Distribution (DoF)
u(xi) Ci ui(Ex) Vi
Rix 10,000233 kQ 0,01 nQ/Q normal 1 0,01 pQ/Q 49
Rs 10,000145 kQ 0,50 nQ/Q normal 1 0,50 nQ/Q 00
ORy 0,000000 kQ 0,06 uQ/Q rectangular 1 0,06 nQ/Q 0
ORix 0,000001 kQ 0,03 uQ/Q rectangular 1 0,03 pnQ/Q ©
Combined Uncertainty, U(Ey) | 0,50 p/Q
Effective Degrees of Freedom, Ves @
Error (EX) 8,8 nQ/Q
Coverage Factor, k 2
Expanded Uncertainty, U(E,) 1,00 pQ/Q
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Table 10. Uncertainty Budget for 10 kQ TrueQ Lol

EURAMET Project 1341 - Draft B Report

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertalr!ty Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v
Rix 10,000245 kQ 0,03 nQ/Q normal 1 0,03 pQ/Q 49
R 10,000145 kQ 0,50 nQ/Q normal 1 0,50 pQ/Q o0
OR; 0,000000 kQ 0,06 uQ/Q rectangular 1 0,06 pQ/Q o0
ORix 0,000001 kQ 0,03 uQ/Q rectangular 1 0,03 nQ/Q o0
Combined Uncertainty, u(E,) | 051 uQ/Q
Effective Degrees of Freedom, Ve -
Error (EX) 10,0 pQ/Q
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 1,02 u/Q
Table 11. Uncertainty Budget for 10 MQ
. . Standard - Sensitivity Uncertainty SEQITEEE O
Quantity Estimate . Probability L L Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(xi) Ci ui(Ex) Vi
Rix 1,0000742 MQ 0,01 uQ/Q normal 1 0,01 nQ/Q 49
R 1,0000637 MQ 4,50 pQ/Q normal 1 4,50 nQ/Q o0
OR; 0,0000000 MQ 1,15 nQ/Q rectangular 1 1,15 pQ/Q o
ORix 0,0000001 MQ 0,03 nQ/Q rectangular 1 0,03 pQ/Q o
Combined Uncertainty, U(E,) | 4,65 1Q/Q
Effective Degrees of Freedom, Ve -
Error (Ey) 10,5 pQ/Q
Coverage Factor, k 2
Expanded Uncertainty, UE,) | 930 uQ/Q
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6.4. AC Voltage
The combined uncertainty for calibration of the DMM at the ACV function is given by the
following equation:

2 UZ(EX) = léjz(vix)"' uz(vs)"' uz(aacdc) + uz(aVacdc_Lstab) + uz(Vstd) + uz(éVth) + uz(vacdc_AC) + uz(vacdc_DC) +
u (5Vload) +Uu (5V|x)

S| METROSERT

where the uncertainty components of the input quantities X; are the following:

Vix
Vs
5acdc

0 Vacdc_Lstab

-DMM reading,

-AC-DC transfer standard,

-the voltage applied by the reference calibrator,

-long term stability of AC-DC transfer standard,

Vi -the voltage of the voltage standard,
Vi -thermal EMF,
Vacic ac -AC voltage applied to AC-DC transfer standard,
Vaae pc  -DC voltage applied to AC-DC transfer standard,
oViada  -loading the reference calibrator,
ov; -the finite resolution of DMM.
Table 12. Uncertainty Budget for 100 mV @ 55 Hz
. . Standard - Sensitivity Uncertainty D358 0l
Quantity SluEL Uncertainty P_rob_ab|l!ty Coefficient | Contribution gLl
Xi X; u(x) Distribution ¢ u(E) (D\(/)iF)
Viy 99,9946 mV 1,1 pV/vV normal 1 1,1 pV/vV 49
Vs 99,9996 mV 2,9 uv/v rectangular 1 2,9 uv/v )
Oacdc 16,0 pV/V 4,5 uV/v normal 1 4,5 uvV/v o0
OVacde_Lstab 0,0 uvV/vV 0,6 uV/V rectangular 1 0,6 uV/V o0
Vg 99,9996 mV 3,0 uV/vV normal 1 3,0 uwv/v o0
oV 0,0000 mV 2,3 uV/vV rectangular 1 2,3 uv/v 0
Vacdc AC 100,0000 mV 0,3 uvV/v normal 1 0,3 uvV/vV 49
Vacde bc 100,0000 mV 0,1 pvV/vV normal 1 0,1 uV/V 49
0V oad 0,0000 mV 28,9 uv/v rectangular 1 0,3 uvV/v o0
ov; 0,0001 mV 0,3 uv/v rectangular 1 0,3 uvV/vV )
Combined Uncertainty, u(E,) | 296 uv/v
Effective Degrees of Freedom, Ve -
Error (Ey) -49.2 uV/V
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 593 uv/v
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Table 13. Uncertainty Budget for 100 mV @ 1 kHz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”C“.ta"!‘y Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Gi ui(Ex) v

Vix 99,9992 mV 0,8 uv/v normal 1 0,8 uvV/vV 49

Vi 99,9996 mV 2,9 uv/v rectangular 1 2,9 uvV/v )

Oacde 0,0 uV/vV 4,5 uV/vV normal 1 4,5 uV/v 00

OVacde_Lstab 0,0 uvV/vV 0,6 uV/V rectangular 1 0,6 uV/V )

Vg 99,9996 mV 3,0 uV/vV normal 1 3,0 uV/V o0

Vi 0,0000 mVvV 2,3 uV/vV rectangular 1 2,3 uV/V o0
Vacde AC 100,0000 mV 0,1 pV/vV normal 1 0,1 pvV/vV 49
Vacde_bc 100,0000 mV 0,1 pv/V normal 1 0,1 pv/vV 49

0V oad 0,0000 mV 28,9 uv/v rectangular 1 28,9 uv/v )
ov; 0,0001 mVv 0,3 v/ v rectangular 1 0,3 uv/v o0
Combined Uncertainty, u(E,) | 296 pv/v
Effective Degrees of Freedom, Ve -
Error (Ey) -3,6 uV/V
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 592 yv/v
Table 14. Uncertainty Budget for 10 V @ 55 Hz
. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Unceftam.ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(xi) Ci ui(Ex) Vi

Vig 10,00035 V 1,1 pv/ vV normal 1 1,1 uV/vV 49

Vs 9,99983 V 2,9 uv/v rectangular 1 2,9 uwv/v o0

Oacdc 7,0 uV/V 2,5 uV/vV normal 1 2,5 uvV/iv o0

OV acde_Lstab 0pv/v 0,6 uV/V rectangular 1 0,6 pV/V )

Vg 9,99999 V 0,6 uV/V normal 1 0,6 pV/V )
Vacde Ac 10,00000 V 0,6 uV/V normal 1 0,6 uV/V 49
Vacde bc 10,00000 V 0,1 pvV/V normal 1 0,1 uV/V 49

0V 1oad 0,00000 V 28,9 uv/v rectangular 1 28,9 uv/v )

ov; 0,00001 V 0,3 pv/vV rectangular 1 0,3 uv/v 0
Combined Uncertainty, u(E,) | 292 yv/v

Effective Degrees of Freedom, Ve -

Error (Ex) 52,3 uV/V

Coverage Factor, k 2

Expanded Uncertainty, U(E,) | 583 uv/v
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Table 15. Uncertainty Budget for 10 V @ 1 kHz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”C“.ta"!‘y Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci Ui(Ex) v

Vix 10,00090 V 0,4 nv/ v normal 1 0,4 uvV/vV 49

Vi 9,99992 V 2,9 uv/v rectangular 1 2,9 uvV/v )

Oacde 3,0 uV/vV 2,5 uvV/vV normal 1 2,5 uvV/v 00

OVacde_Lstab 0,0 uvV/vV 0,6 uV/V rectangular 1 0,6 uV/V )

Vg 9,99999 V 0,6 pV/V normal 1 0,6 uV/V o0
Vacde Ac 10,00000 V 0,2 uv/ v normal 1 0,2 uvV/vV 49
Vacde pc 10,00000 V 0,1 uV/ vV normal 1 0,1 uV/vV 49

0V1oad 0,00000 V 28,9 uv/v rectangular 1 28,9 uv/v )
oV 0,00001 V 0,3 uv/v rectangular 1 0,3 uv/v )
Combined Uncertainty, u(E,) 29,1 uV/V
Effective Degrees of Freedom, Ve -
Error (Ey) 98,0 pV/V
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 583 uv/v
Table 16. Uncertainty Budget for 10 V @ 100 kHz
. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Unceftam.ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(x;) Ci (= v

Vix 10,00146 V 3,4 uV/V normal 1 3,4 uV/vV 49

Vs 10,00033 V 5,8 uvV/v rectangular 1 5,8 uvV/v o0

Oacde 13,0 uV/V 3,5 uV/vV normal 1 3,5 uV/vV o0

OV acde_Lstab 0,0 pvV/vV 0,6 uV/V rectangular 1 0,6 uV/V 00

Vg 9,99999 V 0,6 uV/V normal 1 0,6 pV/V )
Vacde_ac 10,00000 V 0,2 uv/v normal 1 0,2 uvV/v 49
Vacde bc 10,00000 V 0,1 pvV/vV normal 1 0,1 uv/vV 49

OV oad 0,00000 V 57,7 uv/vV rectangular 1 57,7 uV/vV o0

ov; 0,00001 V 0,3 pv/vV rectangular 1 0,3 uv/v 0
Combined Uncertainty, u(E,) | 582 uv/v

Effective Degrees of Freedom, Vess -

Error (E)) 113,4 pV/V

Coverage Factor, k 2

Expanded Uncertainty, U(E,) | 1165 pv/v
AS Metrosert Report on EURAMET Project 1341 15/19
EURAMET Project 1341 - Draft B Report Page 217 of 355




S| METROSERT

Table 17. Uncertainty Budget for 100 V @ 55 Hz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”C“.ta"!‘y Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Gi ui(Ex) v

Vix 99,9991 V 0,9 nv/ v normal 1 0,9 uv/v 49

Vi 100,0006 V 583 uvV/v rectangular 1 5,8 uvV/vV )

Oacde 10,0 uV/V 3,5 uV/ivV normal 1 3,5 uV/vV 00

OVacde_Lstab 0,0 uvV/vV 0,6 uV/V rectangular 1 0,6 uV/V )

Vg 99,9997 V 1,0 pvV/vV normal 1 1,0 uvV/vV o0
Vacde Ac 100,0000 V 0,6 uV/V normal 1 0,6 uV/V 49
Vacde pc 100,0000 V 0,2 uv/ v normal 1 0,2 uvV/vV 49

0V1oad 0,00000 V 28,9 uv/v rectangular 1 28,9 uv/v )

oVix 0,00001 V 0,3 uv/v rectangular 1 0,3 uv/v 0

Combined Uncertainty, u(E,) | 297 yv/v
Effective Degrees of Freedom, Ve -
Error (Ey) -15,2 pV/IV
Coverage Factor, k 2
Expanded Uncertainty, U(E,) 59,4 uV/V
Table 18. Uncertainty Budget for 100 V @ 1 kHz
. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Unceftam.ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(xi) Ci ui(Ex) Vi

Vix 100,0033 V 0,5 uv/v normal 1 0,5 uv/v 49

Vs 100,0007 V 5,8 uvV/v rectangular 1 5,8 uvV/v o0

Oacde 5,0 uV/vV 3,5 uV/vV normal 1 3,5 uV/vV o0

OV acde_Lstab 0,0 pvV/vV 0,6 uV/V rectangular 1 0,6 uV/V 00

Vg 99,9997 V 1,0 uV/vV normal 1 1,0 pv/vV )
Vacde_ac 100,0000 V 0,6 uV/V normal 1 0,6 uV/V 49
Vacde bc 100,0000 V 0,2 uv/v normal 1 0,2 uvV/v 49

OV oad 0,00000 V 28,9 uv/v rectangular 1 28,9 uv/v o0

ov; 0,00001 V 0,3 pv/vV rectangular 1 0,3 uv/v 0
Combined Uncertainty, u(E,) | 297 pv/v

Effective Degrees of Freedom, Vess -

Error (Ey) 26,2 uV/V

Coverage Factor, k 2

Expanded Uncertainty, U(E,) | 594 pv/v
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6.5. AC Current

The combined uncertainty for calibration of the DMM at the ACI function is given by the

following equation:
UZ(EX) = uz(lix)"— u2(|5)+ uz(éacdc) + uz(alacdc_Lstab) + uz(lstd) + UZ(Iacdc_AC) + UZ(Iacdc_DC) + uz(élix)

where the uncertainty components of the input quantities X; are the following:

lix -DMM reading,

S| METROSERT

Is -the current applied by the reference calibrator,

Oacde -AC-DC transfer standard,

Olacdc Lsta  -1ONQ term stability of AC-DC transfer standard,

lsig -DC current of the current source,

I acdc_AC

| acdc_DC

ol -the finite resolution of DMM.

-AC current applied to AC-DC transfer standard,

-DC current applied to AC-DC transfer standard,

Table 19. Uncertainty Budget for 10 mA @ 300 Hz

. . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertam.ty Freedom
Uncertainty Lo Coefficient | Contribution
X Xi Distribution (DoF)
u(xi) Ci ui(Ex) Vi
lix 10,00049 mA 0,4 nA/A normal 1 0,4 pA/A 49
I 9,99992 mA 5,8 LA/A rectangular 1 5,8 LA/A 0
Oacde 17,0 pA/A 3,5 pA/A normal 1 3,5 pA/A )
Olacdc Lstab 0,0 pA/A 0,6 pA/A rectangular 1 0,6 pA/A )
lsiq 10,00000 mA 4,8 nA/A normal 1 4,8 nA/A o0
lacdc Ac 10,00000 mA 0,3 pA/A normal 1 0,3 nA/A 29
lacdc pC 10,00000 mA 0,1 nA/A normal 1 0,1 pA/A 29
ol 0,00001 mA 0,3 pA/A rectangular 1 0,3 pA/A 0
Combined Uncertainty, u(E,) | 83 ,A/A
Effective Degrees of Freedom, Vess -
Error (Ex) 57,0 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(Es) | 166 LA/A
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Table 20. Uncertainty Budget for 10 mA @ 1 kHz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty U”C“.ta"!‘y Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Gi ui(Ex) v

lix 10,00059 mA 0,3 nA/A normal 1 0,3 nA/A 49

I 9,99987 mA 5,8 uA/A rectangular 1 5,8 LA/A )

lacde 10,0 pA/A 3,5 tA/A normal 1 3,5 nA/A o

Olacdc_Lstab 0,0 pA/A 0,6 pA/A rectangular 1 0,6 pA/A )

It 10,00000 mA 4,8 nA/A normal 1 4,8 uA/A )
lacdc_AC 10,00000 mA 0,3 pA/A normal 1 0,3 pA/A 29
lacdc b 10,00000 mA 0,1 pA/A normal 1 0,1 pA/A 29

ol; 0,00001 mA 0,3 nA/A rectangular 1 0,3 nA/A 0

Combined Uncertainty, u(E,) | 83 A/A
Effective Degrees of Freedom, Ve -
Error (Ey) 72,0 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 16,6 pA/A
Table 21. Uncertainty Budget for 1 A @ 300 Hz
s . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncer_ta”!ty Freedom
Uncertainty A Coefficient | Contribution
Xi X; Distribution (DoF)
U(Xi) Ci Ui(EX) v;

lix 0,999896 A 0,8 nA/A normal 1 0,8 uA/A 49

s 0,999987 A 8,7 pA/A rectangular 1 8,7 nA/A )

lacde 16,0 pA/A 5,0 tA/A normal 1 5,0 tA/A o

Olacdc_Lstab 0,0 nA/A 2,3 nA/A rectangular 1 2,3 nA/A o0

lsiq 1,000000 A 5,8 LA/A normal 1 5,8 LA/A o0
lacdc_ac 1,000000 A 0,4 nA/A normal 1 0,4 uA/A 29
lacdc_pc 1,000000 A 0,2 nA/A normal 1 0,2 uA/A 29

ol; 0,000001 A 0,3 pA/A rectangular 1 0,3 nA/A o0

Combined Uncertainty, U(E,) | 11,8 uA/A
Effective Degrees of Freedom, Ves @
Error (EX) 91,5 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 236 uA/A
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Table 22. Uncertainty Budget for 1 A @ 1 kHz

L . Degrees of
Quantity Estimate Standa_rd Probability Sensm\_/lty Uncertalr!ty Freedom
Uncertainty Lo Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Gi ui(Ex) v
lix 0,999973 A 0,9 nA/A normal 1 0,9 nA/A 49
I 0,999983 A 8,7 uA/A rectangular 1 8,7 nA/A )
lacde 8,0 tA/A 5,0 tA/A normal 1 5,0 nA/A o
Olacdc_Lstab 0,0 pA/A 2,3 uA/A rectangular 1 2,3 uA/A )
lsiq 1,000000 A 5,8 pA/A normal 1 5,8 pA/A o0
lacdc Ac 1,000000 A 0,4 uA/A normal 1 0,4 nA/A 29
lacdc DC 1,000000 A 0,2 nA/A normal 1 0,2 nA/A 29
ol 0,000001 A 0,3 pA/A rectangular 1 0,3 nA/A )
Combined Uncertainty, u(E,) 11,9 pA/A
Effective Degrees of Freedom, Ve -
Error (Ey) -10,5 pA/A
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 238 uA/A
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1. PARTICIPANT INSTITUTE

Institute

Contact Person

E-mail

Address

Central Office of Measures (Gtéwny Urzad Miar - GUM)
Patryk Bruszewski, Pawet Zawadzki

p.bruszewski@qum.qgov.pl, p.zawadzki@qgum.gov.pl

ul. Elektoralna 2, 00-139 Warszawa
phone:+48 22 581 92 42, +48 22 581 91 51

2. PERIOD OF MEASUREMENTS

9 - 18 November 2015

3. AMBIENT CONDITIONS

Temperature

Relative Humidity

(23+1) °C
(40 + 20) % rh

4. THE MEAUREMENT STANDARDS USED

DC Standard Fluke 732B 9125701
Reference divider Fluke 752A 862001 GUM
Resistance Fluke 742A-10 8588001 GUM
standard
Resistance Fluke 742A-10k 8585001 GUM
standard
Resistance Fluke 742A-10M 8574001 GUM
standard
Resistance Ohm-Labs MCS 14245 GUM
standard
Calibrator Fluke 5720A 8586205 GUM
Reference Fluke 8508A 969656420 GUM
Mustimeter
AC/DC Transfer Fluke 792A 8680001 PTB
standard
AC/DC current
transfer standard Holt PN/ 84506 0943500001688 PTB
(thermoelement)
ACIDC current Holt HCS1 81554 PTB
shunt
AC/DC current Holt HCS1 81667-002 PTB
shunt
GUM Report on EURAMET Project 1341 page3
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5. MEASUREMENT METHODS

Measurements of DC Voltage, AC Voltage, AC Current and Resistance were made by direct
comparison of inadiations method. For measurements AC Voltage and AC Current, the source
(calibrator type 5720A) was characterized by using the thermal ACDC standards, in order to
improve the uncertainties of the source, as showed on figure 4 and 5 (step 1) and in short time
were made measurements of multimeter by using characterized source.

Measurements of DC current were made by the technical method of electrical current

measurement (voltmeter method with shunt resistor).
All measurements were made in repeated series, where the number of measurd@ents >

Schemes of measurement systems and connections are shown at Fig. 1 to Fig. 5.

5.1. DC Voltage

Hi
DC Standard Lo
(Fluke 732B)

Hi

Lo uuT
Travelling Standard
(Fluke 8508A )

Guard

Guard L Hi
Reference divider Lo
properly calibrated

(Fluke 752A))

Hi
Calibrator Lo
DCV Source ; !

(Fluke 5720A) ST

Guard

GuArd B - oo

Fig. 1. Scheme of measurement systems and connections for DC Voltage ranges.

5.2. DC Current

Calibrator Hi Hi Resistance standard i Hi UuT
(Fluke 5720A)  *° _I'-o (Fluke 742A/MCS ) Lo Lo Travelling Standard
(Fluke 8508A )

Guard

Ground ? - ;—? Guard

Lo DVM
(Fluke 8508A)

Guard

Fig. 2. Scheme of measurement systems and connections for DC Current ranges.
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5.3. DC Resistance

Input
Hi

Input
H

Lo

Resistance standard II:H

Hi

(Fluke 742A/MCS )

Sen

Ground

Sense

Guard

Lo Travelling Standard

(Fluke 8508A )

uuT

Fig. 3. Scheme of measurement systems and connections for DC Resistance ranges.

5.4. AC Voltage

Step 1
. Hi _ i
Calibrator e Lo AC/DtC 'I(;rar:jsfer H Lo UUT
DCV/ACV Source standar
(Fluke 5720A ) (Fluke 792A) (Fluke 8508A )
Guard Guard Guard
Step 2

Hi
Calibrator Lo
characterized ACV Source

(Fluke 5720A )
Guard

Hi
Lo uuT
Travelling Standard

(Fluke 8508A )

Guard

Fig. 4. Scheme of measurement systems and connections for AC Voltage ranges.

5.5. AC Current

Step 1
Calibrator EI) EIJ AC/SDt(;n'I(;r:rI:jsfer # ECI’ uuT
(EE@C};%XQ) (Holt P/N 84506 + current (Fluke 8508A)
Guard Guard Shunt HCS']-) Guard
Step 2

Calibrator E(')
characterized ACI Source
(Fluke 5720A)

Guard

Hi
Lo uuT

Travelling Standard

(Fluke 8508A )

Guard

Fig. 5. Scheme of measurement systems and connections for AC Current ranges.
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6. MEASUREMENT RESULTS

DC VOLTAGE
Range of Nominal Applied Reading of Error of . 1,2
8508A Value Value 2 8508A° 8508A > Uncertainty
200 mV + 100 mV 100,00000 100,00017 0,00017 0,00045
20V +10V 10,000001 10,000038 0,000037 0,000014
200V + 100V 100,00011 99,99988 -0,00023 0,00021
1000 V + 1000 V 1000,0032 1000,0013 -0,0019 0,0025
DC CURRENT
Range of Nominal Applied Reading of Error of . 1,2
8508A Value value > 8508A2 8508A° Uncertainty
200 pA + 100 pA 99,9987 99,9977 -0,0010 0,0004
20 mA +10 mA 9,99995 10,00020 0,00022 0,00004
1A +1A 1,0000010 0,9998818 -0,0001192 0,0000236
DC RESISTANCE
Range of | Mode of | Nominal | Applied Reading of Error of Uncertainty %2
8508A 8508A | Value | Value 8508A2 8508A 23 y
20Q TrueQ 10Q 9,999794 9,999908 0,000114 0,000021
TrueQ 10 kQ 10,000180 10,000289 0,000109 0,000019
20 kQ
TrueQ Lol 10 kQ 10,000180 10,000295 0,000115 0,000019
2 MQ Normal Q 1 MQ 1,0000023 1,0000121 0,0000098 0,0000015
GUM Report on EURAMET Project 1341 page6

EURAMET Project 1341 - Draft B Report

Page 227 of 355




c%e) W/p‘_
%@5
R

AC VOLTAGE
Nominal Value . :
Range of Applied Reading of Error of UTeer ety 2
8508A Voltage 2 8508A ° 8508A *° y
Voltage | Frequency
100 mV 55 Hz 99,9999 99,9944 -0,0055 0,0021
200 mV
100 mV 1 kHz 99,9992 99,9984 -0,0008 0,0021
Vv 55 Hz 10,00005 10,00056 0,00051 0,00011
20V 10V 1 kHz 10,00003 10,00096 0,00093 0,00011
10V 100 kHz 9,99989 10,00106 0,00117 0,00022
100V 55 Hz 99,9993 99,9985 -0,0008 0,0012
200V
100V 1 kHz 99,9990 100,0021 0,0031 0,0012
AC CURRENT
Nominal Value . :
Range of Applied Reading of Error of UTeer ety 2
8508A Current? | 8508A 2 8508A 22 y
Current | Frequency
10 mA 300 Hz 10,00010 10,00051 0,00041 0,00021
20 mA
10 mA 1 kHz 10,00003 10,00064 0,00061 0,00021
1A 300 Hz 1,000026 0,999916 -0,000110 0,000033
1A
1A 1 kHz 1,000051 1,000004 -0,000047 0,000033

! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.

The units of measure of the electrical guantities values are the same as the units shown in hominal
value columns.

® The Errors of 8508A are determined by equation:

Error = Measured Value (reading of Traveling Standard) — Applied Value
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7. UNCERTAINTY BUDGET

Model Function
M easurement equation for direct comparison of indications method.
Indication eror AW of calibrated multimeter for measured value of quantity is determined by

measurene equation:

AW =Wz —Wo + &Wz — &Wo
where:
Wz — the measured value of quantity — indicated by calibrated multimeter,
Wo - reference value of quantity, determined as standard indication,

01Wz — correction of\z — due to multimeter resolution,

02Wo— correction ofMo determined in one of the ways described below:

a) resuling from the maximum permissible measurement error contained in standard
(calibrator) specification and confirmed in its certificate of calibration. Correction
value in result is assumed as zero and measurement uncertainty is expanded to a
randomized value of these errosb value is then assumed directly as standard
(calibrato) regulation value

b) resulting from such components as:

- reference to external standards based on calibration certificate or comparative
measurements to reference standards performed before and after calibration,

- drift since the last calibration or short-term stability,

- offset,

- resolution,

- nonlinearity,

- temperature coefficient,

- interaction between multimeter and standard etc.

M easurement equation for technical method of electrical current measurement.
Indication eror of calibrated multimete&hW, that is difference between the measured value of
quantity indcated by calibrated multimet®z and reference value of current souke, is
determined byneasurement equation:

AW =Wz—-Wo + Wz

GUM Report on EURAMET Project 1341 page8
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where:

01Wz — correction ofMz — due to multimeter resolution,
Referencevalue of current sourdébis determined by technical method — standard voltmeter
measures vadige drop due to current flowing through standard resistance. Reference value
of current sourc&\bis then determined based on Ohm's law:

— VO + 51VO + 52\/0
° R+0,R +3IR,

where:
Vo — voltage drop value on standard resistance due to current flowing through it
measured Y standard voltmeter,

01Vo— correction of ¥— due to standard voltmeter resolution,

02Vo— correction ofMo determined in one of the ways described below:

a) resultng from the maximum permissible measurement error contained in standard
voltmeter specification and confirmed in its certificate of calibration. Correction
value in result is assumed as zero and measurement uncertainty is expanded to a
randomized value of these errob value is then assumed directly as voltmeter
(standard muiimeter) regulation value,

b) resulting from such components as:

- reference to external standards based on calibration certificate or comparative
measurements to reference standards performed before and after calibration,

- drift since the last calibration or short-term stability,

- offset,

- resolution,

- nonlinearity,

- temperature coefficient,

- load influence on the voltmeter (standard multimeter) etc

Rc — measuring system resistance, through that current of measuring intermediate device

flows. Rcis determined by equation:

- RIR
" R +R,
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because

R <R,
than

R: =R
where

Ro — value of resistance current shunt calibrated at constant current or impedance

calibrated

a alternating current,

Rv — value of input resistance of standard voltmeter DC or input impedance of

standard volheter AC. Effect of that resistance (impedance) is negligibly

small

04Ro— correction of B— due to resistor long term stability,

OtRo — correction ofRo — due to temperature coefficient of standard resistance,
related ¢ difference between ambient temperature from certificate of
calibration of standard resistor and this ambient temperature at which
calibration by technical method is performed. When resistance value

corrections due to temperature coefficient are negligibly small, they aren’t

taken into account at uncertainty estimation,

Uncertainty equation detailed form of i-th measurement for direct comparison

of the indications method is the following:

uaw) =y Ea(W)+ ¢ W)+ cu*(6W,) + ciu*(5,)

where: @+ ca— sensitivity coefficients:

_UW AW

. _1|
W, oW,

and also:
u2(Wz) — variance of\z,
u2(\Wo) — variance of\o,

uz( MWz) —variance of correctiod\\We,

uz( &Wo) — variance of correctiodeWo,

%_aslv\[

_UW

1, ¢-= =-1;
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Uncertainty equation detailed formula of i-th measurement for technical method of
electrical current measurement is the following:

aw) = Ea(W)+ ¢d(w,)+ ciur(ow,)

where:

(W= 2C)+ 2cio, Y+ o, Y+ B B)+ §d(0,R)+ U (aR,)

and:

cl + @ - sendivity coefficients:

_04AW _ _04AW _ _0AW _O0W, _ 1
= =1, ¢, = =-1; ¢= =1, ¢, = = :
oW, oW, 0O, 0V R+5,R+IR,

C = oW, _ 1 _ G = A _ 1 _
00,\, R+I,R+JR,’ 00,¥%, R+I,R+3IR,’
C7:aWO:_ VO+51\/O+52VO . C8: aWO -— VO-'-él\/o-'-éZ\/O .

R, (R+J,R+JR,)*’ 0,R, (R+,R+JIR)*’
c, = W, —_ Vot oMot .
R, (R+,R +3R,)*’
and also:

u2(Wz) — variance of\z,

u2(\Wo) — variance of\o,

u2(81Wz) — variance of correctiod\\z,
uz(Vo) — variance of correctionoy

uz( dVo) — variance of correctiodu Vo,
u2(Ro) — variance of correctiondR

uz( MRo) - variance of correctiods Ro,

uz( &Ro) - variance of correctiod:Ro,
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Table 1. Uncertainty budget for direct comparison of indications method

. : Standard . Sensitivity Uncertainty
QUCTILIg7 Estimate Uncertainty P'rob.abll'lty Coefficient Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
W, Wy u(Wz) normal 1 C1-u(WG)
Wo Wo u(Wo) normal -1 Co-U(Wo)
W, 3, Wy (g W) rectangular 1 Ca'UQ,W;)
IWo 3, Wo u(I\Wo) rectangular -1 C4-UQ,Wo)
Combined Uncertainty, u(E,) u(4w
Effective Degrees of Freedom, Ve L)
Error (Ey) oW
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | U(4W) = Ku@AW)

Table 2. Uncertainty budget for direct comparison of for technical method of electrical current

measurement
. : Standard . Sensitivity Uncertainty
Quantity Estimate Uncertainty e I Coefficient Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
W, Wy u(Wz) normal 1 C1-U(WL)
W, oWz u@,Wz) rectangular 1 C3u@,W,)
1
Vo Vo u(Vo) normal —F% YR+ AR, c4-u(Vo)
1
51Vo JlVo U(51Vo) rectangular m CS'U(CylVo)
1
Vo IVo u(d,Vo) rectangular RAGR IR, CeU(A,V0)
Vo +9Vo + 0N,
Ro o uRo) normal “(R+0O.R +AR) c-U(Ro)
VO 51\/0 JZVO
5Ro o u(d,Ro) rectangular | - m CsU(S,Ro)
VO 51\/0 JZVO
3Ro dro u(JRo) rectangular -m Co-U(SR0)
Combined Uncertainty, u(E,) u(4aw)
Effective Degrees of Freedom, Ve 0
Error (Ey) ON Coverage Factor, k 2
U(4W) = k
Expanded Uncertainty, U(Ey) u@AW)
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7.1. DC Voltage

B0
@“g
=

Table 1. Uncertainty budget for 100 mV

3 3 Standard - Sensitivity | Uncertainty
Quantity | Estimate Uncertainty Probability |~ etficient | Contribution
X; X; Distribution
u(x;) Ci ui(Ex)
W 100,00017 4,77E-05 normal 1 4,77E-05
Wo 100,00000 1,04E-04 normal -1 -1,04E-04
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
IWo 0,00000 1,91E-04 rectangular -1 -1,91E-04
Combined Uncertainty, u(Ey) 0,000223
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00017
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000445
Table 2. Uncertainty budget for 10 V
. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
W, 10,000038 1,64E-06 normal 1 1,64E-06
Wo 10,000001 5,79E-06 normal -1 -5,79E-06
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,000000 3,18E-06 rectangular -1 -3,18E-06
Combined Uncertainty, u(Eyx) | 0,0000068
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,000037
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 0,0000136
Table 3. Uncertainty budget for 100 V
. . Standard - Sensitivity | Uncertainty
QU] S Uncertainty P_rob_abll_lty Coefficient | Contribution
X; Xi Distribution
u(x;) Ci ui(Ex)
Wy 99,99988 5,89E-05 normal 1 5,89E-05
Wo 100,00011 6,93E-05 normal -1 -6,93E-05
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
o,Wo 0,00000 5,20E-05 rectangular -1 -5,20E-05
Combined Uncertainty, u(E) 0,000105
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,00023
Coverage Factor, k 2
Expanded Uncertainty, U(E,) 0,000210
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Table 4. Uncertainty budget for 1000 V

g 3 Standard - Sensitivity | Uncertainty
Quantity Estimate Uncertainty P_rob_ab|l_|ty Coefficient | Contribution
X; Xi Distribution
u(x;) Ci Ui(Ex)
W, 1000,0013 7,98E-04 normal 1 7,98E-04
Wo 1000,0032 8,66E-04 normal -1 -8,66E-04
oWz 0,0000 2,89E-05 rectangular 1 2,89E-05
52Wo 0,0000 4,04E-04 rectangular -1 -4,04E-04
Combined Uncertainty, u(Ey) 0,00125
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,0019
Coverage Factor, k 2
Expanded Uncertainty, U(E) 0,00249

7.2. DC Current

Table 5. Uncertainty budget for 100 pA

3 ] Standard T Sensitivity | Uncertainty
Quenilyy | [Esilmeiz Uncertainty | [ropability |~ tticient | Contribution
X; X; Distribution
u(x;) Ci ui(Ex)
W, 9,99977E-05 3,17E-11 normal 1,0000E+00 317E-11
Jle 0 2,89E-11 rectangular | 1,0000E+00 2 89E-11
Vo 1,0000055 2,89E-08 normal 9,9998E-05 2 89E-12
51VO 0 2,89E-08 rectangular | 9,9998E-05 2.89E-12
52 Vo 0 1,70E-06 rectangular | 9,9998E-05 1,70E-10
Ro 10000,1802 7,00E-04 normal -9,9997E-09 | 7 goE-12
O;RO 0 9,47E-03 rectangular | -9,9997E-09 -9.47E-11
qRo 0 4,60E-08 rectangular | -9,9997E-09 -4,60E-16
Combined Uncertainty, u(gy) | 1,994E-10
Effective Degrees of Freedom, Ve 0
Error (Ey) -1,048E-09
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) | 3,989E-10
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Table 6. Uncertainty budget for 10 mA

3 ] Standard T Sensitivity | Uncertainty
Quantity Estimate Uncertainty P_rob_ab||_|ty Coefficient | Contribution
X; Xi Distribution
u(x;) Ci ui(Ex)
W, 1,000017E-02 2,52E-09 normal 1,00E+00 2,52E-09
51Wz 0 2,89E-09 rectangular 1,00E+00 2,89E-09
Vo 0,9999765 2,89E-08 normal -1,00E-02 -2,89E-10
51Vo 0 2,89E-08 rectangular | -1,00E-02 -2,89E-10
52Vo 0 1,70E-06 rectangular | -1,00E-02 -1,70E-08
Ro 99,9981533 2,90E-06 normal 1,00E-04 2,90E-10
oRo 0 7,33E-05 rectangular | 1,00E-04 7,33E-09
éRo 0 4,00E-09 rectangular 1,00E-04 4,00E-13a
Combined Uncertainty, u(gy) | 1,891E-08
Effective Degrees of Freedom, Ve 0
Error (Ey) 2,203E-07
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 3,782E-08

Table 7. Uncertainty budget for 1 A

3 3 Standard o Sensitivity | Uncertainty
QUETEI Estimate Uncertainty P_rob_ab|l_|ty Coefficient | Contribution
X; X; Distribution
u(x;) Ci ui(Ex)
W; 0,9998818 1,32E-06 normal 1,00E+00 1,32E-06
51Wz 0 2,89E-08 rectangular 1,00E+00 2,89E-08
Vo 1,0000142 2,89E-08 normal -1,00E+00 -2,89E-08
51Vo 0 2,89E-08 rectangular -1,00E+00 -2,89E-08
52Vo 0 1,70E-06 rectangular -1,00E+00 -1,70E-06
Ro 1,00001317 2,90E-08 normal 1,00E+00 2,90E-08
oRo 0 1,15E-05 rectangular | 1,00E+00 1,15E-05
Ctho 0 1,22E-06 rectangular 1,00E+00 1,22E-06
Combined Uncertainty, u(gy) | 1,180E-05
Effective Degrees of Freedom, Ve 0
Error (Ey) -1,192E-04
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 2,360E-05
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7.3. DC Resistance

Table 8. Uncertainty budget for 10 Q

. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
Wy 9,999908 5,03E-06 normal 1 5,03E-06
Wo 9,999794 3,70E-07 normal -1 -3,70E-07
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,000000 8,89E-06 rectangular -1 -8,89E-06
Combined Uncertainty, u(gy) | 0,0000102
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,000114
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 0,0000205
Table 9. Uncertainty budget for 10 kQ - low Current OFF
. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
Wy 10,000289 1,10E-06 normal 1 1,10E-06
Wo 10,000180 7,00E-07 normal -1 -7,00E-07
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,000000 9,47E-06 rectangular -1 -9,47E-06
Combined Uncertainty, u(gy) | 0,0000096
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,000109
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 0,0000191
Table 10. Uncertainty budget for 10 kQ - low Current ON
. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
Wy 10,000295 7,28E-07 normal 1 7,28E-07
Wo 10,000180 7,00E-07 normal -1 -7,00E-07
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,000000 9,47E-06 rectangular -1 -9,47E-06
Combined Uncertainty, u(gEy) | 0,0000095
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,000115
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) | 0,0000191
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Table 11. Uncertainty budget for 1 MQ

. . Standard - Sensitivity | Uncertainty
QU] Sl Uncertainty P_rob_abll_lty Coefficient | Contribution
Xi X; Distribution
u(xi) Ci ui(Ex)
W, 1,0000121 6,86E-08 normal 1 6,86E-08
Wo 1,0000023 1,50E-07 normal -1 -1,50E-07
51Wz 0,0000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,0000000 6,87E-07 rectangular -1 -6,87E-07
Combined Uncertainty, u(Ey) | 0,00000076
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,0000098
Coverage Factor, k 2

Expanded Uncertainty, U(E,) | 0,00000153

7.4. AC Voltage

Table 12. Uncertainty budget for 100 mV, 55 Hz

g 3 Standard - Sensitivity | Uncertainty
Quantity Estimate Uncertainty P_rob_ab|l_|ty Coefficient | Contribution
X; Xi Distribution
u(x;) Ci ui(Ex)
W, 99,9944 1,92E-04 normal 1 1,92E-04
Wo 99,9999 4,19E-04 normal -1 -4,19E-04
51Wz 0,0000 2,89E-05 rectangular 1 2,89E-05
52Wo 0,0000 9,24E-04 rectangular -1 -9,24E-04
Combined Uncertainty, u(Ey) 0,00103
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,0055
Coverage Factor, k 2

Expanded Uncertainty, U(Ey) 0,00207

Table 13. Uncertainty budget for 100 mV, 1 kHz

g 3 Standard - Sensitivity | Uncertainty
Quantity Estimate Uncertainty P_rob_ab|l_|ty Coefficient | Contribution
X; Xi Distribution
u(x;) ©; ui(Ex)
Wy 99,9984 1,66E-04 normal 1 1,66E-04
Wo 99,9992 4,18E-04 normal -1 -4,18E-04
oWz 0,0000 2,89E-05 rectangular 1 2,89E-05
52Wo 0,0000 9,24E-04 rectangular -1 -9,24E-04
Combined Uncertainty, u(Ey) 0,00103
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,0008
Coverage Factor, k 2

Expanded Uncertainty, U(Ey) 0,00206
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Table 14. Uncertainty budget for 10 V, 55 Hz

. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
Wz 10,00056 7,28E-06 normal 1 7.28E-06
Wo 10,00005 3,71E-05 normal -1 -3,71E-05
oWz 0,00000 2,89E-06 rectangular 1 2 89E-06
o,Wo 0,00000 3,70E-05 rectangular -1 -3,70E-05
Combined Uncertainty, u(Ey) 0,000053
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00051
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000106
Table 15. Uncertainty budget for 10 V, 1 kHz
. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
Wy 10,00096 8,19E-06 normal 1 8,19E-06
Wo 10,00003 3,71E-05 normal -1 -3,71E-05
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
o,Wo 0,00000 3,70E-05 rectangular -1 -3,70E-05
Combined Uncertainty, u(Ey) 0,000053
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00093
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000106
Table 16. Uncertainty budget for 10 V, 100 kHz
. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
Wy 10,00106 5,07E-05 normal 1 5,07E-05
Wo 9,99989 4,18E-05 normal -1 -4,18E-05
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
52Wo 0,00000 9,09E-05 rectangular -1 -9,09E-05
Combined Uncertainty, u(Ey) 0,000112
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00117
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000224
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Table 17. Uncertainty budget for 100 V, 55 Hz

. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
Wy 99,9985 7,53E-05 normal 1 7,53E-05
Wo 99,9993 4,44E-04 normal -1 -4,44E-04
51Wz 0,0000 2,89E-05 rectangular 1 2,89E-05
o,Wo 0,0000 3,70E-04 rectangular -1 -3,70E-04
Combined Uncertainty, u(Ey) 0,00058
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,0008
Coverage Factor, k 2

Expanded Uncertainty, U(Ey) 0,00117

Table 18. Uncertainty budget for 100 V, 1 kHz

. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci ui(Ex)
Wy 100,0021 4,47E-05 normal 1 4,47E-05
Wo 99,9990 4,44E-04 normal -1 -4,44E-04
51Wz 0,0000 2,89E-05 rectangular 1 2,89E-05
o,Wo 0,0000 3,70E-04 rectangular -1 -3,70E-04
Combined Uncertainty, u(Ey) 0,00058
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,0031
Coverage Factor, k 2

Expanded Uncertainty, U(Ey) 0,00116
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7.5. AC Current
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Table 19. Uncertainty budget for 10 mA, 300 Hz

. : Standard - Sensitivity | Uncertainty
L Uncertainty Probability |~ officient | Contribution
X; Xi Distribution
u(x;) Ci ui(Ex)
Wy 10,00051 9,85E-06 normal 1 9,85E-06
Wo 10,00010 3,98E-05 normal -1 -3,98E-05
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
o,Wo 0,00000 9,53E-05 rectangular -1 -9,53E-05
Combined Uncertainty, u(Ey) 0,000104
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00041
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000208
Table 20. Uncertainty budget for 10 mA, 1 kHz
g 3 Standard - Sensitivity | Uncertainty
QuElT S Uncertainty P'rob.abll'lty Coefficient | Contribution
Xi Xi Distribution
u(x;) Ci Ui(Ex)
W, 10,00064 9,59E-06 normal 1 9,59E-06
Wo 10,00003 3,97E-05 normal -1 -3,97E-05
51Wz 0,00000 2,89E-06 rectangular 1 2,89E-06
52Wo 0,00000 9,53E-05 rectangular -1 -9,53E-05
Combined Uncertainty, u(Ey) 0,000104
Effective Degrees of Freedom, Ve 0
Error (Ey) 0,00061
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) 0,000207
Table 21. Uncertainty budget for 1 A, 300 Hz
g 3 Standard - Sensitivity | Uncertainty
Quantity Estimate Uncertainty P_rob_ab|l_|ty Coefficient | Contribution
X; Xi Distribution
u(x;) Ci Ui(Ex)
W; 0,999916 1,46E-06 normal 1 1,46E-06
Wo 1,000026 4,22E-06 normal -1 -4,22E-06
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
52Wo 0,000000 1,59E-05 rectangular -1 -1,59E-05
Combined Uncertainty, u(Ey) 0,000017
Effective Degrees of Freedom, Ve 0
Error (Ey) -0,000110
Coverage Factor, k 2
Expanded Uncertainty, U(Ey) | 0,0000330
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Table 22. Uncertainty budget for 1 A, 1 kHz

. : Standard . Sensitivity | Uncertainty
QUEmIY SIS Uncertainty P'rob_abll'lty Coefficient | Contribution
Xi X; Distribution
u(x;) Ci Ui(Ex)
W, 1,000004 1,07E-06 normal 1 1,07E-06
Wo 1,000051 4,18E-06 normal -1 -4,18E-06
51Wz 0,000000 2,89E-07 rectangular 1 2,89E-07
,Wo 0,000000 1,59E-05 rectangular -1 -1,59E-05
Combined Uncertainty, u(Ey) 0,000016
Effective Degrees of Freedom, Vg 0
Error (Ey) -0,000047
Coverage Factor, k 2
Expanded Uncertainty, U(E,) | 0,0000330
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1. PARTICIPANT INSTITUTE

Institute General Directorate of Metrology

Contact Person Yljon Seferi

E-mail yljon.seferi@dpm.gov.al

Address Autostrada Tirané - Durrés, km 8, Kashar, Tirané - Albania

2. PERIOD OF MEASUREMENTS

3. AMBIENT CONDITIONS

Temperature > (20 1)°C
Relative Humidity : (45 + 10)%rh

4. THE MEAUREMENT STANDARDS USED

Name Manufacturer Model No
Digital Multimeter Fluke 8508A
Calibrator Fluke 5720A

5. MEASUREMENT METHOD

Serial No Traceability
976156885 EIM
9216214 SIQ

Direct measurement method is used for the calibration of UUT for the quantities DCV, DCI, ACV,

ACI, DC resistance.

The multifunctional calibrator has powered in the same time the Reference and UUT Multimeter for

all the required quantities.

The applied value is considered the reading of the reference multimeter corrected from the last

calibration certificate.
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MEASUREMENT RESULTS
DC VOLTAGE
Range of Nominal . . -
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 mVv +100 mV 100.00028 mV 99.99992 mV -3.6 uV/V 11 pv/v
20V +10V 9.999969 V 10.000006 V 3.8 uV/vV 4.1 uV/vV
200V +100 V 99.99987 V 99.99981 V -0.55 pv/v 6.5 uv/v
1000 V +1000 V 999.9996 V 1000.0006 V 1.0 pv/v 7.1 uV/V
DC CURRENT
Range of Nominal . . el
8508A Value Applied Value Reading of 8508A | Error of 8508A Uncertainty
200 pA + 100 pA 99.99924 nA 99.99885 pA -3.9 pA/A 99 nA/A
20 mA +10 mA 9.999968 mA 10.000183 mA 22 nA/A 35 nA/A
1A +1A 0.9999823 A 0.9998731 A -0.11 mA/A 0.17 mA/A
DC RESISTANCE
Range of Mode of Nominal . Reading of ——
8508A 8508A Value Applied Value 8508A Error of 8508A | Uncertainty
20 Q TrueQ 10 Q 9.999476 Q 9.999745 Q 27 uQ/Q 26 uQ/Q
TrueQ 10 kQ 9.999990 kQ 10.000073 kQ 8.3 uQ/Q 10 pQ/Q
20 kQ
TrueQ Lol 10 kQ 10.000007 kQ | 10.000135 kQ 13 pQ/Q 11 pQIQ
2 MQ Normal Q 1 MQ 0.9999667 MQ | 0.9999800 MQ 13 uQ/Q 17 uQIQ
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AC VOLTAGE
TR Nominal Value ol
. o]
8508A Voltage Reading of 8508A | Error of 8508A Uncertainty
Voltage | Frequency
100 mv 55 Hz 99.9934 mV 99.9893 mV -41 uV/vV 0.18 mV/V
200 mV
100 mV 1 kHz 99.9998 mV 99.9937 mV -61 pv/v 0.18 mVvV/V
0oV 55 Hz 9.99977 V 10.00052 V 75 uWV/vV 95 uviv
20V 10V 1 kHz 10.00031 V 10.00093 V 62 uvV/v 0.10 mV/V
v 100 kHz 10.00245 Vv 10.00415 VvV 0.17 mV/V 0.57 mV/V
100V 55 Hz 99.9967 V 99.9982 V 15 uwv/v 99 uv/vV
200V
100 vV 1 kHz 100.0016 V 100.0018 Vv 2.5uV/ivV 84 uv/v
AC CURRENT
Range af Nominal Value Applied
H H 1
8508A Current Reading of 8508A | Error of 8508A Uncertainty
Current | Frequency
10 mA 300 Hz 10.00028 mA 10.00054 mA 26 uA/A 0.35 mA/A
20 mA
10 mA 1 kHz 10.00045 mA 10.00068 mA 23 nA/A 0.35 mA/A
1A 300 Hz 0.999930 A 0.999893 A - 37 uA/A 0.68 mA/A
1A
1A 1 kHz 1.000068 A 1.000070 A 1.5 nA/A 0.68 mA/A
! Expanded uncertainty corresponding to the coverage probability of approximately 95 %.
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Table 1. Uncertainty budget for 100 mV

L . Degrees of Freedom
Quantity Estimate Standard - Sensitivity Unce rtainty g (DoF)
Unce rtainty Probability Coefficient | Contribution
Distribution
X X; u(x;) Ci u;(E,) Vi
Vi« |Voltage indicated by DMM (UUT) 99.99992 mvV/ 0.003 pv Normal 1 0.003 pV 19
Vg |VOHage indicated by reference DMM corrected by | ;5 g0p8 1y 0.008 uV Normal 1 0.008 uV 19
calibration certificate
. Uncertainity fromthe calibration certificate of the
WV scal reference DMM 0.00000 mV 05 pv Normal 1 0.50 pv 00
OV sspect |Reading (Specs) of the reference DMM 0.00000 mvV/ 0.14 pv Normal 1 0.14 uv oo
OV sspec2 |Range (Specs) of the reference DMM 0.00000 mV/ 0.05 pv Normal 1 0.05 vV 0
OUsgrife |Drift Time 0.00000 mvV/ 0.01 pv Rectangular 1 0.01 pv oo
O0Usemp [Temp of the reference DMM 0.00000 mV/ 0.07 pv Rectangular 1 0.07 pv 00
O0Usresol | The finite resolution of the reference DMM 0.00000 mV/ 0.0029 v Rectangular 1 0.00 pV 0
OVitem |Wiring therm EMF 0.00000 mvV/ 0.12 pv Rectangular 1 0.12 uV oa
OV ixtemp | T€Mp of the DMM (UUT) 0.00000 mV/ 0.07 pv Rectangular 1 0.07 pV
OV ixresol |The finite resolution of UUT, DMM (7 dig) 0.00000 mV/ 0.0029 pv Rectangular 1 0.00 pV
Combined Unce rtainty, u(E,) 0.54 pv
Error (E,) Effective Degrees of Freedom, v 4 393624559.4
EX:Vix - Vs.mrr + Bvix.temp + 8Vix.resol - 8Vs.cal - 8Vs.specl -3.6 p,V/V = mm— 196
Vi specz + 0Us giit + 0V tem = Vs temp = Vs resol 9 . .
Expanded Uncertainty, U(E,) 11 pvV/vV

Table 2. Uncertainty budget for 10 V

L . Degrees of Freedom
Quantity e Standard babili Sensitivity Uncertainty g (DoF)
Unce rtainty P_ro : 0 !ty Coefficient Contribution
Distribution
X; X; u(x;) Ci Ui(Ey) Vi
Vix  |Voltage indicated by DMM (UUT) 10.000006 V 0.07 uV Normal 1 0.075 pv 19
Ve Vo?tage_ |nd|cat_eq by reference DMM corrected by 0.999969 V/ 024 4V Normal 1 0240 uv 19
calibration certificate
. Uncertainity fromthe calibration certificate of the
Vscal | oterence DMM 0.0000 V 14.0 pv Normal 1 14.00 pV oa
OV sspect |Reading (Specs) of the reference DMM 0.0000 V 13.50 pv Normal 1 13.50 pv oo
OV sspec2 |Range (Specs) of the reference DMM 0.0000 V 2.00 pv Normal 1 2.00 uvV 0
OUsgrire |Drift Time 0.0000 V 149 pv Rectangular 1 1.49 uv oo
O0Usemp [Temp of the reference DMM 0.0000 V 5.20 pv Rectangular 1 520 uV oo
0Usresol | The finite resolution of the reference DMM 0.0000 V 0.29 pv Rectangular 1 0.29 uv o0
OV iem |Wiring therm EMF 0.0000 V 0.12 pv Rectangular 1 0.12 pv oo
OV ixtemp | T€Mp of the DMM (UUT) 0.0000 VV/ 5.20 pv Rectangular 1 520 pv oo
Vixresol | The finite resolution of UUT, DMM (7 dig) 0.0000 V 0.29 pv Rectangular 1 0.29 uv o
Combined Uncertainty, u(g,) 20.95 pv
Error (E,) Effective Degrees of Freedom, V 1098183717.7
EX:Vix - Vs.oorr + 8Vix.temp + SVi><.reso| - SVs.ml - SVs.specl 3.8 }J.V/V E K
8Vs.specz + 8Us.driit + SVtem - SVs.temp - SVs.resol G rage EElferR —
Expanded Uncertainty, U(E ) 4.1 pvV/vV
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Table 3. Uncertainty budget for 100 V

L . Degrees of Fr m
Qi Estimate Standard » Sensitivity Uncertainty €9 ee?DoF) Ll
Uncertainty Probability Coefficient | Contribution
Distribution
Xi X u(x;) Ci ui(Ey) Vi
Vix  |Voltage indicated by DMM (UUT) 99.99981 V 0.96 uV Normal 1 0.956 uV 19
Veeorr Vo!tage- |nd|cat§fi by reference DMM corrected by 99.99987 \/ 11244V Normal 1 11.240 uv 19
calibration certificate
. Uncertainity from the calibration certificate of the
Vs cal reference DMM 0.0000 V 195.0 pv Normal 1 195.00 vV oo
OV sspect |Reading (Specs) of the reference DMM 0.0000 V 200.00 pv Normal 1 200.00 pV 0
OV sspec2 |RaNge (Specs) of the reference DMM 0.0000 V/ 20.00 pv Normal 1 20.00 pV oo
OUsgrire |Drift Time 0.0000 V/ 2257 pv Rectangular 1 2257 pv oo
O0Usemp [Temp of the reference DMM 0.0000 V 121.24 v Rectangular 1 121.24 uv 0
0Usresol | The finite resolution of the reference DMM 0.0000 V/ 2.89 pv Rectangular 1 2.89 uv oo
OViem |Wiring thermEMF 0.0000 V/ 0.12 pv Rectangular 1 0.12 uv oo
OV ixtemp | T€Mp of the DMM (UUT) 0.0000 V 121.24 pv Rectangular 1 121.24 uv 0
OVixresol [The finite resolution of UUT, DMM (7 dig) 0.0000 V/ 2.89 pv Rectangular 1 2.89 uv oo
Combined Uncertainty, u(g,) 329.35 pv
Error (E,) Effective Degrees of Freedom, Vv 14003363.4
EX:Vix . Vs.ourr + 8Vix.temp + SVi><.reso| . BVs.cal . 8Vs.specl -0.55 HV/V c F K
5Vs,specz + 5Us.drill + 6Vflem . 5Vs,temp . 6Vs,resal overage Factor, B
Expanded Uncertainty, U(E ) 6.5 nv/v

Table 4. Uncertainty budget for 1000 V

Quantity Estimate Standard Probability Sens itiyity Unce !’tair)ty Degreez;;l;)reedom
Uncertainty B Coefficient Contribution
Distribution
Xi Xi u(x;) Ci ui(E,) Vi
Vix |Voltage indicated by DMM (UUT) 1000.0006 7.79 pv Normal 1 7.8 uV 19
Voo Vo!tagg indicatgfi by reference DMM corrected by 999.9996 \/ 2355V Normal 1 2350V 19
calibration certificate
Ve :i?ec;iac?gﬁﬁm the calibration certificate of the 0.0000V 28500 v Normal 1 2450.0 iV .
OV sspect |Reading (Specs) of the reference DMM 0.0000 V 2000.00 pv Normal 1 2000.0 pV 0o
0V sspec2 |Range (Specs) of the reference DMM 0.0000 V 250.00 pv Normal 1 250.0 uV o0
OUsgrife |Drift Time 0.0000 V 225.73 uv Rectangular 1 225.7uV 00
0Usemp | Temp of the reference DMM 0.0000 VV 1212.44 pv Rectangular 1 12124 pv 0o
0Usresol |The finite resolution of the reference DMM 0.0000 V 28.87 pv Rectangular 1 289 pv 00
OViem |Wiring therm EMF 0.0000 V 0.12 pv Rectangular 1 0.1 uv o0
OV ixtemp | Te€mp of the DMM (UUT) 0.0000 VV 1212.44 pv Rectangular 1 12124 pv 0
Vixresol | The finite resolution of UUT, DMM (7 dig) 0.0000 V 28.87 pv Rectangular 1 289 pv o0
Error (E,) C?ombined Unce rtainté/, u(E,) f&llzzzé(;\;
EX=Vi - Vaon + Victomp + 3Visrmo - Vs - Voo | 1O WVIV SIRETIER el =
EVs,specz + EUs,drill + SVIlem - EVsAtemp . 8Vs.resul Expanded Unce rtainty, U(E ><) 7.1 llV/V
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6.2. DC Current
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Table 5. Uncertainty budget for 100 pA

Degrees of Freedom

. . Standard Sensitivity Uncertainty
uanti Estimate . i X T DoF
Quantity Unce rtainty Probability Coefficient | Contribution {2
Distribution
X X u(x;) Ci ui(Ex) Vi
lix  |Current indicated by DMM (UUT) 99.99885 PA 0.00001 pA Normal 1 0.00001 pA 19
Current indicated by reference DMM corrected by
Vscorr. | " ribration corificate 99.99924 A 0.00001 pA Normal 1 0.00001 pA 19
Uncertainity from the calibration certificate of the
lscal | oo oMM 0.00000 A 0.00475 uA Normal 1 0.00475 pA o0
dlsspec1 |Reading (Specs) of the reference DMM 0.00000 pA 0.00032 pA Normal 1 0.00032 pA o0
9l s spec2 |[Range (Specs) of the reference DMM 0.00000 pA 0.00020 pA Normal 1 0.00020 pA o0
Ol s grife | Drift Time 0.00000 pA 0.00005 pA Rectangular 1 0.00005 pA o
Al sgemp | Temp of the reference DMM 0.00000 pA 0.00007 pA Rectangular 1 0.00007 pA o
05 resol | The finite resolution of the reference DMM 0.00000 pA 0.000003 pA Rectangular 1 0.000003 pA [
Olieak  |Wiring leakage current 0.00000 pA 0.00001 pA Rectangular 1 0.00001 pA o0
Ol ixtemp |Temp of the DMM (UUT) 0.00000 pA 0.00007 pA Rectangular 1 0.00007 pA o
dlixresol | The finite resolution of UUT, DMM (7 dig) 0.00000 pA 0.000003 pA Rectangular 1 0.000003 pA o0
Combined Uncertainty, u(g,) 0.01 pA
Error (E,) Effective Degrees of Freedom, V 1576292368053.53
EX:Iix . Is.corr + Blix.(emp + SIi><.reso| - SIsml = 5Is.specl . =40 “A/A c F K
5Is.spe(‘z + SIs‘driﬂ + SIIeak . 6Is.lemp . 61s.resol DYBE (R0 s
Expanded Uncertainty, U(E,) 99 nA/A

Table 6. Uncertainty budget for 10 mA

L i Degrees of Freedom
Quantity Estimate Standard Sensitivity Uncertainty Y (DoF)
Uncertainty Probability Coefficient | Contribution
Distribution

X X u(x;) Ci Ui(Ey) Vi

lix  |Current indicated by DMM (UUT) 10.000183 mA 0.00032 pA Normal 1 0.00032 pA 19
lscorr, |CUrTeNtindicated by reference DMM corrected by 9.999968 mA 0.00382 A Normal 1 0.00382 pA 19

calibration certificate
Uncertainity fromthe calibration certificate of the
05 cal reference DMM 0.00000 mA 0.17 pA Normal 1 0.17 pA oo
dl s spect |Reading (Specs) of the reference DMM 0.00000 mA 0.04 pA Normal 1 0.04 pA oa
Ol s speco |RaNge (Specs) of the reference DMM 0.00000 mA 0.02 pA Normal 1 0.02 pA 0
Ol s grife | Drift Time 0.00000 mA 0.0058 pA Rectangular 1 0.00577 pA o0
Ol sgemp | Temp of the reference DMM 0.00000 mA 0.0225 pA Rectangular 1 0.02252 pA oa
Ol sresol | The finite resolution of the reference DMM 0.00000 mA 0.00029 pA Rectangular 1 0.00029 nA o0
dlieak  |Wiring leakage current 0.00000 mA 0.00001 pA Rectangular 1 0.00001 nA o0
lixsemp | Temp of the DMM (UUT) 0.00000 MA 0.0225 pA Rectangular 1 0.02252 pA o
Olixresol | The finite resolution of UUT, DMM (7 dig) 0.00000 mA 0.00029 pA Rectangular 1 0.000289 pA
Combined Uncertainty, u(g,) 0.18 pA
Error (E,) Effective Degrees of Freedom, V 92662452.80
EX:Iix - Is.corr + 6Ii)ntemp + BIix.resoI - 6Is,t:al - 6Is,specl - 22 “A/A c E K
SIs.specz + SIs.drilk + 61|&'ik - 61s.temp - 51s.rmol overage BT, a8
Expanded Uncertainty, U(E,) 35 pA/A
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Table 7. Uncertainty budget for 1 A

L . Degrees of Freedom
. . Standard - Sensitivity Uncertainty
uanti Estimate X X Lo
Q v Uncertainty P_rob_abnl !ty Coefficient Contribution (e
Distribution
Xi Xi u(x;) Ci ui(Ex) Vi
lix Current indicated by DMM (UUT) 0.9998731 A 0.036 pA Normal 1 0.03622 pA 19
lecor Cu_rrent_ mdlcat_et_i by reference DMM corrected by 0.9999823 A 445 1A Normal 1 445 1A 19
calibration certificate
Uncertainity fromthe calibration certificate of the
Ol s cal reference DMM 0.000000 A 0.04 pA Normal 1 0.04 pA 0a
0l sspec1 |Reading (Specs) of the reference DMM 0.000000 A 85.0 pA Normal 1 85 A 0
0l sspec2 |Range (Specs) of the reference DMM 0.000000 A 8.0 pA Normal 1 8.00 pA 0
Ol s grige |Drift Time 0.000000 A 16.44 pA Rectangular 1 16.4 pA 00
Ol stemp | Temp of the reference DMM 0.000000 A 139 pA Rectangular 1 13.9 pA o0
0l sresor | The finite resolution of the reference DMM 0.000000 A 0.029 pA Rectangular 1 0.029 pA o0
Olieak  |Wiring leakage current 0.000000 A 0.00001 pA Rectangular 1 0.00001 pA 0
0l ixtemp | Temp of the DMM (UUT) 0.000000 A 139 pA Rectangular 1 13.85 pA 00
dlixresol | The finite resolution of UUT, DMM (7 dig) 0.000000 A 0.029 pA Rectangular 1 0.029 pA o0
Combined Uncertainty, u(g,) 89.23 pA
Error (E,) Effective Degrees of Freedom, V 3075931.10
EX:Iix - Is.oorr + 8Ii)(.uemp + 61ix,reso| - BIS,C&I - ESIs,specl - -0.11 mA/A c E K
8Is.specz + SIs.driﬁ + 81Ieak . Ms,lemp . 61s.r&sol BYELERR Rl 196
Expanded Uncertainty, U(E,) 0.17 mA/A

DPM Report on EURAMET Project 1341 7115

EURAMET Project 1341 - Draft B Report Page 249 of 355




Drejtoria Pergjithshme e Metrologjise

6.3. DC Resistance

Table 8. Uncertainty budget for 10 Q TrueQ

P . Degrees of Freedom
Quantity Estimate Standard Probabili Sensitivity Uncertainty g (DoF)
Uncertainty _ro ; ! !ty Coefficient Contribution
Distribution
Xi Xi u(x;) Ci ui(E,) Vi
Rix [Currentindicated by DMM (UUT) 9.999745 Q 0.59 pQ Normal 1 0.6 uQ 9
Recorr Cu_rrent. |nd|cat§c_! by reference DMM corrected by 0.999476 Q 67710 Normal 1 61710 9
calibration certificate
Rl gr’:/(lz:\:/lrtalnlty fromthe calibration certificate of the reference 0.000000 Q 105 402 Normal 1 1050 4Q o
**P¢¢ |Reading (Specs) of the reference DMM 0.000000 Q 351Q Normal 1 35.0 pQ o
**P¢¢ IRange (Specs) of the reference DMM 0.000000 Q 7Q Normal 1 7.0 pQ o0
OR s grife |Drift Time 0.000000 0.01 pQ Rectangular 1 0.0 uQ oo
IR s temp | Temp of the reference DMM 0.000000 Q 10 uQ Rectangular 1 104 pQ 0
OR s resor | The finite resolution of the reference DMM 0.000000 Q 0.29 pQ Rectangular 1 0.3 pQ o0
T [ Temp of the DMM (UUT) 0.000000 Q 10 uQ Rectangular 1 10.4 pQ o0
7RIS [ The finite resolution of UUT, DMM (7 dig) 0.000000 Q 0.29 pQ Rectangular 1 0.3 pQ o
Combined Uncertainty, u(g,) 131 pQ
Error (Ey) Effective Degrees of Freedom, v 26472
9 eff
EX:Rix . Rs.corr + 6Rix,temp + 8Rix,resol - 8Rs‘cal - 6Rs.sp\m . 27 ”Q/Q c F K
overage Factor, 1.96
8Rs.specz + 6Rs.dril! - 6Rs.temp - 6Rs.resol 9
Expanded Uncertainty, U(E,) 26 pQ/Q

Table 9. Uncertainty budget for 10 kQ TrueQ

L . Degrees of Freedom
Quantity Estimate Standard Probabilit Sensitivity Uncertainty g (DoF)
Unce rtainty robability Coefficient Contribution
Distribution
Xi Xi u(x;) Ci ui(Ey) Vi
Rix |Currentindicated by DMM (UUT) 10.000073 kQ 615.06 pQ Normal 1 615.1 uQ 9
Re corr Cu.rrent. |nd|cat_e(_j by reference DMM corrected by 0.999990 kQ 22706 10 Normal 1 22706 40 9
calibration certificate

Rl gnMc:/lnamlty fromthe calibration certificate of the reference 0.000000 kQ 37500 4Q Normal 1 375000 Q2 .
TS spec | Reading (Specs) of the reference DMM 0.000000 kQ 35000 pQ Normal 1 35000.0 uQ o0
S5 | Range (Specs) of the reference DMM 0.000000 kQ 2500 pQ Normal 1 2500.0 pQ o
OR s grife |Drift Time 0.000000 kQ 697.44 pQ Rectangular 1 697.4 nQ o0
OR s temp | Temp of the reference DMM 0.000000 kQ 8660 nQ Rectangular 1 8660.2 uQ2 o
OR s resol | The finite resolution of the reference DMM 0.000000 k2 288.7 uQ2 Rectangular 1 288.7 uQ2 o
7T [ Temp of the DMM (UUT) 0.000000 kQ 8660 uQ Rectangular 1 8660.3 uQ o0
X0 | The finite resolution of UUT, DMM (7 dig) 0.000000 kQ 288.7 uQ Rectangular 1 288.7 uQ o

Combined Uncertainty, u(g,) 52855 pQ

Error (E,) Effective Degrees of Freedom, v 5548954.65

EX:Rix . Rs.wrr + 8Rix.temp + SRix.resol - 8Rs.cal - 8Rs.specl . 83 "LQ/Q c F K
overage Factor, 1.96
SRs.specz + 8Rs.drill - 8Rs.temp - 8Rs.resol 9
Expanded Uncertainty, U(E ) 10 pQ/Q
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Table 10. Uncertainty budget for 10 kQ TrueQ Lol

e . Degrees of Freedom
Quantity Estimate Standard Probabili Sensitivity Uncertainty 9 (DoF)
Uncertainty _ro . ! !ty Coefficient Contribution
Distribution

Xi Xi u(x;) Ci ui(E,) Vi

Rix [Current indicated by DMM (UUT) 10.000135 kQ 6356.18 pQ Normal 1 6356.2 nQ 9
Recorr Cu_rrent_mdlcat_eq by reference DMM corrected by 10.000007 kQ 6761.9 402 Normal 1 6761.9 40 9

calibration certificate
Recar L;r'::’?ﬂnam ity fromthe calibration certificate of the reference 0,000000 kO 37500 Q2 Normal 1 375000 4 o
Tt ssPec | peading (Specs) of the reference DMM 0.000000 kQ 35000 uQ Normal 1 35000.0 uQ o0
Ttsspec | pange (Specs) of the reference DMM 0.000000 k2 7000 uQ Normal 1 7000.0 uQ oa
OR s grift | Drift Time 0.000000 kQ 697.44 uQ Rectangular 1 697.4 uQ o
IR s temp | Temp of the reference DMM 0.000000 kQ 10392 uQ Rectangular 1 10392.3 pQ oa
OR s resol | The finite resolution of the reference DMM 0.000000 kQ 288.7 pQ Rectangular 1 288.7 uQ o0
TS [ Temp of the DMM (UUT) 0.000000 kQ 10392 uQ Rectangular 1 10392.4 nQ o0
OTTe0 [ The finite resolution of UUT, DMM (7 dig) 0.000000 kQ 288.7 uQ Rectangular 1 288.7 uQ o
Combined Uncertainty, u(g,) 54616 pQ
Error (Ey) Effective Degrees of Freedom, v 4541124
9 eff
EX:Rix ° Rs.oorr + SRix‘temp + 8Rix,resol - 5Rs,cal - SRs.spe(:l . 13 ”Q/Q c F K
overage Factor, 1.96
SRs,specZ + 3Rs.drit - 8Rs.temp . 8Rs.nisol 9
Expanded Uncertainty, U(E,) 11 pQ/Q

Table 11. Uncertainty budget for I MQ Normal

S . Degrees of Freedom
. . Standard Sensitivity Uncertainty
uantit Estim ) ili X P DoF
Q y SAGEDS Unce rtainty P_rob_abll!ty Coefficient Contribution (B
Distribution

Xj Xi u(x;) Ci Ui(Ex) Vi

Rix |Current indicated by DMM (UUT) 0.9999800 MQ 659651.12 pQ Normal 1 659651 pQ 9
Rs orr, |CUTTent indicated by reference DMM corrected by 0.9999667 MQ 255928.0 pQ Normal 1 255928 pQ 9

calibration certificate
R gr'\\::/lnalnlty fromthe calibration certificate of the reference 0.0000000 MQ 7500000 Q2 Normal 1 7500000 Q2 .
TS | Reading (Specs) of the reference DMM 0.0000000 MQ 3499883 Q2 Normal 1 3499883 uQ oo
TS | Range (Specs) of the reference DMM 0.0000000 MQ 500000 pQ2 Normal 1 500000 puQ o
OR s grife | Drift Time 0.0000000 MQ 318072.66 uQ Rectangular 1 318073 pQ oa
IR s temp | T€Mp Of the reference DMM 0.0000000 MQ 1039196 uQ Rectangular 1 1039196 pQ 00
OR s resol | The finite resolution of the reference DMM 0.0000000 MQ 28867.5 uQ Rectangular 1 28868 Q2 o
KT | Temp of the DMM (UUT) 0.0000000 MQ 1039210 pQ Rectangular 1 1039210 pQ 0
ITIXIE0 [The finite resolution of UUT, DMM (7 dig) 0.0000000 MQ 28867.5 uQ Rectangular 1 28868 pQ oo
Combined Uncertainty, u(E,) 8456460 nQ
Error (E,) Effective Degrees of Freedom, V 501788.24
Eszix - Rs.corr + 6Rix.temp + SRi)(.resul - sRs.ml - 8Rs.specl . 13 p{)/Q c E K
Ver: r, 1
5Rs.spsy.:z + 5Rs.driﬁ - 5Rs,temp - 6Rs‘msol overage B, o
Expanded Uncertainty, U(E,) 17 nQ/Q
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4. AC Voltage
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Table 12. Uncertainty budget for 100 mV @ 55 Hz

L . Degrees of Freedom
Quantity Estimate Standard Sensitivity Uncerrtainty 9 (DoF)
Unce rtainty Probability Coefficient | Contribution
Distribution
X; X u(x;) Ci ui(E,) Vi
Vix \oltage indicated by DMM (UUT) 99.9893 mv/ 0.173 pv Normal 1 0.173 uv 49
Veorr Vo!tage_ |nd|cat_eq by reference DMM corrected by 99.9934 MV 0255 uv Normal 1 0255 4V 9
calibration certificate
Uncertainity fromthe calibration certificate of the
Vs cal reference DMM 0.00000 mVv/ 75pv Normal 1 7.5 uV 0
0V sspect |Reading (Specs) of the reference DMM 0.00000 mvV/ 5.00 pv Normal 1 5.00 pv oa
OV sspec2 |RaNge (Specs) of the reference DMM 0.00000 mV 2.00 pv Normal 1 2.00 pv 0
OUsqrift | Drift Time 0.00000 mv/ 1.00 pv Rectangular 1 1.00 pv 00
OUsemp |Temp of the reference DMM 0.00000 mv/ 0.87 pv Rectangular 1 0.87 uv o0
0Usresol | The finite resolution of the reference DMM 0.00000 mV 0.03 uv Rectangular 1 0.03 pv o
0V ixtemp | T€mMp of the DMM (UUT) 0.00000 mv/ 0.87 pv Rectangular 1 0.87 uv o0
Vixresol |The finite resolution of UUT, DMM (6 dig) 0.00000 mvV/ 0.03 pv Rectangular 1 0.03 pv o0
Combined Uncertainty, u(E,) 9.4 pv
EtariEy) Effective Degrees of Freedom, v 4 28855393.41
EX:Vix - Vs.oorr + 5Vix.temp + SVix,resul - 2svs,cal - 6Vs,specl -41 HVN
Coverage Factor, k 1.96
- 5Vs.specz + 8Us.driﬁ - 8Vs.temp - 5Vs.resol -
Expanded Uncertainty, U(E,) 0.18 mV/V

Table 13. Uncertainty budget for 100 mV @ 1 kHz

Quantity e Standard - Sensitivity Uncertainty Degree?E;J;'l__:)reedom
Uncertainty | Propability Coefficient | Contribution
Distribution
X; X u(x;) Ci u;(E,) Vi
Vix  |Voltage indicated by DMM (UUT) 99.9937 mV 0.156 uV Normal 1 0.156 uV 49
Voo | VONtage indicated by reference DMM corrected by | g 9905 1/ 0.226 4V Normal 1 0.226 4V 49
calibration certificate
Uncertainity fromthe calibration certificate of the
Vs cal reference DMM 0.00000 mv/ 75uv Normal 1 7.5uV oo
oV sspect |Reading (Specs) of the reference DMM 0.00000 mv/ 5.00 pv Normal 1 5.00 uvV o0
0V sspecz |Range (Specs) of the reference DMM 0.00000 mVv/ 1.00 pv Normal 1 1.00 pV 00
OUsqrift | Drift Time 0.00000 mV/ 0.32pv Rectangular 1 0.32 uV o0
0Ustemp | Temp of the reference DMM 0.00000 mV/ 0.87 pv Rectangular 1 0.87 uv 0
0Usresol | The finite resolution of the reference DMM 0.00000 mV/ 0.03 v Rectangular 1 0.03 uv 00
OV ixtemp | Temp of the DMM (UUT) 0.00000 mv/ 0.87 pv Rectangular 1 0.87 uv 00
OVixresol | The finite resolution of UUT, DMM (6 dig) 0.00000 mV/ 0.03 pv Rectangular 1 0.03 pv 0
Combined Uncertainty, u(E,) 9.2 v
S e Effective Degrees of Freedom, v 4 41758468.36
EX:Vix - Vs.mrr + 6Vix.temp + 8Vix.resol - SVs.cal - 8Vs.specl -61 “V/V
Coverage Factor, k 1.96
. 8Vs.specz + 8Us,driit . 8Vs.temp . 8Vs.recol -
Expanded Uncertainty, U(E,) 0.18 mvV/V
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Table 14. Uncertainty budget for 10 V @ 55 Hz

L . Degrees of Freedom
Quantity Estimate Standard Probabili Sensitivity Uncertainty 9 (DoF)
Uncertainty .ro : 0 !ty Coefficient Contribution
Distribution
X; X; u(x;) Ci u;(E,) Vi
Vix Voltage indicated by DMM (UUT) 10.00052 V 12.1 pv Normal 1 12.1 uv 49
\oltage indicated by reference DMM corrected by
Vscorr calibration certificate 9.99977 V 149 uv Normal 1 149 nv 49
Uncertainity fromthe calibration certificate of the

OV scal reference DMM 0.0000 V 225.0 pv Normal 1 225.0 uv 00

OV sspect |Reading (Specs) of the reference DMM 0.0000 V 400.0 pv Normal 1 399.99 uv

0V sspecz |RaNge (Specs) of the reference DMM 0.0000 V/ 100.00 pvV Normal 1 100.00 pV
OUsgrift | Drift Time 0.0000 V 11.80 pv Rectangular 1 11.80 uv 00
O0Ustemp |Temp of the reference DMM 0.0000 V 86.6 uV Rectangular 1 86.60 uV 0a
0Usresol | The finite resolution of the reference DMM 0.0000 V 289 pv Rectangular 1 2.89 uv 0a
OV ixtemp |Temp of the DMM (UUT) 0.0000 V 86.6 UV Rectangular 1 86.61 uV 0a
Vixresol | The finite resolution of UUT, DMM (6 dig) 0.0000 V 289 pv Rectangular 1 2.89 uv 00

Combined Uncertainty, u(g,) 485.9 uv
2l Effective Degrees of Freedom, v 15109189.81
EX:Vix - Vs.oorr + 8Vix.temp + avi)<.raso| - 6Vs.cal - 8Vs,specl 75 HV/V
Coverage Factor, k 1.96
- 6Vs.spe(*z + 5Us.dritt - svs.temp - 6Vs.resol -
Expanded Uncertainty, U(E ) 95 pvV/vV

Table 15. Uncertainty budget for 10 V @ 1 kHz

Quantity B Standard » Sensitivity Uncertainty Degreez:;);lzz)reedom
Unce rtainty Probability Coefficient | Contribution
Distribution
X; X u(x;) C; ui(E,) Vi
Vix Voltage indicated by DMM (UUT) 10.00093 V 2.1 pv Normal 1 2.1 uvV 49
Veorr Vo!tage_ |nd|cat_ef1 by reference DMM corrected by 10.00031 200V Normal 1 200V 19
calibration certificate
. Uncertainity fromthe calibration certificate of the
Vs cal reference DMM 0.0000 V 405 uv Normal 1 405.0 uv o0
0V sspect |Reading (Specs) of the reference DMM 0.0000 V 300 v Normal 1 300.01 pV oo
OV sspecz |RaNge (Specs) of the reference DMM 0.0000 V 100 pv Normal 1 100.00 pV 0o
OUsgrite |Drift Time 0.0000 V 23.09 pv Rectangular 1 23.09 uv [
0Ussemp | Temp of the reference DMM 0.0000 V 86.6 UV Rectangular 1 86.61 uV oo
O0Usresol | The finite resolution of the reference DMM 0.0000 V 289 pv Rectangular 1 2.89 uv oo
OVixtemp |Temp of the DMM (UUT) 0.0000 V 86.6 uV Rectangular 1 86.61 pv [
Vixresol |The finite resolution of UUT, DMM (6 dig) 0.0000 V 289 uv Rectangular 1 2.89 uv oo
Combined Uncertainty, u(E,) 528.8 uv
Error () Effective Degrees of Freedom, v« 39864835654
EX:Vix - Vs.oorr + 5Vix.temp + SVi><.reso| - SVs.cal - 5Vs.specl 62 P'V/V
Coverage Factor, k 1.96
- 8Vs.specz + 5Us.driﬁ - 8Vs.temp - 5Vs.r&sol =
Expanded Uncertainty, U(E,) 0.10 mV/V
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Table 16. Uncertainty budget for 10 V @ 100 kHz

L . Degrees of Freedom
Quantity Estimate Standard o Sensitivity Uncertainty 9 (DoF)
Unce rtainty Probability Coefficient | Contribution
Distribution
X; Xi u(x;) C u;(Ey) Vi
Vix  |Voltage indicated by DMM (UUT) 10.00415 vV 1.8 uv Normal 1 1.8 uv 49
\oltage indicated by reference DMM corrected by
Vscorr calibration certificate 10.00245 V 1287 pv Normal 1 128.7 uv 49
Uncertainity fromthe calibration certificate of the
OV s cal reference DMM 0.0000 V 600 pv Normal 1 600.0 uV oo
0V sspect |Reading (Specs) of the reference DMM 0.0000 vV 2501 pv Normal 1 2500.61 uV 0
OV sspecz |Range (Specs) of the reference DMM 0.0000 vV 1000 pv Normal 1 1000.00 uV 0
OUsgrise |Drift Time 0.0000 V 117.78 pv Rectangular 1 117.78 uV 0o
0Ustemp [Temp of the reference DMM 0.0000 V 693 v Rectangular 1 692.99 uv oo
O0Usresol | The finite resolution of the reference DMM 0.0000 V 289 pv Rectangular 1 2.89 uv o0
OV ixtemp |T€Mp 0f the DMM (UUT) 0.0000 vV 693 v Rectangular 1 693.11 pv [
Vixresol | The finite resolution of UUT, DMM (6 dig) 0.0000 V 2.89 pv Rectangular 1 2.89 uv 0
Combined Uncertainty, u(E,) 2933.3 pv
Error (€, Effective Degrees of Freedom, v 5127946.353
EX:Vix - Vs.corr + 8Vix.lemp + 8Vi><.reso| - 5Vs.ml - 6Vs.specl 0.17 mV/V
Coverage Factor, k 1.96
- 8Vs.specz + 8Us.driil - avs.temp - 8Vs.nasol "
Expanded Uncertainty, U(E,) 0.57 mv/iV

Table 17. Uncertainty budget for 100 V @ 55 Hz

Degrees of Freedom

. . Standard Sensitivity Uncertainty
uanti . ili . I
Quantity Estimate Uncertainty Probability Coefficient | Contribution (BoF)
Distribution
X; X u(x;) C; u;(E,) Vi
Vix \oltage indicated by DMM (UUT) 99.9982 V 119.1 pv Normal 1 119.1 uV 49
\oltage indicated by reference DMM corrected by
Vscorr calibration certificate 99.9967 V 162.6 uv Normal 1 162.6 uv 49
Uncertainity fromthe calibration certificate of the

OV s cal reference DMM 0.0000 V 2650 pv Normal 1 2650.0 pV oo
OV sspect |Reading (Specs) of the reference DMM 0.0000 V 4000 pv Normal 1 3999.87 uv oo
0V sspecz |RaNge (Specs) of the reference DMM 0.0000 V/ 1000 pv Normal 1 1000.00 uV oo
OUsgrise | Drift Time 0.0000 V/ 3591 uv Rectangular 1 3591 uvV 0o
0Usremp |Temp of the reference DMM 0.0000 V/ 866 pV Rectangular 1 866.00 uV oo
O0Usresol | The finite resolution of the reference DMM 0.0000 V/ 28.87 uv Rectangular 1 28.87 uV oo

OV ixtemp | T€Mp of the DMM (UUT) 0.0000 V 866 pV Rectangular 1 866.01 pV

OVixresol |The finite resolution of UUT, DMM (6 dig) 0.0000 V 28.87 uv Rectangular 1 28.87 uV

Combined Uncertainty, u(E,) 5056.1 pVv
Error (E,) :
Effective Degrees of Freedom, v « 13786627.89
EX=Vix = Vs.cor + Vixctemp + 0 Vixcresol = OVs.cal = Vi spect 15 uv/v
Coverage Factor, k 1.96
- 6Vs.spe(‘z + 8Us.driit - avs.temp - 6Vs.resol "
Expanded Uncertainty, U(E,) 99 nv/v
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Table 18. Uncertainty budget for 100 V @ 1 kHz

L . Degrees of Freedom
. . Standard Sensitivity Unce rtainty
uanti ) ili . L
Q ty SIS Uncertainty P_ro b.ab' I !ty Coefficient Contribution (o)
Distribution
Xi Xi u(x;) Ci ui(Ey) Vi
Vix  [|Voltage indicated by DMM (UUT) 100.0018 V 194 pv Normal 1 19.4 pv 49
Veorr Vo!tage_ |nd|cat_ef:| by reference DMM corrected by 100.0016 V 4640V Normal 1 4640V 29
calibration certificate
Uncertainity fromthe calibration certificate of the

OV s cal reference DMM 0.0000 V/ 2650 pv Normal 1 2650.0 pVv oo

OV sspect |Reading (Specs) of the reference DMM 0.0000 V 3000 pv Normal 1 3000.05 pV

OV sspecz [Range (Specs) of the reference DMM 0.0000 V/ 1000 pv Normal 1 1000.00 pV

OUsgrire |Drift Time 0.0000 V/ 1129 pv Rectangular 1 112.87 pv
OUstemp |Temp of the reference DMM 0.0000 V/ 866 VvV Rectangular 1 866.04 pV 0o
0Usresor | The finite resolution of the reference DMM 0.0000 V/ 28.87 pv Rectangular 1 28.87 pv oo
OV ixtemp |T€Mp of the DMM (UUT) 0.0000 V/ 866 pV Rectangular 1 866.04 pv 00
OVixresol |The finite resolution of UUT, DMM (6 dig) 0.0000 V 28.87 pv Rectangular 1 28.87 uvV 0

Combined Uncertainty, u(g,) 4305.7 pVv
Error (E) Effective D f Freed 1368824915
_ ctive Degrees of Freeaom, Vg
EX_Vix = Vs.cnrr + 8Vix.temp + 8Vix.nasol - 5Vs.cal - 8Vs.spe«:l 25 “VN Cove rage Facto r, Kk 1.96
~ Vs specz * OUs.git - Vs temp - Vs rsol Expanded Uncertainty, U(E,) 84 uV/V
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6.5. AC Current

b ool
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Table 19. Uncertainty budget for 10 mA @ 300 Hz

L . Degrees of Freedom
Quantity Estimate Standard Sensitivity Uncertainty g (DoF)
Uncertainty | Probability Coefficient | Contribution
Distribution
Xi Xi u(x;) Ci ui(Ey) Vi
lix Current indicated by DMM (UUT) 10.00054 mA 0.00428 pA Normal 1 0.00428 pA 49
Cl t indicated by ref DMM ted b
lcorr, | -rent Indicated by reterence comecteady | 1000028 ma 0.00762 pA Normal 1 0.00762 pA 4
calibration certificate
Uncertainity fromthe calibration certificate of the
Olscal | oferonce DMM 0.00000 A 0.75 pA Normal 1 0.75 pA P
0l sspec1 |Reading (Specs) of the reference DMM 0.00000 mA 1.25 pA Normal 1 1.25 pA 0
ol sspecz |Range (Specs) of the reference DMM 0.00000 mA 1.00 pA Normal 1 1.00 pA o0
Ol s grife | Drift Time 0.00000 mA 0.0693 pA Rectangular 1 0.06928 pA 00
0lstemp |Temp of the reference DMM 0.00000 mA 0.1732 pA Rectangular 1 0.17321 pA 0
dlsresol | The finite resolution of the reference DMM 0.00000 mA 0.00289 pA Rectangular 1 0.00289 pA 00
0lixtemp |Temp of the DMM (UUT) 0.00000 mA 0.1732 pA Rectangular 1 0.17321 pA 00
dlixresol | The finite resolution of UUT, DMM (6 dig) 0.00000 mA 0.00289 pA Rectangular 1 0.002887 pA 0a
Combined Uncertainty, u(g,) 1.79 pA
Error (E,) Effective Degrees of Freedom, V 52299708557.82
EX:Iix - Is.corr + 8Iix.temp + 61i><.reso| - 5Is.cal - 51s.specl . 26 UA/A c E K
overage Factor, 1.96
6Is,specz + aIs,driil - 81s.temp - 6Is.resol 9
Expanded Unce rtainty, U(E ) 0.35 mA/A

Table 20. Uncertainty budget for 10 mA @ 1 kHz

S . Degrees of Freedom
Quantity Estimate Standard Sensitivity Uncertainty Y (DoF)
Uncertainty | Probability Coefficient | Contribution
Distribution
X; X; u(x;) C; ui(Ey) Vi
lix Current indicated by DMM (UUT) 10.00068 mA 0.00246 pA Normal 1 0.00246 pA 49
Current indicated by reference DMM corrected by
Iscorr. calibration certificate 10.00045 mA 0.01847 pA Normal 1 0.01847 nA 49
. Uncertainity from the calibration certificate of the
scal | e oMM 0.00000 mA 0.75 uA Normal 1 0.75 pA P
0lsspec |Reading (Specs) of the reference DMM 0.00000 mA 125 pA Normal 1 1.25 pA oa
0l sspec2 |Range (Specs) of the reference DMM 0.00000 mA 1.00 pA Normal 1 1.00 pA oo
Ol s grire | Drift Time 0.00000 mA 0.0231 pA Rectangular 1 0.02309 pA o0
Ol emp | Temp of the reference DMM 0.00000 mA 0.1732 pA Rectangular 1 0.17321 pA )
dlsresol | The finite resolution of the reference DMM 0.00000 mA 0.00289 pA Rectangular 1 0.00289 pA 0a
Olixtemp [ Temp of the DMM (UUT) 0.00000 mA 0.1732 pA Rectangular 1 0.17322 pA 0
dlixresol | The finite resolution of UUT, DMM (6 dig) 0.00000 mA 0.00289 pA Rectangular 1 0.002887 A 0a
Combined Uncertainty, u(g,) 1.79 pA
Error (Ey) Effective Degrees of Freedom, V 1658336638.55
EX:Iix - Is,corr + SIix.!emp + 81i>(,reso| - SIs.cal - 8Is.spe«:l - 23 pA/A c F K
VEr: r, il
6Is.spe(ﬁ + BIs.drin - 51s.temp B 5Is.resol overage TR £
Expanded Uncertainty, U(E,) 0.35 mA/A
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Table 21. Uncertainty budget for 1 A @ 300 Hz

S . Degrees of Freedom
Quantity Estimate Standard Sensitivity Uncertainty g (DoF)
Uncertainty | Probability Coefficient | Contribution
Distribution
X; X u(x;) C; ui(E,) Vi
lix Current indicated by DMM (UUT) 0.999893 A 1.01 pA Normal 1 1.00621 pA 49
lecorr Current_lndlcat?z_i by reference DMM corrected by 0.999930 A 1251 pA Normal 1 12511 uA 29
calibration certificate
Uncertainity fromthe calibration certificate of the
Ol s cal reference DMM 0.000000 A 140 pA Normal 1 140.00 pA 00
ol sspect |Reading (Specs) of the reference DMM 0.000000 A 300.0 pA Normal 1 299.98 pA 0
ol sspec2 |Range (Specs) of the reference DMM 0.000000 A 100.0 pA Normal 1 100.00 pA 0
Ol s grife | Drift Time 0.000000 A 19.8 pA Rectangular 1 19.75115 pA 0o
Ol sremp | Temp of the reference DMM 0.000000 A 17.3pA Rectangular 1 17.31930 pA [
Ol sresor | The finite resolution of the reference DMM 0.000000 A 0.29 pA Rectangular 1 0.28868 uA 0
0lixtemp |Temp of the DMM (UUT) 0.000000 A 17.3pA Rectangular 1 17.31865 pA o0
dlixresol | The finite resolution of UUT, DMM (6 dig) 0.000000 A 0.29 pA Rectangular 1 0.288675 pA 0o
Combined Uncertainty, u(g,) 347.47 pA
Error (E,) Effective Degrees of Freedom, V 11303538.86
EX:Iix . Is.oorr + 61ix.temp + 61ix.rasol - SIs.ci:\l - 51s.specl . -37 PA/A c F K
Ver: r, i
8Is.spe(‘l + 61s.driﬁ . 8Is.temp . 61s.resol DY | R o~
Expanded Uncertainty, U(E,) 0.68 mA/A

Table 21. Uncertainty budget for 1 A @ 1 kHz
Quantity Estimate Standard Probabilit Sensitivity Uncertainty Degreezjo;l;)reedom
Uncertainty robabliity Coefficient Contribution
Distribution
X; X; u(x;) Ci ui(E,) Vi
lix Current indicated by DMM (UUT) 1.000070 A 0.98 pA Normal 1 0.98005 pA 49
leco Current_lndlcat(_efi by reference DMM corrected by 1.000068 A 2335 A Normal 1 23346 uA 29
calibration certificate
Uncertainity fromthe calibration certificate of the
Ol 5 cal reference DMM 0.000000 A 140 pA Normal 1 140.00 pA 0
0lsspect |Reading (Specs) of the reference DMM 0.000000 A 300.0 pA Normal 1 300.02 pA oo
0l sspec2 |Range (Specs) of the reference DMM 0.000000 A 100.0 pA Normal 1 100.00 pA oo
Ol s grife | Drift Time 0.000000 A 125 pA Rectangular 1 12.46499 pA )
Ol sremp | Temp of the reference DMM 0.000000 A 17.3pA Rectangular 1 17.32169 pA )
dlsresol | The finite resolution of the reference DMM 0.000000 A 0.29 pA Rectangular 1 0.28868 nA )
Olixtemp |Temp of the DMM (UUT) 0.000000 A 17.3pA Rectangular 1 17.32172 pA o
dlixresol | The finite resolution of UUT, DMM (6 dig) 0.000000 A 0.29 pA Rectangular 1 0.288675 pA 0
Combined Unce rtainty, u(g,) 347.73 pA
Error (E,) Effective Degrees of Freedom, v 935107.79
EX:Iix = Is.oorr + 81ix.temp + BIix.resol - 61s.c:-xl - 6Is.specl - L5 UA/A c F K
5Is.specz + 51s.drill . 5Is.uemp . als,resul overage Factor, s
Expanded Uncertainty, U(E,) 0.68 mA/A
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Ambient Conditions

Temperature [°C] : 23,0+1

Relative Humidity [%]: 43412

Reference Standards Used

Reference Standard Serial Number
Fluke DMM 8508A/01 967456392
Fluke Calibrator 5520A 966001
DC Resistor 10Q 728570/BZ3
DC Resistor 100Q2 738457/BZ3
DC Resistor 1 kQ 738395/BZ3
DC Resistor 10 kQ 720843/BZ3

Measurements Performed

1. DCand AC Voltage:
1.1. Method Used
The method used for the calibration of DC and AC Voltage is the substitution method.

KMA’s reference multimeter DMM Fluke 8508A/01 has been used as reference standard and
multifunctional calibrator Fluke 5720A as source of DC or AC Voltage voltage. The reference
multimeter is traceable to the Turkish National Institute of Metrology (UME).

The calibration of the digital multimeter which was used as transfer standard (UUT) was carried
out at the points indicated by intercomparison protocol during 5 days in period from the 24t of
May to the 10th of June 2016.

Twenty (20) repeated observations of DC and AC voltage were taken on each one of the 5 days
for both the Reference DMM, as well as the UUT. The mean values (Eq. 1), as well as the relevant
experimental standard deviations (Eq. 2), of each of the sets of the 20 measurements were
calculated.

20
2%
i=1

Xj == N j=1to5 (Eq. 1)
n
—\2
Z(Xi_xj)
s; == j=1t05 Eq. 2
j n(n—1) J=1lto (Eq. 2)
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After performing a consistency F-test, in order to prove that all measurements belong in the same
population, the overall mean value, as the weighted mean of all 5 sets of measurements taken
on each of the 5 days, was calculated for each of the measuring points (Eq. 3), as well as the
weighted standard uncertainty (Eq. 4). The reciprocal of the variance of each one of the five
sets was used as weight for each day.

(Eq. 3)

(Eq. 4)

1.2. Measurement Equation

Mathematical model used for the evaluation of the error and the uncertainty of DC and AC
voltage calibration :

Ex=Vx- Vs+ 0Vxres- 6Vs - 0VsrestoVc (Eq. 5)

Where:
Ex : The measurement error of the DMM-UUT

Vx: The Voltage indicated by the UUT-DMM

Vs :The Voltage indicated by the Ref-DMM 8508A

oVxres :The correction of the indicated voltage Vx due to the finite resolution of the DMM-UUT
oVs : The correction of the indicated voltage Vs due to the 1 year specification of the Ref-DMM
J0Vxres . The correction of the indicated voltage Vs due to the finite resolution of the Ref-DMM

oVc . The correction due to Short term stability of the voltage source (multifunctional calibrator's
6 h specification)

1.3. Uncertainty calculation

The uncertainty estimation has been carried out according to the principles set in GUM, taking
into account all uncertainty sources that affect the measurement result. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by
a coverage factor k, which corresponds to a coverage probability of approximately 95 %.
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2
[ of
According to the law of propagation of uncertainties | U? :Z(a—J uz(xi) and Eq. 4, the
-y X

uncertainty of the error EX will given by the following formula:

UG (B, ) =P (V)= U (Vs )+ U (Ve )~ U*(8Vs ) = U (Vs )+ U (Ve ) (Ea

X Xres

Where:

u(Vy) is the weighted standard uncertainty of the weighted mean of the measurements taken by
the UUT DMM (Normal distribution, 10, type A)

u(Vs) is the weighted standard uncertainty of the weighted mean of the measurements taken by
the Ref. DMM (Normal distribution, 10, type A)

U(Vxres) is the standard uncertainty due to the finite resolution of the UUT DMM (Rectangular
distribution, 10, type B)

u(dVs) is the standard uncertainty of the correction to the indication of the Ref. DMM. The
correction is taken as zero and the st. uncert. is taken from the 1 year specifications of the Ref.
DMM (Normal distribution, 10, type B)

u(Vsres) is the standard uncertainty due to the finite resolution of the Ref. DMM (Rectangular
distribution, 10, type B)

u(Vc) is the standard uncertainty due to the finite stability of the Voltage source (calibrator). The
6h stability is taken into account. (Rectangular distribution, 10, type B)

The uncertainty budgets for DC and AC Voltage are presented in tables 1 and 2.
2. Resistance

2.1. Method Used

The method used for the calibration of Resistance is the substitution one.

KMA'’s reference multimeter DMM Fluke 8508A/01 has been used as reference standard and
two resistors of nominal value 10 Q and 10 kQ as source of Resistance. The reference
multimeter is traceable to the Turkish National Institute of Metrology (UME). The standard
resistors are periodically calibrated internally, by using the Reference DMM. Their traceability is
also to UME.

The calibration of the digital multimeter which was used as transfer standard (UUT) was carried
out at the points indicated by intercomparison protocol during 5 days in period from the 24t of
May to the 10th of June 2016.

Twenty (20) repeated observations of Resistance were taken on each one of the 5 days for both
the Reference DMM, as well as the UUT. The mean values (Eq. 1), as well as the relevant
experimental standard deviations (Eq. 2), of each of the sets of the 20 measurements were
calculated.

Finally, the weighted mean and its standard uncertainty were calculated according to the
equations 3 and 4.

Interlaboratory Comparison Report- EURAMET 1341

EURAMET Project 1341 - Draft B Report Page 261 of 355



2.2. Measurement Equation

Mathematical model used for the evaluation of the error and the uncertainty of Resistance
calibration :

Ex=Rx-Rs+ dRxres - ORs - ORsrestdRpr+0RT (Eq. 7)

Where:
Ex : The measurement error of the DMM-UUT

Rx: The Resistance indicated by the UUT-DMM
Rs :The Resistance indicated by the Ref-DMM 8508A
ORxres :The correction of the indicated resistance Rx due to the finite resolution of the DMM-UUT

O0Rs : The correction of the indicated resistance Rs due to the 1 year specification of the Ref-
DMM

JRxres :The correction of the indicated resistance Rs due to the finite resolution of the Ref-DMM
ORpr : The correction due to the drift of the value of the standard resistor (6 h)

JORt : The correction due to the influence of the temperature variation on the standard resistor’s
value (multifunctional calibrator's 6 h specification)

2.3. Uncertainty calculation

The uncertainty estimation has been carried out according to the principles set in GUM, taking
into account all uncertainty sources that affect the measurement result. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by
a coverage factor k, which corresponds to a coverage probability of approximately 95 %.

2
_ . - o~ of 2
According to the law of propagation of uncertainties | U] =Z 8_ u (Xi) and Eq. 7, the
i=1 \ OX;

uncertainty of the error Ex will given by the following formula:

uZ(E)=u*(R,)-u’(Rs)+u’(eR )—uz(éRs)—uz(éRSres)+uz(d?m(2+8t;2(éRT)

X X Xres

Where:

u(Ry) is the weighted standard uncertainty of the weighted mean of the measurements taken by
the UUT DMM (Normal distribution, 10, type A)

u(Rs) is the weighted standard uncertainty of the weighted mean of the measurements taken by
the Ref. DMM (Normal distribution, 10, type A)

U(Rxres) is the standard uncertainty due to the finite resolution of the UUT DMM (Rectangular
distribution, 10, type B)

U(dRs) is the standard uncertainty of the correction to the indication of the Ref. DMM. The
correction is taken as zero and the st. uncert. is taken from the 1 year specifications of the Ref.
DMM (Normal distribution, 10, type B)

U(Rsres) is the standard uncertainty due to the finite resolution of the Ref. DMM (Rectangular
distribution, 10, type B)
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U(Ror) is the standard uncertainty due to the drift of the value of the standard resistor
(calibrator). The 6h stability is taken into account. (Rectangular distribution, 10, type B)

u(Rr) is the standard uncertainty due to the influence of the temperature variation on the value
of the standard resistor. The temperature coefficient is 4 ppm/cC. (Rectangular distribution, 10,
type B)

The uncertainty budgets for the Resistance are presented in tables 3.

3. DC Current

3.1. Method Used

The method used for the calibration of Resistance is the indirect method using Ohm's law.

The Calibrator Fluke 5520A was used as the source of DC voltage and was connected in series to
the standard resistor and the UUT DMM, which was used in its DC current function. The DC
voltage drop on the standard resistor was measured by the Reference DMM, which was used in
its DC voltage function. The reference multimeter is traceable to the Turkish National Institute of
Metrology (UME). The standard resistors are periodically calibrated internally, by using the
Reference DMM. Their traceability is also to UME.

The calibration of the digital multimeter which was used as transfer standard (UUT) was carried
out at the points of 100 pA and 10 mA, as it was not possible to perform measurements at 1 A.
The measurements were performed during 5 days in period from the 24t of May to the 10t of
June 2016.

Twenty (20) repeated observations of DC Current (UUT DMM) and DC Current (Ref. DMM) were
taken on each one of the 5 days. The mean values (Eq. 1), as well as the relevant experimental
standard deviations (Eq. 2), of each of the sets of the 20 measurements were calculated.

Finally, the weighted mean and its standard uncertainty were calculated according to the
equations 3 and 4.

3.2. Measurement Equation

Mathematical model used for the evaluation of the error and the uncertainty of DC Current
calibration :

VDVM + 6\/DVM + é\/DVMres + éVDVMIoad
Ry + R, + R, + R,

E,=1,+d, -

(Ea.9)
Ix: The current indicated by the UUT-DMM
Jlx :The correction of indicated current due to finite resolution of the UUT-DMM
Vbvm : The voltage indicated by the reference DMM
o0Vpwm : The correction of indicated voltage due to specification (1 year absolute specification)
0Vbvmres : The correction due to finite resolution of the reference DMM

0VDbvMioad : The correction of voltage due to finite input impedance of the reference DMM
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Rs -: The resistance value of the standard resistors stated in the calibration certificate

ORD : The correction due to drift of standard resistors since their last calibration

ORp : The correction of the resistance value of the standard resistors due to power dissipation
ORT : The correction of resistance of the standard resistor due to the temperature variation

3.3. Uncertainty calculation

The uncertainty estimation has been carried out according to the principles set in GUM, taking
into account all uncertainty sources that affect the measurement result. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by
a coverage factor k, which corresponds to a coverage probability of approximately 95 %.

C
i | OX;

2
N[ of
According to the law of propagation of uncertainties u? =Z(—] uz(xi) and Eqg. 9, the

uncertainty of the error Ex will given by the following formula:

uf(Ex)z UZ(IX)+u2(5|X)+£_RiS] [UZ(VDVM )+u2(é\/DVM )—i_uz(é\/DVMres)—}_uz(é\/DVMload)]+

(Eq.10)
Where:

u(ly) is the weighted standard uncertainty of the weighted mean of the measurements taken by
the UUT DMM (Normal distribution, 10, type A)

u(dly) is the standard uncertainty due to the finite resolution of the UUT DMM (Rectangular
distribution, 10, type B)

u(Vowm) is the weighted standard uncertainty of the weighted mean of the measurements taken
by the UUT DMM (Normal distribution, 10, type A)

u(éVowm) is the standard uncertainty correction of indicated voltage of the voltage measurements
taken by the reference DMM due to its specification (Normal distribution, 10, type B)

U(dVovmres) is the standard uncertainty due to the finite resolution of the reference DMM
(Rectangular distribution, 1o, type B)

U(d6Vbwmicad) is the standard uncertainty due to the correction of voltage due to finite input
impedance of the reference DMM (Rectangular distribution, 10, type B)

u(Rs) is the standard uncertainty of the calibrated value of the standard resistor (Normal
distribution, 10, type B)

u(Rp) is the standard uncertainty due to the drift of the value of the standard resistor (calibrator).
The 6h stability is taken into account. (Rectangular distribution, 10, type B)

u(RT) is the standard uncertainty due to the influence of the temperature variation on the value
of the standard resistor. The temperature coefficient is 4 ppm/°C. (Rectangular distribution, 10,
type B)
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u(Rp) is the standard uncertainty due to the influence of the power dissipation on the standard
resistor. The power coefficient is 0.2 ppm/mW. (Rectangular distribution, 10, type B)

The uncertainty budgets for the Resistance are presented in tables 4 .

4. AC Current

Unfortunately, the AC current could not be calibrated due to a malfunction of the calibrator.
5. Effective Degrees of Freedom

All effective degrees of freedom were calculated using the Welch-Satterthwaite formula:

Vet =
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Measurements Results

1. DC Voltage
Range of Nominal Applied Reading of Error of .
Uncertaint
8508A Value Value 8508A 8508A2 4
200 mV 100 mV 100.013 68 mV | 100.01346 mV | -0.00022 mV | 0.00061 mV
20 Vv 10 V 10.000 027 \Y 10.000 035 Y 0.000 008 \ 0.000 039 \Y,
200 V 100 V 100.000 10 Y 99.999 62 Y -0.000 48 Y 0.000 59 \Y
1000 Vv 1000 Vv 999.994 6 \ 999.988 5 \ -0.006 1 Vv 0.006 0 \Y
2. AC Voltage
Nominal Value .
Range of Apolied Value Reading of Error of Uncertaint
8508A A5 8508A 8508A2 V
Voltage | Frequency
100 mV | 55 Hz 99.99856 mV | 100.00119 mV | 0.00263 mV | 0.01552 mV
200 mV
100 mV 1 kHz | 99.99957 mV | 100.00248 mV | 0.00291 mV | 0.01304 mV
10 \Y, 55 Hz 9.999 181 Vv 10.000 292 V | 0001110 V 0.0011 Vv
20 \Y 10 \Y 1 kHz | 9.999 259 \Y 10.000 311 V | 0.001051 V 0.000 95 \Y
10 \Y 100 kHz | 9.997 582 \Y 9.997 642 V | 0.000060 V 0.0077 Vv
100 Vv 55 Hz 99.990 5 \Y, 99.995 0 V 0.004 5 Vv 0.011 Vv
200 Vv
100 Vv 1 kHz 99.988 9 \Y, 99.993 1 V 0.004 2 Vv 0.0095 Vv
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3. Resistance

Range of | Mode of | Nominal | Applied Reading of Error of Uncertaint
8508A | 8508A | Value Value 8508A 8508A2 y
20 Q TrueQ 100 Q | 10.000320 Q | 10.000214 Q | -0.000106 Q 0.000 112 Q

TrueQ 10 kQ | 10.000 153 kQ | 10.000169 kQ | 0.000016 kO | 0.000089 kO
20 kQ
TrueQ Lol | 100 kQ | 10.000190 kQ | 10.000275 kQ | 0.000085 kO | 0.000097 kQ
4. DC Current
Range of Nominal Reading of .
Current Error of 8508A2 Uncertaint
8508A Value 8508A y
100 A 100 A 99.991 50 MA | 99.991 09 MA | -0.000408 pA 1.33 nA
10 mA 10 mA 10.000117 mA | 10.000242 mA | 0.000125 mA 0.12 A
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Uncertainty Estimation

1 DC Voltage

100 mV
Standard Sensitivit Uncertainty RS O
. . andar - ensitivity
uantit oo Freedom
Q g Estm'jate Uncertainty P.rob.ab|I.|ty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci ui(Ex) ;
Vi
Vs DC Voltage indicated by Ref DMM 100.01368 mV | 0.09 uV/V | Normal 1] 009 pvV 99
6 Vises Resolution of Ref DMM 0 mV | 003 uVNV | Rectangular 1] 003  pvv inf.
5Vs Absolute (1 year) specification of Ref DMM 0 mV | 300 uVv/V | Normal 1] 300 pvnv inf.
Vi DC Voltage indicated by UUT DMM 100.01346 mV | 0.08 uV/V | Normal 1]008 pvv 99
6 Vires Resolution of UUT DMM 0 mV | 003 uVNV | Rectangular 1] 003 pvv inf.
oVc Short Term stability of Calibrator 0 mVv 0.46  uV/V | Rectangular -1 046 pviv inf.
Combined Uncertainty, u(Ex) 3.04 pv/v
Error (Ex) I 22 mV Effective Degrees of Freedom, veff
7.91E+07
Ex=(Vx-VstoVx-0Vs) Coverage Factor, k )
-2.2 uv/v
Expanded Uncertainty, U(Ex) 6.08 pv/v
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10V

Standard Sensitivit Uncertainty Degrees of
. . andar - ensitivity
uantit S Freedom
Q y Estm'!ate Uncertainty P_"Ob.ab'l.'ty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci ui(Ex)
Vi

Vs DC Voltage indicated by Ref DMM 10.000027 | V| 0.04 pVNV_| Normal -1]0.04  pvnN 99
5Veres Resolution of Ref DMM 0| Vv 0.03  pV/V | Rectangular -1 003 pviv inf.
5Vs Absolute (1 year) specification of Ref DMM 0 Vv 1.95 pV/V | Normal -111.95 pvv inf.
Vi DC Voltage indicated by UUT DMM 10.000035 | V 0.03  uV/V_| Normal 1]0.03 pvNv 99
Vires Resolution of UUT DMM ol v 0.03 pV/V | Rectangular 1] 003 pvv inf.
oV Short Term stability of Calibrator 0 Vv 0.13  uV/V | Rectangular -11 013 uvwv inf.

Combined Uncertainty, u(Ex) 1.96 uv/v

0.000 008 Vv .
Error (Ex) Effective Degrees of Freedom, veff
4.30E+08
Ex=(Vx-Vs+o Vx-0V5s) Coverage Factor, k 2
0.8 uV/V
Expanded Uncertainty, U(Ex) 3.91 uv/v
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100V

Standard Sensitivit Uncertainty L L0
. . andar: - ensitivity
uantit I Freedom
Q E Estmtate Uncertainty P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
vi
Vs DC Voltage indicated by Ref DMM 100.00010 | V| 0.04 uV/V | Normal -1] 0.04  uvNV 99
6 Vsres Resolution of Ref DMM 0| V | 003 upV/N | Rectangular -1]0.03  pvNV inf.
5Vs Absolute (1 year) specification of Ref DMM 0| v 295 uVN/ | Normal 1] 295 vV inf.
Vi DC Voltage indicated by UUT DMM 99.99962 | V| 0.04 pV/V_| Normal 1] 004 pvv 99
8Vixres Resolution of UUT DMM 0| Vv | 003 pv/V |Rectangular 1] 003 pvnVv inf.
oV Short Term stability of Calibrator 0 Vv 0.13  uV/V | Rectangular -11 013 uvwv inf.
Combined Uncertainty, u(Ex) 2.95 pv/v
Error (Ex) HogY S E Effective Degrees of Freedom, veff
1.47E+09
Ex=(Vx-VstoVx-0V5s) Coverage Factor, k 2
-4.8 HV/V
Expanded Uncertainty, U(Ex) 5.91 pv/v
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1000V

Standard Sensitivit Uncertainty L L0
. . andar - ensitivity
uantit o Freedom
Q E Estmtate Uncertainty P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
vi
Vs DC Voltage indicated by Ref DMM 999.994 6 v 005 VA | Normal 1] 005 v 99
8Vsres Resolution of Ref DMM 0| V | 003 pVv/N |Rectangular -1]0.03  pvnv inf,
5Vs Absolute (1 year) specification of Ref DMM o] v 3.00 pV/V | Normal 1] 300 pvv inf.
Vi DC Voltage indicated by UUT DMM 999.988 5 V. | 001 pVv/N | Normal 1] 001 pvnv 99
8Vixres Resolution of UUT DMM 0| Vv | 003 pv/V |Rectangular 1] 003 pvnVv inf.
oV Short Term stability of Calibrator 0 Vv 0.12  uV/V | Rectangular 11012 uvv inf.
Combined Uncertainty, u(Ex) 3.00 uv/v
Error (Ex) ective Degrees of Freedom, veff
1.29E+09
Ex=(Vx-VstoVx-0V5s) Coverage Factor, k )
-6.1 uV/V
Expanded Uncertainty, U(Ex) 6.01 pv/v
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AC Voltage

100mV 55Hz
Standard Sensitivit Uncertainty 2L L0
. . andar - ensitivity
uantit e Freedom
Q y Estimate W T P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
U(Xi) Ci Ui(Ex)

Vi
Vs DCVoltage indicated by Ref DMM 99.998 56 mv 2890 N | Normal 1] 289 N 99
6 Vsres Resolution of Ref DMM 0 mv 0.03 uwN | Rectangular 1] 003 pvv inf.
svs | Absolute (1year) specification of Ref DMM 0 mv 77.50 UV | Normal 1| 7750  pvinv inf.
Vx DC Voltage indicated by UUT DMM 100.00119  mV 2.44 WA | Normal 1| 244 uN 99
6Vites Resolution of UUT DMM 0 mv 0.03 uN | Rectangular 1| 003  pvv inf.
6Vor Correction due to drift of ACV DMM 0 mV 0.00 uV/V | Rectangular -1] 0.00 pvV inf.

Combined Uncertainty, u(Ex) 77.59 uv/v
Error (Ex) BlEEE s Y Effective Degrees of Freedom, veff
3.41E+07
Ex=Vx-Vs+oVx-0Vs Coverage Factor, k 2
26.3 pv/V
Expanded Uncertainty, U(Ex) | 155.18 pV/V
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100mV 1kHz

Standard Sensitivit Uncertainty 2L L0
. . andar o ensitivity
uantit I Freedom
Q y Estimate W T P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci ui(Ex)
vi
Vs DC Voltage indicated by Ref DMM 99.999 57 mV 3.74 WA | Normal 1| 374 N 99
S Visres Resolution of Ref DMM 0 mv 0.10 W/ | Rectangular 1] 010 uVNV inf.
sv, | Absolute (1year) specification of Ref DMM 0 mv 6500  uVA/ | Normal 1| 6500 uVV inf.
Vx DC Voltage indicated by UUT DMM 100.002 48 mV 3.76 WA | Normal 1| 376  uunv 99
& Vies Resolution of UUTDMM 0 mv 0.03 W/ | Rectangular 1] 003  pwv inf.
6Vor Correction due to drift of ACV DMM 0 mV 0.16 uV/V | Rectangular -1 016 uviv inf.
Combined Uncertainty, u(Ex) 65.22 ppv/v
Error (Ex) GULIZER 4k Effective Degrees of Freedom, veff
4.53E+06
Ex=Vx-Vs+oVx-0Vs Coverage Factor, k 2
29.1 uv/vV
Expanded Uncertainty, U(Ex) | 130.43 puVv/V
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10V 55Hz

Standard Sensitivit Uncertainty T O
. andar ensitivi
Quantity Estimate : Probability i o Freedom
. Uncertainty L. Coefficient | Contribution
Xi Xi Distribution (DoF)
u(x;) Ci ui(Ex)
vi
DC Voltage indicated by Ref DMM
Vs 8 y 9.999 181 Vv 1.74 uVA/ | Normal 1| 174 punv 99
5Vires Resolution of Ref DMM 0 v 1.00 WV | Rectangular 1] 1.00  pvNv inf.
Absolute (1 year) specification of Ref DMM .
5Vs (1year) sp 0 v 55.00 uVAV | Normal -1| 55.00 pVvNV inf.
Vi DC Voltage indicated by UUT DMM 10.000 292 v 2.06 WA | Normal 1| 206 wv 99
&Viges Resolution of UUT DMM 0 v 0.29 VN _ | Rectangular 1] 029 vV inf.
6Vor Correction due to drift of ACV DMM 0 \Y} 0.93 uV/V | Rectangular -1 093  uvv inf.
Combined Uncertainty, u(Ex) 55.08 pv/Vv
Error (Ex) Do L4 Y Effective Degrees of Freedom, veff
3.35E+07
Ex=Vx-Vs+oVx-0Vs Coverage Factor, k 2
111.1 uv/V
Expanded Uncertainty, U(Ex) | 110.17 pV/V
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10V 1kHz

Standard Sensitivit Uncertainty 2L L0
. . andar - ensitivity
uantit o Freedom
Q y Estimate W T P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
vi
Vs DC Voltage indicated by Ref DMM 9.999 259 v 148 WV | Normal 1| 148 pvnv 99
Visres Resolution of Ref DMM 0V 1.00 W | Rectangular 1] 1.00 VNV inf.
svs | Absolute (1year) specification of Ref DMM Y 4750 VN | Normal 1| 4750 punv inf.
Vx DC Voltage indicated by UUT DMM 10.000 311 v 1.47 WA | Normal 1| 147 puv 99
5Vires Resolution of UUT DMM 0 v 0.29 WA | Rectangular 1] 029 uvnv inf.
6Vor Correction due to drift of ACV DMM 0 \Y} 0.93 uV/V | Rectangular -1 093  uvv inf.
Combined Uncertainty, u(Ex) | 47.57 pV/V
Error (Ex) R Y Effective Degrees of Freedom, veff
5.35E+07
Ex=Vx-Vst+oVx-0Vs Coverage Factor, k 2
105.2 uv/v
Expanded Uncertainty, U(Ex) | 95.13 uV/V
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10V 100kHz

Standard Sensitivit Uncertainty 2 H G
. . andar o ensitivity
uantit o Freedom
Q E Estmtate Uncertainty P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
Vi
DC Voltage indicated by Ref DMM
Vs g ¥ 9.997 582 V 3.36 uV/V | Normal -1 3.36 S\ 99
Vires Resolution of Ref DMM 0 v 1.00 WV | Rectangular 1] 100 pvnv inf.
Absolute (1 year) specification of Ref DMM .
5Ve (1 year) sp R 385.09  uV/V | Normal -1| 385.09 pVv/Vv inf.
DC Voltage indicated by UUT DMM
Vx 8 Y 9.997 642 V 2.77 uV/V | Normal 1| 277 pv 99
Vs Resolution of UUT DMM 0 v 0.29 W | Rectangular 1| 020 v inf.
6V, Correction due to drift of ACV DMM 0 Vv 5.56 uV/V | Rectangular -1] 556 pviv inf.
Combined Uncertainty, u(Ex) | 385.16 puVv/V
Error (Ex) DI v Effective Degrees of Freedom, veff
1.17E+10
Ex=Vx-Vs+oVx-0Vs Coverage Factor, k 2
6.0 uv/Vv
Expanded Uncertainty, U(Ex) | 770.31 pV/V
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100V 55Hz

Standard Sensitivit Uncertainty 2L L0
. . andar - ensitivity
uantit o Freedom
Q y Estimate W T P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
vi
DC Voltage indicated by Ref DMM
Vs 8 y 99.990 514 v 2.07 WA | Normal 1| 207 uwnv 99
5Vires Resolution of Ref DMM 0 v 1.00 W/ | Rectangular 1] 1.00  pvNv inf.
Absolute (1 year) specification of Ref DMM .
5Vs (1year) sp 0 v 55.01 uVAV | Normal -1| 55.01  pVvnNV inf.
DC Vol indi T DMM
Vi C Voltage indicated by UU 99.995 022 v 179  wUN | Normal 1| 179  puv 99
Vies Resolution of UUTDMM 0 v 029 WA | Rectangular 1] 020  pvnv inf.
6V, Correction due to drift of ACV DMM 0 Vv 1.48 uV/V | Rectangular -1 148 pviv inf.
Combined Uncertainty, u(Ex) 55.11 pv/Vv
Error (Ex) Gt Y Effective Degrees of Freedom, veff
3.19E+07
Ex=Vx-VstoVx-0Vs Coverage Factor, k 2
45.1 pv/V
Expanded Uncertainty, U(Ex) | 110.22 puVv/V
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100V 1kHz

Standard Sensitivit Uncertainty 2L L0
. . andar - ensitivity
uantit I Freedom
Q y Estimate W T P'rob.abll.lty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)
vi
DC Voltage indicated by Ref DMM
Vs 8 y 99.990 514 v 173 WA | Normal 1| 173 uvnv 99
5Vires Resolution of Ref DMM 0 v 1.00 W/ | Rectangular 1] 1.00  pvNv inf.
Absolute (1 year) specification of Ref DMM .
5Vs (1year) sp 0 v 47.50 uVAV | Normal -1| 4750  pvN inf.
DC Vol indi T DMM
Vi C Voltage indicated by UU 99.993 086 v 165 VNV | Normal 1| 165 vV 99
Vies Resolution of UUTDMM 0 v 029 WA | Rectangular 1] 020  pvnv inf.
6V, Correction due to drift of ACV DMM 0 Vv 1.48 uV/V | Rectangular -1 148 pviv inf.
Combined Uncertainty, u(Ex) | 47.59 pV/V
Error (Ex) e v Effective Degrees of Freedom, veff
1.68E+05
Ex=Vx-Vst+oVx-0Vs Coverage Factor, k 2
25.7 pv/V
Expanded Uncertainty, U(Ex) | 95.19 puVv/V
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3 Resistance

10Q
Standard Sensitivit Uncertainty 2 H G
. . andar - ensitivity
uantit o Freedom
Q y Estm'!ate Uncertainty P."Ob.ab".'ty Coefficient | Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex)

Vi
Rs Resistance indicated by Ref DMM 10.000 320 o 0.09 uQ/Q | Normal 1 0.09 4Q/0 99
SRsres Resolution of Ref DMM 0 Q | 0038 uo/Q | Rectangular 1 003  uQ/Q inf.
SR Absolute (1 year) specification of Ref DMM 0 o 5.45 40/ | Normal 1 5.45 LQ/0 inf.
Ry Resitance indicated by UUT DMM 10.000 214 o 0.12 LQ/Q | Normal 1 0.12 4Q/0 99
SRxres Resolution of UUT DMM 0 Q | 003  po/Q | Rectangular 1 0.03  po/o inf.
5Ror Correction due to drift of standard resistor 0 o 0.29 JQ/Q | Rectangular 1 0.29 LQ/0 inf.
ORt Correction due to temperature change of resistance 0 (0] 1.15 uQ/Q | Rectangular -1 1.15 uQ/Q inf.

Combined Uncertainty, u(Ex) 5.58 uQ/Q
ALY 8 Effective Degrees of Freedom, veff
Error (Ex) 3.51E+08
Ex=Rx-Rs+0Rxres-ORs-ORsres+ORDr+oRRT Coverage Factor, k
-10.60 u/Q 2
Expanded Uncertainty, U(Ex) | 11.16 uQ/Q
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10 000 Q

Standard Sensitivit Uncertainty Degrees of
Quantity Estimate . Probability o A Freedom
. Uncertainty . Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Ci ui(Ex)
Vi
Rs Resistance indicated by Ref DMM 10000.153459 | O 0.32 uQ/Q | Normal -1] 0.32 pQ/Q 99
ORsres Resolution of Ref DMM 0 Q 0.03 uQ/Q Rectangular -1| 0.03 uQ/Q inf.
SR Absolute (1 year) specification of Ref DMM 0 0 495 uQ/Q | Normal 1| 495 uQ/Q inf.
Ry Resitance indicated by UUT DMM 10000169045 | Q | 022  po/Q | Normal 1] 022 o0 99
SRes Resolution of UUT DMM 0| 0 | 003 uo/Q |Rectangular 1] 003 po/0 inf.
SRor Correction due to drift of standard resistor ol o 0.29 uQ/Q | Rectangular 1| 029 4Q/0 inf.
ORt Correction due to temperature change of resistance 0 (0] 1.15 uQ/Q | Rectangular -1 1.15 uQ/Q inf.
Combined Uncertainty, u(Ex) | 4.43 pQ/Q
0.015 585 Q .
Error (Ex) Effective Degrees of Freedom, veff
2.97E+06
Ex=Rx-Rs+0Rxres-ORs-ORsres+ORDr+oRRT Coverage Factor, k
1.56 nQ/Q 2
Expanded Uncertainty, U(Ex) | 8.86 pQ/Q
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10 000 Q (Lol)

Standard Sensitivit Uncertainty Degrees of
Quantity Estimate . Probability o A Freedom
. Uncertainty . Coefficient | Contribution
Xi Xi Distribution (DoF)
u(xi) Ci ui(Ex)
Vi
Rs Resistance indicated by Ref DMM 10000.190090 | O 0.33 uQ/Q | Normal -1] 033 pQ/Q 99
ORsres Resolution of Ref DMM 0 Q 0.03 uQ/Q Rectangular -1| 0.03 uQ/Q inf.
SR Absolute (1 year) specification of Ref DMM 0 0 470 uQ/Q | Normal 1| 470 e inf.
Ry Resitance indicated by UUT DMM 10000274747 | Q | 034  po/@ | Normal 1] 034 o/ 99
SRes Resolution of UUT DMM 0| 0 | 003 uo/Q |Rectangular 1] 003 po/0 inf.
SRor Correction due to drift of standard resistor ol o 0.29 uQ/Q | Rectangular 1| 029 4Q/0 inf.
ORt Correction due to temperature change of resistance 0 (0] 1.15 uQ/Q | Rectangular -1 1.15 uQ/Q inf.
Combined Uncertainty, u(Ex) | 4.87 pQ/Q
B Q Effective Degrees of Freedom, veff
Error (Ex) 2.21E+06
Ex=Rx-Rs+0Rxres-ORs-0Rsres+ORDr+ORT UL TR 1S 5
8.47 Ho/Q
Expanded Uncertainty, U(Ex) | 9.74 pQ/Q
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4 DC Current

100 pA
Standart Sensitivit Uncertaint Degrees of
Quantity Estimate . Probability . . Y . ¥ Freedom
Uncertainty . Coefficient Contribution
Xi Xi Distribution (DoF)
u(Xi) Ci ui(Ex) vi
]
Vow Voltage indicated by Ref DMM 99.99629 mV | 0.000020 mV | Normal 100 k'l 0020 nA 99
Correction for the indicated voltage
VDbvMres due to the finite resolution of Ref
DMM 0 mV 0.000 003 mV | Rectangular -1.00 kQt -0.003 nA inf.
oVown  Voltage correction of the Ref DMM 0 mv | 0000300 mv | Normal | -1.o0 ko' | -0300 nA inf.
oVowmias  Correction due to loading voltage 0 mV | 0000006 mV | Rectangular | -1.00 kQ 0.006 nA inf.
Rs Resistance standard 1.000048  kQ 0.000004  kQ Normal -99.99 mV.kQ2 | -0425 nA inf.
SR Correction due to drift of standard
P resistor 0 kQ 0.000 001 kQ Rectangular | -99.99 mV.kQ? -0.100 nA inf.
SR Correction due to temperature change
T of resistance 0 kQ 0.000 004 kQ Rectangular | -99.99 mV.kQ? -0.400 nA inf.
SR Correction due to power coefficient of
P the resistance 0 kQ 0.000 000 kQ | Rectangular | -99.99 mV.kQ? 0.000 nA inf.
| indi TDMM
X Current indicated by UU 99.99109 pA | 0000019  pA Normal 1 WA 0019 nA 99
Correction of the indicated current due
olx to the finite resolution of the UUT
DMM 0 MA 0.000 003 MA | Rectangular 1 LA 0.003 nA inf.
Error (E
(Ed -0.000 41 A Combined Uncertainty, u(Ex)
0.66 nA
Effective Degrees of Freedom, ves
E. =1. 40l _VDVM +é\/DVMreS +é\/DVM 6.60E+07
x — I'x X
Rs + 5RD + dqT + 5RP -4.1 UA/A Coverage Factor, k 2
1.33 A
Expanded Uncertainty, U(Ex) A
13.3  pA/A
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10 mA

Standart Sensitivity Uncertainty Degrees of
Quantity Estirr!ate Uncertainty P.rob-abil-ity Coefficient Contribution Freedom
Xi Xi Distribution (DoF)
u(x;) Ci ui(Ex) .
Vi
% Voltage indi Ref DMM )
DYM oltage indicated by Re 1.0000138  V 0.26 w | Normal 001 0! | -0003 pA 99
Correction for the indicated voltage due to - .
Vv V . V| R I Ol . A f.
DVMres the finite resolution of Ref DMM 0 0.03 H ectangular 0.01 0000w n
oVowm Voltage correction of the Ref DMM 0 \Y 1.95 A% Normal 0 E)l O -0.020 pA inf.
0 VbvMioad Correction due to loading voltage 0 mV 0.01 MUV | Rectangular 0 E)l Ol 0.000 pA inf.
Rs Resistance standard 100.000217 Q 0.43 mQ Normal -0.1 mv.Q? | -0.043 uA inf.
ORD Correction due to drift of standard resistor 0 Q 0.10 mQ | Rectangular | -0.1 mV.Q? | -0.010 pA inf.
i h f
ORT Correction due to t'emperature CAHANES © 0 Q 0.40 mQ | Rectangular | -0.1 mV.Q? | -0.040 pA inf.
resistance
i ffici fth
ORp Correction due to ppwer coefficient of the 0 Q 0.00 mQ | Rectangular | -0.1 mV.Q? | 0.000 pA inf.
resistance
Ix Current indicated by UUT DMM 10.000 24 mA 0.002 36 MA Normal 1 0.002 pA 99
Correction of the indicated current due to the
Jb . . inf.
olx finite resolution of the UUT DMM 0 mA 0.000 29 MA | Rectangular 1 0.000 pA inf
Error (Ex) 0.000 12 mA Combined Uncertainty, u(Ex) | 0.06 pA
Effective Degrees of Freedom, veff
E.=1.+0dl _VDVM + N ovwres T Nowu 2:05E 40
x = Ix X Ry + R, + R+ R, 1.25 HA/A Coverage Factor, k 2
: 0.12 pA
Expanded Uncertainty, U(Ex) 12 uA/A
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Introduction

This report presents the results of the participation of the NSAI National Metrology Laboratory, which is
the national metrology institute for Ireland, in EURAMET project 1341 (Comparison of Calibration of
Multimeter).

A short description of the measurement methods used is given, and the metrological traceability of the
of the measurement results is described. The results are presented in the format specified in the

technical protocol. Detailed uncertainty budgets for the measurement results are given.

Measurement Timetable

Receipt of travelling standard: 20 Jun 2016
Start of Measurements: 23 Jun 2016
End of Measurements: 01 Jul 2016
Return of travelling standard to pilot laboratory: 08 Jul 2016
Mean Date of Measurements: 29 Jun 2016

Ambient Conditions during the measurements

The ambient temperature and relative humidity were monitored throughout the measurement period
and were maintained within the following limits:

Temperature: (22+1)°C

Relative Humidity: (45 £ 10) %rh

2 ;
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Measurement Standards

Fluke 732A DC Reference Standard, No. 0189

Measurements International 8000A Automated Potentiometer, No. 0120

Fluke 752A Reference Divider, No. 0190

Tinsley 1695 1 Q Standard Resistor, No. 0297
Tinsley 5685A 10 Q Standard Resistor, No. 0597
Tinsley 5685A 100 Q Standard Resistor, No. 0598
Tinsley 5685A 10 kQ Standard Resistor, No. 0356
ESI SR104 10 kQ Standard Resistor, No. 0355
Guildline 9334 1 MQ Standard Resistor, No. 0541
Fluke 5790A AC Measurement Standard, No. 0165
SIQ 10 mA AC Current Shunt, No. 0 960

JV 3A AC Current Shunt, No. 0771

Fluke 8508A Multimeter, No. 0645

Measurement Traceability

Parameter Source of Traceability Note
DC Voltage BIPM BIPM.EM-K11b
DC Voltage Ratio METAS METAS Certificate 212-03992
Resistance BIPM BIPM.EM-K13a,b
Resistance Ratio METAS METAS Certificate 212-05729
AC Voltage METAS METAS Certificate 212-05345
AC Current Jv, sIq )V Certificate 08/491-1,

SIQ Certificate 15C00095
3
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Measuring Methods

Brief descriptions of the measuring methods are given below. The multimeter settings were set as per
the instructions given in the technical protocol and the settling times set out in the protocol were used.
Several repeat measurements were performed for each parameter during the measuring period and the

mean measured values are reported.

100 mV DC Measurement

A multifunction calibrator was used as a source of stable DC voltage. The voltage at the input terminals
of the multimeter was monitored using an automated potentiometer (MIL 8000A), which had been
standardized against a 10 V reference standard. Measurements were made with the calibrator set to

0 mV and 100 mV.

10 V DC Measurement

A 10 V electronic voltage standard was used as a standard. The measuring leads were connected
together at the low output terminal of the voltage standard and the multimeter zero reading was
recorded. The leads were then connected to the voltage standard output terminals and, after the

specified settling time, the multimeter reading was recorded.

100 V and 1 000 V DC Measurements
A multifunction calibrator was used as a source of stable DC voltage. The voltage at the input terminals

of the multimeter was monitored using a reference divider (Fluke 752A) and 10 V reference standard.

DC Current Measurements
A multifunction calibrator was used as A source of stable DC current. The output of the calibrator was
measured using a current shunt, connected in series with the current input terminals of the multimeter.

The voltage drop across the shunt was measured using a long-scale voltmeter (FLuke 8508A).

4 ¥
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DC Resistance Measurements

Standard resistors, which had been measured immediately prior to use, were connected to the

multimeter. Note that the manufacturer's recommended zeroing procedure, given on page 3-18 of the

User’s Manual (Fluke PN 1673798, Jul 2002), was used to zero the 4-wire ohms function of the

multimeter.

AC Voltage Measurements

A multifunction calibrator was used as a source of stable AC Voltage. The output of the calibrator was

connected to a coaxial tee. One output of the tee was connected directly to the input of an AC

measurement standard (Fluke 5790A) and the other output of the tee was connected, via an adapter, to

the input terminals of the multimeter. In this way the voltage appearing at the input terminals of the

multimeter was measured using the AC reference standard.

AC Current Measurements

A multifunction calibrator was used as a source of stable AC current. Immediately prior to its use, the

output current of the calibrator was measured using an AC-DC transfer method by means of an AC shunt

and an AC-DC transfer standard.

Results
DC VOLTAGE
8508A Range | Nominal Value | Applied Value 8508A Reading | 8508A Error | Measurement
of Indication | Uncertainty'!
200 mVv 100 mv 100.000 04 mV 100.00013 mVv +0.09 uv 0.40 uv
20V 10V 10.000 005V 10.000045V | +40 v 11 pv
200V 100V 100.00005V 99.99984 vV -210 pv 180 uv
1000V 1000 v 1000.0005V 999.9987V -1.8 mV 3.0mV
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DC CURRENT

8508A Range | Nominal Value Applied Value 8508A Reading | 8508A Error | Measurement
of Indication Uncertainty
200 pA 100 pA 100.000 2 pA 99.999 1 pA -1.1nA 1.5 nA
20 mA 10 mA 9.999 95 mA 10.000 19 mA | +240 nA 100 nA
2A 1A 0.999 869 A 0.999998 A | -129 pA 25 pA
DC RESISTANCE
8508A Range | Nominal Value Applied Value 8508A 8508A Error | Measurement
Reading® of Indication | Uncertainty
200 100 9.999 998 O 10.000 143 Q 145 uQ 36 pQ
20 kQ 10kQ 10.000 014 kQ 10.000107 kQ 93 mQ 25 mQ
20 kQ (Lol) 10kQ 10.000 014 kQ 10.000 119 kQ 105 mQ 28 mQ
1MQ 1MQ 0.999 999 1 MQ) | 1.000 007 8 MQ 870 110
AC VOLTAGE
8508A Nominal Value Applied Value 8508A 8508A Error | Measurement
Range Reading® of Indication | Uncertainty
Level Frequency
200 mV 100 mV 55 Hz 100.001 8 mV 99.999 7 mV 2.1V 13 pv
100 mv 55 Hz 99.994 0 mV 99.997 1 mV | +3.1pV 12 pv
20V 10V 55 Hz 9.999 69 V 10.000 32V +0.63 mV 0.50 mv
10V 1 kHz 9.99946V 10.000 52 V +1.06 mV 0.42 mV
10V 100 kHz 10.001 52V 10.002 38 V +0.86 mV 1.66 mV
200V 100V 55 Hz 99.9952 V 99.9950V -0.2 mv 7.9 mV
100V 1 kHz 99.992 4V 99.9974V +5.0 mv 7.0mvV
AC CURRENT
8508A Nominal Value Applied 8508A Reading | 8508A Error | Measurement
Range Value of Indication | Uncertainty
Level Frequency
20 mA 10 mA | 300 Hz 9.99984 mA | 10.00052 mA | +0.68 pA 1.3 pA
10 mA 1 kHz 9.99998 mA | 10.00075mA | +0.77 pA 1.5 pA
2A 1A 300 Hz 1.000 007 A 0.999909 A | -98 pA 260 pA
1A 1 kHz 0.999 872 A 0.999852 A | -20 A 320 pA
Notes: (1) Expanded uncertainty with a coverage probability of approximately 95%.

()
3)

For the 4-wire ohms function, the multimeter was zeroed using the manufacturer’s

recommended method.

The multimeter was set to AC coupling for all AC measurements. At a frequency of 55 Hz, the
difference between readings for AC and DC coupling is significant (approximately 40 pVv/V).
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Uncertainty Evaluation

The uncertainty analyses and associated uncertainty budgets for the measurements are shown below. In
all cases, the magnitudes of the uncertainty components which had low degrees of freedom assaociated
with them were significantly smaller than the combined uncertainty. Consequently a coverage factor
k=2 was used to arrive at an expanded uncertainty (coverage probability of 95%) for all the

measurements.

100 mV DC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is :

E, =(X-X)-[(K, +K, +K,,) —(K,+K, +K,)]-U; +U,)+6, + 3,

Where E, is the error of indication of the DMM under test,

X and X are the DMM readings corresponding to calibrator settings of 100 mV and 0 mV
respectively,

K, and K are the potentiometer ratio readings corresponding to the DMM readings X and X,,
0K, ,is the linearity correction of the potentiometer at the reading K, ,

oK ,, is the offset correction of the potentiometer,

OK, and OK, are the corresponding potentiometer corrections for reading K,

U, is the value of the potentiometer’s source voltage as determined during standardization,

OU , is a correction due to changes in the source voltage due to drift and temperature,

5, is the correction due to uncorrected thermoelectric voltage, and

0, is a correction, with nominal value of zero, which accounts for the non-repeatability of the
measurement.

We note that the potentiometer offset corrections, éK“ and JK,, are highly correlated, so the
quantity (K, , — K ,) is referred to in the uncertainty budget and its associated uncertainty takes

account of the correlation.
The uncertainty budget is shown in Table 1.
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cuanity | ssimate | S POy [ S | covemanen | Ot of
X o u(x;) Function lc) ui(E,) ALl
X 100.000 15 mV 0.02 pv | Uniform 1 0.02 pv oo
X, 0.000 02 mV 0.02uvV | Uniform 1 0.02 pv oo
K, 0.010 000 024 - - - - -
XK, 0.000 000 020 1.0e-08 Normal 0oV 0.10 pv oo
K, 0 - = - - -
XK, 0 1.0e-08 | Normal 10V 0.10 pv oo
()K,,-K,,) 0 0.5e-08 | Normal 10V 0.05 pv oo
U, 10.000 000 V 5.0 uv Normal 0.01 0.05 pv oo
oU, ov 2.0pv Normal 0.01 0.02 uv oo
o, ov 0.1 pv Uniform 1 0.10 uv
0, ov 0.07 v | Student-t 1 0.07 uv 8
Combined Uncertainty u(Ey) 0.20 pv
R ool e =
Expanded Uncertainty U(Ey) 0.40 pv
Table 1 Uncertainty budget for 100 mV DC measurement

8
@ NSAI

National Metrology Labaratory

EURAMET Project 1341 - Draft B Report Page 291 of 355



10 V DC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

Ex =(X_Xu)_(U5 +5U| +5Uz —Un)+5r +5R

where E is the error of indication of the DMM under test,

X and X are the DMM readings when the DMM input terminals are connected to the reference
voltage standard and to a low thermal short circuit respectively,

U isthe value of the reference voltage standard on the date of its last calibration,

éU, is a correction due to change in the reference voltage standard due to drift since calibration,

&]2 is a correction due to the effects of ambient temperature and pressure changes on the reference
voltage standard output,
U , is the voltage produced by the low thermal short circuit,

0, is the correction due to uncorrected thermoelectric voltages,

5R is a correction, with nominal value of zero, which accounts for the non-repeatability of the
measurement.
The uncertainty budget is shown in Table 2.

. . Standard Probability | Sensitivity | Uncertainty
Qua)? tity Estl)r:ate Uncertainty Density Coefficient | Contribution D;ir;e:r:f
: ! ufx;) Function leil u,(E,)
X 10.000 046 V 0.6 pv Uniform 1 0.6 pv oo
X, 0.000 001 V 0.6 pv Uniform 1 0.6 pv oo
U, 10.000 005 V 5.0 pv Normal 1 5.0 pv oo
oU, ov 2.0V Normal 1 2.0 uv oo
oU, ov 2.0 uv Normal 1 2.0 uv oo
U, 0.000 000 V - - 3 . )
o, ov 0.2 pv Uniform 1 0.2 uv
0, ov 1.0V | Student-t 1 1.0 pv 5
Combined Uncertainty u(Ey) 5.5 pv
Effective Degrees of Freedom V¢ > 1000
\"
Ex LUl Coverage Factor k 2
Expanded Uncertainty U(Ey) 11 pv
Table 2 Uncertainty budget for 10 V DC measurement
9 .
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100 V DC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

E,=(X-X)-UK,+&K, +K,,) (U;+U,)-U,1+6, +6,

where Ex is the error of indication of the DMM under test,

X and X, are the DMM readings corresponding to calibrator settings of 100 V and O V respectively,
KX
JK ,,is the correction to the reference divider’s ratio due to drift,

is the calibrated ratio of the reference divider,

oK «» 15 the correction to the reference divider’s ratio due to temperature changes and self-heating, ,
U, is the output EMF of the calibrator, when set to zero.

5R is a correction, with nominal value of zero, which accounts for the non-repeatability of the

measurement.
The uncertainty budget is shown in Table 3.

Quantiy | estimate | ORI | Pty | Coofficient | Cotrbuton | PESTeES o
! ) u(x;) Function leil ui{E,)
X 99.999 84 V 10 pv Uniform 1 10 v oa
X, 0.00000V | 10 pV Uniform 1 10 pv oo
K, 10.000 000 2.5e-6 Normal 10V 25 uv oo
K, 0 2.5e-6 Normal 0V 25 pv oo
XK, 0 5.0e-6 Normal 10V 50 pv oo
U, 10.000 005 V 5.0 uv Normal 10 50 uv oo
U, ov 3.0pv Normal 10 30 pv oo
U, 0.000 00 V 20 pv Uniform 1 20 pv
0, oV 10 pv Student-t 1 10 pv 4
Combined Uncertainty u(Ey) 89 uv
R
Expanded Uncertainty U(Ey) 180 uv
Table 3 Uncertainty budget for 100 V DC measurement
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1000 V DC Measurement

The measurement equation for the 1 000 V measurement is identical to that for the 100 V
measurement, shown above.
The uncertainty budget is shown in Table 4.

auantty [ emate [ ST [ Pomst [ S | ey | Derees of
Xi o u(x;) Function lal ui(E,) ot
X 999.998 6 V 0.1mv Uniform 1 0.1mv oo
X, -0.0001V 0.1mvV Uniform 1 0.1mv oo
K, 100.000 00 5.0e-5 Normal 0V 0.50 mv oo
K, 0 2.5e-5 Normal 10V 025mV | eeo
XK,, 0 1.25e-4 Normal 10V 1.25mV | e
U, 10.000005V | 5.0 pv Normal 100 0.50 mv oo
oU, ov 3.0 uv Normal 100 0.30mV | oo
U, 0.0000V 0.2mv Uniform 1 0.20 mv
o, ov 0.2mv Student-t 1 020mv |4
Combined Uncertainty u(Ey) 1.5 mV
o | e
Expanded Uncertainty U(E,) 3.0mV
Table 4 Uncertainty budget for 1 000 V DC measurement
11
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100 pA DC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

(DX +&)Xl +®X2 +&)x1)—(Dn +&)n| +6D!12)

E,=(X-X)-[
(R, + IR, + AR, +IR,,)

1+ 6, + 6,

where E, is the error of indication of the DMM under test,
X and X are the DMM readings corresponding to calibrator settings of 100 uA and 0 pA respectively,
D, and D, are the readings of the reference voltmeter (connected across the current shunt) when the

calibrator is set to 100 pA and O A respectively.
dD,,, is the correction to the voltmeter reading D, determined at its last calibration,

dD,,, is the correction to the voltmeter reading D, due to drift, and other influence factors,
0D, ,is the correction to the reference voltmeter reading D, due to common mode effects.
0D,, and 8D, are the corresponding corrections to the reference voltmeter reading D, .

R; is the calibrated value of the shunt resistance,

OR,, is the correction to the shunt resistance due to drift,

IR, is the correction to the shunt resistance due to temperature changes (including self-heating
effects),

OR,, is the correction to the shunt resistance due to the loading effect of the voltmeter.

0, is a correction due to leakage effects.

5R is a correction, with nominal value of zero, which accounts for the non-repeatability of the
measurement.

12
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i i Standard Probability | Sensitivity | Uncertainty
Quantity Estimate Uncertainty Density Coefficient | Contribution Degrees of
X X; . Freedom
u(x;) Function lail u,(E)
X 99.999 1 A 0.012 nA | Uniform 1 0.12 nA oo
X, 0.000 0 A 0.012 nA | Uniform 1 0.12nA oo
D, 1.000 001 V - - - - -
oD, ov 2.0pv Normal 10*q* 0.20 nA oo
Dy, ov 2.5V Normal 10 qQ*? 0.25 nA oo
oD,, ov 2.5V Normal 10*q* 0.25nA oo
D, ov - - - - -
oD, ov 1.0 pv Normal 10° Q? 0.10 nA oo
oD, ov 1.0 wv Normal 10° q* 0.10 nA oo
R, 9999.989 0 0.01Q Normal 10°v Q? 0.10 nA oo
AR;, 0n 0.010 Normal 10°v Q? 0.10 nA oo
OR, 0q 0.010Q Normal 10*vQ? 0.10 nA oo
OR,, 0Q 0.05Q Normal 10%vQ? 0.50 nA oo
0, 0nA 0.10nA | Uniform 1 0.10 nA oo
o, 0nA 0.20nA | Student-t 1 0.20 nA 2
Combined Uncertainty u(E,) 0.74 nA
Effective Degrees of Freedom V.4 > 1000
Ex -1.1 nA
Coverage Factor k 2
Expanded Uncertainty U(Ey) 1.5 nA
Table 5 Uncertainty budget for 100 uA DC measurement
13
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10 mA DC Measurement

The measurement equation for the 10 mA measurement is identical to that for the 100 pA
measurement, shown above.
The uncertainty budget is shown in Table 6.

uanity | Esimate | St [ POb | S | cmarnatan | OeBeet
! i ufx;) Function lal ui(E,) reedom

X 10.000 20 mA 0.012nA | Uniform 1 6 nA oo
X, -0.000 01 mA 0.012nA | Uniform 1 6 nA oo

D, 0.999 995 V = £ 5 - -
Dy, ov 2.0 v Normal 10°0* 20 nA oo
a,, ov 2.5 v Normal 10?qQ* 25 nA oo
oD, ov 2.5V Normal 10°0? 25 nA oo

D, 0.000 002V g 2 - - -
oD, ov 1.0 pv Normal 10*q* 10 nA oo
oD, ov 1.0 wv Normal 102 Q™ 10 nA oo
R 99.99957Q 0.05mQ | Normal 107v Q? 5nA oo
OR;, 00 0.05mQ | Normal 10* v Q? 5 nA oo
OR;, 00 0.05mQ | Normal 10* v 0? 5 nA oo
oR,, 00 0.00mQ | Normal 10" v Q? 0nA oo
o, 0nA 0 nA Uniform 1 0 nA oo
o, 0nA 20 nA Student-t 1 20nA 3
Combined Uncertainty u(Ey) 48 nA

SN
Expanded Uncertainty U(Ey) 100 nA
Table 6 Uncertainty budget for 10 mA DC measurement
14
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1 A DC Measurement

The measurement equation for the 1 A measurement is identical to that for the 100 pA measurement,

shown above.

The uncertainty budget is shown in Table 7.

Quantty | Estinate | ST | ensty | Cooticiont | Conebuton | OSETeES
: ! u(x;) Function leil u,(E,)

X 0.999 874 A 1.2 pA Uniform 1 1.2 pA oo
X, 0.000 005 A 1.2 pA Uniform 1 1.2 uA oo

D, 1.000 029 V - - - - -
oD, oV 2.5 pv Normal 10? 2.5 pA oo
D,, ov 2.5uv Normal 10" 2.5 A oo
D, oV 2.5 pv Normal 1q? 2.5 pA oo

D0 0.000 000V - - - - N
D, oV 1.0 pv Normal 107 1.0 pA oo
dD,, oV 1.0 pv Normal 107 1.0 pA oo
R, 1.000031Q | 5uQ Normal 1va? 2.5 pA oo
&R, 00 5 uQ Normal 1va? 5.0 pA oo
OR,, 00 10 O Normal 1vQ? 10.0 pA oo
AR, 0Q 0.0 uQ Normal 1vQ? 0.0 pA oo
5L OpA 0.0pA Uniform 1 0.0 A oo
d, OpA 1pA Student-t 1 1.0nA 1

Combined Uncertainty u(Ey) 12.5 pA
o | e T
Expanded Uncertainty U(Ey) 25 pA
Table 7 Uncertainty budget for 1 A DC measurement
15
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10 ohm Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

E, =(X-Xy)—(R; + Ry, +OR,) + 0, + ;¢

where E, is the error of indication of the DMM under test,
X and X are the DMM readings when the 10 Q reference standard and the 0 Q source are connected

to the DMM input terminals, respectively,
R; is the calibrated value of the reference resistance,

ORg, is the correction to the value of the reference resistance standard due to drift since calibration,
OR;, is the correction to the value of the reference resistance standard due to temperature,
51. is a correction for leakage resistance effects,

5R is a correction, with nominal value of zero, which accounts for the non-repeatability of the

measurement.
The uncertainty budget is shown in Table 8.

. . Standard Probability | Sensitivity | Uncertainty
Qua):tlty Estl,r:ate Uncertainty Density Coefficient | Contribution D;ize:r:f
! ! ufx;) Function lcil ui(E,)
X 10.000 143 O 1.2 uQ | Uniform 1 1.2 uQ oo
X, 0.000 000 O 1.2 pQ | Uniform 1 1.2 pQ oo
R 9.9999980 | 10 uQ Normal 1 10 pQ oo
OR;, 00 10 uQ Normal 1 10 pQ oo
oR;, 0Q 10 pQ Normal 1 10 pQ oo
o, 0n 0 pQ Uniform 1 0 puQ oo
o, 0Q 10 pQ Student-t 1 10 uQ 3
Combined Uncertainty u(Ey) 18 uQ
Effective Degrees of Freedom V. 515
Ex 14510 Coverage Factor k 2
Expanded Uncertainty U(Ey) 36 uQ
Table 8 Uncertainty budget for 10 Q measurement
16
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10 kQ Measurement

The measurement equation for the 10 kQ) (100 pA test current) measurement is identical to that for the
10 Q measurement, shown above. The uncertainty budgets for the 100 pA and 10 pA Test currents are
shown in Tables 9a and 9b, respectively.

Quantity Estimate Standa.rd Probab.lllty Sen5|.t|§nty Unce.rtan?ty Degrees of
X X Uncertainty Density Coefficient | Contribution Freedom
‘ ! u(x;) Function lal u{E,)
X 10.000 108 kQ 0.6 mQ Uniform 1 0.6 mQ oo
X, 0.000001 kQ 0.6 mQ Uniform 1 0.6 mQ oo
R; 10.000 014 k2 1.0mQ Normal 1 1.0mQ oo
ORy, 0n 0.5mQ Normal 1 0.5mQ oo
oR;, 00 0.5mQ Normal 1 0.5mQ oo
o, 00 1.0 mQ Uniform 1 1.0mQ oo
0, 00 1.0 mQ Student-t 1 1.0 mQ 2
Combined Uncertainty u(E,) 12.4 mQ
El 93 mQ Effective Degrees of Freedom v.¢ > 1000
Coverage Factor k 2
Expanded Uncertainty U(Ey) 25 mQ
Table 9 Uncertainty budget for 10 kQ measurement (100 pA test current)
17
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10 kQ Measurement (10 pA test current)

. . Standard Probability | Sensitivity | Uncertainty
Quantity Estimate Uncertainty Density Coefficient | Contribution D
X X . Freedom
u(x;) Function lcil ui(E,)
X 10.000 117 kQ 29mQ | Uniform 1 0.6 mQ oo
X" -0.000 002 kQ 2.9 mQ Uniform 1 0.6 mQ G
Ry 10.000 014 kQ 1.0mQ Normal 1 1.0mQ oo
éRSl 0Q 0.5mQ Normal 1 0.5mQ oo
&52 0Q 0.5 mQ Normal 1 0.5mQ oo
0, 00 1.0 mQ Uniform 1 1.0mQ oo
5R oQ 5.0 mQ Student-t 1 1.0 mQ 2
Combined Uncertainty u(Ey) 13.9mQ
i >1
E. 105 mQ Effective Degrees of Freedom Vg 000
Coverage Factor k 2
Expanded Uncertainty U(Ex) 28 mQ
Table 9b Uncertainty budget for 10 kQ measurement (10 pA test current)
18
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1 MQ) Measurement

The measurement equation for the 1 MQ measurement is identical to that for the 10 Q measurement,

shown above. The uncertainty budget is shown in Table 10.

. . Standard Probability | Sensitivity | Uncertainty
QuTt'ty Estn;aate Uncertainty Density Coefficient | Contribution D;z;eosr:f
: ! u(x;) Function lail u(EJ)
X 1.0000078 MQ 120 Uniform 1 120 oo
X, 0.0000000 Q 1.20Q Uniform 1 120 oo
Rg 0.999999 1 MQ 400 Normal 1 40Q oo
ORg, 00 250 Normal 1 250 oo
R, 0n 1.50 Normal 1 150 oo
o, 00 1.0Q Uniform 1 1.00Q oo
o, 00 1.00 Student-t 1 1.00Q 7
Combined Uncertainty u(E,) 540
Effective Degrees of Freedom Vg > 1000
Ex 870
Coverage Factor k 2
Expanded Uncertainty U(E,) 110
Table 10 Uncertainty budget for 1 MQ measurement
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100 mV AC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

E, =X —(Dy +dDy, +0Dy,)+ 0y + 0y + 04

where E is the error of indication of the DMM under test,

X is the DMM reading when the calibrator is set to 100 mV,

D, is the corresponding reading of the AC measurement standard,

0D, is the correction to the AC measurement standard reading determined at its most recent
calibration,

oD, , is the correction to the AC measurement standard reading due to non-linearity, drift, and
temperature effects,

Oy is a correction due to effects,

Oy, isa correction due to transmission line effects,

0, is a correction, with nominal value of zero, which accounts for the non-repeatability of the

measurement.
The uncertainty budgets for the measurements at 55 Hz and 1 kHz are shown in Tables 11a and 11b,
respectively.

. . Standard Probability | Sensitivity | Uncertainty
Quantity Estimate Uncertainty Density Coefficient | Contribution A
X X . Freedom
ufx;) Function lci| ui(E,)
X 99.993 7 mV 0.6 uv Uniform 1 0.6 pv oo
D, 100.000 8 mV s = = g g
OR,, 0.0010 mV 6.0 pv Normal 1 6.0 pv oo
oD,, 0mv 2.3 v Normal 1 2.3pv oo
Ocu 0mv 0.5 uv Uniform 1 0.5 uv oo
Oy omv 0.0 pv Uniform 1 0.0 pv oo
o, omv 0.4 nv Student-t 1 0.9 uv 3
Combined Uncertainty u(Ey) 6.5 uv
Effective Degrees of Freedom Vg > 1000
E -2.1 pv
X B Coverage Factor k 2
Expanded Uncertainty U(Ey) 13 pv
Table 11a Uncertainty budget for 100 mV, 55 Hz measurement
20
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. . Standard Probability | Sensitivity | Uncertainty
Que;:tlty ESt'Tate Uncertainty Density Coefficient | Contribution D;ize:r:f
' ! u(x;) Function lcil ui(E,)
X 99.997 1 mV 0.6 pv Uniform 1 0.6 uv oo
D, 99.993 6 mv - - - - -
oR,, 0.000 4 mV 5.5 pv Normal 1 6.0 pv oo
oD, 0omv 23pv Normal 1 2.3V oo
Ocy omv 0.5 uv Uniform 1 0.5 uv oo
Oy 0mv 0.0 pv Uniform 1 0.0 pv oo
o, omv 0.3 uv Student-t 1 0.9 pv 2
Combined Uncertainty u(Ey) 6.1 pv
Effective Degrees of Freedom V. > 1000
Ex Y Coverage Factor k 2
Expanded Uncertainty U(Ey) 12 pv
Table 11b Uncertainty budget for 100 mV, 1 kHz measurement
21
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10 V AC Measurement

The measurement equation for the 10 V AC measurement is identical to that for the 100 mV AC
measurement, shown above. The uncertainty budgets for the 55 Hz, 1 kHz and 100 kHz measurements
are shown in Tables 12a, 12b, and 12c, respectively.

. . Standard Probability | Sensitivity | Uncertainty
Qua)?tlty Estn;rate Uncertainty Density Coefficient | Contribution D;zze;n:f
! ! u(x;) Function lcil ui(E,)
X 10.00032V | 0.012mV | Uniform 1 0.012 mv oa
D, 9.999 71V - - - - -
OR,, -0.00002V | 0.15mV Normal 1 0.15 mV oo
oDy, oV 0.13mV Normal 1 0.13 mv oo
Ocy oV 0.15 mvV Uniform 1 0.15 mV oo
O oV 0.00 mV Uniform 1 0.00 mvV oo
o, oV 0.02 mv Student-t 1 0.02 mV 3
Combined Uncertainty u(Ey) 0.25 mV
E, 0.63 mV Effective Degrees of Freedom Vg > 1000
Coverage Factor k 2
Expanded Uncertainty U(Ey) 0.50 mV
Table 12a Uncertainty budget for 10 V, 55 Hz measurement
. . Standard Probability | Sensitivity | Uncertainty
Qua):tuy Estl,r:ate Uncertainty Density Coefficient | Contribution D;i:je:r:f
! ! ufx;) Function lal ui{E,)
X 10.00052V | 0.012mV | Uniform 1 0.012 mvV oo
Dy 9.99948V - - - - -
OR,, -0.00002V | 0.15mV Normal 1 0.15 mV oo
oD, ov 0.13mV Normal 1 0.13mvV oo
Ocy ov 0.05 mV Uniform 1 0.05 mV oo
O ov 0.00 mV Uniform 1 0.00 mv oo
o, ov 0.02 mv Student-t 1 0.02 mVv 2
Combined Uncertainty u(Ey) 0.21 mV
Effective Degrees of Freedom Ve > 1000
E +1.06 mV
X L Coverage Factor k 2
Expanded Uncertainty U(Ey) 0.42 mV
Table 12b Uncertainty budget for 10 V, 1 kHz measurement
22 .
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] : Standard Probability | Sensitivity | Uncertainty
Qu:-;:tlty Estl)r:ate Uncertainty Density Coefficient | Contribution D;z;ze:r:f
! ! ufx;) Function lel ui(E,)
X 10.00238Vv | 0.01 mVv Uniform 1 0.01 mv oo
Dy 10.00177V - - - - -
OR,, -0.00025V | 0.35mV Normal 1 0.35mvV oo
oD, ov 0.50 mV Normal 1 0.50 mv oo
Ocu ov 0.25 mV Uniform 1 0.25 mV oo
Ory oV 0.50mV | Uniform 1 0.50 mvV oo
Oy ov 0.02mV | Student-t 1 0.02 mv 2
Combined Uncertainty u(E,) 0.83 mV
Effective Degrees of Freedom v > 1000
(3 0.86 mV
X E5im Coverage Factor k 2
Expanded Uncertainty U(Ey) 1.66 mV
Table 12c Uncertainty budget for 10 V, 100 kHz measurement
23
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100 V AC Measurement

The measurement equation for the 100 V AC measurement is identical to that for the 100 mV AC
measurement, shown above. The uncertainty budgets for the 55 Hz, 1 kHz measurements are shown in
Tables 13a and 13b, respectively.

. . Standard Probability | Sensitivity | Uncertainty
Qua;tlty Estl;nate Uncertainty Density Coefficient | Contribution D;iz’e:r:f
: / u(x;) Function lcil ui(E,)
X 99.9950V | 0.12mV Uniform 1 0.12 mv oo
D, 99.9951V - - - - -
OR,, 0.0001V 3.0mv Normal 1 3.0mv oo
oD, oV 25mv Normal 1 2.5mV oo
Ocy ov 0.5mvV Uniform 1 0.5mV oo
Oy oV 0.0mv Uniform 1 0.0 mv oo
o, oV 0.2mv Student-t 1 0.2 mV 3
Combined Uncertainty u(Ey) 3.9mV
£ 02 mV Effective Degrees of Freedom V.g > 1000
Coverage Factor k 2
Expanded Uncertainty U(Ey) 7.9 mV
Table 13a Uncertainty budget for 100 V, 55 Hz measurement
Quantity Estimate Standa.rd Probal:tlhty Sensn.tlylty Uncertaurty Degrees of
X X Uncertainty Density Coefficient | Contribution Freedom
' ! u(x;) Function lcil u{E,)
X 99.9974V | 0.12mV Uniform 1 0.12 mV oo
D, 99.9937V - - - - -
Ry, -0.0013V | 3.0mV Normal 1 3.0mv oo
oDy, ov 1.7 mv Normal 1 1.7 mv oo
Ocy ov 0.5 mV Uniform 1 0.5mv oo
Ory oV 0.0 mv Uniform 1 0.0 mV oo
o, oV 0.2mv Student-t 1 0.2mVv 2
Combined Uncertainty u(Ey) 3.5mVv
E, 5.0mV Effective Degrees of Freedom Vg > 1000
Coverage Factor k 2
Expanded Uncertainty U(Ey) 7.0mV
Table 13b Uncertainty budget for 100 V, 1 kHz measurement
24
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10 mA AC Measurement

The measurement equation, which relates the measured quantity (the error of indication of the test
DMM) to the input quantities, is as follows:

Ey=X—-(Iy+d, +y, +d )+ 0,

where EX is the error of indication of the DMM under test,

X is the DMM reading when the calibrator is set to 10 mA,
I, is the calibrator setting,

A 4, is the correction to the calibrator output determined at its most recent calibration,

dl ., is the correction to the calibrator output due to drift, and temperature effects,

&“ is the correction to the calibrator output due to change in the loading,

5,, is a correction, with nominal value of zero, which accounts for the non-repeatability of the

measurement.

The uncertainty budgets for the measurements at 55 Hz and 1 kHz are shown in Tables 14a and 14b,

respectively.

X . Standard Probability | Sensitivity | Uncertainty
Quantity iy Uncertainty Density Coefficient | Contribution Degrees of
X X; ; Freedom
ulx;) Function lcil ui(E,)
X 10.000 52 mA 0.12 pA Uniform 1 0.12 pA oo
I, 9.999 84 mA - - - ) .
dy, 0mA 0.50 A | Normal 1 0.50 A oo
dy, 0mA 0.25pA | Normal 1 0.25 pA oo
Ay, 0mA 0.25 pA Uniform 1 0.25 pA oo
0, 0mA 0.10 yA | Student-t 1 0.10 pA 3
Combined Uncertainty u(E,) 0.63 pA
Effective Degrees of Freedom V¢ > 1000
E, +0.68
x e Coverage Factor k 2
Expanded Uncertainty U(E,) 1.3 pA
Table 14a Uncertainty budget for 10 mA, 300 Hz measurement
25
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. . Standard Probability | Sensitivity | Uncertainty
Qua):tlty Estn::ate Uncertainty Density Coefficient | Contribution D;i';e:nc:f
' ! u(x;) Function lail u{(E,)
X 10.000 75 mA 0.12 pA Uniform 1 0.12 pA oo
Iy 9.999 98 mA - - - - -
a,, 0 mA 0.50 yA | Normal 1 0.50 pA oo
d,, 0 mA 0.25pA | Normal 1 0.25 pA oo
a,, 0mA 0.50 A | Uniform 1 0.50 pA oo
0, 0mA 0.10 pA | Student-t 1 0.10 pA 3
Combined Uncertainty u{Ey) 0.77 pA
Effective Degrees of Freedom Vg > 1000
E 0.77
A He Coverage Factor k 2
Expanded Uncertainty U(Ey) 1.5 pA
Table 14b Uncertainty budget for 10 mA, 1 kHz measurement
1 A AC Measurement

The measurement equation for the 1 A AC measurement is identical to that for the 10 mA AC
measurement, shown above. The uncertainty budgets for the 55 Hz, 1 kHz measurements are shown in
Tables 15a and 15b, respectively.

Quantity Estimate Standa.rd Probab.lllty Sen5|'t|§nty Uncertalr.lty Degrees of
X, X Uncertainty Density Coefficient | Contribution Freedom
! ! ufx;) Function leil ui{E,)
X 0.999 909 A 3pA Uniform 1 3 uA oo
I, 1.000 007 A - - - - -
a 0A 115 pA Normal 1 115 pA oo
da,, 0A 25 pA Normal 1 25 pA oo
., 0A 50 pA Uniform 1 50 pA oo
0, 0A 5 pA Student-t 1 5 pA 1
Combined Uncertainty u(Ey) 128 pA
Effective Degrees of Freedom Vg > 1000
E -98
2 Ha Coverage Factor k 2
Expanded Uncertainty U(E)) 260 pA
Table 15a Uncertainty budget for 1 A, 300 Hz measurement
26
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" ] Standard Probability | Sensitivity | Uncertainty
Qua)u:tlty Estn::ate Uncertainty Density Coefficient | Contribution D':zze:n:f
' ' u(x;) Function lcil u,(E,)
X 0.999 852 A 3pA Uniform 1 3puA oo
I, 0.999 872 A - - - - -
ay, 0A 115 pA Normal 1 115 pA oo
d,, 0A 25 pA Normal 1 25 pA oo
Ay, 0A 100 pA Uniform 1 50 pA oo
0, 0A 5 pA Student-t 1 5 pA 1
Combined Uncertainty u(Ey) 160 pA
Effective Degrees of Freedom V. > 1000
-20
Ex WA Coverage Factor k 2
Expanded Uncertainty U(Ey) 320 pA
Table 15b Uncertainty budget for 1 A, 1 kHz measurement
27 .
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1. Participant Institute
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ABU DHABI QUALITY AND CONFORMITY COUNCIL

[nstitute

Emirates Metrology Institute
Abu Dhabi Quality and Conformity Council

Contact Person

Jon Bartholomew,

Head of Electrical, Time and Frequency Laboratory

United Arab Emirates

Email jon.bartholomew(@qcc.abudhabi.ae
Centre of Excellence for Applied Research and Training (CERT)
881 Sultan Bin Zayed The First Street,

Address PO Box 853,
Abu Dhabi,

2. Period of Measurements
14 August 2016 to 22 August 2016

3. Ambient Conditions

Temperature

Relative Humidity

(23+1)°C

(45+10)%th

4. Measurement Standards Used

Name Manufacturer | Model No Serial No | Traceability
Multi-Function Calibrator | Fluke 5720A 2217201 EMI, UAE
DC Voltage Standard Fluke 732B 2169033 NPL, UK
Automatic Potertiometer | VicasUrements | ao00 1040805 EML UAE
International

1200V Range Extender Measurements | gy 1040806 EMI, UAE
International

1063 Standard Resiseor MeAsursments | oq. 1102536 | EML UAE
International

10 kQ Standard Resistor [ET SR104 J2-1529650 | EMI, UAE

1 MQ Standard Resistor Measutements | o0y 1101330 EMIL, UAE
[nternational
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5. Measurement Method

5.1. The Travelling Standard
The instrument measured was Fluke 8508 A Reference Multimeter Serial Number 969656608.

5.2. Preparation

The Multimeter was received on 9 August 2016 and was allowed to stabilize in the laboratory
overnight before turning on. The Multimeter was allowed to warm up under power for 10
minutes and then reset to the power up default configuration. A self-test of the “Circuits” was
run and the result was “Self-Test Passed”. The Multimeter was left powered in the laboratory
until 14 August 2016 when measurements commenced. The Multimeter was powered
continuously throughout the measurement period.

3.3 DC Voltage

Before each DC Voltage measurement the Multimeter was zeroed using the 4-wire shorting
device supplied.

5.3.1. Nominal Value of 100 mV

The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the same time
the output of the Fluke 5720A calibrator was measured using the Measurements International
8000A Automatic Potentiometer referenced to the 10V output of the Fluke 732B DC Voltage
Standard.

The Automatic Potentiometer is known to have a zero offset which can be significant for
measurements at low voltages. The Automatic Potentiometer cannot measure at 0 V so EMI
measure the zero offset by making measurements at £1 mV. The mean value of these
measurements is the zero offset of the Automatic Potentiometer. This offset is subtracted from
the value measured by the Automatic Potentiometer at the nominal value of 100mV. The
reported value is the mean of 50 measurements.

5.3.2. Nominal Value of 10 V

The 10V output of the Fluke 732B DC Voltage Standard was directly measured using the
Multimeter.

5.3.3. Nominal Values of 100 V and 1000 V

The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the same time
the output of the Fluke 5720A calibrator was measured using the Measurements International
8000A Automatic Potentiometer with the 8001A Range Extender set to an appropriate range.
The zero offset of the Automatic Potentiometer is not significant for these measurements so no
correction is made. The reported value is the mean of 50 measurements.

5.4. DC Current

The Multimeter was used to measure the output of the Fluke 5720A calibrator. Before each DC
Current measurement the Multimeter was zeroed with the input terminals open circuit.

Page 3 of 15
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5.5. DC Resistance
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The Multimeter was used to measure the resistance of calibrated standard resistors. Before each
DC Resistance measurement the Multimeter was zeroed using the 4-wire shorting device

supplied.

5.6.  AC Voltage
The Multimeter was used to measure the output of the Fluke 5720A calibrator.

5.7. AC Current

The Multimeter was used to measure the output of the Fluke 5720A calibrator.

6. Calculation of Multimeter Error

The Multimeter Error was calculated using the following formula

Reading of 85084 — Appled Value

Error of 85084 =

Applied Value
7. Measurement Results
7.1. DC Voltage
Range of Nominal Applied Reading of Error of Uncertainty
8508A Value Value 8508A 8508A
200 mV + 100 mV 100.000 12 100.000 12 2.0x 108 Td e 1S
20V +10V 10.000 011 10.000 052 4.0 x 10 1.2% 108
200V +100 V 99.999 92 99.999 49 -43 x 10° 4.0 x 106
1000 V +1000 V 999.997 4 999.996 8 -5.6 x 107 1.3 % 107
7.2. DC Current
Range of Nominal Applied Reading of Error of Uncertainty
8508A Value Value 8508A 8508A
200 pA + 100 pA 100.003 41 100.000 81 -2.6 x 107 54 %103
20 mA +10 mA 10.000 150 10.000 226 7.6 % 107 3.7 x 107
1A +1 A 1.000 0307 | 0.999 885 1 -1.5 %< 10 6.1 x 107
Page 4 of 15

EURAMET Project 1341 - Draft B Report

Page 315 of 355

'fg@




m

Laglgjio U ciljlobiamco

Emirates Metrology Institute

ddalla a llgdxgall LgL..xJ::q_:l gl o
ABU DHABI QUALITY AND CONFORMITY COUNCIL

1.3. DC Resistance
Range of Mode of Nominal Applied Reading of | Error of | Uncertainty
8508A 8508A Value Value 8508A 8508A
20Q TrueQ 10Q 10.000 046 10.000 241 | 1.9x 107 | 6.9 x 107
TrueQ2 10 k2 10.000 007 10.000 096 | 8.9 x 10| 1.1 x 10®
20 kQ
TrueQ2 Lol 10 kQ 10.000 007 10.000 110 | 1.0x 10 | 2.2 x 10°®
2 MQ Normal Q 1 MQ 0.9999959 | 1.000004 4 | 8.5x10°| 4.4 x10°
7.4, AC Voltage
Range of Nominal Value Applied Reading of | Errorof | Uncertainty
8508A Voltage | Frequency Value 8508A 8508A
100 mV 55Hz 99.999 9 99.9945 | -54x103 | 2.5x 10
200 mV
100 mV 1 kHz 100.001 6 99.9987 | -2.9x 105 | 2.5x 10%
10V 55 Hz 10.000 06 10.000 58 | 5.2 x 103 6.0 x 10°
20V 10V 1 kHz 10.000 06 10.00098 | 9.2 x 107 5.7 x10?
10V 100 kHz 9.999 86 10.000 52 | 6.6 x 107 1.6 x 10
100 V 55 Hz 99.999 4 99.9985 | -93x10% | 7.6 %107
200V
100 V | kHz 99.998 9 100.0019 | 3.0 x 103 7.1 x 103
7.5.  AC Current
Range of Nominal Value Applied Reading of | Errorof | Uncertainty
8508A Voltage | Frequency Value 8508A 8508A
10 mA 300 Hz 10.000 15 10.000 61 | 4.6 x 107 1.9 x 10
20 mA
10 mA 1 kHz 10.000 12 10.000 70 | 5.8 x 107 1.9 x 10
1A 300 Hz 1.000 031 0.999919 | -1.1 x 104 | 4.7 x 104
1 A
1 A 1 kHz 1.000 028 0.999986 | -4.2x10° | 4.7x 104
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8. Uncertainty Budget

8.1. DC Voltage
8.1.1. Nominal Value of 100 mV

Model Function:
Iy + Ve + Vo +Vo+ Ve + Ve +Vy + Vi + 1) L

E., =

Lyp

I = Indication of multimeter

Lir = Indication of automatic potentiometer

Ve = Error of automatic potentiometer from last calibration

Vo = Drift in error of automatic potentiometer since last calibration

Vs = Calibration of Voltage Standard

Ve = Uncorrected drift since last calibration

Vic = Temperature effects on Voltage Standard

Vv = Noise of Voltage Standard

Vr = Thermoelectric voltages generated at junctions of leads and terminals
Ir = Repeatability of indication

Sensitivity Uncertainty Degrees of Freedom

Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(x), ppm Distribution Divisor o] ui(Ex), ppm Vi
Ly 0.1V 0.050 ppm Rectangular 1.7321 1 0.029 oo
Lip 0.1V 0.005 ppm Rectangular 1.7321 1 0.003 oo
In 0 0.840 ppm Normal k=1 1.0000 1 0.840 49
Ve 0 0.440 ppm Normal k=2 2.0000 1 0.220 oo
Ve 0 0.100 ppm Rectangular 1.7321 1 0.058 oo
Vs oV 0.030 ppm Normal k=2 2.0000 1 0.015 o0
Vn 0 0.960 ppm Rectangular 1.7321 1 0.554 oo
Vre 0 0.120 ppm Rectangular 1.7321 1 0.069 oo
Vy 0 0.060 ppm Rectangular | 1.7321 1 0.035 oo
Vi 0 0.600 ny Rectangular 1.7321 10 3.464 oo

Combined Uncertainty, u{Ex) 3.615

Effective Degrees of Freedom, Ve 1.68E+04

Coverage Factor, k 2.000

Expanded Uncertainty, U{Ex) 7.3
Page 6 of 15
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8.1.2. Nominal Value of 10 V

Model Function:

Iy + Vp+ Ve + Ve +Vy + 1)
E, = -1
Vs
have = Indication of multimeter
Iz = Repeatability of indication
Vs = Calibration of Voltage Standard
Vi = Uncorrected drift since last calibration
Vic = Temperature effects on Voltage Standard
Vi = Noise of Voltage Standard
Vr = Thermoelectric voltages generated at junctions of leads and terminals

Sensitivity Uncertainty Degrees of Freedom

Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(xi), ppm Distribution | Divisor =} ui(Ex), ppm Vi
L 10V 0.050 ppm Rectangular | 1.7321 1 0.029 oo
In 0 0.100 ppm Normal k=1 | 1.0000 1 0.100 9
Vs oV 0.030 ppm Normal k=2 | 2.0000 1 0.015 ]
Vp 0 0.960 ppm Rectangular | 1.7321 & 0.554 oo
Vie 0 0.120 ppm Rectangular | 1.7321 1 0.069 oo
Vy 0 0.060 ppm Rectangular | 1.7321 1 0.035 oo
Vr 0 0.600 uv Rectangular | 1.7321 0.1 0.035 o0

Combined Uncertainty, u(E) 0.570

Effective Degrees of Freedom, Ve 9.53E+03

Coverage Factor, k 2.000

Expanded Uncertainty, U(Ex) 1.2

8.1.3. Nominal Values of 100 and 1000 V

Model Function:

([W‘W+VE+VX+ VD+V5+ VT+VTC+VN+]R) 1

E —
g Inp

DL = Indication of multimeter

Lip = Indication of automatic potentiometer

Vi = Error of automatic potentiometer from last calibration

Vy = Error of range extender from last calibration

Vo = Drifi in error of automatic potentiometer since last calibration
Vs = Calibration of Voltage Standard

Ve = Uncorrected drift since last calibration

Vic = Temperature effects on Voltage Standard

Vv = Noise of Voltage Standard

Iz = Repeatability of indication

Page 7 of 15
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100 V
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u{xi), ppm Distribution | Divisor Gi ui(Ex), ppm Vi
Lynr 100V 0.050 ppm Rectangular | 1.7321 1 0.029 oo
Lip 100V 0.005 ppm Rectangular | 1.7321 1 0.003 oo
Ir 0 0.040 ppm Normal k=1 | 1.0000 1 0.040 49
Ve 0 0.044 ppm Normal k=2 | 2.0000 1 0.022 o
Vy 0 3.800 ppm Normal k=2 | 2.0000 1 1.900 oo
Vb 0 0.100 ppm Rectangular | 1.7321 il 0.058 oo
Vs oV 0.030 ppm Normal k=2 | 2.0000 1 0.015 oo
Ve 0 0.960 ppm Rectangular | 1.7321 1 0.554 oo
Vie 0 0.120 ppm Rectangular | 1.7321 1 0.069 oo
Vv 0 0.060 ppm Rectangular | 1.7321 1 0.035 oo
Combined Uncertainty, u(Ex) 1.982
Effective Degrees of Freedom, ver 2.96E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 4.0
1000 V
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi % u(xi), ppm Distribution | Divisor Ci ui(E«), ppm Vi
1Y, 1000 V 0.050 ppm Rectangular | 1.7321 1 0.029 oo
Lip 1000V 0.005 ppm Rectangular | 1.7321 1 0.003 oo
In 0 0.085 ppm | Normalk=1 | 1.0000 1 0.085 49
Ve 0 0.044 ppm Normal k=2 | 2.0000 1 0.022 Ll
Fy 0 12.000 ppm Normal k=2 | 2.0000 1 6.000 oo
Vo 0 0.100 ppm Rectangular | 1.7321 1 0.058 oo
Vs oV 0.030 ppm Normal k=2 | 2.0000 i 0.015 oo
Vo 0 0.960 ppm Rectangular | 1.7321 1 0.554 oo
Ve 0 0.120 ppm Rectangular | 17321 1 0.069 oo
Vy 0 0.060 ppm Rectangular | 1.7321 1 0.035 e
Combined Uncertainty, u(Ed) 6.027
Effective Degrees of Freedom, ves 1.24E+09
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 13
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8.2. DC Current

Model Function:
E, - (L +1g+ CD)_1
Cs
hae = Indication of multimeter
Ir = Repeatability of indication
Cs = Calibration of Multifunction Calibrator
Cp = Stability of Multifunction Calibrator since calibration

100 pA
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(xi), ppm Distribution Divisor Ci ui(Ex), ppm Vi
L 100 pA 0.050 ppm | Rectangular | 1.7321 1 0.029 oo
Ir 0 0.300 ppm Normal k=1 1.0000 1 0.300 9
Cs 100 pA 8.700 ppm Normal k=2 2.0000 1 4.350 =0
Cp 0 46,000 ppm Rectangular 1.7321 1 26.558 oo
Combined Uncertainty, u(Ex) 26.914
Effective Degrees of Freedom, ver 5.83E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(E) 54
10 mA
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
X ¥ u(xi), ppm Distribution Divisor Ci ui(Ex), ppm Vi
Dy 10 mA 0.050 ppm Rectangular 1.7321 1 0.029 oo
Ir 0 0.100 ppm Normal k=1 1.0000 1 0.100 9
Cs 10 mA 8.700 ppm Normal k=2 2.0000 1 4.350 oo
Cp 0 31.000 ppm Rectangular 1.7321 1 . 17.898 L
Combined Uncertainty, u{Ex) 18.419
Effective Degrees of Freedom, ves 1.04E+10
Coverage Factor, k 2.000
Expanded Uncertainty, U{Ex) 37
Page 9 of 15
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1 A
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(x), ppm Distribution Divisor G ui(Ex), ppm Vi
s 1A 0.050 ppm Rectangular 1.7321 1 0.029 oo
Ip 0 0.200 ppm Normal k=1 1.0000 1 0.200 9
Cs 1A 9.300 ppm Normal k=2 2.0000 1 4.650 oo
Cp 0 52.000 ppm Rectangular 1.7321 1 30.022 oo
Combined Uncertainty, u(Ex) 30.381
Effective Degrees of Freedom, ves 4.79E+09
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 61

8.3. DC Resistance

Model Function:

(I + Rp + Ry +Rp + 1) 1

E, =

R
Iar = Indication of multimeter
Iz = Repeatability of indication
Rs = Calibration of Standard Resistor
Rp = Uncorrected drift since last calibration
RP = Power effects on Standard Resistor
Ry = Temperature effects on Standard Resistor
10 Q .
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(x;), ppm Distribution | Divisor Ci Ui(Ex), ppm Yi
Dne 10 0.050 ppm Rectangular 1.7321 1 0.029 oo
In 0 0.200 ppm Normal k=1 1.0000 1 0.200 9
Rs 10 0.470 ppm Normal k=2 2.0000 1 0.235 oo
Rn 0 0.100 ppm Rectangular 1.7321 1 0.058 oo
Rp 0 0.000 ppm Rectangular 1.7321 1 0.000 oo
Rre 0 0.200 ppm Rectangular 1.7321 1 0.115 [
Combined Uncertainty, u(Ex) 0.336
Effective Degrees of Freedom, vess 7.15E+01
Coverage Factor, k 2.036
Expanded Uncertainty, U(Ex) 0.69
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10 kQ
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution {DoF)
Xi Xi u(xi), ppm Distribution Divisor Ci ui(Ex), ppm Vi
s 10 k 0.050 ppm Rectangular 1.7321 1 0.029 oo
Ir 0 0.400 ppm Normal k=1 1.0000 1 0.400 9
Rs 10k 0.570 ppm Normal k=2 2.0000 1 0.285 oo
Rp 0 0.100 ppm Rectangular 1.7321 1 0.058 oo
Rp 0 0.000 ppm Rectangular 1.7321 1 0.000 oo
Rre 0 0.080 ppm Rectangular 1.7321 1 0.046 o0
Combined Uncertainty, u(E.) 0.498
Effective Degrees of Freedom, verr 2.15€+01
Coverage Factor, k 2.126
Expanded Uncertainty, U(Ex) 11
10kQ Lol
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi ulxi), ppm Distribution Divisor G ui(Ex), ppm Vi
L 10k 0.050 ppm Rectangular 1.7321 1 0.029 ]
Ir 0 0.800 ppm Normal k=1 1.0000 1 0.800 9
Rs 10k 0.570 ppm Normal k=2 2.0000 1 0.285 oo
Rp 0 0.100 ppm Rectangular 1.7321 1 0.058 oo
Rp 0 1.000 ppm Rectangular 1.7321 1 0.577 oo
Rrc 0 0.080 ppm Rectangular 1.7321 1 0.046 oo
Combined Uncertainty, u(E) 1.030
Effective Degrees of Freedom, vert 2.47E+01
Coverage Factor, k 2.110
Expanded Uncertainty, U(Ey) 2.2
1 MQ
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi * u(x), ppm Distribution Divisor Ci ui(Ex), ppm Vi
L 1M 0.050 ppm Rectangular 1.7321 1 0.029 oo
In 0 1.000 ppm Normal k=1 1.0000 1 1.000 g
Rs 1M 3.600 ppm Normal k=2 2.0000 1 1.800 oo
Rp 0 0.900 ppm Rectangular 1.7321 1 0.520 oo
Rp 0 0.500 ppm Rectangular 1.7321 1 0.289 o
Rre 0 0.220 ppm Rectangular 1.7321 1 0.127 oo
Combined Uncertainty, u(Ey) 2.147
Effective Degrees of Freedom, Ve 1.91E+02
Coverage Factor, k 2.013
Expanded Uncertainty, U(E.) 4.4
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8.4. AC Voltage

Model Function:

E, = (I Tl +1Iy+ VD)_1
Vs

I = Indication of multimeter

Iz = Repeatability of indication

Vs = Calibration of Multifunction Calibrator

Vp = Stability of Multifunction Calibrator since calibration

Iy = Zero indication of multimeter

100 mV at 55 Hz and 1 kHz

Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u{x), ppm Distribution | Divisor i ui(Ex), ppm Vi
Lins 100 mV 0.500 ppm Rectangular 1.7321 1 0.289 o
Ip 0 8.000 ppm Normal k=1 1.0000 1 8.000 9
Vs 100 mV 37.900 ppm Normal k=2 2.0000 1 18.950 oo
Vo 0 145.000 ppm Rectangular 1.7321 1 83.716 o
Iv 0 15.000 uv Rectangular 1.7321 10 86.603 oo
Combined Uncertainty, u(Ex) 122.195
Effective Degrees of Freedom, veir 4.90E+05
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 245.00
10 V at 55 Hz
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(xi), ppm Distribution Divisor Ci ui(Ex), ppm Vi
Dunr 0V 0.500 ppm Rectangular 1.7321 1 0.289 oo
Ir 0 9.000 ppm Normal k=1 1.0000 1 5.000 9
Vs 0V 17.600 ppm | Normalk=2 | 2.0000 1 8.800 oo
Vb 0 47.000 ppm Rectangular 1.7321 1 27.135 oo
Iy 0 15.000 ny Rectangular 1.7321 0.1 0.866 oo
Combined Uncertainty, u(E.) 29.927
Effective Degrees of Freedom, vex 1.10E+03
Coverage Factor, k 2.002
Expanded Uncertainty, U(Ey) 60
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10 Vat [ kHz
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi X u{x;), ppm Distribution | Divisor G ui(Ex), ppm Vi
Lns v 0.500 ppm Rectangular | 1.7321 1 0.289 oo
I 0 1.000 pom | Normalk=1 | 1.0000 1 1.000 9
Vs w0V 16.100 ppm Normal k=2 | 2.0000 1 8.050 oo
Vo 0 47,000 ppm Rectangular 1.7321 1 27.135 o0
Iy 0 15.000 Ny Rectangular 1.7321 0.1 0.866 o
Combined Uncertainty, u(Ex) 28.337
Effective Degrees of Freedom, vest 5.80E+06
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 57
10 V at 100 kHz
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(x), ppm Distribution | Divisor Gi ui(Ex), ppm Vi
Ly 1oV 0.500 ppm Rectangular 1.7321 1 0.289 o0
Iy 0 1.000 ppm | Normalk=1 | 1.0000 1 1.000 9
Ve 10V 19.600 ppm Normal k=2 2.0000 1 9.800 o0
Vo 0 130.000 ppm Rectangular 1.7321 1 75.056 oo
Iy 0 15.000 [ Rectangular 1.7321 0.1 0.866 oo
_ Combined Uncertainty, u(Ex) 75.705
Effective Degrees of Freedom, ves 2.96E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 152
100 V at 55 Hz
Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(xi), ppm Distribution | Divisor G ui(Ex), ppm Vi
Ly 100V 0.500 ppm Rectangular | 1.7321 1 0.289 oo
In 0 9.000 ppm Normal k=1 1.0000 1 9.000 9
Vs 100V 32.600 ppm Normal k=2 2.0000 1 16.300 oo
Vo 0 57.000 ppm Rectangular 1.7321 1 32.909 s
Iy 0 15.000 v Rectangular | 1.7321 0.1 0.866 oo
Combined Uncertainty, u(Ex) 37.822
Effective Degrees of Freedom, e 2.81E+03
Coverage Factor, k 2.001
Expanded Uncertainty, U(Ex) 76
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100 V at 1 kHz

Sensitivity Uncertainty Degrees of Freedom

Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(x), ppm Distribution Divisor G ui(Ex), ppm Vi
DL 100V 0.500 ppm Rectangular 1.7321 L 0.289 s
Iz 0 2.000 ppm | Normalk=1 | 1.0000 1 2.000 9
Vs 100V 24.300 ppm Normal k=2 2.0000 1 12,150 oo
Vo 0 57.000 ppm Rectangular 1.7321 1 32.909 o
Iy 0 15.000 nY Rectangular 1.7321 0.1 0.866 oo

Combined Uncertainty, u(E.) 35.149

Effective Degrees of Freedom, ver 8.59E+05

Coverage Factor, k 2.000

Expanded Uncertainty, U(E,) 71

8.5. AC Current

Model Function:
E, - (L +1g+ C'D)_1
Cs
Iuve = Indication of multimeter
I = Repeatability of indication
Cs = Calibration of Multifunction Calibrator
Cp = Stability of Multifunction Calibrator since calibration

10 mA at 300 Hz and | kHz

Sensitivity Uncertainty Degrees of Freedom

Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi ufxi}), ppm Distribution | Divisor Ci ui(Ex), ppm Vi
D 10 mA 0.500 ppm Rectangular 1.7321 1 0.289 oo
I 0 3.000 ppm | Normalk=1 | 1.0000 1 3.000 9
Cs 10 mA 67.300 ppm Normal k=2 2.0000 1 33.650 oo
Cp 0 150.000 ppm Rectangular | 1.7321 1 86.603 o

Combined Uncertainty, u{E) 92.959

Effective Degrees of Freedom, ves 8.30E+06
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 186
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Sensitivity Uncertainty Degrees of Freedom
Quantity | Estimate | Uncertainty Probability Coefficient Contribution (DoF)
Xi Xi u(xi), ppm Distribution | Divisor G ui(Ex), ppm vi
i 1A 0.500 ppm Rectangular 1.7321 5 0.289 oo
Ir 0 3.000 ppm | Normalk=1 | 1.0000 1 3.000 9
Cs 1A 101.600 ppm Normal k=2 2.0000 1 50.800 oo
Cp 0 390.000 ppm Rectangular 1.7321 1 225.167 oo
Combined Uncertainty, u(Ex) 230.846
Effective Degrees of Freedom, vex 3.16E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex) 462

9. EMI Laboratory Personnel

Mr Jon Bartholomew

Eng Shamsa Saleh Al Kayyoomi
Eng Shamsa Saleh Al Kayyoomi
Eng Hamad Ali Deiban

Travelling Standard Calibrated by

EMI Standards Calibrated by

Report Prepared by Mr Jon Bartholomew

Eng Shamsa Saleh Al Kayyoomi

Report Chigsiesd by Eng Hamad Ali Deiban

Signed:

Jon Bartholomew

Head of Electrical, Time and Frequency Laboratory
Emirates Metrology Institute

Abu Dhabi Quality and Conformity Council

<END OF REPORT>
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Saudi Standards, Metrology and Quality Organization - National Measurement and
Calibration Center

Technical Report
For

Comparison on Calibration of Multimeter

EURAMET Project No 1341

Contact Persons:
e Eng. Abdullah Alrobaish
a.robaish@saso.gov.sa - Tel: +966 504104070

e Dr. Mamdouh Halawa
mamdouh_halawa@yahoo.com - Tel: +966 508796538

Riyadh, November 2016
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1. Introduction

During the 6 Meeting of the EURAMET FG FNMID, held in Istanbul (Turkey) in November
2013, it was decided to organize an intercomparison on multimeter calibration, in order to
support the CMCs of NMIs in the CIPM KCDB. This comparison was already proposed by
UME and was registered as EURAMET Project No 1341. UME is acting as the pilot institute
and is responsible for providing the travelling standard, monitoring its performance during
circulation, and the evaluation and reporting of the measurement results. National Measurement
and Calibration Center (Saudi Standards, Metrology and Quality Organization, KSA) has been
participated in this compaison, as the last participant, to support the accreditation needs for the
electrical department in the field of electrical quantities.

The topic of that comparison is “Calibration of 8)% digits Multimeter” for the following
quantities:

DC Voltage

AC Voltage

DC Current

D N N NN

AC Current

v DC Resistance

The travelling standard was the 8% digit Multimeter, Fluke 8508 A Reference Multimeter (Figure
1), that already provided by TUBITAK UME. This DMM was chosen for its high accuracy and
excellent short-term stability on DC Voltage, AC voltage, DC current, AC current and resistance
measurement functions.

Figure 1. Travelling standard: Fluke 8508 Reference Multimeter
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2. Information about the Participant Institute

National Measurement and Calibration Center, NMCC

Institute (Saudi Standards, Metrology and Quality Organization, KSA)

Abdullah Alrobaish
Tel: +966 504104070
Contact

Mamdouh Halawa
Tel: +966 508796538

Person

e a.robaish@saso.gov.sa
E-mails e mamdouh_halawa@yahoo.com

e m.halawa@saso.gov.sa

Saudi Standards, Metrology and Quality Organization (SASO)

Address PO. B 3437 Riyadh- Al Muhammadiyah in front of King Saud University

(Bldg. # 4, NMCC), 11471 Riyadh Kingdom of Saudi Arabia

3. PERIOD OF MEASUREMENTS

All measurements had performed during the period of: Sunday, 2 October 2016 to Thursday
13 October 2016.

4. AMBIENT TEMPERATURE
e Temperature: 23+1)°C

e Relative Humidity: (45+5) %

5. THE MEAUREMENT STANDARDS USED

Name Manufacturer Model No Serial No Traceability
o GUILDLINE 2906.01
Current Shunt Guildline 9211A 71338 19/02/2015
. UME, GILV-0190
Calibrator Fluke 5730A 2843503 06/06/2016
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Digital Multimeter Agilent 3458A MY45050871 UME,G1LV0005
. o ap UME,G1LR-0017
Standard Resistance Guildline 9334A-1M 71176 01/12/2015
Standard Resist Tinsl 5685B 248738, 246844 SASO
ancard Kesistance neiey ’ 2016/51/ EL-IM 7 C
. . SASO
Standard Resistance Tinsley 5685B 246844 2016/51/ EL-IM 5 C
SASO
DC Standard Fluke 732B 1978030 2016/26/EL-VO 11 C
Multi-junction Thermal Holt 11 322/2+80B SASO
Converter 2016/03/EL-VO 02 C
Multi-junction Thermal Holt 11 322/2+80D SASO
Converter 2016/03/EL-VO 04 C
Thermal Current UME CS10mA/MJ-1V |CS-0001/TC 15 006| UME, G1LV-0263
Converter
Thermal Current UME CS1A/MIJ-1V | CS-0017/TC 15006 UME, G1LV-0263
Converter

6. MEASUREMENT METHOD

6.1 For DC Voltage

e Range of 20 V
NMCC performed the calibration of the range of DC-20 V (for applied value = 10 V) through the

direct method using a traceable Fluke 732B, Reference Standard (as shown in Fig. 2). FLUKE

5730A 1is already traceable to SI unit through calibration certificate UME (as described in sec. 5).
The calibration results of DC Voltage (from 100 mV to 1000 V) are listed in Table 1.

== = e —

Fig. 2: Direct Measurement of 10V DC using Fluke-732B Ref. St.
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e Range of 200 mV, 200 V and 1000 V
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NMCC performed the calibration of these ranges (for applied values = 100 mV, 100 V and 1000

V respectively) through the direct method using Fluke 5730A, High Performance Multifunction

Calibrator (Fig. 3). FLUKE 5730A is already traceable to SI unit through UME (as described in

section 5). The calibration results of DC Voltage are listed in Table 1.

-

.-),f lpeEEEEE

Fig. 3: Direct Method for calibration of 100 mV DC

Table 1: Measurement Results of DC Voltage

R; Sllog; : f N;)]I;:Lal Applied Value |Reading of 8508A| Error of 8508A | Uncertainty
200 mV 100 mV 99.99994 mV 99.99981 mV -(f)l.f)2060;1§7%‘)] 9.7 pv/vV
20V 10V 10.000038 V 10.000085 V ;_(:970503‘:/7/“;) 2.3 nv/v
200V 100V 99.99987 V 99.99978 V (: ggg(:?\? ;) 4.5 nvV/v
1000 V 1000 V 999.9999 V 1000.0007 V (:0(T.7()703§7X) 5.8 nv/v
5
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NMCC performed the calibration of the ranges of 200 pA, 20 mA and 1 A (for injected values =

100 pA, 10 mA and 1 A respectively) through the in-direct method using: Current Shunt (Guildline-
9211A) and Digital Multimeter (Agilent-3458A), as shown in Fig. 4. All devices used in this
method are already traceable to SI unit through UME and GUILDLINE Co. (as described in section

5). The calibration results of DC Current are listed in Table 2.

Table 2: Measurement Results of DC Current

Range of Nominal Value | Applied Value Reading of Error of 8508A Uncertainty
8508A 8508A
- 0.00251 pA
200 pA 100 pA 100.00360 pA | 100.00109 pA 18 pA/A
(- 25.1 pA/A)
10.000196 mA | 10.000299 mA +0-000102 mA 16 pA/A
. m . m n
20 mA 10 mA (+10.2 pA/A)
0.9998463 A - 0-0001774 A 21 pA/A
. . n
1A 1A 1.0000237 A (- 17737 nA/A)
Fig. 4: In-Direct Method for calibration of DC Currents
6

EURAMET Project 1341 - Draft B Report

Page 332 of 355




6.3 For Resistance
NMCC performed the calibration of the ranges of: 20 €, 20 kQ and 2 MQ (for injected values =
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10 ©Q and 10 kQ respectively) through the direct method using: Standard Resistors immersed inside

controlled oil bath, (as shown in Fig. 5) and 1 MQ Standard Resistors immersed inside controlled

air bath .All devices used in this method are already traceable to SI unit through UME, (as

described in section 5). The calibration results of DC resistance are listed in Table 3.

Fig. 5: Direct Method for calibration of DC Resistance

Table 3: Measurement Results of DC Resistance

Range of Mode of Nominal | Applied Value Reading of Error of 8508A Uncertainty
8508A 8508A Value 8508A
+0.000130 Q
20 Q True Q 10Q 9.999729 Q 9.999859 Q 2.5 nQ/Q
(+13.02 nQ/Q)
+0.000087 kQ
True Q 10 kQ 10.000183 kQ 10.000270 kQ 2.5 nQ/Q
(+ 8.68 nQ/Q)
20 kQ o
+0.000100 k
True QLo I 10 kQ 10.000183 kQ 10.000283 kQ 2.5 nQ/Q
(+10.04 nQ/Q)
+0.0000096 MQ
2 MQ Normal Q 1 MQ 1.0000005 MQ | 1.0000101 MQ 7.0 nQ/Q
(+9.6 nQ/Q)
7
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6.4.1 Range of 200 mV, 20 V and 200 (55 Hz and 1 kHz)

NMCC performed the calibration of the range of AC voltage: 200 mV (for applied value = 100
mV @ 55 Hz and 1 kHz) through the direct method using Fluke 5730A, High Performance
Multifunction Calibrator (Fig. 6). FLUKE 5730A is already traceable to SI unit through UME, (as

described in section 5). The calibration results of AC Voltage are listed in Table 4.

Fig. 6: Direct Measurement of 100 mV @ 55 Hz and 1 kHz using Calibrator Fluke-5730A

Table 4: Measurement Results of AC Voltage

Range of Nt el Applied Reading of U tai
8508A Voltage 8508A Error of 85084 | Uncertainty
Voltage | Frequenc
-0.0050 mV
100 mV 55 Hz 100.0000 mV | 99.9951 mV (- 49.50 wV/V) 131 pv/vV
200 mV
-0.0011 mVv
100 mV 1 kHz 100.0000 mV | 99.9989 mV (- 11.0 pV/V) 150 pv/vV
8
EURAMET Project 1341 - Draft B Report Page 334 of 355



NMCC)

sylaallg puliall ibgll jal

National Measurement & Calibration Center

10V | ssHz | 1000018V | 10.00057V (g;?‘l"fg /27,) 49 pV/IV
20V 0V | 1kmz | 100002V | 10.00097 v (3;32";‘3 /2',) 48 pVIV

0V | 100kHz | 999994V | 99%80V | ‘I);Tg‘ill{‘, /:’,) 105 pV/v

100V | ss5Hz | 999980V | 99.9985V (2:‘6"::"5, /:’,) 62 VIV
200V

100V | 1kHz | 999964V | 100.0017V (502'_0703/‘;) 50 uV/IV

6.5 For AC Current

NMCC performed the calibration of the ranges of 20 mA and 2 A (for injected values = 10 mA

and 1 A @ 300 Hz and 1 kHz respectively) through the in-direct method using: Current Shunt

combined in parallel with Multi-junction thermal converter, as shown in Fig. 7. All devices used

in this method are already traceable to SI unit through UME, (as described in section 5). The

calibration results of DC Current are listed in Table 5.

EURAMET Project 1341 - Draft B Report
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Table 5: Measurement Results of AC Current

Range of Nominal Value . . .
8508A Applied Current | Reading of 8508A Error of 8508A Uncertainty
Current | Frequency
+0.00064 mA
10 mA 300 Hz 10.00000 mA 10.00064 mA (+ 64 pA/A) 43 pA/A
20 mA +0.00067 mA
10 mA 1 kHz 10.00000 mA 10.00067 mA + 67 pA/A) 43 pA/A
-0.000086 A
o 1A 300 Hz 1.000000 A 0.999914 A (- 86 pA/A) 94 nA/A
-0.000044 A
1A 1 kHz 1.000000 A 0.999956 A 44 pA/A) 96 pA/A
7. SUMMARY OF MEASUREMENT RESULTS
7.1 DC VOLTAGE
Rg‘;‘fg A:’f Ng‘;:l“eal Applied Value Re;‘;’(;gi"f Error of 8508A | Uncertainty
-0.00013 mV
200 mV 100 mV 99.99994 mV 99.99981 mV (-1.26 pV/IV) 9.7 nv/v
+0.000047 V
20V 10V 10.000038 V +10.000085 V (+4.75 uV/IV) 2.3 pv/v
-0.00009 V
200V 100 V 99.99987 V +99.99978 V (- 0.89 uV/V) 4.5 nv/v
+0.0008 V
1000 V 1000 V 999.9999 V +1000.0007 V +0.77 uV/IV) 5.8 uv/v
7.2 DC CURRENT
R;‘;‘(;c’; :f N{’;ﬁ;‘:“l Applied Value R";‘Sd(;gi of | Errorof8508A | Uncertainty
- 0.00251 pA
200 pA 100 pA 100.00360 pA | +100.00109 pA (- 25.07 pA/A) 18 pA/A
+0.000102 mA
20 mA 10 mA 10.000196 mA | +10.000299 mA (+10.2 pA/A) 16 pA/A
-0.0001774 A
1A 1A 1.0000237 A +0.9998463 A (- 177.4 nA/A) 21 nA/A
10
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7.3 DC RESISTANCE

Range of Mode of Nominal

Reading of

Error of

8508A 8508A Value Applied Value 8508A B508A Uncertainty
+0.000130 Q
10 Q 9.999729 Q 9.999859 Q) 2.5 nQ/Q
200 True Q (+13.02 nQ/Q) #
+0.000087 kQ
10 kQ 10.000183 kQ | 10.000270 kQ 2.5 nQ/Q
True () (+ 8.68 nQ/Q) a
20k +0.000100 kQ
True 10kQ | 10.000183 kQ | 10.000283 kQ ' 2.5 nQ/Q
Lol (+ 10.04 nQ/Q)
Normal +0.0000096 MQ
1 MQ 1.0000005 MQ 1.0000101 MQ 7.0 nQ/Q
2Me Q (+9.6 nQ/Q) #
7.4 AC VOLTAGE
Range of NCTLELNELE Applied Reading of Uncertainty
8508A Voltage 8508A Error of 8508A
Voltage | Frequency
-0.0050 mV
100 mV 55 Hz 100.0000 mV 99.9951 mV (- 49.50 uV/V) 131 pvV/vV
200 mV
-0.0011 mV
100 mV 1 kHz 100.0000 mV 99.9989 mV (- 110 pV/IV) 150 uv/vV
0.00039 V
10V 55 Hz 10.00018 V 10.00057 V (39.1 pV/V) 49 uv/v
0.00085 V
20V 10V 1 kHz 10.00012 V 10.00097 V (84.6 pV/V) 48 pv/vV
-0.00014 V
10V 100 kHz 9.99994 V 9.99980 V (- 13.8 pV/V) 105 pv/vV
0.0005 vV
100V 55 Hz 99.9980 V 99.9985 V (4.6 pVIV) 62 nv/v
200V
0.0053 V
100V 1 kHz 99.9964 V 100.0017 V (52.7 wVIV) 50 pv/v
11

EURAMET Project 1341 - Draft B Report

Page 337 of 355




7.5 AC CURRENT

NMCC !

dpleallg yuliall (pibagll j5pall

National Measurement & Calibration Center

Nominal Value
Range of Applied Reading of Uncertaint
8508A Current 8508A Error of 8508A y
Current | Frequency
+0.00064 mA
10 mA 300 Hz 10.00000 mA 10.00064 mA (+ 64 nA/A) 43 pA/A
20 mA +0.00067 mA
10 mA 1 kHz 10.00000 mA 10.00067 mA (+ 67 pA/A) 43 pA/A
-0.000086 A
1A 300 Hz 1.000000 A 0.999914 A (- 86 nA/A) 94 nA/A
2A - 0.000044 A
1A 1 KHz 1.000000 A 0.999956 A (- 44 pAJA) 96 nA/A
8. UNCERTAINTY BUDGET
Table 6: Uncertainty budget for 100 mV
. . Uncertainty | Degrees of
Quantity Estimate Standard Probability | Sens. Contribution | Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. ci ui(Ex) (DoF), v
Repeatability of UUT ov 34x10°V Normal 1.0 34x10°V 9
Calibration Certificate i 7
of Ref. (Fluke-5730A) ov 1x107V Normal 1.0 1x107V o
Resolution of UUT ov 29X10°V Rectangular 1.0 29X10°V 0
Specs of Ref. (5730A) ov 4.7X107V Normal 1.0 4.7X107V 0
Thermal emf of the 5 "
Cable Used ov 6.6X10°V Rectangular 1.0 6.6X10°V 0
Combined Uncertainty, u(Ex) |4.8x107V
Effective D f Freedom, veff | o 1
Exror () - 0.00013 mV ective Degrees of Freedom, ve = )
(SIS AT Coverage Factor, k 2
. 9.7X 107V
Expanded Uncertainty, U(Ex) (9.7 uVIV)
12
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Table 7: Uncertainty budget for 10 V

. . Uncertainty | Degrees of
Quantity Estimate Standard Probability | _Sens. Contribution | Freedom
Xi X; Uncertainty u(xi)| pistribution | Coeff. ci Ui(Ex) (DoF), v;
Repeatability of UUT ov 1.33x107V Normal 1.0 133x107V 9
Calibration Certificate e 7
of Ref. St. (732B) ov 25x10'V Normal 1.0 25x107V )
Resolution of UUT ov 29X107V Rectangular 1.0 29X107V o0
One-year of Ref. (732B) ov 1.15X 105V Rectangular 1.0 115X 105V )
Thermal emf of the " 8
Cable Used ov 6.6X10°V Rectangular 1.0 6.6X10°V 00
Combined Uncertainty, u(E,) |1.16x10°V
Effective D f Freed L7x10°
0.000047 V ective Degrees of Freedom, Vs = )
Error (E) 4.75 pV/Iv
(4.75 nViv) Coverage Factor, k 2
. 23X10°V
Expanded Uncertainty, U(Ex) 2.3 uV/IV)
Table 8: Uncertainty budget for 100 V
] ] S - S Uncertainty | Degrees of
Quantity Estimate tandard Probability e Contribution | Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. ci Ui(Ex) (DoF), v
Repeatability of UUT ov 277x10°V Normal 1.0 277x10°V 9
Calibration Certificate 5 5
of Ref. (Fluke-5730A) ov 55x10°V Normal 1.0 55x10°V o
Resolution of UUT ov 29X10°V Rectangular 1.0 29X10V 0
One-year Specs of Ref. 4 4
(5730A) ov 22X10°V Normal 1.0 22X10°V 0
Thermal emf of the 8 8
Cable Used ov 6.6X10°V Rectangular 1.0 6.6X10°V 0
Combined Uncertainty, u(Ex) | 2.2x10*V
Effective D f Freedom, veff | IoX10°
Error (Ex) -0.00009 V ective Degrees of Freedom, ve = )
(EUR DV Coverage Factor, k 2
. 45X10*V
Expanded Uncertainty, U(Ex) (4.5 pVIV)
13
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Table 9: Uncertainty budget for 1000 V

: Degrees of
Uncertaint
Quantity Estimate Standard Probability | _Sens. Contributio):\ Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. i U(EL) (DoF), vi
Repeatability of UUT ov 1.53x107V Normal 1.0 1.53x10°V 9
Calibration Certificate 4 4
of Ref. (Fluke-5730A) ov 55x10°V Normal 1.0 55x10°*V ')
Resolution of UUT ov 29X10°V Rectangular 1.0 29X10°V 0
One-year Specs of Ref. 3 3
(5730A) ov 28X10°V Normal 1.0 28X10°V o0
Thermal emf of the 5 3
Cable Used ov 6.6X10°V Rectangular 1.0 6.6X10°V 00
Combined Uncertainty, u(Ey) 29x103V
Effective D f Freed L6 x 107
Error (E ) 0.0008 V ective pDegrees Or rreeaom, Vest ~ oo)
X
(0.77 pVIV) Coverage Factor, k 2
. 58X103V
Expanded Uncertainty, U(Ex) (5.8 uV/V)
Table 10: Uncertainty budget for 100 pA
. ) s - S Uncertainty | Degrees of
Quantity Estimate tandard Probability 1t Contribution Freedom
Xi Xi Uncertainty u(x))| pistribution | Coeff. ci Ui(Ex) (DoF), vi
Repeatability of UUT 0 0.15 ppm Normal 1.0 0.15 ppm 9
Calibration Certificate
of Current Shunt 0 1.35 ppm Normal 1.0 1.35 ppm 0
Resolution of UUT 0 0.029 ppm Rectangular 1.0 0.029 ppm 0
Drift of Current Shunt 0 5.06 ppm Rectangular 1.0 5.06 ppm 0
Calibration Certificate
of Digital Voltmeter 0 2.5 ppm Normal 1.0 2.5 ppm o0
Thermal emf of cable
used in measuring V 0 0.26 ppm Rectangular 1.0 0.26 ppm 0
Impedance of DVM 0 0.06 ppm Rectangular 1.0 0.06 ppm ©
One-year Specs of
Digital Voltmeter 0 6.93 ppm Rectangular 1.0 6.93 ppm o0
14
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Combined Uncertainty, u(Ex) 9.04 ppm
] 2x10’
Effective Degrees of Freedom, veff (= )
-0.00251 pA -
Error (Ex) 5.1
(-25.1 pA/A) Coverage Factor, k 2
c (1.8 nA)
Expanded Uncertainty, U(Ex) (18 pA/A)
Table 11: Uncertainty budget for 10 mA
. Degrees of
Quantity Estimate Standard Sens. Uncertainty 9
X Probability Contribution Freedom
- Xi i , .
i i Uncertainty u(x;) Distribution Coeff. c; (DoF), v
Ui(Ey)
Repeatability of UUT 0 0.022 ppm Normal 1.0 0.022 ppm 9
Calibration Certificate 0 13 ppm Normal 1.0 1.3 ppm o
of Current Shunt
Resolution of UUT 0 0.029 ppm Rectangular 1.0 0.029 ppm el
Drift of Current Shunt 0 1.68 ppm Rectangular 1.0 1.68 ppm o0
Calibration Certificate 0 2.5 ppm Normal 1.0 2.5 ppm w
of Digital Voltmeter
Thermal emf of cable
0 0.26 ppm Rectangular 1.0 0.26 ppm 0
used in measuring V
Impedance of DVM 0 0.06 ppm Rectangular 1.0 0.06 ppm *
One-year Specs of
0 6.93 ppm Rectangular 1.0 6.93 ppm o0
Digital Voltmeter
Combined Uncertainty, u(Ex) 7.7 ppm
. 4.4x10°
Effective Degrees of Freedom, veff
0.000102 pA (=)
Error (Ex)
(10.2 pA/A) Coverage Factor, k 2
(160 nA)
Expanded Uncertainty, U(Ex)
(16 nA/A)
15
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Table 12: Uncertainty budget for 1 A

Standard s Uncertainty | Degrees of
Quantity Estimate Uncertainty | Probability ens. Contribution Freedom
X, X u) | Distribution | CO¢f-C Ui (DoF), v
Repeatability of UUT 0.0 ppm 0.0 ppm Normal 1.0 0.0 ppm 9
Calibration Certificate 135 N | Lo 135
. m orma . . m 0
of Current Shunt 0.0 ppm pp PP
Resolution of UUT 0.0 ppm 0.029 ppm Rectangular 1.0 0.029 ppm o
Drift of Current Shunt 0.0 ppm 7.16 ppm Rectangular 1.0 7.16 ppm o
Calibration Certificate - N | L0 25
. m orma . . m 0
of Digital Voltmeter 0.0 ppm PP PP
Thermal emf of cable
0.0 ppm 0.26 ppm Rectangular 1.0 0.26 ppm 00
used in measuring V )
Impedance of DVM 0.0 ppm 0.06 ppm Rectangular 1.0 0.06 ppm 00
One-year Specs of 6.03 Rect . Lo 6.93
. m ectangular . . m 0
Digital Voltmeter 0.0 ppm pp & PP
Combined Uncertainty, u(Ex) 10.4 ppm
Effective Degrees of Freedom, veff 00
-0.0001774 pnA
Error (Ex)
(-177.4 pA/A) Coverage Factor, k 2
(21 pA)
Expanded Uncertainty, U(Ex)
(21 pA/A)
16
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Table 13: Uncertainty budget for 10 Q (True Q)

Standard S Uncertainty | Degrees of
Quantity Estimate Uncertainty | Probability ens. | Contribution Freedom
Xi Xi u(xi) Distribution Coeff. ci ui(Ex) (DoF), vi
Repeatability of UUT 0Q 1.33x107Q | Normal 1.0 1.33x107Q 9
Calibration Certificate of
0Q 1.5x10°Q Normal 1.0 1.5x10°Q ©
Standard Resistor
Resolution of UUT 0Q 0.29 x 10 Q |Rectangular 1.0 0.29x 10° Q 0
Drift of Standard
0Q 1.8 x 107 Q |Rectangular 1.0 1.8x107Q 0
Resistor
One-year spec of
0Q 1.15 x 10° Q |Rectangular 1.0 1.15x10°Q ©
Resistor
Combined Uncertainty, u(Ex) 1.2x10°Q
2.5x 107
Effective Degrees of Freedom, veff
0.000130 Q (Re0)
Error (Ex)
(13.02 pQ/Q) Coverage Factor, k 2
25x10°5Q
Expanded Uncertainty, U(Ex)
(2.5 nQ/Q)
17
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Table 14: Uncertainty budget for 10 kQ (True Q)

Standard Uncertainty | Degrees of
Quantity Estimate | yncertainty | Probability CSe;S. Contribution | Freedom
Xi Xi u(x) Distribution | ~ ¢ C Ui(Ex) (DoF), vi
Repeatability of UUT 00 1.33x10%4Q Normal 1.0 1.33x104 Q 9
Calibration Certificate of
00 2x10°Q Normal 1.0 2x10°Q 0
Standard Resistor
Resolution of UUT 00 0.29x10° Q | Rectangular 1.0 0.29x10°Q ©
o0
Drift of Standard Resistor 0Q 6.02x10*Q | Rectangular 1.0 6.02x 10 Q
One-year spec of Resistor 0Q 1.15x 102 Q | Rectangular 1.0 1.15x 102 Q )
Combined Uncertainty, u(Ex) 12x107Q
. 5.7x 10°
Effective Degrees of Freedom, veff
0.000087 kQ =)
Error (Ex)
(8.68 nQ/Q) Coverage Factor, k 2
25x102Q
Expanded Uncertainty, U(Ex)
(2.5 nQ/Q)
18
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Table 15: Uncertainty budget for 10 kQ (Low )

Standard Sens Uncertainty DEETEES
Quantity Estimate Uncertainty Probability Cou. o Contribution Freedom
Xi Xi Distribution Y (DoF), v
u(Xi) Ui(Ex)
Repeatability of UUT 00 3.06x10*Q Normal 1.0 3.06x 104 Q 9
Calibration Certificate of
00 2x10°Q Normal 1.0 2x10°Q o0
Standard Resistor
Resolution of UUT 0Q 0.29x 103 Q | Rectangular 1.0 0.29x10°Q 0
o0
Drift of Standard Resistor 0Q 6.02x10%Q | Rectangular 1.0 6.02x10%Q
One-year spec of Resistor 0Q 1.15x102Q | Rectangular 1.0 1.15x 102 Q o0
Combined Uncertainty, u(Ex) 1.2x102Q
2.2x10*
Effective Degrees of Freedom, veff ( )
=
0.000100 kQ
Error (Ex)
(10.04 p0/02) Coverage Factor, k 2
25x102Q
Expanded Uncertainty, U(Ex)
’ (2.5 n0/Q)
19
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Table 16: Uncertainty budget for 1 MQ (High I)

Standard Sens Uncertainty Degrees of
Quantity Estimate Uncertainty Probability Couff.c. Contribution Freedom
Xi Xi ux) Distribution Ui(Ex) (DoF), vi
Repeatability of UUT 00 7.4x 1077 MQ Normal 1.0 7.4 x 1077 MQ 9
Calibration Certificate of
00 2x10°MQ Normal 1.0 2x10°MQ ©
Standard Resistor
Resolution of UUT 00 0.29 x 107 MQ | Rectangular 1.0 0.29 x 107 MQ ©
Drift of Standard Resistor

00 6.6 x 10° MQ | Rectangular 1.0 6.6 x 10° MQ o
One-year spec of Resistor 0Q 29x10°MQ | Rectangular 1.0 29 x 10° MQ 0

Combined Uncertainty, u(Ex) | 3-5x10°MQ

Effective D f Freed 48 x10%
0.0000096 MO ective Degrees of Freedom, veff (2o0)
Error (Ex)

(9.6 nQ/Q) Coverage Factor, k 2

. 7 x 10° MQ

Expanded Uncertainty, U(Ex)
(7.0 nQ/Q)
20
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Table 17: Uncertainty budget for 100 mV @ 55 Hz

. . s - s Uncertainty | Degrees of
Quantity Estimate tandard Probability Gl Contribution | Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. ci ui(Ex) (DoF), v;
Repeatability of UUT ov 7.03x 108V Normal 1.0 7.03x10%V 9
Calibration Certificate % %
of Ref. (Fluke-5730A) ov 1.5x10°V Normal 1.0 1.5x10°V o
Resolution of UUT ov 0.29 X107V | Rectangular 1.0 0.29X 107V 0
Drift of Ref. (5730A) ov 1.92X 103V | Rectangular 1.0 1.92X 108V o0
One-year spec of Ref. P P
(Fluke-5730A) ov 6.35x10°V Normal 1.0 635x10°V o0
Combined Uncertainty, u(Ex) | 6.6 x10°V
) 1.9 x 10°
Exror (Ex) _0.0050 mV Effective Degrees of Freedom, veff ~ o)
(B2 Coverage Factor, k 2
. 1.3X10°V
Expanded Uncertainty, U(Ex) (131 pV/V)
Table 18: Uncertainty budget for 100 mV @ 1 kHz
. . Uncertainty | Degrees of
Quantity Estimate Standard Probability | Sens. Contribution | Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. ci ui(Ex) (DoF), v
Repeatability of UUT ov 7.45x 108V Normal 1.0 7.45x10%V 9
Calibration Certificate " 6
of Ref. (Fluke-5730A) ov 1.5x10°V Normal 1.0 1.5x10°V o
Resolution of UUT ov 0.29X 107V | Rectangular 1.0 0.29X 107V 0
o0
Drift of Ref. (5730A) ov 577X 108V | Rectangular 1.0 577X10%V
One-year spec of Ref. P P
(Fluke-5730A) ov 75x10°V Normal 1.0 75x10°V 0
Combined Uncertainty, u(Ex) | 7.5x10°V
Effective Degrees of Freedom, veff 1.5 x 10°
i ~
Error (Ex) - 0.0011 my e - =)
(B AV Coverage Factor, k 2
) 15X10°V
Expanded Uncertainty, U(Ex) (150 pV/V)
21
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Table 19: Uncertainty budget for 10 V @ 55 Hz

) ) S . S Uncertainty | Degrees of
Quantity Estimate tandard Probability Sk Contribution Freedom
Xi Xi Uncertainty u(xi) pistribution | Coeff. ci ui(Ex) (DoF), v;
-6 -6
Repeatability of UUT ov 55x10°V Normal 1.0 55x10°V 9
Calibration Certificate 0V 6x10°V Normal 1.0 6x10°V ©
of Ref. (Fluke-5730A)

Resolution of UUT ov 29X10°V Rectangular 1.0 29X10°V ©
Drift of Ref. (5730A) ov 6.3X10°V | Rectangular 1.0 63X 10°V e
One-year spec of Ref. 0V 24x10%*V Normal 1.0 24x104V ©

(Fluke-5730A)
Combined Uncertainty, u(Ex) [2-43x10*V
: 2x10%
0.00039 V Effective Degrees of Freedom, veff
Error (Ex) 2
(39.1 pV/V) Coverage Factor, k
, 49X 10°V
Expanded Uncertainty, U(Ex)
(49 pV/v)
Table 20: Uncertainty budget for 10 V@ 1 kHz
: Degrees of
U rtaint
. - Standard - Sens. S —
Quantity Estimate Probability Contribution Freedom
Uncertainty u(Xi)| m: 1 - Coeff. ¢
Xi Xi Distribution ) (DoF), v
ui(Ex)
Repeatability of UUT ov 1.63x10°V Normal 1.0 1.63x10°V 9
Calibration Certificate 0V 55x10°V Normal 1.0 55x10°V o
of Ref. (Fluke-5730A)

Resolution of UUT ov 29x10°V | Rectangular 1.0 29x10°V ©
Drift of Ref. (5730A) oV 29x10°V Rectangular 1.0 29x10°V 0
One-year spec of Ref. 0V 23x10%V Normal 1.0 23x10*V %

(Fluke-5730A)
Combined Uncertainty, u(Ex) 24x10*V
42x10°
Effective Degrees of Freedom, veff
0.00085 V (= )
Error (Ex)
(84.6 nV/V) Coverage Factor, k 2
, 48X 10°V
Expanded Uncertainty, U(Ex)
(48 pV/V)
22
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Table 21: Uncertainty budget for 10 V@ 100 kHz

Uncertainty | Degrees of
Quantity Estimate Stan-dard Probability cSerflfs. Contribution Freedom
Xi Xi Uncertainty u(x)| pistripution | €08 C: U(E (DoF), v;

Repeatability of UUT ov 3.9x10°V Normal 1.0 3.9x 10V 9
Calibration Certificate 0V 1x104V Normal 1.0 1x104V 0

of Ref. (Fluke-5730A)
Resolution of UUT oV 29x10°V | Rectangular 1.0 29x10°V ©
Drift of Ref. (5730A) oV 1.2x10°V | Rectangular 1.0 1.2x10°V ©
One-year spec of Ref. 0V 51x10*V Normal 1.0 51x104V %

(Fluke-5730A)
Combined Uncertainty, u(Ex) |5.25x10*V
1641
Effective Degrees of Freedom, veff -
-0.00014 V (= )
Error (Ex)
(-13.8 pV/V) Coverage Factor, k 2
1.05X 103V
Expanded Uncertainty, U(Ex)
(105 nV/v)
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Table 22: Uncertainty budget for 100 V @ 55 Hz

. . Uncertainty Degrees of
Quantity Estimate U tan.dard Probability c e;s. Contribution Freedom
X, X neertainty U(X)| pistribution | ¢ © Wi(E) (DoF), v
Repeatability of UUT ov 31x105V Normal 1.0 3.1x105V 9
Calibration Certificate 0V 1x103V Normal 1.0 1x103V 0
of Ref. (Fluke-5730A)

Resolution of UUT ov 29x10°5V Rectangular 1.0 29x10°V o0
Drift of Ref. (5730A) oV 48x10°V Rectangular 1.0 48x10°V 0
One-year spec of Ref. 0V 29x10°V Normal 1.0 29x10°V o

(Fluke-5730A)
Combined Uncertainty, u(Ex) |3.1x10°V
2x10°
Effective Degrees of Freedom, veff -
0.0005 V (= )
Error (Ex)
(4.6 pV/IV) Coverage Factor, k 2
6.1X103V
Expanded Uncertainty, U(Ex)
(62 pV/V)
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Table 23: Uncertainty budget for 100 V@ 1 kHz

Uncertainty | Degrees of
Quantity Estimate Stan-dard Probability cSe;s. Contribution Freedom
Xi Xi Uncertainty U(x)| pistripution | €8 C: (E (DoF), v,
Repeatability of UUT ov 2.6x10°V Normal 1.0 2.6x10°V 9
Calibration Certificate 0V 75x104V Normal 1.0 75x10%V %
of Ref. (Fluke-5730A)

Resolution of UUT ov 29x10°V | Rectangular 1.0 29x10°V ©
Drift of Ref. (5730A) oV 9.6x10°V | Rectangular 1.0 9.6x10°V ©
One-year spec of Ref. 0V 24x10°V Normal 1.0 24x10°V %

(Fluke-5730A)
Combined Uncertainty, u(Ex) |2.5x10°V
6 x 10*
Effective Degrees of Freedom, veff -
0.0053 V ~ )
Error (Ex)
(52.7 uVIV) Coverage Factor, k 2
5X10°V
Expanded Uncertainty, U(Ex)
(50 pV/V)
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Table 24: Uncertainty budget for 10 mA @ 300 Hz

] ] S - S Uncertainty | Degrees of
Quantity Estimate tandard Probability Gl Contribution Freedom
Xi Xi Uncertainty u(xi)| pistribution | Coeff. ci ui(Ex) (DoF), v;
Repeatability of UUT 0 6 x 10" ppm Normal 1.0 6x 10" ppm 9
Calibration Certificate of DC 1. .
Current Source (5730A) 0 6.5 ppm Normal 0 6.5 ppm *
Resolution of UUT 0 0.29 ppm Rectangular 1.0 0.0029 ppm @
Drift of Dc(:sgggr:)nt Source 0 0.39 ppm Rectangular 1.0 0.39 ppm o
Calibration Certificate of
Thermal Current Converter 0 2 ppm Normal 1.0 2 ppm o0
(Tce)
Setup of AC-DC System 0 5 ppm Rectangular 1.0 5 ppm ®
One-year spec of DC Current 1. oo
sources as a Ref. (5730) 0 19.5 ppm Normal 0 19.5 ppm
Driftcczfnv::tr::az_lrggr)rent 0 2 ppm Rectangular 1.0 2 ppm *
Combined Uncertainty, u(Ex) 21.4 ppm
1.7 x 10%
Effective Degrees of Freedom, veff )
=~ 0
0.00064 mA
Error (Ex)
(64 nA/A) Coverage Factor, k 2
(0.43 pA)
Expanded Uncertainty, U(Ex)
(43 nA/A)
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Table 25: Uncertainty budget for 10 mA @ 1 kHz

] ] Standard - S Uncertainty | Degrees of
Quantity Estimate cleEly Probability Gl Contribution Freedom
Xi Xi Uncertainty u(xi) pistribution | Coeff. ci ui(Ex) (DoF), vi
Repeatability of UUT 0 5.8 x 10" ppm Normal 1 5.8 x 10! ppm 9
Calibration Certificate of
DC Current Source (5730A) 0 6.5 ppm Normal 1 6.5 ppm ®
Resolution of UUT 0 0.29 ppm Rectangular 1 0.29 ppm 0
Drift of DC Current Source
(5730A) 0 0.39 ppm Rectangular 1 0.39 ppm o0
Calibration Certificate of
Thermal Current Converter 0 2 ppm Normal 1 2 ppm 0
(TCC)
Setup of AC-DC System 0 5 ppm Rectangular 1 5 ppm o0
One-year spec of DC
Current sources as a Ref. 0 19.5 ppm Normal 1 19.5 ppm *
Drift of Thermal Current
Converter (TCC) 0 2 ppm Rectangular 1 2 ppm 0
Combined Uncertainty, u(Ex) 21.4 ppm
1.7 x 10%
Effective Degrees of Freedom, veff )
< 0
E (Ex) 0.00067 mA
rror (Ex
(67 WA/A) Coverage Factor, k 2
(0.43 pA)
Expanded Uncertainty, U(Ex)
(43 pA/A)
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] ] Standard - s Uncertainty | Degrees of
Quantity Estimate tandar Probability Sty Contribution | Freedom
Xi Xi Uncertainty u(x))| pistribution | Coeff. ci Ui(Ex) (DoF), v;
Repeatability of UUT 0 0.42 ppm Normal 1.0 0.42 ppm 9
Calibration Certificate of DC
0 7.5 ppm Normal 1.0 7.5 ppm 0
Current Source (5730A)
Resolution of UUT 0 0.3 ppm Rectangular 1.0 0.3 ppm 0
Drift of DC Current Source 0.15 Rect 1 1.0 0.15
. m ectangular . . m 0
(5730A) 0 pp g PP
Calibration Certificate of
Thermal Current Converter 0 4 ppm Normal 1.0 4 ppm o0
(TCC)
Setup of AC-DC System 0 10 ppm Rectangular 1 10 ppm o0
One-year spec of DC Current
sources as a Ref. (5730) 0 45 ppm Normal 1 45 ppm ®
Drift of Thermal Current
Converter (TCC) 0 2 ppm Rectangular 1 2 ppm 0
Combined Uncertainty, u(Ex) 47 ppm
1.5x10°
Effective Degrees of Freedom, veff )
2%
-0.000086 A
Error (Ex)
(- 86 uA/A) Coverage Factor, k 2
(94 pA)
Expanded Uncertainty, U(Ex)
(94 nA/A)
28
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. . Uncertainty | Degrees of
Quantity Estimate Standard Probability | _Sens. Contribution | Freedom
Xi Xi Uncertainty u(x))| pistribution | Coeff. ci Ui(Ex) (DoF), vi
Repeatability of UUT 0 8.7 ppm Normal 1.0 8.7 ppm 9
Calibration Certificate of DC
0 7.5 ppm Normal 1.0 7.5 ppm o0
Current Source (5730A)
Resolution of UUT 0 0.29 ppm Rectangular 1.0 0.29 ppm 0
Drift of DC Current Source 015 Rect I 1.0 0415
. m ectangular B . m 0
(5730A) 0 PP g PP
Calibration Certificate of
Thermal Current Converter 0 4 ppm Normal 1.0 4 ppm 0
(TCC)
Setup of AC-DC System 0 10 ppm Rectangular 1 10 ppm 00
One-year spec of DC Current
sources as a Ref. (5730) 0 45 ppm Normal 1 45 ppm *
Drift of Thermal Current
Converter (TCC) 0 2 ppm Rectangular 1 2 ppm o0
Combined Uncertainty, U(Ex) 48 ppm
8200
Effective Degrees of Freedom, veff e
=~ 00
E (Ex) -0.000044 A
rror X
(- 44 pAIA) Coverage Factor, k 2
(96 nA)
Expanded Uncertainty, U(Ex)
(96 pA/A)
End of Report
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