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APMP International Comparison of Ac-dc Transfer Standards
at the Lowest Attainable Level of Uncertainty

1. Scope

This comparison has offered the same range and frequencies as the key Comparison
CCEM-K6a with the view of providing the National Metrology Institutes (NMIs) of
the APMP member economies with an opportunity to link the values of their
standards for ac-dc transfer difference to the international reference values. The
comparison is part of the Global Mutual Recognition Arrangement (MRA) process.

2. Definition of the Measurand

Ac-dc transfer difference is defined as

6:Uac _Udc
Udc

where

Uqc Is an rms ac voltage, and

Ugc is a dc voltage which, when reversed, produces the same mean output
response as the rms ac voltage.

Differences are expressed in microvolts per volt («V/V), and a positive sign
signifies that more ac than dc was required for the same output response.

3. The Travelling Standard

The travelling standard was a Holt Model 11 Single-Junction Thermal Voltage
Converter, Part Number 90081C, with the following nominal parameters:

Rated Input Voltage: 4V
Heater Resistance: 400 Q
Thermocouple Resistance: 7 Q
Output Voltage: 7 mV

The Thermal Converter was supplied with a GR type-874 adapter plate 11 Part
Number 84980 and two Tee-pieces, a GR type-874 and an N-male with an N-to-GR
type 874 adapter. In order to raise the confidence in the results the travelling standard
had been chosen to have a relatively high magnitude of ac-dc difference (from
5 uVIV at 1 kHz to approximately 30 4V/V at 1 MHz). The participants were asked
to measure the ac-dc difference of the travelling standard at 3V and selected
frequencies that included those of CCEM-K6a.
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4. Measurement Conditions

= The voltage was defined at the mid-point of the Tee-piece. The participants had
the option of using either or both Tee-pieces or a Tee-piece of their own however,
only one set of results could be reported by each participant

= When using the GR type 874 Tee-piece supplied with the Travelling Standard, the
Thermal Converter was connected to the side of the Tee-piece marked in green.

= The input and output of the Travelling Standard was always earthed to protect the
insulation between the heater and the thermocouple.

5. Test Points

The ac-dc difference of the travelling standard was measured with 3 V applied at the
following frequencies:

Standard: 1 kHz, 20 kHz, 100 kHz and 1 MHz,
Optional: 50 kHz and 500 kHz.

6. Reports

Each participant was asked to submit a report within one month after completing the
measurements. All reports have been received and contain at least the following:

= Detailed description of the measurement setup including a drawing that can be
used, if necessary, in the final report of the Comparison;

= Definition of the measurand including the Tee-piece used;

= Detailed description of the measurement procedure;

= The mean value of the results, their standard deviation and the number of
measurements taken to obtain the results;

= Complete uncertainty budget in accordance with the principles of the ISO Guide
to the Expression of Uncertainty in Measurement. Individual uncertainty
components, the standard uncertainty and the degrees of freedom should be
included.

7. Participants and the Time Schedule
The list of the participants and time schedule are shown in Tables 1 and 2. Each

participant was given a time slot of 6 weeks, comprising 4 weeks for measurement
and 2 weeks for transportation.
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Table 1
Participants of APMP.EM-K6a

Standard, AC-DC Comparator

Economy NMI System Traceability
Australia NMIA SJTC, fully automated dual-channel NMIA
Malaysia NML-SIRIM [SJTC, fully automated dual-channel NMIA
Hong Kong SCL MJTC, fully-automated dual-channel NPL
Singapore NMC MJTC, fully automated dual-channel PTB
India NPL MJTC, semi-automated dual-channel NPLI
Germany PTB MJTC, fully automated differential PTB
Chinese Taipei CMS MJTC, fully automated dual-channel PTB
New Zealand MSL CIiljeaclzit;ohr;irc;‘r’]tzlnsfer std., fully automated NMIA
Japan NMIJ SJTC, fully automated dual-channel NMIJ
Thailand NIMT SJTC, fully automated dual-channel NMIA
Korea KRISS |MJTC, semi-automated dual-channel PTB
Viet Nam VMI SJTC, fully automated dual-channel NMIA
Indonesia KIM-LIPI |SJTC, fully automated dual-channel NMIA
South Africa NMISA |MJTC, fully automated dual-channel PTB
Philippines ITDI SJTC, fully automated dual-channel NMIA
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Table 2
Comparison Schedule

Economy |Laboratory|Period of Measurement| Responsible Person e-mail Address
Australia NMIA Ilya Budovsky Ilya.Budovsky@nmi.gov.au
: NML- Abdul Rashid Bin . - .
Malaysia SIRIM 15/11/2000-31/12/2000 Zainal Abidin abd.rashid_z.abidin@sirim.my
Hong Kong [SCL 1/1/2001-15/2/2001 Y.K.Yan ykyan@itc.gov.hk.
Singapore NMC 15/2/2001-31/3/2001 Jing Tao jing_tao@nmc.a-star.edu.sg
Australia NMIA 1/4/2001-15/5/2001 Ilya Budovsky llya.Budovsky@csiro.au
. V.K.Rustagi . .
India NPL 15/5/2001-30/6/2001 A K Govil rustagi@csnpl.ren.nic.in
Germany PTB 1/7/2001-15/8/2001 Manfred Klonz Manfred.Klonz@ptb.de
?:i'g:fe CMS 15/8/2001-30/9/2001  |Wei, Yih-cheng YihChengWei@itri.org.tw
New Zealand |IRL 1/10/2001-15/11/2001  |Murray Early m.early@irl.cri.nz
Australia NMIA 15/11/2001-31/12/2001 |llya Budovsky Ilya.Budovsky@nmi.gov.au
i Hitoshi Sasaki hitoshi-sasaki@aist.go.jp
Japan NMI1J 1/1/2002 -15/2/2002 Hirojuki Fujiki fujiki@aist.go.jp

Chalit Kumtawee

Thailand NIMT 15/2/2002 -31/3/2002 Ajchara Charoensook

nimt@nimt.or.th

Korea KRISS 1/4/2002 -15/5/2002 Sung-Won Kwon swkwon@Kkriss.re.kr
Australia NMIA 15/5/2002-15/8/2002 Ilya Budovsky llya.Budovsky@csiro.au
Viet Nam VMI 15/8/2002-30/9/2002 Nguyen Anh Son vmi@fpt.vn

Indonesia KIM-LIPI |1/10/2002-30/11/2002 |Bumbang Suprianto  |bkmkim@cbn.net.id

South Africa [NMISA 1/12/2002-15/1/2003 Moses Temba MLTemba@csir.co.za
Australia NMIA 15/1/2003-28/2/2003 Ilya Budovsky llya.Budovsky@csiro.au
Philippines  [ITDI 1/3/2003-15/4/2002 Manuel Ruiz mmr@agham.dost.gov.ph
Australia NMIA 15/4/2003-31/5/2003 Ilya Budovsky Ilya.Budovsky@nmi.gov.au

8. Transportation

= The case was transported by air freight without a carnet for Customs clearance.

= The case was designed so that the Thermal Converter was transported assembled
together with the adapter plate and the N-type Tee together with the N-to-GR
adapter. There was no need to disassemble these parts, however the participants
had to ensure good contact before taking measurements.
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9. Contents of the pack

Thermoelement. Holt Model 11 Part Number 90081C, s/n 0943500001033
Adapter. Holt Model 11 Part Number 84980, s/n 0943500001037

Tee Piece, type 874TL

Tee Piece, type N. Pasternak PE9390

N-to-Type 874 Adapter. Pasternak PE9358

Output Connection Cable

Comparison Protocol

NogabkowdpE

10. Measurement Results

It is known that the ac-dc difference of a TVC depends greatly on its input connector
and the tee-adaptor used to connect it to the reference TVC. As a rule, in order to
reduce this uncertainty, the test voltage is defined at the center-point of the tee
adaptor. Such a definition was also adopted for the comparison described here. Two
types of connector, known as Type N and GR Type 874, are commonly used in TVCs
of the highest precision. The travelling standard was equipped with the latter
connector. However, it was important to enable comparison of NMIs that use either
type of connector in their reference TVC. For this purpose, the travelling standard was
circulated with two tee adaptors, one being Type 874 and the other Type N-male with
an additional N-female to Type 874 adaptor at the travelling standard end.

Prior to the start of the comparison, using methods described in [2], NMIA conducted
a study of the differences that arise from the use of the travelling standard with the
two circulated adaptors. These differences are presented in Table 3

Table 3

Correction dg74 - Onsg7a In VIV at Frequencies

1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz

0 -0.3 -0.7 -1.5 -4 -6.2

The summary of reported measurement results is given in Table 4. All results are for
the Type 874 connector. The results of those participants who used Type N (NMC,
MSL, NMIJ, NMISA, VMI and ITDI ) have been adjusted using the corrections in
Table 1. Since the uncertainties of these corrections were approximately one order of
magnitude less than those reported by the participants, no further adjustments were
made to the reported uncertainties below.

Table 4
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Nominal Measured Ac-dc Difference 5, and Expanded Uncertainty (95%) U 4 in xV/IV
Laboratory Measurement
Period 1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
P u s u s u s u s u s u
NMIA -5.0 0.8 25 1.9 1.0 4.0 4.6 5.0 24.1 12.0 34.0 18.0
srm [0 | 55 50 | a7 70 | 22 60 | 20 80 | 262 170 | 405 270
SCL 1/51}/22/283; -10.0 9.0 -6.0 9.0 -7.0 10.0 -1.0 15.0 11.0 33.0 16.0 78.0
NMC e | 51 52 | aa 52 [ 04 56 | 11 s6 [ 70 120 | 168 320
NMIA ilsigz/ggé; -5.0 0.8 -1.5 1.9 4.2 5.0 24.0 12.0 345 18.0
NPLI o | e a4 44 46 | 35 56 | 11 64 | 112 228 | 95 260
PTB ig/gz/ggé;_ -5.3 0.8 -2.8 0.8 -0.6 14 1.1 2.8 5.4 11.0 8.9 25.0
oms |0 | 55 20 | 80 24 | 02 27 [ 17 67 | 160 160 [ 280 290
MSL e | 44 e2 | a3 84 [ 07 127 | 52 163 [ 283 330 | 274 s34
NMIA ;?ﬁ;gggi_ -4.8 0.8 -2.2 1.9 1.1 4.0 4.4 5.0 22.1 12.0 29.7 18.0
NMIJ e | s3 aa 31 14 | o1 13 | a2 19 | 20 71 | 277 202
NIMT ;?gggg; . -4.7 5.0 -4.0 6.0 -1.2 7.0 3.0 11.0 29.9 20.0 49.7 28.0
kriss |02 | 66 29 | 81 29 | 07 83 [ 21 34 | 125 119 [ 161 233
NMIA ig;:gggg- -4.9 0.8 -2.3 1.9 1.1 4.0 4.5 5.0 22.4 12.0 30.5 18.0
wMI e | a7 aa | a7 s [ 07 141 [ 85 63 28 650
KIM-LIPI ;81}222/28(2]-2 -4.8 5.0 29 6.0 0.0 14.0 3.1 21.0 17.5 440 20.8 73.0
nwisa [E290%% | 39 30 | 24 30 | 01 40 | 16 40 [ 61 110 | 78 310
NMIA ;:ggggg- -5.0 0.8 2.4 1.9 0.9 4.0 4.1 5.0 229 12.0 32.1 18.0
ITDI ons | s 88 | a0 66 [ 13 130 | a5 140 1200 250 | 1388 410
NMIA 1/56//72/28823 5.1 0.8 25 1.9 1.1 4.0 4.6 5.0 229 12.0 35.2 18.0
NMIA Mean 50 08 | 22 19 | 10 40 | 44 50 | 231 120 | 327 180
Ref Value 5.2 0.5 -2.8 0.6 -0.1 0.9 3.3 1.5 18.8 53 25.6 11.8
NMIA STD 0.1 0.4 0.1 0.2 0.8 2.3

11. Determination of the Reference Values

The reference values for the APMP.EM-K6a have been based on the results by
participants chosen with the following criteria:

1. Anindependent realisation of primary standards for ac-dc difference
2. The lowest values of reported uncertainties.

The following three laboratories satisfy the above criteria: NMIA [2], PTBJ[3, 4] and
NMIJ [5].

For each frequency, the APMP.EM-KG6a reference value Oger npypand its standard
uncertainty Ugper aowp  Nave been calculated from the results of these three
laboratories as a weighted mean [6] given by:

2 2
Orer_ppmp | U REF-APMP = Zé‘LABi /u®ias, ,

8



where
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1/U”Rer-apmp = z:LlUZLABi :

Table 5

Deviation D ag-apmp from APMP Reference Value and expanded uncertainty
(95%) UL AB-APMP in ﬂV/V

Deviation from APMP Reference Value D ag.apmp @nd Expanded Uncertainty (95%) U a5 in uV/IV
Laboratory at Frequencies
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
Laboratory 15y s ul|l s uvuls uls ul|s U
NMIA 0.1 0.6 0.3 1.8 11 3.9 1.3 4.8 5.3 10.7 8.4 13.6
SIRIM -0.3 5.0 -0.9 7.0 2.3 6.1 -1.3 8.1 7.4 17.8 | 14.9 29.5
SCL -4.8 9.0 -3.2 9.0 -6.9 10.0 -4.3 15.1 -7.8 33.4 -9.6 78.9
NMC 0.1 5.2 -0.6 5.2 -0.3 5.6 -2.2 5.8 -11.8 1341 -8.8 34.1
NMIA 0.1 0.6 13 1.8 0.9 4.8 5.2 10.7 8.9 13.6
NPLI -3.2 4.4 7.2 4.6 -3.4 5.7 -4.4 6.6 -7.6 234 | -16.1 286
PTB -0.1 0.6 0.0 0.5 -0.5 1.0 -2.2 24 -13.4 9.6 -16.7 22.0
CMS -0.3 2.1 -0.2 25 -0.1 2.9 -1.6 6.9 -2.8 16.9 2.4 313
MSL 0.8 6.2 15 8.4 0.8 12.7 1.9 16.4 9.5 33.4 1.8 54.7
NMIA 0.3 0.6 0.6 1.8 1.2 3.9 11 4.8 3.3 10.7 4.1 13.6
NMIJ -0.1 1.0 -0.3 0.9 0.3 0.9 0.9 1.2 4.1 4.7 2.0 16.4
NIMT 0.5 5.0 -1.2 6.0 -1.1 71 -0.3 11.1 111 207 | 24.1 30.4
KRISS -1.4 2.9 -0.3 3.0 -0.6 34 -1.2 3.7 -6.3 13.0 -9.5 26.1
NMIA 0.3 0.6 0.5 1.8 1.2 3.9 1.2 4.8 3.7 10.7 4.9 13.6
VMI 0.5 4.4 11 6.5 0.8 141 0.2 16.4 -2.8 66.1
KIM-LIPI 0.4 5.0 -0.1 6.0 0.1 14.0 -0.2 211 -1.3 443 -4.8 74.0
NMISA 1.3 3.0 0.4 3.1 0.0 4.1 -1.7 4.3 -12.7 122 | -17.8 33.2
NMIA 0.2 0.6 0.4 1.8 1.0 3.9 0.7 4.8 4.1 10.7 6.5 13.6
ITDI 3.6 8.8 -0.2 6.6 1.4 13.0 0.2 14.1 | 101.2 25,6 | 113.2 427
NMIA 0.1 0.6 0.3 1.8 13 3.9 13 4.8 4.1 10.7 9.6 13.6
NMIA Mean 0.2 0.6 0.6 1.8 12 3.9 11 4.8 4.3 10.7 7.0 13.6

The deviation of each laboratory’s result from the APMP.EM-K6a reference value,
D as_apup - and its Expanded Uncertainty are given in Table 5. For the three reference

laboratories the correlation with the reference value has been taken into account using

the formula

2 2 2
U“LaB-apvp = U " LAB — U " REF-APMP ,

©)

where u_ag are the uncertainties reported by the laboratory. For the remaining

laboratories there is no such correlation. Therefore, for these laboratories,

9
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UZLag-apMP = UZLAB + U°REF-APMP . (4)

Deviation D ag-apvp from APMP Reference Value and expanded uncertainties (95%)
ULas-apvp are shown graphically below.

Deviation D ag-apmp from APMP reference value and expanded uncertainty at
959% confidence level U ag-apmp IN ﬂV/V
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Deviation D ag-apmp from APMP reference value and expanded uncertainty at
95% confidence level U_ag-apmp in £V/V (continued).

20 kHz

10.0

5.0 - - -

H——
gl

F——
F—e—
o
—e

D LaB-armP (1 VIV)
o
o

-10.0 -
'15.0 .o, 1 ‘1T T+ 71 r 11— 1T 1T 1T T T T T T 1
<SS 10<InpI<2E0L<sSag<<a <
218§§&E§g§§ém§§:<ﬁ§t§
Z o z =z Z O zZZzZxz < == pa
X 2z
50 kHz

15.0 — =

10.0

3 : : _

S 50

S i ]

> BESTIRRTNIRES

= 00 11 LoI I

< L L L | L

0 L ¢

S 50 I

) +

-10.0 -

'15-0 \\\\\\\\\\\\\\\_\\\\
<SS 10 mpJ<2E0ILST L4l
SFO0O=SSaF=0S5=20s52283ES
25°222202222g2"¥52"2

pz

11



APMP reference no. APMP.EM-KG6.a

Deviation D ag-apmp from APMP reference value and expanded uncertainty at
95% confidence level U_ag-apmp in £V/V (continued).

100 kHz

20.0
15.0 =
10.0 T

0.0
-5.0 T [
-10.0 A -
-15.0 A - L
-20.0 = I
-25.0 L B e e e e L B s s

D LaB-apmP (g VIV)
(&)
o
'—’—_‘
—o—
'—’—.I

NMIA
SIRIM
SCL
NMC
NMIA
NPLI
PTB
CMS
MSL
NMIA
NMIJ
NIMT
KRISS
NMIA
VMI
KIM-
NMISA
NMIA
ITDI
NMIA

500 kHz

50.0 I

101.2 £ 25

40.0

w
e
o

N
o
o

—
o o<
o o
|
————
i
i

D LaB-apmp (1 VIV)

-10.0 +

-20.0 -

-30.0

NMIA
SIRIM
SCL
NMC
NMIA
NPLI
PTB
CMS
MSL
NMIA
NMIJ
NIMT
KRISS
NMIA
VMI
KIM-
NMIA
ITDI
NMIA

NMISA

12



APMP reference no. APMP.EM-KG6.a

Deviation D ag-apmp from APMP reference value and expanded uncertainty at
95% confidence level U_ag-apmp in £V/V (continued).

1 MHz
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12. Linking the Results to CCEM-K6a

At the compulsory frequencies of 1 kHz, 20 kHz, 100 kHz and 1 MHz, the results of
APMP.EM-K6a can be linked to CCEM-K6a through two of the three above
laboratories, NMIA and PTB, that took part in both comparisons. Using their results,
the difference between theAPMP.EM-KG6 reference value oger ppye @nd the CCEM-

K6a reference value Sxer ey Can be expressed as follows:

5REF7APMP - 5REF7CCEM = ZWLAB(DLA87CCEM - DLABfAPMP)’ (5)

where D ag.ccem and Dyag-apmp are the deviations from CCEM-K6a and APMP.EM-
K6a reference values of the linking laboratories, shown with corresponding expanded
uncertainty in [1] and Table 5, respectively, and w, ,zis the weight calculated from:
1
W __ tPLaB-ccem+tPLaB-apMP+2r2LAB

LAB — T 1 , (6)

2 2 2
t°LAB-CCEM +“LAB-APMP+2T “LAB

where t .pccem: tiasapme are transfer uncertainties caused essentially by the

instability of the travelling standard and r,,; is the uncertainty corresponding to

imperfect reproducibility of the measurements at the laboratory in the period elapsed
between the two comparisons. This uncertainty has been determined through a
separate comparison held between NMIA and PTB in 2003.

13
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Table 6
Deviation D ag-ccem from CCEM Reference Value and expanded uncertainty
(95%) UL AB-CCEM in ,uV/V

1 kHz 20 kHz 100 kHz 1 MHz
Laboratory
D LAB-CCEM U LAB-CCEM D LAB-CCEM U LAB-CCEM D LAB-CCEM U LAB-CCEM D LAB-CCEM U LAB-CCEM
NMIA -0.2 15 0.1 2.2 0.2 4.6 5.2 24
PTB 0.1 0.4 0.1 1 -0.6 2 -13 24

NMIA figures in Table 6 have been adjusted by a small shift in NMIA values that
occurred since participation in CCEM-K6a. The new values are the result of the study
of the effect of different tee pieces mentioned above in section 2 and have been
obtained by subtracting the corrections given in Table | from the values reported in

[1].

The uncertainties of the link uapmp-ccem have been calculated in accordance with [7]
from

1 1

=2 (7)

2 2 2 2
U“ APMP-CCEM t“LaB-ccem +t LaB-apmP + 25 “LAB

Calculations in accordance with (5) - (7) yield the differences and expanded
uncertainties given in Table 7.

Table 7
Correction drer-apmvp - Srer-ccem and its expanded uncertainty (95%)
Uapmp-ccem IN VIV

20 kHz

)

100 kHz

U

0.9

0.4

2.0

These differences are added to the values shown in Table 5 to obtain the values of
each participant’s deviation D ag-.ccem from the CCEM-K®6a reference value.

Table 8 shows the deviation D ag-ccem from the CCEM-K6a reference value and its

uncertainty. For the laboratories that did not take part in CCEM-K6a, the uncertainty
has been obtained from the sum of squares of uncertainties in Tables 5 and 7.

14



Table8

APMP reference no. APMP.EM-KG6.a

Deviation D ag-ccem from CCEM Reference Value and expanded uncertainty

(95%) UL AB-CCEM in ,uV/V

Deviation from CCEM-K6a Reference Value D ag.ccem @and Expanded Uncertainty (95%) U g in #V/IV
Laboratory at Frequencies
1 kHz 20 kHz 100 kHz 1 MHz

S u S u s U 5 u
NMIA -0.2 15 0.1 22 0.2 4.6 5.2 24.0
SIRIM -0.4 5.0 -1.1 71 -0.9 8.4 15.6 29.9
SCL -4.9 9.0 -3.4 9.1 -3.9 15.2 -8.9 791
NMC 0.0 5.2 -0.8 5.3 -1.8 6.1 -8.1 34.5
NPLI -3.3 4.4 7.0 4.7 -4.0 6.9 -15.4 29.0
PTB 0.1 0.4 0.1 1.0 -0.6 2.0 -13.0 24.0
ITRI -0.4 21 -0.4 2.6 -1.2 7.2 3.1 31.7
MSL 0.7 6.2 1.3 8.5 2.3 16.5 25 54.9
NMIJ -0.1 1.0 -0.5 1.3 1.3 2.3 2.8 171
NIMT 0.4 5.0 -1.4 6.1 0.1 1.3 24.8 30.8
KRISS -1.5 3.0 -0.5 3.1 -0.8 4.2 -8.8 26.6
VMI 0.4 4.4 0.9 6.6 0.6 16.5 -2.1 66.3
KIM-LIPI 0.3 5.0 -0.3 6.1 0.2 21.2 -4.1 741
NMISA 1.2 3.1 0.2 3.2 -1.3 4.7 -17.1 33.6
ITDI 35 8.8 -0.4 6.7 0.6 14.2 113.9 43.0

13. Degree of Equivalence between Pairs of Laboratories

For two mutually independent laboratories i and j the degree of equivalence D, ;and
its expanded uncertainty U (D, ;) have been calculated as:

D,;=d;-d; ,and

UZ(Di,j)zuZ(di)+uz(dj)_zriju(dip(dj)'

(8)

(9)

where r; is the correlation coefficient for the results of NMI; and NMI; due to mutual

correlation. The value of r; has been taken as zero for all pairs of laboratories,

including mutually dependent laboratories. This is because, as evident from the
results, the uncertainties of the laboratories that take the traceability from other NMls
are significantly larger than those of the calibration of their standards by the reference
NMI. The values D, ;and U (D, ;) are shown in Tables 9 to 14.

15
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14. Conclusions

The APMP International Comparison of Ac-dc Transfer Standards at the Lowest
Attainable Level of Uncertainty APMP.EM-K6a started in 2000 and concluded in
2003. The travelling standard has not been damaged and has shown excellent stability.
The results submitted by the overwhelming majority of the participants lie well within
the reported uncertainty. At the standard frequencies the results have been linked to
those of the CCEM-K6a Key Comparison. The main results of these comparisons
have been published in [8].

Since the completion of this comparisons the two reference laboratories, NMIA and
PTB, have made adjustments to the values of their primary standards based on further
research [9,10]. Applying the new values in the frequency range from 100 kHz to
1 MHz significantly reduces the difference to the reference value of this comparison.
The uncertainties in this frequency range have also decreased. It is recommended that
NMIs that are traceable to NMIA and PTB have their standards recalibrated.

Table 9
Degree of Equivalence between pairs of laboratories at 1 kHz
Di;jand its expanded uncertainty (95%) U(Di;) in uV/V

NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI |INMISA ITDI
Di; U?*D;;| Dij U’D;)| Dij U*D;;| Dij U?D;y| Dij U?@;;| Dij U?D;)| Dij U@ Dij U?D;;| Diy U,y Diy U*(Di;| Dij U?D;,| Piy U?@;;| Dij U?D;,| Dy U?@;;| Diy U?0Dy
NMIA 05 51 (50 90|01 53|34 45|03 09|05 22|-06 63 (03 12|-03 51 (16 30 |-03 45 (-02 51 |-1.1 3.1 (-34 88
NML-SIRIM[ -0.5 5.1 45 10 |-04 72 |29 67 |-02 51|00 54|11 80 |-03 51|08 71|11 58 |-08 67 |-07 7.1 |-16 59 |-39 10
SCL -5.0 9.0 |45 10 49 10 |(-16 10 |-47 90 |45 92 (-56 11 |48 9.1 (-53 10 |-34 95 (-53 10.0|-52 10 |-6.1 95 |-84 13
NMC -0.1 53|04 72 (49 10 33 68|02 53|04 56 |-07 81|02 53 (-04 7215 6.0 |-04 68 [-03 72 (-1.2 6.0 [-35 10
NPLI -34 45|29 67 |16 10 |-3.3 6.8 -31 45 |-29 49 |-40 76 |-32 45 (-37 6.7 [-1.8 53 [-3.7 63 [-3.6 6.7 [-45 54 [-6.8 9.9
PTB -03 0902 51|47 90 |-02 53|31 45 02 22|09 63|00 12 |-06 51|13 30 |-06 45 |-05 51 |-1.4 3.1 |-3.7 88
CMS -05 22|00 54|45 92 |-04 56|29 49 |-02 22 -11 6.6 [-03 23 (-08 54 |11 36 (-08 49 (-0.7 54 |-16 3.7 |-3.9 91
MSL 06 63|11 80|56 11 |07 81|40 76|09 63|11 66 09 63|03 80|22 69|03 76|04 80 |-05 69 |-28 11
NMIJ -03 12|03 51|48 91 |-02 53|32 45|00 12|03 23 |-09 63 -06 51 (14 31 |-06 45 (-05 51 (-14 32 (-3.7 89
NIMT 03 51|08 71|53 10 |04 72|37 67|06 51|08 54 |-03 80|06 5.1 19 58 |00 67|01 71 |-08 59 |-31 10
KRISS |-16 3.0 (-11 58 (34 95 |-15 60 (18 53 |[-1.3 30 (-1.1 36 |-22 69 |-14 31 |-19 58 -19 53 |-1.8 58 |-27 42 |-50 93
VMI 03 45|08 67|53 10 |04 68 |37 63|06 45|08 49 |-03 76 |06 45|00 67|19 53 01 6.7 |-08 54 |-31 99
KIM-LIPI | 02 51 (07 71 (52 10 (03 72 (36 6.7 |05 51 (07 54 (-04 80|05 51|-01 71|18 58 [-0.1 6.7 -09 59 |-32 10
NMISA 11 31|16 59 (61 95 (12 60 45 54|14 31|16 37 (05 69 (14 32|08 59|27 42|08 54 |09 59 -23 93
ITDI 34 88|39 10 |84 13 |35 10 |68 99 |37 88|39 91|28 11 |37 89|31 10 |50 93 |31 99 |32 10 |23 93
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Table 10
Degree of Equivalence between Pairs of Laboratories at 20 kHz
Di;jand its expanded uncertainty (95%) U(Di;) in uV/V

NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI [NMISA ITDI
Dij U*(D;)| Dij U*D;)| Dij U?@i;| Dij U@,y Dij UZDi)| Dij U?@i)| Dij U?@iy| Dij UD.)| Dij U?@i;| Dij U?(Di,| Dij U*D,)| Dij U?(Di)| Dij U?(M;,| Dij U*(D,)| Dij U@
NMIA 15 7338 9212 55[-66 50|06 19|08 31|09 86|09 20[18 63|09 35[-05 6807 63|02 36|08 69
NML-SIRIM| -1.5 7.3 23 11 |-03 88 |-81 84 |09 70|-07 75|24 11 |-06 71|03 93 |-06 76 |-20 96 [-08 93 |-13 7.7 [-07 10
scL |-38 92 |23 11 26 10 |-104 10 |32 90 [-30 94 |-47 12 |29 91 |20 11 |29 95 (43 11 |31 11 [-36 95 |-30 11
NMC |12 55|03 88 |26 10 78 70 |-06 53|04 58 |-21 99 |03 53|06 80 |03 60 |-1.7 84 [-05 80 |-1.0 6.1 [-04 8
NPLI |66 5.0 |81 84 (104 10 |78 7.0 72 47|74 53|57 96|75 47|84 76|75 55|61 80|73 76|68 56|74 81
PTBE |06 19|09 7.0 (32 90|06 53 |[-72 47 02 25|15 84|03 10|12 61|03 30 |-11 65|01 6.1 [-04 31|02 66
cvMs |08 31|07 75|30 94|04 58|74 53|-02 25 17 88|01 26|10 65|01 39 [-1.3 70 |-01 65 (-06 39|00 7.1
MSL |09 86 |24 11 |47 12 |21 99 |-567 96 |15 84 |17 88 18 85|27 10 [18 89|04 11 [16 10 |11 90 [17 11
NMIJ |-09 20|06 71|29 91 (03 53|-75 47 |03 10 |-01 26 |-1.8 85 09 61[00 31|14 66 |-02 61 |07 32(-01 67
NMT |-18 63 [-03 93|20 11 [-06 80 |-84 76 [-1.2 6.1 |-1.0 65 [-27 10 |-09 6.1 09 67 |-23 89 |11 85|-16 68 [-1.0 9
KRISS |-09 35|06 7.6 |29 95[03 60 |-75 55 |-03 30 |-01 39 |-1.8 89 |00 31|09 67 14 72|02 67|07 43(-01 7.3
vMI 05 68|20 96|43 11 [17 84 |-61 80|11 65|13 70|04 11 |14 66 |23 89 |14 72 12 89|07 72 (13 93
KIM-LIPI |07 63|08 93 (31 11 |05 80|-73 76 |-01 61|01 65|-16 10 [02 6.1 |11 85|02 6.7 |-12 89 05 68|01 9
NMISA [-02 36 |13 77|36 95|10 61 |-68 56|04 31(06 39|11 90|07 32|16 68|07 43 |07 72|05 68 06 7.3
mol |-08 69|07 10 |30 11 |04 8 |-74 81|02 66|00 71|17 11 |01 67|10 9 |01 73|13 93|01 9 |-06 7.3
Table 11
Degree of Equivalence between Pairs of Laboratories at 50 kHz
Di;jand its expanded uncertainty (95%) U(Di;) in uV/IV
NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI [NMISA ITDI
Dij U?(D;)| Puy U*Diy| Dis U?@iy| Dy VD] Diy UP@iy| Dy UDip| Diy UPDiy| Diy U?@ip| Py VD] Dij U@y Dy U?@ip| Diy VD] Dis U@y | Dy VD] Diy LDy,
NMIA 12 72[80 11 |14 68|45 6916 40|12 48|03 13 |09 40|22 81|17 52|03 15 [10 15 |11 57 [-03 14
NML-SIRIM| 12 7.2 92 12 |26 83|57 83[28 62|24 67|15 14 [21 61|34 93|29 70([15 15 |22 15 |23 73|09 14
scL [-80 11 [-92 12 66 11 (35 12 (64 10 |-68 10 |-77 16 |[-71 10 |-58 12 |63 11 [-7.7 17 |-7.0 17 |-69 11 |83 16
NMC |14 68 [-26 83 |66 11 31 80|02 57|02 63|11 14 |-05 57 |08 90 |03 66 |-1.1 15 |-04 15 [-03 69 [-1.7 14
NPLI |45 69 |-57 83|35 12 [-31 80 29 58 |-33 64 |-42 14 |36 57 |-23 9.1 |-28 66 |-42 15 |-35 15 |-34 7.0 |-48 14
PTB [-16 40 |-28 62 |64 10 [-02 57 |29 58 04 30|13 13 |-07 14 |06 71|01 36 |-1.3 14 |06 14 [-05 42 |-1.9 13
cMs |12 48 [-24 67|68 10 |02 63 (33 64|04 30 09 13 [-03 30|10 76|05 45[-09 14 |-02 14 |-01 50 [-15 13
MSL |-03 13 |-15 14 |77 16 |11 14 |42 14 |13 13 |09 13 06 13 [19 15 [14 132]/00 19 |07 19 |08 13 [-06 18
NMIJ  |-09 4.0 |-21 61|71 10 |05 57|36 57|07 14|03 30 [-06 13 13 71|08 35|-06 14 [01 14 |02 42|12 13
NIMT |-22 81 |34 93|58 12 |-08 90|23 91 [-06 7.1 |10 76 |-1.9 15 |13 7.1 05 78|19 16 |12 16 |11 82 |25 15
KRISS |-1.7 52|29 7.0 (63 11 |-03 66 |28 66 |-01 36 [-05 45 |-1.4 13 |-08 35|05 78 14 15 |-07 14 |-06 53 20 13
vMmi |-03 15 |15 15 |77 17 |11 15 |42 15 |13 14 [09 14 |00 19 |06 14 [19 16 [14 15 07 20 |08 15 [-06 19
KIM-LIPI |10 15 |22 15 |70 17 |04 15 |35 15 |06 14 |02 14 |-07 19 |-01 14 [12 16 |07 14 |-07 20 01 15 |-13 19
NMISA [-11 57 |-23 73|69 11 [03 69|34 70|05 42|01 50|08 13 |-02 42 |11 82|06 53 [-08 15 |[-01 15 14 14
ITDI 03 14 |09 14 |83 16 |17 14 |48 14 |19 13 |15 13 |06 18 |12 13 |25 15 |20 13 |06 19 [13 19 [14 14
Table 12
Degree of Equivalence between Pairs of Laboratories at 100 kHz
Dijand its expanded uncertainty (95%) U(D;;) in uV/V
NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI NMISA ITDI
Di; U*D;,| Diy U?(Diy| Dij U?D;)| Dii U*D;,| Diy U?MD;y| Dii U*@:y| Dy U?@ip| Dij U?Diy| Dii UD;)| Diy U*(Di,| Diy UMDy Diy VD[ Dii U*(Di)| Dy U?(Di,| Diy UPD,
NMIA 24 94|54 16 |33 75|55 81[33 53|27 84[-08 17 [02 4914 12 [23 6009 17 [13 22 [28 64 [09 15
NML-SIRIM| 2.4 9.4 30 17 |09 10|31 10 |09 85|03 11 |32 18 |-22 82 [-1.0 14 |-01 89 [-1.5 18 |11 23 |04 92 |15 16
scL |-54 16 |30 17 21 16 |01 16 |21 15 [-27 17 |-62 22 |-52 15 |-40 19 |-31 16 |-45 22 |-41 26 |26 16 |-45 21
NMC |33 75 (-09 10 [21 16 22 88|00 63(-06 90|41 17 |-31 59 [-1.9 13 |10 69 |24 17 |20 22 |05 7.2 |-24 15
NPLI |-55 81 |-31 10 |-0.1 16 |22 88 22 70|-28 95|63 18 |-563 67 |-41 13 |-32 76 |-46 18 |-42 22 |-2.7 7.8 |-46 16
PTB |33 53 |-09 85 (21 15 |00 63|22 7.0 06 7.3 |-41 17 |-31 26 |-19 11 |-1.0 44 |-24 17 |20 21 |-05 49 [-24 14
cMs |27 84 |-03 11 |27 17 |06 90|28 95|06 7.3 35 18 |-25 7.0 [-1.3 13 |-04 7.8 [-1.8 18 |-14 22 [01 81 |-18 16
MsL |08 17 [32 18 |62 22 [41 17 |63 18 |41 17 |35 18 10 16 |22 20 |31 16817 23 |21 27 |36 17 |17 22
NMIJ  |-02 49 |22 82|52 15 (31 59|53 67|31 26|25 70|10 16 12 11 |21 39|07 16 |11 21 |26 44|07 14
NMT  |-14 12 [10 14 |40 19 [19 13 |41 13 [19 11 |13 13 |22 20 |12 11 09 117[-05 20 |-01 24 [14 12 |-05 18
KRISS |23 6.0 |01 89 (31 16 |10 69 |32 76|10 44|04 78 |-31 17 |21 39 |-09 12 14 17 |10 21 |05 57 |-14 15
vMmi |-09 17 |15 18 |45 22 |24 17 |46 18 [24 17 |18 18 |[-1.7 23 |-07 16 |05 20 |14 17 04 27 [19 17 |00 22
KIM-LIPL |13 22 |11 23 [41 26 |20 22 |42 22 {20 21 |14 22 |-21 27 |11 21 |01 24 [10 21 |-04 27 15 21 |-04 25
nmisa |-28 64 [-04 92|26 16 |05 72|27 78|05 49|-01 81|36 17 |-26 44 |14 12 |05 57 |-1.9 17 |15 21 19 15
Dl |-09 15 |15 16 |45 21 |24 15 |46 16 |24 14 |18 16 |-1.7 22 |07 14 |05 18 [14 15 |00 22 (04 25 |19 15

17




APMP reference no. APMP.EM-KG6.a

Table 13
Degree of Equivalence between Pairs of Laboratories at 500 kHz

Di;jand its expanded uncertainty (95%) U(Di;) in uV/V

NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI |[NMISA ITDI
Dy, U?D,,| Dij U?D,| Dij U*D,,| Diy U] Dij U@, Dij U?@| Dy U?@Di;| Diy U*(D,| Dij U(D,,| Diy U(D,,| Dij U*(D,,| Dij U?*D,,| Dij U*D,,| Dij U*D,,| Diy U*D;,
NMIA -3 21 12 35 16 17 12 26 18 14 20 5 35 0 12 7 23 | 11 17 4 1 6 46 17 16 [-97 28
NML-SIRIM| 3 21 15 38 19 22 15 29 | 21 20 10 25 2 38 3 18 4 27 | 14 22 18 9 48 (20 22 |-94 3
SCL -12 35 | -15 38 4 36 0 41 6 35 | -5 37 17 47 |12 34 |19 39| -2 36| -8 33 |-7 656 5 36 |-109 42
NMC -16 17 | 19 22 | -4 36 -4 27 2 16 -9 21 21 36 |-16 14 |-23 25 | -6 19 (12 13 |-11 46 1 18 |-113 29
NPLI 12 26 | -15 29 0 41 4 27 6 25 | -5 29 17 41 |12 24 |19 31 -1 27 | -8 23 | -6 50 5 26 |-109 35
PTB -18 14 | -21 20 | -6 35 | -2 16 -6 25 -1 19 |-23 35 |17 11 |-256 23 | -7 16 [-13 10 |12 45 | 1 16 |-115 27
CMS -7 20 | 10 25 5 37 9 21 5 29 | 11 19 12 37 | -7 18 |14 27 4 21 -3 17 | -2 47 |10 21 |-104 31
MSL 5 35 2 38 (17 47 |21 36 | 17 41 (23 35 |12 37 5 34 2 39|16 36 |10 33 (11 56 |22 36 |-92 42
NMIJ 0 12 -3 18 |12 34 | 16 14 12 24 (17 11 7 18 5 34 7 21 10 14 4 5 5 45 |17 13 |-97 26
NIMT 7 23 4 27 |19 39 |23 25 |19 31 (25 23 |14 27 2 39 7 21 17 24 |11 21 12 49 |24 24 |90 33
KRISS -11 17 | 14 22 2 36 6 19 1 27 7 16 -4 21 16 36 |-10 14 |-17 24 -6 13 -5 46 6 18 |-108 29
VMI -4 11 -7 18 8 33 12 13 8 23 13 10 3 17 10 33 -4 5 11 21 6 13 1 44 13 12 |-101 26
KIM-LIPI -6 46 -9 48 7 56 1 46 6 50 12 45 2 47 11 56 -5 45 |12 49 5 46 -1 44 11 46 |-103 51
NMISA 17 16 | 220 22 -5 36 -1 18 -5 26 1 16 |-10 21 [-22 36 |[-17 13 |-24 24 -6 18 |-13 12 [-11 46 -114 28
ITDI 97 28 94 31 |109 42 |113 29 [109 35 |115 27 |104 31 92 42 |97 26 (90 33 (108 29 (101 26 (103 51 (114 28
Table 14
Degree of Equivalence between Pairs of Laboratories at 1 MHz
Dijand its expanded uncertainty (95%) U(D;;) in uV/V
NMIA NML-SIRIM SCL NMC NPLI PTB CMS MSL NMIJ NIMT KRISS VMI KIM-LIPI |[NMISA ITDI
Dy U?(Di)| Dij U?(@ip| Dij U?(Diy| Diy U?D;y| Dij U?(Di;| Dij VD, Diy U*D;)| Diy UP(Dip| Dij VD] Diy U@y | Dij UP@ip| Dij U] Diy U*D;,| Dij UP(@;;| Diy U0,
NMIA -8 32 17 80 16 37 23 32 |24 26 5 34 5 56 5 21 |-17 33 17 29 10 67 12 75 | 25 36 |-106 45
NML-SIRIM| 8 32 25 84 | 24 45 31 41 32 37 13 43 13 62 13 34 -9 42 (24 39 18 72 |20 80 |33 44 |-98 52
scL | -17 80 | -25 84 1 8 |7 8 |7 8 |12 8 |-11 9 |12 81 |-34 8 |0 8 |-7 103|-5 108| 8 86 |-123 90
NMC | -16 37 | 24 45 | 1 86 7 44 (8 41|11 46 |11 64 |-11 38 [-33 46 | 1 43 | -6 74 | -4 81 | 9 48 |-122 55
NPLI | -23 32 |31 41 | -7 84 | -7 44 1 36 |19 42 |18 62 |18 33 |40 42 [ -7 39 [-13 72 |11 79 | 2 44 |-129 51
PTB 24 26 |32 37 |-7 8 |-8 41 |-1 36 19 38 |19 59 |19 27 |41 38 |-7 34 |14 70 |12 77 | 1 40 |-130 48
CMS -5 34 |13 43 (12 85 |11 46 | 19 42 (19 38 1 63 0 35 (-22 44 |12 41 5 73 7 80 | 20 46 |-111 53
MSL -5 56 | -13 62 [11 96 |11 64 | 18 62 [ 19 59 | 1 63 0 57 (-22 63 | 11 61 5 86 7 92 | 20 64 |-111 69
NMIJ -5 21 | 13 34 (12 81 11 38 |18 33 |19 27 0 35 0 57 22 35 |12 31 5 68 7 76 | 20 37 [-111 46
NIMT 17 33 9 42 |34 85 |33 46 | 40 42 |41 38 |22 44 |22 63 |22 35 34 40 |27 73 |29 80 [42 45 |-89 52
KRISS -17 29 | 24 39 0 83 -1 43 7 39 7 34 (12 41 [-11 61 |12 31 |-34 40 -7 71 -5 78 8 42 |-123 50
VMI -10 67 | -18 72 7 103 | 6 74 13 72 14 70 -5 73 -5 86 -5 68 |-27 73 7 71 2 99 15 74 |-116 79
KIM-LIPI | -12 75 | -20 80 5 108 | 4 81 11 79 12 77 -7 80 -7 92 -7 76 |-29 80 5 78 -2 99 13 81 [-118 85
NMISA 25 36 | -33 44 -8 86 -9 48 -2 44 -1 40 |-20 46 |-20 64 |-20 37 |-42 45 -8 42 |15 74 |-13 81 -131 54
ITDI 106 45 98 52 |123 90 |122 55 [129 51 |130 48 |111 53 |111 69 |111 46 |89 52 |123 50 [116 79 |118 85 |131 54
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APENDIX 1. Uncertainty Budgets
NMIA
Frequency 1-c Uncertainty Components (uV/V) Expanded
(kHz) RefTVC TypeA Ref. Drift Connectors Meas Setup| Total Vet Uncertainty (uV/V)
1 0.4 0.2 0.1 0.0 0.1 0.4 78 0.8
20 0.9 0.2 0.2 0.1 0.1 0.9 60 1.9
50 1.9 0.2 0.5 0.3 0.2 2.0 60 4.0
100 23 0.2 0.5 0.8 0.3 25 65 5.0
500 5.9 0.2 0.5 1.2 0.6 6.1 60 12.1
1000 8.8 0.2 1.0 1.5 1.0 9.0 55 18.1
NML-SIRIM
Contribution | 2V Std. | 2V to 3V transfer | 4V NML - 3V n T-piece Drift in Rounding off | Combined U 95%
2V Std. uncertainty | uncertainty | v_eff| k
Unit (ppm) (ppm) (ppm) (ppm) | (ppm) (ppm) (ppm) (ppm) (ppm)
Evaluation Type B A A A B
DOF, v 50 9 49 59 o
Frequency

(Hz)

1000 2 0.78 0.51 1 0.05 0.05 0.29 2.44 93.4 | 1.99 5
20000 25 1.77 0.58 1 0.05 0.05 0.29 3.29 61.7 | 2.00 7
50000 25 1.21 0.53 1 0.05 0.06 0.29 3.01 79.4 1 1.99 6
100000 35 1.08 0.62 1 0.1 0.1 0.29 3.86 69.8 | 1.99 8
500000 8.5 1.05 0.78 1 0.1 0.1 0.29 8.66 53.9 | 2.01 17

1000000 13.5 1.08 0.68 1 0.1 0.1 0.29 13.60 51.5 ] 2.01 27
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SCL
Standard Uncertainty Contributions Combined Expanded |Coverage
Test Test Type B Type A Standard | Uncertainty | Factor
Voltage | Freq. Ks Kx Uncertainty | at95% C.L.
u(Ss) u(Mr) u(Nr) u(p) |u(random) u(Sx) U k
)] (Hz) |(ppm/nV)|(ppm/nV)| (ppm) (nV) (nV) (ppm) (ppm) (£ ppm) (£ ppm)
3 1k| 013 0.13 3.5 2.9 2.9 29 0.4 4.58 8.98 1.96
20 k | 013 0.13 35 29 28 29 0.3 4.58 8.98 1.96
50 k 0.13 0.13 4.0 29 29 29 0.4 4.98 8.76 1.96
100 k | 0.13 0.13 4.5 29 29 58 0.3 7.35 14.40 1.96
500 k 0.13 0.13 12.0 29 29 115 0.3 16.66 32.66 1.96
1M] 013 0.13 270 29 29 28.9 0.3 39.53 77.48 1.96
u(Sx) = u(Ss) + Ksu*(Mr) + Kxu*(Nr) + u*( § ) + u*(random)
NMC
Frequency 1kHz | 20kHz | 50kHz | 100 kHz | 500kHz | 1 MHz
Type A standard uncertainty (LV/V) 0.1 0.1 0.2 0.2 0.1 0.3
= Standard deviation (uV/V) 0.3 0.3 0.5 0.5 0.2 0.8
Type B standard uncertainty (uV/V) 25 25 2.8 2.8 5.5 15.2
= Reference standard (uV/V) 1.0 1.0 1.5 1.5 5.0 15.0
» System Set-up (uV/V) 23 2.3 24 24 2.4 2.6
Combined standard uncertainty (LV/V) 2.6 2.6 2.8 2.8 5.6 16
Degree of freedom 8 8 8 8 8 8
NPLI
Uncertainty budget of the ac-dc voltage transfer difference measurement in NPL, India
Standard measurement uncertainty in ppm at different frequencies
Influence quantity 1kHz | 20 50 100 500 1000k | Degrees | Type | Shape of
kHz kHz kHz kHz Hz of A distributio
freedom | orB | n
Measurement data 0.4 0.5 03 0.4 04 0.5 14 A | Normal
Reference Standard 0.6 1.0 1.8 22 10.0 11.1 infinity A | Normal
Measurement set up 0.5 0.5 0.5 0.5 3.0 4.0 Infinity B | Rectangul
ar
Connector & Tee 0 0 0 1.0 4.0 5.0 oy B | Rectangul
ar
Value of Exponent 2.0 2.0 2.0 2.0 2.0 2.0 Tty B | Rectangul
ar
Combined standard 22 23 28 32 11.4 13.0
uncertainty ( ug )
Expanded 44 4.6 5.6 6.4 22.8 26.0
uncertainty for 95%
confidence level(U)
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PTB

The model function is:

Sx
S

Scon

5calbrator

84

APMP reference no. APMP.EM-KG6.a

8x=83+8d+500n +scalibrator

AC-DC Voltage Transfer Difference of the unknown standard

AC-DC Voltage Transfer Difference of the standard at the 3V
taken from (5)

AC-DC Voltage Transfer Difference due to the different T-
connectors especially at high frequencies and electromagnetic
influences from outside

AC-DC Voltage Transfer Difference with different calibrators and
calibration set-ups in the step-down

measured difference §4 of the ac-dc transfer differences of the
unknown 8 and the known standard &

Table | shows the uncertainty budget for the PTB standard at 3 V, the PMJTC at
3 V and the calibration of the travelling standard (SJTC).

Table | Uncertainty budget

influence Standard measurement uncertainty v in pV/V at the frequencies
quantity 1 kHz 20kHz 50kHz 100kHz 500kHz 1 MHz
u(6m) 0,01 0,01 0,01 0,01 0,01 0,01
Udec) 0 0,2 05 0,9 45 9.3
U Bakin) 0 0 0 0 1.3 4.4
U(Seon) 0 0 0,1 0,5 1,8 2.4
u(dir) 0 0 0 0 0 0
(&) 0,0 0,2 0,5 1,0 5,0 10,6
u(5s) 0,1 0,1 0,1 0,1 0,2 0.2
u(&e) 0,2 0,2 0,2 0,2 0,2 0,2
u(Sg) 0,2 0,2 0,2 0,2 0,3 0,3
tSeon) 0 0 0,1 0,5 1,8 24
u(Semutc) 0,2 0,3 0,5 1,2 5,3 11,9
i) 0.2 0.2 0,2 0.2 0.2 0,2
U(Sessrc) 0.2 0,2 0,2 0,2 0,2 0,2
U(Sassrc) 0,3 0,3 0,3 0,3 0,3 0,3
U(Seon) 0 0 0,1 0,5 1,8 2.4
U(Secatbrator) 0,2 0,2 0,3 0,4 0,6 24
(Jssrc) 0,4 0,4 0,7 14 5,6 12,2
U (k=2) 0,8 0,8 14 2,8 1 25
Remarks: W(3s) = 1) + U (Bac) + U (Sukin) + U (Gon) + UF(ALE);

(&) = (o) +

(&)
F(Somirc) = V(&) + -}(«sd) + 1P (Bon)

(8asurc) =

U (Sse) + U(Gsiro);

W (Bssrc)= U (Somrc) + U (Susimc) + U (Gon) + U (Scatibrator)
U= k u(Ssyrc); kis taken as 2
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CMS
" |Uncertainty, pV/V, 3 V test voltage at frequency
Source of uncertainty 1 kHz [20kHz |50 kHz {100 kHz |500 kHz |1 MHz
Random effect 0.3 0.3 0.3 0.7 1 1.3
Standard’s uncertainty 0.5 0.5 0.7 1.5 4 8
Comparator’s uncertainty 0.8 1.0 12 3 s 12
Combined standard uncertainty|1.0 1.2 1.4 3.4 8.1 15
Degrees of freedom 1000 [2074 3842 4454 34437 |141807
Coverage factor, k 1.96 [1.96 1.96 1.96 1.96 1.96
Expanded uncertainty 2.0 2.4 2.7 6.7 16 29
MSL
Table of Uncertainty Components
Standard Uncertainty
(LVIV)
Description Frequency (kHz) Comment
1 20 50 100 500 1000
Reference Standard 3 | 4| 6 | 75| 14| 20 [WMLCalibrationof7924
(v = 200)
Stability of Reference or | 12 | 32 | 16 | 82 | s [COperonwithother
instruments (v = 5)
Type A, non-linear drift Evaluated during measurement
and meeting definition & = L s = e process (v = 100)
Grounding 0.5 0.5 2.0 3.0 3.0 4.0 (Different grounding points (v = 5)
Measurement set-up 0.3 0.5 04 0.5 1.4 2.0 Cha‘nges duetoyamistion in
equipment (v = 13)
Difference in Tee Change from GR tee + adaptor to
definition 9 i 0 it = 0 Type N tee (v =5)
e 32 | 42 | 65 | 83 | 165 | 262
uncertainty
Effective degrees of 199 186 171 139 68 3
freedom
Expanded uncertainty 6.2 8.4 12.7 | 163 | 33.0 | 53.4
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Uncertainty budget of the ac-dc voltage transfer difference measurement
Standard measurement uncertainty u in 10° at frequencies
influence quantity Type u 1kHz degree 20kHz degree 50kHz  degree 100kHz degree 500kHz degree 1MHz  degree
reference u(ss) 0.4 0.4 0.4 0.6 25 8.0
Thomson effect A u(dTha) 02 10 02 10 02 10 0.2 10 0.2 10 0.2 10
B u(8Thb) 0.3 Inf, 03 int. 03 Inf. 0.3 Int. 03 . 03 Inf.
reactive components and B u(dL,C,8) 0.0 Inf. 0.0 Int. 0.02 Inf, 0.08 Inf. 1.93 Inl. 7.7 Inf.
skin effect
connectors B ufdcon) 0.0 1 0.08 1" 0.2 1 0.5 11 16 1 2 1
different measurement u(ad) 0.4 0.4 05 0.7 25 6.2
standard deviation A u(Ba) 03 a 03 a 03 k)| 0.3 3 0.3 3 0.3 31
resolution of DVM B u(8r) 0.16 31 0.16 3 0.16 3 0.16 kA 0.16 3 0.16 3
thermal noise B u(8tn) 0.09 ki 0.09 i 0.09 3 0.09 3 0.09 31 0.09 3
DC offset B u(botf) 01 i 0.1 H 0.1 A 0.1 31 0.1 31 0.1 31
stability of AC output B u(dsta) 0.18 3 0.15 3 0.15 AN 0.15 3 0.15 31 0.15 3
index measurements B udi) 01 31 0.1 31 0.1 31 0.1 31 0.1 31 01 3
Reproducibility B u(dR) 0.12 6 0.12 6 017 6 0.23 6 0.58 6 087 ]
connectors and T B u(de,T) 0.0 1" 0.08 1" 02 1 05 1 16 1 2.00 1
AC adjustment B u{bad) 0.0 4 0.0 4 0.0 4 0.0 4 0.0 4 0.29 4
Grounding B u(dG) 0.0 1 0.0 1 0.0 11 0.07 1" 1.73 1 577 1
Standard measurement ufdx) 0.6 193 0.6 206 0.6 182 09 60 35 77 10.1 100
uncerainty [Effective
expanded uncertainty for U 1.1 1.1 13 19 71 20.2
confidence level of 95%
Remarks: u'(5x)=u’(ds)+u’(5d)
Repeatabilit| Calibrat | Drift of | Calibrat Driftin | Driftin Linearity | Error of | Distand | EMI and Driftin | Rounding|Resolutior] Stability of
of meas | of Holt 20| Standard) of Sens | Temp drift] Hum drift of Ac-dc ConEctor Noise RFI req settin| off Uncert| of DMM uuc
Unit 1106 | 1106 | 1*10*6 | 1*10*6| 1*10*6 | 1*10*6 | 1*10*6 | 1*10*-6 | 1*10*6 | 1*10*6 | 1*10*6 | 1106 | 1*10%-6 | 1*10"6
Dist. | Normal | Normal Rect | Normal Rect Rect Rect Normal Rect Rect Normal Rect Rect Rect
Divisor 1 2 A3 1 V3 3 3 2 3 3 1 43 V3 3
Ci 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vi 9
Freq Ue
(Hz) [Value ur |Value us [Value du Vah.ﬂ.lsen\@luf ut Valu’uhﬂm\falue ulin |Valulucon| Va[uilﬂl_s_ Valu| uemi mbﬁe Valu uro Valgures Valuy ustb | uc neff k_|1*10*-6
1k [ 0.41/0.11] 1.8[09[0.80 05| 0.1]01] 1058 1058 1[0.58] 1/0.58] 1/0.58] 1] 0.58] 02/02] 1]058] 1[0.58 23] 1.3 | 2.3 [2E+06[2.000] 5
20k | 0.13/0.13] 2.5/1.3|0.35/0.2( 0.1| 0.1 1,058 1/0.58 1|0.58 1/0.58 1,0.58 1/ 058| 04/04]| 1|058 1/0.58| 43| 25 | 3.2 | 3E+06|2.000| 6
50k 0.1/0.11] 5.8/ 2.9(055/ 03| 0.1/ 0.1 1|o.58] 1]o58] 1]os8] 1/os8| 1]os8| 1] 058 os4[0.4]| 1[0s8| 1]o.58| 26 1.5 | 3.6 | 1E+07[2.000] 7
100k | 0.19]0.19| 8.2|4.1]0.35 0.2] 0.1/ 0.1 1lo58] 1]o58] 1]o58] 1|o58] 1los8] 1] oss| o7lo7| 1[oss| 1]o.s8| 50 29| 53 |eE+06]2.000[ 17
500k | 0.4/0.37) 18| 9 [0.45/ 03] 0.1/0.1 1058 1/0.58| 1/0.58| 1/058| 1/058| 1/058| 07/, 07| 1/058| 1/0.58| 6.0| 3.5 | 9.8 | 4E+06)2.000| 20
M| 03[0.33| 28| 14 [0.34[ 02| 0.1/ 01| 1/058| 1[058|  1/0.58] 1/0.58] 1[0.58| 1] 0.58 | 06/ 06| 1/05s| 1]0.58] 32| 1 | 74.2 | 3E+07 |2.000] 28
. Degrees of Standard uncertain! \'/ k=1
Source of Uncertainty Symbol gy (UVVD (k=D)
freedom 1kHz | 20 kHz | 50 kHz | 100 kHz| 500 kHz | 1 MHz
1. Standard TVC Up) 00 1.4 1.4 1.6 1.6 5.9 11.6
2. Uncertainty from N value uy 24 0.02 0.01 0 0.01 0.04 0.05
3. Repeated measurements U Ap 96 0.41 0.4 0.4 0.5 0.64 0.79
combined standard uncertainty] uc 1.5 1.5 1.6 1.7 5.9 11.6
effective degreees of freedom A" 15391 | 16856 | 27744 | 12129 | 709795 |iHHHHH
Expanded uncertainty(k=2) U 29 2.9 33 34 11.9 233

23



APMP reference no. APMP.EM-KG6.a

VMI
Componet Applied | Type | Distribution| v 1kHz 20kHz 50kHz 100kHz 1MHz ___Note
Reference TVC (s/n: 503-2001) U(SRer) B MNormal 30 1.2 1.6 3.4 4.6 15.5 From report
Connectors U(Bconn) B Normal 15 1 2 4 4 10
Drift in Ref TVC /year U(BRatorin) B |Rectangular| 20 1.0 1.0 3.0 3.0 15
ESDM u(da) A Normal 4 03 03 02 0.4 0.4
Temperature/Humidity U(Brh) 3v B Normal 20 1 2 4 4 20
Sensitivity Calculation - ufby) B Normal 25 0.1 0.1 0.1 0.1 0.1 ( Any/ 0y ) B
Frequence Setting u(dy) B Normal 20 0.1 0.1 0.1 0.1 0.1 (AF/ 1) B
|IUT Stability U(Sur stan) B Normal 20 | 05 05 1 2 10
Rounding off values U(8round val) A | Rectangular | 1000 | 0.06 0.06 0.06 0.06 0.6
Rounding off uncertainty U(Sround unc) A | Rectangular | 1000 | 0.06 0.06 0.06 0.06 0.8
KIM-LIPI
ref=A55-2v
iut=A55-3v
A55-2v certificate from NML (ppm) =>Ref.:RN 43027
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
Diff | Uncert | Diff | Uncert| Diff | Uncert | Diffi | Uncert| Diff | Uncert| Diff ] Uncert
2.2 2.5 57 3.2 10.7 6.2 15.2 8.7 35.0 19.0 48.0 30.0
Build up results from 2v to 3v (ppm)
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
iutcor liutuncerf iutcor |iutuncert| iutcor liutuncerf iutcor liutuncert iutcor [iutuncert iutcor liutuncert
-4.4 0.5 -6.6 0.2 -9.1 0.4 -11.4 04| -18.9 0.3] -24.1 0.4
ESDM => 0.2 0.1 0.2 0.2 0.1 0.2
A55-3v corrected (ppm)
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
iutcor liutuncerf iutcor |iutuncert] iutcor liutuncerf iutcor liutuncert iutcor |iutuncert iutcor [iutuncert
-2.2 2.5 -09 | 32 16 | 6.2 3.8 8.7 16.1 19.0 23.9 30.0
ref=A55-3v
iut=Holt-4v
Build up results from 3v to 4v (ppm)
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
iutcor [iutuncert] iutcor |iutuncert iutcor [iutuncert iutcor |iutuncert iutcor |iutuncert iutcor |iutuncert
-2.6 0.4 2.0 0.4 -1.6 0.2 -0.7 0.5 1.4 0.4 -3.1 0.4
ESDM => 0.2 0.2 0.1 0.2 0.2 0.2
Holt-4v corrected
1 kHz 20 kHz 50 kHz 100 kHz 500 kHz 1 MHz
iutcor [iutuncert] iutcor liutuncert i i iutuncert] iutcor |iutuncert] iutcor |iutuncert
aen 25 el T 87 |75 190 208 30.0
iut exp unc == [ﬁi&@ i3 ; aq. RT3
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NMISA

UNCERTAINTY BUDGET MATRIX (UBM) [CoSWERENT Th
| Procedure No_| NML-DCLRU-0011
Pfererse Guide 1o e Expronsos of Uncerisnty o Masirsment | mnd by BIPW, EC WO 150 UPAC LPAR, CiL - 53 1906
Calibration of HOLT 11 SJTC Model 30081C + | Type & Serial okt
Descri - 0943500001033 + 0943500001037 L IVa 1 kHz
o Adapler 84980 Number - e WL Tembe
Mathematical Model: See F in the App: i2)
Assoclated | Floor Probabilit Sensitivity Maasisrarent Flaas Degrees of|
Symbol Source of Uncadtainty Uncartainty Valus LX) "M'" “: Ui Freedom Remarks
T L) v
- unt |+ e e | MRT o | u o s e
T i ) unit [+ unit
Certified Systernatic Uncert. of Rel MITC 70 2000E+00 | ppm |+ Normalk=2 [ 200 | 1.0008+00 1.000E+00 |+ 100 | infinite
Osa  |Ageing of Ref S.000E01 | ppm |+ Rectangular ¥3 | 173 | 1,D00E+00 2BETEN |+ 100 infinite |Compared from previows cerificate
Da | Transfor difference measurements A.DOCE-M | ppm |+ Raectangular ¥3 173 | 1.000E+00 2.309E01 |+ 100 infinile
De [Connactors and T-pisca D.000E+00 | ppm |+ Rectangular v 173 | 1.000E+00 0.000E=00 |+ 100 infinite |Seo Report NML-03-0011
De  |Effect of Ambient Temperature D.000E+00 | ppm |+ Rectangular¥3 | 173 | 1.000E+00 0.D00E+D0 | +| 100 | infinite |Same roon
Ors  |Linearity of DVM(s) DO0DE+D0 | ppm |+ Trianguiar 245 | 1.000E+00 0.000E=DD |+ 100 infinite |Using the same input and range, othersmse check std de
Orx  |Lirarity of DVM{x} D.O00E+D0 | ppm |+ Rectangular+3 | 173 | 1.000E+00 0.000E«D0 |+ 100 infinite |Using the same input and range, othensise check sid de
+ o
. +
+ o
. o
of Standard/ Equi I o + 100
and Rof NOTE! ownLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PRO'
o .
+ .
+ .
B .
Unit Under Test / Calibration (Uncorrelated) NOTE! owLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
R +
- +
Resclution of UUT () applcatle) 4] * 100
Type "B" Evaluation Range of the results (Rectangular) + + 100
- |Estimated Standard Devialion (Type "A" Evahation) 1, 230E+00 Nermal K= 1 1.00 0.000E+00 |ESDM " Nednun'ng-] 12
Unit Undar Tast/ (Cormrelated) NOTE! ONLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
" B
. .
. .
TOTAL UNCERTAINTY Unit +| Unit
Combined Uncertainty (Normal) Level of Confidence 1066 + 0000 Ve infinite Checked and Approved By:
Best Measurement Capability [ExcludinglUT
tity Expanded Uncertainty 9545 % K=2 2135+ o k= 2,00
Combined Uncertainty (Normal) Level of Confidence 1066 + 0000 Ver infinite
Uncertainty of Measurement
Expanded Uncertainty 95,45 % K=2 2135+ o k= 2,00
CSIR-National Metrology Laboratory - de Low Frequency DEGE-LIBM xls AVE@E1kHz
UNCERTAINTY BUDGET MATRIX (UBM) R—— E T
Procedure No
Falsrarne Guide 16 B Exproinnn of Uncedanty in Massursmest |, msusd by BPM_EC. IFCC, 150, IUPAC LPAP, OB - B0 1994
z FRETIEr
osscription: Calibration of HOLT 11 SJTC Moded S0081C + | Type & Serial 0943500001033 + 0943500001037 Range: IV @20 kHz elog
Adapler 84880 HNumber
ML Temba
Mathematical Model: See Py in the App (2)
Asscclated [ | Roar Probability Seasitivity | Measursemant Floor —
Symibsl Source of Uncartainty upa °, "’“‘I Uiy Fresdom Rumarks
N, R, T, 1) )
- uni [+] e Ualt . ci | ua i . o "'
and Rt Equi ) unit  [+]  umn
_Bd |Certified Systematic Uncert. of Ref MITC 70 2000E+00 | ppm |+ Normal b =2 200 | 1.000E+00 1.000E+00 |+ 100 Infinite
Dsa  |Ageing of Ref S000E-01 | ppm |+ Rectangutar ¥3 | 1.73 | 1.0006+00 2BETE-O1 |+ 100 infinite |Compared from previous cenficats
Da  |Transfer ct 4000E-01 | ppm [+ Rectai v3| 173 | 10008400 2309601 |+ 100 | infinite
Dc  |Connectors and T-piece D.000EDD | ppen [+ Rectangutar¥3 | 173 | 1.000E+00 Q000E+00 |+ 100 | infinite [Ses Repart NML-0G-0011
Dw [Effact of Ambsent D.O00E+DD | ppen |+ Roctangular¥a | 173 | 1.000E+00 0.000E=00 |+ 100 infinite |5 cotrolled
Drs  |Linearity of DVM{s) D.O0OE+DD | ppen |+ Triangular ¥6 245 | 1.000E+00 0.000E+00 |+ 100 infinite |Usng the sama (npt and range, ctherwise check std de
Orx |Linearity of DVM{x) D.O00ES00 | ppen |+ ¥ | 173 | 1.000E+00 0.000E+00 |+ 100 | infinite [Using the same input and range. ctherwise check std dd
| -
Standand / 0 o - 100
Standards and Ref Equi NOTE! onLY BLUE CELLS - Al OTHER CELLS (WHITE) ARE
*| *|
| *|
+ +!
+ +
Uniit Undor Test / C NOTE! ONLY BLUE CELLS - All OTHER CELLS (WHITE) ARE
+ +]
+! +
- |Rmsolution of UUT g + - 100
‘ypa “B" Evaluabon Range of the results . +] 100
Standard Deviation (Type "4 1.0506+00 Normal K = 1 1.00 0.000E+00 |ESDM 1 mdMuII 12
Unit Under Tast / latod) NOTE! oNLY BLUE CELLS - Al OTHER CELLS (WHITE) ARE F
+ -
+ -
4 *
TOTAL UNCERTAINTY Unit [+ Unit
Combined Uncenainty (Normal) Level of Confidence 10686 + 0000 v, infinite Checked and Approved By:
Best Measurement Capability [ExcludinguUT ) ek
Expanded Uncertainty 9545% K=2 2135+ o k= 200
Combined Uncedainty (Nomal Level af Confiden + A v, infinite
Uncertainty of Measurement il ’ 7 1o, sl =
[Expanded Uncertainty 9545 % K=2 2135 + '] k= 2.00
CSIR-National Metrolagy Laboratory - dc Low Frequency 0898-UBM xds 3V @ 20 kHz
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NMISA (continued)

Certificate No EMCIU-0888
UNCERTAINTY BUDGET MATRIX (UB I
i | Procedure No NML-DCLFIU-0011
Petereros G, IPCC, 150, AOPAC. LUPAP. ORIL - 50 1996
Calibration of HOLT 11 SJTG Madel 90081C + | Typs & Sertal Matrologiet
Duscription: 0943500001033 + 0943500001037 Range: IV@50kHz — —
Adapler B4980 Humber e ML Tembs
Mathematical Model: See in the @
Associnted [ | Placy Probaisty Sensitivity | Measuremant Floar Sagress of
Symbol Sourcs of Uncartainty 06 Obriges Uiiy) Freedom FRamarks
N,R,T,U) cker Ll v
" unt [+] e ume h %, ci | uan || e
dards and { 1] Unit # Unit
SCEtd - |Cenified Systematic Uncent of Rel MUTC 70 30006400 | ppm |+ Normal K= 2 200 | 1.000E+00 1.500E+00 |+ 100 | infinite
Dsa  |Ageing of Ref S.000E-01 | ppm |+ Rectangutar¥3 | 173 | 1.000E+00 2887E01 [+ 100 infinite |Ci previcus ceviiicate
Da Transfer difference measurements. ADOOE-01 | ppn |+ Rectangular 3 173 1.000E+00 2309E-0 |+ 100 infinite
De | Conmeciorns and T-piece 0.000E+00 | ppen |+ Rectanguilar¥3 | 173 | 1.000E+00 0.000E00 |+ 100 infinite |See Report NML-03-0011
De [Effect of Ambsent Tempsratre 0.D00E+00 | ppen |+ Rectangular ¥3 173 1.000E+00 0.000E«00 |+ 100 infinite
Drs  |Linearity of DVM{s) D.000E+O0 | ppm |+ Trangular ¥ 245 | 1.D00E+00 0.000E=00 |+ 100 infinite |Using the same input and range, othensisa check sid de
Dex |Linearity of DVM{x) D.000E+00 | ppm |+ Rectangular¥3 | 1.73 | 1.000E+00 0.000E=D0 |+ 100 infinite Using the same input and range, othenwisa theck std dd
“ +
+ +
+ 4
+ +
+ 4
{ Standard / ar - + 100
ds and NOTE! ONLY CHANGE BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
+ .
+] .
+ .
+ .
Unit Under Test / NOTE! ONLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PRO'
+ +
4 +
Resolution of UUT if applicable) + + 100
Type “B” Evaluation Range of the results + + 100
(Type A" 4.500€-00 Normal K =1 1.00 0.000E+00 |ESDM " o of Readings| 12
Unit Under Test / e NOTE! onLY E BLUE CELLS - Al OTHER CELLS (WHITE) ARE F TED
+ +
o .
+ .
TOTAL UNCERTAINTY Unit *| Unit
= Combined Uncertainty (Hormal) Level of Confidence 1545+ 0000 Ve infinite Checked and Approved By:
Best Measurement Capability (ExcludinglUT )
Expanded Uncertainty 9545% K=2 3054+ L] k= 2.00
Combined Uncetainty (Normal) Level of Confidence 1545  + 0000 Ver infinite
Uncertainty of Measurement
Expanded Uncertainty 9545 % K=2 3094 4 o k= 200
CSiR-National Metrology Laboratory - de Low Frequency 0898-LUBM xis 3V @50 kHz
Certificate No EMCIU-0888
UNCERTAINTY BUDGET MATRIX (UBM) |
o Procedure No MML-DCLFIU-0011
Tidarares Goste 1 o Expratsien f Linowiaoty in Mvasermest by IPM_IEC. IFCC_ 150 IUPAC. LIPAP_ OB - 50 1994
Calibeatian of HOLT 11 SJTC Model 90081C + | Type & Sertal Matrsloghel
Deneription: 0943500001033 + 0943500001037 Range: 3V @ 100 kHz
- Adapler 84380 Hurntior e ey
Mathomatical Model: SeeP in the App (2)
Associated | | Floor Probability Sansitivity Maasuramant Floar Degress off
Symbal ‘Source of Uncaertainty Uncariainty Value LX) Distribution ' % by ) Freedom Ramarks
- unt [+ u | NRTU c | uen s + e i
T i ) unit o] unie
Certifind Systematic Uncert. of Ref MITC 70 3.000E+00 | ppm [+ Mormal K = 2 200 | 1.000E+00 1.500E+00 |+ 100 infinite:
Ageing of Rel S.000E-01 | ppm |+ W3] 173 | 1.D00E+D0 2BETE-O1 |+ 100 infinite |Compared from provious certificate
Transfer difference measurements ADOOE-D1 | ppm |+ 3 173 | 1.000E+00 2309E-01 |+ 100 infinite
and T-piece 0.000E+00 | ppm |+ Rectanguiar¥3 | 173 | 1.0006+00 0.000E+00 |+ 100 infinite | See Report NML-03-0011
Effect of Amtsent Temparature: D.000E+D0 | ppm |+ V3 173 | 1.000E+00 0ODIE+DD |+ 100 infinite controlled
Linearity of DVM(s) DOOEX | ppm |+ Trianguilar & 245 | 1.00CE+D0 0.000E+00 |+ 100 | infinite |Using the same input and rangs. ctherwise check std de
Linesarity of DVM{x) DOOIE+DD | ppm |+| Rectangutar¥3 | 1.73 | 1.000E+00 DOCOE+DD |+ 100 infinite |Using the same input and range. ctherwisa chack sid def
. +
+ +
. +
+ +
Standard / + +| 100
and Ref Equl NOTE! oONnLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTE
+ +|
+ +|
+ +
Unit Under Tast / (U wd) NOTE! oONLY BLUE CELLS - All OTHER CELLS (WHITE) ARE
+ +
. +
Resolution of UUT (1 applcabie) B « 100
Type “B" Evaluation Range of the resalts (Rectangular) + + 100
Estimaled Standard Deviation (Type "A” Evahation) 9.000E-01 Normal K = 1 1.00 0.000E+00 IESDII 1 uuunml 12
Unit Undor Test | 1] NOTE! oMLY E BLUE CELLS - AN OTHER CELLS (WHITE) ARE F
+ .
. +
. *
TOTAL UNCERTAINTY Unit + Unit
BaetM S lity uT ‘Combined Uncerainty (Nomal) Level of Confidence 1545 + 0000 Ve infinite Checked and Approved By:
est Measurement Capability (Excludingl) ibution) —— e
Expanded Uncartainty G545% K=2 3094 + 0 k= 2.00
Cembined Uncertainty (Nomal) Level of Confidence 1845 + 0000 Ve infinite
Uncertainty of Measurement
Expanded Uncertainty D545 % K=2 3.054 * (1] k= 2.00
CSIR-National Metrology Laboratory - de Low Frequency 0898-LUBM xis 3V @ 100 kHz
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NMISA (continued)

| certificate No EMCIU-0858
UNCERTAINTY BUDGET MATRIX (UB
(UBM) Procedure No NML-DCLFW-0011
Falwrss by |, EC FCC, 50 IPAC, LIPAP, OIML - S50 1904
Motrolagant
_ Calibeation of HOLT 11 SJTC Modol 90081C + | Type & Serlal (0943500001033 + 0943500001037 R
[Description: inge: 3V @ 500 kHx
Adapler 84580 Mumbar ML Temba
Mathematical Modal: 5 in the 2)
Associated | | Floar Provability | oo Senalticty Maasuremant Fioor Degrees o]
Symbal Source of Uncartainty ) i iy Fresdom Ramarks
MR, T.U) ot ) v
. vt [o] e una i ci | una s s e
and Unit * Unit
i | 1.000E+01 | ppm |+ NormalK=2 | 200 | 1.000E+00 5.000E+00 |+ 100 | infinite
Dsa_|Ageing of Ret S000E01 | ppm |+ Rectangular¥3 | 173 | 1.0008+00 2B87E01 |+ 100 | infinita |Compared trom previous certificate
Da Transfer dfference measurements. A000E-01 | ppm |+ 3 1.73 | 1.000E+00 2309E-01 |+ 100 infinite
De | Connectors and T-piece D000E+00 | ppm |+ Factanguiar ¥3 173 1.000E+00 0.000E+00 |+ 100 infinite | See Repont NML-03-0011
Do |Effect of Ambient Temperaturs O0COE+00 | ppm |+ Rectargular¥d | 173 | 1.000E+00 0.000E+00 |+ 100 infinite |5
Dre  |Linesrity of DVM{s) 0000E+00 | ppm |+ Triangutar v& 245 | 1.000E+00 (.DDOESO0 | # 100 infinile ingput and range, st o
Drx  [Linsarity of DVM{x) 0.000E+00 | ppm |+ ¥3| 173 | 1.0006+00 G.O00E+D0 |+ 100 infinite Ingut and range, o
+ o
+] .
B .
+| o
4] .
" Res |Resohution of Standard / Equipment (Il applicable) | + 100
and i NOTE! ONLY CHANGE BLUE CELLS - All OTHER CELLS (WHITE) ARE §
o .
4 .
4 +]
+ +|
Unit Under Tast / NOTE! ONLY BLUE CELLS - All OTHER CELLS (WHITE) ARE PRO:
o .
o +|
of UUT + + 100
[ Type & Evaluation Range of the resuts n + 100
: (Typa "' §.800E-01 Mormal K= 1 1.00 0.000E+00 |[ESDM 11 Na umj 12
Unit Undar Test/ NOTE! ONLY CHANGE BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
+ +
+ 4
TOTAL UNCERTAINTY Unit 4 Unit
Combined Uncertainty (Normal} I Level of Confidence 5014+ 0000 Ve infinite Checked and Approved By:
Best Measurement Capability [ExcludinglUT
Expanded Uncertainty I 9545 % K=2 10,040 + ] k= 2.00
Combined Uncertainty (Normal) Level of Conlidence 5014  + 0000 Ve infnite:
Uncertainty of Measurement
Expanded Uncertainty 9545 % K=2 10.040 + [] k= 200
C5IR-National Metrology Laboratory - de Low Frequency 0898-UBM xis 3V @ 500 kHz
Certificale No EMCIL-0858
UNCERTAINTY BUDGET MATRIX (UBI
(UBM) Procedure No NMLDCLFW-0011
L (EC, FCC, RO, UPAC, LIPAP. DN, - 550 1594
escription: Calibration of HOLT 11 SITC Modal HODRIC + | Type & Serts 0943500001033 + 0943500001037 Pange: IVE T MHE it
Adaplter 84080 Humber ML Temba
Mathematical Model: See Procedure in the Appendix Equation (2)
Asscciated | [ Floar probaviity | oo | Senitivhy | Measuremect Pt Dograss of
Symbal Sowrce of Uncastainty Uncartainty Valus U{KI) tactor U™ (ogy | Freedom Rumarks
.- unn [+ o e | MRTU e | uen [ ¥
and F Unit [+ Uit
B |Cenified Systematic Lincert. of Ref MITC 70 3000E+01 | ppm |+] Normal K = 2 200 | 1000E+00 1.500E+01 |+ 100 | infinite
Dsa  |Ageing of Rel S5000E-01 | ppen |+ Rectangular¥3 | 173 | 1.0006+00 2BBTE01 [+ 100 infinite | Compared from previcus cenificate
Da Transfes difference moasurements A000E01 | ppem |+ Fectangular¥3 | 173 | 1.000E+00 2305E01 |+] 100 infinite
Dc  |Connectoes and T-piece 0.000E+00 | ppm | +] Rectangular¥3 | 173 | 1.000E+00 0.000E+00 |+] 100 | infinite |Soo Report NML-03.0011
Do |Effect of Ambiont 0.000E+00 | ppm |+ V3| 173 | 10008400 D.O00E+00 |+ 100 | infinite |Same room temperature controlied
Drs  |Linsarity of DWM{s) G.000E+00 | ppm |+ Triangutar ¥ 245 | 1.000E+00 DO0OE+DD |+ 100 infinite |Using the sam input and range, otfenwisa check std deg
Drx  |Linearity of OVM{x) 0000E+00 | ppm |+ Rectangular ¥3 | 1.73 | 1.000E+00 D.O00ES00 |+ 100 | infinite [Using the same input and range, othwrwse chack sid o4
+f +]
4 +f
-~ Res | Reschiion of Standard / Equipment (If applicable) | | 100
and L U NOTE! ONLY CHANGE BLUE CELLS - Al OTHER CELLS (WHITE) ARE PROTECTED
i o
o 4
o .
Unit Under Test / f ) NOTE! ONLY CHANGE BLUE CELLS - All OTHER CELLS (WHITE) ARE F
o .
| Resolution of UUT Il apphcabie) + * 100
| Type "5 Evaluation Range of the results {Rectangular) 4| . 100
| Estimated Standard Deviation (Type "A”Evalstion) | 13006400 Normal K=1 | 100 0.000E+00 |[ESDM 11 No of Readings] 12
Unit Under Test | Calibration (Correlated) NOTE! ONLY CHANGE BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
o .
TOTAL TY Unit  [+|  Unit
Combined Uncertainty (Nomal) Level of Confidence 15005 + 0000 Vo infinite Checked and Appraved By:
Best Measurement Capabllity [ExcludinglUT ] =
Expanded Uncartainty 9545 % K=2 30047 & o k= 200
Combined Uncertainty (Normal) Level of Coaflidence 15005 + 0.000 v, Infinite
Uncertainty of Measurement <
Expanded Uncertainty 8545 % K=2 30047 + [] k= 200
CEIR-National Metrology Laboratory - de Lew Frequency 0888-UBM xis 3V @ 1 MHz
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