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Annex to the Accreditation Certificate  D-K-15019-01-01
in accordance with DIN EN ISO/IEC 17025:2018

Valid from: 16 March 2026
Date of issue: 16 March 2026

This annex to the certificate forms part of the accreditation certificate D-K-15019-01-00.

Holder of the accreditation certificate:

esz AG calibration & metrology
Max-Planck-StraRRe 16, 82223 Eichenau

with the following sites

esz AG calibration & metrology
Max-Planck-StraRe 16, 82223 Eichenau

esz AG calibration & metrology
Richard-Willstatter-Str. 14, 12489 Berlin

esz AG calibration & metrology DonaustraRe
68, 68199 Mannheim

esz AG calibration & metrology Nordostpark
12, 90411 Nuremberg

esz AG calibration & metrology
WebereistraRe 3, 48565 Steinfurt

esz AG calibration & metrology Lembdckgasse
49, A-1230 Vienna, AUSTRIA

The calibration laboratory meets the requirements of DIN EN ISO/IEC 17025:2018 to carry out the conformity
assessment activities listed in this annex. Where applicable, the calibration laboratory also meets additional
legal and normative requirements,
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including those in relevant sectoral programmes, provided these are expressly confirmed below.

The requirements for the management system in DIN EN ISO/IEC 17025 are written in language relevant to
calibration laboratories and are, on the whole, consistent with the principles of DIN EN ISO 9001.



Calibrations in the following areas:
Electrical quantities

Direct current and low frequency

Voltage @

Current ?

Voltage ratio ?
High-voltage measurement

parameters ?

Resistance
Charge

Phase angle
Electrical power ?
Power factor ?
Electrical energy
Inductance @
Capacitance ?

Time and frequency

a)

Time interval @

Frequency and rotational speed

Dimensional quantities:
length

Diameter ?

Thread @

Parallel end dimensions

Length measuring equipment ?
Scale marks, distances ?

Angles

a)

Inclination

also known as on-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

High-frequency and radiation quantities High-frequency
quantities

HF voltage

HF current @

HF impedance (reflection coefficient) ?
RF power ?

RF attenuation

Pulse-shaped parameters 2
Oscilloscope measurements

Rise time

Bandwidth @

Optical measurement parameters

Radiometry @
Photometry ?

For the measurement quantities/calibration objects marked with *, the calibration laboratory is permitted to
apply the standards/calibration guidelines listed here in different editions without the need for prior
notification to and approval by DAKKS.
The calibration laboratory maintains an up-to-date list of all standards/calibration guidelines within the
flexible scope of accreditation.

This certificate annex was issued by Deutsche Akkreditierungsstelle GmbH and is digitally sealed.
This applies only in conjunction with the written certificate and reflects the status as at the date of issue. The current status of valid and
monitored accreditation can be found in the database of accredited bodies maintained by the German Accreditation Body (www.dakks.de)

Abbreviations used: see last page

Page 3 of 173


http://www.dakks.de/

( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15019-01-01 Akkreditierungsstelle

Electrical quantities — direct current and low frequency Direct

and alternating voltage

Permanent Laboratory — Eichenau site
Calibrationandmeasurementcapacities(CMC)

Measurement Measurement range / Measurement Expanded R "
qugntlty/CaIlbratlon Measurement range conditions / measurgment emarks
object Method uncertainty

DC voltage oV 35nV Short-circuit bridge
oV to 200 mV 14 nV Calibration of
>200mV  to 2V 0.10 pv voltage sources
>2V to 0V 0.16 pv
omvV to <200 mV 12 nV Calibration of the
200mV to <2V 40 nv non-linearity of
voltmeters
2V  to oV 0.25 pv
>0mV to <2V 0.12 pv Calibration of the
2V to 10V 027 WV Deviation of
voltmeters
>10V to 100V 0.28 x19%(-6) x U—0.34 uV | U= measured value
>100V to 1050V 0.24 x10°C6). J + 64 pv
High voltage 1kv to 10 kv 7.9 x10%8). Uy + 17 mV
>10kv to 60 kv 46 x10%-8). J + 0.95 V
ACvoltage 2mV  to 10 mVv 10 Hz; 12.5 Hz 26 x10°. U+0.11 pv U = measured value
20 Hz; 25 Hz; 30 Hz; When calibrating
37.5 Hz; 40 Hz; 75 Hz; . measuring instruments,
80 Hz: 125 Hz: 312.5 Hz: 281" x U+23nV the influence of the load
! 375 I-llz o impedance and
repeatability must be
48 Hz; 60 Hz; 62.5 Hz 19 x10°. J +0.11 pv taken into account.
625 Hz; 937.5 Hz; 1 kHz 17 x1°°. U +0.12 pv
>10mV to 60 mV 10 Hz; 12.5 Hz 13 x10°. J +0.19 pv
20 Hz; 25 Hz; 30 Hz;
37.5 Hz; 40 Hz; 75 Hz; 8.6 x19°x U +0.16 LV
80 Hz; 125 Hz; 312.5 Hz; : oK
375 Hz
48 Hz; 60 Hz; 62.5 Hz 10 x1°°U + 0.16 pv
625 Hz; 937.5 Hz; 1 kHz 9.1x1°°U +0.16 uv
60mV to 7.2V 10 Hz; 12.5Hz 10 x20°. U + 0.14 pv
20 Hz; 25 Hz; 30 Hz;
37.5 Hz; 40 Hz; 75 Hz; 1o
80 Hz; 125 Hz; 312.5 Hz; 2.2 x U +0.16 WV
375 Hz
48 Hz; 60 Hz; 62.5 Hz 4.2 x1°. UJ+0.14 pv
625 Hz; 937.5 Hz; 1 kHz 1.4 x1°°( +0.16 pVv

Valid from: 16 March
Date of issue: 16 March20220626 Page4 from 173
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)
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Measurement Measuring range / Measurement Expanded
tity / Calibration iti Remarks
quantity Measurement range conditions / measurement
object Method uncertainty
AC voltage ranges 2mVto22V 10 Hz to 1 MHz U =measured value.
10 Hz; 20 Hz; 40 Hz; 55 Hz; When calibrating
120 Hz; 400 Hz; measuring instruments,
500 Hz; 0.29 x 10M-3) x U the influence of the
2mv 1 kHz; 10 kHz; 20 kHz; load/terminal
50 kHz; 70 kHz; 100 kHz; impedance and
200 kHz: 300 kHz repeatability must be
’ taken into account.
500 kHz 0.32 x10%=3). y
1 MHz 0.43 x10"=3)x U
6 mV 10 Hz 0.16 x 10%=3). y
20 Hz 0.14x10°3)- Intermediate values
40 Hz; 55 Hz; 120 Hz; increase the
. . . measured values
400 Hz; 500 Hz; 1 kHz; 0.13 x10°-3). {J
10 kHz; 20 kHz; 50 kHz;
70 kHz; 100 kHz; 200 kHz
300 kHz 0.15 x10%=3). y
500 kHz 0.17 x10%-3). y
1 MHz 0.22 x10%-3). y
10 mv 10 Hz 0.13x"x U
20 Hz 0.12 x10%-3). y
40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 0.10 x10°-3). {J
10 kHz; 20 kHz; 50 kHz;
70 kHz; 100 kHz; 200 kHz
300 kHz 0.12 x10%-3). y
500 kHz 0.16 x10%-3). y
1 MHz 0.21 x10%=3). y
20 mV 10 Hz 0.12 x10%-3). y
20 Hz 0.11 x1°x U
40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36 x 10°-6). (J
10 kHz; 20 kHz; 50 kHz;
70 kHz; 100 kHz; 200 kHz
300 kHz 0.11 x10%-3). y
500 kHz 0.13 x10%=3). y
1 MHz 0.17 x10%=3). y
60 mV 10 Hz 54 x10%(-6). Uy
20 Hz; 40 Hz; 55 Hz;
120 Hz; 400 Hz; 500 Hz; 32 x 10°-6). {J
1 kHz; 10 kHz; 20 kHz;
50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 46 x10%-6).
500 kHz 60 x 10°(-6) U
1 MHz 95 x 10%(-6) U
Valid from: 16 March

Date of issue: 16 March20220626
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)
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M.easurernent. Measurement range / Measurement Expanded ¢ X
qugntlty/Callbratlon Measurement range conditions / measurgment omments
object procedures uncertainty

AC voltage ranges 100 mV 10 Hz 22 x10%-6) x U U = measured value.
20 Hz; 40 Hz 20-1%-U
55 Hz; 120 Hz 17 x 107-6). When c.allb.ratlng
measuring instruments,
400 Hz; 500 Hz; 1 kHz; the influence of the
10 kHz; 20 kHz; 50 kHz; 15 x10%0)- U load/terminal
70 kHz; 100 kHz impedance and
200 kHz; 300 kHz 25 x 10’\(—6) U repeatability must be
500 kHz 34 x10°. U taken into account.
1 MHz 53 x10°(-6) v
200 mV 10 Hz 37 x10°(-6) v
20 Hz; 40 Hz 18 x10°(-6) v Intermediate values
55 Hz; 120 Hz 15 x10°(-6) Uy increase the
measured values
400 Hz; 500 Hz; 1 kHz;
10 kHz; 20 kHz; 50 kHz; 12 x1076) - y
70 kHz
100 kHz 13 x1(-%) y
200 kHz; 300 kHz 23 x10%(-6) Uy
500 kHz 33 x10%-6).
1 MHz 49 x 10%(=6) v
600 mV 10 Hz 31 x10%(-6) v
20 Hz; 40 Hz 16 x10°(-6) v
55 Hz; 120 Hz 13 x1(-%) u
400 Hz; 500 Hz; 1 kHz;
10 kHz; 20 kHz; 50 kHz; 10 x10%6)- Uy
70 kHz
100 kHz 11 x10%-6).
200 kHz; 300 kHz 21 x 10 (-%) y
500 kHz 33 x10%-6).
1 MHz 50 x 10%(-6).
1v 10 Hz 17 x0°(-6) U
20 Hz; 40 Hz 11 x10%-6). Uy
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 7 x10%-6). (J
20 kHz; 50 kHz; 70 kHz
100 kHz 9x10'-6) U
200 kHz; 300 kHz 13 x10(-6)y
500 kHz 17 x10°. Yy
1 MHz 30x0°. y

Valid from:
Date of issue: 16 March20220626

16 March
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Calibration and measurement capabilities (CMC)
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Measurement Measurement range / Measurement Expanded
quantity / Calibration diti measurement Remarks
€ Measurement span conditions / -
object Method uncertainty
AC voltage ranges 2V 10 Hz 38 x 10%-6) x U U = measured value.
20 Hz; 40 Hz 12" U
When calibrating
35 Hz; 120 Hz; 400 Hz; measuring instruments
. . . 10 /26 ”
Soi HZ.’ L kll<-lz, .10 kkHZ’ 7O U the influence of the
20 kHz; 50 kHz; 70 kHz load/terminal
100 kHz 9 x10°(-6) U impedance and
200 kHz; 300 kHz 11 x1°'(-8) y repeatability must be
500 kHz 16 x10°(-6) U taken into account.
1 MHz 29 x 10°(-6) Uy
4V;6V 10 Hz 32 x1°(%) v Intermediate values
20 Hz; 40 Hz 13.10°. y increase the
55 Hz; 120 Hz; 400 Hz; measured values
500 Hz; 1 kHz; 10 kHz; .
9 x 10°. U
20 kHz; 50 kHz; 70 kHz;
100 kHz
200 kHz; 300 kHz 21 x 0% (-6)y
500 kHz 32x'(%) U
1 MHz 35 x10%(-6) y
8V;10V 10 Hz 19 x 10°(-6) v/
20 Hz 13 x10%6)- Yy
40 Hz 10 x10°. Uy
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; gx10°.
20 kHz; 50 kHz; 70 kHz;
100 kHz
200 kHz; 300 kHz 15 x10°(-6) U
500 kHz 30x'(%) U
1 MHz 47 x10°(-6) v
20V 10 Hz 29 x 10°(-6) i/
20 Hz 14 x10%-6). y
40 Hz 11 %18 U

55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz;
20 kHz; 50 kHz; 70 kHz

9.10°. (y

100 kHz 10 x 20%(-6) U
200 kHz; 300 kHz 16 x 1°°(6) U
500 kHz 32 x10°(6) U
1 MHz 49 x10°(6) v

12Vv;15V; 19V

1 kHz; 10 kHz; 100 kHz

10 x 10°(-6) v/

Valid from:

16 March
Date of issue: 16 March20220626

Page7 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Measurement
variable / Calibration
object

Measurement range /
Measurement span

Measurement
conditions /
Method
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Comments

AC voltage ranges

>22Vto70V

60V

10 Hz to 300 kHz

U =measured value.

When calibrating

measuring instruments,
the influence of the

load/terminal

10 Hz 23 x10%6)x U
20 Hz; 40 Hz 15-°.y
55 Hz; 120 Hz 13-y
400 Hz; 500 Hz; 1 kHz; 9 x107(-6)

10 kHz; 20 kHz; 50 kHz

impedance and
repeatability must be

70 kHz

10 x 10"(76) Vv

taken into account.

100 kHz

14 x 10’\(76) U

200 kHz; 300 kHz

22 x 10%(-6) v/

>70Vto 110V
100V

10 Hz to 200 kHz

Intermediate values
increase the

measured values

10 Hz; 20 Hz 19 x 10%-6).
40 Hz 15 .10°. y
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 13 -10-6. ¢y

20 kHz; 50 kHz

70 kHz 20 x5 U
100 kHz 32 x10%(-8) y
200 kHz 37 x10°(-6) v

>110Vto 700V

10 Hz to 100 kHz

200V 10 Hz 27 x10°(8) v
20 Hz 21x1°(°) U
40 Hz 16-1°- U
55 Hz; 120 Hz 15-1°. y
400 Hz; 500 Hz; 1 kHz; 13 x10°(6) U
10 kHz; 20 kHz; 50 kHz 17 x1°(%) U
70 kHz 20 x 1) U
100 kHz 31x10%6) v
600 V 40 Hz 17 x1(6) v
55 Hz; 120 Hz; 400 Hz; 14 x 107-6) .
500 Hz
1 kHz; 10 kHz; 20 kHz; 16 -10%.
50 kHz
70 kHz 25 x 10°-6).
100 kHz 37 x10°(6) v
> 700V to 1000 V 10 Hz to 100 kHz
1000 V 40 Hz 16 x 10°(-6) v/

55 Hz; 120 Hz; 400 Hz;

500 Hz; 1 kHz; 10 kHz; 14 x10%-6).
20 kHz
50 kHz 25 x 10%-6).
70 kHz 32-10°.y
100 kHz 42 x10°. y

Valid from:

16 March
Date of issue: 16 March20220626
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Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded
uantity / Calibration iti Remarks
quantity Measurement span conditions / measurement
object Method uncertainty
High-voltage sources 1kv to  10kv 10 Hz to 20 kHz 50 x 106 y + 2V U =measured value
>20kHz upto 50kHz 0.34x10'3). y+ 16V
>50kHz to 100 kHz 1.6x17-U+09V
>10kV  to 40 kV 10Hz to 20 kHz 0.10x9B)Ix U+3.7V
>20kHz to 50 kHz 0.43 x10°3). Uy +2.1V
>50kHz to  100kHz | 1.7xY"3)-U+0.7V
Measuring instruments 1kv to 10 kv ASHZ to 65 Hz 50-106.y+2V
10kv to 30 kv 0.10 x10"3) . Uy +3.7V
Square-wave voltage 5mV o 220 mV 10 x1"9- U+0.36 W | sampling method at
+6.4 x10NV/Hz - f 10 MQ load Range
9.3 x10%6. (y+0.35uv | Specificationin
>220mV  to 22V +7.0 x10SIV/Hz - f voltage peak-to-peak
9.3 x10-6). J + 0.58 puV U = peak voltage
>22V to 22V +14 x99 V/Hz - f f= frequ.evncy .
212V 1o 520V 1 Hz to 10 kHz 12 x 1061 4 35 W The adt.iltlonal influence
+75 x10CV/Hz - f of varying load
conditions (such as
e.g. 50 Qor1 MQ
must be taken into
account)
AC voltage amplitude 5mV to 5V DCto 10 MHz 25x10%3). y+0.2 uv | Oscilloscope as standard
parameters > 10 MHz to 100 MHz 37x(3)V+0.5uV | U=measured value
> 100 MHz to 300 MHz 44 x10°(3) V+ 0.4 wv
>300 MHz to 1 GHz 70x1°(3) V
>5V to 50V DC to 2 kHz 12 x 0 (3) V+ 0.7 uv
> 2 kHz to 10 MHz 25 x10°3). (J + 0.7 pVv
Valid from: 16 March

Date of issue: 16 March20220626
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Direct and alternating current

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Measurement Measurement range Measurement Expanded
parameter / Calibration / conditions / measurement Remarks
object Method uncertainty

/=measured value

AC current measuring instruments
f=frequency

100pA  to 2A 10 Hz to 1 kHz 2.2nAto 61 pA Intermediate values
10 Hz; 12.5 Hz; 20 Hz 62 x 107(-6) x | and deviating
25 Hz; 30 Hz; 37.5 Hz; Test conditions
48 e 60 He: i th
100 pA; 200 pA; 40 Hz; 48 Hz; 60 Hz; Ir:Ce;es?JSrzd e
500 pA 62.5 Hz; 75 Hz; 80 Hz; 22 x 10M-6) % | Valuos

125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz

10 Hz; 12.5 Hz 25 x 10%-6). |
20 Hz 22 x107(-6). |
25 Hz; 30 Hz; 37.5 Hz;
1mA 40 Hz; 48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 18 -10°.

125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz

10 Hz; 12.5 Hz 23 x10°.
20 Hz 20 x 10%(-6). |
25 Hz; 30 Hz; 37.5 Hz;
2 mA 40 Hz; 48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 15 x 10%(-6).

125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz

10 Hz; 12.5 Hz 22-10°.
20 Hz 20-10°.
25 Hz; 30 Hz; 37.5 Hz;
5 mA; 10 mA; 20 mA 40 Hz; 48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 14 x 10%(-6). |

125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz

10 Hz; 12.5 Hz 23 x 10%(-6) x [
20 Hz; 25 Hz; 30 Hz; 21 x104-6). |
37.5Hz; 40 Hz
50 mA 48 Hz; 60 Hz; 62.5 Hz 16 x10°x |

75 Hz; 80 Hz; 125 Hz;
312.5 Hz; 375 Hz; 625 Hz; 15 x 10%(-6). |
937.5 Hz; 1 kHz

Valid from: 16 March
Date of issue: 16 March20220626 Pagel0 from 173
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Measurement
quantity / Calibration
object

Measurement range

/

Measurement span

Measurement
conditions /
Method
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Expanded
measurement
uncertainty

Remarks

AC current measuring instruments

100 mA; 200 mA

10 Hz; 12.5 Hz

25 x 10%(-6) x |

20 Hz; 25 Hz; 30 Hz;
37.5Hz; 40 Hz

21 x10%(-6) x |

48 Hz; 60 Hz; 62.5 Hz; 75 Hz;
80 Hz; 125 Hz;

16107
312.5 Hz; 375 Hz; 625 Hz;
937.5 Hz; 1 kHz
10 Hz; 12.5 Hz 30-10°.
20 Hz 28 -10°. |
25 Hz; 30 Hz; 37.5 Hz;
500 mA; 1A 40 Hz; 75 Hz; 80 Hz; 23 x 106). |
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
48 Hz; 60 Hz; 62.5 Hz 24 x10(-6). |
10 Hz; 12.5 Hz; 20 Hz 50 - 10%-6). |
25 Hz; 30 Hz; 37.5 Hz;
’A 40 Hz; 48 Hz; 60 Hz;

62.5 Hz; 75 Hz; 80 Hz;
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz

45 x 107(-6) x |

AC current

I=measured value
f=frequency

Intermediate values
and deviating
measurement
conditions increase
the measured values

100pA  to  100A 10 Hz to 10 kHz 4.4nAto 6.5 mA
10 Hz; 20 Hz 76 x 10%-6) x |
100 pA 40 Hz; 55 Hz; 120 Hz; 400 Hz; 44 x 10%-6). |
500 Hz; 1 kHz
10 kHz 47 x10%(-8) . |
10 Hz; 20 Hz 68 -10°. |
40 Hz 39 x 10%-6)x |
200 pA 55 Hz; 120 Hz; 400 Hz; 500 36 x10%-6). |
Hz; 1 kHz
10 kHz 39 x10%-6). |
10 Hz; 20 Hz 64 x 10%-6). |
0.5 mA 40 Hz; 55 Hz; 120 Hz 28 x 10%-6). |
400 Hz; 500 Hz; 1 kHz 27 x 10%-6). |
10 kHz 32-10°.
10 Hz 33 x10%-6). |
20 Hz 30 x10%-6). |
1 mA 40 Hz; 55 Hz 26 x10%-6). |
120 Hz; 400 Hz; 500 Hz; 25 x 10%-6). |
1 kHz
10 kHz 27 x10%-6). |
Valid from: 16 March

Date of issue: 16 March20220626
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Measurement Measurement range Measurement Expanded K
variable / Calibration / conditions / measurement Remarks
object i

) Measurement span Method uncertainty
AC current 10 Hz 32 x10%-6)x | I=measured value
20 Hz 29 x 10%-6). | f=frequency
2 mA 40 Hz; 55 Hz; 120 Hz; .
400 Hz; 500 Hz; 1 kHz; 24100 | Intermediate values
10 kH and deviating
z measurement
10 Hz 32 x10%(-6). | conditions increase
20 Hz; 40 Hz 29 x 10%(-6) . | the measured values
5 mA 55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 24 x10°08)- |
10 kHz
10 Hz 26 x10%-6). |
20 Hz 24 x10M(-6). |
10 mA 40 Hz; 55 Hz; 120 Hz;
19 x 10%(=6). |
400 Hz; 500 Hz; 1 kHz
10 kHz 22 -10°.
10 Hz 25 x 10%(-6). |
20 Hz 23 x 10%(-6). |
20 mA 40 Hz; 55 Hz; 120 Hz;
17 x 10°(-6). |
400 Hz; 500 Hz; 1 kHz
10 kHz 19 x 10%(=6).. |
10 Hz 25 x 10%(-6). |
20 Hz; 40 Hz 23 x 10%(-6). |
50 mA 55 Hz; 120 Hz; 17.10%.
400 Hz; 500 Hz; 1 kHz
10 kHz 19 x 10%(=6).. |
10 Hz 26 x 10%-6). |
20 Hz; 40 Hz 24 x10%(-6). |
100 mA 55 HZ,‘ 120 HZ; 18 x 10°(-6) . |
400 Hz; 500 Hz
1 kHz; 10 kHz 20 x 10%(-6).
10 Hz 27 x10%-6). |
20 Hz; 40 Hz 24 x 10M-6). |
200 mA
55 Hz; 120 Hz; 18 x10x |
400 Hz; 500 Hz; 1 kHz
10 kHz 20 x 10-6). |
10 Hz 36 x10%(-6). |
34 x10%-6). |
500 mA 20 He X
40 Hz; 55 Hz; 120 Hz; 31 x 10°-6). |
400 Hz; 500 Hz; 1 kHz; 10 kHz
Valid from: 16 March
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)
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Measurement Measurement range Measurement Expanded
variable / Calibration " Remarks
/ conditions / measurement
object :
: Measurement span Method uncertainty
107(-6, =
Alternating current 10 Hz 32 x 06l | I=measured value
20 Hz 29 x 10%-6). | f=frequency
1A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25 .10-6. Intermediate values
10 kHz and varying
_ measurement
10 Hz; 20 Hz 40-1"-1 conditions increase
2A 40 Hz; 55 Hz; 120 Hz; the measured values
400 Hz; 500 Hz; 1 kHz; 34 x 107(6).- |
10 kHz
10 Hz 39 x 10%(-6).
20 Hz 37 x 107(-6) . |
SA;10A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 32 x10%-6). |
10 kHz
10 Hz; 20 Hz 57.10°.
20A 40 Hz; 55 Hz; 120 Hz; A
400 Hz; 500 Hz; 1 kHz; 53 x10%(-6).
10 kHz
10 Hz; 20 Hz 64 x 10%(-6). |
50A 40 Hz; 55 Hz; 120 Hz; 59 X 10%-6). |
x 107(=6) .
400 Hz; 500 Hz
1 kHz; 10 kHz 68 x 10%(-6). |
10 Hz; 20 Hz 75 x 107(-6) . |
100 A 40 Hz; 55 Hz; 120 Hz; 65 . 10°-6). |
400 Hz; 500 Hz
1 kHz; 10 kHz 75 x10%-6). |

100A to 200A

12 mA to 24 mA

10 Hz to 10 kHz

0.13 x 10%-3) x |

Valid from:

16 March
Date of issue: 16 March20220626
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Calibrationandmeasurementcapacities(CMC)

Measurement Measurement range Measurement Expanded Comments
quantity / Calibration / conditions / measurement
object i
] Measurement span Method uncertainty
AC current sources 200A to 300 A 10 Hz to 1 kHz 0.30 x 10/\(’3) x [—0.53 mA I=measured value
f=frequency
10 Hz to 65 Hz 0.48 x19"3) x | + 11 mA
65 Hz to 100 Hz 0.49 x10"3) x | + 11 mA
300A to 495A
100 Hz to 400 Hz 0.74 x 10" x | + 7.7 mA
400 Hz to 1 kHz 1.5x1x/+4.0 mA
AC current Clamp meters and win IS th? relatfivi
current transformers uncertal.nty o t. e
- current in the single
1to N windings 10 Hz TR winding. wouris the
to 1 kHz A ouT relative uncertainty of
10pA to  2400A the device under test in
> 1 kHz to 10 kHz/N bu}OT?E less than 90 x the stray field of the
()= I or 8 nA current-carrying
Equivalent leakage current /
The total uncertainty U
depends on the relative
10 -196. [ to uncertainty U(rn)/rn Of
0.2pA  to 200 mA atrvup to 1 GQ 58 x10°. the calibration resistor rn-
See Matrix M.1
Matrix M.1 ‘Equivalent leakage current’
Reference resistor rn 10 10Q 100 Q 1Q 100 100 Q 10
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 pA 600 nA 60 nA
10V 110 mA 11 mA 1.1mA 110 pA 11pA 1.1pA 110 nA
10 19 70 0.6 5.8
230V 230 mA 23 mA 2.3mA 230 pA 23 pA 2.3 pA 230 nA
400V 400 mA 40 mA 4mA 400 pA 40 pA 4.0 A 400 nA
Valid from: 16 March

Date of issue: 16 March20220626
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Measurement Measurement range / | Measurement Expanded R "
qu?)ntity/ Calibration Measurement span conditions / measurgment emarks
object Methad uncertainty

Direct current OpA to 10nA 0.85fAto 51 fA I=measured value
Sources, measuring OpA 12 fA ;
: g 1 pA 0.85 x 10%-3) x | Intermediate values
instruments 10 pA 0.53 x 10°-3) x | increase the measured
100 pA 75 x 107-6)x | values
1nA 10 x 10%(-6).
10 nA 5.1 x 10%(-=6). |
>10nA to 100nA 4.1 x10°6). 1 + 10 fA | = measured value
>100nA to <1pA 1.4 x10°-6) x | + 0.21 pA
1puA to 10pA 1.4 x19°-6) x | + 0.19 pA
>10pA to 100 pA 1.4 x 100 x | + 1.8 pA
>100pA  to 500 pA 1.1 x0%8 x [ + 72 pA
20uA  to 200 pA 1.4 x 109 x | + 14 pA
200pA to 2mA 0.54 x10"-6)x | + 0.23 nA
2mA to 10mA 1.1 x108)x | + 2.4 nA
10mA to 50mA 0.90 x1°%(-6) x | + 25 nA
50mA to 200mA 0.33 x10"-61x | + 0.26 pA
200mA to 1A 12 x 10%(-6).
1A to 10A 16 -106.
10A to 100A 28 -10-6.
100A to 300A 37106
Direct current -
300A to 700A 27 -1°°. 1+ 2.3 mA
Sources
DC current 20pA to 2mA 0.48 x 10°6). | + 19 pA
2mA to 20mA 1.1 x10%6). / +1.0 nA
Measuring instruments 20mA to 200 mA 0.26 x10°C6). [ + 24 nA

200mA to 2A

12 x 10%(-6). |

Direct current

Current clamps and

win is the relative
uncertainty of the
current in the single

current transformer winding. wour is the
2 2. .
\/“ +w ! relative uncertainty of
OA to 3000A 1to N windings but ot less th the measurement
utnot fess than objectin the stray field
8-106./0r 6 nA of the current-carrying
Valid from: 16 March
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Measurement
quantity / Calibration
object

Measurement
range / span

Measurement
conditions /
Method

( DAKKS

Deutsche
Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

Charge Q

20pC to 200pC
>200pC to2nC

>2nC -11C

0.50 x 10*(3)x Q + 0.025 pC
0.33 x 1931, Q + 0.05 pC

60 x10"-3).Q + 0.5 pC

rectangular current pulses
>1s, duration t and rise
times

<10 ps as the product
Q=1-t; total

uncertainty calculated
from the relative
uncertainty W(lin) of

the calibration current

AC voltage harmonic
overtones

RMS value of the

fundamental
wave v1 = RMS value of the
45 Hz <1< 65 H 20 10° fundamental wave
Sources: and zsns z ' Tut un = RMS value of the
Measuring 100 mV to 500V 1mV<ua<200V to nth harmonic
Instruments . 1= frequency of the
1%<(um/u1)<40% 39x10" - u fundamental wave
100 mV 2<n<100 26x10° - n = frequency of the
200 mV n< 6 kHz 25%10° - s harmonic
n=t/fn,n>1The
12v 20x 10" - u1 number of
8V 25-10° - u1 harmonics is limited
to one harmonic.
16V 30-10° - »
30V 20-10° - u1
60V 20-10° - u1
120V 30-10° - »
240V 39-10° -
460V 39x10° -y
RMS value of the harmonic v1= RMS value of the
fundamental wave
un= RMS value of the
1mV to 200V 45Hz<n<65Hz 0.13x10” - un harmonic
100 mV < y1£500 V upto 1= frequency of the
1%<(un/u1) <40 % 1.1x107 - un fundamental wave
2<n<100 n = frequency of the
n< 6 kHz see Matrix M.15 harmonic
n=e/nn>1
The number of
harmonics is limited to
one harmonic
Valid from: 16 March
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Permanent Laboratory
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
Span
Alternating current RMS value of the
. fundamental 1= RMS value of the
Harmonic overtones wave fundamental wave
Sourcesand 100mA  to 60 A 45Hz << 65 Hz 32-10° in=RMS value of the
measuring harmonic
instruments 2<n<100 upto a=frequency of the
<113 A 71x10° fundamental wave
100 mA 1mMA<Ih<4.8A 32.10° r:n=free|'mency of the
n< 6 kHz armonic
200 1% < (/) 30 % . n=m/u,n>1The
mA o= nfn= ? 47x10° n number of
Harmonics are limited to a
400 mA 47 x10° harmonic. s = peak value
of the current signal
800 mA 47 x10° i For measuring
instruments with a
o connected (clamp-on)
16A 45x10° ¢ current transformer, the
measurement uncertainty
4 A 57x10° 1 may increase. The
measurement range
. extends to 1< 600 A.
5A 57x10° p
Current transformers
are calibrated in
16 A 55-10° conjunction with the
display unit for the
30A 160 MA<h<18A 71x10° secondary signal.
<3 kHz
60 A 1%<(n/1)<30% 71x10° g
Valid from: 16 March
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Measurement
quantity / Calibration
object

Calibration and measurement capabilities (CMC)

Measurement
range /
Measurement
span

Measurement
conditions /
Method

Expanded
measurement
uncertainty

Comments

Alternating current
Harmonic overtones

RMS value of the harmonic

45Hz <n<65Hz
2<n<100
s<113 A

Sources and
measuring
instruments

1mA to 48A

100 mA<i1£16A
fnSGkHZ
1%<in/1<30%

0.22x10" -1
to
0.46x 10" -1

see Matrix M.16

160mA to 18A

16A<iu<60A
< 3 kHz
1%<(n/1)<30%

0.22x10° -1
up to
0.46x 10" -1

see Matrix M.16

11=RMS value of the
fundamental
in=RMS value of the
harmonic

11 =frequency of the
fundamental wave
fn = frequency of
the harmonic
n=mw/nn>1

The number of
harmonics is limited

to one harmonic.

1s = peak value of the
current signal

For measuring
instruments with a
connected (clamp-on)
current transformer,
the measurement
uncertainty may
increase. The
measurement range
extends to n< 200 A.
Current transformers are
calibrated in conjunction
with the display unit for
the secondary signal.

Valid from:
Date of issue: 16 March20220626
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Matrix M.15 — Relative measurement uncertainty of the root mean square valueU, of the harmonic at the

frequencyf1 =50 Hz in mV/V

u/V uwn/V 2 3 4 5 10 20 30 40 50 60 70 80 90 100
0.10 0.001 11 11 057 | 057 | 050 | 049 | 049 | 049 | 048 | 048 | 048 | 048 | 048 | 048
0.10 0.01 017 | 017 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 0.14
0.20 0025 | 017 | 014 | 014 | 013 | 013 | 043 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
1.2 0.15 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
8.0 1.0 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
16 45 014 | 014 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
30 9.0 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
60 18 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 043 | 013 | 013 | 013
120 36 014 | 014 | 014 | 014 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
240 72 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
460 130 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
Matrix M.16 — Relative measurement uncertainty of the root-mean-square valuel, of the harmonic at the
frequencyf1 =50 Hz in mA/A
/A n/ A 2 3 4 5 10 20 30 40 50 60 70 80 90 100
0.1 0.01 024 | 024 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.2 0025 | 024 | 024 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.4 0.05 024 | 024 | 023 | 023 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.8 0.1 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
1.6 0016 | 046 | 046 | 046 | 046 | 032 | 028 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 022
1.6 0.2 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
4 0.5 025 | 025 | 023 | 023 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
1 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
16 2 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
30 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 - - - -
60 15 023 | 023 | 023 | 023 | 023 | 023 | 024 | 024 | 024 | 024 - - - -
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Flicker modulation depth 0.407% to 4.837% 1 min” < CPM < 4800 min” AU/U =
U=120V;U=230V Modulation depth
Sources U=RMS value of the

modulated AC signal

Square-wave modulation
f=1frequency of the

Lmini< CPM <39 mint 1.0x1"% modulated AC signal
f=50Hz; f=60Hz CPM = changes per
CPM =110 ™" 3.7 x10°9% minute
_ L The combinations
f=50Hz f=60Hz defined in DIN EN
CPM = 1620 ™" 12 x 1079 61000-4-15:2011,
f=50Hz; f= 60 Hz Table 5,
i — AU/U and CPM
CPM = 4000 ™", 12-107%
CPM = 4800 ™™
f=51Hz; f=61Hz
Flicker modulation depth 0.407% to 4.837% 1 min™ < CPM < 4800 min™ AUJU =
U=120V; U=230V Modulation depth
Measuring instruments U =RMS value of the

Square-wave modulation modulated AC signal

f=frequency of the

1min< CPM < 39 min” 1.0 %1% modulated AC signal
f=50Hz; f=60 Hz CPM = changes per
CPM = 110 min” 3.7 x10° 9 minute
- 50 Hz: F= 60 The combinations
f=50Hz; f=60Hz defined in DIN EN
CPM = 1620 min” 12 x107°9% 61000-4-15:2011,
£=50Hz; f= 60 Hz Tables,
— — AU/U and CPM.
CPM = 4000 ™™, 28 x107%
CPM = 4800 min”

f=50Hz; f=60 Hz

Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement methods uncertainty
span

Flicker 83mHz to 40Hz 0.407% < (AU/U) < 4.837% 1.0x10° * friicker AUMU =

frequency 1 min” < CPM < 4800 min” Modulation depth
Sources and U=120V; U=230V U = RMS value of the
measuring f=50Hz; f=60 Hz square-wave modulated AC signal
instruments f=frequency of the

modulation modulated AC signal

CPM =changes per
minute

fFlicker = CPM / 120

The combinations of
AU/U and CPM defined
in DIN EN 61000-4-
15:2011,

Table 5.

Value for AU/U expressed
in AU/U of rectangular

pstvalue only pst=1 2.5 x10%(3) flicker
ACvoltage - Values expressed as
0% to 30% 45 Hz to 5 kHz 0.510%x k +0.012%
Distortion factor k % distortion
> 5 kHz to 30 kHz 0.8 x1"¥Ix k +0.012 %
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
DC resistance 00 2-wire short-circuit 0.5 mQ R =measured value
Sources, measuring 4-wire short circuit 0.35 uQ
g Calibration of measuring
. 10 t <1GQ /=100 A 1.6nQto490Q
instruments HQ  to ~ n 10A(1)-3 instruments to the nominal
10uQ I=50A 0.16 x ) xR values of the standards
100 pQ I=10A 34 x10"-6). R
1mQ 23 x10%-6). R
10 mQ 20 x10-6)- R Intermediate values
100 mQ 5.6 x1%'(-6) Q and varying
10; 0.32 x10%-6). R measurement
10Q; 1000Q; 1.0x1"(-6) x R conditions increase
1kQ; 0.59 x 10%-6). R the measurement
10 kQ 0.56 x 10%-6). R uncertainty
100 kQ; 1 MQ; 1.4 x 10M-6). R
10 MQ; 4.1x10%6). R
100 MQ 4.9 x 10%(-6). R
1GQ to 1TQ ) 67 kQto 72 MQ
1G0; 10 GO; 100 GO Measuring voltage 100 V; 67 x 10°-6)x R
1TQ 1000V 72 x 107, R
>1TQ to 120TQ 0.13 GQ to 23 GQ
10 TQ; Measuring voltage 1000 V 0.13 x10%-3). R
100 TQ 0.23 x10%-3). R
100mQ to 2Q 0.39 x10"-6). R +0.25 uQ | R =measured value
20 to 10Q 0.43 x10"6x R + 1.0 uQ
10Q to 100Q 1.2 x10°-8). R - 0.50 puQ
100Q to 500Q 0.52 x10%(-6) x R — 2.5 uQ
3pA</<50 mA
500Q to 10kQ 0.47 x (%) x R + 20 uQ
10kQ to 100 kQ 0.73 x19(-6) - R—0.13 mQ
100kQ to 1.9MQ 0.83 x10"6). R + 90 puQ
Valid from: 16 March
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variable / Calibration
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Measurement
range /
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measurement capabilities (CMC)

Measurement
conditions /

Expanded
measurement

Deutsche
Akkreditierungsstelle

Comments

AC resistance (magnitude of

impedance)

10 to 10kQ

10 pA< /<50 mA
10 Hz up to 1 kHz

20uQt00.77Q

R =measured value
I = current

10 Hz; 12.5 Hz

30 x 10%(-6)x R

20 Hz; 25 Hz; 30 Hz;
37.5Hz; 40 Hz

24 X 10"(—6) X R

Intermediate values

10

48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz;
125 Hz;
312.5Hz; 375 Hz;
625 Hz; 937.5 Hz;
1 kHz

21 x10%-6)x R

and varying
measurement
conditions increase
the measurement
uncertainty

10 Hz; 12.5 Hz

26 x 10%(-6). R

20 Hz; 25 Hz; 30 Hz;
37.5Hz; 40 Hz

21 x10%-6). R

20

48 Hz; 60 Hz;
62.5 Hz; 75 Hz;
80 Hz; 125 Hz;
312.5Hz; 375 Hz;
625 Hz; 937.5 Hz;
1 kHz

16 x10°x R

10 Hz; 12.5Hz

25 x 10°-6). R

20 Hz

20 x 10%(-6). R

50

25 Hz; 30 Hz;
37.5 Hz; 40 Hz;
48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz;
125 Hz; 312.5 Hz;
375 Hz; 625 Hz;
937.5 Hz; 1 kHz

15 x 10°-6) x R

10 Hz; 12.5 Hz

24 x1°x R

20 Hz

19 x10°-6). R

100

25 Hz; 30 Hz; 37.5 Hz; 40
Hz; 48 Hz; 60 Hz; 62.5 Hz;
75 Hz; 80 Hz; 125 Hz;
312.5 Hz;

375 Hz; 625 Hz;
937.5 Hz; 1 kHz

14 -106. R

Valid from:

16 March
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
AC resistance (magnitude of 10 Hz; 12.5 Hz 59 x 10"-6Ix R R =measured value
impedance) 20 Hz 19 x10°6)x R I = current
20 Hz; 25 Hz; 30 Hz; f=frequency
200;50Q; 37.5 Hz; 40 Hz; 48 Hz;
100Q 60 Hz; 62.5 Hz; 75 Hz; 14-07-R Intermediate values
80 Hz; 125 Hz; and deviating
312.5Hz; 375 Hz measurement
625 Hz; 937.5 Hz; 1 kHz 12 x10%(-6). R conditions increase
10 Hz; 12.5 Hz; 20 Hz 59 x 19(-6) 0 the measurement
20 Hz; 25 Hz; 30 Hz; uncertainty
37.5 Hz; 40 Hz; 48 Hz;
1kQ 60 Hz; 62.5 Hz; 75 Hz; 56 x 10°-6)x R
80 Hz; 125 Hz;
312.5Hz; 375 Hz; 625 Hz;
937.5 Hz; 1 kHz
10 Hz; 12.5 Hz; 20 Hz 81 x 10%(-6). R
25 Hz; 30 Hz; 37.5 Hz;
10KkQ 40 Hz; 48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 78 x 10M-6) x R
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
100uQ to 100Q 100 pA</<100A 13 nQto 1.7 mQ
10Hz to 10kHz
10 Hz; 20 Hz 0.17 x10"=3)x R
100 40 40 Hz; 55 Hz; 120 Hz; 0.14 x 10°-3). R
400 Hz; 500 Hz
1 kHz; 10 kHz 0.15x10%-3). R
10 Hz 65 x 10°(-6). R
20 Hz 63 x10"(-6). R
1ma 40 Hz; 55 Hz; 120 Hz; 58 x 10°-6). R
400 Hz; 500 Hz
1 kHz 61x10°. R
10 kHz 64 x 10%-6). R
10 Hz 46 x10"-6).
20 Hz 43 x10%(-6). R
10mQ 40 Hz; 55 Hz; 120 Hz; 37 x10°-6). R
400 Hz; 500 Hz
1 kHz; 10 kHz 35 x10%(-6). R
10 Hz 45 x10%(=6) 0
20 Hz 42 x10%(-6). R
20 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36-1°°-R
10 kHz
Valid from: 16 March
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
AC resistance (magnitude of 10 Hz 45 x10%-6)x R R =measured value
impedance) 20 Hz 42 x0°. R I = current
50 mQ 40 Hz; 55 Hz; 120 Hz; f=frequency
400 Hz; 500 Hz; 1 kHz; 36 x 10°(-6). R
10 kHz Intermediate values
10 Hz 39 x10%-6). R and varying
20 Hz 35 x 10°(-6). R measurement
conditions increase
100 mQ; 200 mQ 40 Hz; 55 Hz; 120 Hz; h
' ) ' 30 x10°-6). R the measurement
400 Hz; 500 Hz; 1 kHz; uncertainty
10 kHz
10 Hz 36 x 10°(-6). R
050 20 Hz; 40 Hz 31.10°. R
55 Hz; 120 Hz; 400 Hz; 26 x 108-6). R
500 Hz; 1 kHz; 10 kHz
10 Hz 34 x 107(-6). R
20 Hz 30 x 107(-6). R
1Q 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25 x 10%(-6). R
10 kHz
10 Hz 31 x 10(-6). R
20 Hz; 40 Hz 26-10°. R
20;5Q0 . . .
55 Hz; 120 Hz; 400 Hz; 20 x19°(=6) Q
500 Hz; 1 kHz
10 kHz 23 x 10M-6). ()
10 Hz 30 x 10°(-6)
20 Hz; 40 Hz 26 x 108(-6). R
10Q 55 Hz; 120 Hz; 400 Hz; 21 x 10°-6). R
500 Hz; 1 kHz
10 kHz 23 x 10M-6). ()
10 Hz 29 x 10°(-6) 0
20 Hz; 40 Hz 25 x10°. R
200 . . .
55 Hz; 120 Hz; 400 Hz; 19 x10%-6). R
500 Hz; 1 kHz
10 kHz 22 x10°(-6) 0
10 Hz 29 x 10°(-6) 0
20 Hz 25 x 107(-6). R
40 Hz 20 x 107-6). R
500 55 Hz; 120 Hz; 400 Hz; 19 % 10°-6). R
500 Hz
1 kHz 21 x10%-6). R
10 kHz 25-106. R
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
AC resistance (magnitude of 10 Hz 29 x 10%(-6) x R
impedance) 20 Hz 25 x 108(-6). R
40 Hz; 55 Hz 19 x 108(-6). R
1000 120 Hz; 400 Hz 18.19°. R
500 Hz 20 x10°. R
1 kHz 31 x10°(-6) Q
10 kHz 75 x 10°(-6). R
uiis the relative uncertainty
of the calibration current
vu is the relative
100pQ to 10kQ 10 Hz to 10 kHz JUT+UT R uncertainty of the
measured voltage
across the resistor R
0Qto 10kQ 2.5%x13xR+3.1mQ | g=measured value Direct
>10kQto 110 MQ 20 Hz to 50 Hz 2.3 x10°xR2/Q + measurement method
2.5x10° xR
0Qto 20kQ 1.0x97. R+2.6 mQ
>20kQto 110 MQ > 50 Hz to 100 Hz 2.3x10°. R/ +
1.3 x1° xR
0Qto 50kQ 0.5x1”°xR+1.3mQ
>50kQto 110 MQ > 100 Hz to 1 kHz 1.1 x20°. R2/Q +
1.2 x10°. R
0Qto <500 1.1x97. R+1.2mQ
50Qto 20kQ 0.5x10°. R
> 1 kHz to 30 kHz -
>20kQto 110 MQ 1.1x197°.R?/Q +
0.79 x10°. R
0Qto 20Q 1.1x97. R+1.2mQ
>20Qto 20kQ 0.5 x10%3) x R
> 30 kHz to 100 kHz -
>20kQto 110 MQ 1.3 x7.R2/Q +
1.0x10°. R
0Qto 100Q 1.1x97. R+2.2m0
>100Qto 2kQ 0.5x10°. R
> 100 kHz to 300 kHz -
>2kQto 110 MQ 4.5 x10°.R?2/Q) +
09 x10°.R
0Qto 500 1.3x1%3)xR+3.2mQ
>50Qto 2kQ 0.7 x10%(-3). R
> 300 kHz to 1 MHz —
>2kQto 22MQ 15 x10°. R2/Q) +
1.1 x10°. R
Valid from: 16 March
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Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
object Measurement procedures uncertainty
span
DC power 0 mV to 1100V ﬁi + WZ P P =measured value
OW to 110kw orr:lA::) 100 A but not less than 44 x
107 (-6) x P + 5 fwW
Power factor sources, PF = cos(Ag) =
measuring instruments 10Hz<f <10kHz? 6 510" power factor Ap
1mvsU<1kv? ‘tO =@Qu -1 =
1mA<I<100A 2.1x10° phase angle
U = RMS value of the
ACvoltage
I = RMS value of the
alternating current
Oto 1
For a measuring The measurement
instrument with a 7.810° uncertainties apply to
current clamp/current t0 1.510° sinusoidal signals.

transformer, the range is
extended

10 Hz £f <100 Hz

the upper current limit
extends to 1 kA.

See also matrices
M.21 to M.25

Valid from:
Date of issue: 16 March20220626
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measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
AC active power P(U; I,PF)
Sources, measuring 10Hz <f <10kHz" 7.5 pW =U-1-PF =
instruments ImvVsU<1kv? AC active power
OWto 100kW 1mA <l <100 A upto PF = cos(Ap) =
o 210w = cosne) =
0<PF<1 power factor Ag
=@u -1 =
phase angle
U = RMS value of the
Additional range for ACvoltage
measuring Current I = RMS value of the
instruments with transformer: 3.8 x ACcurrent
current 0% p
clamps/current
transformers: not less than 2 pW
OWto 1MW
10 Hz <f <100 Hz? Current clamps: The measurement
1mVsU<1kv) 4.6x107x p uncertainties apply to
100 A<l <1KkA not less than 2 uW sinusoidal signals.
0<PF<1
See also matrices
M.26 to M.35
AC reactive ) Q =U ‘I - sin(A¢)
10Hz<f <10kHz! —_—
power X Vfuqu : 7.5 pvar to =U 11 -PF2
. m < < ! .
.Sources, measuring -100 kvarto 100 kvar 210 var ACreactive
instruments 1mA<I<100A power
0<PF<1 PF = cos(Ag) =
power factor Agp
=@Qu -1 =
phase angle
Additional range for U= RMS value of the
measuring Current ACvoltage
instruments with transformer: 3.8 x I= RM§ value of the
current 104x alternating current
clamps/current
transformers: not less than 2 pvar
-1 Mvarto 1 Mvar
10Hz<f <100 Hz? Current clamps: The measurement
I1mvsU<1kv? 4.6 x107°%x C uncertainties apply to
100 A<l <1kA not less than 2 pvar sinusoidal signals.
0<PF<1
See also matrices
M.26 to M.35
Valid from: 16 March

Date of issue: 16 March20220626

Page28 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
object Measurement procedure uncertainty
span
AC apparent ) S=U-1
power 10Hz <f <10kHz? 59 pvA =P (U; LPF = 1) =
Sources, measuring OVAto 100kVA 1mvsU<1kv? upto AC apparent
instruments 1mA<I<100A 7.6 VA power
PF =cos(Ag) =
Power factor
Ap =pu -¢1 =
Phase angle
U=RMS value of
Additional range for ACvoltage
measuring I =RMS value of the AC
instruments with Current current
current transforTer: P =AC active power
OVAto 1MVA clamps/current 3.8x10"x§
transformers:
1mV<U<1kv? Current clamps:
10Hz <f <100 Hz : 46x10°x§ The measurement
uncertainty
1mA<l<1kA These specifications apply
- to
sinusoidal signals.
See also matrices
M.26 to M.35 for
PF=1
5] to 1501 23x10°x E+49m) E =Energy
Energy E Monophasic or
Defibrillator tester >150Jto 360 1.110% . £+ 0.27) Biphasic
Voltage ratio between 0mV/V to 100 mV/V DC voltage Bridge 0.1 uV/Vto 1.6 uV/V see
bridge standards and voltage: Matrix M.2
measuring instruments 1Vto10V
Valid from: 16 March
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Matrix M.2: ‘Voltage ratio’

Bridge voltage
oV 5V 2V 1v
Measured value

0mV/V 0.10 pV/V 0.10 pV/V 0.17 pV/V 0.35 pv/vV

+2mV/V 0.10 pV/V 0.11 pvV/V 0.26 pV/V 0.51 pv/v

+5mvV/V 0.10 puv/v 0.13 pv/v 0.27 puv/v 0.52 uv/v
+10 mV/V 0.10 pv/Vv 0.16 pV/V 0.31 pvV/V 0.56 pV/V
+20 mv/V 0.16 pv/V 0.20 pv/V 0.38 pv/V 0.66 pv/V
+50 mV/V 0.35 uv/v 0.39 uv/v 0.58 uv/v 1uvNv
+100 mV/V 0.65 pVv/V 0.73 pv/V 1.0 uv/v 1.6 uv/v

Matrix M.21: Absolute measurement uncertainty of the measured quantity power factor PF

when calibrating sources in the range 2 A</ <20A & 15mV <U <1 kV

PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.1x10°° 3.0x10°° 2 .8x10°° 2.5x10°® 1.9x10°° 1.4x10° 6.8x107
45 g 8x10°° Q.6x10°° g 0x10°® 7.9x10°° 5.9x10°° 4.3x10°° 6.8x10™"
111 1.9x10° 1.9x10° 1.8x10° 1.5x10°° 1.2x10° 8.4x10°° 2 6x10™°
1000 1.6x10* 1.6x10™ 1.5x10* 1.3x10* Q.7x10° 7.1x10°® 1.9x10°®
10’000 1.6x10° 1.6x10° 1.5x10° 1.3x10° 9. 7x10™* 7.1x10™* 1.6x10°
Matrix M.22: Absolute measurement uncertainty of the measured quantity power factor PF
for the calibration of sources in the range 20 A</ <100 A & 15 mV <U <1 kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.8 1
10 3.4x10°° 3.4x10° 3,2x10°° 2.8x10°® 2.1x10°® 1.5x10° g .4x10™
45 1.1x10° 1.1x10° 1.0x10° 9,1x10°° 6.8 x10° 5.0x10°® g 2x10™"
111 2 .4x10° 2.3x10° 2.2x10° 1.9x10° 1.4x10° 1.0x10°® 4.0x10™
1000 2.0x10™ 2.0x10* 1.9x10* 1.6x10* 1.2x10°* g.8x10°° 2.9x10°®
10,000 2.0x10° 2.0x107 1.9x10° 1.6x10° 1.2x10° g.8x10™* 2.9x10°®
Matrix M.23: Absolute measurement uncertainty of the measured quantity power factor PF
for the calibration of measuring instruments in the range 2A</ <20 A & 15 mV <U £1kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3,2x10°° 3,2x10°° 2.9x10°® 2 6x10°® 1.9x10°° 1.4x10 7.3x10™
45 1.0x10° 1.0x10° Q.5x10°° 8.3x10° 6.2x10° 4.5%10° 7.6x10™
111 2 .1x10° 2.0x10° 1.9x10° 1.6x10° 1.2x10° Q.0x10°® 3.0x10™
1000 1.7x10* 1.7x10°* 1.6x10* 1.4x10* 1.0x10°* 7.6x10°° 2.1x10°®
10,000 1.7x10% 1.7x10° 1.6x10° 1.4x10° 1.0x10% 7.6x107 2.1x10°®
Valid from: 16 March
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PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.6x10°° 3.5x10° 3.3x10°° 2.8x10°® 2.1x10°® 1.5x10° 8.9x10™
45 1.2x10°° 1.2x10°° 1.1x10° Q5x10°° 7.1x10°® 5.2x10°° 1.0x10™
111 2.5x10° 2 .4x10° 2.3x10° 2.0x10° 1.5x10°° 1.1x10° 4.4x10™
1000 2.1x10* 2.1x10* 2.0x10™ 1.7x10* 1.3 x10* g,3x10°® 3.3 x10°
10,000 2.1x10° 2.1x107 2.0x10° 1.7x10° 1.3x10° g, 3x10™* 3.3x10°°

Matrix M.25: Absolute measurement uncertainty of the measured quantity power factor PF
for the calibration of measuring instruments with current clamps/current transformers in the range 100 A </ <1 kA & 15 mV <U <1 kV

PF
f (Hz) 0 0.2 04 0.6 0.8 0.9 1
10 Hz
to 100 1.5x10* 1.5x10 1.4x10* 1.2x10* 8.9x10° 6.5%107° 7.8x107°
Hz
Matrix M.26: Absolute measurement uncertainty of the measured quantities
AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -/ - sin(¢ ) (see values for
V1 -PF2)
and apparent AC powerS =U ‘I (see values forPF = 1) when calibrating sources withU =2 mV and] = 100 pA
cos(¢g ) =PF | sin(¢g ) = + V(1 -PF?
f (Hz) 0]+1 0.4 | £0.92 0.6 | +0.8 0.8 ]| +£0.6 0.9 ]| +0.44 1|0
10 48 pW 54 pW 60 pW 68 pW 72 pW 77 hp
1000 34 pW 39 pW 44 pW 51 pW 55 pW 59 pW
10,000 340 pW 310 pW 270 pW 210 pW 160 pW 59 pW

Matrix M.27: Absolute measurement uncertainty of the measured quantities
Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2) and AC apparent power S = U -] (see values for PF = 1) during the calibration of measuring instruments withU=2mV and/ =1

mA
cos(¢ ) =PF | sin(¢p ) = + V(1 -PF)’
f (Hz) 0]*1 0.4 | £0.92 0.6 | £0.8 0.8 | +0.6 0.9 | +0.44 1|0
40 1.0 nW 1.0nW 1.1 nW 1.1nW 1.1 nW 1.2nW
1000 230 pW 320 pW 400 pW 490 pW 530 pW 580 pW
10,000 2.3 nW 2.1 nW 1.9 nW 1.5nW 1.1 nW 580 pW

Matrix M.28: Absolute measurement uncertainty of the measured quantities

AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -I - sin(¢ ) (see values for
V1 -PF2)and AC apparent powersS =U -I (see values forPF = 1) when calibrating sources withU = 20 mV and/ =100 pA

cos(¢ ) =PF | sin(gp ) = = V1 -PF?2
f (Hz) 0]+1 0.4 | £0.92 0.6]08 0.8] %06 0.9 | £0.44 1]%0
10 7.5 pW 110 pW 170 pW 230 pW 260 pW 280 pW
1000 340 pW 320 pW 290 pW 250 pW 230 pW 190 pW
10,000 3.4 nW 3.1nW 2.7 nW 2.0 nW 1.5 nW 200 pW

Matrix M.29: Absolute measurement uncertainty of the measured quantities

Valid from:
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AC active powerP =U - - cos(¢ ) (see values forPF ) AC reactive powerQ =U ‘I - sin(¢ ) (see values for

V1 -PF2)and
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apparent AC powersS =U ‘I (see values forPF = 1) when calibrating measuring instruments withU =20 mV and/ =1 mA

cos(q ) =PF | sin(p ) =+ \1 -PF2
f (Hz) 0|1 0.4 | £0.92 0.6 | £0.8 0.8 | +0.6 0.9 | +0.44 1|0
40 150 pW 730 pW 1.1 nW 1.4 nW 1.6 nW 1.8 nW
1000 2.3 nW 2.3nW 2.2 nW 2.0 nW 1.9 nW 1.8 nW
10,000 23 nW 21 nW 19 nW 14 nW 10 nW 1.8 nW
Matrix M.30: Absolute measurement uncertainty of the measured quantities
AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -/ - sin(¢ ) (see values for
V1 -PF2)
and apparent AC powerS =U - (see values forPF = 1) when calibrating sources withU =20V and/ =1 A
cos(¢ ) =PF | sin(¢p ) = = V1 -PF2
f (Hz) 0]+1 0.4 | £0.92 0.6 | +£0.8 0.8 | +0.6 0.9 | +0.44 1|0
40 140 pw 250 pw 350 pw 440 pW 500 pw 550 uw
1000 2.1 mw 1.9 mw 1.7 mW 1.3 mw 1.0 mW 530 pw
10,000 21 mW 19 mW 17 mW 13 mwW 9.1 mwW 530 pw

Matrix M.31: Absolute measurement uncertainty of the measured quantities
Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)and AC apparent power S = U -I (see values for PF = 1) during the calibration of measuring instruments withU =20V and/ =1A

cos(¢ ) =PF | sin(¢p ) = + V(1 -PF)’
f (Hz) 01 0.4 | £0.92 0.6 £0.8 0.8]£06 0.9 | +0.44 1]+0
40 150 pw 260 pw 350 pw 450 pwW 500 pw 550 uw
1000 2.3 mwW 2.1 mwW 1.9 mW 1.5 mwW 1.1 mW 530 pw
10,000 23 mW 21 mW 19 mW 14 mW 10 mW 530 pw
Matrix M.32: Absolute measurement uncertainty of the measured quantities
AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -/ - sin(¢ ) (see values for
V1 -PF2)
and AC apparent powerS =U - (see values forPF = 1) when calibrating sources withU =20V and/ =20 A
cos(e ) =PF | sin(pp ) =+ \1 -PF2
f (Hz) 01 0.4 | £0.92 0.6 %038 0.8]£06 0.9 | +0.44 1]+0
40 3.5mw 9.2 mW 13 mw 17 mW 20 mW 22 mW
1000 65 mW 60 mW 53 mW 43 mW 34 mW 22 mW
10,000 650 mW 590 mW 520 mW 390 mW 280 mW 22 mW
Valid from: 16 March
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cos(¢g ) =PF | sin(¢g ) = + V(1 -PF?
f (Hz) 0]+1 0.4 | £0.92 0.6 | £0.8 0.8 | 0.6 0.9 | +0.44 1|0
40 3.7 mW 9.3 mwW 13 mwW 17 mW 20 mwW 22 mwW
1000 70 mW 65 mwW 58 mW 46 mW 36 mW 22 mW
10,000 700 mwW 650 mW 560 mwW 420 mW 310 mW 22 mwW
Matrix M.34: Absolute measurement uncertainty of the measured quantities
Active AC powerP =U I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)and AC apparent powers =U -I (see values forPF = 1) when calibrating sources withU = 1 kV and
=100 A
cos(¢ ) =PF | sin(¢p ) = + V(1 -PF)’
f (Hz) 0]+1 0.4 | £0.92 0.6 | £0.8 0.8 | 0.6 0.9 | +0.44 1|0
40 1.0W 2.8W 4.1W 5.4W 6.0 W 6.7 W
1000 20W 19w 17 W 14w 11w 7.6 W
10,000 200 W 190 W 160 W 120w 89 W 7.6 W

Matrix M.35: Absolute measurement uncertainty of the measured quantities

Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)and AC apparent power S = U -I (see values for PF = 1) during the calibration of measuring instruments withU' =1 kV andI =

100A
cos(¢ ) =PF | sin(¢p ) = + V(1 -PF)’
f (Hz) 0]%1 0.4 | £0.92 0.6 | +0.8 0.8 +0.6 0.9 | +0.44 1]0
40 1.1W 2.8W 4.1W 54 W 6.0 W 6.7W
1000 21 W 20W 18 W 14 W 12 W 7.6 W
10,000 210 W 200 W 170 W 130 W 93 W 7.6 W

) The specified range applies only if the maximum volt-hertz product, as shown in Figure A of the Operator’s Manual for the Multi-Function
Calibrator 5700A/5720A Series Il, May 1996, Rev. 2, 3/05, is observed.
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Calibrationandmeasurementcapabilities(CMC)

Measurement
range /
Measurement
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Measurement
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Method
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Expanded
measurement
uncertainty

Comments

Phase angle between
sinusoidal voltage
signals
multi-channel sources,
measuring instruments

-360° to 360°

10 Hz <f < 1 MHz
1MV <Urmsi < 1kV

360°-f-17 ns

Ap =2 -1 =
Phase angle

Ui(t) =

V2Uetr;i sin(2nft +@i)
wherei € {1; 2}

f =frequency
Uett,i =rms value
of the AC voltage

Measurements at
voltages < 15 mV
in the frequency range
10 Hz to < 1 kHz,

as well as measurements
at

f=(50%5)Hz

can be

measurement uncertainty
increase.

Valid from:
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Permanent Laboratory
Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
Phase angle Ap =pu —@1 =
between sinusoidal 10 mA <ler. <100 A Phase angle
forf <10 kHz I(t) =
Output voltage V2l sin(2nft +@1)
fmd sinusoidal . 10 mA <l <50 mA forf
input current resistance <100 kHz U£t )=
standard V2Iett |Z] sin(2mft +
@u)
f =frequency
R=DCresistance
resistance
Iefr. = RMS value of the
alternating current
Z =Impedance of the
resistance standard
Measurements at
voltages < 15 mV
in the frequency range
10 Hz to < 1 kHz,
aswell as different
measurement conditions
may
affec
t
measurement uncertainty
10 Hz <f <100 kHz
10 mQ <R <50 mQ
f=10Hz 0.18 mQ The stated measurement
uncertainties apply to
f=45H: 0.60 mQ resistors from the SIQ
-90° to 90° f=111Hz 1.2 m° MU series, the Fluke
A40B
1kHz <f <100 kHz 360° -f - 28 ns or similar designs with
10 Hz <f <100 kHz coaxial connect.lon
sockets. For resistors of
S50mQ <R<100Q other designs, the
=40 Hz 043 m° measurement
uncertainty may
=100 Hz 0.79 m* increase.
1 kHz <f <100 kHz 360° -f - 20 ns
Valid from: 16 March
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Permanent Laboratory
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Methods uncertainty
Phase angle Ap =gy —¢r1 =
between Phase angle
sinusoidal 1(t) =
output signal and V2l sin(2mft +@1)
sinusoidal 10 Hz <f < 10 kHz
input current Y(t)=
Current transformer N sin(2mft +@y)
f =frequency
Irms = root mean square
value of the alternating
current
Yms = root mean square
value of the current
1A<Ims <2A transformer’s output
on° R ~ 0.43 m° signal (current or
90° to 90 f =40 Hz voltage)
£=100 Hz 0.79 m®
1 kHz <f < 10 kHz 360° -f - 20 ns
The stated uncertainties
2A<lms <20A apply in cases where the
F=10Hz 0.18 m° output signal of the .
current transformer is a
voltage.
f=45Hz 0.60 m®
F=111He 12 m° Measurements at.
voltages <15 mV in the
1kHz <f <10 kHz 360° -f - 28 ns frequency range 10 Hz
to<1kHz
20 A<lmms <100 A !
b different measurement
f=10Hz 0.21m° conditions, as well as
0.68 m° the case where the
f=45H i output signal of the
f=111Hz 1.4m° current transformer is
acurrent, increase the
measurement
1KkHz <f < 10 kHz 360°-f - 35 ns uncertainty.
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measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object methods uncertainty
Phase angle Ap =pu -1 =
between Phase angle
sinusoidal I(t) =

voltage signal and
sinusoidal

current signal

10Hz<f<10kHz 1
mV Urms <1kV

V2l sin(2nft +¢1)

ut) =
V2Ue sin(2mft +@u)

Sources
100 pA <left. <10 mA f =Frequency
f=10Hz 0.21m° Irms =root mean square
N value of the alternating
f=45Hz 0.57 m current
f=111Hz 1.1m° ms = root mean square
value of the alternating
1 kHz £f <10 kHz 360° xf x 27 ns voltage
10 mA <Iims <200 mA
Measurements at
= 0.37m°®
f=40H: voltages <15 mV in the
f =100 Hz 0.72m° frequency range 10 Hz
1kHz <f<10 kHz 360° xf x 18 ns to<1khz, L
as well as deviating
-180° to 180° 200 mA <le. <2 A measurement conditions
0.40 may increase the
f=40H: som measurement uncertainty.
f=100 Hz 0.68 m°
1 kHz <f <10 kHz 360°-f-17ns
2 A<l <20A
f=10Hz 0.18 m*®
f=45Hz 0.57 m®
f=111Hz 11m®
1 kHz <f <10 kHz 360° -f - 26 ns
20 A<Imms <100 A
f=10Hz 0.20m°
f=45Hz 0.65m°
f=111Hz 1.4m®
1 kHz <f <10 kHz 360° -f-32ns
Valid from: 16 March
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measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
Phase angle Ap =pu -1 =
between Phase angle
asinusoidal 10Hz <f < 10kHz 1 1) =
voltage signal and MV <Urme < 1KV -
sinusoidal V2Iet sin(2mft +¢1)
current signal
Measuring instruments UE” =
V2Uer sin(2mft +qu)
ImA<lms <2A
f =40 Hz 0.42m° f =frequency
o lefr. = root mean square
= 0.76
f=100Hz m value of the alternating
1 kHz <f < 10 kHz 360°-f-19 ns current
) A<l <20A Uett. = RMS value of the
<frms = ACvoltage
-180° to 180° f=10Hz 0.18 m®
£ =45Hz 0.60 m° Measurements at
voltages <15 mV in the
f=111Hz 12m frequency range 10 Hz
1 kHz <f < 10 kHz 360° f - 28 ns to<1kHz,
as well as deviating
20 A<Ilmms <100 A measurement conditions
F=10Hz 0.21m° may increase the
measurement uncertainty.
f=45Hz 0.68 m®
f=111Hz 14me
1 kHz <f < 10 kHz 360° -f - 34ns
Valid from: 16 March

Date of issue: 16 March20220626

Page38 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span
nPhase angle between Ap =@n -n@1 =
fundamental wave and Phase angle
nth harmonic
harmonic Ut) =
of a voltage signal 100
.Measuring 3 V2Unsin(2mfat +@n)
instruments =1
f1 =Frequency of the
fundamental wave
»=frequency of then
Lsn <100 {h harnc:onicy
45Hz Sf;kSHGS Hz U1 =RMS value of the
n<
-180° to 180° Ulfz 100 anV 360° -fy 225 ns fundamental
Un210mV Un=RMS value of the
Us <1050V nth harmonic
harmonic
Us = peakvalue of the
voltage signal
The
range limits and
other specifications
of the Fluke
6100B/6105A User
Manual (September
2009 Rev. 1, 6/10).
Valid from: 16 March
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Permanent Laboratory
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span

nPhase angle between Ap =@n -n@1 =
fundamental wave and Phase angle

nth harmonic

th 1(t) =

of a current signal 100

Measuring instruments 5 \/Zl_n Sin(27fnt +@n)

1<n <100
45 Hz <f1 <65 Hz

Is £29.7 A:fn< 6 kHz
or

-180° to 180° 360° fy- 228
Is >29.7 A:fn < 3 kHz fn-2281s

I 2100 mA
In 210 mA
Is <113 A

n=1

f1 =frequency of the
fundamental wave
fn=Frequency of then-
of the 10th harmonic
Harmonic

I =RMSvalue of the
fundamental

»n=RMS value of the
nth harmonic

Is = peak value of the
current signal

The

range limits and
other specifications
of the Fluke
6100B/6105A User
Manual (September
2009 Rev. 1, 6/10).
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Methods uncertainty
Inductance OuH 0.03 pH 2-wire short-circuit
OHto 1.1H
100 Hz 0.63 x10"-3)x | L =measured value
100 pH 1 kHz 0.17 x10%-3). |
10 kHz 0.22 x17x [
100 Hz 0.14 x 10M=3) x | Absolute value of
1 mH impedance
m 1 kHz 0.12 x10%-=3). | P
50mQ< |Z] £11kQ
10 kHz 0.17 x10%-=3). |
10 mH 100 Hz; 1 kHz 0.11x20%3). | Smallest specifiable fixed-
10 kHz 0.16 x10"3) . | value measurement
- P uncertainties for direct
100 mH 100 Hz; 1 kHz 0.11 x107x L measurement or
10 kHz 0.25 x10%=3)x | substitution on
GR 1482 or equivalent
1H 100 Hz, 1 kHz 0.13x10°(3) |
Capacitance 0 pF 0.2 pF No-load
0 pF to 10 pF
1 kHz 0.21x10°(3) C
1pF 10 kHz 0.31x10°(3) ¢ C=measured value
L10%,
10 pF 1 kHz 19 ¢ Magnitude of
10 kHz; 100 kHz 62 x 10°(~6) °C impedance1Q<|Z| <
1 MHz 0.10 x10°(=3) ¢ 110 MQ Smallest
applicable fixed-value
100 pF 1 kHz 26 x1%(¢) € measurement
1nE 1 kHz 31 x19%(®) C uncertainties for direct
100 kHz 0.10x10%(=3) C measurement or
100 Hz 0.20x1%(=3) C substitution on
10 nF 1 kHz 0.12 x10°(=3) C GR 1403 / 1404 / 1409
10 kHz 0.11x1(3) € or equivalent
100 nF 100 Hz; 1 kHz; 10 kHz 0.15 x10°C
1uF 100 Hz; 1 kHz 0.10x10%(=3) C
10 kHz 0.20 x10%(=3) C
Valid from: 16 March

Date of issue: 16 March20220626

Page41 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Electrical quantities — time and frequency Permanent

Laboratory — Eichenau site

( DAKKS
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions measurement Remarks
object / Method uncertainty

Frequency f

1MHzto 10 MHz

in 1 MHz steps

Phase difference time
measurements over

2.0x10°-12)x f

f: measured value
ut: Trigger uncertainty

measurement
periods >1h
0.01Hzto 350 MHz 2.6 x 10M12 - f ypr
>350 MHzto  26.5 GHz 11x 10742 - f+ ure
>265GHz to 40GHz 0.6 Hz + ure
Time interval At Onsto 0.7ms 1.3 ns
Onsto 200s 1.5 x19°x At + 50 ps
lpsto 100h 10 x 0% x At + 1 ps
1sto 100h 13 x10%-0). At +0.82 s
Rate deviation Os/dto 100 s/d 1.3 x10%-71= 0,011 s/d Electronic or

mechanical watches

Rotational speed

0.025! to 35005*

3.7 x 10"(76) Xf

f: measured value
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
Vertical 1.2x0%(3)xU+12uV | U: measured
oscilloscop 1mVto5V value 50 Q
es 5 mV to 200V DC to 10 kHz 1MQ
Oscillo?cope 012 x19°x T+0.1 ps
horizontal 25ps sto40s T: measured value
Bandwidth f

(frequency response)

40Hzto 6GHz

>6GHz to 40GHz

6.3 x10° x f2/GHz
+20 x10%=3) x f

75 x 10°-3) x f

f=measured value

Rise time 30 ps to 45 ps 01V to 3V 5 ps
>45ps tolms 10x10°x T+3 ps
70 ps to 85 ps 78 x10°(3) T calculated from the
> 85 hp to 310 hp 01V to 3V 67 x10°(3) T 3 dB bandwidth T:
> 310 hp to 650 hp 58 x 10°(-3) T measured value
> 650 psto1ms 56 x1°(3) T
Frequency f 10 MHz 0.2 x19(-6) x
Time base

Pulse measurement
parameters Rise

15psto 10ns

0.1Vto40Vinto50Q

1017 T+3ps

External trigger signal
required

time (e.g.
oscilloscope 160 psto 10 ms 0.1Vto2Vinto50Q 30 x19°x T+ 30 ps
calibrator)
Burst generator output
voltage
Peak value us 100Vto 4kv 48107 - s
— under 50 Q or 1 kQ load

Rise time and R
pulse duration T 3nsto 1lps 41-107 -«
Burst duration and

10psto 1s L1073,
burst period T Hsto > T
Pulse frequency f 100 Hz to 500 kHz 1x10°x f

ESD generator
Rise time  of the peak
current

300 psto 3ns

Discharge current /

1.5Ato 35A

3% - w«+15ps

43%-1+0.15A

Measurement range
relative to the
peak current ip

Surge voltage

generator
Rise time t,,us of the open-
circuit voltage

15 ns to 100 ms

3% wust1lns

Rise time s of
the short-circuit
current

100 ns to 100 ms

3% - tris+2ns
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object procedure uncertainty
Half-life 0.5 ps to 100 ms 5% w
w of the waveform
Peak value of the 0.1kVto 7KkV 3.3% - us
open-circuit voltage us
RMS value of the 10Ato 5kA 3.5% s
hort-circuit
short-cireut >5kAto 10kA 38% -1
Current s
Pulsed measured
quantities * Display
behaviour of measuring
receiver for pulses
Amplitude relationship
(absolute calibration) 9 khz to  150kHz 0.35 dB Band A
> 150 kHz to 30 MHz Band B
>30MHz  to 300 MHz EN 55016-1-1:2015 Band C
0.40 dB
> 300 MHz to 1 GHz Band D
Change in display with Pulse repetition frequency
pulse frequency (relative 0.1 Hz to  2kHz 0.30dB Band A
calibration) 0.1 Hz to 50 kHz 0.35 dB Band B
0.1 Hz to 1MHz ’ Band C and Band D
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
RF power Input power 10FW to < 100 fW DC to 2 GHz 21 x10%=3). p PC Type N *)
" 0<
ar;d calibration factor >2 GHz upto <5GHz 26 x 10%-3) x p up to 18
of RF power meters
5GHz to <9 GHz 34 x10%-3). p GHzPC-3.5mm
*
9 GHz to <12 GHz 40 x10%-3). p )
up to 33
12 GHz to 15 GHz 48 x10%(-3). p GHzPC-2.92 mm
> 15 GHz to 18 GHz 54 x 10%-3). p *)
100 fW to 1 pW DC to 100 MHz 18 x 10°(-3). p up to 40 GHz
>100MHz  to 2 GHz 20 x1073). p
*) Other connectors
>2 GHz to 8 GHz 22 x10%3). p increase the
>8GHz  to  12GHz 24 x10°3). p measurement

>12 GHz to 40 GHz

29 x19°(3) p

>1pWto 10pW

DC to 100 MHz

13 x10°-3). p

> 100 MHz to 2 GHz

15 x10°(3) p

>2 GHz to 8 GHz 18.10°.p
> 8 GHz to 12 GHz 20 x10%. p
> 12 GHz to  26.5GHz 26 x10%-3). p

> 26.5 GHz to 40 GHz

29x19(3) p

>10pWto 1nW

DC to 100 MHz 12 x10%(=3). p

>100MHz  to 2 GHz 14 x10%-3). p

>2 GHz to 8 GHz 17 x10%-3). p
> 8 GHz to 12 GHz 20x10°x P

>12 GHz to 40 GHz

22 x19(3) p

>1nW to 100 nW

DC upto 2GHz

10 x19'(3) P

>2 GHz to 8 GHz 12 x10%. p
> 8 GHz to 12 GHz 13 x10%. p
>12 GHz to 40 GHz 15 x10%. p

uncertainty.

P = measured value (W)
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
RF power Input > 100 nW to 10 pW DC to 100 MHz 7.1x10'-3). p PCType N *)
power and calibration upto18
> 100 MHz to 2 GHz 107(-3).
factor of RF power 9.4x P GHz PC-3.5mm
meters "
> 2 GHz to 8 GHz 11x10°3). p )
o up to 33
> 8 GHz to 12 GHz 13 x¥°.p GHz PC-2.92 mm
>12GHz  to  40GHz 15 x107. p %)
up to 40 GHz
> 10 pW to 100 mW DC to 100 MHz 6.1x10°.p
> 100 MHz to 2 GHz 7.9 x10%(-3). p *) Other connectors
increase the
>2 GHz to 8 GHz 9.3x10%(3) P measurement
- uncertainty.
> 8 GHz to 12 GHz 11-1°7.p
> 12 GHz to 40 GHz 13 x10°. p P = measured value (W)
RF power Output power 1mw 50 MHz 5x10%-3). p Substitution
and calibration factor of 0.1 pWto <10 pW 50 MHz 27 x10"-3). p PC Type-N *)
RF sources 10MHz to  2GHz 30 x10°-3)x p upto18
>2GHz to  3GHz 35 x10%3). p GHz PC-3.5 mm *)
10 pW to <1lnW 50 MHz 21 x10%(3) p upto33
= GHz PC-2.92 mm *)
25.10°. p
10 MHz to 2 GHz s up to 40 GHz
>2GHz to 3 GHz ) ) *) Other connectors
1nW to <100 nW 50 MHz 17 x10°(3) P increase the
21 X103 p measurement
10MHz to  2GHz ) uncertainty.
>2GHz to  4GHz 25 x10%3)- p
>4GHz to  12GHz 38 x10%(-3). p f<5GHz:
>12GHz to  18GHz 71x20°3). p ITG| £0.025
>18GHz to 265 GH 93.10° . p 5GHz <f< 20 GHz:
<10 ITG] £0.1
100 nW to <1uw 8kHz to MHz 28-103.p 20 GHz < f< 33 GHz:
10 MH 50 MH 13.102-p Ir6l .13
z to z 33 GHz <f < 40 GHz:
107(-3) .
>50MHz to  4GHz 14x P ITG| <03
17 x10°-3). p
>4GHz to 5 GHz f="frequency (Hz)
>5GHz to 12 GHz 25.103.p P = measured value (W)
[TG| = reflection
28 x 10%(-3). p
>12GHz to 20 GHz X coefficient of the
37.10°. p calibration
>20GHz to  33GHz 10 MHz
.10-3,
>33GHz to  40GHz 90 =P
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
RF power Output power 1uWto <10 pw 8kHz to  <10MHz 18 -10°. p PC Type-N *)
and calibration factor of 10 MHz to 50 MHz 13 .1°.p upto18
RF sources >50MHz to 4 GHz 14 .103.p GHz PC-3.5 mm *)
>4GHz to 5 GHz 17 x10%-3). p upto33
>5GHz to 12 GHz 21-103.p GHz PC-2.92 mm *)
>12GHz to  20GHz 25 x10%-3). p up to 40 GHz
>20GHz to 33 GHz 37 x10%(-3). p *) Other connectors
increase the
>33GHz to  40GHz 90 x 10%-3) p measurement
10 pW to <100 pw DC to <10MHz 9.0 x10”. p uncertainty.
10MHz to 100 MHz 10-103-p
>100MHz to 2 GHz 12 x10°-3). p f<5GHz:
>2GHz to 8 GHz 130 P ;r(?l-lhio)f)szio GHz:
>8GHz to  10GHz 15 X103 p IrG| <0.1
>10GHz to  12GHz 16 x10%3). p 20 GHz < f< 33 GHz:
>12GHz to  30GHz 20 x10%=3). P ITG| <0.15
>30GHz to 33 GHz 37.103.p 33 GHz < f<40 GHz:
>33GHz to  40GHz 90 x10%3). p Ire| <03
100 pW to 0.1W DC to <10MHz 5.6 x10°p f=frequency (H2)
10MHz to 100 MHz 7.5x10%3). p P = measured value (W)
>100 MHz to 2 GHz 10x103.p ITG] = reflection
>2GHz to 8 GHz 11 x108-3). p coefficient of the
8o 106 13.03.p calibration object
>10GHz to  12GHz 15 x10%3). p
>12 GHz— 30 GHz 19.103.p
>30GHz to  33GHz 39.103.p
>33GHz to  40GHz 53 x10%3). p
>0.1W to 1W DC to 50 MHz 11 x17.p
>50MHz to  2GHz 13 x10%3). p
>2GHz to  4GHz 16 x1073). p
>4GHz to  12GHz 20 % 2073). p
> 12 GHz- 18 GHz 30-13-p
>1Wto 70 W DC to 3 GHz 38 x10°. p
>70 W to 250 W DC to 500 MHz 37-103.p
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Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span
RF voltage unr sources W(P) is the relative
with RF voltage uncertainty of the
display relative to 50 measured
Q w (P power at 20=50Q
2240V upto220 W DC to 3 GHz W (Upr )= )
220 pv upto7V DC to 18 GHz
2.2 uv up to 220 pv DC to 3 GHz |
2.2mV to2V DC to 40 GHz
RF voltage unr W(pinc) is the relative
measuring uncertainty of the
instruments and injected power with
receivers with RF W(U)Hj Mim_) rejspect tz
voltage display 2 20=500
relative to 50 Q *%)
0.7 pv to2V DC to 18 GHz rx)
2.2 mV upto2V DC to 40 GHz
RF power DC  upto40GHz 1.6dB Performance > -170 dB
Receiver noise (1 mW) relative to 1 Hz
indicator bandwidth
Signal level difference 0 dBc to 100 dBc 100 Hz to 26.5 GHz 1.3dB SNR>12dB
100Hz to 40 GHz 2.7dB
Filter bandwidth 1Hzto 10 MHz 0.5% Signal-to-noise ratio
(SNR)=70dB
Form factor >1:1  upto5:1 3% Signal-to-noise ratio
>51  upto10:1 6% (SNR) 215 dB
>10:1 up to 20:1 12%
Switching deviation 0.02dB
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
Display linearity 0dB to 30 dB 100 kHz to 500 MHz 0.06 dB SNR > 50 dB
>30dB  upto60dB 0.07 dB in,DUT| <0.05
>60dB  to80dB 0.09 dB f=500 MHz
>80 dB up to 100 dB 0.1dB
> 100 dB to 110 dB 0.2dB
Input attenuator or IF 0dB up to 30 dB 100 kHz to 500 MHz 0.06 dB Comparison with
amplifier >30dB  upto60dB 0.07 dB external step
>60dB  to80dB 0.09 dB attenuator
>80dB  upto100dB 0.1d8 nDUT| <0.05
>100dB  to110dB 0.2d8 f< 500 MHz
0dB up to 30 dB 100 kHz to 500 MHz 0.04 dB Step-by-step display
>30dB up to 60 dB 0.06 dB comparison SNR 250
>60dB  to80dB 0.08 dB ds,
Receiver linearity
<(0.01dB
+0.005 dB/10 dB)
RF gain Amplifier 0dB to 70 dB DC to 100 MHz 0.19dB BNC connector up to
> 100 MHz upto 2GHz 0.26 dB max. 2 GHz
>2GHz upto 4GHz 0.3dB N-connector and BNC
> 4 GHz upto 18 GHz 0.5 dB connector, 50 Q; other
connectors increase the
measurement uncertainty
0dB up to 70 dB DC to 100 MHz 0.21dB 2.92 mm compatible
> 100 MHz upto 4GHz 0.3dB connector, 50 Q; other
>4GHz upto 26.5GHz 0.6 dB connectors increase
>265GHz  to  40GHz 0.7 d8 the _
measurement uncertainty
RF current Current clamps 100 pA up to 50 mA 40 Hz to 10 MHz 14 -103. Tektronix 015-0601-
50. In conjunction with
> 10 MHz to 30 MHz 18 107, oscilloscope
I: measured value
> 30 MHz to 65 MHz 20-10°¢2 . f: Frequency in MHz
Non-linearity of RF 10 "W 01 W 50 MHz 5.5 x 17(3) (0.024 dB) R&S NRVC-B2
power meters 60 dB max.
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
HF reflection coefficient Oto 1 9 kHz to 18 GHz 0.003 to 0.013 N-connector, 50 Q;
* Magnitude || other connectors

EURAMET increase thet

i measuremen

Calibration Guide No. 12 Version see Matrix M.3 .
uncertainty
3.0
Measurement
uncertainty in units of the

magnitude
of the reflection

coefficient
0to0. 1 9 kHz to 33 GHz 0.003 to 0.016 3.5 mm connector

EURAMET See M M.4 miiﬁ:ﬂj n|tn units of
. . . . ee Matrix M.
Calibration ng%NQ 12 Version the reflection coefficient

Oto0 1 45 MHz to 45 GHz 0.004 to 0.017 2.92 mm connector

EURAMET

Calibration Guide No. 12 Version
3.0

See Matrix M.5

Measurement
uncertainty in units of
the magnitude of the
reflection coefficient

HF reflection coefficient
* Phase angle @

-180°to  +180°

9 kHz to 18 GHz

EURAMET

Calibration Guide No. 12 Version
3.0

0.2°to4.7°

See Matrix M.6

N-connector, 50 Q;
other connectors
increase the
measurement
uncertainty

-180° to

+180°

9 kHz to 33 GHz

EURAMET

Calibration Guide No. 12 Version
3.0

0.3°t05.8°

See Matrix M.7

3.5 mm connector

45 MHz to 45 GHz

0.3°to6.3°

2.92 mm connector

-180°to  +180° EURAMET See Matrix M.8
Calibration Guide No. 12 Version
3.0
RF attenuation Attenuators 0dB up to 30 dB 100 kHz to 10 GHz 0.03dB L is the measured
attenuation, ****
> 10 GHz to 18 GHz 0.05 dB Ut 001 )
> 18 GHz to 26.5 GHz 0.09 dB £<500 MHz
> 26.5 GHz to 40 GHz 0.10dB inDUT| < 0.05
500 MHz < f < 10 GHz
>30dB  upto60dB 100 kHz to 10 GHz 0.01 dB/dB-L in,DUT| <0.08
> 10 GHz to 18 GHz 0.02dB +0.001 dB/dB - £ | 10 GHz<f<18GHz
i, DUT| £0.1
> 18 GHz to 26.5 GHz 0.10dB +0.001 dB/dB - L 18 GHz < f < 40 GHz
> 26.5 GHz to 40 GHz 0.11dB +0.001dB/dB - L
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
RF attenuation Attenuators > 60 dB to 70 dB 100 kHz to 500 MHz 0.07 dB in,DUT| <0.01
> 500 MHz to 3 GHz 0.10d8 f= 500 MHz
1, DUT| <0.05
> 70 dB to 80 dB 100 kHz to 500 MHz 0.08 dB 500 MHz < f< 3 GHz
> 500 MHz to 3 GHz 0.2dB
>80dBto 100dB 100 kHz to 500 MHz 0.1dB
> 500 MHz to 3 GHz 0.3dB
RF attenuation * 0dBto 60dB 9 kHz to 18 GHz 0.01 dB to 0.09 dB N-connector, 50 Q;
other connectors
EURAMET increase the
) measurement
Calibration Guide No. 12 Version See Matrix M.9 uncertainty
3.0
0dBto 60dB 9 kHz to 33 GHz 0.01dB to 0.22 dB 3.5 mm connector
EURAMET
Calibration Guide No. 12 Version See Matrix M.10
3.0
0dBto 60dB 45 MHz to 45 GHz 0.01 dB to 0.32 dB 2.92 mm connector
EURAMET
Calibration Guide No. 12 Version See Matrix M.11
3.0
RF attenuation * N-connector, 50 Q;
Phase angle @ -180°to +180° 9 kHz to 18 GHz 0.2°t0 0.8° other connectors
0 dB to 60 dB increase the
measurement
uncertainty
EURAMET See Matrix M.12
Calibration Guide No. 12 Version
3.0
-180°to +180° 9 kHz to 33 GHz 0.2°t0 1.8° 3.5 mm connector
0 dB to 60 dB
EURAMET See Matrix M.13
Calibration Guide No. 12 Version
3.0
-180°to  +180° 45 MHz to 45 GHz 0.2°t02.5° 2.92 mm connector
0 dBto60dB
EURAMET See Matrix M.14
Calibration Guide No. 12 Version
3.0
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Matrix M.3 “RF reflection coefficient, magnitude |'|; N-connector 50 Q"

Measurement uncertainty expressed in units of the magnitude of the reflectance.

Absolute 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
value ]
0 0.003 to 0.004 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.1 0.003 to 0.005 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.2 0.003 to 0.005 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.3 0.003 to 0.006 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.4 0.003 to 0.005 0.004 0.003 to 0.008 0.008 to 0.009
0.5 0.003 to 0.006 0.004 0.004 to 0.009 0.008 to 0.009
0.6 0.004 to 0.006 0.004 to 0.005 0.004 to 0.009 0.009
0.7 0.004 to 0.006 0.005 0.005 to 0.010 0.009 to 0.010
0.8 0.004 to 0.006 0.005 to 0.006 0.005 to 0.010 0.010
0.9 0.004 to 0.007 0.006 0.005 to 0.011 0.011 to 0.012
1 0.003 to 0.006 0.004 to 0.006 0.004 to 0.012 0.011 to 0.013

Matrix M.4 ‘RF reflection coefficient, magnitude ||; 3.5 mm connector’

Measurement uncertainty in units of the magnitude of the reflection coefficient.

DAKKS

Deutsche
Akkreditierungsstelle

Absolute 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz 18 GHz to 26.5 GHz 26.5 GHz to 33 GHz
value |T]|
0 0.003 to 0.004 0.003 0.003 to 0.004 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
0.1 0.003 to 0.005 0.003 0.003 to 0.004 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
0.2 0.003 to 0.006 0.003 to 0.004 0.004 to 0.005 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
03 0.003 to 0.006 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to0 0.011
0.4 0.004 to 0.005 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.011
0.5 0.004 to 0.006 0.004 to 0.005 0.004 to 0.005 0.005 to 0.006 0.005 to 0.008 0.008 to 0.011
0.6 0.004 to 0.006 0.005 0.005 to 0.006 0.006 0.006 to 0.009 0.009 to 0.012
0.7 0.004 to 0.006 0.005 to 0.006 0.005 to 0.006 0.006 to 0.007 0.006 t0 0.010 0.009 to 0.013
0.8 0.004 to 0.007 0.005 to 0.006 0.005 to 0.007 0.006 to 0.007 0.006 t0 0.010 0.010 t0 0.014
0.9 0.004 to 0.007 0.006 to 0.007 0.006 to 0.008 0.007 to 0.008 0.007 t0 0.011 0.011 t0 0.015
1 0.004 to 0.006 0.005 to 0.006 0.005 to 0.008 0.006 to 0.009 0.007 t0 0.012 0.011 t0 0.016
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Matrix M.5 ‘RF reflection coefficient, magnitude |[|; 2.92 mm connector’

Measurement uncertainty in units of the magnitude of the reflection coefficient.
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Absolute 45 MHz to 1GHzto 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHzto 40 GHz to
value 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
Irl
0 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.1 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.2 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.3 0.004 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.4 0.004 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.5 0.004 to 0.005 0.005 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.012
0.6 0.005 0.005 0.005 to 0.006 0.005 to 0.006 0.005 to 0.009 0.008 to 0.011 0.010 to 0.011 0.010 to 0.012
0.7 0.005 to 0.006 0.005 0.005 to 0.006 0.006 0.006 to 0.009 0.009 to 0.012 0.011 to 0.012 0.011 to0 0.013
0.8 0.005 to 0.006 0.006 0.006 to 0.007 0.006 to 0.007 0.006 to 0.010 0.009 to 0.013 0.012 t0 0.013 0.012 to 0.014
0.9 0.005 to 0.007 0.006 to 0.007 0.006 to 0.008 0.007 to 0.008 0.007 to 0.011 0.010 to 0.014 0.013 to 0.014 0.013 to 0.015
1 0.005 to 0.007 0.005 to 0.006 0.005 to 0.008 0.007 to 0.008 0.006 to 0.012 0.011 to 0.015 0.014 to 0.015 0.014 to 0.017

Matrix M.6 “RF reflection coefficient, phase angle ¢; 50 Q N-connector”

Modulus || | 9 kHzto 1 GHz 1GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0.1 1.4°t02.2° 1.5°t0 1.9° 1.5°t04.5° 4.4°t047°
0.2 0.7°to 1.4° 0.8°t0 1.0° 0.8°t02.3° 2.2°t02.4°
0.3 0.5°to0 1.0° 0.6°t00.7° 0.6°t015° 1.5°to 1.6°
0.4 0.4°t00.7° 0.5°t00.6° 0.5°t01.2° 12°
0.5 0.4°t0 0.6° 0.4°t00.5° 0.4°to0 1.0° 1.0°
0.6 0.4°t00.5° 0.4°t00.5° 0.4°t00.9° 0.9°
0.7 0.3°t0 0.5° 0.4° 0.4°t00.8° 0.8°
0.8 0.3°t00.5° 0.4° 0.4°t00.8° 0.7°t00.8°
0.9 0.3°t0 0.4° 0.4° 0.4°t00.8° 0.7°t00.8°
1 0.2°t0 0.4° 0.3°t00.4° 0.3°t00.7° 0.7°t00.8°
Matrix M.7 ‘RF reflection coefficient, phase angle ¢; 3.5 mm connector’
Magnitude || 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 1i:2;:° 18 GHz to 26.5 GHz 26.5 GHz to 33 GHz
0.1 1.5°t0 2.6° 1.6°to 1.7° 1.7°t02.3° 2.3°t026° 2.4°t04.2° 41°t05.8°
0.2 0.8°t0 1.5° 0.9 0.9°t0 1.2° 1.2°to 1.4° 1.3°t02.2° 2.2°t03.0°
03 0.6°to 1.1° 0.6°t00.7° 0.7°t00.9° 0.9°t0 1.0° 1.0°to 1.6° 1.6°t02.1°
0.4 0.5°t0 0.8° 0.5°t0 0.6° 0.6°t00.8° 0.7°t00.9° 0.8°t01.3° 1.3°to1.7°
0.5 0.5°t00.7° 0.5° 0.5°t00.7° 0.7°t00.8° 0.8°t01.2° 1.1°to 1.5°
0.6 0.4°t0 0.6° 0.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°to 1.1° 1.1°to 1.4°
0.7 0.4°t00.5° 0.4°t00.5° 0.5°t00.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°
0.8 0.3°t0 0.5° 0.4°t00.5° 0.4°t00.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°
0.9 0.3°t0 0.5° 0.4°t00.5° 0.4°t00.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°
1 0.3°t0 0.4° 0.3°t0 0.4° 0.3°t00.5° 0.5°t00.7° 0.7°t0 1.0° 0.9°t01.2°
Valid from: 16 March

Date of issue: 16 March20220626

Page53 from 173




Appendix to Accreditation Certificate D-K-15019-01-01

Matrix M.8 “HF reflection coefficient, phase angle ¢; 2.92 mm connector”

DAKKS

Deutsche
Akkreditierungsstelle

Magnitude 45 MHz to 1 GHz to 3 GHz 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
Ir| 1 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.1 2.0°t02.1° 2.0° 2.0°t02.3° 2.2°t02.3° 2.2°t04.2° 4.2°t053° 5.3°t05.4° 5.3°t06.3°
02 1.0°t0 1.1° 1.0°t0 1.1° 1.0°t01.2° 1.2° 1.2°t02.2° 2.1°t02.7° 2.7° 2.7°t03.2°
03 0.7°t00.8° 07 0.7°t00.9° 0.8°t00.9° 0.8°t0 1.5° 1.5°t0 1.9° 19° 1.9°t02.2°
0.4 0.6° 0.6° 0.6°t00.7° 0.7° 0.7°t01.2° 1.1°to 1.5° 15° 1.5°t0 1.7°
0.5 0.5° 0 0.6° 05 0.5° 0 0.6° 0.6 0.6° to 1.0° 1.0°to 1.3° 1.2°t0 1.3° 1.3°t01.5°
06 0.4°t0 0.5° 05 0.5° 0 0.6° 0.5° t0 0.6° 0.6°t00.9° 0.9°to1.1° 1.1°t01.2° 1.1°t01.3°
07 0.4°t0 0.5° 05 0.5° 0 0.6° 0.5° t0 0.6° 0.5°t0 0.8° 0.8°to1.1° 1.0°t01.1° 1.1°t01.2°
0.8 0.4° 0 0.5° 0.4° 10 0.5° 0.4°t0 0.5° 0.5°t0 0.6° 0.5°t0 0.8° 0.8°t0 1.0° 1.0° 1.0°t01.2°
0.9 0.3°t00.5° 0.4° 10 0.5° 0.4°t0 0.5° 0.5°t0 0.6° 0.5°t0 0.8° 0.8°t0 1.0° 1.0° 1.0°t01.2°
1 0.3°t00.4° 0.3°t00.4° 0.3°t0 0.5° 0.5° 0.5°t0 0.8° 0.7°t0 1.0° 0.9°t0 1.0° 0.9°to1.2°
Matrix M.9 ‘HF attenuation; N-connector 50 ()’
A’::’::l":iieon 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0dB 0.01dB 0.01dBt00.02dB | 0.01dB to0.02 dB 0.02 dB
3dB 0.04 dB to 0.05 dB 0.05 dB 0.05 dB 0.05 dB
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB
10 dB 0.05 dB 0.05 dB 0.06 dB 0.05 dB to 0.06 dB
20 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
30dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
40 dB 0.05 dB 0.05dBt00.06dB | 0.05dBt00.06dB | 0.06dBto0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06dBt00.07dB | 0.06 dB to 0.07 dB
60 dB 0.05dBt00.09dB | 0.08dBt0o0.09dB | 0.07dBto0.09dB | 0.08dB to0.09 dB
Matrix M.10 “HF attenuation; 3.5 mm connector”
A’::’::l":iieon 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz 1:6‘:;5"':;:; 26;‘:;1”
0dB 0.01dB 0.01dBt00.02dB | 0.01dB to0.02 dB 0.02 dB 0.02 dB 0.02 dB
3dB 0.04 dB to 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB
10 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
20 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06 dB to 0.07 dB
30dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06 dB to 0.07 dB
40 dB 0.05dBt00.06dB | 0.05dBto0.06dB | 0.05dBto 0.06 dB 0.06 dB 0.06 dB to 0.07 dB 0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06dBt00.07dB | 0.06dBt00.09dB | 0.08dBto0.10dB
60 dB 0.05dBt00.09dB | 0.07dBt00.09dB | 0.07dBt00.09dB | 0.08dBto0.09dB | 0.08dBt00.19dB | 0.15dBto0.22 dB
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Matrix M.11 “HF attenuation; 2.92 mm connector”

DAKKS

Deutsche

Akkreditierungsstelle

Absolute 45 MHz to 1GHzto 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuatio 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
n
0.01dBto 0.01dBto 0.02dBto
0dB 0.01dB 0.02 dB 0.02 dB 0.02 dB 0.02 dB 0.02 dB 0.04dB 0.03 dB
0.05 dB to 0.05dB to
3dB 0.04 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB
0.05 dB to 0.06 dB to
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB
0.05dB to 0.06 dB to 0.06 dB to
10dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB
0.05 dB to 0.06 dB to 0.06 dB to 0.07 dB to
20dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB 0.08 dB
0.05 dB to 0.06 dB to 0.06 dB to 0.07 dB to
30dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB 0.07 dB 0.08 dB
0.05dB to 0.05dB to 0.06 dB to 0.07 dB to 0.08 dB to
40.dB 0.05dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07.dB 0.08 dB 0.09 dB
0.06 dB to 0.06 dB to 0.08 dB to 0.09 dB to 0.10dB to
50dB 0.05dB 0.06 dB 0.06 dB 0.07 dB 0.09 dB 0.10 dB 0.10 dB 0.13 dB
el 0.06 dB 0.08 dB to 0.07 dB to 0.08 dB to 0.08 dB to 0.15dBto 0.17 dBto 0.20dB to
) 0.09 dB 0.09 dB 0.09 dB 0.18 dB 0.22 dB 0.22 dB 0.32dB
Matrix M.12 “RF attenuation; phase angle ¢; N-connector 50 Q"
Absolute 9 kHz to 1GHzto 3 GHz to 12 GHz to
Attenuation 1 GHz 3 GHz 12 GHz 18 GHz
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
10dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
20dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
40dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
50 dB 0.4° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7°
60 dB 0.4°t00.6° 0.5°t00.6° 0.6°t00.7° 0.7°t0 0.8°
Matrix M.13 “HF attenuation; phase angle ¢; 3.5 mm connector”
Absolute 9 kHz to 1GHzto 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to
Attenuation 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6° 0.6°t0 0.9° 0.9°t0 1.0°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
10dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
20 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
40 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°t0 1.2°
50 dB 0.4°t00.5° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°to1.2°
60 dB 0.4°t00.6° 0.5°t00.6° 0.6°t00.7° 0.7°t00.8° 0.8°to 1.5° 1.3°to1.8°
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Matrix M.14 “RF attenuation; phase angle ¢; 2.92 mm connector”

DAKKS

Deutsche

Akkreditierungsstelle

Absolute 45 MHz to 1GHz to 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to

attenuatio 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz

n
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6° 0.6° t0 0.9° 0.9°to 1.0° 1.0°t0 1.2° 1.2°to 1.4°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
10 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
20 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
40 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°t0 1.2° 1.2°to1.3° 1.3°to 1.5°
50 dB 0.4° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°t0 1.2° 1.2°to 1.4° 1.4°to1.7°
60 dB 0.4°t00.5° 0.5°t00.6° 0.6°t00.7° 0.7°t0 0.8° 0.8°to0 1.5° 1.3°t0 1.8° 1.6°to 1.9° 1.8°t025°

Valid from: 16 March

Date of issue: 16 March20220626

Page56 from 173




Appendix to Accreditation Certificate D-K-15019-01-01

High-frequency and radiation parameters — Optical parameters — Radiometry
Permanent Laboratory — Eichenau site

( DAKKS

Calibration and measurement capabilities (CMC)

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded
; ; ; - Remarks
quantity / Calibration Measurement span conditions / measurement
object procedures uncertainty
Optical radiation power 1 uW to 0.5 mW 1310 nm, 1550 nm 1.3% Connector FC, ST, SC, SMA,
Fibre-optic power meters HMS-10 or
850 nm 2.2% adaptable
654 nm 2.2%
Other wavelengths (780
nm,
635nm, 1625 nm)
interpolated
Non-linearity of fibre-optic 10 nW to 160 pW 1310 nm, 1.8 x10%(-3) (0.008 dB) Addition method
radiation detectors 1550 nm, 850 nm
0.1 nW to <0.32 nW 20 x 19°(-3) (0.085 dB) Comparison method
0.32 nW to <3.2nW 7.1 x19°(=3) (0.031 dB)
3.2nWto 0.5 pw 6.0 x 19°(-3) (0.026 dB)
Attenuation or 0dBto 50dB Wavelengths: 1310 6.0 x 1°%(-3) (0.026 dB)
gain of fibre-optic > 50 dB to 60 dB nm, 1550 nm, 7.1 x19%(-3) (0.031 dB)
components > 60 dB to 70 dB 850 nm 20 x 10°(-3) (0.085 dB)
Central wavelength A 350 nm to <700 nm Referencg y;;ow\i/r: 0.5 nm
700 nm to <1250 nm approx.8.>m 2.5 pm
1250 nm to 1700 nm 2 pm
Valid from: 16 March

Date of issue: 16 March20220626

Page57 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Photometry

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded R "
; ; ; i emarks
varlable / Calibration Measurement span conditions / measurgment
object Method uncertainty

Transmission filter

Transmission T

16% to 60%
>60% to 76%

>76% to <100%

Turbidity level N

> 0% to < 24% 24% to
<40%
40% to 84%

QMH Chapter XXXIV v4.0

0.65%
0.70%
0.80%

0.80%
0.70%
0.65%

Turbidity coefficient k Measuring chamber length 0.43 - ) Turbidity coefficient k
Nominal values in the
m L - - calculated from the
turbidity values of the 0.020™ to 0.050 .
>oml tog 43ml turbidity level N.
standard Uncertainty interval
U(k) calculated from
the uncertainty
interval of the turbidity
degree U(N).
Other measuring chamber
lengths increase the
measurement uncertainty.
llluminance E 0 Ix 0.01 Ix Reference zero
900 Ix to 2000 Ix 1.7%-E Standard illuminance
>5Ix upto <10 kix QMH XXXI 1.9%-E LED light
> 10 klix upto 110 kix 9.0 x 1078 E?/Ix
+0.02x 107" Ix
Valid from: 16 March
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Dimensional quantities:

length and angle

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded
quantity / Calibration conditions / measurement Remarks
¢ Measurement range -
object Method uncertainty
Calipers for external, .
) p VDI/VDE/DGQ 2618 . I: measured value
internal and >0mm to 1000 mm 20 pm + 15 x10°(-¢) x /
Part 9.1:2006

depth measurements *
Micrometers * upto 300 mm VDI/VDE/DGQ 2618 2 pm +6 x19(-6) /

>300mm - -1000 mm Sheet 10.1:2001 0.30 um + 12 x 10°(-6) /
Dl.a| gauges upto 100 mm VDI/VDE/DGQ 2618 1.5 um + 10 x 10(6) |
with dial display * Sheet 11.1:2014
Dial gauges VDI/VDE/DGQ/DKD 2618

with digital display *

upto 100 mm

Sheet 11.4:2020

1.5um + 10 x10°(-6) /

Fine pointer * upto 3mm VDI/VDE/DGQ 2618
Part 11.2:2002
0.9 um
Dial * wto  1.6mm VDI/VDE/DGQ 2618
o gatiee P ’ Sheet 11.3:2002
Steel or ceramic VDI/VDE/DGQ 2618

parallel end gauges in
accordance with DIN
ISO 3650 *

5-point
difference measurement

0.5mm to 100 mm Part 3.1:2004 0.1 um + 0.8 x 10%-6) x |
Measurement of the
deviation ic from the
>100mm to 175mm nominal dimension i, by 0.47 pm
difference measurement
in the nominal dimensions of Measurement of the
the standards deviations fo and . from
the mean dimension by 0.08 um
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded R "
. . . i emarks
va|f|ab|e/Cal|brat|on Measurement span conditions / measurgment
object Method uncertainty
Cylindrical standard VDI/VDE/DGQ 2618 disthe measured
rings * 3mm to 125mm Sheet 4.1:2006 0.7 um + 0.8 x10°x ¢ diameter
Diameter >125mm to 300 mm Option 3 0.6pum+2.1x90°. ¢
Mandrels * Diameter imm to 125mm VDI/VDE/DGQ 2618 0.5um +1.2x'"xd
Sheet 4.1:2006 .
>125mm to 300 mm 0.3 um +2.8x1°. 4
Option 3
VDI/VDE/DGQ 2618
Test pins * Diameter /VDE/DGQ .
1 mm to 20 mm Sheet 4.2:2006 0.5pum+1.2 x 10 x d
Option 1
Thread gauges *
(single- and multi-start
cylindrical external and
internal threads with straight
flanks, symmetrical profile,
nominal pitch and nominal
profile angle)
External threads Simple
flank diameter
VDI/VDE/DGQ 2618 disthe measured edge
1mm to 125mm Sheet 4.8:2006 28um+02x 0 xg | dAmeter
Option 1 Three-wire
method
>125mm to 500 mm (perpendicular to 2.7um+1.0x1"- d
thread axis)
Internal thread Single VDI/VDE/DGQ 2618
flank diameter Sheet 4.9:2006
Option 1
3mm to 125 mm 2.5um+03x°xd
Two-ball method
(perpendicular to
thread axis)
Lever systems for upto 600 mm | Workinstruction AAO364 52 um
force application on Version 8.0
brake test benches 600 mm to 2500 mm 23 x10°x [+0.12 mm I: measured value
Valid from: 16 March
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded R "
; ; i emarks
palfameter/Cahbratlon Measurement span conditions / measurgment
object Method uncertainty
Levelling scales for Measuring range based
interval measurements QMH-LVIIL2 ontheinterval b?tween
} any two graduation
upto 100 mm Section4 40 um marks on the scale
Version 1.0
Tape measures I=measured length of
QMH-L.VIIL.2 tape measures for
0.lm to 25m Section 2 2.4mm +45x10°] characterisation
Version 1.0 of headlamp alignment
test systems
Steel circumference Calibration to the
measuring tapes nominal values of the
B N standards
Diameter 150 mm to 300 mm QMH-LVIIL.2 0.62 mm
Section3
> 300 mm to 400 mm ) 0.94 mm
Version 1.0
Circumference 470 mm to 950 mm 0.19 mm
>950 mm to 1257 mm 0.297 mm
Electronic inclinometers -55° to -30° 42-107% | a|+0.00034° max. base length
QMH-L.VIIL.1
-30° to 30° , 0.0016° 100 mm
Version 1.0 a=anglein®
30° to 55° 42x107%x | a| +0.00034°
Point and line lasers
Hor?zo.ntal inclination AAO356
deviation 0 mm/ 2 mmy Version 9.0 0.080 mm/m
; mm/m to mm/m
vertical 0.10 mm/m
Position Sensitive Detector
/P.SD dic.>dc.es X-andY- wpto 5 mm AA0356 18 um
axis deviation Version 9.0
Valid from: 16 March
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Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded
quantity / Calibration Measurement span conditions / measurement Remarks
object Method uncertainty
Length measuring 0mm to 75 mm QMH-L.VIIL.3 31 pm Assumed temperature
instruments Gauges Section 2.1 range:20°C+1K
>75mm  to 150 mm Ex:/;;s;n 10 37 um
Assumed thermal
measurement Coefficient of thermal
QMH-L.VIIL.3 expansion:a=11.5x
Section 2.2 107K
Omm to 150 mm Version 1.0 36 pm
Internal Deviating ambient
measurement conditions and
QMH-L.VIII.3 materials of the
Section 2.3 gauges to be
Omm to 150 mm Version 1.0 Depth 39 um calibrated increase
the measurement
measurement uncertainty.
QMH-L.VIIL.3
0 to 75 mm Section 2.4 55 um
Version 1.0 Step
measurement
>75 mm to 150 mm 76 pm
Valid from: 16 March
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Electrical parameters
Permanent Laboratory — Berlin site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC voltage sources oV 120 nv Short-circuit bridge
oV to 0.1V 4 x 106 x J +0.36 puV U=measured value
>0.1V to 1V 3.7 x10%6) x U + 0.35 v
>1V to 10V 3.2 x19°. U +0.56 pV
>10V to 100 V 5.3 x10%6). U + 34 pv
>100V to 500V 9.6 x10%(-6) U - 0.34 mV
>500V to 1050V 30 x1°°(-6) U-10 mV
1050V to 10 kv 0.17 x0°. y
DC voltage measuring 0V to 220 mV 6 x 108 x U + 0.6 uV U=measured value
instruments >220mv  to 22V 5107 J+1pv
>22V to 11V 4 x10%6) x U + 3.5 pv
>11V to 22V 4 x10°6). (J + 6.5 pv
>22V to 220V 5 x10%(-6) U + 80 pV
>220V to 1050V 7 x10°-6). J + 0.5 mV
oV to 0.1V 4 x10%-8)x J + 0.36 uv
>0.1V to 1V 3.7 x0°. J+0.35 uv
>1V to oV 3.2 x10%6). U + 0.56 uV
>10V to 100V 5.3 x10%%) x U + 34 pv
>100V to 500V 9.6 x1%%(-6) U - 0.34 mV
>500V to 1050V 30x1°°(-¢) U-10 mV
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Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span

AC voltage sources,
measuring instruments

2mV to 1000V

10 Hz to 1 MHz

4.1uVto0.48V

2mV to 10mV

10 Hz to 40 Hz

0.36 x1°x U +3.4 uv

> 40 Hz to 1 kHz

0.24 x1°x U +1.3 pv

> 1 kHz to 20 kHz

0.36 x1°°- U+1.3pv

> 20 kHz to 50 kHz

1.2x19°. U+ 13 pV

> 50 kHz to 100 kHz

5.8 x107. U+ 1.3V

> 100 kHz to 300 kHz

46 x107. U +2.3 uv

>10mV to 100 mV

10 Hz to 40 Hz

86 x10°. U+ 4.6 v

> 40 Hz to 1 kHz

87 x10°. U+2.3 v

> 1 kHz to 20 kHz

0.17 x107. U +2.3 puv

> 20 kHz to 50 kHz

0.35x1°°. U+2.3pv

> 50 kHz to 100 kHz

0.93 x19°. J+2.3 pV

> 100 kHz to 300 kHz

3.5x07. U+ 12 v

> 300 kHz to 1 MHz

12 x107. U+ 12 pv

>100mV to 1V

10 Hz to 40 Hz

83 x10°. U+ 46 PV

> 40 Hz to 1 kHz

82 x10° (U +23 uv

> 1 kHz to 20 kHz

0.16 x1°7- U +23 pv

> 20 kHz to 50 kHz

0.35x107. J+23 uv

> 50 kHz to 100 kHz

0.92 x197. U +23 pv

> 100 kHz to 300 kHz

3.5x107. Jy+0.12 mV

> 300 kHz to 1 MHz

12 x1°°. U +0.12 mV

>1V to 10V

10 Hz to 40 Hz

85 x10°. U + 0.46 mV

> 40 Hz to 1 kHz

87 x10°. U +0.23 mV

> 1 kHz to 20 kHz

0.17 x°°. J+0.23 mV

> 20 kHz to 50 kHz

0.35x1°7. U +0.23 mV

> 50 kHz to 100 kHz

0.92 x1°%. U +0.23 mV

> 100 kHz to 300 kHz

3.5x107. U+1.2mV

> 300 kHz to 1 MHz

12x10°. U+1.2mV

>10V to 100V

10 Hz to 40 Hz

0.23x19°. U+ 4.6 mV

> 40 Hz to 1 kHz

0.23x19°. U+23mV

> 1 kHz to 20 kHz

0.23x1°x U +2.3mV

> 20 kHz to 50 kHz

0.41x1°- U+23mV

> 50 kHz to 100 kHz

1.4x9°. U+23mV

>100V to 1000V

50 Hz to 1 kHz

0.46 x1°°. J+ 16 mV

U =measured value
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Measurement
range /
Measurement
span

Measurement
conditions /
Method

Expanded
measurement
uncertainty

Remarks

AC voltage measuring

1mV to 1100V

10 Hz to 1 MHz

5uVto 81l mv

instruments, sources

ImV to 22mV

10 Hz to 20 Hz

0.5x19°x U +4.5uv

>20Hzto40Hz

0.19 x107. U+ 4.5 uv

> 40 Hz to 20 kHz

95 x10°. J + 4.5 pV

> 20 kHz to 50 kHz

0.33x1°°. U+4.5pv

> 50 kHz to 100 kHz

0.75x107. U+ 7 puv

> 100 kHz to 300 kHz

1x107. U +13 pv

> 300 kHz to 500 kHz

1.5 x197. U + 25 pV

> 500 kHz to 1 MHz

3.1 x07. U425V

>22mV to 22mV

10 Hz to 20 Hz

0.5 x107. J+5pv

>20Hzto40Hz

0.19x10°. J+5puv

> 40 Hz to 20 kHz

95 x10°. U+ 5 pVv

> 20 kHz to 50 kHz

0.33x10°. U+5pV

> 50 kHz to 100 kHz

0.75x10°. U+7 pv

> 100 kHz to 300 kHz

1x107x U +12 uv

> 300 kHz to 500 kHz

1.5x107. U+ 25 pv

> 500 kHz to 1 MHz

3.1 x107. U +25pv

>22mV to 220mV

10 Hz to 20 Hz

0.5x107. U +13 pv

>20Hzto40Hz

0.19x10°. U+ 8 puv

> 40 Hz to 20 kHz

95 x10°. U + 8 pv

> 20 kHz to 50 kHz

0.28 x10°. U+ 8 v

> 50 kHz to 100 kHz

0.75x197. U+ 25 pv

> 100 kHz to 300 kHz

1x107. U+ 25 pv

> 300 kHz to 500 kHz

1.5x107. U+ 35 pVv

> 500 kHz to 1 MHz

3.1x97. +80 pv

>220mV to 2.2V

10 Hz to 20 Hz

0.45 x1°°x U + 80 pV

>20Hzto40Hz

0.14 x1°7. U+ 25 pv

> 40 Hz to 20 kHz

65x10°. U+6pVv

> 20 kHz to 50 kHz

0.11x07. y+16 puv

> 50 kHz to 100 kHz

0.21x197. U+ 70 pv

> 100 kHz to 300 kHz

0.39x17°. U +0.13mV

> 300 kHz to 500 kHz

0.95 x19°x U + 0.35 mV

> 500 kHz to 1 MHz

1.9x1°°. U +0.85 mV

U =measured value
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC voltage measuring
instruments, sources

>22V to 22V

10 Hz to 20 Hz

0.45x1°°. J+0.8 mV

>20Hzto40Hz

0.14 x1°°. J +0.25 mV

> 40 Hz to 20 kHz

65 x10°. U + 60 pV

> 20 kHz to 50 kHz

0.11 x1°. U +0.16 mV

> 50 kHz to 100 kHz

0.21 x1°°. U +0.35 mV

> 100 kHz to 300 kHz

0.45 x1°7. U+ 1.5 mV

> 300 kHz to 500 kHz

12x1°x U +4.3mV

> 500 kHz to 1 MHz

2.5x10%. U+ 85mV

>22V to 220V

10 Hz to 20 Hz

0.45 x1°7. J + 8 mV

>20Hzto40Hz

0.14 x1°°. U + 2.5 mV

> 40 Hz to 20 kHz

70 x 0. J + 0.8 mV

> 20 kHz to 50 kHz

0.19 x1°°. U+ 3.5 mV

> 50 kHz to 100 kHz

0.45x1°x U +8 mV

>220V to 1100V

15 Hz to 50 Hz

0.36 x1°°- U+ 16 mV

> 50 Hz to 1 kHz

70 x10°. J +3.5mV

1mVto 220V

1 Hz to 10 kHz
square-wave voltage

0.38 uVto 3.2mV See
Matrix BM.1

Sources

1100V to 10kV

45 Hz to 55 Hz

0.46 x10"=3)x U

U =measured value
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Direct cu.rrent OmA to 220pA 40 x 161 % [ + 8 nA I=measured value
measuring
instruments, sources >2204A to 2.2mA 40 x10°6)x | + 8 nA
>22mA to 22mA 40 x1°x [ + 80 nA
>22mA to 100 mA 50-10-6./+0.8 pA
50 x 10°(-6) - | + 200 x 107(-6) - 12
>100mA to 220mA +0.8 A
>220mA to 1A 65 x 10"-6). | + 25 YA
107 (-6 Af—| 2
S1A to 22A 65 x ()xl+10><10(6)xl
25 pA
>22A to 3A 0.38 x10"3)x [ + 40 pA
>3A to 10.1A 0.5 x10*3)x [ + 0.5 mA
>10.1A to 205A 1x10%3)x [ +0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35-10-6. 1+ 46 pA

>100nA to 1pA 23 x10°C6). | + 46 pA

>1pA to 10pA 23 x19°x [+0.12 nA

>10pA to 100 pA 23 x 10A) - [ +0.92 nA

>100pA to 1mA

23 x10%61x | + 6 nA

>1mA to 10mA 23 x10-6 x [+ 58 nA

>10mA to 100 mA 41 x 107(-6) I + 580 nA

>100mA to 1A 0.13 x 10A(-3) / + 12 pA

1A to 400A 0.21 x10°x |
Direct current 1 to N windings i
Current clamps and current 1mA- - -1100A 3 x107(-3)x |
transformers
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC current measuring 10uA to 20.5A 10 Hz to 10 kHz 25nAto0.62 A I=measured value
instruments, sources 001mA to 0.22mA 10 Hz to 40 Hz 0.6 x1° % | + 25 nA
> 40 Hz to 1 kHz 0.12 x19°x |+ 16 nA
> 1kHzto 5 kHz 0.5 %17 x [ +40 nA
> 5 kHz to 10 kHz 1.4 x197. [+ 80 nA
>0.22mA to 2.2mA 10 Hz to 40 Hz 0.6 x197. | + 40 nA
> 40 Hz to 1 kHz 0.1,2x9"x/+35nA
>1kHz to 5 kHz 0.5%107x | + 0.4 pA
> 5 kHz to 10 kHz 1.4x1°°.71+0.8 pA
>22mA to 22mA 10 Hz to 40 Hz 0.6 x1°7. |+ 0.4 pA
> 40 Hz to 1 kHz 0.12 x17. | +0.35 pA
> 1kHzto 5 kHz 0.5x107x [ +4 pA
> 5 kHz to 10 kHz 1.4 %107 x [+ 8 uA
>22mA to 220mA 10 Hz to 40 Hz 0.6 x107. [ +4 pA
> 40 Hz to 1 kHz 0.12x17./+35pA
> 1kHz to 5 kHz 0.5 x107x [ + 40 pA
> 5 kHz to 10 kHz 1.4 x107. [+ 80 puA
>220mA to 22A 20 Hz to 1 kHz 0.55 x107 x | + 35 pA
> 1kHzto 5 kHz 0.65 %107 [ + 80 pA
> 5 kHz to 10 kHz 0.75 %17 +0.16 mA
>22A to 3A 10 Hz to 45 Hz 1.8x107. 1+ 0.1 mA
> 45 Hz to 1 kHz 0.6x17./+0.1 mA
>3A to 11A 45 Hz to 100 Hz 0.6 x1°x/+2mA
> 100 Hz to 1 kHz 1.0x1°x [+ 2 mA
>11A to 205A 45 Hz to 100 Hz 1.2 x107. [+ 5mA
> 100 Hz to 1 kHz 1.5x107. [+ 5mA
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Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current sources SuA to 1A 20 Hz to 5 kHz 35 A to 13 mA I=measured value

5uA to 100 pA

20 Hz to 45 Hz

1.7 x1°x [ + 35 nA

> 45 Hz to 1 kHz

0.76 x1°°x | + 34 nA

>100pA to 1mA

20 Hzto 45 Hz

1.7 x19°.[4+0.23 pA

> 45 Hz to 100 Hz

0.71 x107./+0.23 pA

> 100 Hz to 5 kHz

0.73 x1°7-/+0.2 pA

>1mA to 10mA

20 Hz to 45 Hz

1.7 x10°. [+ 2.3 A

> 45 Hz to 100 Hz

0.71 x1°°x |+ 2.3 pA

> 100 Hz to 5 kHz

0.73x197. [+ 2 pA

>10mA to 100 mA

20 Hz to 45 Hz

1.7 x1°7. [ +23 pA

> 45 Hz to 100 Hz

0.71 x107./+23 pA

> 100 Hz to 5 kHz

0.73 x19°x | + 20 pA

>100mA to 1A

20 Hzto 45 Hz

1.8x17x[+0.23 mA

> 45 Hz to 100 Hz

0.83 x1°x /+0.33 mA

> 100 Hz to 5 kHz

1.6 x1°°./+0.21 mA

Alternating current sources,

/=measured value

o 10mA to 500A 3uAto0.2A
measuring instruments
10mA to 1A 0.32x107x |
40 Hz to 1 kHz —
>1A to 100A 0.69 x10°. |
>100A to 450A 0.9 x107x |
Current clamps and current 1to N windings 10 Hz | = measured value
transformers
to 1 kHz 4x1073-/

1 mA-

-1100 A

> 1 kHz to 10 kHz/N

Equivalent current

0.2pA to 200 mA

atrvup to 1 GQ
DC up to 60 Hz

17-106. 110 5.8 - 103 |

See Matrix BM.2
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC resistance Fixed values 00 2-wire short-circuit 0.5mQ R =measured value
4-wire short circuit 0.35 uQ
100 pQ 0.45 x10%-3)x R Intermediate values
1m0 0.17 x10"-3)x R increase the
measurement
10ma 0.17x30"31x R uncertainty
100 mQ 0.10 x1°°x R
10; 40 x10'(-6) R
100; 23 x10°(-6) R
100 Q; 14 x 10%(-6). R
1kQ; 10 x 108-6). R
10 kQ; 9.5 x10%(-6). R
100 kO; 11-0°. R
1MQ; 15 -10°. R
10 MQ; 31.10°. R
100 MQ; 100 -0°. R
10; 76 x 107-6). R
10Q; 20 x 107-6). R
100 Q; 17 x 108(-6). R
1kQ; 10 x 10%(-6). R
10 kQ; 10 x 108-6). R
100 kQ; 13 .10°. R
1MG; 19-10°. R
10 MQ; 70 -10°. R
100 MQ; 0.59 x10°. R
1GQ 5.9 x10°. R
Measuring instruments Oto<11Q 40 x 10%() R
11Qto<110Q 35 x10°-6). R
110 Q to < 110 kQ 28 x 10M-6). R
110kQ to < 1.1 MQ 32 x10°-6). R
1.1 MQ to < 3.3 MQ 60 x 10°(-6). R
3.3MQto <11 MQ 013 x1°x R
11 MQto< 33 MQ 0.25 x 107(-3). R
33 MQto< 110 MQ 0.5 x10%3) . R
110 MQ to < 330 MQ 3 x10%-3). R
330 MQto<1.1GQ 15 x10%-3). R

AC resistance (magnitude of
impedance)

500 uQto  45kQ

10 Hz to 10 kHz

U”+U” -R
1 u
0.17 x10%-3)x R
to

1.7 x10°-3). R

See matrix BM.3

R =measured value
ui is the relative
uncertainty of the
calibration current
vu is the relative
uncertainty of the
measured voltage
across the resistor
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Inductance fixed values . L
0 pH 2-wire short-circuit 0.03 pH
100 Hz 0.54 x10"-3)x |
100 pH 1 kHz 0.28 x 10M-3). |
10 kHz 0.29 x10%-3). |
. 100 Hz 0.14 x 10%-3) x [ L=measured value
m 1 kHz 0.14 x10"-3)x |
10 kHz 0.24 x10%(3) L
Impedance range: 50
10 mH 100 Hz; 0.13 XlOA(’S) L mQ < |z| <11 kQ
1 kHz; 10 kHz 0.16 x10%=3). |
100 mH 100 Hz; 1 kHz 0.13 x10%(=3) L
10 kHz 0.28 x10%-3). |
1H 100 Hz, 1 kHz 0.20 x 107 x [
Capacitance 0 pF 0.2 pF No-load
fixed Lo 1 kHz 0.63 x10%(3) C
values P 10 kHz 0.31x19(=%) ¢
1 kHz 42 x10%(=6) C
10 pF 10 kHz; 53 x 10°(-6) °C
100 kHz 88 x 10%(-6) °C
07 (-3
1 MHz 0.24x1°(?) € C=measured value
100 pF 1 kHz 39 x10%(-6) C
1nF 1 kHz 71 x10°(-8) °C
n N
100 kHz 0.13x10%(3) C Absolute value of
100 Hz 0.49 x10%(3) C impedance1Q<|Z| <
10 nF 1 kHz 0.21 x¥0%(3) C 110 MQ
10 kHz 0.23 x10%(3) C
100 Hz; 0.21 x¥0%(3) C
100 nF 1 kHz; 0.20x0%(=3) C
10 kHz 0.17 x¥0%(3) C
107 (-3
100 Hz; 1 kHz 0.29x()
1ur 0.13 x20'(3) ¢
10 kHz 0.29 x10°°C
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Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement procedure uncertainty
span
2 2 .
Direct current power measuring v Mﬁ +W, P
instruments ow 21 kw 0mVto1020V P= dval
to OuAto20.5A 0.21 x10%.pt0 0.70 x 1 = measured value
P
[wW? +W? .p win is the relative
i : OVto330V in out uncertainty of the active
with clamp connection OW to 300KkwW .
0 mA to 1000 A but not less than 0.2 x1° x | power of the
p single winding.
Active AC power measuring P =measured value
instruments PF=1;45Hz to 65 Hz PF = power factor
0.11mW to 21kw 33 mVto 1020V 0.7 x1%x Pto 1.4 x 10 x P (capacitive or inductive)
33mAto20A
15 W; 60 W; 100 W; 400 W; PF=1;45Hz to 65 Hz 0.16 x 10
500 W; 1 KW; 2 KW; 4 kW 50V; 200V A6x T xP
0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26 x 0% W
45 Hzto 65 Hz; PF=1
23Wto 20.6 kW 23Vto 1020V 0.32%10°pt00.48*10°p
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16 x 10 x p
198 W PF=09 0.18 x 1 x p
110 W PF=05 0.29 x 17 x p
2W PF=0.1 1.4 x10%x p
11w PF=0.05 2.7 x17xp
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10Wto 1kw Inductive, capacitive 0.22W
win is the relative
uncertainty of the active
power of the single
33Vto330V > winding. The relative
w> +wW* -p .
10 mA to 660 A Vo uncertainty of the
with clamp connection 05Wto 218 kW 45 Hz to 65 Hz but not less than 0.4 x 1" x | measurement object
p woutin the measurement
0.05<PF<1 circuit and in the stray
1 to 60 windings field of the current-
carrying conductor must
be
taken into account.
Power factor 0. to0. .04 0.15 x10°
33Vto330V
>04t0 <1 330mAto2.2A 60 x19°x P +0.16 x10°
45 Hz to 65 Hz
1 89 x 10°
AC reactive is th tainty of
is the uncertain
power Ovarto 1 kvar 45 Hz to 65 Hz up - var/W v . o
Meters active power
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Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / span conditions / measurement
object Method uncertainty
Frequency f uTE:
: 0.01Hzto 18 GHz 0.5 x 1072 - f+ 3¢ ’
Measurement and synthesis Trigger uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5 x 10"-8) x At + 50 ps
1sto 100h 14 x 1075 - At + urr
Rotational speed 0.025! to 18000s* 3.7 x10%(=6). f
Oscilloscope 0OV to 5V DC to 10 kHz 1.1 x10%3) . U + 66 pv U: measured value
vertical 5V 130V 1.2 x10%2) . U + 44 v
Oscilloscope 1ns to <100ns 0.6 x10*6)x T + 60 fs T=measured value
horizontal 100ns to 20ms 3.1x100x T+ 11 fs
>20ms to Ss 1.2 x10%(3) x T2+ 29 x10"6)x T
50 kHz 3.3x10M2) x f
>50kHzto 100 MHz 2.5 x 107 x
Oscilloscope bandwidth 10“(_2]‘
f ) >100 MHzto 300 MHz 3.1x102) x f
requency response -
quency resp >300 MHzto 600 MHz 5.5% 107 x f f=measured value
>600 MHzto 1.1 GHz 6.5x10"2) - f
>11GHz to 2GHz 6.8x10°2). f
>2GHz to 4GHz 9.5x10%2) .
Frequency f
Time base 10 MHz 0.2 x10%(-6) x f
Rise time Oscilloscopes 50ps to 1ms 0.05Vto1l.2V 4ps+5.7x103) x T
1ns to 1ms 0.1to3V 2.5ps+5.8x17°xT
Rise time of generators, N
0.5nsto <2.5ns 28 ps + 14 x10M=3). T
pulses
25nsto 5ms 13 ps + 28 x10°-3). T
N-connector, 50 ohms
Ire |£0.035 f
<4 GHz
Ire | < 0.056 f
RF power Output power DC to 50 MHz 50 9.5 x10%-3). p <12 GHz
and calibration factor of MHz to 4 GHz 14 x1°(3) p 6 1< 0.075
10uw to 80 mwW 4GHzto 12 GHz 22.10°.p S 18 GHz
12 GHz to 18 GHz 36.10°. p Other Fonnectors and
reflection factors
increase the
measurement uncertainty
RF voltage uwr W(P) is the relative
sources with RF P uncertainty of the
voltage display 2mV to 2V DCto 18 MHz WUy ) = measured power
relative to 50 Q at2=500Q
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Matrix BM.1 Square-wave voltage
Square-wave voltage [V]
0.001 0.01 0.1 0.1 0.5 1 5 10 50 100
Frequency [Hz]
10 3.8E-07 512.2E-9 2.44E-06 2.37E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E-3
100 7.4E-07 814.6E-9 2.52E-06 2.46E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E3
1000 6.4E-06 6.4E-6 6.99E-06 6.97E-06 1.34E-05 2.4E-05 111.6E-6 251.5E-6 1.2E3 2.3E3
10,000 6.3E-05 63.7E-6 6.56E-05 6.56E-05 7.47E-05 8.7E-05 200.5E-6 369.5E-6 1.6E-3 3.2E3
Matrix BM.2 Replacement leakage current
Normal resistance sy 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 pA 600 nA 60 nA
110V 110 mA 11 mA 1.1mA 110 pA 11 pA 1.1pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 2.3 mA 230 pA 23 pA 2.3 pA 230 nA
400V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 pA 400 nA

Matrix BM.3 AC resistance

Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100 V 1.000 V 1.000 V 10.000 V 10,000 V 100,000 V
Current [A]
2.2x10°A 1.57E-03 4.66E-04 4.66E-04 3.00E-04 3.00E-04 2.98E-04 2.98E-04 3.00E-04 3.00E-04 3.78E-04
22-107 A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
0.22A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
2.2A 1.64E-03 6.78E-04 6.78E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 6.21x10™*

Dimensional quantities

Permanent Laboratory — Berlin site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object methods uncertainty
Length
Calipers for external, I: measured value
internal and depth Omm to 500mm VDI/VDE/DGQ 2618 20 pum + 15 x 10%(=6) x |
measurements * Sheet 9.1:2006
VDI/VDE/DGQ 2618
. - 108,
Micrometers Omm to 300mm Sheet 10.1:2001 2 um + 6 x10%(-6) /
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Methods uncertainty
DC voltage sources oV 120 nv Short-circuit bridge
oV to 0.1V 4 x 106 x J +0.36 uV U=measured value
>0.1V to 1V 3.7 x10°. U +0.35 uv
>1V to 0oV 3.2 x10%6). U + 0.56 uV
>10V to 100V 5.3 x10%%) x U + 34 pv
>100V to 500V 9.6 x1%%(-6) U - 0.34 mV
>500V to 1050V 30x1°(%) U-10 mV
1050V to 10 kv 0.17 x0°. y
DC voltage measuring oV to 220 mV 6x1°x U+0.6pv U=measured value
instruments >220mv  to 22V 5 x10°(-6) x U + 1 pV
>22V to 11V 4 x10%-6) U+ 3.5 pv
>11V to 22V 4 x10°8). J + 6.5 pv
>22V to 220V 5 x10%(-6) U + 80 pv
>220V to 1050V 7 x10°-6). J + 0.5 mV
0V to 0.1V 4x10°x J+0.36 uv
>0.1V to 1v 3.7 x10%6). J + 0.35 uv
>1V to 10V 3.2 x 10%6) x U + 0.56 pV
>10V to 100V 5.3 x20%(6) x U + 34 pv
>100V to 500V 9.6 x19°(-6) U - 0.34 mV
>500V to 1050V 30x1°°(-¢) U-10 mV
Valid from: 16 March
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Measurement
quantity / Calibration
object

Measurement
range /
Measurement
span

Measurement
conditions /
Methods

( DAKKS

Deutsche

Akkreditierungsstelle

Expanded
measurement
uncertainty

Comments

AC voltage sources,
measuring instruments

2mV to 1000V

10 Hz to 1 MHz

4.1uVto0.48V

2mV to 10mV

10 Hz to 40 Hz

0.36 x1°x U +3.4 uv

> 40 Hz to 1 kHz

0.24 x1°x U +1.3 pv

> 1 kHz to 20 kHz

0.36 x1°x U+ 1.3 uv

> 20 kHz to 50 kHz

1.2x19°. U+ 13 pV

> 50 kHz to 100 kHz

5.8 x107. U+ 1.3V

> 100 kHz to 300 kHz

46 x107. U +2.3 uv

>10mV to 100 mV

10 Hz to 40 Hz

86 x10°. U+ 4.6 v

> 40 Hz to 1 kHz

87 x10°. U+2.3 v

> 1 kHz to 20 kHz

0.17 x107. U +2.3 puv

> 20 kHz to 50 kHz

0.35x1°°. U+2.3pv

> 50 kHz to 100 kHz

0.93 x19°. J+2.3 pV

> 100 kHz to 300 kHz

3.5x07. U+ 12 v

> 300 kHz to 1 MHz

12 x10°x U +12 pv

>100mV to 1V

10 Hz to 40 Hz

83 x10°. U+ 46 PV

> 40 Hz to 1 kHz

82 x10°V+23 uv

> 1 kHz to 20 kHz

0.16 x1°7- U +23 pv

> 20 kHz to 50 kHz

0.35x107. J+23 uv

> 50 kHz to 100 kHz

0.92 x197. U +23 pv

> 100 kHz to 300 kHz

3.5x1°x J+0.12 mV

> 300 kHz to 1 MHz

12 x1°x U +0.12 mV

>1V to 10V

10 Hz to 40 Hz

85 x10°. U + 0.46 mV

> 40 Hz to 1 kHz

87 x10°. U +0.23 mV

> 1 kHz to 20 kHz

0.17 x°°. J+0.23 mV

> 20 kHz to 50 kHz

0.35x1°7. U +0.23 mV

> 50 kHz to 100 kHz

0.92 x1°%. U +0.23 mV

> 100 kHz to 300 kHz

3.5x107. U+1.2mV

> 300 kHz to 1 MHz

12x10°. U+1.2mV

>10V to 100V

10 Hz to 40 Hz

0.23x19°. U+ 4.6 mV

> 40 Hz to 1 kHz

0.23x19°. U+23mV

> 1 kHz to 20 kHz

0.23x1°x U +2.3mV

> 20 kHz to 50 kHz

0.41x1°- U+23mV

> 50 kHz to 100 kHz

1.4x9°. U+23mV

>100V to 1000V

50 Hz to 1 kHz

0.46 x1°°. J+ 16 mV

U =measured value
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Measurement
variable / Calibration
object

Measurement
range /
Measurement
span

Measurement
conditions /
Method

( DAKKS

Deutsche

Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

AC voltage measuring

1mV to 1100V

10 Hz to 1 MHz

5uVto 81l mv

instruments, sources

ImV to 22mV

10 Hz to 20 Hz

0.5x19°x U +4.5uv

>20Hzto40Hz

0.19 x107. U+ 4.5 uv

> 40 Hz to 20 kHz

95 x10°. J + 4.5 pV

> 20 kHz to 50 kHz

0.33x1°°. U+4.5pv

> 50 kHz to 100 kHz

0.75x107. U+ 7 puv

> 100 kHz to 300 kHz

1x107. U +13 pv

> 300 kHz to 500 kHz

1.5 x197. U + 25 pV

> 500 kHz to 1 MHz

3.1 x07. U425V

>22mV to 22mV

10 Hz to 20 Hz

0.5 x107. J+5pv

>20Hzto40Hz

0.19x10°. J+5puv

> 40 Hz to 20 kHz

95 x10°. U+ 5 pVv

> 20 kHz to 50 kHz

0.33x10°. U+5pV

> 50 kHz to 100 kHz

0.75x10°. U+7 pv

> 100 kHz to 300 kHz

1x107x U +12 uv

> 300 kHz to 500 kHz

1.5x107. U+ 25 pv

> 500 kHz to 1 MHz

3.1 x107. U +25pv

>22mV to 220mV

10 Hz to 20 Hz

0.5x107. U +13 pv

>20Hzto40Hz

0.19x10°. U+ 8 puv

> 40 Hz to 20 kHz

95 x10°. U + 8 pv

> 20 kHz to 50 kHz

0.28 x10°. U+ 8 v

> 50 kHz to 100 kHz

0.75x197. U+ 25 pv

> 100 kHz to 300 kHz

1x107. U+ 25 pv

> 300 kHz to 500 kHz

1.5x107. U+ 35 pVv

> 500 kHz to 1 MHz

3.1x97. +80 pv

>220mV to 2.2V

10 Hz to 20 Hz

0.45 x1°°x U + 80 pV

>20Hzto40Hz

0.14 x1°7. U+ 25 pv

> 40 Hz to 20 kHz

65x10°. U+6pVv

> 20 kHz to 50 kHz

0.11x07. y+16 puv

> 50 kHz to 100 kHz

0.21x197. U+ 70 pv

> 100 kHz to 300 kHz

0.39x17°. U +0.13mV

> 300 kHz to 500 kHz

0.95 x19°x U + 0.35 mV

> 500 kHz to 1 MHz

1.9x1°°. U +0.85 mV

U =measured value
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC voltage measuring
instruments, sources

>22V to 22V

10 Hz to 20 Hz

0.45 x1°x U + 0.8 mV

>20Hzto40Hz

0.14 x1°°. J +0.25 mV

> 40 Hz to 20 kHz

65 x10°. U + 60 pV

> 20 kHz to 50 kHz

0.11 x1°. U +0.16 mV

> 50 kHz to 100 kHz

0.21 x1°°. U +0.35 mV

> 100 kHz to 300 kHz

0.45 x1°7. U+ 1.5 mV

> 300 kHz to 500 kHz

12x1°x U +4.3mV

> 500 kHz to 1 MHz

2.5x10%. U+ 85mV

>22V to 220V

10 Hz to 20 Hz

0.45 x1°7. J + 8 mV

>20Hzto40Hz

0.14 x1°°. U + 2.5 mV

> 40 Hz to 20 kHz

70 x 0. J + 0.8 mV

> 20 kHz to 50 kHz

0.19 x1°°. U+ 3.5 mV

> 50 kHz to 100 kHz

0.45x1°x U +8 mV

>220V to 1100V

15 Hz to 50 Hz

0.36 x1°°- U+ 16 mV

> 50 Hz to 1 kHz

70 x10°. J +3.5mV

U =measured value

1mVto 220V

1 Hz to 10 kHz
square-wave voltage

0.38 uVto 3.2mV See
Matrix MM.1

Sources

1100V to 10kV

45 Hz to 55 Hz

0.46 x10"=3)x U

U =measured value

Valid from:
Date of issue: 16 March20220626
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Direct cu.rrent OmA to 220pA 40 x 161 % [ + 8 nA I=measured value
measuring
instruments, sources >2204A to 2.2mA 40 x10°6)x | + 8 nA
>22mA to 22mA 40 x1°x [ + 80 nA
>22mA to 100 mA 50-10-6./+0.8 pA
50 x 10°(-6) - | + 200 x 107(-6) - 12
>100mA to 220mA +0.8 A
>220mA to 1A 65 x 10"-6). | + 25 YA
107 (-6 Af—| 2
S1A to 22A 65 x ()xl+10><10(6)xl
25 pA
>22A to 3A 0.38 x10"3)x [ + 40 pA
>3A to 10.1A 0.5 x10*3)x [ + 0.5 mA
>10.1A to 205A 1x10%3)x [ +0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35 x 10%-6). | + 46 pA

>100nA to 1pA 23 x10°C6). | + 46 pA

>1pA to 10pA 23-19°.7+0.12 nA

>10pA to 100 pA 23 x 10A) - [ +0.92 nA

>100pA to 1mA

23 x10%61x | + 6 nA

>1mA to 10mA 23 x10-6 x [+ 58 nA

>10mA to 100 mA 41 x 107(-6) I + 580 nA

>100mA to 1A 0.13 x 10A(-3) / + 12 pA

1A to 400A 0.21 x10°x |
Direct current 1 to N windings i
Current clamps and current 1mA- - -1100A 3 x107(-3)x |
transformers
Valid from: 16 March
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Measurement

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current measuring 10pA to 20.5A

instruments, sources

10 Hz to 10 kHz

25nAto0.62 A

0.01mA to 0.22mA

10 Hz to 40 Hz

0.6 x1°°x [ +25nA

> 40 Hz to 1 kHz

0.12x19°x [+ 16 nA

> 1kHzto 5 kHz

0.5 x197x [+ 40 nA

> 5 kHz to 10 kHz

1.4 x1°7. | + 80 nA

>0.22mA to 22mA

10 Hz to 40 Hz

0.6 x1°7./+40nA

> 40 Hz to 1 kHz

0.1, 2 x " x | + 35 nA

> 1kHzto 5 kHz

0.5%10%x | + 0.4 pA

> 5 kHz to 10 kHz

1.4 x17. [ +0.8 pA

>22mA to 22mA

10 Hz to 40 Hz

0.6 x197- [ + 0.4 pA

> 40 Hz to 1 kHz

0.12 x197. [+ 0.35 pA

>1kHzto 5 kHz

0.5 x17x [ +4 pA

> 5 kHz to 10 kHz

1.4 %17 x [+ 8 uA

>22mA to 220mA

10 Hz to 40 Hz

0.6 X107 [ +4 A

> 40 Hz to 1 kHz

0.12 x10%. [+ 3.5 pA

> 1kHzto 5 kHz

0.5 x107 x| + 40 pA

> 5 kHz to 10 kHz

1.4 x1°. [ + 80 pA

>220mA to 2.2A

20 Hz to 1 kHz

0.55 x 107 x [ + 35 uA

> 1kHzto 5 kHz

0.65 x 107 | + 80 pA

> 5 kHz to 10 kHz

0.75 x107. ]+ 0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8x1°7./+0.1 mA

> 45 Hz to 1 kHz

0.6 x1°7-/+0.1 mA

45 Hz to 100 Hz

0.6 x19°x/+2mA

> 100 Hz to 1 kHz

1.0x17°x [+ 2 mA

>11A to 205A

45 Hz to 100 Hz

1.2x17°. /+5mA

> 100 Hz to 1 kHz

1.5x17. /+5mA

I=measured value
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Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current sources SuA to 1A 20 Hz to 5 kHz 35 A to 13 mA I=measured value

5uA to 100 pA

20 Hz to 45 Hz

1.7 x1°x [ + 35 nA

> 45 Hz to 1 kHz

0.76 x1°°x | + 34 nA

>100pA to 1mA

20 Hzto 45 Hz

1.7 x19°.[4+0.23 pA

> 45 Hz to 100 Hz

0.71 x107./+0.23 pA

> 100 Hz to 5 kHz

0.73 x1°7-/+0.2 pA

>1mA to 10mA

20 Hz to 45 Hz

1.7 x10°. [+ 2.3 A

> 45 Hz to 100 Hz

0.71 x1°°x |+ 2.3 pA

> 100 Hz to 5 kHz

0.73x197. [+ 2 pA

>10mA to 100 mA

20 Hz to 45 Hz

1.7 x1°7. [ +23 pA

> 45 Hz to 100 Hz

0.71 x107./+23 pA

> 100 Hz to 5 kHz

0.73 x19°x | + 20 pA

>100mA to 1A

20 Hzto 45 Hz

1.8x17x[+0.23 mA

> 45 Hz to 100 Hz

0.83 x1°x /+0.33 mA

> 100 Hz to 5 kHz

1.6 x1°°./+0.21 mA

Alternating current sources,

/=measured value

o 10mA to 500A 3uAto0.2A
measuring instruments
10mA to 1A 0.32x107x |
40 Hz to 1 kHz —
>1A to 100A 0.69 x10°. |
>100A to 450A 0.9 x107x |
Current clamps and current 1to N windings 10 Hz | = measured value
transformers
to 1 kHz 4x1073-/

1 mA-

-1100 A

> 1 kHz to 10 kHz/N

Equivalent current

0.2pA to 200 mA

atrvup to 1 GQ
DC up to 60 Hz

17-106. 110 5.8 - 103 |

See Matrix MM.2
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC resistance Fixed values 00 2-wire short-circuit 0.5mQ R =measured value
4-wire short circuit 0.35 uQ
100 pQ 0.45 x10"-3)x R
1mQ 0.17 x10%(-3)x R
10 mQ 0.17 x10%(-3)x R
100 mQ 0.10 x 103) . R
10; 40 x10'(-6) R
100 23 x10%(-6) R
100 Q; 14 x 10%(-6). R
1kQ; 10 x 10%(-6). R
10 kO; 9.5 x10°-6). R
100 kO; 11-0°. R
1MQ; 15 -10°. R
10 MQ; 31.10°. R
100 MQ); 100 -19°. R
10; 76 x 10°(-6) R
10Q; 20 x 10%(-6). R
100 Q; 17 x10%(-6). R
1kQ; 10 x 101(-6). R
10 kQ; 10 x 107-6). R
100 kQ; 13.10°. R
1 MQ; 19 -10°. R
10 MQ; 70 -10°. R
100 MQ; 0.59 x10°. R
1GQ 5.9 x107°. R
0to<110Q 40 x 10°(~6) R
11Qto<110Q 35 x 10(-6). R
110 Q to < 110 kQ 28 x 10M-6). R
110 kQ to < 1.1 MQ 32 x 107-6). R
1.1 MQto< 3.3 MQ 60 x 10(-6). R
3.3MQto< 11 MQ 0.13 x10°. R
11 MQto <33 MQ 0.25x1°x R
33 MQto< 110 MQ 0.5 x10%3) . R
110 MQ to < 330 MQ 3 x10%-3). R
330 MQto<1.1GQ 15 x10%-3). R
AC resistance (magnitude of 500 uQto  45kQ 10 Hz to 10 kHz WU R R =measured value
impedance) ui is the relative
uncertainty of the
104(-3)
0.17x ‘ xR calibration current
o}
1.7 x10°-3). R vu is the relative
' uncertainty of the
measured voltage
S trix MM.3
ce matrix across the resistor
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Inductance Fixed values . L
0 pH 2-wire short-circuit 0.03 pH
100 Hz 0.54 x10"-3)x |
100 pH
K 1 kHz 0.28x10°-3). |
10 kHz 0.29 x10%-3). |
. 100 Hz 0.14 x 10%-3) x [ L=measured value
m 1 kHz 0.14 x10"-3)x |
10 kHz 0.24 x10%(3) L
Absolute value of
10 mH 100 Hz; 0.13X10A(’3)L impedance 50 mQ < |Z|
1 kHz; 10 kHz 0.16 x10%-3). | <11kQ
100 mH 100 Hz; 1 kHz 0.13 x10%(=3) L
10 kHz 0.28 x10%-3). |
1H 100 Hz, 1 kHz 0.20 x0%(=3) L
Capacitance 0 pF 0.2 pF No-load
fixed Lo 1 kHz 0.63 x10%(3) C
values P 10 kHz 0.31x19(=%) ¢
1 kHz 42 x10%(=6) C
10 pF 10 kHz; 53 x 10°(-6) °C
100 kHz 88 x 10%(-6) °C
07 (-3
1 MHz 0.24x1°(?) € C=measured value
100 pF 1 kHz 39 x10%(-6) C
1nF 1 kHz 71 x10(-¢) C
n -
100 kHz 0.13 x1¥0°. C Absolute value of
100 Hz 0.49 x10%(3) C impedance1Q<|Z| <
10 nF 1 kHz 0.21 x¥0%(3) C 110 MQ
10 kHz 0.23 x10%(3) C
100 Hz; 0.21 x¥0%(3) C
100 nF 1 kHz; 0.20x0%(=3) C
10 kHz 0.17 x¥0%(3) C
107 (-3
100 Hz; 1 kHz 0.29>() €
1ur 0.13 x20'(3) ¢
10 kHz 0.29 x0%(=3) C
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Methods uncertainty
span
2 2 .
Direct current power measuring v Mﬁ +W, P
instruments 0OW t 21 kW 0mVto 1020 V -5 s p= dval
(o} 0 uAt0 20.5 A 0.21 x19° x P to 0.70 x 10 =measured value
-P
[wW? +W? .p win is the relative
with clamp connection K 0Vto330V in out uncertainty of the active
OW to 300kw 0 mA to 1000 A but not less than 0.2 x1°° x | power of the
p single winding.
Active AC power measuring P =measured value
instruments PF=1;45Hz to 65 Hz PF = Power factor
0.11mW to 21kw 33 mVto 1020V 0.7 x1%x Pto 1.4 x 10 x P (capacitive or inductive)

33mAto20A

15 W; 60 W; 100 W; 400 W;

PF=1; 45 Hz to 65 Hz

500 W; 1 KW; 2 KW; 4 kw 50V; 200V 0.16 x2"x P
’ ’ ’ 0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26 x 10° W
45 Hz to 65 Hz; PF=1
23Wto 20.6 kw 23V to 1020V 0.32%10°pt00.48 107 p
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16 x 10 x p
198 W PF=0.9 0.18 x 10°x p
110w PF=0.5 0.29 x 107 x p
22 W PF=0.1 1.4 x10°x p
11w PF=0.05 27 x107xp
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10Wto 1kw Inductive, capacitive 0.22W
win is the relative
uncertainty of the active
power of the single
33Vto330V 5 5 winding. The relative
w> +wW* -p .
10 mA to 660 A Ve o uncertainty of the
with clamp connection 0.5Wto 218 kW 45 Hz to 65 Hz but not less than 0.4 x 1° x meas:urement object
p woutin the measurement
0.05<PF<1 circuit and in the stray
1 to 60 windings field of the current-
carrying conductor must
be
taken into account.
Power factor 0. to 04 0.15 x10°
33Vto330V
>04t0 <1 330mAto2.2A 260 x19°x P +0.16 x10°
45 Hz to 65 Hz
1 89 x 10°
AC reactive is th tainty of
isthe uncertain
power Ovarto 1 kvar 45 Hz to 65 Hz up - var/W o . o
Meters the active power
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Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement Methods uncertainty
span
Frequency f . 0.01Hzto 18 GHz 0.5x 107 - f+ urt
Measurement and synthesis . . urt Trigger uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5 x 1081 x At + 50 ps
1sto 100h 14 x 1076 - At + urr
Rotational speed 0.025! to 18000s* 3.7 x10%(-6). f
Oscilloscope OV to 5V DC to 10 kHz 1.1 x10%3). U +66 uv U: measured value
vertical 5V 130V 1.2 x10°3) . U + 44 v
Oscilloscope 1ns to <100ns 0.6 x10"-9 x T+ 60 fs T=measured value
horizontal 100ns to 20ms 3.1 x1076. T+ 11fs
>20ms to 5s 1.2 x10°(3) x T2 429 x 10M-61 x T
50 kHz 3.3 x10%2) x f
Oscilloscope bandwidth > 30kHzto 100 MHz 2o iz,z( el
F(frequency response) >100 MHzto 300 MHz 3.1x . x f
>300 MHzto 600 MHz 5.5 x 1 x f f=measured value
>600 MHzto 1.1 GHz 6.5x10%2) . f
>11GHz to 2GHz 6.8x10°2).
>2GHz to 4GHz 9.5x12) - f
Frequency f
Time base 10 MHz 0.2 x10%(-6) x f
Rise time Oscilloscopes 50ps to 1ms 0.05Vtol1.2V 4ps+5.7x0(3)T
Ins to 1ms 0.1to3V 2.5ps+5.8x10(3)T

Rise time of generators,
pulses

0.5nsto <2.5ns

25nsto 5ms

28 ps+14 x0%(3) T

13 ps+28 x 10" x T

RF power Output power
and calibration factor of
RF sources

10uW to 80mw

DC to 50 MHz 50
MHz to 4 GHz
4 GHzto 12 GHz
12 GHz to 18 GHz

9.5x10%-3). p
14 x10'(3) p
22 x10%-3). p
36 x10%(-3). p

N-connector, 50 ohms
Ire |£0.035 f

<4 GHz

Ire | < 0.056 f

<12 GHz

Ire |<0.075 f

<18 GHz

Other connectors and
reflection factors
increase the
measurement uncertainty

RF voltage unr

sources with RF
voltage display
relative to 50 Q

22mV to 2V

DCto 18 MHz

W(Uyr ) =

W(P) is the relative
uncertainty of the
measured power
at20=500Q
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Square-wave voltage [V]
0.001 0.01 0.1 0.1 0.5 1 5 10 50 100
Frequency [Hz]
10 3.8E-07 512.2E-9 2.44E-06 2.37E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E3
100 7.4€-07 814.6E-9 2.52E-06 2.46E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E3
1000 6.4E-06 6.4E-6 6.99E-06 6.97E-06 1.34E-05 2.4E-05 111.6E-6 251.5E-6 1.2E3 2.3E-3
10,000 6.3E-05 63.7E-6 6.56E-05 6.56E-05 7.47E-05 8.7E-05 200.5E-6 369.5E-6 1.6E-3 3.2E3
Matrix MM.2 Replacement leakage current
Normal resistance rv 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60 V 60 mA 6 mA 600 pA 60 PA 6 HA 600 nA 60 nA
110V 110 mA 11 mA 1.1 mA 110 pA 11 pA 1.1 pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 2.3mA 230 pA 23 pA 23 pA 230 nA
400V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 pA 400 nA
Matrix MM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100V 0.100 V 1.000 V 1.000 V 10.000 V 10,000V | 100,000V
Current [A]
2.2x10°A 1.57E-03 4.66E-04 4.66E-04 3.00E-04 3.00E-04 2.98E-04 2.98E-04 3.00E-04 3.00E-04 3.78E-04
22-10° A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
0.22A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
22A 1.64E-03 6.78E-04 6.78E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 6.21E-04
Dimensional quantities
Permanent Laboratory — Mannheim site
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Length
Calipers for external, I: measured value
internal and depth Omm to 500mm VDI/VDE/DGQ 2618 20 um + 15 x 10°(=6) x |
measurements * Sheet 9.1:2006
Micrometers * Omm to 300mm VDI/VDE/DGQ 2618 2 um + 6 x10%(-6) /
Sheet 10.1:2001
Valid from: 16 March
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Electrical quantities

Permanent Laboratory — Nuremberg site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Methods uncertainty
DC voltage sources oV 120 nv Short-circuit bridge
oV to 0.1V 4 x 106 x J +0.36 uV U=measured value
>0.1V to 1V 3.7 x10°. U +0.35 uv
>1V to 0oV 3.2 x10%6). U + 0.56 uV
>10V to 100V 5.3 x10%%) x U + 34 pv
>100V to 500V 9.6 x1%%(-6) U - 0.34 mV
>500V to 1050V 30x1°(%) U-10 mV
1050V to 10 kv 0.17 x0°. y
DC voltage measuring oV to 220 mV 6x1°x U+0.6pv U=measured value
instruments >220mv  to 22V 5 x10°(-6) x U + 1 pV
>22V to 11V 4 x10%-6) U+ 3.5 pv
>11V to 22V 4 x10°8). J + 6.5 pv
>22V to 220V 5 x10%(-6) U + 80 pv
>220V to 1050V 7 x10°-6). J + 0.5 mV
0V to 0.1V 4x10°x J+0.36 uv
>0.1V to 1v 3.7 x10%6). J + 0.35 uv
>1V to 10V 3.2 x 10%6) x U + 0.56 pV
>10V to 100V 5.3 x20%(6) x U + 34 pv
>100V to 500V 9.6 x19°(-6) U - 0.34 mV
>500V to 1050V 30x1°°(-¢) U-10 mV
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
parameter / Calibration range / conditions / measurement
object Measurement Methods uncertainty
span

AC voltage sources,
measuring instruments

2mV to 1000V

10 Hz to 1 MHz

4.1uVto0.48V

2mV to 10mV

10 Hz to 40 Hz

0.36 x1°x U +3.4 uv

> 40 Hz to 1 kHz

0.24 x1°x U +1.3 pv

> 1 kHz to 20 kHz

0.36 x1°x U+ 1.3 uv

> 20 kHz to 50 kHz

1.2x19°. U+ 13 pV

> 50 kHz to 100 kHz

5.8 x107. U+ 1.3V

> 100 kHz to 300 kHz

46 x107. U +2.3 uv

>10mV to 100 mV

10 Hz to 40 Hz

86 x10°. U+ 4.6 v

> 40 Hz to 1 kHz

87 x10°. U+2.3 v

> 1 kHz to 20 kHz

0.17 x107. U +2.3 puv

> 20 kHz to 50 kHz

0.35x1°°. U+2.3pv

> 50 kHz to 100 kHz

0.93 x19°. J+2.3 pV

> 100 kHz to 300 kHz

3.5x07. U+ 12 v

> 300 kHz to 1 MHz

12 x107. U+ 12 pv

>100mV to 1V

10 Hz to 40 Hz

83 x10°. U+ 46 PV

> 40 Hz to 1 kHz

82 x10°V+23 uv

> 1 kHz to 20 kHz

0.16 x1°7- U +23 pv

> 20 kHz to 50 kHz

0.35x107. J+23 uv

> 50 kHz to 100 kHz

0.92 x197. U +23 pv

> 100 kHz to 300 kHz

3.5x1°x J+0.12 mV

> 300 kHz to 1 MHz

12 x1°x U +0.12 mV

>1V to 10V

10 Hz to 40 Hz

85 x10°. U + 0.46 mV

> 40 Hz to 1 kHz

87 x10°. U +0.23 mV

> 1 kHz to 20 kHz

0.17 x°°. J+0.23 mV

> 20 kHz to 50 kHz

0.35x1°7. U +0.23 mV

> 50 kHz to 100 kHz

0.92 x1°%. U +0.23 mV

> 100 kHz to 300 kHz

3.5x107. U+1.2mV

> 300 kHz to 1 MHz

12x10°. U+1.2mV

>10V to 100V

10 Hz to 40 Hz

0.23x19°. U+ 4.6 mV

> 40 Hz to 1 kHz

0.23x19°. U+23mV

> 1 kHz to 20 kHz

0.23x1°x U +2.3mV

> 20 kHz to 50 kHz

0.41x1°- U+23mV

> 50 kHz to 100 kHz

1.4x9°. U+23mV

>100V to 1000V

50 Hz to 1 kHz

0.46 x1°°. J+ 16 mV

U =measured value
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Measurement
variable / Calibration
object

Measurement
range /
Measurement
span

Measurement
conditions /
Method

( DAKKS

Deutsche

Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

AC voltage measuring

1mV to 1100V

10 Hz to 1 MHz

5uVto 81l mv

instruments, sources

ImV to 22mV

10 Hz to 20 Hz

0.5x19°x U +4.5uv

>20Hzto40Hz

0.19 x107. U+ 4.5 uv

> 40 Hz to 20 kHz

95 x10°. J + 4.5 pV

> 20 kHz to 50 kHz

0.33x1°°. U+4.5pv

> 50 kHz to 100 kHz

0.75x107. U+ 7 puv

> 100 kHz to 300 kHz

1x107. U +13 pv

> 300 kHz to 500 kHz

1.5 x197. U + 25 pV

> 500 kHz to 1 MHz

3.1 x07. U425V

>22mV to 22mV

10 Hz to 20 Hz

0.5 x107. J+5pv

>20Hzto40Hz

0.19x10°. J+5puv

> 40 Hz to 20 kHz

95 x10°. U+ 5 pVv

> 20 kHz to 50 kHz

0.33x10°. U+5pV

> 50 kHz to 100 kHz

0.75x10°. U+7 pv

> 100 kHz to 300 kHz

1x107x U +12 uv

> 300 kHz to 500 kHz

1.5x107. U+ 25 pv

> 500 kHz to 1 MHz

3.1 x107. U +25pv

>22mV to 220mV

10 Hz to 20 Hz

0.5x107. U +13 pv

>20Hzto40Hz

0.19x10°. U+ 8 puv

> 40 Hz to 20 kHz

95 x10°. U + 8 pv

> 20 kHz to 50 kHz

0.28 x10°. U+ 8 v

> 50 kHz to 100 kHz

0.75x197. U+ 25 pv

> 100 kHz to 300 kHz

1x107. U+ 25 pv

> 300 kHz to 500 kHz

1.5x107. U+ 35 pVv

> 500 kHz to 1 MHz

3.1x97. +80 pv

>220mV to 2.2V

10 Hz to 20 Hz

0.45 x1°°x U + 80 pV

>20Hzto40Hz

0.14 x1°7. U+ 25 pv

> 40 Hz to 20 kHz

65x10°. U+6pVv

> 20 kHz to 50 kHz

0.11x07. y+16 puv

> 50 kHz to 100 kHz

0.21x197. U+ 70 pv

> 100 kHz to 300 kHz

0.39x17°. U +0.13mV

> 300 kHz to 500 kHz

0.95 x19°x U + 0.35 mV

> 500 kHz to 1 MHz

1.9x1°°. U +0.85 mV

U =measured value
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC voltage measuring
instruments, sources

>22V to 22V

10 Hz to 20 Hz

0.45 x1°x U + 0.8 mV

>20Hzto40Hz

0.14 x1°°. J +0.25 mV

> 40 Hz to 20 kHz

65 x10°. U + 60 pV

> 20 kHz to 50 kHz

0.11 x1°. U +0.16 mV

> 50 kHz to 100 kHz

0.21 x1°°. U +0.35 mV

> 100 kHz to 300 kHz

0.45 x1°7. U+ 1.5 mV

> 300 kHz to 500 kHz

12x1°x U +4.3mV

> 500 kHz to 1 MHz

2.5x10%. U+ 85mV

>22V to 220V

10 Hz to 20 Hz

0.45 x1°7. J + 8 mV

>20Hzto40Hz

0.14 x1°°. U + 2.5 mV

> 40 Hz to 20 kHz

70 x 0. J + 0.8 mV

> 20 kHz to 50 kHz

0.19 x1°°. U+ 3.5 mV

> 50 kHz to 100 kHz

0.45x1°x U +8 mV

>220V to 1100V

15 Hz to 50 Hz

0.36 x1°°- U+ 16 mV

> 50 Hz to 1 kHz

70 x10°. J +3.5mV

U =measured value

1mVto 220V

1 Hz to 10 kHz
square-wave voltage

0.38 uVto 3.2mV See
Matrix NM.1

Sources

1100V to 10kV

45 Hz to 55 Hz

0.46 x10"=3)x U

U =measured value

Valid from:
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Permanent Laboratory — Nuremberg site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Direct cu.rrent OmA to 220pA 40 x 161 % [ + 8 nA I=measured value
measuring
instruments, sources >2204A to 2.2mA 40 x10°6)x | + 8 nA
>22mA to 22mA 40 x1°x [ + 80 nA
>22mA to 100 mA 50-10-6./+0.8 pA
50 x 10°(-6) - | + 200 x 107(-6) - 12
>100mA to 220mA +0.8 A
>220mA to 1A 65 x 10"-6). | + 25 YA
107 (-6 Af—| 2
S1A to 22A 65 x ()xl+10><10(6)xl
25 pA
>22A to 3A 0.38 x10"3)x [ + 40 pA
>3A to 10.1A 0.5 x10*3)x [ + 0.5 mA
>10.1A to 205A 1x10%3)x [ +0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35 x 10%-6). | + 46 pA

>100nA to 1pA 23 x10°C6). | + 46 pA

>1pA to 10pA 23-19°.7+0.12 nA

>10pA to 100 pA 23 x 10A) - [ +0.92 nA

>100pA to 1mA

23 x10%61x | + 6 nA

>1mA to 10mA 23 x10-6 x [+ 58 nA

>10mA to 100 mA 41 x 107(-6) I + 580 nA

>100mA to 1A 0.13 x 10A(-3) / + 12 pA

1A to 400A 0.21 x10°x |
Direct current 1 to N windings ;
Current clamps and current 1mA- - -1100A 3x10%x
transformers
Valid from: 16 March

Date of issue: 16 March20220626 Page91 from 173



( DAKKS

Deutsche

Appendix to Accreditation Certificate D-K-15019-01-01 Akkreditierungsstelle

Permanent Laboratory — Nuremberg site

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty
AC current measuring 10pA to 20.5A 10 Hz to 10 kHz 25nAt00.62 A I =measured value

instruments, sources

0.01mA to 0.22mA 10 Hz to 40 Hz

> 40 Hz to 1 kHz
> 1kHzto 5 kHz
> 5 kHz to 10 kHz

0.6 x1%x | + 25 nA
0.12 x1°%x | + 16 nA
0.5 x1%x | + 40 nA
1.4 x1°7. | + 80 nA

>0.22mA to 2.2mA 10 Hz to 40 Hz 0.6 x197. | + 40 nA
> 40 Hz to 1 kHz 0.1,2x9"x/+35nA
>1kHz to 5 kHz 0.5%107x | + 0.4 pA
> 5 kHz to 10 kHz 1.4x1°°.71+0.8 pA
>22mA to 22mA 10 Hz to 40 Hz 0.6 x1°7. |+ 0.4 pA
> 40 Hz to 1 kHz 0.12 x17. | +0.35 pA
> 1kHzto 5 kHz 0.5x107x [ +4 pA
> 5 kHz to 10 kHz 1.4 %107 x [+ 8 uA
>22mA to 220mA 10 Hz to 40 Hz 0.6 x107. [ +4 pA

> 40 Hz to 1 kHz
>1kHzto 5 kHz
> 5 kHz to 10 kHz
20 Hz to 1 kHz
>1kHzto 5 kHz
> 5 kHz to 10 kHz
10 Hz to 45 Hz
> 45 Hz to 1 kHz

0.12x07. [+3.5 pA
0.5 x107x [ + 40 pA
1.4 x10°. [+ 80 pA
0.55 x107 x | + 35 pA
0.65 %107 [ + 80 pA

0.75 %17 +0.16 mA
1.8x107. 1+ 0.1 mA
0.6x17./+0.1 mA

>220mA to 2.2A

>22A to 3A

>3A to 11A 45 Hz to 100 Hz 0.6 x1°x/+2mA
> 100 Hz to 1 kHz 1.0x17°x [+2 mA
>11A to 205A 45 Hz to 100 Hz 1.2 x107°. [ +5mA

> 100 Hz to 1 kHz

1.5x17. [ +5mA

Valid from:
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Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current sources SuA to 1A 20 Hz to 5 kHz 35 A to 13 mA I=measured value

5uA to 100 pA

20 Hz to 45 Hz

1.7 x1°x [ + 35 nA

> 45 Hz to 1 kHz

0.76 x1°°x | + 34 nA

>100pA to 1mA

20 Hzto 45 Hz

1.7 x19°.[4+0.23 pA

> 45 Hz to 100 Hz

0.71 x107./+0.23 pA

> 100 Hz to 5 kHz

0.73 x1°7-/+0.2 pA

>1mA to 10mA

20 Hz to 45 Hz

1.7 x10°. [+ 2.3 A

> 45 Hz to 100 Hz

0.71 x1°°x |+ 2.3 pA

> 100 Hz to 5 kHz

0.73x197. [+ 2 pA

>10mA to 100 mA

20 Hz to 45 Hz

1.7 x1°7. [ +23 pA

> 45 Hz to 100 Hz

0.71 x107./+23 pA

> 100 Hz to 5 kHz

0.73 x19°x | + 20 pA

>100mA to 1A

20 Hzto 45 Hz

1.8x17x[+0.23 mA

> 45 Hz to 100 Hz

0.83 x1°x /+0.33 mA

> 100 Hz to 5 kHz

1.6 x1°°./+0.21 mA

Alternating current sources,

/=measured value

o 10mA to 500A 3uAto0.2A
measuring instruments
10mA to 1A 0.32x107x |
40 Hz to 1 kHz —
>1A to 100A 0.69 x10°. |
>100A to 450A 0.9 x107x |
Current clamps and current 1to N windings 10 Hz | = measured value
transformers
to 1 kHz 4x1073-/

1 mA-

-1100 A

> 1 kHz to 10 kHz/N

Equivalent current

0.2pA to 200 mA

atrvup to 1 GQ
DC up to 60 Hz

17-106. 110 5.8 - 103 |

See Matrix NM.2
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC resistance Fixed values 00 2-wire short-circuit 0.5mQ R =measured value
4-wire short circuit 0.35 uQ
100 pa 0.45 x10"31x R Intermediate values
1mQ 0.17 x10M-3)x R increase the
10 mQ 0.17 x 1043 R measurement
: uncertainty
100 mQ 0.10x1°x R
10; 40 x10'(-6) R
100 23 x10%(-6) R
100 Q; 14 x 10%(-6). R
1kQ; 10 x 10%-6). R
10 kQ; 9.5 x10%(-6). R
100 kO 11 -10°. R
1 MQ; 15-10°. R
10 MQ; 31.10°. R
100 MQ; 100 -1°°- R
10; 76 x 10°-6).. R
10Q; 20 x10%(-6). R
1000 17 x10%(-6). R
1kQ; 10 x 10%-6). R
10 kQ; 10 x 10%(-6). R
100 kQ; 13.0°. R
1 MQ; 19 -10°. R
10 MQ; 70 -10°. R
100 MQ; 0.59 x10°. R
1GQ 5.9x10°. R
Measuring instruments Oto<11Q 40 x1(6) R
11Qto<110Q 35 x 10(-6). R
110 Q to < 110 kQ 28 x 10M-6). R
110 kQ to < 1.1 MQ 32 x 107-6). R
1.1 MQto< 3.3 MQ 60 x 10°(-6). R
3.3MQto< 11 MQ 0.13 x1°x R
11 MQto< 33 MQ 0.25 x10%-3). R
33 MQto< 110 MQ 0.5x1°.R
110 MQ to < 330 MQ 3 x10%-3). R
330 MQto< 1.1 GQ 15 x10%-3). R
AC resistance (magnitude of 500 uQto  45kQ 10 Hz to 10 kHz WU R R =measured value
impedance) ui is the relative
017 x 10°-3)x R uncertainty of the
’ ‘ calibration current
o}
1.7 x10°-3). R vu is the relative
' uncertainty of the
measured voltage
S trix NM.3
e matrix across the resistor
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
parameter / Calibration range / conditions / measurement
object Measurement Methods uncertainty
span
Inductance fixed values . L
0 pH 2-wire short-circuit 0.03 pH
100 Hz 0.54 x10"-3)x |
100 pH
K 1 kHz 0.28x10°-3). |
10 kHz 0.29 x10%-3). |
. 100 Hz 0.14 x 10%-3) x [ L=measured value
m 1 kHz 0.14 x10"-3)x |
10 kHz 0.24 x10%(3) L
Impedance range: 50
10 mH 100 Hz; 0.13 XlOA(’S) L mQ < |z| <11 kQ
1 kHz; 10 kHz 0.16 x10%=3). |
100 mH 100 Hz; 1 kHz 0.13 x10%(=3) L
10 kHz 0.28 x10%-3). |
1H 100 Hz, 1 kHz 0.20 x 107 x [
Capacitance 0 pF 0.2 pF No-load
fixed Lor 1 kHz 0.63x1(3)C
values P 10 kHz 0.31x19(=%) ¢
1 kHz 42 x10%(=6) C
10 pF 10 kHz; 53 x 10°(-6) °C
100 kHz 88 x 10%(-6) °C
07 (-3
1 MHz 0.24x1°(?) € C=measured value
100 pF 1 kHz 39 x10%(-6) C
1nF 1 kHz 71 x10(-¢) C
n N
100 kHz 0.13x10%(3) C Absolute value of
100 Hz 0.49 x10%(3) C impedance1Q<|Z| <
10 nF 1 kHz 0.21 x¥0%(3) C 110 MQ
10 kHz 0.23 x10%(3) C
100 Hz; 0.21 x¥0%(3) C
100 nF 1 kHz; 0.20x0%(=3) C
10 kHz 0.17 x¥0%(3) C
107 (-3
100 Hz; 1 kHz 0.29>() €
1ur 0.13 x20'(3) ¢
10 kHz 0.29 x10°°C
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
2 2 .
Direct current power measuring v Mﬁ +W, P
instruments 0 21K 0mVto 1020 V pe dval
W to 1kw 0 WA 0 20.5 A 0.21 x19° .pt0 0.70 x 10° = measured value
P
[wW? +W? .p win is the relative
i : OVto330V in out uncertainty of the active
with clamp connection OW to 300KkwW .
0 mA to 1000 A but not less than 0.2 x1° x | power of the
p single winding.
Active AC power measuring P =measured value
instruments PF=1;45Hz to 65 Hz PF = power factor
0.11mW to 21kw 33 mVto 1020V 0.7 x1%x Pto 1.4 x 10 x P (capacitive or inductive)

33mAto20A

15 W; 60 W; 100 W; 400 W;

PF=1; 45 Hz to 65 Hz

500 W; 1 KW; 2 KW; 4 kw 50V; 200V 0.16 x2"x P
’ ’ ’ 0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26 x 0% W
45 Hzto 65 Hz; PF=1
23Wto 20.6 kw 23V to 1020V 0.32%10°pt00.48 107 p
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16 x 10 x p
198 W PF=0.9 0.18 x 107 x p
110w PF=0.5 0.29 x 107 x p
22 W PF=0.1 1.4 x17x p
11w PF=0.05 2.7 x10%x p
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10Wto 1kw Inductive, capacitive 0.22W
win is the relative
uncertainty of the active
power of the single
33Vto330V 5 5 winding. The relative
w> +wW* -p A
10 mA to 660 A Ve oo uncertainty of the
with clamp connection 05Wto 218 kW 45 Hz to 65 Hz but not less than 0.4 x 1" x | measurement object
p woutin the measurement
0.05<PF<1 circuit and in the stray
1 to 60 windings field of the current-
carrying conductor must
be
taken into account.
Power factor 0. to 04 0.15 x10°
33Vto330V
>04t0 <1 330mAto2.2 A -60 x 10 x P +0.16 x 10°
45 Hz to 65 Hz
1 89 x 10°
AC reactive is th tainty of
isthe uncertain
power Ovarto 1 kvar 45 Hz to 65 Hz up - var/W v . o
Meters active power
Valid from: 16 March

Date of issue: 16 March20220626

Page96 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory — Nuremberg site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche

Akkreditierungsstelle

Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / span conditions / measurement
object Method uncertainty
Frequency f . A9 . uTe:
Measurement and synthesis 0.01Hzto 18 GHz 0.5 10" - f+ urr Trigger uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5 x 10"-8) x At + 50 ps
1sto 100h 14 x 1075 - At + urr
Rotational speed 0.025! to 18000s* 3.7 x10%(=6). f
Oscilloscope 0OV to 5V DC to 10 kHz 1.1 x10%3) . U + 66 pv U: measured value
vertical 5V 130V 1.2 x10%2) . U + 44 v
Oscilloscope 1ns to <100ns 0.6 x10*6)x T + 60 fs T=measured value
horizontal 100ns to 20ms 3.1x100x T+ 11 fs
>20ms to Ss 1.2 x10%(3) x T2+ 29 x10"6)x T
50 kHz 3.3x102) x f
Oscilloscope bandwidth >50kHzto 100 MHz 25 zﬂ(:f
F(frequency response) >100 MHzto 300 MHz 3.1x . ) xf
>300 MHzto 600 MHz 5.5x1x f f=measured value
>600 MHzto 1.1 GHz 6.5x10°2) - f
>11GHz to 2GHz 6.8x10°2). f
>2GHz to 4GHz 9.5 x10%2) .
Frequency f
Time base 10 MHz 0.2 x10%(-6) x f
Rise time of 50ps to 1ms 0.05Vto1l.2V 4ps+5.7x103) x T
1ns to 1ms 0.1to3V 2.5ps+5.8x17°xT

oscilloscopes

Rise time of generators,
pulses

0.5nsto <2.5ns

25nsto 5ms

28 ps+ 14 x10°3). T

13 ps +28 x10"3). T

RF power Output power
and calibration factor of
RF sources

100uW to 80mwW

DC to 50 MHz 50
MHz to 4 GHz
4 GHzto 12 GHz
12 GHz to 18 GHz

9.5 x10%-3). p
14 x 10"(—3) P
22.10°.p
36-107. p

N-connector, 50 ohms
Ire |£0.035 f

<4 GHz

Ire | < 0.056 f

<12 GHz

Ire |<0.075 f

<18 GHz

Other connectors and
reflection factors
increase the
measurement uncertainty

RF voltage unr

sources with RF
voltage display
relative to 50 Q

22mV to 2V

DC to 18 MHz

W(Uyr ) =

W(P) is the relative
uncertainty of the
measured power
at20=500Q

Valid from:
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Square-wave voltage [V]
0.001 0.01 0.1 0.1 0.5 1 5 10 50 100
Frequency [Hz]
10 3.8E-07 512.2E9 2.44E-06 2.37E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E-3 2.3E3
100 7.4€-07 814.6E-9 2.52E-06 2.46E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E3
1000 6.4E-06 6.4E-6 6.99E-06 6.97E-06 1.34E-05 2.4E-05 111.6E-6 251.5E-6 1.2E3 2.3E3
10,000 6.3E-05 63.7E-6 6.56E-05 6.56E-05 7.47E-05 8.7E-05 200.5E-6 369.5E-6 1.6E-3 3.2E3
Matrix NM.2 Replacement leakage current
Normal resistance v 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 HA 600 nA 60 nA
110V 110 mA 11 mA 1.1mA 110 pA 11 pA 1.1pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 2.3mA 230 pA 23 pA 2.3 pA 230 nA
400 V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 pA 400 nA
Matrix NM.3 AC resistance
Voltage [V]
0.001V 0.010Vv 0.010Vv 0.100 vV 0.100V 1.000 vV 1.000 vV 10.000 V 10,000 V 100,000 V
Current [A]
2.2x10°A 1.57E-03 4.66E-04 4.66E-04 3.00E-04 3.00E-04 2.98E-04 2.98E-04 3.00E-04 3.00E-04 3.78E-04
22-10° A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
0.22A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
2.2A 1.64E-03 6.78E-04 6.78E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 6.21x10™*
Valid from: 16 March
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measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Methods uncertainty
Length
Calipers for I: measured value
External, internal and depth 0mm to 500 mm VDI/VDE/DG'QZGB 20 pm + 15 x 10°(-6) |
measurements * Sheet 9.1:2006
. VDI/VDE/DGQ 2618 "
M ters * 0 t 300 2 +6x10(-6)/
icrometers mm (o} mm Sheet 10.1:2001 um x 10%(-6)
Cylindrical standard VDI/VDE/DGQ 2618 dis the measured
rings * 1mm to 90 mm Sheet 4.1:2006 0.9 um + 10 x 18 x ¢ diameter
Diameter Option 3
Gauge pins * Diameter VDI/VDE/DGQ 2618
1mm to 120 mm Sheet 4.1:2006 0.6 um + 1.8 x10°-6)x ¢
Option 3
Test pins * VDI/VDE/DGQ 2618
Diameter 1mm to 120 mm Sheet 4.2:2007 0.6 um + 1.8 x 106 x f
Option 1
Thread gauges *
(single-start and multi-start
cylindrical external and internal
threads with straight flanks, a
symmetrical profile, a nominal
pitch and a nominal profile
angle)
External thread
Single
Flank diameter
VDI/VDE/DGQ
2618 Sheet 4.8:2006
Option 1 Three-wire .
1 mm to 120 mm 2.9 um + 7.7 x10%(-6) x d
method
(perpendicular to
the thread axis)
Internal thread Simple VDI/VDE/DGQ 2618
flank diameter Sheet 4.9:2006
Option 1 Two-ball
method 2.6 um+5.5x%x10°. o
(perpendicular to the
thread axis)
Valid from: 16 March

Date of issue: 16 March20220626
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC voltage sources oV 120 nv Short-circuit bridge
oV to 0.1V 4 x 1061 x J + 0.36 PV U =measured value
>0.1V to 1V 3.7 x10%6) x U + 0.35 v
>1V to oV 3.2x10°. U +0.56 uv
>10V to 100V 5.3 x10%6). U + 34 pv
>100V to 500 V 9.6 x19'(-6) U - 0.34 mV
>500V to 1050V 30 x10°(-6) U= 10 mV
1050V to 10 kv 0.17 x10°. y
DC voltage measuring oV to 220 mV 6 x 108 x U + 0.6 uV U=measured value
instruments >220mV  to 22V 5.10°. 41V
>22V to 1V 4x10°x J+3.5uV
>11V to 22V 4 x10°-6). (J + 6.5 pVv
>22V to 220V 5 x10%(=6) U + 80 pv
>220V to 1050V 7 x10°-6). J + 0.5 mV
oV to 0.1V 4 x10"-81x (J +0.36 uv
>0.1V to 1V 3.7 x10°. U +0.35 uv
>1V to oV 3.2 x10%6). J + 0.56 uv
>10V to 100V 5.3 x10%(6) x U + 34 pv
>100V to 500V 9.6 x1%%(-6) U - 0.34 mV
>500V to 1050V 30x1°(%) U-10 mV
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span

AC voltage sources,
measuring instruments

2mV to 1000V

10 Hz to 1 MHz

4.1uVto0.48V

2mV to 10mV

10 Hz to 40 Hz

0.36 x1°x U +3.4 uv

> 40 Hz to 1 kHz

0.24 x1°x U +1.3 pv

> 1 kHz to 20 kHz

0.36 x1°°- U+1.3pv

> 20 kHz to 50 kHz

1.2x19°. U+ 13 pV

> 50 kHz to 100 kHz

5.8 x107. U+ 1.3V

> 100 kHz to 300 kHz

46 x107. U +2.3 uv

>10mV to 100 mV

10 Hz to 40 Hz

86 x10°. U+ 4.6 v

> 40 Hz to 1 kHz

87 x10°. U+2.3 v

> 1 kHz to 20 kHz

0.17 x107. U +2.3 puv

> 20 kHz to 50 kHz

0.35x1°°. U+2.3pv

> 50 kHz to 100 kHz

0.93 x19°. J+2.3 pV

> 100 kHz to 300 kHz

3.5x07. U+ 12 v

> 300 kHz to 1 MHz

12 x107. U+ 12 pv

>100mV to 1V

10 Hz to 40 Hz

83 x10°. U+ 46 PV

> 40 Hz to 1 kHz

82 x10° (U +23 uv

> 1 kHz to 20 kHz

0.16 x1°7- U +23 pv

> 20 kHz to 50 kHz

0.35x107. J+23 uv

> 50 kHz to 100 kHz

0.92 x197. U +23 pv

> 100 kHz to 300 kHz

3.5x107. Jy+0.12 mV

> 300 kHz to 1 MHz

12 x1°°. U +0.12 mV

>1V to 10V

10 Hz to 40 Hz

85 x10°. U + 0.46 mV

> 40 Hz to 1 kHz

87 x10°. U +0.23 mV

> 1 kHz to 20 kHz

0.17 x°°. J+0.23 mV

> 20 kHz to 50 kHz

0.35x1°7. U +0.23 mV

> 50 kHz to 100 kHz

0.92 x19°x U +0.23 mV

> 100 kHz to 300 kHz

3.5x107. U+1.2mV

> 300 kHz to 1 MHz

12x10°. U+1.2mV

>10V to 100V

10 Hz to 40 Hz

0.23x19°. U+ 4.6 mV

> 40 Hz to 1 kHz

0.23x19°. U+23mV

> 1 kHz to 20 kHz

0.23x17. U+23mV

> 20 kHz to 50 kHz

0.41x1°- U+23mV

> 50 kHz to 100 kHz

1.4x9°. U+23mV

>100V to 1000V

50 Hz to 1 kHz

0.46 x1°°. J+ 16 mV

U =measured value
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Calibration and measurement capabilities (CMC)

Measurement
range /
Measurement
span

Measurement
conditions /
Method

Expanded
measurement
uncertainty

Remarks

AC voltage measuring

1mV to 1100V

10 Hz to 1 MHz

5uVto 81l mv

instruments, sources

ImV to 22mV

10 Hz to 20 Hz

0.5x19°x U +4.5uv

>20Hzto40Hz

0.19 x107. U+ 4.5 uv

> 40 Hz to 20 kHz

95 x10°. J + 4.5 pV

> 20 kHz to 50 kHz

0.33x1°°. U+4.5pv

> 50 kHz to 100 kHz

0.75x107. U+ 7 puv

> 100 kHz to 300 kHz

1x107. U +13 pv

> 300 kHz to 500 kHz

1.5 x197. U + 25 pV

> 500 kHz to 1 MHz

3.1 x07. U425V

>22mV to 22mV

10 Hz to 20 Hz

0.5 x107. J+5pv

>20Hzto40Hz

0.19x10°. J+5puv

> 40 Hz to 20 kHz

95 x10°. U+ 5 pVv

> 20 kHz to 50 kHz

0.33x10°. U+5pV

> 50 kHz to 100 kHz

0.75x10°. U+7 pv

> 100 kHz to 300 kHz

1x107x U +12 uv

> 300 kHz to 500 kHz

1.5x107. U+ 25 pv

> 500 kHz to 1 MHz

3.1 x107. U +25pv

>22mV to 220mV

10 Hz to 20 Hz

0.5x107. U +13 pv

>20Hzto40Hz

0.19x10°. U+ 8 puv

> 40 Hz to 20 kHz

95 x10°. U + 8 pv

> 20 kHz to 50 kHz

0.28 x10°. U+ 8 v

> 50 kHz to 100 kHz

0.75x197. U+ 25 pv

> 100 kHz to 300 kHz

1x107. U+ 25 pv

> 300 kHz to 500 kHz

1.5x107. U+ 35 pVv

> 500 kHz to 1 MHz

3.1x97. +80 pv

>220mV to 2.2V

10 Hz to 20 Hz

0.45 x1°°x U + 80 pV

>20Hzto40Hz

0.14 x1°7. U+ 25 pv

> 40 Hz to 20 kHz

65x10°. U+6pVv

> 20 kHz to 50 kHz

0.11x07. y+16 puv

> 50 kHz to 100 kHz

0.21x197. U+ 70 pv

> 100 kHz to 300 kHz

0.39x17°. U +0.13mV

> 300 kHz to 500 kHz

0.95 x19°x U + 0.35 mV

> 500 kHz to 1 MHz

1.9x1°°. U +0.85 mV

U =measured value

Valid from: 16 March
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC voltage measuring
instruments, sources

>22V to 22V

10 Hz to 20 Hz

0.45 x1°x U + 0.8 mV

>20Hzto40Hz

0.14 x1°°. J +0.25 mV

> 40 Hz to 20 kHz

65 x10°. U + 60 pV

> 20 kHz to 50 kHz

0.11 x1°. U +0.16 mV

> 50 kHz to 100 kHz

0.21 x1°°. U +0.35 mV

> 100 kHz to 300 kHz

0.45 x1°7. U+ 1.5 mV

> 300 kHz to 500 kHz

12x1°x U +4.3mV

> 500 kHz to 1 MHz

2.5x10%. U+ 85mV

>22V to 220V

10 Hz to 20 Hz

0.45 x1°7. J + 8 mV

>20Hzto40Hz

0.14 x1°°. U + 2.5 mV

> 40 Hz to 20 kHz

70 x 0. J + 0.8 mV

> 20 kHz to 50 kHz

0.19 x1°°. U+ 3.5 mV

> 50 kHz to 100 kHz

0.45x1°x U +8 mV

>220V to 1100V

15 Hz to 50 Hz

0.36 x1°°- U+ 16 mV

> 50 Hz to 1 kHz

70 x10°. J +3.5mV

U =measured value

1mVto 220V

1 Hz to 10 kHz
square-wave voltage

0.38 uVto 3.2mV See
Matrix SM.1

Sources

1100V to 10kV

45 Hz to 55 Hz

0.46 x10"=3)x U

U =measured value

Valid from:
Date of issue: 16 March20220626
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Direct cu.rrent OmA to 220pA 40 x 161 % [ + 8 nA I=measured value
measuring
instruments, sources >2204A to 2.2mA 40 x10°6)x | + 8 nA
>22mA to 22mA 40 x1°x [ + 80 nA
>22mA to 100 mA 50-10-6./+0.8 pA
50 x 10°(-6) - | + 200 x 107(-6) - 12
>100mA to 220mA +0.8 A
>220mA to 1A 65 x 10"-6). | + 25 YA
107 (-6 Af—| 2
S1A to 22A 65 x ()xl+10><10(6)xl
25 pA
>22A to 3A 0.38 x10"3)x [ + 40 pA
>3A to 10.1A 0.5 x10*3)x [ + 0.5 mA
>10.1A to 205A 1x10%3)x [ +0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35 x 10%-6). | + 46 pA

>100nA to 1pA 23 x10°C6). | + 46 pA

>1pA to 10pA 23-19°.7+0.12 nA

>10pA to 100 pA 23 x 10A) - [ +0.92 nA

>100pA to 1mA

23 x10%61x | + 6 nA

>1mA to 10mA 23 x10-6 x [+ 58 nA

>10mA to 100 mA 41 x 107(-6) I + 580 nA

>100mA to 1A 0.13 x 10A(-3) / + 12 pA

1A to 400A 0.21 x10°x |
Direct current 1 to N windings ;
Current clamps and current 1mA- - -1100A 3x10%x
transformers
Valid from: 16 March
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Measurement

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current measuring 10pA to 20.5A

instruments, sources

10 Hz to 10 kHz

25nAto0.62 A

0.01mA to 0.22mA

10 Hz to 40 Hz

0.6 x1°°x [ +25nA

> 40 Hz to 1 kHz

0.12x19°x [+ 16 nA

> 1kHzto 5 kHz

0.5 x197x [+ 40 nA

> 5 kHz to 10 kHz

1.4 x1°7. | + 80 nA

>0.22mA to 22mA

10 Hz to 40 Hz

0.6 x1°7./+40nA

> 40 Hz to 1 kHz

0.1, 2 x " x | + 35 nA

> 1kHzto 5 kHz

0.5%10%x | + 0.4 pA

> 5 kHz to 10 kHz

1.4 x17. [ +0.8 pA

>22mA to 22mA

10 Hz to 40 Hz

0.6 x197- [ + 0.4 pA

> 40 Hz to 1 kHz

0.12 x197. [+ 0.35 pA

>1kHzto 5 kHz

0.5 x17x [ +4 pA

> 5 kHz to 10 kHz

1.4 %17 x [+ 8 uA

>22mA to 220mA

10 Hz to 40 Hz

0.6 X107 [ +4 A

> 40 Hz to 1 kHz

0.12 x10%. [+ 3.5 pA

> 1kHzto 5 kHz

0.5 x107 x| + 40 pA

> 5 kHz to 10 kHz

1.4 x1°. [ + 80 pA

>220mA to 2.2A

20 Hz to 1 kHz

0.55 x 107 x [ + 35 uA

> 1kHzto 5 kHz

0.65 x 107 | + 80 pA

> 5 kHz to 10 kHz

0.75 x107. ]+ 0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8x1°7./+0.1 mA

> 45 Hz to 1 kHz

0.6 x1°7-/+0.1 mA

45 Hz to 100 Hz

0.6 x19°x/+2mA

> 100 Hz to 1 kHz

1.0x17°x [+ 2 mA

>11A to 205A

45 Hz to 100 Hz

1.2x17°. /+5mA

> 100 Hz to 1 kHz

1.5x17. /+5mA

I=measured value

Valid from: 16 March

Date of issue: 16 March20220626 Pagel05 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory — Steinfurt site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche

Akkreditierungsstelle

Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current sources SuA to 1A 20 Hz to 5 kHz 35 A to 13 mA I=measured value

5uA to 100 pA

20 Hz to 45 Hz

1.7 x1°x [ + 35 nA

> 45 Hz to 1 kHz

0.76 x1°°x | + 34 nA

>100pA to 1mA

20 Hzto 45 Hz

1.7 x19°.[4+0.23 pA

> 45 Hz to 100 Hz

0.71 x107./+0.23 pA

> 100 Hz to 5 kHz

0.73 x1°7-/+0.2 pA

>1mA to 10mA

20 Hz to 45 Hz

1.7 x10°. [+ 2.3 A

> 45 Hz to 100 Hz

0.71 x1°°x |+ 2.3 pA

> 100 Hz to 5 kHz

0.73x197. [+ 2 pA

>10mA to 100 mA

20 Hz to 45 Hz

1.7 x1°7. [ +23 pA

> 45 Hz to 100 Hz

0.71 x107./+23 pA

> 100 Hz to 5 kHz

0.73 x19°x | + 20 pA

>100mA to 1A

20 Hzto 45 Hz

1.8x17x[+0.23 mA

> 45 Hz to 100 Hz

0.83 x1°x /+0.33 mA

> 100 Hz to 5 kHz

1.6 x1°°./+0.21 mA

Alternating current sources,

/=measured value

o 10mA to 500A 3uAto0.2A
measuring instruments
10mA to 1A 0.32x107x |
40 Hz to 1 kHz —
>1A to 100A 0.69 x10°. |
>100A to 450A 0.9 x107x |
Current clamps and current 1to N windings 10 Hz | = measured value
transformers
to 1 kHz 4x1073-/

1 mA-

-1100 A

> 1 kHz to 10 kHz/N

Equivalent current

0.2pA to 200 mA

atrvup to 1 GQ
DC up to 60 Hz

17-106. 110 5.8 - 103 |

See Matrix SM.2
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC resistance Fixed values 00 2-wire short-circuit 0.5mQ R =measured value
4-wire short circuit 0.35 uQ
100 pQ 0.45 x10%-3)x R Intermediate values
1m0 0.17 x10"-3)x R increase the
measurement
10ma 0.17x30"31x R uncertainty
100 mQ 0.10 x1°°x R
10; 40 x10'(-6) R
100; 23 x10°(-6) R
100 Q; 14 x 10%(-6). R
1kQ; 10 x 108-6). R
10 kQ; 9.5 x10%(-6). R
100 kO; 11-0°. R
1MQ; 15 -10°. R
10 MQ; 31.10°. R
100 MQ; 100 -0°. R
10; 76 x 107-6). R
10Q; 20 x 107-6). R
100 Q; 17 x 108(-6). R
1kQ; 10 x 10%(-6). R
10 kQ; 10 x 108-6). R
100 kQ; 13 .10°. R
1MG; 19-10°. R
10 MQ; 70 -10°. R
100 MQ; 0.59 x10°. R
1GQ 5.9 x10°. R
Measuring instruments 0to<11Q 40 x10'(-6) R
11Qto<110Q 35 x10°-6). R
110 Q to < 110 kQ 28 x 10M-6). R
110kQto < 1.1 MQ 32 x10°-6). R
1.1 MQ to < 3.3 MQ 60 x 10°(-6). R
3.3MQto <11 MQ 013 x1°x R
11 MQto< 33 MQ 0.25 x 107(-3). R
33 MQto< 110 MQ 0.5 x0°. R
110 MQ to < 330 MQ 3 x10%-3). R
330 MQto<1.1GQ 15 x10%-3). R

AC resistance (magnitude of
impedance)

500 uQto  45kQ

10 Hz to 10 kHz

U”+U” -R
1 u
0.17 x10%-3)x R
to

1.7 x10°-3). R

See matrix SM.3

R =measured value
ui is the relative
uncertainty of the
calibration current
vu is the relative
uncertainty of the
measured voltage
across the resistor
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
parameter / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Inductance fixed values . L
0 pH 2-wire short-circuit 0.03 pH
100 Hz 0.54 x10"-3)x |
100 pH 1 kHz 0.28 x 10M-3). |
10 kHz 0.29 x10%-3). |
. 100 Hz 0.14 x 10%-3) x [ L=measured value
m 1 kHz 0.14 x10"-3)x |
10 kHz 0.24 x10%(3) L
Impedance range: 50
10 mH 100 Hz; 0.13 XlOA(’S) L mQ < |z| <11 kQ
1 kHz; 10 kHz 0.16 x10"3) . |
100 mH 100 Hz; 1 kHz 0.13 x10%(=3) L
10 kHz 0.28 x10%-3). |
1H 100 Hz, 1 kHz 0.20 x 107 x [
Capacitance 0 pF 0.2 pF No-load
fixed Lo 1 kHz 0.63 x10%(3) C
values P 10 kHz 0.31x19(=%) ¢
1 kHz 42 x10%(=6) C
10 pF 10 kHz; 53 x 10°(-6) °C
100 kHz 88 x 10%(-6) °C
07 (-3
1 MHz 0.24x1°(?) € C=measured value
100 pF 1 kHz 39 x10%(-6) C
1nF 1 kHz 71 x10(-¢) C
n N
100 kHz 0.13x10%(3) C Absolute value of
100 Hz 0.49 x10%(3) C impedance1Q<|Z| <
10 nF 1 kHz 0.21 x¥0%(3) C 110 MQ
10 kHz 0.23 x10%(3) C
100 Hz; 0.21 x¥0%(3) C
100 nF 1 kHz; 0.20x0%(=3) C
10 kHz 0.17 x¥0%(3) C
107 (-3
100 Hz; 1 kHz 0.29x()
1ur 0.13 x20'(3) ¢
10 kHz 0.29 x10°°C
Valid from: 16 March

Date of issue: 16 March20220626
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
2 2 .
Direct current power measuring v Mﬁ +W, P
instruments ow 21K 0mVto 1020 V pe dval
to 1kw 0 WA 0 20.5 A 0.21 x19° .pt0 0.70 x 10° = measured value
P
[W2 +W? .p win is the relative
i : OVto330V in out uncertainty of the active
with clamp connection .
p OW to 300kwW 0 mA to 1000 A but not less than 0.2 x 1 x | power of the
p single winding.
Active AC power measuring P =measured value
instruments PF=1;45Hz to 65 Hz PF = power factor
0.11mW to 21kw 33 mVto 1020V 0.7 x1%x Pto 1.4 x 10 x P (capacitive or inductive)
33mAto20A
15 W; 60 W; 100 W; 400 W; PF=1;45Hz to 65 Hz 0.16 x 10
500 W; 1 kW; 2 kW 4 kW 50V; 200V AoxTxP
0.3A;2A;10A;20A
1.5W;6 W 30 mA; 0.26 x 107 W
45 Hzto 65 Hz; PF=1
23Wto 20.6 kW 23Vto 1020V 0.32%10°pt00.48 107 p
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16 x 10 x p
198 W PF=09 0.18 x 1 x p
110 W PF=05 0.29 x 17 x p
2W PF=0.1 1.4 x10%x p
11w PF=0.05 2.7 x17xp
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10Wto 1kw Inductive, capacitive 0.22W
win is the relative
uncertainty of the active
power of the single
33Vto330V 5 5 winding. The relative
w> +wW* -p .
10 mA to 660 A Vo uncertainty of the
with clamp connection 05Wto 218 kW 45 Hz to 65 Hz but not less than 0.4 x 1" x | measurement object
p woutin the measurement
0.05<PF<1 circuit and in the stray
1 to 60 windings field of the current-
carrying conductor must
be
taken into account.
Power factor 0. to0. .04 0.15 x10°
33Vto330V
>04t0 <1 330mAto2.2A 60 x19°x P +0.16 x10°
45 Hz to 65 Hz
1 89 x 10°
AC reactive is th tainty of
is the uncertain
power Ovarto 1 kvar 45 Hz to 65 Hz up - var/W v . o
Meters active power
Valid from: 16 March

Date of issue: 16 March20220626
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Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / span conditions / measurement
object Method uncertainty
Frequency f . A9 . uTe:
Measurement and synthesis 0.01Hzto 18 GHz 0.5 10" - f+ urr Trigger uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5 x 10"-8) x At + 50 ps
1sto 100h 14 x 1075 - At + urr
Rotational speed 0.025! to 18000s* 3.7 x10%(=6). f
Oscilloscope 0OV to 5V DC to 10 kHz 1.1 x10%3) . U + 66 pv U: measured value
vertical 5V 130V 1.2 x10%3) . U + 44 pv
Oscilloscope 1ns to <100ns 0.6 x10*6)x T + 60 fs T=measured value
horizontal 100ns to 20ms 3.1x100x T+ 11 fs
>20ms to Ss 1.2 x10%(3) x T2+ 29 x10"6)x T
50 kHz 3.3x102) x f
Oscilloscope bandwidth >50kHzto 100 MHz 25 zﬂ(:f
F(frequency response) >100 MHzto 300 MHz 3.1x . ) xf
>300 MHzto 600 MHz 5.5x1x f f=measured value
>600 MHzto 1.1 GHz 6.5x10°2) - f
>11GHz to 2GHz 6.8x10°2). f
>2GHz to 4GHz 9.5 x10%2) .
Frequency f
Time base 10 MHz 0.2 x10%(-6) x f
Rise time of 50ps to 1ms 0.05Vto1l.2V 4ps+5.7x103) x T
lns to 1ms 0.1to3V 2.5ps+5.8x10"3)xT

oscilloscopes

Rise time of generators,
pulses

0.5nsto <2.5ns

25nsto 5ms

28 ps+ 14 x10°3). T

13 ps +28 x10"3). T

RF power Output power
and calibration factor of
RF sources

100uW to 80mwW

DC to 50 MHz 50
MHz to 4 GHz
4 GHzto 12 GHz
12 GHz to 18 GHz

9.5x10'-3). p
14 x10°(-3). p
22.10°.p
36-10°. p

N-connector, 50 ohms
Ire |£0.035 f

<4 GHz

Ire | < 0.056 f

<12 GHz

Ire |<0.075 f

<18 GHz

Other connectors and
reflection factors
increase the
measurement uncertainty

RF voltage unr

sources with RF
voltage display
relative to 50 Q

22mV to 2V

DC to 18 MHz

W(Uyr ) =

W(P) is the relative
uncertainty of the
measured power
at20=500Q

Valid from:

16 March

Date of issue: 16 March20220626
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Square-wave voltage [V]
0.001 0.01 0.1 0.1 0.5 1 5 10 50 100
Frequency [Hz]
10 3.8E-07 512.2E-9 2.44E-06 2.37E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E-3
100 7.4E-07 814.6E-9 2.52E-06 2.46E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E-3 2.3E3
1000 6.4E-06 6.4E-6 6.99E-06 6.97E-06 1.34E-05 2.4E-05 111.6E-6 251.5E-6 1.2E-3 2.3E3
10,000 6.3E-05 63.7E-6 6.56E-05 6.56E-05 7.47E-05 8.7E-05 200.5E-6 369.5E-6 1.6E-3 3.2E3
Matrix SM.2 Replacement leakage current
Normal resistance sy 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 pA 600 nA 60 nA
110V 110 mA 11 mA 1.1mA 110 pA 11 pA 1.1pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 2.3 mA 230 pA 23 pA 2.3 pA 230 nA
400 V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 pA 400 nA
Matrix SM.3 AC resistance
Voltage [V]
0.001V 0.010Vv 0.010Vv 0.100 vV 0.100V 1.000 vV 1.000 vV 10.000 V 10,000 V 100,000 V
Current [A]
2.2x10°A 1.57E-03 4.66E-04 4.66E-04 3.00E-04 3.00E-04 2.98E-04 2.98E-04 3.00E-04 3.00E-04 3.78E-04
22-107 A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
0.22A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
22A 1.64E-03 6.78E-04 6.78E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 6.21E-04
Dimensional quantities
Permanent Laboratory — Steinfurt site
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Methods uncertainty
Length
Calipers for external, I: measured value
internal and depth Omm to 500mm VDI/VDE/DGQ 2618 20 um + 15 x 10°(=6) x |
measurements * Sheet 9.1:2006
VDI/VDE/DGQ 2618
. - 100(_
Micrometers Omm to 300mm Sheet 10.1:2001 2 um + 6 x10%(-6) /
Valid from: 16 March

Date of issue: 16 March20220626
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Electrical quantities

Permanent Laboratory — Vienna site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Methods uncertainty
DC voltage sources oV 120 nv Short-circuit bridge
oV to 0.1V 4 x 106 x J +0.36 uV U=measured value
>0.1V to 1V 3.7 x10°. U +0.35 uv
>1V to 0oV 3.2 x10%6). U + 0.56 uV
>10V to 100V 5.3 x10%%) x U + 34 pv
>100V to 500V 9.6 x1%%(-6) U - 0.34 mV
>500V to 1050V 30x1°(%) U-10 mV
1050V to 10 kv 0.17 x10°. y
DC voltage measuring 0V to 220 mV 6x10°x U+0.6 uv U=measured value
instruments >220mV  to 22V 5x10%6) x U+1pv
>22V to 1v 4 x1(-6) U +3.5 pV
>11V to 22V 4 x10°C0). U +6.5uv
>22V to 220V 5 x10'(6) U + 80 pV
>220V to 1050 V 7 x10%6. J + 0.5 mV
0V to 0.1V 4x1°x U +0.36 pV
>0.1V to 1V 3.7 x10%-6). U + 0.35 uVv
>1V to 10V 3.2 x10°06) x U + 0.56 pV
>10V to 100V 5.3 x10%%) x U + 34 pv
>100V to 500V 9.6 x1%(-6) U - 0.34 mV
>500V to 1050V 30x1°(%) U-10 mV
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement
quantity / Calibration
object

Measurement
range /
Measurement
span

Measurement
conditions /
Method

( DAKKS

Deutsche

Akkreditierungsstelle

Expanded
measurement
uncertainty

Comments

AC voltage sources,
measuring instruments

2mV to 1000V

10 Hz to 1 MHz

4.1uVto0.48V

2mV to 10mV

10 Hz to 40 Hz

0.36 x1°x U +3.4 uv

> 40 Hz to 1 kHz

0.24 x1°x U +1.3 pv

> 1 kHz to 20 kHz

0.36 x1°x U+ 1.3 uv

> 20 kHz to 50 kHz

1.2x19°. U+ 13 pV

> 50 kHz to 100 kHz

5.8 x107. U+ 1.3V

> 100 kHz to 300 kHz

46 x107. U +2.3 uv

>10mV to 100 mV

10 Hz to 40 Hz

86 x10°. U+ 4.6 v

> 40 Hz to 1 kHz

87 x10°. U+2.3 v

> 1 kHz to 20 kHz

0.17 x107. U +2.3 puv

> 20 kHz to 50 kHz

0.35x1°°. U+2.3pv

> 50 kHz to 100 kHz

0.93 x19°. J+2.3 pV

> 100 kHz to 300 kHz

3.5x07. U+ 12 v

> 300 kHz to 1 MHz

12 x10°x U +12 pv

>100mV to 1V

10 Hz to 40 Hz

83 x10°. U+ 46 PV

> 40 Hz to 1 kHz

82 x10°V+23 uv

> 1 kHz to 20 kHz

0.16 x1°7- U +23 pv

> 20 kHz to 50 kHz

0.35x107. J+23 uv

> 50 kHz to 100 kHz

0.92 x197. U +23 pv

> 100 kHz to 300 kHz

3.5x1°x J+0.12 mV

> 300 kHz to 1 MHz

12 x1°x U +0.12 mV

>1V to 10V

10 Hz to 40 Hz

85 x10°. U + 0.46 mV

> 40 Hz to 1 kHz

87 x10°. U +0.23 mV

> 1 kHz to 20 kHz

0.17 x°°. J+0.23 mV

> 20 kHz to 50 kHz

0.35x1°7. U +0.23 mV

> 50 kHz to 100 kHz

0.92 x1°%. U +0.23 mV

> 100 kHz to 300 kHz

3.5x107. U+1.2mV

> 300 kHz to 1 MHz

12x10°. U+1.2mV

>10V to 100V

10 Hz to 40 Hz

0.23x19°. U+ 4.6 mV

> 40 Hz to 1 kHz

0.23x19°. U+23mV

> 1 kHz to 20 kHz

0.23x1°x U +2.3mV

> 20 kHz to 50 kHz

0.41x1°- U+23mV

> 50 kHz to 100 kHz

1.4x9°. U+23mV

>100V to 1000V

50 Hz to 1 kHz

0.46 x1°°. J+ 16 mV

U =measured value

Valid from:

16 March
Date of issue: 16 March20220626
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Calibration and measurement capabilities (CMC)

Measurement
variable / Calibration
object

Measurement
range /
Measurement
span

Measurement
conditions /
Method

( DAKKS

Deutsche

Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

AC voltage measuring

1mV to 1100V

10 Hz to 1 MHz

5uVto 81l mv

instruments, sources

ImV to 22mV

10 Hz to 20 Hz

0.5x19°x U +4.5uv

>20Hzto40Hz

0.19 x107. U+ 4.5 uv

> 40 Hz to 20 kHz

95 x10°. J + 4.5 pV

> 20 kHz to 50 kHz

0.33x1°°. U+4.5pv

> 50 kHz to 100 kHz

0.75x107. U+ 7 puv

> 100 kHz to 300 kHz

1x107. U +13 pv

> 300 kHz to 500 kHz

1.5 x197. U + 25 pV

> 500 kHz to 1 MHz

3.1 x07. U425V

>22mV to 22mV

10 Hz to 20 Hz

0.5 x107. J+5pv

>20Hzto40Hz

0.19x10°. J+5puv

> 40 Hz to 20 kHz

95 x10°. U+ 5 pVv

> 20 kHz to 50 kHz

0.33x10°. U+5pV

> 50 kHz to 100 kHz

0.75x10°. U+7 pv

> 100 kHz to 300 kHz

1x107x U +12 uv

> 300 kHz to 500 kHz

1.5x107. U+ 25 pv

> 500 kHz to 1 MHz

3.1 x107. U +25pv

>22mV to 220mV

10 Hz to 20 Hz

0.5x107. U +13 pv

>20Hzto40Hz

0.19x10°. U+ 8 puv

> 40 Hz to 20 kHz

95 x10°. U + 8 pv

> 20 kHz to 50 kHz

0.28 x10°. U+ 8 v

> 50 kHz to 100 kHz

0.75x197. U+ 25 pv

> 100 kHz to 300 kHz

1x107. U+ 25 pv

> 300 kHz to 500 kHz

1.5x107. U+ 35 pVv

> 500 kHz to 1 MHz

3.1x97. +80 pv

>220mV to 2.2V

10 Hz to 20 Hz

0.45 x1°°x U + 80 pV

>20Hzto40Hz

0.14 x1°7. U+ 25 pv

> 40 Hz to 20 kHz

65x10°. U+6pVv

> 20 kHz to 50 kHz

0.11x07. y+16 puv

> 50 kHz to 100 kHz

0.21x197. U+ 70 pv

> 100 kHz to 300 kHz

0.39x17°. U +0.13mV

> 300 kHz to 500 kHz

0.95 x19°x U + 0.35 mV

> 500 kHz to 1 MHz

1.9x1°°. U +0.85 mV

U =measured value

Valid from:
Date of issue: 16 March20220626

16 March

Pagel14 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

Permanent Laboratory — Vienna site
Calibration and measurement capabilities (CMC)
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC voltage measuring
instruments, sources

>22V to 22V

10 Hz to 20 Hz

0.45 x1°x U + 0.8 mV

>20Hzto40Hz

0.14 x1°°. J +0.25 mV

> 40 Hz to 20 kHz

65 x10°. U + 60 pV

> 20 kHz to 50 kHz

0.11 x1°. U +0.16 mV

> 50 kHz to 100 kHz

0.21 x1°°. U +0.35 mV

> 100 kHz to 300 kHz

0.45 x1°7. U+ 1.5 mV

> 300 kHz to 500 kHz

1.2x9°. U+43mV

> 500 kHz to 1 MHz

2.5x10%. U+ 85mV

>22V to 220V

10 Hz to 20 Hz

0.45 x1°7. J + 8 mV

>20Hzto40Hz

0.14 x1°°. U + 2.5 mV

> 40 Hz to 20 kHz

70 x 0. J + 0.8 mV

> 20 kHz to 50 kHz

0.19 x1°°. U+ 3.5 mV

> 50 kHz to 100 kHz

0.45x1°x U +8 mV

>220V to 1100V

15 Hz to 50 Hz

0.36 x1°°- U+ 16 mV

> 50 Hz to 1 kHz

70 x10°. J +3.5mV

U =measured value

1mVto 220V

1 Hz to 10 kHz
square-wave voltage

0.38 uVto 3.2mV See
Matrix WM.1

Sources

1kV to 10kv

45 Hz to 55 Hz

0.46 x10"=3)x U

U =measured value

Valid from:
Date of issue: 16 March20220626

16 March
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Permanent Laboratory — Vienna site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Direct current OmA to 220pA 40 x 161 % [ + 8 nA I=measured value
measuring
instruments, sources >2204A to 2.2mA 40 x10°6)x | + 8 nA
>22mA to 22mA 40 x1°x [ + 80 nA
>22mA to 100 mA 50-10-6./+0.8 pA
50 x 10°(-6) - | + 200 x 107(-6) - 12
>100mA to 220mA +0.8 A
>220mA to 1A 65 x 10%-6). | + 25 pA
107 (-6 Af—| 2
S1A to 22A 65 x ()xl+10><10(6)xl
25 pA
>22A to 3A 0.38 x10"3)x [ + 40 pA
>3A to 10.1A 0.5 x10*3)x [ + 0.5 mA
>10.1A to 20.5A 1 x10"3)x [ +0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35 x 10%-6). | + 46 pA

>100nA to 1pA 23 x10°C6). | + 46 pA

>1pA to 10pA 23-19°.7+0.12 nA

>10pA to 100 pA 23 x 10A) - [ +0.92 nA

>100pA to 1mA

23 x10%61x | + 6 nA

>1mA to 10mA 23 x10-6 x [+ 58 nA

>10mA to 100 mA 41 x 107(-6) I + 580 nA

>100mA to 1A 0.13 x 10A(-3) / + 12 pA

1A to 400A 0.21 x10°x |
Direct current 1 to N windings ;
Current clamps and current 1mA- - -1100A 3x10%x
transformers
Valid from: 16 March
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Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object Method uncertainty

AC current measuring
instruments, sources

10pA to 205A

10 Hz to 10 kHz

25nAt00.62A

0.01mA to 0.22mA

10 Hz to 40 Hz

0.6 x1%x | + 25 nA

> 40 Hz to 1 kHz

0.12 x1°%x | + 16 nA

> 1kHzto 5 kHz

0.5 x1%x | + 40 nA

> 5 kHz to 10 kHz

1.4 x1°7. | + 80 nA

>0.22mA to 2.2mA

10 Hz to 40 Hz

0.6 x1°”x | + 40 nA

> 40 Hz to 1 kHz

0.1,2x¥"./+35nA

>1kHzto 5 kHz

0.5%107. [ + 0.4 pA

> 5 kHz to 10 kHz

1.4x197. [ +0.8 uA

>22mA to 22mA

10 Hz to 40 Hz

0.6 x197- | + 0.4 pA

> 40 Hz to 1 kHz

0.12 x107./+0.35 pA

> 1kHzto 5 kHz

0.5x107x [ +4 pA

> 5 kHz to 10 kHz

1.4 %107 x [+ 8 uA

>22mA to 220mA

10 Hz to 40 Hz

0.6 X107 [ +4 A

> 40 Hz to 1 kHz

0.12 x10%. [+ 3.5 pA

>1kHzto 5 kHz

0.5 x107x [ + 40 pA

> 5 kHz to 10 kHz

1.4 1" x [ + 80 pA

>220mA to 2.2A

20 Hz to 1 kHz

0.55 x 107 | + 35 pA

> 1kHzto 5 kHz

0.65 x 107 | + 80 pA

> 5 kHz to 10 kHz

0.75 x 17 x | + 0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8x1°7./+0.1 mA

> 45 Hz to 1 kHz

0.6 x1°%x |+ 0.1 mA

>3A to 11A

45 Hz to 100 Hz

0.6 x1°x/+2mA

> 100 Hz to 1 kHz

1.0x197°. /+2 mA

>11A to 205A

45 Hz to 100 Hz

1.2x9°. [ +5mA

> 100 Hz to 1 kHz

1.5x17. [ +5mA

I=measured value

Valid from:

16 March
Date of issue: 16 March20220626
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Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
AC current sources SuA to 1A 20 Hz to 5 kHz 35 A to 13 mA I=measured value

5uA to 100 pA

20 Hz to 45 Hz

1.7 x1°x [ + 35 nA

> 45 Hz to 1 kHz

0.76 x1°°x | + 34 nA

>100pA to 1mA

20 Hzto 45 Hz

1.7 x19°.[4+0.23 pA

> 45 Hz to 100 Hz

0.71 x107./+0.23 pA

> 100 Hz to 5 kHz

0.73 x1°7-/+0.2 pA

>1mA to 10mA

20 Hz to 45 Hz

1.7 x10°. [+ 2.3 A

> 45 Hz to 100 Hz

0.71 x1°°x |+ 2.3 pA

> 100 Hz to 5 kHz

0.73x197. [+ 2 pA

>10mA to 100 mA

20 Hz to 45 Hz

1.7 x1°7. [ +23 pA

> 45 Hz to 100 Hz

0.71 x107./+23 pA

> 100 Hz to 5 kHz

0.73 x19°x | + 20 pA

>100mA to 1A

20 Hzto 45 Hz

1.8x17x[+0.23 mA

> 45 Hz to 100 Hz

0.83 x1°x /+0.33 mA

> 100 Hz to 5 kHz

1.6 x1°°./+0.21 mA

Alternating current sources,

/=measured value

o 10mA to 500A 3uAto0.2A
measuring instruments
10mA to 1A 0.32x107x |
40 Hz to 1 kHz —
>1A to 100A 0.69 x10°. |
>100A to 450A 0.9 x107x |
Current clamps and current 1to N windings 10 Hz | = measured value
transformers
to 1 kHz 4x1073-/

1 mA-

-1100 A

> 1 kHz to 10 kHz/N

Equivalent current

0.2pA to 200 mA

atrvup to 1 GQ
DC up to 60 Hz

17-106. 110 5.8 - 103 |

See Matrix WM.2
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Measurement Measurement Measurement Expanded Remarks
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
DC resistance Fixed values 00 2-wire short-circuit 0.5mQ R =measured value
4-wire short circuit 0.35 uQ
100 pQ 0.45 x10%-3)x R Intermediate values
1m0 0.17 x10"-3)x R increase the
measurement
10ma 0.17x30"31x R uncertainty
100 mQ 0.10 x1°°x R
10; 40 x 10%-6). R
100; 23 x10°(-6) R
100 Q; 14 x 108(-6). R
1kQ; 10 x 10°(-6). R
10 kQ; 9.5 x 10M(-6). R
100 kO 11-9°.R
1 MQ; 15 .10°. R
10 MQ; 31-1°.R
100 MQ; 100 -1°°. R
10; 76 x 107-6). R
10Q; 20 x 107-6). R
100 Q; 17 x 108(-6). R
1kQ; 10 x 10%(-6). R
10 kQ; 10 x 108-6). R
100 kQ; 13 .10°. R
1MG; 19-10°. R
10 MQ; 70 -10°. R
100 MQ; 0.59 x10°. R
1GQ 5.9 x10°. R
Measuring instruments Oto<11Q 40 x 10%() R
11Qto<110Q 35 x10°-6). R
110 Q to < 110 kQ 28 x 10M-6). R
110kQ to < 1.1 MQ 32 x10°-6). R
1.1 MQ to < 3.3 MQ 60 x 10°(-6). R
3.3MQto <11 MQ 013 x1°x R
11 MQto< 33 MQ 0.25 x 107(-3). R
33 MQto< 110 MQ 0.5 x10%3) . R
110 MQ to < 330 MQ 3 x10%-3). R
330 MQto<1.1GQ 15 x10%-3). R

AC resistance (magnitude of
impedance)

500 uQto  45kQ

10 Hz to 10 kHz

U”+U” -R
1 u
0.17 x10%-3)x R
to

1.7 x10°-3). R

See matrix WM.3

R =measured value
ui is the relative
uncertainty of the
calibration current
vu is the relative
uncertainty of the
measured voltage
across the resistor
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Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement Methods uncertainty
span
Inductance Fixed values . L
0 pH 2-wire short-circuit 0.03 pH
100 Hz 0.54 x10"-3)x |
100 H 1 kHz 0.28x10°-3). |
10 kHz 0.29 x10%-3). |
. 100 Hz 0.14 x 10%-3) x [ L=measured value
m 1 kHz 0.14 x10"-3)x |
10 kHz 0.24 x10%(3) L
Impedance range: 50
10 mH 100 Hz; 0.13 XlOA(’S) L mQ < |z| <11 kQ
1 kHz; 10 kHz 0.16 x 10%3) . [
100 mH 100 Hz; 1 kHz 0.13 x10%(=3) L
10 kHz 0.28 x10%-3). |
1H 100 Hz, 1 kHz 0.20 x 107 x [
Capacitance 0 pF 0.2 pF No-load
fixed Lo 1 kHz 0.63 x10°(3) C
values P 10 kHz 0.31x1°(3) C
1 kHz 42 x10%(=6) C
10 pF 10 kHz; 53 x 10°(-6) °C
100 kHz 88 x 10°(6) °C
07 (-3
1 MHz 0.24x1°(?) € C=measured value
100 pF 1 kHz 39 x10%(-6) C
1nF 1 kHz 71 x10°(-8) °C
n A
100 kHz 0.13 x10%(3) C Absolute value of
100 Hz 0.49 x10%(3) C impedance1Q<|Z] <
10 nF 1 kHz 0.21x1%(-3) C 110 MQ
10 kHz 0.23 x10°(3) ¢
100 Hz; 0.21 x¥0%(3) C
100 nF 1 kHz; 0.20x0%(=3) C
10 kHz 0.17 x10%(3) C
107 (-3
100 Hz; 1 kHz 0.29>"7(7) €
1uF 0.13 x°°. C
10 kHz 0.29 x0%(=3) C
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / conditions / measurement
object Measurement procedure uncertainty
span
2 2 .
Direct current power measuring v Mﬁ +W, P
instruments OW to 21kw 0mVto1020V P= dval
© OuAto20.5A 0.21 x10%.pt0 0.70 x 1 = measured value
P
[wW? +W? .p win is the relative
with clam i 0Vto330V in our uncertainty of the active
p connection OW to 300kw 10°
0 mA to 1000 A but not less than 0.2 x1° x | power of the
p single winding.
Active AC power measuring P =measured value
instruments PF=1;45Hz to 65 Hz PF = power factor
0.11mW to 21kw 33 mVto 1020V 0.7 x1%x Pto 1.4 x 10 x P (capacitive or inductive)
33mAto20A
15 W; 60 W; 100 W; 400 W; PF=1;45Hz to 65 Hz 0.16 x 10
500 W; 1 KW; 2 KW; 4 kW 50V; 200V A6x T xP
0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26 x 0% W
45 Hzto 65 Hz; PF=1
23Wto 20.6 kW 23Vto 1020V 0.32%10°pt00.48*10°p
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16 x 10 x p
198 W PF=09 0.18 x 1 x p
110 W PF=05 0.29 x 17 x p
2W PF=0.1 1.4 x10%x p
11w PF=0.05 2.7 x17xp
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10Wto 1kw Inductive, capacitive 0.22W
win is the relative
uncertainty of the active
power of the single
33Vto330V > winding. The relative
W +W* P .
10 mA to 660 A Vo uncertainty of the
with clamp connection 05Wto 218 kW 45 Hz to 65 Hz but not less than 0.4 x 1" x | measurement object
p woutin the measurement
0.05<PF<1 circuit and in the stray
1 to 60 windings field of the current-
carrying conductor must
be
taken into account.
Power factor 0. to0. .04 0.15 x10°
33Vto330V
>04t0 <1 330mAto2.2A 60 x19°x P +0.16 x10°
45 Hz to 65 Hz
1 89 x 10°
AC reactive is th tainty of
is the uncertain
power Ovarto 1 kvar 45 Hz to 65 Hz up - var/W v . o
Meters active power
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Comments
quantity / Calibration range / span conditions / measurement
object Method uncertainty
Frequenc .
M(Zasurerr:ent and synthesis 0.01Hzto 18 GHz 0.5x 107 - f+ urr .LIJ.:éger uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5 x 10"-8) x At + 50 ps
1sto 100h 14 x 1075 - At + urr
Rotational speed 0.025! to 18000s* 3.7 x10%(=6). f
Oscilloscope 0OV to 5V DC to 10 kHz 1.1 x10%3) x U + 66 pV U: measured value
vertical 5V 130V 1.2x17x U + 44 pv
Oscilloscope 1ns to <100ns 0.6 x10*6)x T + 60 fs T=measured value
horizontal 100ns to 20ms 3.1x100x T+ 11 fs
>20ms to Ss 1.2 x10%(3) x T2+ 29 x10"6)x T
50 kHz 3.3x102) x f

>50kHzto 100 MHz 2.5x10M2) x f
>100 MHz to 300 MHz 3.1x10%-2). f
>300 MHz to 600 MHz 5.5 x10%-2) x f

Oscilloscope bandwidth

f (frequency response)
f=measured value

> 600 MHzto 1.1 GHz 6.5 x 107“"2) -f
>1.1GHz to 2GHz 6.8 x107- f
>2GHz to 4GHz 9.5 x10%2) . f
Frequency f
Time base 10 MHz 0.2 x10%(-6) x f
Rise time of 50ps to 1ms 0.05Vto1.2V Aps+5.7x0(3) T
Ins to 1ms 0.1to3V 2.5ps+5.8x10%3)T

oscilloscopes

Rise time of generators, .
0.5nsto <2.5ns 28 ps +14x10°(3) T
pulses

25nsto 5ms 13 ps + 28 x 10°-3). T

N-connector, 50 ohms

Ire |£0.035 f
<4 GHz
Ire | < 0.056 f
RF power Output power DC to 50 MHz 50 9.5x10°. p <12 GHz
and calibration factor of MHz to 4 GHz 14 x107-3). p 6 | 0.075 f
RF sources 10pW to 80mwW 4 GHz to 12 GHz 22 x108-3). p <18 GHz
12 GHz to 18 GHz 36 x107-3). p Other connectors and
reflection factors
increase the
measurement uncertainty
RF voltage uwr W(P) is the relative
sources with RF Vid uncertainty of the
voltage display 22mV to 2V DCto 18 MHz WUy ) = measured power

relative to 50 Q

at20=500Q
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Square-wave voltage [V]
0.001 0.01 0.1 0.1 0.5 1 5 10 50 100
Frequency [Hz]
10 3.8E-07 512.2E-9 2.44E-06 2.37E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E-3
100 7.4E-07 814.6E-9 2.52E-06 2.46E-06 1.12E-05 2.2E-05 110.4E-6 250.0E-6 1.2E3 2.3E3
1000 6.4E-06 6.4E-6 6.99E-06 6.97E-06 1.34E-05 2.4E-05 111.6E-6 251.5E-6 1.2E3 2.3E3
10,000 6.3E-05 63.7E-6 6.56E-05 6.56E-05 7.47E-05 8.7E-05 200.5E-6 369.5E-6 1.6E-3 3.2E3
Matrix WM.2 Replacement leakage current
Normal resistance sy 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 pA 600 nA 60 nA
110V 110 mA 11 mA 1.1mA 110 pA 11 pA 1.1pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 2.3 mA 230 pA 23 pA 2.3 pA 230 nA
400V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 pA 400 nA
Matrix WM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100 V 1.000 V 1.000 V 10.000 V 10,000 V 100,000 V
Current [A]
2.2x10°A 1.57E-03 4.66E-04 4.66E-04 3.00E-04 3.00E-04 2.98E-04 2.98E-04 3.00E-04 3.00E-04 3.78E-04
22-107 A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
0.22A 1.55E-03 3.97E-04 3.97E-04 1.75E-04 1.75E-04 1.72E-04 1.72E-04 1.75E-04 1.75E-04 2.89E-04
22A 1.64E-03 6.78E-04 6.78E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 5.76E-04 6.21E-04
Dimensional quantities
Permanent laboratory site in Vienna
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object methods uncertainty
Length
Calipers for external, I: measured value
internal and depth Omm to 500mm VDI/VDE/DGQ 2618 20 pum + 15 x 10%(=6) |
measurements * Sheet 9.1:2006
VDI/VDE/DGQ 2618
% 107 (_
Screw gauges Omm to 300mm Sheet 10.1:2001 2 um + 6 x10%(-6) /
Valid from: 16 March
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Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span
DC voltage ov 35nV Short-circuit bridge
oV to 1V 0.46 x 106 x U +0.18 | U=measured value
uv
107(-6)
S1V to 10V 0.18 x x U +0.67
(I
>10V to 100V 0.28 x 10°(-6). J - 0.34 uv
>100V to 1050V 0.24 x 10°C68). (J + 64 pv
High-voltage sources 1KV to 10KV 7.9 %108 y 4 17my | U=measuredvalue
>10kv to 60kV 46 -9°. U+0.95V
ACvoltage 2mV to 10mV 10 Hz; 12.5 Hz 26x19°. U+0.11wV | U=measured
20 Hz; 25 Hz; 30 Hz; 37.5 Hz; 28 x10°. J + 23 nV value Calibration
40 Hz; 75 Hz; 80 Hz; 125 Hz; on the Josephson
312.5 Hz; 375 Hz voltmeter.
. Wh librati
48 Hz; 60 Hz; 62.5 Hz 19 x10°. U +0.11 pV en calibrating
measuring
625 Hz; 937.5 Hz; 1 kHz 17 x19°. U+ 0.12 pv instruments, the
>10mV to 60mvV 10 Hz; 12.5 Hz 13x20°. y+0.19 v | influence of the
- ) - ] o load impedance and
20 HZ,.25 Hz,. 30 HZ,.37.5 HZ., 8.6 x17- U+0.16 pv the repeatability
40 Hz; 75 Hz; 80 Hz; 125 Hz; must also be taken
312.5Hz; 375 Hz into account.
48 Hz; 60 Hz; 62.5 Hz 10 x1°°. U +0.16 uv
625 Hz; 937.5 Hz; 1 kHz 9.1x10°. U+0.16 uv
>60mV to 7.2V 10 Hz; 12.5 Hz 10 x1°°. U + 0.14 pv
20 Hz; 25 Hz; 30 Hz; 37.5 Hz; 2.2 x10°. J+0.16 pv
40 Hz; 75 Hz; 80 Hz; 125 Hz;
312.5Hz; 375 Hz
48 Hz; 60 Hz; 62.5 Hz 4.2 x10°. J+0.14 pv
625 Hz; 937.5 Hz; 1 kHz 1.4 x1°°. U +0.16 pVv
AC voltage 2mVto<22V 10 Hz to 1 MHz U =measured value
10 Hz; 20 Hz; 40 Hz; 55 Hz; 120
Hz; 400 Hz; 500 Hz; 1 kHz; 10 0.29 x 10M-3)x (J
2 mv kHz; 20 kHz; 50 kHz; 70 kHz; 100
kHz; 200 kHz; 300 kHz
500 kHz 0.32 x10%-3). Uy
1 MHz 0.43 x10%-3). Uy
6 mV 10 Hz 0.16 x10"-3). y
20 Hz 0.14 x10%-3). y
Valid from: 16 March
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On-site calibration — DC and AC voltage
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
AC voltage 40 Hz; 55 Hz; 120 Hz; 400 Hz; U =measured value
500 Hz; 1 kHz; 10 kHz; 20 kHz;
6 mV 0.13 x10"=3)x U
50 kHz; 70 kHz; 100 kHz;
200 kHz Calibration using an
300 kHz 0.15 x10%-3). y AC/DC transfer
500 kHz 0.17 x10%=3). y standard. When
1 MHz 022 x103). calibrating measuring
. o= instruments, the
10 mV 10 Hz 0.13 x )- U influence of the
20 Hz 0.12 x 107-3). ¢y load/terminal
40 Hz; 55 Hz; 120 Hz; 400 Hz; impedance and
500 Hz: 1 kHz: 10 kHz: 20 kHz: repeatability must be
Z % Z z 0.10 x 0% x Uy taken into account.
50 kHz; 70 kHz; 100 kHz;
200 kHz
300 kHz 0.12 x10%-3). y
500 kHz 0.16 x10%-3). Uy
1 MHz 0.21 x10%-3). Uy
20 mV 10 Hz 0.12 x10%-3). y
20 Hz 0.11x10%-3). y
40 Hz; 55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 20 kHz; 86 x 10°6) x {J
50 kHz; 70 kHz; 100 kHz;
200 kHz
300 kHz 0.11 x10%-3). y
500 kHz 0.13x0(3) U
1 MHz 0.17 x10%-3). Uy
60 mV 10 Hz 54 x 10"-6).
20 Hz; 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 10 kHz; 32 x10°. Yy
20 kHz; 50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 46 x 10M-6). |y
500 kHz 60 x 10°(-6) U
1 MHz 95 x 10%(-6) v
100 mvV 10 Hz 22 x10%(5) v
20 Hz; 40 Hz 20 x10(-5) v
55 Hz; 120 Hz 17 x1(8) U
400 Hz; 500 Hz; 1 kHz; 10 kHz; 15 .10%. ¢
20 kHz; 50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 25 x10°. y
500 kHz 34 x10°(-6) U
1 MHz 53 x 10%(-6) v
200 mV 10 Hz 37 x10(6) v
20 Hz; 40 Hz 18 x 1) v
55 Hz; 120 Hz 15 x19(¢) v
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On-site calibration — DC and AC voltage
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
ACvoltage 200 mv 400 Hz; 500 Hz; 1 kHz; 10 kHz; 12 x10°-6) x U = measured value
20 kHz; 50 kHz; 70 kHz
100 kHz 13 x10%-6). y
200 kHz; 300 kHz 23 x10°. Calibration using
500 kHz 33 x10°-6). AC/DC transfer
standards. When
1 Mhz 49x() v calibrating measuring
600 mV 10 Hz 31 x10(-%) v instruments, the
20 Hz; 40 Hz 16 x10°(-6) v/ influence of
load/terminal
55 Hz; 120 Hz 13x()U impedance and
400 Hz; 500 Hz; 1 kHz; 10 kHz; 10X 0°(6) v repeat.ability must be
20 kHz; 50 kHz; 70 kHz taken into account.
100 kHz 11-10°.y
200 kHz; 300 kHz 21-10°.y
500 kHz 33 x10-8) U
1 MHz 50 x 10°(-6) U
1V 10 Hz 17 x5 U
20 Hz; 40 Hz 11 x10%-6).
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 7x10°6) -y
70 kHz
100 kHz 9.10°.y
200 kHz; 300 kHz 13 x10°. y
500 kHz 17 x10°(-6) U
1 MHz 30x10(-8) U
2V 10 Hz 38 x19°(¢) v
20 Hz; 40 Hz 12 x10%-6)- Yy
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 7 x10%6)- U
70 kHz
100 kHz 9.10°.y
200 kHz; 300 kHz 11 x10°. Uy
500 kHz 16 x10°(-6) U
1 MHz 29 x10°(-6) U
4V;6V 10 Hz 32x10%() v
20 Hz; 40 Hz 13109 U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 9 x10%(6) U
70 kHz; 100 kHz
200 kHz; 300 kHz 21 x0°. Yy
500 kHz 32 x10%-6). y
1 MHz 35 x10%(-6) v
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On-site calibration — DC and AC voltage
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
AC voltage 8V;10V 10 Hz 19 x 10°(-6). y U=measured value
20 Hz 13 x 10(-6).
107(-6) .
40 Hz 10x v Calibration using an
55 Hz; 120 Hz; 400 Hz; 500 Hz; AC/DC transfer
1 kHz; 10 kHz; 20 kHz; 50 kHz; 8 x10°(-6). (4 standard. When
70 kHz; 100 kHz calibrating measuring
200 kHz; 300 kHz 15 x10°(-6) y instruments, the
500 kHz 30 x19°(6) U influence of the
1 MHz 47 <6y !oad/termlnal
prs impedance and
20V 10 Hz 297U repeatability must be
20 Hz 14 x10°. Uy taken into account.
40 Hz 11x20%6)- Yy
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 9 x10%6)- U
70 kHz
100 kHz 10 x10°(-6) U
200 kHz; 300 kHz 16 x10°(-6) U
500 kHz 32 x10-8)y
1 MHz 49 x 10%(=6) Uy
12V;15V; 19V 1 kHz; 10 kHz; 100 kHz 10-106. y
>22Vto70V 10 Hz to 300 kHz
60V 10 Hz 23 x10°.y
20 Hz; 40 Hz 15 x10°(-6) U
55 Hz; 120 Hz 13 x5 U
400 Hz; 500 Hz; 1 kHz; 10 kHz; 9 x10°(-6) U
20 kHz; 50 kHz
70 kHz 10-10°. y
100 kHz 14 x10°. y
200 kHz; 300 kHz 22 x10%(-6) v
>70Vtol110V 10 Hz to 200 kHz
100V 10 Hz; 20 Hz 19 x 107(-6). (J
40 Hz 15x 196 U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 13 x 107(-6). [y
20 kHz; 50 kHz
70 kHz 20 x1°-y
100 kHz 32 x10%-6).
200 kHz 37 x10'(-%) v
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On-site calibration — DC and AC voltage
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
AC voltage >110Vto 700 V 10 Hz to 100 kHz U=measured value
200V 10 Hz 27 x10°x U
20 Hz 21 x10%-6). y
Calibration using an
40 Hz 16 x10"6)- U AC/DC transfer
55 Hz; 120 Hz 15 x10°(-6) y standard. When
400 Hz; 500 Hz; 1 KHz; 13x19°(6) U calibrating measuring

instruments, the

. . 107 /-6
10 kHz; 20 kHz; 50 kHz 17 x10°-8) U influence of the
70 kHz 20x19°() U load/terminal
100 kHz 31 %108y impedance and
600V 40 Hz 17 x10°. Uy repeatability must be
taken into account.
55 Hz; 120 Hz; 400 Hz; 500 Hz 14 x 10%(-6).
1 kHz; 10 kHz; 20 kHz; 50 kHz 16 x10°(-6) U
70 kHz 25 x10°(-6) U
100 kHz 37 x10'(-%) v
>700V to 1000V 10 Hz to 100 kHz
1000 V 40 Hz 16 x10°y
55 Hz; 120 Hz; 400 Hz; 500 Hz; -
14 -0°.y
1 kHz; 10 kHz; 20 kHz
50 kHz 25 x10%-6).
70 kHz 32 x10-8)y
100 kHz 42 x10°(-6) v
High-voltage sources 1kv to 10kv 10 Hz to 20 kHz 50 x10"Elx U + 2V
> 20 kHz to 50 kHz 0.34 x10°3). y+1.6V
> 50 kHz to 100 kHz 1.6x0°. U+09V
>10kV  to 40kV 10 Hz to 20 kHz 0.10x0"B)x Uy +3.7V
> 20 kHz to 50 kHz 0.43 x10°3). U+2.1V
> 50 kHz to 100 kHz 1.7x103) . U+0.7V
Measuring instruments 1kv to 10kv 50-106.U+2V
45 Hz to 65 Hz —
>10kv to 30kv 0.10x°x U +3.7V
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On-site calibration — DC and AC voltage
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Square-wave voltage 5mV to 220mV 1Hz to 10 kHz 10 x 1" x U + 0.36 pv Sweep procedure on
+6.4x0V/Hz - f | 310 MQ load.
>220mV  to 2.2V 9.3 x10%6) x U + 0.35 wv | Range specified in
+7.0 x99 V/Hz - f peak-to-peak
Itage.
>22V to 22V 9.3 X106 U+058 v | o ee

+14 x10CIV/Hz - f U=peakvoltage
12 x 1961 . ( + 35 LV f=frequency
Ty e oy K The additional
+75 x10%V/Hz - f

influence of
different load
conditions (such as

50 Q or 1 MQ) must
be taken into
account.
AC voltage amplitude 5mVto 5V DCto 10 MHz 25 x10%3Ix J+ 0.2 pv | Oscilloscope as
parameters > 10 MHz to 100 MHz 37 x0(3) V+0.5 pv standard
> 100 MHz to 300 MHz 44 x10%(=3) V+ 0.4 pv U=measured value
> 300 MHz to 1 GHz 70 x10%(=3) v
>5Vto 50V DC to 2 kHz 12 x107. U+ 0.7 pv
> 2 kHz to 10 MHz 25 x 103 U + 0.7 pv
0% to 30% 45 Hz to 5 kHz 0.5 x 10M3)x k + 0.012%
> 5 kHz to 30 kHz 0.8 x 103 k+0.012 %

Valid from: 16 March
Date of issue: 16 March20220626 Pagel29 from 173



( DAKKS

Deutsche

Appendix to Accreditation Certificate D-K-15019-01-01 Akkreditierungsstelle

On-site calibration — DC and AC voltage

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
AC voltage 45Hz<n<65Hz Measured value =
RMS value of

Harmonic overtones

Sources and measuring

Fundamental wave

1mV<yns<200V
1%<(un/u1)<40%

RMS value of the
fundamental wave
u1=root mean

inst " 2<n<100
instruments . square value of the
100 mV to 500V < 6 kHz 20x10" - u fundamental wave
to un= RMS value of
39x10° - u the nth harmonic
100 mV 26x10° - w1 1= frequency of the
200 mV ) fundamental wave
m 25x10" - w = frequency of the
1.2V 20x10° - u1 harmonic
gV 25.10° - 1 n=m/nn>1The
. number of
16V 30-10" - u harmonics is limited
30V 20-10° - u1 to
60V 20-10° - one harmonic.
120V 30x10° - u
240V 39-10° - u
460 V 39-10° - w1
RMS value of the 45 Hz <11 <65Hz Measured value =
harmonic 100 mV <€ y1£ 500 V RMS value of the
1% < (un/ v1) <40% harmonic
N = RMS val
1mV to 200V 2<n<100 0.13x10° - 4 u1 value of
the fundamental
n< 6 kHz to
. wave un=RMS
1.1x107 - un

see Matrix VM.17

value
of the harmonic

1= frequency of the
fundamental

= frequency of the
harmonic
n=mw/nn>1

The number of
harmonics is limited to
one harmonic

Valid from:

16 March
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On-site calibration — DC and AC voltage

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
AC current 45 Hz <11 <65 Hz Measured value
6 =rms value of
Harmonic overtones 2<n<100 32-10" -u the fundamental
100mA to 60A <
Sources and <113 A to_e wave
measuring 71-10" -n 1= RMS value of the
. fundamental wave
instruments RMS value of th
In= value of the
100 mA ImA<n<4.8A 32x10° -y harmonic
i< 6 kHz n=frequency of the
200 mA 1%<imn/n<30% 47%x10° - fundamental wave
m="frequency of the
400 mA 47x10° -1 harmonic
n=/n,n>1The
" number of
800 mA 47 x10° i Lo
harmonics is
limited to one
16A 45x10° - harmonic
4A 57x10° -1 1= peak value of the
current signal
5A 57-10° -u
For measuring
» instruments with a
16A 55-10" +u connected (clamp-on)
" current transformer,
30A 160 MA<h<18A 71x10° - the measurement
< 3 kHz uncertainty may
60 A 1%<(n/u) <30 % 71%10° - increase. The
measurement range
extends to 1< 600 A.
The calibration of
current transformers is
carried out in
conjunction with the
display unit for the
secondary signal.
Valid from: 16 March
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Measurement
variable / Calibration
object
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Calibration and measurement capabilities (CMC)

Measurement
range /
Measurement
span

Measurement
conditions /
Method

Expanded
measurement
uncertainty

Comments

Alternating current

Harmonic overtones
Sources and
measuring
instruments

45Hz<n<65Hz
2<n<100
s<113 A

I1mA to 48A

100mA<in<16A
n< 6 kHz
1%<in/n<30%

0.22x10°
up to
0.46x10” -

“n

5

see matrix VM.18

160mA to 18A

16A<iu<60A
< 3 kHz
1% < (in/ 1) <30%

0.22x10" -1
to
0.46x 10" -1

see Matrix VM.18

Measured value = RMS
value of the harmonic
1= RMS value of the
fundamental

in=rms value of the
harmonic
n=frequency of the
fundamental
m="frequency of the
harmonic

n=w/nn>1

The number of
harmonics is
limited to one
harmonic.

is= peak value of the
current signal

For measuring
instruments with a
connected (clamp-on)
current transformer,
the measurement
uncertainty may
increase. The
measurement range
extends to in< 200 A.

The calibration of
current transformers is
carried out in
conjunction with the
display unit for the
secondary signal.

Valid from:

16 March
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On-site calibration — DC and AC voltage

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions/ measurement Comments
object Method uncertainty
Flicker 0.407% to 4.837% 1 min™ < CPM < 4800 min™ AU/U =
Modulation depth U=120V; U=230V Modulation depth U
sources =RMS value of the
Square-wave modulation modulated AC
voltage
1 min-1< CPM < 39 min-1 1.0 x10°% s-signal
f=50Hz; f=60Hz f=frequency of the
CPM = 110 min" 3.7 x10°9 modulated AC signal
CPM =
f=50Hz; f=60Hz Changes per
CPM = 1620 ™n” 12 x 1029 minute
f=150Hz; f= 60 Hz The requirements
set out in DIN EN
CPM = 4000 ™™; 12 x1079% 61000-4-
CPM = 4800 "™ 15:2011,
f=51Hz;f=61Hz Table 5, defined
combinations of
AU/U and CPM.
Flicker 0.407% to 4.837% 1 min" < CPM < 4800 min”! AU/U =
Modulation depth of U=120V; U=230V Modulation depth U
measuring instruments = RMS value of the
square-wave modulation mo.dulated ACsignal
s-signal
1min"< CPM < 39 min” 1.0 x17% f = frequency of the
f=50Hz; f=60Hz modulated AC signal
CPM =110 ™" 3.7 x10°% CPM =
Changes per
f=50Hz; f=60 Hz minute
CPM = 1620 ™in” 12 x 1079 The requirements
f=50Hz; f= 60 Hz set out in DIN EN
: 61000-4-
CPM = 4000 ™n™; 28 x 1079 15:2011,
CPM = 4800 ™in” Table 5.
f=50Hz; f=60 Hz

Valid from:

16 March
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On-site calibration — DC and AC voltage

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Flicker 83mHz to 40 Hz 0.407% < AU/U < 4.837% 1.0x10™ - friicker AU/U =
Frequency 1m< CPM <4800 ™™ Modulation depth
Sources and U=120V;U=230V U=RMS

Measuring instruments

f=50Hz; f=60 Hz

square-wave modulation

of the modulated
alternating voltage
s-signal
f=frequency of the
modulated

AC voltage

s-signal

CPM =

changes per
minute (changes
per minute)
fFlicker = CPM / 120

The provisions of
DIN EN 61000-4-
15:2011,

Table 5,

defined
combinations

of AU/U and
CPM.

pstvalue

only pst=1

2.5 x10N-3)

Value for AU/U
expressed in
AU/U

rectangular
Flicker

AC voltage
Distortion factor k

0% to 30%

45 Hz to 5 kHz
> 5 kHz to 30 kHz

0.5 x 10M=31x k + 0.012%
0.8 x 10M=31x k + 0.012%

Values expressed
as % distortion

Valid from:

16 March
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frequencyf1 =50 Hz in mV/V
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u/V uwn/V 2 3 4 5 10 20 30 40 50 60 70 80 90 100
0.10 0.001 11 11 057 | 057 | 050 | 049 | 049 | 049 | 048 | 048 | 048 | 048 | 048 | 048
0.10 0.01 017 | 017 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 014 | 0.14
0.20 0025 | 017 | 014 | 014 | 013 | 013 | 043 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
1.2 0.15 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
8.0 1.0 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
16 45 014 | 014 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
30 9.0 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
60 18 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 043 | 013 | 013 | 013
120 36 014 | 014 | 014 | 014 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
240 72 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
460 130 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013 | 013
Matrix VM.18 — Relative measurement uncertainty of the root mean square valuel, of the harmonic at the
frequencyf1 =50 Hz in mA/A
/A n/ A 2 3 4 5 10 20 30 40 50 60 70 80 90 100
0.1 0.01 024 | 024 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.2 0025 | 024 | 024 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.4 0.05 024 | 024 | 023 | 023 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
0.8 0.1 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
1.6 0016 | 046 | 046 | 046 | 046 | 032 | 028 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 022
1.6 0.2 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
4 0.5 025 | 025 | 023 | 023 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
1 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
16 2 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022
30 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 | 023 - - - -
60 15 023 | 023 | 023 | 023 | 023 | 023 | 024 | 024 | 024 | 024 - - - -
Valid from: 16 March
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On-site calibration — DC and AC current
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
object Measurement procedures uncertainty

span
Direct current OpA to 10nA 0.85fAto51fA I=measured value
0pA 12 fA
1pA 0.85 x10%-3)x |
10 pA 0.53 x 1073) x /
100 pA 75 x 107(-6) x |
1nA 10 x 10%-6).
10 nA 5.1 x 10%(-6).
>10nA to 100nA 4.1 x10%8. 1+ 10 fA
>100nA to <1pA 1.4 x10%-6) x | + 0.21 pA
1pA to  10pA 1.4 x 10°-6) | + 0.19 pA
>10puA to 20 pA 1.4 x 1080 x | + 1.8 pA
20pA to 200 pA 1.4 x10°-6)x | + 14 pA
200pA to 2mA 0.54 x10"-61x | + 0.23 nA
2mA to 10mA 1.1 x 1081 % [ + 2.4 nA
10mA to 50mA 0.90 x 1°°(-6) x [ + 25 nA
50mA to 200mA T=(23+2)°C 0.33 x10*6) x | + 0.26 PA
200mA to 1A 12 x 10%-6). |
1A to 10A 16 -106.
10A to 100A 28106,
100A to 300A T=(23+2)°C 37 x10°.

Direct current sources

300A to 700A

27 x10%-6) . | + 2.3 mA

Direct current
Current clamps
and current clamp
converters

0OA to 3000A

1to N windings

(W2+W2 -

but not less than
8-196. /or 6 nA

win is the relative
uncertainty of the
current in the single
winding. wouris the
relative uncertainty of
the measurement object
in the stray field of the
current-carrying

Valid from:

16 March
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty

span
Alternating current
100 pA to 100 A 10 Hz to 10 kHz 4.4 nAto 6.5 mA
10 Hz; 20 Hz 76 x 10M-6)x |
100 pA 40 Hz; 55 Hz; 120 Hz; 24 .10% . |
400 Hz; 500 Hz; 1 kHz
10 kHz 47 x10%-6). |
10 Hz; 20 Hz 68 x 10%(-6). |
40 Hz 39 x10%(-6). |
200 pA 55 Hz; 120 Hz; 400 Hz; 36 x 10760 |
500 Hz; 1 kHz
10 kHz 39 x10%(-6). |
10 Hz; 20 Hz 64 x 10°(-6). |
0.5 mA 40 Hz; 55 Hz; 120 Hz 28 x 10%(-6). |
400 Hz; 500 Hz; 1 kHz 27 x10%-6)x |
10 kHz 32 x10%(-6). |
10 Hz 33 x10(-6). |
20 Hz 30 x10%(-6). |
1mA 40 Hz; 55 Hz 26 x10(-6). |
120 Hz; 400 Hz; 500 Hz; 25 x 10M(-6).. |
1 kHz
10 kHz 27 x10(-6). |
Valid from: 16 March

Date of issue: 16 March20220626

Pagel37 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

On-site calibration — DC and AC current

( DAKKS

Calibration and measurement capabilities (CMC)

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty

span
Alternating current 10 Hz 32 x10%-6)x I=measured value
20 Hz 29 x 10M-6) x | f=frequency
2mA 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 24 x107-6)- |
10 kHz
10 Hz 32 x10%-6)x |
20 Hz; 40 Hz 29 x 10%-6). |
5mA 55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 24 x 10%-6). |
10 kHz
10 Hz 26 x 10%(-6). |
20 Hz 24 x 10%(-6) . |
10mA 40 Hz; 55 Hz; 120 Hz; 19 x10-6). |
400 Hz; 500 Hz; 1 kHz
10 kHz 22 x10%-6). |
10 Hz 25 x 10M-6) x |
20 Hz 23 x 10%-6). |
20 mA 40 Hz; 55 Hz; 120 Hz; 17 x10%-6). |
400 Hz; 500 Hz; 1 kHz
10 kHz 19 x 10%(-6). |
10 Hz 25 x 10%-6). |
20 Hz; 40 Hz 23 x 10%(-6) . |
50 mA 55 Hz; 120 Hz; 17 % 10%-6). |
400 Hz; 500 Hz; 1 kHz
10 kHz 19 -10°.
10 Hz 26 x 10%-6). |
20 Hz; 40 Hz 24 x 107(-6) . |
55 Hz; 120 Hz;
’ 4 107(-6) .
100 mA 400 Hz; 500 Hz 18 !
1 kHz; 10 kHz 20 x 10%(=6). |
10 Hz 27 x10%-6). |
20 Hz; 40 Hz 24 x 10%-6). |
200 mA
55 Hz; 120 Hz; 18 .19%. |
400 Hz; 500 Hz; 1 kHz
10 kHz 20 x 10%-6) . |
10 Hz 36 x10°-6). |
20 Hz 34 x 10%(-6) . |
500 mA 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 31 x 10°(-6). |
10 kHz
Valid from: 16 March
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On-site calibration — DC and AC current
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Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty

span
Alternating current 10 Hz 32 x10%-6)x | I=measured value
20 Hz 29 x 10%(-6)x | f=frequency
1A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25 x 10%(-6) .
10 kHz
10 Hz; 20 Hz 40 x10°x |
2A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 34 x 10%(-6) . |
10 kHz
10 Hz 39 x 10%(-6). |
20 Hz 37 x10%-6). |
5A;10A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 32 x10%-6)-
10 kHz
10 Hz; 20 Hz 57 -10°.
20A 40 Hz; 55 Hz; 120 Hz; .
400 Hz; 500 Hz; 1 kHz; 53 x10°.
10 kHz
10 Hz; 20 Hz 64 x 10"(-6). |
50 A 40 Hz; 55 Hz; 120 Hz; 59 x 107-6).. |
400 Hz; 500 Hz
1 kHz; 10 kHz 68 x 10%(-6). |
10 Hz; 20 Hz 75 x 10°(-6). |
100 A 40 Hz; 55 Hz; 120 Hz; 65 . 107-6). |
400 Hz; 500 Hz
1 kHz; 10 kHz 75 x 10%(-6). |
QMH Chap. Vib.1.1 12 mA to 24 mA
Ver.5.0
100A to 200A
10 Hz to 10 kHz 0.13 x 10%=3) x |

Valid from:

16 March
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On-site calibration — DC and AC current
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
AC current sources 200A to 300A 10 Hz to 1 kHz 0.30 x19°(3) x | = 0.53 mA I=measured value
N f=frequency
10 Hz to 65 Hz 0.48 x1x [+ 11 mA
65 Hz to 100 Hz 0.49 x 10"3)x [ + 11 mA
300A to 495A
100 Hz to 400 Hz 0.74 x19"3) x | + 7.7 mA
400 Hz to 1 kHz 1.5 x10%=3) x | + 4.0 mA
Current clamps and win is the relative
current clamp uncertainty of the
transducers o current in the single
1to N windings 10 Hz 2 2 winding. woutis the
to 1 kHz worw, ! relative uncertainty of
10pA  upto 2400 A the measurement object
but not less than 90
> 1kHz t0 10 kHz/N ! 12?,5e55 an sox in the stray field of the
(®)/or 8 nA R
current-carrying
Equivalent leakage Total uncertainty U
current / depends on the relative
10 x19(-6) x [ t0 5.8 x 10°-3) x | | uncertainty Ulrn)/rn Of
02pA  to  200mA atrvup to 1 GQ see matrix VM.1 the calibration resistor
RN
Charge Q rectangular current pulses
>1s, duration t and rise
times < 10 ps as the
product Q = | - t; total
uncertainty calculated
20pC to 200 pC 0.50 x 10*(3)x Q + 0.025 pC from the relative
uncertainty W(lin) of the
calibration current
>200pC to 2nC 0.33 x10"3Ix Q + 0.05 pC
>2nC to 11C 60 x 103 x Q + 0.5 pC

Matrix VM.1 “Equivalent leakage current, on-site calibration”

Reference resistance rv
Nominal voltage
60V
110V
230V

400V

Valid from:

100 Q

1Q

Current | expanded measurement uncertainty U in pA/A

10 10Q
60 mA 6 mA
110 mA 11 mA
10 10
230 mA 23 mA
400 mA 40 mA
16 March

Date of issue: 16 March20220626

600 pA

1.1mA

2.3 mA

4 mA

60 pA

110 pA

13 19

230 pA

400 pA

10

6 A

11 pA

23 pA

40 pA

Q 100 Q 10
Current | Uin mA/A
600 nA 60 nA
1.1pA 110 nA
70 0.6 5.8
2.3 pA 230 nA
4.0 pA 400 nA
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On-site calibration — DC and AC resistance

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span
DC resistance 00 2-wire short-circuit 0.5 mQ R =measured value
4-wire short circuit 0.35 uQ
1040 upto <1GQ T=(23%2)°C 1.6nQt0 1100 Calibration of measuring
instruments to the
10 pQ 0.16 x 1"3) x R nominal values of the
100 pQ /=100 A 34 x10%-6Ix R standards
1mQ I=50A1 23 x10%-6). R
10 mQ =10A 20 x 10%-6). R
100 mQ 5.6 x 10(-6). R
10; 0.43 x10°-6). R
10 Q; 100 Q; 10-1°. R
1 kQ; 0.60 x 10"-6). R
10 kQ 0.57 x10%-6). R
100 kQ; 1.4 x 10M-6). R
1 MQ; 15x10°. R
10 MQy; 4.2 x107(-6). R
100 MQ 11.2 x10%(-6). R
1GQ to 120 TQ 88 kQ to 240 MQ
1GQ; Measuring voltage 100 V 88 x 10%(-6)x R
10 GQ; 100 GQ; or 1000 V 0.13 x10%=3) x R
1TQ 0.24 x10"-3). R
>1TQ| to [120TQ 0.48 GQ to 187 GO
10 TQ; Measuring voltage 1000 V 0.48 x 10%-3)x R
100 TQ 1.87 x10"-3)x R

AC resistance (magnitude of

T=(23+£2)°C100

R =measured value

impedance) 100pQ  to 100Q MA<I<100A 13nQto 1.7 mQ | = current
10Hz to 10 kHz
f=frequency
10 Hz; 20 Hz 0.17 x10%=3)x R
100 40 Hz; 55 Hz; 120 Hz; 0.14 x10%-3). R
HQ 400 Hz; 500 Hz
1 kHz; 10 kHz 0.15 x 10%=3) . R
10 Hz 65 x10"(-6)x R
20 Hz 63 x10%-6). R
1ma 40 Hz; 55 Hz; 120 Hz; 58 x 10°-6). R
400 Hz; 500 Hz
1 kHz 61 x10%-6). R
10 kHz 64 x10°-6). R
Valid from: 16 March
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On-site calibration — DC and AC resistance
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty

span
AC resistance (magnitude of 10 Hz 46 x10"6Ix R R =measured value
impedance) 20 Hz 43 x10"6)- R I = current
10 mQ 40 Hz; 55 Hz; 120 Hz; 37 x10°-6). R f=frequency
400 Hz; 500 Hz
1 kHz; 10 kHz 35 x10%-6). R
10 Hz 45 x 10(-6). R
20 Hz 42 x10"-6). R
20 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36 x 106 R
10 kHz
10 Hz 45 x10"(-6)- R
20 Hz 42 x10%(-6). R
50 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36 x10°. R
kHz
10 Hz 39 x 10%(-6). R
20 Hz 35 x 10%(-6). R
100 mQ; 200 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 30 %2076 R
10 kHz
10 Hz 36 x 10%(-6)- R
050 20 Hz; 40 Hz 31 x10%-6)- R
55 Hz; 120 Hz; 400 Hz; 26-.10°. R
500 Hz; 1 kHz; 10 kHz
10 Hz 34 x10%-6) R
20 Hz 30 x 10"-6). R
10 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25 x10%-6). R
10 kHz
10 Hz 31x10%-6). R
20 Hz; 40 Hz 26 x10%-6). R
20;50Q 55 Hz; 120 Hz; 400 Hz; 20 x 10°-6). R
500 Hz; 1 kHz
10 kHz 23 x10°x R
10 Hz 30 x10%-6). R
20 Hz; 40 Hz 26 x10"-6). R
10Q 55 Hz; 120 Hz; 400 Hz; 21 x10M-6). R
500 Hz; 1 kHz
10 kHz 23 x10%-6).
10 Hz 29 x1°(-6) Q
20 Hz; 40 Hz 25 x 10%-6). R
200 55 Hz; 120 Hz; 400 Hz; 19.10%. g
500 Hz; 1 kHz
10 kHz 22-10°.0

Valid from:

16 March
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On-site calibration — DC and AC resistance

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
AC resistance (magnitude of 10 Hz 29 x10"-6Ix R R =measured value
impedance) 20 Hz 25-10°. R I = current
40 Hz 20-°-R f=frequency
500 55 Hz; 120 Hz; 400 Hz; 100-6)
500 Hz 19 R
1 kHz 21 x10M-6). R
10 kHz 25 x10%-6). R
AC resistance (magnitude of 10 Hz 29 x10%-6). R R =measured value
impedance) 20 Hz 25 x10%(-6). R I = current
40 Hz; 55 Hz 19 x107¢6). R f=frequency
1000 120 Hz; 400 Hz 18 -10°. R
500 Hz 20 x 10%-6). R
1 kHz 31 x10%-6). R
10 kHz 75 x10%-6). R
R =measured
value Constant
current method
uiis the relative
uncertainty of the
. . calibration current
100 uQ to 10 kQ 10 Hz to 10 kHz +U" -R

vu is the relative
uncertainty of the
measured voltage
across the
resistor

0Q to 10kQ

>10kQ to 110 MQ

20 Hz to 50 Hz

2.5x19%x R +3.1mQ

2.3x10°.R2/Q +
2.5x10°. R

0Q to 20kQ

>20kQ to 110 MQ

> 50 Hz to 100 Hz

1.0x1°-R+2.6 mQ

2.3 x19°.R2/Q +
13 x10°. R

0Q to 50kQ

>50kQ to 110 MQ

> 100 Hz to 1 kHz

0.5x1°°xR+1.3 mQ

1.1x10°. R2/Q +
1.2x10°. R

0Q to <50Q

500 to 20kQ

>20kQ  to 110 MQ

> 1 kHz to 30 kHz

1.1x1°°-R+1.2mQ

0.5x10"3) x R

1.1 x199. R2/Q) +
0.79 x1°°. R

0Q to 20Q

>20Q to 20kQ

> 30 kHz to 100 kHz

1.1x10'3) xR+1.2mQ

0.5x10"3) x R

R = measured value,
direct measurement
method
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On-site calibration — DC and AC resistance
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
AC resistance (magnitude of >20kQ to 110MQ 1.3 x17-R%/Q + R = measured value
. 1072,
impedance) 10x R Direct measurement
0Q to 1000 > 100 kHz to 300 kHz 1.1x17°.R+2.2mQ method
>100Q to 2kQ 0.5x10'3) x R
>2kQ to 110 MQ 4,5 x109.R2/Q +
0.9 x1°xR
0Q to 50Q > 300 kHz to 1 MHz 13 x1°xR+3.2mQ
>500 to 2kQ 0.7 x10%(=3). R
>2kQ to 22MQ 15 x109. R2/Q +
1.1 x0°.R
Energy E 5J to 1501 2.3x10°x F+49 m) E = Energy
i Monophasic or
Defibrillator tester >150) to 360 11x1x £+027) onep
biphasic
Voltage ratio between 0omvV/V to 100 mV/V DC voltage (bridge 0.1 uV/Vto 1.6 uV/V—see
bridge standards and voltage): 1Vto 10V Matrix VM.2
measuring instruments
Matrix VM.2 ‘Voltage ratio’
Bridge voltage
0oV 5V 2V 1V
Measured value
0 mV/V 0.10 pV/V 0.10 pV/V 0.17 pV/Vv 0.35 pV/V
+2 mV/V 0.10 pV/vV 0.11 pV/V 0.26 pV/V 0.51 pV/V
+5mV/V 0.10 pv/v 0.13 pV/V 0.27 VNV 0.52 pV/V
+10 mV/V 0.10 pv/v 0.16 pv/Vv 0.31 pv/v 0.56 pv/Vv
+20 mV/V 0.16 pV/V 0.20 pV/V 0.38 pV/V 0.66 pV/V
+50 mV/V 0.35 pV/V 0.39 pv/V 0.58 pv/V 1 VNV
+100 mV/V 0.65 pv/ vV 0.73 uv/v 1.0 pv/v 1.6 uv/v
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
object Measurement Method uncertainty
span
DC power ,ﬂi + le P P =measured value
OW to 110 kW 0mVto 1100V b | h
0 pA to 100 A ut not less than 44 x
107(-6) P + 5 fW
Power factor sources, PF = cos(Ag) =
measuring instruments power factor Ag
=@Qu -1 =
phase angle
U = rms value of the
AC voltage
10 Hz <f <10kHz? 6.8x10° I = RM§ value of the
) to alternating current
ImvVsU<1kv?
2 1x10°
1mA<I<100A )
The measurement
uncertainties
apply to
sinusoidal signals.
Oto 1
Additional range for See also matrices VM.21 to
measuring instruments VM.25
with current
clamps/current 7.840°
transformers: tol1l5x
10
10 Hz <f <100 Hz
ImvVsU<1kv?
100A<I<1kA
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Appendix to Accreditation Certificate D-K-15019-01-01

On-site calibration — Electrical power

Calibrationandmeasurementcapabilities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object procedure uncertainty
AC active power P(U; LPF)
Sources, measuring =U-]-PF =
instruments 10Hz <f <10kHz" 7.5 pW AC active power
1mVsU<1kv? ) PF = cos(Ag) =
OWto 100kw 1mA <[ <100 A upto factor A
<< 210 W power factor A
0<PF<1 =@Qu -1 =
phase angle
U = RMS value of the
ACvoltage
I = RMS value of the
Additional range for AC current
measuring instruments Current
with current .
transformer: 3.8 x The measurement
clamps/current 104 .
x P uncertainties apply to
transformers: . ) .
OWto 1MW not less than 2 pyW sinusoidal signals.
10Hz<f <100 Hz? c |
: urrent clamps:
i)
ImVsUs1kv 4.6x10°%x p See also matrices VM.26 to
100 A<l <1kA
not less than 2 uw VM35
0<PF<1
AC reactive Q =U I sin(Ag) =
power .
AC reactive power
Sources, measuring PF = cos(Ag) =
instruments power factor A
10Hz <f <10kHz? = - =
f _ 7.5 pvar to Pu @
100k 100k 1mVsU<1kv? 210 phase angle
- var to var var
1mA<I<100A U = RMS value of the
0<PF<1 ACvoltage
I = RMS value of the
alternating current
The measurement
Additional range for uncertainties apply to
measuring instruments Current sinusoidal signals.
|W|th c/urrent transformer: 3.8 x
clamps/current 0% Q See also matrices VM.26 to
transformers:
not less than 2 pvar VM.35
-1 Mvarto 1 Mvar
10Hz<f <100 Hz? Current clamps:
ImVsU<1kv? 46x107xQ
100 A<I <1KA not less than 2 pvar
0<PF<1
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On-site calibration — Electrical power
Calibrationandmeasurementcapabilities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
AC S=U-1
apparent power =P (U; ,PF=1) =
Sources, measuring 10Hz<f <10 kHz " 59 pVA AC
OVAto 100kVA 1mvsU<1kv? upto apparent power
1mA<I<100A 7.6 VA PF = cos(Ag) =
Power factor
Ap =pu -1 =
Phase angle
U =RMS value of the
ACvoltage

I =RMS value of the

Additional range for alternating current

measuring instruments

with current Current P =AC active power
clamps/current transformer: 3.8
OVAto 1MVA transformers: x10%x §
1mvV<U<1kv? Current clamps: The measurement
10 Hz <]_f <_100 Hz - 46x107x 8 uncertainties apply to

sinusoidal signals.
1mA<I<1kA

See also matrices
VM.26 to VM.35 for

PF=1
Matrix VM.21: Absolute measurement uncertainty of the measured quantity power factor PF
when calibrating sources in the range 2 A</ <20A & 15mV <U <1 kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3,1x10°° 3.0x10°° 2.8x10°® 2.5x10°° 1.9x10°° 1.4x10° 6.8x107
45 g 8x10°® Q.6x10°° g 0x10°® 7.9x10°° 5.9x10°° 4.3x10°° 6.8x10™"
111 1.9x10° 1.9x10° 1.8x10° 1.5x10°° 1.2x10° 8.4x10°° 2 6x10™°
1000 1.6x10* 1.6x107* 1.5x10* 1.3x10* 9.7x10°® 7.1x10°® 1.9x10°®
10,000 1.6x10° 1.6x10° 1.5x10° 1.3x10° 9. 7x10™* 7.1x10™* 1.6x10°
Matrix VM.22: Absolute measurement uncertainty of the measured quantity power factor PF
during the calibration of sources in the range 20 A</ <100 A & 15 mV <U <1 kV
PF
f (Hz) 0 0.2 04 0.6 0.8 0.8 1
10 3.4x10°° 3.4x10°° 3,2x10°° 2.8x10°° 2.1x10°® 1.5x10° g .4x10™
45 1.1x10° 1.1x10° 1.0x10° 9.1x10° 6.8x10° 5.0x10°° g.2x10™
111 2 4x10°® 2 .3x10°® 2 2x10°® 1.9x10° 1.4x10° 1.0x10°® 4.0x10°°
1000 2.0x10* 2.0x10* 1.9x10* 1.6x10* 1.2x10* g.8x10™° 2.9x10°®
10,000 2 .0x10° 2.0x107 1.9x10% 1.6x10° 1.2x10° g.8x10™* 2 .9x10°®

Matrix VM.23: Absolute measurement uncertainty of the measured quantity power factor PF
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PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3,2x10°° 3.2x10°° 2.9x10°® 2 6x10°® 1.9x10°° 1.4x10° 7.3x10
45 1.0xw0° 1.0xw0°* Q.5x10°° 8.3x10° 6.2x10° 4.5x10° 7.6x10™
111 2.1x10° 2.0x10° 1.9x10° 1.6x10° 1.2x10°° g 0x10°® 3.0x10°
1000 1.7x10* 1.7x10°* 1.6x10* 1.4x10* 1.0x10°* 7.6x10°° 2.1x10°®
10,000 1.7x10% 1.7x10° 1.6x10° 1.4x10° 1.0x10° 7.6x107* 2.1x10°®
Matrix VM.24: Absolute measurement uncertainty of the measured quantity power factor PF
for the calibration of measuring instruments in the range 20 A</ <100 A & 15 mV <U <1 kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.6x10°° 3.5x10° 3.3x10°° 2.8x10°® 2.1x10°® 1.5x10° g.9x10™
45 1.2x10° 1.2x10° 1.1x10° 9.5x10° 7.1x10° 5.2x10°° 1.0x10™
111 2.5x10° 2 .4x10° 2.3x10° 2.0x10° 1.5x10°° 1.1x10° 4.4x10™
1000 2.1x10* 2 .1x10* 2.0x10™* 1.7x10* 1.3 x10* 9.3x10° 3.3 x10°
10,000 2.1x10° 2.1x107 2 .0x10° 1.7x10% 1.3x10° 9.3x10™* 3.3x10°°

Matrix VM.25: Absolute measurement uncertainty of the measured quantity power factor PF
for the calibration of measuring instruments with current clamps/current transformers in the range 100 A </ <1 kA & 15 mV <U <1 kV

PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 Hz
to 100 1.5x10* 1.5x10 1.4x10* 1.2x10* 8.9x10° 6.5%107° 7.8x107°
Hz
Matrix VM.26: Absolute measurement uncertainty of the measured quantities
Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)
and apparent AC powerS =U -I (see values forPF = 1) when calibrating sources withU =2 mV and/ = 100 pA
cos(¢ ) =PF | sin(¢p ) = + V(1 -PF?
£ (Hz) 01 0.4 | £0.92 0.6 | 0.8 0.8 | 0.6 0.9 | +0.44 1]t0
10 48 pW 54 pW 60 pW 68 pW 72 pW 77 hp
1000 34 pW 39 pW 44 pW 51 pW 55 pW 59 pW
10,000 340 pW 310 pW 270 pW 210 pW 160 pW 59 pW

Matrix VM.27: Absolute measurement uncertainty of the measured quantities

Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2) and AC apparent power S = U I (see values for PF = 1) during the calibration of measuring instruments withU =2 mV andl =1

mA
cos(¢ ) =PF | sin(¢p ) = + V(1 -PF)’
f (Hz) 0]*1 0.4 | £0.92 0.6 | +0.8 0.8 ]| +£0.6 0.9 ]| +0.44 1|0
40 1.0 nW 1.0nW 1.1 nW 1.1nW 1.1 nW 1.2nW
1000 230 pW 320 pW 400 pW 490 pW 530 pW 580 pW
10,000 2.3 nW 2.1 nW 1.9 nW 1.5nW 1.1 nW 580 pW

Matrix VM.28: Absolute measurement uncertainty of the measured quantities
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Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2) and AC apparent powerS =U - (see values forPF = 1) when calibrating sources withU = 20 mV and/ =100 pA
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cos(e ) =PF | sin(pp ) =+ \1 -PF2
f (Hz) 0]+1 0.4 | £0.92 0.6 | +0.8 0.8 ]| +£0.6 0.9 ]| +0.44 1|0
10 7.5 pW 110 pW 170 pW 230 pW 260 pW 280 pW
1000 340 pW 320 pW 290 pW 250 pW 230 pW 190 pW
10,000 3.4 nW 3.1nW 2.7 nW 2.0 nW 1.5 nW 200 pW

Matrix VM.29: Absolute measurement uncertainty of the measured quantities

AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -/ - sin(¢ ) (see values for

V1 -PF2)and
apparent AC powersS =U ‘I (see values forPF = 1) when calibrating measuring instruments withU =20 mV and/ =1 mA
cos(¢ ) =PF | sin(gp ) = = V1 -PF?2
f (Hz) 01 0.4 | £+0.92 0.6 +038 0.8]+06 0.9 | +0.44 1]%0
40 150 pW 730 pW 1.1 nW 1.4 nW 1.6 nW 1.8 nW
1000 2.3 nW 2.3nW 2.2 nW 2.0 nW 1.9 nW 1.8 nW
10,000 23 nW 21 nW 19 nW 14 nW 10 nW 1.8 nW
Matrix VM.30: Absolute measurement uncertainty of the measured variables
AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -/ - sin(¢ ) (see values for
V1 -PF2)
and apparent AC powerS =U -/ (see values forPF = 1) when calibrating sources withU =20V and/ =1 A
cos(¢ ) =PF | sin(gp ) = = V1 -PF2
f (Hz) 01 0.4 | £0.92 0.6 %038 0.8]£06 0.9 | +0.44 1140
40 140 pw 250 pw 350 pw 440 pW 500 pw 550 uw
1000 2.1 mw 1.9 mw 1.7 mW 1.3 mw 1.0 mW 530 pw
10,000 21 mW 19 mW 17 mW 13 mwW 9.1 mwW 530 pw

Matrix VM.31: Absolute measurement uncertainty of the measured variables
Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)and apparent AC power S = U -I (see values for PF = 1) during the calibration of measuring instruments withU =20 Vandl =1 A

cos(q ) =PF | sin(g ) = + V1 -PF’
f (Hz) 0]*1 0.4 | £+0.92 0.6 +0.8 0.8 +0.6 0.9 | +0.44 1]+0
40 150 W 260 W 350 pwW 450 pw 500 pwW 550 uW
1000 2.3 mwW 2.1 mw 1.9 mw 1.5 mwW 1.1 mw 530 uW
10,000 23 mW 21 mW 19 mW 14 mW 10 mW 530 pw
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Active AC powerP =U I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for

V1-PF2)

and AC apparent powerS =U - (see values forPF = 1) when calibrating sources withU =20V and/ =20 A
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@cos(p ) =PF | sin() = + V(1 -PF”
f (Hz) 0]+1 0.4 | £0.92 0.6 | £0.8 0.8 | +0.6 0.9 | +0.44 1|0
40 3.5mw 9.2 mW 13 mw 17 mW 20 mW 22 mW
1000 65 mW 60 mW 53 mW 43 mwW 34 mW 22 mW
10,000 650 mwW 590 mwW 520 mw 390 mwW 280 mwW 22 mW

Matrix VM.33: Absolute measurement uncertainty of the measured quantities

AC active powerP =U I - cos(¢ ) (see values forPF ) AC reactive powerQ =U -I - sin(¢ ) (see values for
V1 -PF2)and AC apparent power S = U -I (see values for PF = 1) when calibrating measuring instruments withU =20V and/ =20 A

cos(¢g ) =PF | sin(¢g ) = + V(1 -PF?
f (Hz) 0]+1 0.4 | £0.92 0.6 | +0.8 0.8 ]| +£0.6 0.9 ]| +0.44 1|0
40 3.7 mW 9.3 mwW 13 mwW 17 mW 20 mwW 22 mwW
1000 70 mW 65 mwW 58 mW 46 mW 36 mW 22 mW
10,000 700 mW 650 mW 560 mW 420 mW 310 mW 22 mW
Matrix VM.34: Absolute measurement uncertainty of the measured quantities
Active AC powerP =U I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for
V1 -PF2)and AC apparent powers =U -I (see values forPF = 1) when calibrating sources withU = 1 kV and
=100 A
cos(¢g ) =PF | sin(g ) = + V(1 -PF)’
f (Hz) 0]+1 0.4 | £0.92 0.6 | +08 0.8 | 0.6 0.9 | +0.44 1|0
40 1.0W 2.8W 4.1W 5.4W 6.0 W 6.7 W
1000 20W 19w 17 W 14w 11w 7.6 W
10,000 200 W 190 W 160 W 120w 89 W 7.6 W

Matrix VM.35: Absolute measurement uncertainty of the measured variables

Active AC powerP =U ‘I - cos(¢ ) (see values forPF ) Reactive AC powerQ =U I - sin(¢ ) (see values for

V1 -PF2) and AC apparent power S = U -I (see values for PF = 1) during the calibration of measuring instruments withU =1 kV and/ =

100A
cos(¢g ) =PF | sin(g ) = + V(1 -PF)’
£ (Hz) 0]*1 0.4 £0.92 0.6]+08 0.8 %06 0.9 +0.44 1]+0
40 1.1W 28W 41W 54W 6.0 W 6.7W
1000 21 W 20W 18 W 14 W 12 W 7.6 W
10,000 210 W 200 W 170 W 130 W 93 W 7.6 W

) The specified range applies only if the maximum volt-hertz product, as shown in Figure A of the Operator’s Manual for the Multi-Function
Calibrator 5700A/5720A Series Il, May 1996, Rev. 2, 3/05, is observed.

Valid from:

16 March

Date of issue: 16 March20220626

Pagel50 from 173



Appendix to Accreditation Certificate D-K-15019-01-01

On-site calibration — phase angle
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
Phase angle between 180° 180° 10Hz<f<10kHz 1 Ap =pu -1 =
sinusoidal ) to MV <Urms < 1KV Phase angle
100 pA <ler. <10 mA
Voltage signal and PR Sen I(t) =
i i = 0.21m° —~
sinusoidal f=10H: m V2ot sin(2nft +@r1)
current signal f=45Hz 0.57 m°
sources f=111Hz 1im U£t) -
V2Ue. sin(2mft +
1 KkHz <f < 10 kHz 360° -f - 27 ns . sin(2mft +ou)
10 mA <Imms <200 mA f =frequency
f=40Hz 0.37m? Ieii. = RMS value of the
=100 Hz 0.72 m° alternating current

1kHz <f<10 kHz

360° xf x 18 ns

200 mA <le. <2 A

f=40Hz 0.40m°
f =100 Hz 0.68 m*
1 kHz <f <10 kHz 360°-f-17ns
2A<ler. £20A
f=10Hz 0.18 m®
f=45Hz 0.57 m°
f=111Hz 11m®
1 kHz <f <10 kHz 360° -f - 26 ns
20 A<Ilrms <100 A
f=10Hz 0.20m°
f=45Hz 0.65m®
f=111Hz 14m?
1 kHz <f < 10 kHz 360° -f -32ns

Uett. = RMS value of the
alternating voltage

Measurements at
voltages <15 mVin the
frequency range

10 Hz to < 1 kHz, as well
as deviating
measurement conditions,
may increase the
measurement
uncertainty.
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
Phase angle between 10Hz<f<10kHz1 Ap =pu -1 =
ase dang -180° to 180° 2<f ‘ ¢ =ov
sinusoidal MV <Umms <1 kV Phase angle
1 mA<lms <2A
Voltage signal and I(t) =
i i = 0.42m° =
sinusoidal f=40H: m V2ot sin(2mft +r1)
current signal f =100 Hz 0.76 m*
Lo u(t)=
Measuring instruments 1 KkHz <f < 10 kHz 360° -f - 19 ns E )
V2Ue. sin(2mft +gu)
2A<Ims <20A
f=10Hz 0.18 m° f =frequency
£ =45 Hz 0.60 m° Ieft. = root mean square
value of the alternating
f=111Hz 12m° current
1 kHz <f < 10 kHz 360° -f - 28 ns Uet. = RMS value of the AC
voltage
20A<Ims <100 A
f=10H: 021 m’ Measurements at
f=45Hz 0.68m° voltages <15 mVin the
frequency range
=111H 14m°
f z 10 Hz to < 1 kHz, as well
as deviating
measurement conditions,
1 kHz <f < 10 kHz 360° f - 34ns may increase the
measurement
uncertainty
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Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Inductance 0 puH 0.03 pH 2-wire short-circuit
0 uH to 1.1H 100Hz to 10kHz
100 Hz 0.65 x10=3)x [ L=measured value
100 pH 1 kHz 0.24 x 10M-3). |
10 kHz 0.27 x10%(3) L Absolute value of
100 Hz 014 x10°3). | impedance 50 mQ < | Z|
<11 kQ.
1 kHz 0.13 x10%-3). [
1 mH o3 Minimum declarable
10 kHz 0.17x°(%) L fixed measurement
100 Hz; 1 kHz 0.11x10°(3) | uncertainties for direct
10 mH measurement or
10
10 ktz 0167 x1L substitution on GR
100 Hz; 1 kHz 0.12 x10%-=3). | 1482 or equivalent
100 mH models
10 kHz 0.26 x10%-3). | '
1H 100 Hz, 1 kHz 0.20 x10%(3) L
Capacitance 0 pF 0.2 pF Open circuit
0 pF to 10 puF 100Hz to 1MHz
10° (-3
1pF 1kHz 0.47x3"(?) C C=measured value
10 kHz 0.31x%¥%(=3) C
1 kHz 84 x 10%(=6) C
10 pF 10 kHz; 100 kHz 0.10x(3) C Magnitude of
1 MHz 0.13 x10%(3) ¢ impedance 1 Q< |Z| <
110 MQ.
100 pF 1 kHz 56 x 10°(-6) C
1 nf 1 kHz 58 x1'(6) C fixed-value
100 kHz 0.11 x0°C measurement
100 Hz 0.21 x10%(3) C uncertainties for direct
10 nF 1 kHz 0.14 x10°. C measurement or
10 kHz 0.13 x¥0%(=3) C substitution on HP
: : p—— 16381A or
100 nF 100 Hz; 1 kHz; 10 kHz 0.16 x19°(3) ¢ GR 1404 / 1409 or
14 100 Hz; 1 kHz 0.12 x10%(3) C equivalent.
10 kHz 0.21 x10%(3) C
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Measured quantity Measurement Measurement Expanded
/ Calibration object range / conditions / measurement Remarks
Measurement Method uncertainty
span
Frequency f f : measured
Measurement and 0.01Hzto 40GHz 0.5x 1077 - f+ur value urr
synthesis trigger
Time interval At Onsto 0.7ms 1.3 ns uncertainty
Onsto 200s 1.5 x 108 x At + 50 ps
lusto 100h 10 x 10°C9) x At + 1 ps
1sto 100 h 13 x10°x At +0.82 s
Electronic or
Rate deviation O0s/dto 100s/d 1.3 x10%-71= 0,011 s/d X
mechanical watches
Rotational speed 0.025! to 350051 3.7 x10%-6)x f f:measured value
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Akkreditierungsstelle

Measurement Measurement Measurement Expanded
quantity / Calibration range / conditions / measurement Comments
object Measurement procedures uncertainty
span
Vertical oscilloscopes 1.2x0(3)x U+12 v | U:measured
value 50 Q
1mVto5V DC to 10 kHz 1 MO
5mVto 200 V
Oscilloscope
horizontal 25ps to40s 0.12 x10"6). T+ 0.1 ps | T: measured value
Bandwidth f
40Hzto 6 GHz
(frequency response) 6.3 x %" x 2/GHz
+20 x10%(=3) % f f=measured value
>6GHz to 40GHz 75107 f
Acceleration time 30 ps to 45 ps 0.1v -3V 5 ps Fluke 9500/9550
>45ps -1ms 10x19°x T+3 ps
70 ps to 85 ps 78 x10%(3) T calculated from the
> 85 ps to 310 ps 0.1V to3V 3 dB bandwidth T:

> 310 ps to 650 ps

67 x1(3) T
58 x10(3) T

measured value

> 650 psto1lms 56 x10°x T
Frequency f
Time base 10 MHz 0.2 x0%(-6) x f
Burst generator output
voltage
Peak value us 100V to 4KkVv 48 x 1083 - 4,
— under 50 Q or 1 kQ load
Rise time and .
pulse duration T 3ns to lus 41-103 -y,
Burst duration and
10ps t 1s .10-3.
burst period T W ° > T
Pulse frequency f 100 Hz to 500 kHz 1.0 f

Surge voltage
generator

Rise time t,us of the open- 15ns to 100 ms

circuit voltage

Rise time s of
the short-circuit

100 ns to 100 ms

3% - wust+1ns

3% - tris+2ns

Date of issue: 16 March20220626

current
Rise time 0.5 ps to 100 ms 5% - w
w of the waveform
Peak value of the 0.1kVto 7kv 3.3% - us
open-circuit voltage us
RMS value of the 10Ato 5kA 3.5% s
hort-circuit
short-circui SSKA to 10KA 3.8% s
currents

Valid from: 16 March
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On-site calibration — high-frequency measurement

quantities
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Pulsed
measured
quantities *
Measuring receiver
Band A
Display behaviour for 9 kHz to 150 kHz 0.35dB Band B
pulses Amplitude > 150 kHz to 30 MHz an
relationship > 30 MHz to 300 MHz Band C
(absolute EN 55016-1-1:2015 0.40 dB
calibration)
> 300 MHz to 1 GHz Band D
Changein Pulse repetition frequency
display 0.1Hz —2kHz 0.30dB Band A
with t'he pulse frequency 0.1Hz to50kHz Band B
(relative 0.35 dB
calibration) 0.1Hz to1MHz Band C and Band D
Valid from: 16 March
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On-site calibration — high-frequency measurement

( DAKKS
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parameters
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
RF power Input power 10 fW to < 100 fW DC to 2 GHz 21 x1073). p PC Type N *)
and calibration factor to 18
> 2 GHz to <5 GHz 26 x 1031 P up
of RF power meters GHzPC-3.5mm
5 GHz to <9 GHz 34 x10%-3). p *)
9 GHz to <12 GHz 40 x10%-3). p upto33
GHz PC-2.92 mm
12 GHz to 15 GHz 48 x10%(-3). p *)
A up to 40 GHz
> 15 GHz to 18 GHz 54 x10%(3) p P
103,
100fwto 1pW DC to 100 MHz 18- P *) Other connectors
> 100 MHz to 2 GHz 20x107°x p increase the
measurement
> 2 GHz to 8 GHz 22 x10%.p uncertainty.
> 8 GHz to 12 GHz 24 x10%3). p
P = measured value (W)
> 12 GHz to 40 GHz 29 x10%(3) P
>1pWto 10pW DC to 100 MHz 13 x10%=3). p
>100MHz  to 2 GHz 15 x10%-3). p
>2 GHz to 8 GHz 18 x10°3). p
> 8 GHz to 12 GHz 20-1°.p
> 12 GHz to  26.5GHz 26 x10%3). p
>265GHz  to 40 GHz 29 x10%(3) p
>10pWto 1nW DC to 100 MHz 12 x10%(-3). p
>100MHz  to 2 GHz 14 x10%-3). p
> 2 GHz to 8 GHz 17 x10°. p
> 8 GHz to 12 GHz 20 x 10%(-3). p
> 12 GHz to 40 GHz 22.10°.p
>1nW to 100 nW DC to 2 GHz 10 x1°(3) P
> 2 GHz to 8 GHz 12 x107°.p
> 8 GHz to 12 GHz 13 x10°.p
> 12 GHz to 40 GHz 15 x10°. p

Valid from:
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On-site calibration — high-frequency measurement

quantities
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
RF power Input power > 100 nW to 10 pW DC to 100 MHz 7.1x10%3). p PC Type-N *)
a?d calibration factor > 100 MHz o 2 GHz 9.4 x 1031 p up to 18
of RF power meters GHzPC-3.5mm
>2 GHz to 8 GHz 11 x10%3)- p *)
-3 to 33
>8GHz  to  12GHz 13x10°. p up to
GHz PC-2.92 mm
>12GHz  to  40GHz 15 x 1% p *)
> 10 uW to 100 mW DC to 100 MHz 6.1x10°. p up to 40 GHz
> 100 MHz to 2 GHz 7.9 x 10%(-3). p
*) Other connectors
>2 GHz to 8 GHz 9.3 x107.p increase the
measurement
> 8 GHz to 12 GHz 11 x10%-3). p uncertainty.
>12 GHz to  40GHz 13x10°.p
P = measured value (W)
RF power Output power 1mw 50 MHz 5x10%-3). p Substitution
and calibration factor of 0.1pWto <10 pW 50 MHz 27 x 107(-3). p PC Type-N *)
RF sources P upto18
30 x10%=3)x p
10 MHz to 2 GHz GHz PC-3.5 mm *)
>2GHz to  3GHz 35x10°3). p upto33
= GHz PC-2.92 mm *)
10 pW to <1nW 50 MHz 21-w0%.p
3 up to 40 GHz
10MHz  to 2 GHz 25x1(%) P *) Other connectors
>2GHz to 3 GHz 31 x10%-3). p increase the
=0 s 7% (3 p measurement
1nWto <100 nW uncertainty.
10MHz to  2GHz 21x1°(3) P
>2GHz to 4 GHz 25 x10%3). p f<5GHz:
G| <0.025
38 x10%(-3). p |
>4GHz to 12 GHz i 5 GHz < f < 20 GHz:
>12GHz to  18GHz 7117 P IFG| <0.1
>18GHz to 26.5 GHz 93.103.p 20 GHz < f< 33 GHz:
— ITG| <0.15
100 nW to <1luw 8kHz to <10 MHz 28 x 10°(=3) p 33 GHz < f< 40 GHz:
10MHz to 50 MHz 13 %3073 p ITG| <03
14 x10°3). p
>50MHz to 4 GHz f="frequency (Hz)
>4GHz to 5 GHz 17 x10%3). p P = measured value (W)
ITG| = reflection
25 x10%-3). p
>5GHz to 12 GHz coefficient of the
. calibration object
> 12 GHz— 20 GHz 28103 p !
>20GHz to  33GHz 37.102-p
107(-3) .
>33GHz to 40 GHz 9010731 P

Valid from:
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On-site calibration — high-frequency measurement

quantities
Calibrationandmeasurementcapabilities(CMC)
Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
object Method uncertainty
RF power Output power 1uw to <10 pWw 8 kHz to <10MHz 18 x 10%-3)x P PC Type-N *)
and calibration factor of 10 MHz to 50 MHz 13 x 108(-3)x p upto18
RF sources >50 MHz to 4 GHz 14 x 10%(-3). p GHz PC-3.5 mm *)
>4GHz to  5GHz 17 x10°(-3). p upto33
>5GHz to  12GHz 21-103.p GHz PC-2.92 mm %)
>12GHz to  20GHz 25 x10°03). p up to 40 GHz
>20GHz to  33GHz 37 x10°3). p 23;2?; iﬁznecmrs
>33GHz to 40 GHz 90 x10°x p measurement
10uWto <100 pW DC to <10 MHz 9.0x10°p uncertainty.
10MHz to 100 MHz 10 x1073). p
- f<5GHz:
>100 MHz to 2 GHz 12 x1073). p TG <0.025
>2GHz to  8GHz 131002 P 5 GHz <f <20 GHz:
>8GHz to 10 GHz 15 x10%3). p |TG| 0.1
>10GHz to 12 GHz 16 x10%(=3). p 20 GHz < f< 33 GHz:
>12GHz to  30GHz 20x7.p ITG] <015
33 GHz < f<40 GHz:
>30GHz to 33 GHz 37-103.p IrG| <03
>33GHz to  40GHz 90 x10%3) p
100 pW to 01W DC to <10 MHz 5.6 x10°p f=frequency (Hz)
10 MHz to 100 MHz 7.5x10%3). p P = measured value (W)
>100 MHz to 2 GHz 10 x 10%-3). p |TG| = Reflection
o w aan | aeerp | Senoli
>8GHz to  10GHz 13.10°.p
>10GHz to  12GHz 15.103.p
>12GHz to 30 GHz 19 x1073). p
>30GHz to  33GHz 39-103.p
>33GHz to  40GHz 53 x10%3). p
>0.1W to 1W DC to 50 MHz 11 x10°.p
>50MHz to  2GHz 13 x10%3). p
>2GHz to 4 GHz 16-9°°.p
>4GHz to  12GHz 2013 P
>12GHz to  18GHz 30x10%3). p
>1Wto 70 W DC to 3 GHz 38 x10°. p
>70 W to 250 W DC to 500 MHz 37 x10°. p
Valid from: 16 March
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On-site calibration — high-frequency measurement

parameters
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
RF voltage unr W(P) is the relative
sources with HF uncertainty of the
voltage display measured
relative to 50Q );c:;Nerat—zFSOQ
2.2 uv to 220 v DC to 3 GHz He 2
220 pv to 7V DC to 18 GHz
22UV upto 220 v DCto 3 GHz |
2.2mV to 2V DC to 40 GHz
RF voltage urr W(pinc) is the relative
Measuring instruments uncertainty of the
and injected power with
receivers with RF WU E%)‘”“‘) respect to
voltage display 20=500
relative to 50 Q DC to 18 GHz )
07wV  to 2V )
2.2mV to 2V DC to 40 GHz
RF power DC to 40GHz 1.6dB Performance > -170 dB
Receiver noise (1 mW) relative to a 1
indicator Hz bandwidth
Signal level difference 0dBc to 100 dBc 100Hz to 26.5GHz 1.3dB SNR 212 dB
100Hz to 40GHz 2.7 dB

Valid from:
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On-site calibration — high-frequency measurement

quantities
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Filter bandwidth 1Hzto 10 MHz 0.5% Signal-to-noise ratio
(SNR) =270 dB
Form factor >11 upto5:1 3% Signal-to-noise ratio
>51  uptol0:1 6% (SNR) 215 dB
>10:1 up to 20:1 12%
Switching deviation 0.02d8
Display linearity 0dB up to 30 dB 100kHz to 500 MHz 0.06 dB SNR 250 dB
>30dB to 60 dB 0.07 dB 1, DUT| <0.05
>60d8  to80dB 0.09 dB f=500 MHz
> 80dB up to 100 dB 0.1dB
>100d to 110dB 0.2dB
B
Input attenuator or 0dB to 30 dB 100kHz to 500 MHz 0.06 dB Comparison with
intermediate frequency >30dB up to 60 dB 0.07 dB external step attenuator
amplifier >60dB  to80dB 0.09 dB n,DUT]| < 0.05
>80dB  upto100dB 0.1dB £=500 MHz
>100d to 110dB 0.2dB
B
0dB up to 30 dB 100kHz to 500 MHz 0.04 dB Step-by-step display
>30dB up to 60 dB 0.06 dB comparison: SNR 2
>60dB  upto80dB 0.08 dB 50 dB,
Receiver linearity
<(0.01dB
+0.005 dB/10 dB)
RF gain (amplifier) 0dB up to 70 dB DC to 100 MHz 0.19dB BNC connector up to
>100MHz to 2GHz 0.26 dB max. 2 GHz
>2GHz to 4 GHz 03dB N-connector and BNC
>4GHz to 18GHz 0.5 dB connector, 50 Q; other
connectors increase the
measurement
uncertainty
0dB up to 70 dB DC to 100 MHz 0.21dB 2.92 mm compatible
>100MHz to 4 GHz 0.3dB connector, 50 Q; other
>4GHz to 26.5GHz 0.6 dB connectors increase
>265GHz to 40 GH: 0.7 dB the
measurement
uncertainty
RF current Clamp meters 100 pA up to 50 mA 40 Hz to 10 MHz 14 x 10M=3)x | Tektronix 015-0601-
50. In conjunction with
> 10 MHz to 30 MHz 18 x 107-3)x | oscilloscope
I: measured value
> 30 MHz to 65 MHz 20 x 107-6) £2 x | f: Frequency in MHz
Non-linearity of RF
power 10 nW tolW 50 MHz 5.5 x 19(3) (0.024 dB) R&S NRVC-B2
meters 60 dB max.
Valid from: 16 March
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quantities
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
HF reflection coefficient 0. to0. 1 9 kHz to 18 GHz 0.003 to 0.013 N-connector, 50 Q;
* Magnitude || other connectors
EURAMET S , increase thet
i measuremen
cg-12 (Version 3.0) ee Matrix VM. K
uncertainty
Measurement
uncertainty in units of
the magnitude of the
reflection coefficient
0 to 1 9 kHz to 33 GHz 0.003 to 0.016 3.5 mm connector
Measurement
EURAMET See Matrix VM.4 uncertainty in units of
cg-12 (Version 3.0) the magnitude of the
reflection coefficient
0. to0. .1 0.004 to 0.017 2.92 mm connector

45 MHz to 45 GHz

EURAMET
cg-12 (Version 3.0)

See Matrix VM.5

Measurement
uncertainty in units of
the magnitude of the
reflection factor

RF reflection coefficient
* Phase angle ¢

-180°to  +180°

9 kHz to 18 GHz

EURAMET
cg-12 (Version 3.0)

0.2°to 4.7°

See Matrix VM.6

N-connector, 50 Q;
other connectors
increase the
measurement
uncertainty

-180°to  +180°

9 kHz to 33 GHz

EURAMET
cg-12 (Version 3.0)

0.3°t05.8°

See Matrix VM.7

3.5 mm connector

-180°to +180°

45 MHz to 45 GHz

EURAMET
cg-12 (Version 3.0)

0.3°t06.3°

See Matrix VM.8

2.92 mm connector

RF attenuation Attenuators 0dB up to 30 dB 100 kHz to 10 GHz 0.03dB L is the measured
> 10 GHz to 18 GHz 0.05 dB attenuation, ***¥)
|AUT| £0.01
> 18 GHz to 26.5 GHz 0.09 dB f<500 MHz
> 26.5 GHz to 40 GHz 0.10dB in,DUT| < 0.05
500 MHz < f< 10 GHz
>30dB  upto60dB 100 kHz to 10 GHz 0.01 dB/dB-L in,DUT| <0.08
10 GHz < f< 18 GHz
> 10 GHz to 18 GHz 0.02 dB +0.001 dB/dB - L oUT] Sfo‘1
> 18 GHz to 26.5 GHz 0.10dB +0.001 dB/dB - L 18 GHZ<fS 40 GHz
> 26.5 GHz to 40 GHz 0.11dB +0.001 dB/dB - L
Valid from: 16 March
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On-site calibration — high-frequency measurement

quantities
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object methods uncertainty
HF attenuation Attenuators >60dB to 70dB 100 kHz to 500 MHz 0.07 dB in,DUT| <0.01
> 500 MHz to 3 GHz 0.10 dB f=500 MHz
1, DUT| <0.05
>70dB to 80dB 100 kHz to 500 MHz 0.08 dB 500 MHz < f< 3 GHz
> 500 MHz to 3 GHz 0.2dB
>80dB to 100dB 100 kHz to 500 MHz 0.1dB
> 500 MHz to 3 GHz 0.3dB

RF attenuation *

9 kHz to 18 GHz

N-connector, 50 Q;

other connectors
0dBto 60dB 0.01 dBt0 0.09 dB See increase the
EURAMET measurement
cg-12 (Version 3.0) Matrix VM.9 uncertainty
0dBto 60dB 9 kHz to 33 GHz 0.01dBto 0.22 dB 3.5 mm connector
EURAMET See Matrix VM.10
cg-12 (Version 3.0)
0dBto 60dB 45 MHz to 45 GHz 0.01dBto 0.32 dB 2.92 mm connector

EURAMET
cg-12 (Version 3.0)

See Matrix VM.11

RF attenuation *
Phase angle @

-180°to +180°

9 kHz to 18 GHz
0 dB to 60 dB

EURAMET
cg-12 (Version 3.0)

0.2°t00.8°

See Matrix VM.12

N-connector, 50 Q,

other connectors
increase the
measurement

uncertainty

-180°to  +180°

9 kHz to 33 GHz
0dBto 60 dB

EURAMET
cg-12 (Version 3.0)

0.2°t0 1.8°

See Matrix VM.13

3.5 mm connector

-180°to  +180°

45 MHz to 45 GHz
0dBto 60 dB

EURAMET
cg-12 (Version 3.0)

0.2°to 2.5°

See Matrix VM.14

2.92 mm connector

Valid from: 16 March
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Matrix VM.3 “RF reflection coefficient, magnitude |'|; N-connector 50 Q”

Measurement uncertainty expressed in units of the magnitude of the reflectance.

Absolute 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
value ]
0 0.003 to 0.004 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.1 0.003 to 0.005 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.2 0.003 to 0.005 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.3 0.003 to 0.006 0.003 to 0.004 0.003 to 0.008 0.008 to 0.009
0.4 0.003 to 0.005 0.004 0.003 to 0.008 0.008 to 0.009
0.5 0.003 to 0.006 0.004 0.004 to 0.009 0.008 to 0.009
0.6 0.004 to 0.006 0.004 to 0.005 0.004 to 0.009 0.009
0.7 0.004 to 0.006 0.005 0.005 to 0.010 0.009 to 0.010
0.8 0.004 to 0.006 0.005 to 0.006 0.005 to 0.010 0.010
0.9 0.004 to 0.007 0.006 0.005 to 0.011 0.011 to 0.012
1 0.003 to 0.006 0.004 to 0.006 0.004 to 0.012 0.011 to 0.013

Matrix VM.4 ‘RF reflection coefficient, magnitude |T|; 3.5 mm connector’

Measurement uncertainty in units of the magnitude of the reflection coefficient.

DAKKS

Deutsche
Akkreditierungsstelle

Absolute 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz 18 GHz to 26.5 GHz 26.5 GHz to 33 GHz
value |T]|
0 0.003 to 0.004 0.003 0.003 to 0.004 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
0.1 0.003 to 0.005 0.003 0.003 to 0.004 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
0.2 0.003 to 0.006 0.003 to 0.004 0.004 to 0.005 0.004 to 0.005 0.005 to 0.008 0.008 to 0.010
03 0.003 to 0.006 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to0 0.011
0.4 0.004 to 0.005 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.011
0.5 0.004 to 0.006 0.004 to 0.005 0.004 to 0.005 0.005 to 0.006 0.005 to 0.008 0.008 to 0.011
0.6 0.004 to 0.006 0.005 0.005 to 0.006 0.006 0.006 to 0.009 0.009 to 0.012
0.7 0.004 to 0.006 0.005 to 0.006 0.005 to 0.006 0.006 to 0.007 0.006 t0 0.010 0.009 to 0.013
0.8 0.004 to 0.007 0.005 to 0.006 0.005 to 0.007 0.006 to 0.007 0.006 t0 0.010 0.010 t0 0.014
0.9 0.004 to 0.007 0.006 to 0.007 0.006 to 0.008 0.007 to 0.008 0.007 t0 0.011 0.011 t0 0.015
1 0.004 to 0.006 0.005 to 0.006 0.005 to 0.008 0.006 to 0.009 0.007 t0 0.012 0.011 t0 0.016
Valid from: 16 March
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Matrix VM.5 ‘RF reflection coefficient, magnitude |I'|; 2.92 mm connector’

Measurement uncertainty in units of the magnitude of the reflection coefficient.

DAKKS

Deutsche
Akkreditierungsstelle

Absolute 45 MHz to 1GHzto 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHzto 40 GHz to
value 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
Irl
0 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.1 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.2 0.004 0.004 0.004 0.004 0.004 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.3 0.004 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.4 0.004 0.004 0.004 to 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.011
0.5 0.004 to 0.005 0.005 0.005 0.005 0.005 to 0.008 0.008 to 0.010 0.010 0.010 to 0.012
0.6 0.005 0.005 0.005 to 0.006 0.005 to 0.006 0.005 to 0.009 0.008 to 0.011 0.010 to 0.011 0.010 to 0.012
0.7 0.005 to 0.006 0.005 0.005 to 0.006 0.006 0.006 to 0.009 0.009 to 0.012 0.011 to 0.012 0.011 to0 0.013
0.8 0.005 to 0.006 0.006 0.006 to 0.007 0.006 to 0.007 0.006 to 0.010 0.009 to 0.013 0.012 t0 0.013 0.012 to 0.014
0.9 0.005 to 0.007 0.006 to 0.007 0.006 to 0.008 0.007 to 0.008 0.007 to 0.011 0.010 to 0.014 0.013 to 0.014 0.013 to 0.015
1 0.005 to 0.007 0.005 to 0.006 0.005 to 0.008 0.007 to 0.008 0.006 to 0.012 0.011 to 0.015 0.014 to 0.015 0.014 to 0.017

Matrix VM.6 “HF reflection coefficient, phase angle ¢; N-connector 50 Q”

Magnitude |I|| 9 kHz to 1 GHz 1GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0.1 1.4°t02.2° 1.5°t01.9° 1.5°t04.5° 4.4°tod.7°
0.2 0.7°to 1.4° 0.8°to1.0° 0.8°t02.3° 2.2°to2.4°
03 0.5°t0 1.0° 0.6°t00.7° 0.6°to 1.5° 1.5°t0 1.6°
0.4 0.4°t00.7° 0.5°t0 0.6° 0.5°to1.2° 12°
0.5 0.4°t0 0.6° 0.4°t0 0.5° 0.4°to0 1.0° 1.0°
0.6 0.4°t0 0.5° 0.4°t0 0.5° 0.4°t00.9° 0.9°
0.7 0.3°t00.5° 0.4° 0.4°t00.8° 0.8°
0.8 0.3°t0 0.5° 0.4° 0.4°t0 0.8° 0.7°t0 0.8°
0.9 0.3°to 0.4° 0.4° 0.4°t0 0.8° 0.7°t0 0.8°

1 0.2°to 0.4° 0.3°to0.4° 0.3°t00.7° 0.7°t0 0.8°

Matrix VM.7 “HF reflection coefficient, phase angle ¢;

3.5 mm connector”

Magnitude || 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 1i:2;:° 18 GHz to 26.5 GHz 26.5 GHz to 33 GHz

0.1 1.5°t02.6° 1.6°to1.7° 1.7°t02.3° 2.3°t02.6° 2.4°to4.2° 4.1°t05.8°
0.2 0.8°to 1.5° 0.9 0.9°t0 1.2° 1.2°to14° 1.3°to2.2° 2.2°to3.0°
03 0.6°to1.1° 0.6°t00.7° 0.7°t00.9° 0.9°to 1.0° 1.0°to 1.6° 1.6°to2.1°
0.4 0.5°t00.8° 0.5°t0 0.6° 0.6°t00.8° 0.7°t00.9° 0.8°to1.3° 1.3°to1.7°
0.5 0.5°t00.7° 0.5° 0.5°t00.7° 0.7°t00.8° 0.8°to 1.2° 1.1°to1.5°
0.6 0.4°t0 0.6° 0.5° 0.5°t00.6° 0.6°t0 0.7° 0.7°to 1.1° 1.1°to1.4°
0.7 0.4°t0 0.5° 0.4°t0 0.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°
0.8 0.3°t00.5° 0.4°t0 0.5° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°
0.9 0.3°t00.5° 0.4°t0 0.5° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 1.0° 1.0°to1.3°

1 0.3°t0 0.4° 0.3°t0 0.4° 0.3°t0 0.5° 0.5°t00.7° 0.7°to0 1.0° 0.9°to 1.2°
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Magnitude 45 MHz to 1 GHz to 3 GHz 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
Ir| 1 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.1 2.0°t02.1° 2.0° 2.0°t02.3° 2.2°t02.3° 2.2°t04.2° 4.2°t053° 5.3°t05.4° 5.3°t06.3°
02 1.0°t0 1.1° 1.0°t0 1.1° 1.0°t01.2° 1.2° 1.2°t02.2° 2.1°t02.7° 2.7° 2.7°t03.2°
03 0.7°t00.8° 07 0.7°t00.9° 0.8°t00.9° 0.8°t0 1.5° 1.5°t0 1.9° 19° 1.9°t02.2°
0.4 0.6° 0.6° 0.6°t00.7° 0.7° 0.7°t01.2° 1.1°to 1.5° 15° 1.5°t0 1.7°
0.5 0.5° 0 0.6° 05 0.5° 0 0.6° 0.6 0.6° to 1.0° 1.0°to 1.3° 1.2°t0 1.3° 1.3°t01.5°
06 0.4°t0 0.5° 05 0.5° 0 0.6° 0.5° t0 0.6° 0.6°t00.9° 0.9°to1.1° 1.1°t01.2° 1.1°t01.3°
07 0.4°t0 0.5° 05 0.5° 0 0.6° 0.5° t0 0.6° 0.5°t0 0.8° 0.8°to1.1° 1.0°t01.1° 1.1°t01.2°
0.8 0.4° 0 0.5° 0.4° 10 0.5° 0.4°t0 0.5° 0.5°t0 0.6° 0.5°t0 0.8° 0.8°t0 1.0° 1.0° 1.0°t01.2°
0.9 0.3°t00.5° 0.4° 10 0.5° 0.4°t0 0.5° 0.5°t0 0.6° 0.5°t0 0.8° 0.8°t0 1.0° 1.0° 1.0°t01.2°
1 0.3°t00.4° 0.3°t00.4° 0.3°t0 0.5° 0.5° 0.5°t0 0.8° 0.7°t0 1.0° 0.9°t0 1.0° 0.9°to1.2°
Matrix VM.9 ‘HF attenuation; N-connector 50 (Y’
A’::’::l":iieon 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0dB 0.01dB 0.01dBt00.02dB | 0.01dB to0.02 dB 0.02 dB
3dB 0.04 dB to 0.05 dB 0.05 dB 0.05 dB 0.05 dB
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB
10 dB 0.05 dB 0.05 dB 0.06 dB 0.05 dB to 0.06 dB
20 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
30dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
40 dB 0.05 dB 0.05dBt00.06dB | 0.05dBt00.06dB | 0.06dBto0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06dBt00.07dB | 0.06 dB to 0.07 dB
60 dB 0.05dBt00.09dB | 0.08dBt0o0.09dB | 0.07dBto0.09dB | 0.08dB to0.09 dB
Matrix VM.10 “HF attenuation; 3.5 mm connector”
A’::’::l":iieon 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz 1:6‘:;5"':;:; 26;‘:;1”
0dB 0.01dB 0.01dBt00.02dB | 0.01dB to0.02 dB 0.02 dB 0.02 dB 0.02 dB
3dB 0.04 dB to 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB
10 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
20 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06 dB to 0.07 dB
30dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06 dB to 0.07 dB
40 dB 0.05dBt00.06dB | 0.05dBto0.06dB | 0.05dBto 0.06 dB 0.06 dB 0.06 dB to 0.07 dB 0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB 0.06dBt00.07dB | 0.06dBt00.09dB | 0.08dBto0.10dB
60 dB 0.05dBt00.09dB | 0.07dBt00.09dB | 0.07dBt00.09dB | 0.08dBto0.09dB | 0.08dBt00.19dB | 0.15dBto0.22 dB
Valid from: 16 March
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Absolute 45 MHz to 1GHzto 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuatio 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
n
0.01dBto 0.01dBto 0.02dBto
0dB 0.01dB 0.02 dB 0.02 dB 0.02 dB 0.02 dB 0.02 dB 0.04dB 0.03 dB
0.05 dB to 0.05dB to
3dB 0.04 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB
0.05 dB to 0.06 dB to
6 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB
0.05dB to 0.06 dB to 0.06 dB to
10dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB
0.05 dB to 0.06 dB to 0.06 dB to 0.07 dB to
20dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB 0.08 dB
0.05 dB to 0.06 dB to 0.06 dB to 0.07 dB to
30dB 0.05 dB 0.05 dB 0.06 dB 0.06 dB 0.07 dB 0.07 dB 0.07 dB 0.08 dB
0.05dB to 0.05dB to 0.06 dB to 0.07 dB to 0.08 dB to
40.dB 0.05dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07.dB 0.08 dB 0.09 dB
0.06 dB to 0.06 dB to 0.08 dB to 0.09 dB to 0.10dB to
50dB 0.05dB 0.06 dB 0.06 dB 0.07 dB 0.09 dB 0.10 dB 0.10 dB 0.13 dB
el 0.06 dB 0.08 dB to 0.07 dB to 0.08 dB to 0.08 dB to 0.15dBto 0.17 dBto 0.20dB to
) 0.09 dB 0.09 dB 0.09 dB 0.18 dB 0.22 dB 0.22 dB 0.32dB
Matrix VM.12 “RF attenuation; phase angle ¢; N-connector 50 Q”
Absolute 9 kHz to 1GHzto 3 GHz to 12 GHz to
Attenuation 1 GHz 3 GHz 12 GHz 18 GHz
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
10dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
20dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
40dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7°
50 dB 0.4° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7°
60 dB 0.4°t00.6° 0.5°t00.6° 0.6°t00.7° 0.7°t0 0.8°
Matrix VM.13 “HF attenuation; phase angle ¢; 3.5 mm connector”
Absolute 9 kHz to 1GHzto 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to
Attenuation 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6° 0.6°t0 0.9° 0.9°t0 1.0°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
10dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
20 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to1.1°
40 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°t0 1.2°
50 dB 0.4°t00.5° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°to1.2°
60 dB 0.4°t00.6° 0.5°t00.6° 0.6°t00.7° 0.7°t00.8° 0.8°to 1.5° 1.3°to1.8°
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Absolute 45 MHz to 1GHz to 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to

attenuatio 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz

n
0dB 0.2° 0.2° 0.2°t0 0.4° 0.4°t0 0.6° 0.6° t0 0.9° 0.9°to 1.0° 1.0°t0 1.2° 1.2°to 1.4°
3dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
6 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
10 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
20 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
30dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7°t0 0.9° 0.9°to 1.1° 1.1°to1.3° 1.3°to 1.5°
40 dB 0.4° 0.4° 0.4°t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°t0 1.2° 1.2°to1.3° 1.3°to 1.5°
50 dB 0.4° 0.4°t00.5° 0.5°t0 0.6° 0.6°t00.7° 0.7°to 1.0° 1.0°t0 1.2° 1.2°to 1.4° 1.4°to1.7°
60 dB 0.4°t00.5° 0.5°t00.6° 0.6°t00.7° 0.7°t0 0.8° 0.8°to0 1.5° 1.3°t0 1.8° 1.6°to 1.9° 1.8°t025°
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On-site calibration — Radiometry
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Optical radiation power 1310 nm, 1550 nm 1.3% FC, ST, SC, SMA or HMS-10
Fibre-optic power meters connectors, or
850 nm 2.2% adaptable. Different
1w to 05mw 654 nm 22% wavelengths (780 nm,
635 nm, 1625 nm)
interpolated
Non-linearity of fibre-optic 10nW to 160 pW 1.8 x1°%(3) (0.008 dB) Addition method
- . Wavelengths: 1310
radiation receivers 0.1nW up <0.32nW nm, 1550 nm, 20 x19°(%) (0.085 dB) Comparison method
0.32nW to <3.2nW 850 nm 7.1 x10(=3) (0.031 dB)
32n yp 05uW 6.0 x 19°(-3) (0.026 dB)
to
up
to
Attenuation or 0dB up 50dB 6.0 x 1°(-3) (0.026 dB)
gain of fibre-optic >50d8 t© 60dB Wavelengths: 1310 7.1 x19°(-3) (0.031 dB)
components >60dB UP 70dB nm, 1550 nm, 20 x 1°°(-3) (0.085 dB)
to 850 nm Reference
up power: approx. 0.5
to mwW
Central wavelength A 350nm to <700nm 0.5 nm
700nm to <1250 nm 2.5 pm
1250nm up 1700 nm 2 pm
to
Valid from: 16 March
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On-site calibration — photometry

Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded

; ibrati o Remarks
var_lable/Callbratlon Measurement span conditions measurement
object / Method uncertainty
Transmission filter 16% to 60% 0.65%
Transmission T >60% upto 76% 0.70%
> 76% to < 100% 0.80%
Turbidity level N > 0% to <24% 0.80%
24%  to <40% 0.70%
i 84% QMH Chapter XXXIV 0.65%
Turbidity coefficient k Measuring chamber length 0.43 m V4.0 Turbidity coefficient k
>gm to 4.3 Nominal values in the 0.020 ™0 0.050 ™ calculated from the turbidity
turbidity values of the level N. Uncertainty interval
standard U(k) calculated from the

uncertainty interval

of the turbidity value U(N).
Other

measurement chamber

lengths
increase the

measurement uncertainty.

**) N-connector 50 Q; other connectors and reflection factors increase the measurement uncertainty
***) 2,92 mm connector;
***%*) > 18 GHz 3.5 mm or 2.92 mm connector

Valid from: 16 March
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On-site calibration — Dimensional measurements

On-site calibration — Length
Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded Remarks
variable / Calibration Measurement span conditions measurement
object / Method uncertainty
Calipers for external VDI/VDE/DGQ 2618 . I: measured value
’ Omm to 1000 mm . 20 um + 15 x 10°(-¢) |
internal and depth Sheet 9.1:2006
measurements *
Micrometers * to 300mm |  VDI/VDE/DGQ 2618 2 um +6 x1%(-6) /
>300mm to 1000 mm Part 10.1:2001 0.30 um + 12 x 10°(-6) |
Steel circumference Calibration to the nominal
measuring tapes values of the standards
Diameter 150 mm  yp 300 mm QMH-LVIIL.2 0.71 mm
Section 3
> 400 mm 0.104 mm
300mm - to Version 1.0
up
to
Circumference 470 mm to 950 mm 0.22 mm
>950 mm upto 1257 mm 0.328 mm
Standard cylindrical VDI/VDE/DGQ 2618 dis the measured diameter
rings * Sheet 4.1:2006 .
. 1 mm to 90 mm ) 0.9um +10x¥°x d
Diameter Option 3
Mandrels * VDI/VDE/DGQ 2618
Diameter 1 mm to 120 mm Sheet 4.1:2006 0.6 um + 1.8 x1°x d
Option 3
VDI/VDE/DGQ 2618
Test pins * Diameter /VDE/DGQ .
1mm to 20 mm Sheet 4.2:2006 0.6 um + 1.8 x10°x d
Option 1
Valid from: 16 March
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Calibration and measurement capabilities (CMC)

Measured quantity /| Measuring range / Measurement Measurement Expanded Remarks
Calibration object span conditions measurement
/ Method uncertainty
Thread gauges *
(single- and multi-start
cylindrical external and
internal threads with
straight flanks, symmetrical
profile, nominal pitch and
nominal profile angle)
External thread Simple VDI/VDE/DGQ 2618
flank diameter Sheet 4.8:2006
Option 1 Three-wire disthe measured thread
1 mm to 120 mm method 2.9um+7.7x90°x d pitch diameter
(perpendicular to
thread axis)
Internal thread Simple VDI/VDE/DGQ 2618
flank diameter Sheet 4.9:2006
Option 1
3 mm to 90 mm 2.6 um+5.5x0°x d
Two-sphere method
(perpendicular to the
thread axis)
Length measuring instrument 0 mm to 75 mm QMH-L.VIIL.3 31 um Assumed
gauge Section 2.1 Temperature range:
>75mm to 150 mm Version 1.0 37 um 20°C+1K
External
measurement
QMH-LVIIL3 Assumed thermal
Section 2.2 expansion coefficient:
Omm to 150 mm Version 1.0 36 um a=11.5x 10°K"
Internal
measurement
QVH-LVIIL3 Deviating
- Ambient conditions and
Section 2.3 R
Omm to 150 mm . 39 um the materials of the
Version 1.0 Depth gauges to be calibrated
measurement increase the
measurement uncertainty.
QMH-L.VIIL.3
0 to 75 mm Section 2.4 55 pum
Version 1.0 Step
measurement
>75mm to 150 mm 76 um
Valid from: 16 March

Date of issue: 16 March20220626

Pagel72 from 173



( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15019-01-01 Akkreditierungsstelle

Abbreviations used:

AA Work instruction (in-house procedure) of esz AG
CcMC Calibration and measurement capabilities DIN German Institute for Standardisation
DKD-R Guideline of the German Calibration Service (DKD), issued by the Physikalisch-Technische
Bundesanstalt
EN European standard
EURAMET European Association of National Metrology Institutes
QMH Quality Management Manual (in-house procedure) of esz AG
Valid from: 16 March
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German Accreditation Body

Annex to the Accreditation Certificate  D-K-15019-01-02
in accordance with DIN EN ISO/IEC 17025:2018

Valid from: 20 November 2025

Date of issue: 20 November 2025
This annex to the certificate forms part of the accreditation certificate D-K-15019-01-00.

Holder of the accreditation certificate:
esz AG calibration & metrology
Max-Planck-StraRe 16, 82223 Eichenau

with the following sites

esz AG calibration & metrology
Max-Planck-StraRRe 16, 82223 Eichenau

esz AG calibration & metrology Nordostpark
12, 90411 Nuremberg

esz AG calibration & metrology Ladehofstralle
26, 93046 Regensburg

esz AG calibration & metrology WebereistraBe
3, 48565 Steinfurt

esz AG calibration & metrology Lembdckgasse
49, A-1230 Vienna, AUSTRIA

This certificate was issued by Deutsche Akkreditierungsstelle GmbH and is digitally sealed.
This applies only in conjunction with the written certificate and reflects the status as at the date of issue. The current status of valid and
monitored accreditation can be found in the database of accredited bodies maintained by the German Accreditation Body (www.dakks.de)

Abbreviations used: see last page Page 1of24
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The calibration laboratory meets the requirements of DIN EN ISO/IEC 17025:2018 to carry out the conformity
assessment activities listed in this annex. Where applicable, the calibration laboratory meets additional legal
and normative requirements, including those in relevant sectoral programmes, provided these are expressly
confirmed below.

The management system requirements in DIN EN ISO/IEC 17025 are written in language relevant to calibration
laboratories and are, overall, in accordance with the principles of DIN EN ISO 9001.

Calibrations in the following areas:

Thermodynamic quantities Mechanical parameters
Temperature quantities — Torque?
—  Block calibrators 2 —  Pressure?
— Direct-reading thermometers ? —  Force?
— Climate chambers (temperature) ? — Mass?
— Temperature display devices and —  Scales?
-simulators

) Measuring instruments in the automotive industry
— Thermocouples ?

Exhaust gas measuring

— Resistance temperature detectors ? instruments for spark-

Humidity measurement parameters ignition engines

— Climate chambers (humidity) ? — Exhaust gas measuring instruments
—  Absolute humidity measuring for compression-ignition engines
instruments — Mounting surfaces for headlamp

alignment testers (ASEP) ¥
—  Disc brake test benches

— Relative humidity measuring

instruments ?
— Roller brake test benches

— Headlamp alignment testers (SEP)
b)

Flow measurement parameters

— Gas flow?

3  including on-site calibration
b on-site calibration only

For the measurement quantities/calibration objects marked with *, the calibration laboratory is permitted to
apply the standards/calibration guidelines listed here in different editions without the need for prior notification
to or approval from DAKKS.

The calibration laboratory maintains an up-to-date list of all standards/calibration guidelines within

the flexible scope of accreditation.

Valid from: 20
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Calibration and measurement capabilities
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Mechanical quantities —, Eichenau

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)
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Measurement Measurement Measurement Expanded
variable / Calibration range / conditions measurement uncertainty | Remarks
Pressure >0 bar to 3.0 bar| 2.9 % 1085 - pops + 15 pbar Pressure medium: Gas
Absolute pressure pabs DKD-R 6-1:2014
> 3.0 bar to 21 bar| 3.4 x 1075 s + 0.19 mbar The mezj\surement
uncertainty of the
> 21 bar to 101 baq Calibration method: 3.9 x 1075 .pabs + 0.44 mbar + yparo | Ubaro barometer must
pabs = pe + pamb be taken into account.
> 101 bar to 251 bar| 5.1x1077 pabs + 30 mbar + ubaro
Absolute pressure pabs Reference value:
(pabs = pamb)
esz QMH XXIIl.4.2 -

900 mbarto 1000 mbar] a 1 2.9x10M aps + 15 pbar Single-point
measurement at
current

Absolute pressure pabs Reference value
7.8 x 1075 - pabs + 0.36 mb (pabs = pamb)
1 bar; 2 bar to 71 bar ) X pab moar pabs ™ pam
DKD-R 6-1:2014 + Ubaro Pressure medium: oil
Calibration method: The measurement
pabs = pe + pamb 8.2 x 10At5) b+ 0.72 mbar uncertainty of the
> 71 bar to 701 bari . barometer
Ubaro
ubaroMust be taken
Absolute pressure paps Pressure medium:
> 0 bar to 301barl  DKD-R6-1:2014 5.1x107" pabs + 30 mbar + uparo | WaLer
The measurement
Calibration method: uncertainty of the
> 301 bar to 1001 bar| pabs = pe + pamb 7.4x1073 paps + 40 mbar + ugaro barometer
ubaroMust be taken
Positive and negative —200 mbar to 200 mbar 25 pbar Pressure medium: gas
overpressure pe The measurement
- A5 ‘pe aro .
>—1barto 2 bar 2.3 10" e+ 55 pbar + ua uncertainty of the
DKD-R 6-1:2014 3.7 x 1075 pe + 0.19 mbar ubaro barometer must
> 2 bar to 20 bar| .
+ Ubaro be taken into account.
> 20 bar to 100 bar Calibration method: 3.9x 1075 - o+ 0.44 mbar
pe = pabs ~ pamb
> 100 bar to 150 bar| 9 x 1075+ pe+ 23 mbar
> 150 bar to 250 bar| 5.1 x 10275 e + 30 mbar
Gauge pressure pe 0 bar; 1 bar to 70 bar 7.8 x 1075 e + 0.36 mbar Reference value
DKD-R 6-1:2014 {pe =0 bar)
> 70 bar to 700 bar| 8.2 x 10" pe+0.72 mbar Pressure medium: oil
Gauge pressure pe >0 barto 300 bar| 5.1 x 1075 .paps + 30 mbar Pressure medium:
DKD-R 6-1:2014 water
> 300 bar to 1001 bar| 7.4 x 1075 pavs + 40 mbar
Valid from: 20
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Appendix to Accreditation Certificate D-K-15019-01-02

Mechanical measurement parameters — Flow

measurement parameters Permanent laboratory —

Eichenau site

( DAKKS

Deutsche
Akkreditierungsstelle

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement range / Measurement Expanded
quantity / Calibration Measurement span conditions measurement Remarks
object / Methods uncertainty
Volume flow rate Q of ) . Volumeter . Q=measured value
flowing gases Flow meter or 5ml/min o 50 L/min as standard 0.3% - Q+0.02 mL/min
controller with a K R Calibration medium: dry
display or transmitter 10ml/min  to 200 mL/min 0.5% - Q+0.02mL/min | air (relative humidity <
with an electronic : . Laminar flow 10%) Measurement
. >0.2L/min  to 3.2 L/min o . ;
interface elements as 0.5% - Q+0.32 mL/min ranges based on dry air at
>3.2L/min  to 40 L/min standard 0.5% - Q+4 mL/min 0°C, 1013.25 mbar
>40L/min  to 620 L/min 0.5% - Q+0.06 L/min

Mechanical parameters — Force

Permanent Laboratory — Eichenau site

Calibration and measurement capabilities (CMC)

Measurement Measurement range / span Measurement Expanded
quantity / Calibration conditions measurement uncertainty Remarks
object / Method
Force Tensile and
Measuring 50N to 50kN compressive 0.05%
instruments and force in
*)
transducers accordance with
DKD-R 3-3:2018
Mechanical parameters — Torque Permanent laboratory
— Eichenau site
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded
variable / Calibration Measurement span conditions measurement uncertainty Remarks
object / Method
Torque 0.2N'm to <1N'm 0.9 % Torque
Manually operated INm to 10Nm DIN EN ISO 0.5% Screwdriver
Torque- 0.4N-m to <4N-m 6789-2:2017 0.7% Torque wrench
Screwdriving tools 4ANm to 1110N-m 0.5%

Valid from: 20

Date of issue: 20 Nove N oo @ OGRS
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Appendix to Accreditation Certificate D-K-15019-01-02

Mechanical quantities — mass Permanent laboratory

— Eichenau site

( DAKKS

Deutsche
Akkreditierungsstelle

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement range / span Measurement Expanded
quantity / Calibration conditions / measurement Comments
object Methods uncertainty
Mass or conventional for weights in accordance
10 mg 0.025 mg . )
weight value * with OIMLR 111-1:2004
20 mg 0.03mg in accordance with Class r
50 mg 0.04 mg
100 mg 0.016 mg for weights of
OIMLR 111-1:2004
200 mg 0.020 mg X .
in accordance with Class r1
500 mg 0.025 mg
1g 0.03mg
2g 0.04 mg
5g 0.05 mg
10g 0.06 mg
20g 0.08 mg
50g 0.10 mg
100g OIML R111-01:2004 0.16 mg
200g 0.3mg
500 g 2.5mg for weight pieces in
accordance with
OIMLR 111-1:2004
lkg 5.0 mg in accordance with Class r.
for weights in accordance
with
2 kg 30 mg OIMLR 111-1:2004
in accordance with Class w1
for weights of
5kg 25mg OIMLR 111-1:2004
in accordance with Class r
for weights of
10 kg 05g OIMLR 111-1:2004
in accordance with Class w2
20 kg 03g for weights in accordance
with
OIMLR 111-1:2004
50 kg 08g in accordance with Class m
10mg to 20mg 0.03mg Free nominal values
>20mg to 100 mg OIML R111-01:2004 0.04 mg
>100mg to 200 mg 0.02 mg

Valid from:

20
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Appendix to Accreditation Certificate D-K-15019-01-02

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded
variable / Calibration Measurement span conditions / measurement Remarks
object Method uncertainty
Mass or conventional >200mg to 500 mg 0.025 mg Free nominal values
weight value >500mg  to 1g 0.03 mg
>1g to 2g 0.04 mg
>2g to 5g 0.05 mg
>5g to 10g 0.06 mg
>10g to 20g 0.08 mg
>20g to 50g 0.10 mg
>50g to 100g 0.16 mg
>100g to 200¢g OIML R111-01:2004 0.3mg
>200g to 500¢g 2.5mg
>500g to lkg 5.0 mg
>1kg to 2 kg 30 mg
>2kg to 5kg 25 mg
>5kg to 10 kg 05¢g
>10kg to 20 kg 03g
>20kg to 50 kg 08¢
>50kg to 65 kg 16¢g

Mechanical measurement parameters — Scales

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded Remarks
quantity / Calibration range / span conditions / measurement
object procedure uncertainty
Balances Non-automatic <50kg EURAMET cg-18:2015 1.10° With weights Accuracy
electronic balances * DKD-R 7-2:2018 class 2according to OIML
R111-1:2004
<150 kg 2 x10° Using weights of accuracy

class r2in accordance with
OIMLR111-1:2004

Valid from:
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Appendix to Accreditation Certificate D-K-15019-01-02

Thermodynamic quantities — Temperature quantities Permanent

laboratory — Eichenau site

( DAKKS

Deutsche
Akkreditierungsstelle

Calibrationandmeasurementcapacities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
Resistance . DKD-R5-1:2018 Calibration at temperature
thermometer, 0.01°C Triol int of wat 15 mK fixed point
direct-reading riple point of water p
Thermometer with -80°C to <-40°C DKD-R 5-1:2018 45 mK Comparison with
resistance sensor ) _40°C to <0°C in an ethanol bath 25 mK Standard resistance
thermometer
0°C to 100°C 20 mK T: Temperature in °C
>100°C to 180 °C DKD-R 5-1:2018 25 mK
>180°C upto 200 °C in a silicone oil bath 35 mK
>200°C upto 300°C 50 mK
>300°C to 400 °C 80 mK
DKD-R 5-1:2018 (16 %(3) 1/°C— 0.56) K
> ° upto 570 °C .6 x19°(" °C-0.
400°C P in the block calibrator
>570°C to 700 °C 350 mK
Base metal _80°C to <-35°C DKD-R 5-3:2018 (-1.2 x1°%(3) T/°C + 0.13) Kk | Comparison with
thermocouples, direct- . standard resistance
reading thermometers -35°C to <0°C in an ethanol bath (-1.2x2"3FxT/°C+0.09) K | thermometer
with base metal N N
thermocouple sensor *) 0C ® 35°C DKD-R 5-3:2018 009K T:t ture in °C
>35°C to 300 °C in asilicone oil bath (0.5 x 10" x T/°C + 0.072) K | '~ cmperaturein
N y 200 °C DKD-R 5-3:2018 (0.6 x -3 x T/°C +0.07) K
300°c to in the block calibrator ' ’
DKD-R 5-3:2018 o C:"“;’ar::h” with |
° ° (-3) T/° standard thermocouple
>700°C to 1210°C in the block calibrator (14X (3) T/°C+ 13) K . : o P
T: temperature in °C
Precious metal ) 0°C to 35 °C DKD-R 5-3:2018 0.21K Comparison with
thermocouples, direct- . i il bath " " standard resistance
reading thermometers >35°C to 300°C inasilicone oflba (0.3 T/°C+02)K | tpermometer
with precious metal N . 107(-3) o T: Temperature in °C
thermocouple >300°C to 400 °C DKD-R 5-3:2018 (0.3x xT/°C+0.2)K : p
sensor >400°C upto 700 °C in the block calibrator (0.7 x 1"31% T/°C + 0.25) K
DKD-R 5-3:2018 . Comparison with standard
5 o ° (- o
700°C to 1210°C in the block calibrator (1.4x XT/*C+1.3)K | thermocouple
T: Temperature in °C
Block calibrators " _80°C to 0°C 0.10 K Comparison with
standard resistance
>0°C to 50°C DKD-R 5-4:2018 0.056 K thermometer
>50°C to 700 °C (0.21 x20*-3)x T/°C + 0.045) K | T: Temperature in °C

Valid from:
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Appendix to Accreditation Certificate D-K-15019-01-02

Permanent Laboratory — Eichenau site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
Temperature display -199 °C 1.0 mK T: Temperature in °C
devices and simulators DKD-R 5-5:2018
. 0°C . . . 2.4 mK
for resistance Artifact calibration
thermometers " 239 °C 4.8 mK
Pt100
-200°C to 800 °C (12 x19°x T/°C + 4) mK
Pt25 -200°C to -150°C 2.3 mK
>-150°C to 800 °C (19 x 19"3)x T/°C + 10) mK
DKD-R 5-5:2018 o »
Pt500 -200°C  to 300 °C (13 x10*(-3) T/°C + 3.5) mK
>300°C to 800 °C (18 x1°%(=3) T/°C + 5.4) mK
Pt1000 -200°C to 800 °C (17 x "3 T/°C + 3.8) mK
for base metal —200°C to <0°C (-85 x 10"-3) T/°C + 11) mK | T: Temperature in °C
thermocouples o) —
Type K 0°C to 1300°C (5.7 x 1€ x (T/°C)
+0.17 x10"3 x T/°C + 11) mK
Type J -200°C to <0°C (-61 x 1031 T/°C + 8) mK
0°C to 1200 °C (5.6 x10°(3) T/°C + 8) mK
Type T 200°C  to <0°C DKD-R 5-5:2018 (-80 x 1931 x T/°C + 11) mK
without reference point
0°C to 400 °C compensation 11 mK
Type E -200°C to <0°C (-56 x10*(3) T/°C + 7) mK
0°C to 1000 °C (4.4 x0%3) T/°C+ 7) mK
Type N -200°C to <0°C (-0.12 - T/°C+16) mK
0°C to 1300 °C (12 260 x (T/°C)
+10 x10*-3) x T/°C + 16) mK
for precious metal 0°C to 500 °C (-64 x10°x T/°C + 75) mK | T: temperature in °C
thermocouples ™ OKD-R 5.5:2018
Type R, Type S >500°C to 1768 °C B 45 mK
without reference point
Type B 50 °C to 1200 °C compensation (26 x 107 5 (T/oc) —0.85) mK
>1200°C to 1820°C 60 mK
for utc = Uncertainty of the
th | i i
e:;mocoup DKD-R 5-5:2018 BT a— d.lsplay device or
es . . ) i Z1c simulator for
-200°C to 1500 °C with reference. point (\/( ) + 602) mK thermocouples without
compensation mK reference junction
in mK
Measurement -80°C to 180 °C DKD-R 5.7-2018 0.50 K
points in climatic Rt/
chambers * >180°C to 300 °C Method C 0.70 K
Climate chambers * —80°C to 100 °C 0.55 K
>100°C to 180 °C DKD-R 5-7:2018 0.75 K
Method A or B
>180°C to 300 °C 1.0K

Valid from:

20
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( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15019-01-02 Akkreditierungsstelle

Thermodynamic measurement quantities — Humidity measurement

quantities Permanent calibration laboratory — Eichenau site
Calibrationandmeasurementcapabilities(CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
Dew point temperature QMH XIV.5 Version 7.0 Comparison with
Dew point Airflow temperature: Dew point mirror
hygrometer -28°C to 24.8°C 10 °Cto 25 °C 0.080 K hygrometerin

Climate generator or
climate chamber

relative humidity:
5% to 98%

QMH XIV.5 Version 7.0

Airflow temperature:
-17°C to 44.8°C >25°Cto45°C 0.10K
Relative humidity:
5% to 98%

QMH XIV.5 Version 7.0

Air flow temperature:

-3°C to 59.8°C >45°Cto 60 °C 0.15K
Relative humidity:
5% to 98%
QMH XIV.5 Version 7.0 Comparison with
Air flow temperature: Dew pointrange
17°C to 89.8°C >60°Cto90°C 0.3K hygrometerin
relative humidity: Climate chamber
10% to 98%
relative humidity 5% — 20% QMH XIV.5 Version 7.0 0.25% Comparison with
humidity meters >20% to 40% Airflow temperature: 10 °C 0.50% Dew point range in
and transducer >40% to 60% to25°C 0.75% zlli_mate giner:)tor o
i . imate chamber
>60% to 30% Dew point temperature w: 1.0%
—28°Cto24.8°C
>80% to 98% 1.2% Measurement uncertainty
5% to 20% | QMH XIV.5 Version 7.0 Air 0.65% expressed as the
bsolut | f
>20% to 40% flow temperature: 0.90% @ so.u e va ue °
. . relative humidity
>40% to 60% >25°Cto45°C 1.2%
>60% to 80% Dew point temperature w: 1.4%
>80% to 98% -17°Cto44.8°C 16
5% to 20% QMH XIV.5 Version 7.0 0.85%
>20% to 40% Air flow temperature: 11%
>40% to 60% >45°Cto 60 °C 1.4%
> 60% to 80% Dew point temperature : 1.6%
>80% to 98% —3°Cto59.8°C 18
10% to 20% 1.7% Comparison with
QMH XIV.5 Version 7.0 - Dew point levelin
>20% eto 40% 1.9% Climate chamber
Airflow temperature:
>40% to 60% >60°Cto 90 °C 2.1% Measurement uncertainty
>60%h eto  80% Dew point temperature : 23% expressed as
17°Ct089.8 °C Absolute value of
>80% to 98% 2.5% relative humidity
Valid from: 20
Date of issue: 20 Noveriio& € QURS Pagel0 from 24
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Appendix to Accreditation Certificate D-K-15019-01-02

Permanent calibration laboratory — Eichenau site

Calibrationandmeasurementcapacities(CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Measurement The humidity reference
locations in climate 5% to 30% 1.0% value is calculated from
chambers with the dew point
recirculating air DKD-R 5-7:2018 temperature and the air
>30% to 60 % Method C Airflow 1.5% flow temperature. at the
temperature: 10 °C to 90 measurement point.
) ¢ Measurement uncertainty
>60% to 80% Dew point temperature w: 2.0% expressed as the absolute
—28°Ct089.8°C value of the relative
humidity
>80% to 98% 2.5%
Climate cabinets The humidity reference
with recirculation 5% to 30% 15 value is calculated from
the dew point
DKD-R 5-7:2018 temperature and the air
>30% to 60% Method A or B Airflow 2.0% flow temperature.at the
temperature: 10 °C to 90 measurement point.
°C
: Measurement uncertaint
>60% to 80% Dew point temperature : 2.5% expressed as the absolutZ
—28°C1089.8°C value of the relative
humidity
>80% to 98% 3.0%

Valid from:
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Appendix to Accreditation Certificate D-K-15019-01-02

Nuremberg site

Permanent Laboratory — Nuremberg site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded Comments
parameter / Calibration range / conditions / measurement
Temperature . Comparison with
Resistance thermometer —40°C to 0°C (=1.8 X 10A3x _+ 0.063) K Standard resistance
meters, direct-reading °C thermometers.
R DKD-R 5-1:2018 .
Thermometer with t: temperature in °C.
in block calibrator t
Resistance sensor * >0°C to 155 °C (0.3 X 10A73x uE+ 0.063) K
Torque 02Nm to <1Nm 0.9% Torque
M | screwdriver
anua INmM to 10 N'm 0.5%
Tarque DIN EN ISO 6789-2:2017
screwdriving tools ) 04Nm to <4.0N'm 0.7% Torque wrench
4N-m to 1100 N-m 0.5%
Valid from: 20
Date of issue: 20 Noveriio& € QURS Pagel2 from 24
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Appendix to Accreditation Certificate D-K-15019-01-02

Regensburg site

Permanent Laboratory — Regensburg site
Calibration and measurement capabilities (CMC)

Measurement
variable / Calibration
object

Measurement range /
Measurement span

Measurement
conditions /
Method

( DAKKS

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Exhaust gas analysers
for compression-

The mean particle size
must be in the range of

103 -3 103 -3 0,

ignition engines 5% to 50 x 10" Lk 10 nm to 200 nm.
Particle number AAO0399 Version 1.0
concentration Traffic Bulletin 2021

Particle generators and Issue 11, No. 133

measuring instruments > 50 x 10°cm* tg 3 x 10°cm? 13%

(aerosol)

Particle concentration The particle size must be

reduction factor (PCRF) 1:1 to 1:30,000 AA0398 Version 1.0 9% in the range from 10 nm to

200 nm.
Particle measuring 1000 t6 30,000 ™3 10 nm to 200 nm 11%
instruments 0% ISO 27891:2015-03 ?
Valid from: 20
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( DAKKS

Deutsche

Appendix to Accreditation Certificate D-K-15019-01-02 Akkreditierungsstelle

Steinfurt site
Permanent laboratory — Steinfurt site
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Temperature Comparison with
: t )
Resistance thermometers _40°C 1o 0°c (=1.8 x 10A3% _+ 0.063) K Standard resistance
meters, DKD-R 5-1:2018 °oC thermometers.
Direct-reading in the block calibrator s
thermometers with ; t: Temperature in °C
resistance sensor " >0°C to 155 °C 0.3 x 10/\*3% +0.063) K
Pressure Pressure medium: gas
Absolute pressure pabs *)
45 - 107° Laps+ 0.6 mb
Obar to 21 bar pabs mbar The measurement
+
DKD-R 6-1:2014 Ubaro uncertainty
of the ubaro barometer must
be taken into account
Calibration method: Pressure medium: water
pabs = pe T pamb
>21bar to 700 bar 79107 - pabs + Ubaro The measurement
uncertainty
of the ubaro barometer must
be taken into account
negative and poi:tlve —200 mbarto 200 mbar 25 - 13 mbar Pressure medium: gas
overpressure pe
—1bar to 2 bar 33:107 - pe+ 0.25 mbar
DKD-R 6-1:2014
>2bar to 20 bar 45 x 107 - e+ 0.6 mbar
>20bar to 700 bar 79 x 1073 - e Pressure medium: water

Valid from: 20

Date of issue: 20 Nove N oo @ OGRS
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Appendix to Accreditation Certificate D-K-15019-01-02

Vienna site

Permanent Laboratory — Vienna site
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded Comments
variable / Calibration range / conditions / measurement
object Measurement Method uncertainty
span
Temperature Resistance Comparison with
thermometers, direct- standard resistance
reading thermometers DKD-R 5-1:2018 thermometers.
with -20°C to 100 °C N ) 0.047 K .
. in silicone oil bath t: temperature in °C.
resistance sensor "
Pressure 45 - 1076 abs Pressure medium: gas
" Obar to 21 bar pab &
Absolute pressure pabs +0.46 mbar + ubaro The measurement
-R6-1: 2.9 % 10M* - pabs i
>21bar to 200 bar DKD-R 6-1:2014 pabs uncertainty .
+ 27 mbar + ubaro of the ubaro barometer is
Calibration method: must be taken into account
pabs = pe + pamb Pressure medium: water
9.7 x 1074 + pabs
>200bar to 1000 bar i The measurement
+ 59 mbar + ubaro uncertainty
of the ubaro barometer must
be taken into account
negative and po:ltlve _400 mbar to 400 mbar 0.10 mbar Pressure medium: gas
overpressure pe The measurement
—1lbar to 20 bar 45 x 10775 - e+ 0.46 mbar | uncertainty
DKD-R 6-1:2014 of the ubaro barometer must
>20bar to 200 bar 2.9x10%* - pe+ 27 mbar | tg be taken into account
Pressure medium: water
>200 bar to 1000 bar 9.7 x 102 - pe+ 59 mbar
Volume flow rate Q of QMH Chapter Q =measured value
flowing gases Flow meter 0.005 L/min to 0.03 L/min XXV.6: Version7 0.3 mL/min Calibration medium: air
or | b dicol (relative humidity < 10%)
regulator with a display Laminar flow elements as Measurement ranges
. - >0.03 L/min to 200 L/min 1%-Q &
°|" transmitter V;“th an / L standard ° based on dry air at 0 °C,
electronic interface
0.89 x10-2% O 1013.25 mbar
> 200 L/min to 500 L/min MFC as standard +0.52 L/min

Valid from:
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On-site calibration

Thermodynamic variables — Temperature variables

On-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Remarks
Resistance DKD-R 5-1:2018 Comparison with
thermometer, direct- 0°C Freezi ) 20 mK standard resistance
. reezing point
reading thermometer thermometer
with resistance sensor —40°C to 100 °C 50 mK T: Temperature in °C
*)
>100°C to 200 °C 75 mK
DKD-R 5-1:2018
>200°C upto 400 °C 80 mK
in the block calibrator
>400°C upto 570°C (1.6 x1*(3) T/°C - 0.56) K
>570°C to 700 °C 350 mK
Base metal _40°C  to 200 °C (0.8 x 193 x T/°C + 0.1) K Comparison with
thermocouples, direct- standard resistance
reading thermometers >200°C to 400 °C (1.0 x20"3)x T/°C + 0.08) K | thermometers
with base metal DKD-R 5-3:2018 T: Temperature in °C
thermocouple sensor * >400°C to 700 °C in block calibrator (0.6 x1°%(3) T/°C + 0.07) K
Comparison with
>700°C to 1210°C (1.4 x0%(3) T/°C+1.3) K | standard thermocouple
T: Temperature in °C
Precious metal 0°C to 100 °C 0.22 K Comparison with
thermocouples, direct- standard resistance
reading thermometers >100°C to 200 °C 0.25K thermometer
with precious metal T: Temperature in °C
thermocouple sensor >200°C to 400°C DKD-R 5-3:2018 (0.3 x10"3)x T/°C+0.2) K
*) ) )
>400°C to 700 °C in block calibrator (0.7 x 19(-3) T/°C + 0.25) K
Comparison with
>700°C to 1210 °C (1.4 x20%-3). T/°C + 1.3) K standard thermocouple
T: Temperature in °C
Block calibrators " _80°C to 0°C 0.10 K Comparison with
standard resistance
>0°C to 50 °C DKD-R 5-4:2018 0.056 K thermometer
T: Temperature in °C
>50°C to 700 °C (0.21 x0*-3)x T/°C + 0.045) K

Valid from:
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Appendix to Accreditation Certificate D-K-15019-01-02

On-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Temperature display -199 °C 1.0 mK T: Temperature in °C
devices and simulators DKD-R 5-5:2018
0°C ) o 2.4 mK
for resistance Artifact calibration
thermometers ™ 239°C 4.8 mK
Pt100 -200°C to 800 °C (12 x19° x T/°C + 4) mK
Pt25 -200°C to -150°C 2.3 mK
>-150°C to 800 °C (19 x 19"3)x T/°C + 10) mK
Pt500 -200°C to 300 °C (13 x10*3). T/°C + 3.5) mK
>300°C to 800 °C (18 x 1°%(-3) T/°C + 5.4) mK
Pt1000 -200°C to 800 °C (17 x20*(3) T/°C + 3.8) mK
for base metal -200°C to <0°C (-85 x1°x T/°C + 11) mK T: temperature in °C
thermocouples o —
Type K 0°C to 1300 °C DKD-R 5-5:2018 (5.7Ax x (T/°C)
without reference point | +0.17 x 1*-3 x T/°C + 11) mK
Type ) -200°C  to <0°C compensation (-61 x 231 T/°C + 8) mK
0°C to 1200 °C (5.6 x10(3) T/°C + 8) mK
Type T -200°C to <0°C (-80 x1°°x T/°C + 11) mK
0°C to 400 °C 11 mK
Type E -200°C to <0°C (-56 x10*(3) T/°C + 7) mK
0°C to 1000 °C (4.4 x1°(3) T/°C + 7) mK
Type N -200°C to <0°C (-0.12 x 10*3)x T/°C + 16) mK
0 0 (12 x1"C9) x (T/°C))
0°c 1w 1300°c +10-19°03) . T/°C + 16 mK
prmamsmﬁm 0°C to 500 °C (-64 x 13 x T/°C + 75) mK T: temperature in °C
thermocouples ™
Type R, Type S 1768 °C DKD-R 5-5:2018
’ >500°C  to without reference point 45 mK
Type B 50°C  to 1200 °C compensation (26 x 1% x (T/°C) -85) mK
>1200°C to 1820°C 60 mK
for utc = Uncertainty of the
theil;mocoupl DKD-R 5-5:2018 BT a— d.lsplay device or
s 0 o ) ) -Tc simulator for
-200°C to 1500 °C with reference. point (\/( ) + 602) mK thermocouples without
compensation mK reference point
in mK
Measurement ° °
-80°C to 180 °C . 0.50 K
points in climatic DKD-R 5-7:2018
chambers ¥ >180°C to 300 °C Method C 0.70K
Climate chambers -80°C to 100 °C 0.55 K
>100°C to 180 °C DKD-R 5-7:2018 0.75 K
Method A or B
>180°C to 300 °C 1.0K
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Appendix to Accreditation Certificate D-K-15019-01-02

Thermodynamic parameters — Humidity parameters

On-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Remarks
Dew point temperature QMH XIV.5 Version 7.0 Comparison with
Dew point Airflow temperature: 10 °C Dew point mirror
hygrometer 28°C to 24.5°C to 25 °C 0.080 K in the climate generator
Relative humidity:
5% to 95%
QMH XIV.5 Version 7.0
Airflow temperature:
-17°C to 44 °C >25°Cto45°C 0.10K
relative humidity:
5% to 95%
QMH XIV.5 Version 7.0
Air flow temperature:
-3°C to 58 °C >45°Cto 60 °C 0.15K
Relative humidity:
5% to 90%
relative humidity 5% to 20% 0.25% Measurement uncertainty
Humidity measuring QMH XIV.5 Version 7.0 Air expressed as
instruments >20% to 40% flow temperature: 10 °C to 0.50% absolute value of
; o relative humidity
and transmitters >40% to 60% 25 °C 0.75%
>60% to 80% Dew point temperature : 1.0% Comparison with the
—28°Cto24.5°C dew point mirror in
>80% to 95% 1.2% )
Climate generator
5% to 20% 0.65%
QMH XIV.5 Version 7.0
>20% to 40% 0.90%
Air flow temperature:
>40% to 60% > 25 °Cto 45 °C 1.2%
>60% to 80% Dew point temperature w: 1.4%
-17°Cto 44 °C
>80% to 95% 1.6%
5% to 20% 0.85%
QMH XIV.5 Version 7.0
>20% to 40% 1.1%
Air flow temperature:
>40% to 60% > 45 °C to 60 °C 1.4%
>60% to 80% Dew point temperature w: 16%
-3°Cto58°C
>80% to 90% 1.8
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Deutsche

Appendix to Accreditation Certificate D-K-15019-01-02 Akkreditierungsstelle

On-site calibration

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
quantity / Calibration range / span conditions / measurement Comments
object Method uncertainty
Measurement locations Measurement uncertainty
0, 0, 0,
in 5% 1o 30% 1.0% expressed as
Climate chambers with
Recirculated air ¥ DKD-R 5-7:2018 Absolute value of
>30% to 60 % Method C 1.5% relative humidity
Air flow temperature:
10°Cto 90 °C Humidity reference value
>60% to 80% Dew point temperature : 2.0% is c.altculated from the dew
o o poin
—28°Ct089.8°C temperature and air flow
>80% to 98% 2.5% temperature at the
measurement point
Climate chambers with Measurement uncertainty
forced air circulation 5% to 30% 1.5% expressed as
DKD-R 5-7:2018 Absolute value of
>30% to 60% Method A or B 2.0% relative humidity
Air flow temperature:
10 °Cto 90 °C Humidity reference value
>60% to 80% Dew point temperature : 2.5% s c'altculated from the dew
. . poin
—28°Ct089.8°C temperature and air flow
>80% to 98% 3.0% temperature at the
measurement point

On-site calibration

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / span conditions / measurement Remarks
object Methods uncertainty
Volume flow rate Q of Q = measured value
flowing gases Flow meteror |  0.005 L/min to 0.03 L/min 0.3 mL/min calibration medium dry air
controller with a Laminar flow elements as (relative humidity < 10%)
display or standard Measuring ranges based on
>0.03 L/minto 200 L/min 1-107.Q
Transmitter with to dry air of
electronic >200L/minto 500 L/min MFC as standard 0.89 -2 . Q +0.52 L/min 0°C, 1013.25 mbar
Interface
Valid from: 20
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Appendix to Accreditation Certificate D-K-15019-01-02

Mechanical parameters — pressure

On-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions measurement uncertainty | Remarks
object Measurement / Method
span
Pressure Pressure medium: Gas
" DKD-R 6-1:2014
Absolute pressure pabs The measurement
uncertainty
A=5
>0 bar to 21bar|  Calibration method: | >0 20" xpabs T 12 MPAT¥ | of the barometer usaro
pabs = pe T pamb must be taken into
-5
>21 bar to 251 bar 5.1x10%  +30mbar+ . |account.
Absolute pressure pabs Reference value:
1 bar; 2 bar to 71 bar DKD-R 6-1:2014 7.8 x 107> paps + 0.36 mbar + upar (pabs = pamb)
Calibrati hod: Pressure medium: oil.
alibration method: The measurement
> 71 bar to 701 bar| pabs = pe * pamb 8.2x10775 abs+ 0.72 mbar + upare | uncertainty of the yparo

barometer
must be taken into
account.

Absolute pressure pabs

900 mbar to 1100 mbarj

esz QMH XXIIl.4.2 v5.0

2.9 x 107X pabs + 15 pbar

Reference value:

(pabs = pamb)

Single-point
measurement at

current
ambient

Absolute pressure pabs *)

>0 bar to 301 bar|

> 301 bar to 1001 bar]

DKD-R 6-1:2014

Calibration method:

pabs = pe + pamb

5.1 x 10773 paps + 30 mbar

Pressure medium: Water

The measurement

7.4 x 107> pabs + 40 mbar

uncertainty

of the ubaro barometer
must be taken into
account.

Positive and negative
overpressure p, *)

—200 mbar to 200 mbar

25 pbar

Pressure medium: Gas

-1 bar to 2 bar 3.3 x 1075 pe + 0.25 mbar
> 2 bar to 20 bar DKD-R 6-1:2014 4.3 x 1075 pe+ 0.61 mbar
> 20 bar to 100 bar 9.0 x 1075 e + 3.7 mbar
> 100 bar to 300 bar 5.1 x 1075 .pe + 30 mbar
Gauge pressure pe * Reference value:
0 bar; 1 bar to 70 bar 7.8x1075 pe + 0.36 mbar (e = 0 bar)
pe =
DKD-R 6-1:2014 ) )
>70barto 700 bar 8.2 1085 e+ 0.72 mpar | Pressure medium: oil
Gauge pressure pe " . Pressure medium: water
>0 bar to 300 bar 5.1 x 1075 pabs + 30 mbar
DKD-R 6-1:2014
>300barto 1000 bar 7.4 x 10775 pabs + 40 mbar
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Mechanical quantities — Force

On-site calibration

( DAKKS

Calibration and measurement capabilities (CMC)

Deutsche
Akkreditierungsstelle

Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
object Measurement Method uncertainty
span
Force Tensil d
Measuring SON to  50kN enstean . 0.05%
. compressive force in
instruments and .
transducers ™ accordance with DKD-R
3-3:2018
Mechanical quantities — Torque
On-site calibration
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded
variable / Calibration range / conditions / measurement Comments
Torque 0.2N'm to <1Nm 0.9% Torque
Manually operated . i 059 Screwdrivers
Torque - Screwdriving INm to 10N-m DIN EN ISO 5%
tools 0.4N‘m to <4 N'm 6789-2:2017 0.7% Torque wrench
4N'm to 1110Nm 0.5%
Torque Torque M: measured value in N-m
transducers in test ON-m to 100 N-m 0.001-M +0.025 N-m
benches Bending moments and
AA0397 Version 1.0 g ,
6A £2023) transverse forces acting
(16 Augus on the calibration device
>100N-m to 10 kN-m 0.002-M +0.050 N-m must be taken into

account.

Mechanical measurement quantities — scales

On-site calibration

Calibrationandmeasurementcapacities(CMC)

Measurement Measuring Measurement Expanded Comments
quantity / Calibration range / conditions / measurement
object Measurement Method uncertainty
span

Scales Non-automatic <50 kg EURAMET cg-18:2015 1.10° With weights Accuracy class

electronic scales ™ DKD-R 7-2:2018 e2according to OIML R111-

1:2004
<150 kg 2 x10° With weights of accuracy

class r2 according to OIML
R111-1:2004
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Appendix to Accreditation Certificate D-K-15019-01-02

Mechanical measurement quantities — Measuring instruments in the automotive sector (MIK)

On-site calibration

( DAKKS

Deutsche
Akkreditierungsstelle

Calibrationandmeasurementcapacities(CMC)

Measured quantity Measurement Measurement Expanded
/ Calibration object range / conditions / measurement Comments
Roller brake test benches ON upto <2kN Traffic Bulletin 2016 19N F: force displayed on the
Volume 14 No. 115 brake test bench
2 kN to 4 kN : 0.46%-F+7N
Measurement system:
SaN o 8 kN 0.43% F+8N force transducer with
QMH Chapter XXVII.1.2: load frame
>8kN to 40 kN Version 5 0.70% - F
OkN to 4 kN Comparison method: 0.40%-F+4N F:force displayed on the
XXvil.1.2.1 brake test bench
oL .
>4kN to 8 kN Mass-lever method: 0.65% - F Measurement system:
S8KkN to ao0kN | XXVILL.2.2 0.90% - F Lever with mass blocks
Disc brake test benches Traffic Bulletin 2016 o . F: force displayed on the
ON upto <2kN Volume 14 No. 115 020%-F+12N brake test bench
QMH Chapter XXVI1.1.2: Measurement system: Force
2kN to 10 kN Version 5 0.70%-F+2N transducer
Headlamp Traffic Bulletin 2016 Stating the
Adjustment Testers (SEP) Volume 14, No. 115 measurement
Tilt uncertainty as an
Traffic Bulletin 2018 absolute value of the
0% to 6% Volume 23, No. 174 01% slope
QVH
Chapter: XXIX. 3
Version 6.0
Installation surfaces for Traffic Bulletin 2018 Statement of
headlamp alignment Volume 23, No. 174 measurement
test equipment (ASEP) 0% to 10% 0.038% uncertainty as an
Slope QMH Chapter: XXIX. 3 absolute value of the
Version 6.0 slope
Parking areas for Measuring system: Self-
motor vehicles Om up 10m 0.23 mm/m levelling line laser
0% to 10%
Slope o o +0.53 mm/L DIN 18202:2013
up Traffic Bulletin 2018
Flatness Volume 23, No. 174
L: measured length in metres
QMH Chapter: XXIX. 3 0.53 mm
Omm 1o 50 mm Version 6.0 +0.23 mm/m - R R: Grid point spacing in
metres
Valid from: 20
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( DAKKS

Deutsche
Akkreditierungsstelle

Mechanical measurement parameters — measuring instruments in the automotive sector (MIK)

On-site calibration

Measurement
quantity / Calibration
object

Calibration and measurement capabilities (CMC)

Measurement
range / span

Measurement
conditions /
procedure

Expanded
measurement
uncertainty

Comments

Exhaust gas analysers for
spark-ignition engines
Propane gas concentration
C3H8

ppm vol = 10-6. m3/m3

% vol =10-2. m3/m3

80 ppm vol 2 ppm by volume

200 ppm vol 3 ppm vol

2000 ppm vol 24 ppm vol

Carbon dioxide co2 3% vol 0.039% vol

6% vol 0.072% vol
14% vol 0.17% vol

Carbon monoxide CO 0.1% vol 0.0039% vol
0.5% vol Traffic Bulletin 2018, 0.0070% vol
3.5% vol Issue 11, No. 100 0.042% vol
Oxygen o2 20.9% vol 0.31% vol

QMH Chapter 26-7 XXX
Exhaust gas analysers for .

A Opacity measurement
compression-ignition with neutral density
engines filter.

Opacity 10%; 30%; 50%; 70% 0.9% The measurement
uncertainty is
the absolute value of the
turbidity level.
Turbidity coefficient 0.25m1 0.02m* The turbidity
o o coefficient is
0.83 0.03 calculated from the
1.61m1 0.04 ™1 turbidity level.
2.80™1 0.07 ™1
Valid from: 20
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On-site calibration
Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded Comments
variable / Calibration Measurement span conditions / measurement
object procedures uncertainty
Exhaust gas analysers The mean particle size
for compression- must be in the range
ignition engines 5 X 10%m™ 10 50 X 10%em*® Lk from 10 nm to 200 nm.
Particle number AA0399 Version 1.0
concentration Traffic Bulletin 2021
Particle generators and Issue 11, No. 133
measuring instruments |> 50 x 10°cm?®tg 3 x 10°cm™ 13%
(aerosol)
Abbreviations used:
AA Work instruction (in-house developed procedure) of esz AG
cMmC Calibration and measurement capabilities (calibration and measurement

capabilities) DIN German Institute for Standardisation
DKD-R Guideline of the German Calibration Service (DKD), issued by the Physikalisch-Technische
Bundesanstalt

EN European standard

EURAMET European Association of National Metrology Institutes
OIML International Organisation of Legal Metrology

QMH Quality Management Manual (in-house procedure) of esz AG
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