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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. The calibration laboratory meets additional legal
and normative requirements, if applicable, including those in relevant sectoral schemes, provided that
these are explicitly confirmed below.

The management system requirements of DIN EN ISO/IEC 17025 are written in the language relevant
to the operations of calibration laboratories and they conform to the principles of DIN EN I1SO 9001.

Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 2 of 173
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Calibrations in the fields of:

Electrical measurement quantities
Direct current and low frequency

Voltage ?
Current
Voltage ratio ?
High voltage measurement quantities
Resistance ?
Charge ?

Phase angle
Electric power
Power factor ?
Electric energy ?
Inductance ?
Capacitance ?

Time and frequency

Time interval @
Frequency and rotational frequency ?

Dimensional measurement quantities
Length

Diameter ?

Thread @

Parallel end dimensions

Length measuring instruments 2
Line scales, distances ?

Angle

Inclination

3 3lso on-site calibrations

High-frequency and radiation measurement
quantities

High frequency measurement quantities

- RF voltage

- RFcurrent?

- RFimpedance (reflection coefficient) ?

- RF power?

- RF attenuation ?

- Pulse-shaped measurement quantities

a)

- Oscilloscope measurement quantities

- Risetime?

- Bandwidth ?

Optical measurement quantities

- 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.

Valid from: 16.03.2026
Date of issue: 16.03.2026
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Electrical measurement quantities — DC power and low frequency

DC and AC voltage

Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)
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Measurement quantity | Measurement range / Expanded K
/ calibration object measurement span I\./I'easurement measurement Remarks
conditions / procedure .
uncertainty
DC voltage oV 35 nV Short-circuit bridge
OV to 200mV 14 nVv Calibration of voltage
>200mV to 2V 0.10 pVv sources
>2V to 10V 0.16 pVv
OmV to <200 12 nV Calibration of the non-
mv n linearity of voltmeters
200mV to <2V 40 nV
2V to 10V 0.25 pv
>0mV to <2V 0.12 pv Calibration of
2V to 10V 0.27 pV voltmeter deviation
>10V to 100V 0.28-10%- U-0.34 uV | U=measured value
>100V to 1050V 0.24 - 10°%- U + 64 uv
High voltage 1kv to 10kVv 7.9-106-U+17mV
>10kV to 60kV 46-10%- U+0.95V
AC voltage 2mV to 10mV 10 Hz; 12.5 Hz 26-106- U+0.11 uv U = measured value
20 Hz; 25 Hz; 30 Hz; 37.5 When calibrating
Hz; 40 Hz; 75 Hz; 80 Hz; 28 -10%- U+23nV measuring
125 Hz; 312.5 Hz; 375 Hz instruments, the
48 Hz; 60 Hz; 62.5 Hz 19-10%- U+0.11 pv | influence of load
625Hz; 937.5Hz; 1kHz | 17-10%-U+012 v | mPedance and
repeatability must be
>10mV to 60mV 10 Hz; 12.5 Hz 13-10%- U+0.19 WV | taken into account
20 Hz; 25 Hz; 30 Hz; 37.5
Hz; 40 Hz; 75 Hz; 80 Hz; 8.6-10%- U+0.16 uv
125 Hz; 312.5 Hz; 375 Hz
48 Hz; 60 Hz; 62.5 Hz 10-10%- U+0.16 pv
625 Hz; 937.5 Hz; 1 kHz 9.1-10%- U+0.16 uv
60mV to 7.2V 10 Hz; 12.5 Hz 10-10°- U+0.14 pv
20 Hz; 25 Hz; 30 Hz; 37.5
Hz; 40 Hz; 75 Hz; 80 Hz; 2.2-10%- U+0.16 pv
125 Hz; 312.5 Hz; 375 Hz
48 Hz; 60 Hz; 62.5 Hz 4.2-10%- U+0.14 pv
625 Hz; 937.5 Hz; 1 kHz 1.4-10%- U+0.16 v
Valid from: 16.03.2026
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range / Expanded K
/ calibration object measurement span Measurement measurement Remarks
conditions / procedure .
uncertainty
AC voltage 2mVto22V 10 Hz to 1 MHz U = measured value
Ranges 2mV 10 Hz; 20 Hz; 40 Hz; 55 Hz; When calibrating
120 Hz; 400 Hz; measuring
500 Hz; 0.29-103-U instruments, the
1 kHz; 10 kHz; 20 kHz; influence of the
50 kHz; 70 kHz; 100 kHz; load/connection
200 kHz; 300 kHz impedance and
500 kHz 0.32-103-U repeatability must be
1 MHz 0.43-103-U taken into account
6 mV 10 Hz 0.16-103-U
20 Hz 0.14-103-U
40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 3 Intermediate values
10 kHz; 20 kHz; 50 kHz; 013-10%-U increase the
70 kHz; 100 kHz; 200 kHz measurement
300 kHz 0.15-103-U uncertainty
500 kHz 0.17-103-U
1 MHz 0.22-103-U
10 mV 10 Hz 0.13-103-U
20 Hz 0.12-103-U
40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz;
’ ’ ’ .103 -
10 kHz; 20 kHz; 50 kHz; 0.10-10°-U
70 kHz; 100 kHz; 200 kHz
300 kHz 0.12-103-U
500 kHz 0.16-103-U
1 MHz 0.21-103-U
20 mVv 10 Hz 0.12-103-U
20 Hz 0.11-103-U
40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz;
’ ’ ’ .106 -
10 kHz; 20 kHz; 50 kHz; 86-10°-U
70 kHz; 100 kHz; 200 kHz
300 kHz 0.11-103-U
500 kHz 0.13-103-U
1 MHz 0.17-103-U
60 mV 10 Hz 54-.10%-U
20 Hz; 40 Hz; 55 Hz;
120 Hz; 400 Hz; 500 Hz;
’ ’ ’ .106 -
1 kHz; 10 kHz; 20 kHz; 32-10°-U
50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 46-10°-U
500 kHz 60-106-U
1 MHz 95-10°-U
Valid from: 16.03.2026
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Permanent laborator

y — Location Eichenau

Calibration and Measurement Capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement quantity | Measurement range / Expanded K
/ calibration object measurement span Measurement measurement Remarks
conditions / procedure .
uncertainty
AC voltage 100 mV 10 Hz 22-10%-U U = measured value.
Ranges 20 Hz; 40 Hz 20-10%-U
55 Hz: 120 Hz 17 -10%-U When calibrating
400 Hz; 500 Hz; 1 kHz; measuring
10 kHz; 20 kHz; 50 kHz; 1510 U instruments, the
70 kHz: 100 kHz influence of the
200 kHz; 300 kHz 25-106- U load/connection
500 kHz 34-10%- U impedance and
" repeatability must be
1 MHz 23-10°-U taken into account
200 mV 10 Hz 37-10%-U
20 Hz; 40 Hz 18-10%-U
55 Hz; 120 Hz 15.106- U Intermediate values
400 Hz; 500 Hz; 1 kHz; increase the
10 kHz; 20 kHz; 50 kHz; 12-106-U measurement
70 kHz uncertainty
100 kHz 13-10%-U
200 kHz; 300 kHz 23-10%-U
500 kHz 33-10%-U
1 MHz 49-10°-U
600 mV 10 Hz 31-10- U
20 Hz; 40 Hz 16-10%- U
55 Hz; 120 Hz 13-10%-U
400 Hz; 500 Hz; 1 kHz;
10 kHz; 20 kHz; 50 kHz; 10-10%-U
70 kHz
100 kHz 11-10%-U
200 kHz; 300 kHz 21-106-U
500 kHz 33-106-U
1 MHz 50-106-U
1V 10 Hz 17-10°-U
20 Hz; 40 Hz 11-10%-U
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 7-10%-U
20 kHz; 50 kHz; 70 kHz
100 kHz 9-10°%-U
200 kHz; 300 kHz 13-10%- U
500 kHz 17 -10%-U
1 MHz 30-10¢-U
Valid from: 16.03.2026
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Permanent laboratory — Location Eichenau

Calibration and Measurement Capabilities (CMC)
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Measurement quantity | Measurement range / Expanded K
/ calibration object measurement span Measurement measurement Remarks
conditions / procedure .
uncertainty
AC voltage 2V 10 Hz 38-10%-U U = measured value
Ranges 20 Hz; 40 Hz 12-10%-U
55 Hz; 120 Hz; 400 Hz; When calibrating
500 Hz; 1 kHz; 10 kHz; 7-10%-U measuring
20 kHz; 50 kHz; 70 kHz instruments, the
100 kHz 9.106-U influence of the
200 kHz; 300 kHz 11-10%-U load/connection
500 kHz 16-10%-U 'mpedart‘)?l? and .
1 MHz 29-106-U repeat.a ility must be
taken into account
4V;6V 10 Hz 32-106-U
. . -6 .
20 Hz; 40 Hz 13-10°-U Intermediate values
55 Hz; 120 Hz; 400 Hz; increase the
500 Hz.; 1 kHz;.10 kHz;. 9.106. U measurement
20 kHz; 50 kHz; 70 kHz; uncertainty
100 kHz
200 kHz; 300 kHz 21-10%-U
500 kHz 32-10%-U
1 MHz 35.10%-U
8V;10V 10 Hz 19-10%-U
20 Hz 13-10%-U
40 Hz 10-10%-U
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz;
’ ’ ’ .10 -
20 kHz; 50 kHz; 70 kHz; 8-10%-U
100 kHz
200 kHz; 300 kHz 15-10%-U
500 kHz 30-10%-U
1 MHz 47 -10%-U
20V 10 Hz 29-10%-U
20 Hz 14-10%-U
40 Hz 11-10%-U
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 9-10°-U
20 kHz; 50 kHz; 70 kHz
100 kHz 10-10%-U
200 kHz; 300 kHz 16 -10°- U
500 kHz 32-10%-U
1 MHz 49 -10%-U
12Vv;15V; 19V 1 kHz; 10 kHz; 100 kHz 10-10%-U
Valid from: 16.03.2026
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Permanent laborator

Measurement quantity
/ calibration object

y — Location Eichenau

Calibration and Measurement Capabilities (CMC)

Measurement range /
measurement span

Measurement
conditions / procedure

(

DAKKS

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Remarks

AC voltage U = measured value.
Ranges >22Vto70V 10 Hz to 300 kHz
60V 10 Hz 23-10%-U When calibrating
20 Hz; 40 Hz 15-106- U measuring
55 Hz; 120 Hz 13.106-U ?nstruments, the
influence of the
400 Hz; 500 Hz; 1 kHz; 9-10%-U load/connection
10 kHz; 20 kHz; 50 kHz .
impedance and
70 kHz 10-10°-U repeatability must be
100 kHz 14-10°-U taken into account
200 kHz; 300 kHz 22-10%-U
>70Vto 110V 10 Hz to 200 kHz .
Intermediate values
100V 10 Hz; 20 Hz 19-10%- U increase the
40 Hz 15-10%-U measurement
55 Hz; 120 Hz; 400 Hz; uncertainty
500 Hz; 1 kHz; 10 kHz; 13-106-U
20 kHz; 50 kHz
70 kHz 20-106-U
100 kHz 32-10%-U
200 kHz 37-10%-U
>110Vto 700V 10 Hz to 100 kHz
200V 10 Hz 27 -10%-U
20 Hz 21-10%-U
40 Hz 16-10%-U
55 Hz; 120 Hz 15-106-U
400 Hz; 500 Hz; 1 kHz; 13-10%-U
10 kHz; 20 kHz; 50 kHz 17-10%-U
70 kHz 20-106-U
100 kHz 31-10%-U
600V 40 Hz 17-10%-U
55 Hz; 120 Hz; 400 Hz; 14-106- U
500 Hz
1 kHz; 10 kHz; 20 kHz; !
50 kHz 16-10%- U
70 kHz 25-10%-U
100 kHz 37-10%-U
>700V to 1000 V 10 Hz to 100 kHz
1000 V 40 Hz 16106 - U
55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 14-10%-U
20 kHz
50 kHz 25-10%-U
70 kHz 32-10%-U
100 kHz 42 -10°-U
Valid from: 16.03.2026
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Permanent laborator

y — Location Eichenau
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Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range / Expanded K
/ calibration object measurement span Measurement measurement Remarks
conditions / procedure .
uncertainty
High voltage 1kv to 10kV 10 Hz to 20 kHz 50-106-U+2V U = measured value
Sources >20kHz to 50 kHz 0.34-103-U+16V
>50kHz to 100 kHz 1.6-103-U+09V
>10kvV to 40kV 10Hz to  20kHz 0.10-103-U+3.7V
>20kHz to 50 kHz 0.43-103-U+2.1V
>50kHz to 100 kHz 1.7-103-U+0.7V
1kv to 10kv 50-106-U+2V
ing i 45H t 65 H
Measuring instruments 10kV to 30kV ot z 0.10-103-U+3.7V
Square-wave voltage SmV to 220 mV 10-10%-U+0.36 WV | sampling method at 10
+6.4-10°V/Hz - f MQ load range Range
9.3:10%-U+0.35uV | in voltage peak-to-
>220mV to 2.2V +7.0-10°V/Hz - f peak
22V to 22V 9.3-10°- f/" 0.58 WV | | = peak value of the
+14-10°V/Hz - f voltage
1 Hz to 10 kHz v 8
>22V to 220V 12-10°-U+35uV | f=frequency
+75-10°V/Hz - f The additional
influence of deviating
load conditions (such
as 50 Q or 1 MQ) must
be taken into account
AC voltage 5mV to 5V DC to 10 MHz 25-103-U+0.2 uv Oscilloscope as
Amplitude parameters >10 MHz to 100 MHz 37-103-U+0.5uv |standard
> 100 MHz to 300 MHz 44-103-U+0.4uV | U=measured value
>300 MHz to 1 GHz 70-103-U
>5V to 50V DCto 2 kHz 12-103-U+0.7 pv
> 2 kHz to 10 MHz 25-103-U+0.7 v
Valid from: 16.03.2026
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DC and AC current

Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

(

DAKKS

Deutsche

Akkreditierungsstelle

Measurement quantity / | Measurement range L Expanded
calibration object / measurement span | Measurement conditions / measurement Remarks
procedure .
uncertainty
AC current | = measured value
Measuring instruments 100KA o A 10 Hz *° 1 kHz 22nAtodLuA f=frequency
10 Hz; 12.5 Hz; 20 Hz 62-106-/
25 Hz; 30 Hz; 37.5 Hz; Intermediate values
100 pA; 200 pA; 40 Hz; 48 Hz; 60 Hz; and deviating
500 pA 62.5 Hz; 75 Hz; 80 Hz; 2210/ measurement
125 Hz; 312.5 Hz; 375 Hz; conditions increase the
625 Hz; 937.5 Hz; 1 kHz measurement
10 Hz; 12.5 Hz 25-10%-/ uncertainty
20 Hz 22-106-/
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-.10°%-/
20 Hz 20-10°%-/
25 Hz; 30 Hz; 37.5 Hz;
2mA 40 Hz; 48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 15-10%-/
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°6-/
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 -10%6-/
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
10 Hz; 12.5 Hz 23-106-/
20 Hz; 25 Hz; 30 Hz; ’
37.5 Hz; 40 Hz 21-10°-1
50 mA 48 Hz; 60 Hz; 62.5 Hz 16-10°-/
75 Hz; 80 Hz; 125 Hz;
312.5 Hz; 375 Hz; 625 Hz; 15-10%-/
937.5 Hz; 1 kHz
Valid from: 16.03.2026
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement quantity / | Measurement range diti Expanded K
calibration object / measurement span | Measurement con itions / measurement Remarks
procedure .
uncertainty
AC current 10 Hz; 12.5 Hz 25-10°6-/ | = measured value
20 Hz; 25 Hz; 30 Hz; f=frequency
ing i ’ ’ ’ .106-
Measuring instruments 37.5 Hz; 40 Hz 21-10°%-1
100 mA; 200 mA 48 Hz; 60 Hz; 62.5 Hz; 75 Hz; Intermediate values
. . and deviatin
80 Hz; 125 Hz; 16106 | gt
312.5 Hz; 375 Hz; 625 Hz; measuremen
937.5 Hz: 1 kHz conditions increase the
10 Hz; 12.5 Hz 30-10%-/ measurement
uncertainty
20 Hz 28 -10°%-/
25 Hz; 30 Hz; 37.5 Hz;
500 mA; 1 A 40 Hz; 75 Hz; 80 Hz; 23.10%. |
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
48 Hz; 60 Hz; 62.5 Hz 24 -10°%-/
10 Hz; 12.5 Hz; 20 Hz 50-10°6-/

25 Hz; 30 Hz; 37.5 Hz;
40 Hz; 48 Hz; 60 Hz;

2A 62.5 Hz; 75 Hz; 80 Hz; 45-106-/
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
AC current 100pA to 100 A 10Hz to 10 kHz 4.4 nAto 6.5 mA
10 Hz; 20 Hz 76 - 106 |
40 Hz; 55 Hz; 120 Hz; 400 Hz;
’ 7 ’ ’ . _6.
100 wA 500 Hz; 1 kHz 44-10°-1
10 kHz 47 -10°6- |
10 Hz; 20 Hz 68 - 106- |
40 Hz 39-106-/
200 pA 55 Hz; 120 Hz; 400 Hz; .
500 Hz; 1 kHz 36-10%-1
10 kHz 39-106-/
10 Hz; 20 Hz 64 - 106- |
0.5 mA 40 Hz; 55 Hz; 120 Hz 28-106- |
' 400 Hz; 500 Hz; 1 kHz 27 -106- |
10 kHz 32-106-/
10 Hz 33-106-/
20 Hz 30-106-/
40 Hz; 55 Hz 26-106- |
1 mA 120 Hz; 400 Hz; 500 Hz;
’ ’ ’ .106-
1 kHa 25-106-/
10 kHz 27 -106- |
Valid from: 16.03.2026
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement quantity / | Measurement range diti Expanded K
calibration object / measurement span | Measurement con itions / measurement Remarks
procedure .
uncertainty
AC current 10 Hz 32-10°6-/ | = measured value
20 Hz 29-10%-/ f=frequency
2 mA 40 Hz; 55 Hz; 120 Hz; .
400 Hz; 500 Hz; 1 kHz; 24-10%- | Intermediate values
Lok o deviaing
. -6 .
10 Hz 32-10°-/ conditions increase the
20 Hz; 40 Hz 2910 measurement
5mA 55 Hz; 120 Hz; 400 Hz; uncertainty
500 Hz; 1 kHz; 24 -10°6-/
10 kHz
10 Hz 26-10°6-/
20 Hz 24 -10°6- |
10 mA 40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
400 Hz; 500 Hz; 1 kHz 19-10%-1
10 kHz 22-10°6-/
10 Hz 25106/
20 Hz 23-10°%-/
20 mA 40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
400 Hz; 500 Hz; 1 kHz 17-0%-1
10 kHz 19-10%¢-/
10 Hz 25106/
20 Hz; 40 Hz 23-10°%-/
50 mA 55 Hz; 120 Hz;
4 4 . -6 .
400 Hz; 500 Hz; 1 kHz 17-10°-1
10 kHz 19-10%€-/
10 Hz 26-10°%-/
20 Hz; 40 Hz 24 -10°6-/
55 Hz; 120 Hz;
¢ ’ .106-
100 mA 400 Hz; 500 Hz 18-10%-1
1 kHz; 10 kHz 20-10°6-/
10 Hz 27 -10°%-/
200 mA 20 Hz; 40 Hz 24 -10°6-/
m 55 Hz; 120 Hz; 18.105. |
400 Hz; 500 Hz; 1 kHz
10 kHz 20-10%- /
10 Hz 36106/
. 6.
200 mA 20H '5250HH'2120H - S
%20 NG % 31-10%-/
400 Hz; 500 Hz; 1 kHz; 10 kHz
Valid from: 16.03.2026
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement quantity / | Measurement range diti Expanded K
calibration object / measurement span | Measurement con itions / measurement Remarks
procedure .
uncertainty
AC current 10 Hz 32-106-/ | = measured value
20 Hz 29-106-/ f=frequency
1A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25.10%-/ Intermediate values
10 kHz and deviating
10 Hz; 20 Hz 40-10°-/ (r::JiadsiEcjifnns]?:ctrease the
2 A 40 Hz;.55 Hz; ]:20 Hz;‘ . measurement
400 Hz; 500 Hz; 1 kHz; 34-10%-/ uncertainty
10 kHz
10 Hz 39-10°6-/
20 Hz 37-10°%-/
5A;10A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 32-10°6-/
10 kHz
10 Hz; 20 Hz 57-10°6-/
20 A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 53-.10°6-/
10 kHz
10 Hz; 20 Hz 64 -10°6-/
40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
S0A 400 Hz; 500 Hz 291071
1 kHz; 10 kHz 68-10°6-/
10 Hz; 20 Hz 75-10°6-/
40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
100 A 400 Hz; 500 Hz 65-10%-1
1 kHz; 10 kHz 75-10°6-/
12 mAto 24 mA
100A to 200A
10 Hz to 10 kHz 0.13-103-/
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /
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Measurement range diti Expanded K
calibration object / measurement span | Measurement con itions / measurement Remarks
procedure .
uncertainty
AC current 200A to 300A 10Hz  to  1kHz 0.30-103-/-0.53 mA |/=measured value
f=frequency
Sources 10 Hz to 65 Hz 0.48-103-/+11mA
65 Hz to 100 Hz 0.49-103-/+11mA
300A to 495A
100 Hz to 400 Hz 0.74-103-1+7.7mA
400 Hz to 1 kHz 1.5-103-/+4.0mA
AC current Win is the relative
Current clamps and o uncertainty of t,he
current clamp 1 to N windings current of the single
W2+ W2, -1 winding. Wpuyr is the
transformers 10H 1kH in bur | ]
10uA to 2400A OHzto z relative uncertainty of
> 1 kHz to 10 kHz/N but not less than the object under test
90-10%-/or8nA |inthe stray field of the
current-carrying
conductor
Equivalent leakage current /
Total uncertainty U
depends on the
. 6.
0.2pA  to 200 mA at Ryto 1 GQ 10-10 _3I to relative uncertainty
5.8-103-1/
. U(RN)/RN of the
See matrix M.1 . . -
calibration resistor Ry
Matrix M.1 Equivalent leakage current
Standard resistance Rn 1kQ 10 kQ 100 kO 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 A 600 nA 60 nA
110V 110 mA 11 mA 1.1 mA 110 pA 11 pA 1.1pA 110 nA
230V 230 mA 0 s ma 10 23mA 230 uA ¥ A 0 2.3pA 06 230 nA >8
400V 400 mA 40 mA 4mA 400 pA 40 uA 4.0 uA 400 nA
Valid from: 16.03.2026
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Measurement Measurement range / Measurement Expanded
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
DC current OpA to 10nA 0.85fAto 51 fA | = measured value
Sources, measuring OpA 12 fA i
- , 1pA 0.85-103-/ Intermediate values
instruments 10 pA 0.53-103-/ increase the
100 pA 75-10%6-/ measurement
1nA 10-10%6-/ uncertainty
10 nA 5.1-10°6-/
>10nA to 100nA 4.1-10%-/+10fA I = measured value
>100nA to <1pA 1.4-10°6- [ +0.21 pA
1yA to 10pA 1.4-10%-/+0.19 pA
>10p4A to 100 puA 1.4-106-/+ 1.8 pA
>100 WA to 500 pA 1.1-106- [+ 72 pA
20uA to 200 pA 1.4-106- [ + 14 pA
200pA to 2mA 0.54-10°-/+0.23 nA
2mA to 10mA 1.1-10%-/+2.4nA
10mA to 50mA 0.90-10%-/+25nA
50mA to 200mA 0.33:10°-/+0.26 uA
200mA to 1A 12 .10/
1A to 10A 16-10°6-/
10A to 100A 28 -10°-/
100A to 300A 37-10%-/
DC current 300A to 700A 27-10%-1+2.3 mA
Sources
DC current 20pA to 2mA 0.48-10°-/+19 pA
. 2mA to 20mA 1.1-10%-/+1.0nA
Measuring 20mA to 200 mA 0.26 - 10/ + 24 nA
instruments
200mA to 2A 12-10%-/
DC current Win is the relative
uncertainty of the
Current clamps and current of the single
current clamp W2 w2, - winding. Wour is the
transformers 0OA to 3000A 1 indi relative uncertaint
to N windings but not less than of the object under
8-10°-Jor6nA test in the stray field
of the current-
carrying conductor
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range/ | Measurement conditions / Expanded Remarks
/ calibration object measurement span procedure measurement
uncertainty
Charge Q 20 pC to 200 pC 0.50 - 103 Q + 0.025 pC | Rectangular current
ulses
>200 pC to 2nC 0.33-103-Q+0.05pC g 1's, duration t and
rise times < 10 ps as
a product
Q=1I-t
. Total uncertainty
.103-
>2nC to e 60-10%-Q+0.5pC calculated from the
relative uncertainty
W(lin) of the
calibration current
AC voltage RMS value of the 1t
Harmonics .
harmonic
Sources and U1 = RMS value of the
measuring 45 Hz < f,<65Hz 20-10%- Uy 15t harmonic
instruments 100mV  to 500V 1mV<U,<200V to Un = RMS value of the
1% < (Un / Us) < 40% 39106 Uy nt harmonic
100 mV 2<n<100 2610 U; fi t=hfrequency of the
15t harmonic
200 mv fas 6 kHz . 10%.
25-10°- Uy fn = frequency of the
1.2V 20-10%- Uy higher harmonic
8V 25-10%- Uy n=fu/fun>1
16V 30-10- U, The number of higher
30V " harmonics is limited
20-10°-Us to one higher
60V 20-10°%- U, harmonic
120V 30-10°%- U,
240V 39-10°%- U,
460 V 39-10°- U,
RMS value of the higher U1 = RMS value of the
harmonic 1st harmonic
Un = RMS value of the
1mV to 200V 45 Hz < f1< 65 Hz 0.13 - 103 - U, nth harmonic
100 mV < U, £500V to f1 = frequency of the
1% < (Un / U1) < 40% 11103 Uy 15t harmonic
2<n<100 fa=frequency of the
fa<6kHz See matrix M.15 higher harmonic
n :fn/fli n>1
The number of higher
harmonics is limited
to one higher
harmonic
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range/ | Measurement conditions / Expanded Remarks
/ calibration object measurement span procedure measurement
uncertainty
AC current RMS value of the /1 = RMS value of the 1+
H . 1st harmonic harmonic
armonics B th
100mA to  60A 45 Hz < f1< 65 Hz 32106/ I = RMS value of the n
Sources and harmonic
measuring 2sn<100 to f1=frequency of the 1
instruments Is<113 A 71-10%- 1 harmonic
1mA<I,<48A ’ » = frequency of the
100 mA fos 6nkHz 32-10°-h higher harmonic
n <
n =fn/,f1: n>1
% < <309 '
200 mA 1% < (In/ 1) < 30% 47-10% -1, The number of higher
harmonics is limited to
400 mA 47 -10°%- |, one higher harmonic
Is = peak value of the
800 mA 47 -10%- 1, current signal
1.6A 45-10- I, The measurement
uncertainty may
. increase for measuring
4A 57-10°- 1 instruments with a
connected (clamp)
5A 57-106- 1/, current transformer
16 A 55.106-/; The measuring range is
extended to 1< 600 A
30A 160mA</,<18A 71-10%- 1,
fn<3 kHz Current transformers
60 A 1% < (In / 11) < 30% 71-106-1; are calibrated in
conjunction with the
display device for the
secondary signal
Valid from: 16.03.2026
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Permanent laboratory

Measurement quantity
/ calibration object

Calibration and Measurement Capabilities (CMC)

Measurement range /
measurement span

Measurement conditions /

procedure

Expanded
measurement
uncertainty

Remarks

AC current
Harmonics

RMS value of the higher
harmonic

45 Hz < f1 <65 Hz
2<n<100
<113 A

Sources and
measuring
instruments

1mA to 48A

100 mA</1<16A
fn<6 kHz
1% <1,/ 1h<30%

0.22-103- 1,
to
0.46 - 103 -/,

see matrix M.16

160mA to 18A

16 A</1<60A
fn<3 kHz
1% < (In / 11) < 30%

0.22-103- 1,
to
0.46-103- 1,

see matrix M.16

I; = RMS value of the
15t harmonic

In = RMS value of the
nth harmonic

f1 =frequency of the
15t harmonic
fn=frequency of the
higher harmonic

n=fn/f1,n>1

The number of higher
harmonics is limited
to one higher
harmonic

Is = peak value of the
current signal

The measurement
uncertainty may
increase for
measuring
instruments with a
connected (clamp)
current transformer

The measuring range
is extended to
In<200 A

Current transformers
are calibrated in
conjunction with the
display device for the
secondary signal

Valid from:
Date of issue:
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Ui/V | Un/V 2 3 4 5 10 20 30 40 50 60 70 80 20 100
0.10 | 0001 | 1.1 | 1.1 | 057 | 0.57 | 0.50 | 0.49 | 0.49 | 0.49 | 0.48 | 0.48 | 0.48 | 0.48 | 0.48 | 0.48
0.10 | 0.01 | 017 | 0.17 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14
0.20 | 0.025 | 0.17 | 0.14 | 0.14 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
1.2 0.15 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
8.0 1.0 | 013 | 013 | 013 | 013 | 013 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
16 45 | 0.14 | 014 | 013 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
30 9.0 0.13 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
60 18 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
120 36 0.14 | 0.14 | 0.14 | 0.14 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
240 72 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
460 130 0.13 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
Matrix M.16 — Relative measurement uncertainty of the effective value I, of the higher harmonic at
the frequency f; = 50 Hzin mA/A
L/A Ih/A 2 3 4 5 10 20 30 40 50 60 70 80 920 100
0.1 0.01 | 024 | 024 | 022 | 022 | 022 | 022 | 022 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
0.2 0.025 | 0.24 | 0.24 | 022 | 022 | 022 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
0.4 0.05 | 024 | 0.24 | 0.23 | 0.23 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
0.8 01 | 022|022 022022022 022]|022]|022]|022 022|022 |02 |02 |02
1.6 0.016 | 0.46 | 0.46 | 0.46 | 0.46 | 0.32 | 0.28 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.22
1.6 02 | 022022022022 022]| 022022022022 |02 |02 |02 |02 |02
4 05 | 025025023023 |022]|022]|022]022]|022]|022]|022]|022]| 022|022
8 1 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 022 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
16 2 0.22 | 022 | 022 | 022 | 022 | 022 | 022 | 0.22 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
30 8 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 - - - -
60 15 023 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.24 | 0.24 | 0.24 | 0.24 - - - -
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Measurement quantity | Measurement range / | Measurement conditions Expanded Remarks
/ calibration object measurement span / procedure measurement
uncertainty
Flicker modulation 0.407% to 4.837% 1 min1< CPM <4800 min! AU/U = modulation
depth U=120V;U=230V depth
Sources U = RMS value of the

modulated AC

rectangular modulation -
voltage signal

1 mint < CPM <39 min! 1.0-103%
=50 Hz f= 60 Hz f=frequency of the
4 modulated AC
CPM =110 min 3.7-10%% voltage signal
f=50Hz; f=60Hz CPM = changes per
CPM = 1620 min't 12-103% minute
f=50Hz; f=60 Hz The combinations of
. AU/U and CPM
CPM = 4000 ml'n’l; 12-103% defined in DIN EN
CPM = 4800 min™* 61000-4-15:2011,
f=51Hz;f=61Hz Table 5 apply
Flicker modulation 0.407% to 4.837% 1 min1< CPM < 4800 min! AU/U = RMS depth
depth U=120V; U=230V U = effective value of
Measuring instruments the modulated AC

voltage signal
f=frequency of the

rectangular modulation

1 mint < CPM <39 min! 1.0-103%
=50 Hz F= 60 H modulated AC
f= zf= z voltage signal
CPM =110 min‘t 3.7-103% CPM = changes per
f=50Hz; f=60 Hz minute
CPM = 1620 min! 12 -103% The combinations of
f=50Hz; f=60 Hz AU/U and CPM
defined in DIN EN
_ [ . 10-39
CPM = 4000 m|.n 1, 28 -103% 61000-4-15:2011,
CPM = 4800 min- Table 5 apply
f=50Hz; f=60Hz
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range / | Measurement conditions Expanded Remarks
/ calibration object measurement span / procedure measurement
uncertainty
Flicker 83mHz to 40Hz 0.407% < (AU/U) < 4.837% 1.0 - 106 - friicker AU/U = modulation
frequency 1 min'1< CPM < 4800 mint depth
Sources and measuring U=120V;U=230V U =RMS value of the
instruments f=50Hz; f=60 Hz modulated AC
voltage signal
Rectangular modulation f =frequency of the
modulated AC
voltage signal
CPM = changes per
minute
friicker = CPM [/ 120
The combinations of
AU/U and CPM
defined in DIN EN
61000-4-15:2011,
Table 5 apply
Value at AU/U
Pst value only Pt =1 2.5-103 expressed in AU/U
rectangular flicker
AC voltage 0% to 30% 45 Hz to 5 kHz 0.5-10% - k+0.012% | /2Iues expressedin
Distortion factor k % distortion
> 5 kHz to 30 kHz 0.8-103-k+0.012%
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range / Measurement Expanded K
/ calibration object measurement span | conditions / procedure measurement Remarks
uncertainty
DC resistance 0a 2-wire short circuit 0.5mQ R = measured value
Sources. measurin 4-wire short circuit 0.35uQ . .
- . & 10u0 Ho <160 /=100 A 1.6 nQ 1049 Q Calibration of
instruments 10 uQ /=50 A 0.16 - 103-R measuring instruments
100 pQ /=10 A 34.106- R at the nominal values
1ma B 23.106- R of the standards
10 mQ 20-10°%-R
100 mQ 5.6-10%-R .
10: 0.32-106-R Intermediate values
10 0; 100 O; 1.0-10%- R and deviating
1 kQ: 0.59 - 106- R measurement
10 ké 0.56 - 106- R conditions increase the
100 kQ; 1 MQ; 1.4-106-R measurement
10 MQ; 4.1-106-R uncertainty
100 MQ 4.9-10%-R
1G6Q to 1TQ . 67 kQ to 72 MQ
Measuring voltage 100 V;
1 GQ; 10 GQ; 100 GQ; 1000 V 67-10°%-R
1TQ 72-10%-R
>1TQ to 120 TQ 0.13 GQ to 23 GQ
10 TQ; Measuring voltage 1000 V 0.13-103-R
100 TQ 0.23-103-R
100mQ to 20 0.39-106-R+0.25 uQ | R =measured value
20 to 10Q 0.43-10%-R+1.0 uQ
100 to 100 Q 1.2-10%-R-0.50 uQ
to .106-R -
100 Q 500 Q 3UA</<50 mA 0.52-10%-R-2.5puQ
500Q to 10 kQ 0.47 -10%-R+20 uQ
10kq to 100 kQ 0.73-10%-R-0.13 mQ
100k to 1.9 MQ 0.83-10°%- R+90 uQ
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Measurement quantity | Measurement range Measurement Expanded
/ calibration object | / measurement span | conditions / procedure measurement Remarks
uncertainty
AC resistance 10 to 10kQ 10 pA < /<50 mA 201010077 0 R = measured value
(absolute value of 10Hz to 1kHz I = current
impedance) 10 Hz; 12.5 Hz 30-106-R f= frequency
20 Hz; 25 Hz; 30 Hz; 24-10%- R
37.5Hz; 40 Hz .
48 Hz; 60 Hz, Inte.rm.edlate values and
10 62.5 Hz; 75 Hz; 80 Hz; deV|a.t|.ng rr?easurement
conditions increase the
125 Hz; 21-10%-R measurement
312.5 Hz; 375 Hz; .
625 Hz; 937.5 Hz; uncertainty
1 kHz
10 Hz; 12.5 Hz 26-10%-R
20 Hz; 25 Hz; 30 Hz; !
37.5 Hz; 40 Hz 21-10%-R
48 Hz; 60 Hz;
20 62.5 Hz; 75 Hz;
80 Hz; 125 Hz; !
312.5 Hz; 375 Hz; 16-10°-R
625 Hz; 937.5 Hz;
1 kHz
10 Hz; 12.5 Hz 25-10%-R
20 Hz 20-10%-R
25 Hz; 30 Hz;
50 37.5 Hz; 40 Hz;
48 Hz; 60 Hz;
62.5 Hz; 75 Hz; 80 Hz; 15-10%-R
125 Hz; 312.5 Hz;
375 Hz; 625 Hz;
937.5 Hz; 1 kHz
10 Hz; 12.5 Hz 24-106-R
20 Hz 19.10%- R
25 Hz; 30 Hz; 37.5 Hz; 40
100 Hz; 48 Hz; 60 Hz; 62.5 Hz;
75 Hz; 80 Hz; 125 Hz; .
312.5 Hz; 14-10°-R
375 Hz; 625 Hz;
937.5 Hz; 1 kHz
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement quantity | Measurement range Measurement Expanded
: : : s Remarks
/ calibration object / measurement span | conditions / procedure measurement
uncertainty
AC resistance 10 Hz; 12.5 Hz 59-10°-R R = measured value
(absolute value of 20 Hz 19-10°-R I = current
; 20 Hz; 25 Hz; 30 Hz;
impedance) ’ ’ ’ =f
200;50 Q; 37.5 Hz; 40 Hz; 48 Hz; f=frequency
100 Q 60 Hz; 62.5 Hz; 75 Hz; 14-10%-R .
80 Hz; 125 Hz; Intermediate values and
312.5 Hz; 375 Hz devia.ti.ng rr?easurement
625 Hz; 937.5 Hz; 1 kHz 12-105-R conditions increase the
10 Hz; 12.5 Hz; 20 Hz 59-10%-R meas:r‘?"t‘e”t
20 Hz; 25 Hz; 30 Hz; uncertainty
37.5Hz; 40 Hz; 48 Hz;
1kQ 60 Hz; 62.5 Hz; 75 Hz;
’ ’ ’ .106-
80 Hz; 125 Hz; >6-10%-R
312.5 Hz; 375 Hz; 625 Hz;
937.5 Hz; 1 kHz
10 Hz; 12.5 Hz; 20 Hz 81-10%-R
25 Hz; 30 Hz; 37.5 Hz;
40 Hz; 48 Hz; 60 Hz;
10ko 62.5 Hz; 75 Hz; 80 Hz; 78 -106-R
125 Hz; 312.5 Hz; 375 Hz;
625 Hz; 937.5 Hz; 1 kHz
100 uA</<100A
100 puQ to 100Q 10Hz to 10 kHz 13nQto 1.7 mQ
10 Hz; 20 Hz 0.17-103-R
40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .103-
100 uQ 400 Hz; 500 Hz 0.14-103-R
1 kHz; 10 kHz 0.15-103-R
10 Hz 65-10%-R
20 Hz 63-10%-R
40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
1 mQ 400 Hz; 500 Hz >8-10%-R
1 kHz 61-10%-R
10 kHz 64 -10%-R
10 Hz 46 - 10%- R
20 Hz 43 -10°%-R
10 mQ 40 Hz; 55 Hz; 120 Hz;
’ ’ ’ .106-
400 Hz; 500 Hz 37-10°-k
1 kHz; 10 kHz 35-10%-R
10 Hz 45-10%-R
20 Hz 42 -10°-R
20 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36-10%-R
10 kHz
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Measurement quantity | Measurement range Measurement Expanded
: : - s Remarks
/ calibration object / measurement span | conditions / procedure measurement
uncertainty
AC resistance 10 Hz 45-10°%-R R = measured value
(absolute value of 20 Hz 42-10°%-R I = current
impedance) 50 mQ 40 Hz; 55 Hz; 120 Hz; f=frequency
400 Hz; 500 Hz; 1 kHz; 36-10%-R
10 kHz v Intermediate values and
10 Hz 39- 10-5. R deviating measurement
20 Hz 35-10°-R conditions increase the
100 mQ; 200 mQ 40 Hz; 55 Hz; 120 Hz; measurement
400 Hz; 500 Hz; 1 kHz; 3010 R uncertainty
10 kHz
10 Hz 36-10%-R
. . -6 .
050 20 Hz; 40 Hz 31-10°-R
55 Hz; 120 Hz; 400 Hz;
; H H 106,
500 Hz; 1 kHz; 10 kHz 26-10%-R
10 Hz 34-10%-R
20 Hz 30-10%-R
10 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25-10%-R
10 kHz
10 Hz 31-10%-R
20 Hz; 40 Hz 26-10%-R
20;50Q 55 Hz; 120 Hz; 400 Hz;
’ 7 7 . _6.
500 Hz; 1 kHz 20-10%-R
10 kHz 23-10%-R
10 Hz 30-10%-R
20 Hz; 40 Hz 26-10%-R
10Q 55 Hz; 120 Hz; 400 Hz;
; ; ; 106,
500 Hz; 1 kHz 21-10%-R
10 kHz 23.10%-R
10 Hz 29.10%6- R
20 Hz; 40 Hz 25-10%-R
20Q 55 Hz; 120 Hz; 400 Hz;
’ ’ ’ .106-
500 Hz; 1 kHz 19-10%-R
10 kHz 22.10%-R
10 Hz 29.10%6-R
20 Hz 25.10%6-R
40 Hz 20-10%-R
50Q 55 Hz; 120 Hz; 400 Hz;
’ 7 7 . _6.
500 Hz 19-10%-R
1 kHz 21-10%-R
10 kHz 25-10%-R
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Measurement quantity | Measurement range Measurement Expanded
. - - o Remarks
/ calibration object / measurement span | conditions / procedure measurement
uncertainty
AC resistance 10 Hz 29.10%6-R
(absolute value of 20 Hz 25.10%6- R
impedance) 40 Hz; 55 Hz 19-10%-R
100 Q 120 Hz; 400 Hz 18-10°-R
500 Hz 20-10%-R
1 kHz 31-10%-R
10 kHz 75-10°%-R
Ui is the relative
uncertainty of the
calibration current
100pQ to 10kQ 10 Hz to 10 kHz fUIZ +UZ-R Uy is the relative
uncertainty of the
measured voltage at
resistor R
0Q to 10kQ 2.5-10%-R+3.1mQ |R=measured value
>10kQ to 110MQ 20 Hz to 50 Hz 2.3-10°- R%/Q Direct measurement
+25-103-R method
0Q to 20kQ 1.0-103-R+2.6 mQ
>20kQ to 110 MQ >50 Hz to 100 Hz 2.3-109- R2/Q
+13.103-R
0Q to 50kQ 0.5-103-R+1.3mQ
>50kQ to 110 MQ >100 Hz to 1 kHz 1.1-109 - R2/Q
+1.2-103-R
0Q to <50Q 1.1:103-R+1.2mQ
. -3 .
50Q to 20kQ > 1 kHz to 30 kHz 0.5-103-R
>20kQ to 110 MQ 1.1-10°-RY/Q
+0.79-103-R
0Q to 20Q 1.1:103-R+1.2mQ
. -3.
>20Q to 20kQ > 30 kHz to 100 kHz 0.5-103-R
>20kQ to 110 MQ 1.3-10°-R%Y/Q
+1.0-103-R
0Q to 100Q 1.1:103-R+2.2mQ
. -3.
>100Q to 2kQ > 100 kHz to 300 kHz 0.5-103-R
>2kQ to 110 MQ 4.5-107-R?/Q
+0.9-103-R
0Q to 50Q 1.3:103-R+3.2mQ
Q 2kQ .7-103-
>50Q to 2k > 300 kHz to 1 MHz 0.7.10°-R
>2kQ to 22MQ 15-10?- R%/Q
+1.1-103-R
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Measurement Measurement range / Measurement Expanded
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
DC power

OW to 110kW

0OmVto 1100V
OpAto 100 A

fW§+WIZ-P

but not less than
44-106-P+5fwW

P = measured value

Power factor

Sources, measuring 10Hz=<f<10 kH_Z ! 6.8 1012 factor
instruments ImVsU<1kv) ' dp = oy — ¢ =
1mA<I<100A to phase angle
2.1-10°3 .
U = effective value of
the AC voltage
. . I = effective value of
0 to 1 . ora measurllng the AC current
instrument with a
current clamp / 9
current transformer 7.8-10 The me?su.rement
the upper current limit to ulncert.amtle.s apply to
is extended to 1 kA 1.5-104 sinusoidal signals
in the range
10 Hz < f < 100 Hz See also matrices
M.21 to M.25
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
AC active power ) P(U;I; PF)
I

Sources, measuring 10Hz<f<10 kHZ) 7.5 pW =U-I1-PF

i 1mV<sU<1kvi = i

instruments OW to 100 kW 12100 A to AC active power

sis 210 W PF = cos(4¢) = power
0<PF<1 factor

OW to 1MW

Additional range for
measuring instruments
with current clamp /
current transformer:

10 Hz <f <100 Hz )

Current transformers:

3.8-104-P
not less than 2 pW

Current clamps:

Ap =y - =
phase angle

U = RMS value of AC
voltage

I = RMS value of AC
current

The measurement
uncertainties apply to

1mv<U<1kvi 4.6-103-P . al sianal
100 A < <1 kA not less than 2 uW sinusoidal signals
0<PF<1 .
See also matrices
M.26 to M.35
AC reactive power 10 Hz < £ <10 kHz ! Q=U-1I-sin(4d¢)
Sources, measuring zsf< Z 7.5 pvar =U-1-y1- PF2
; 1mVsU<1kv) .
instruments -100 kvar to 100 kvar to AC reactive power
1mA<I<100A
210 var PF = cos(4¢) = power
O0sPF<1 factor
A9 =@y — ¢
= phase angle
Additional range for U =RMS value of AC
measuring instruments Current transformers: voltage
with current clamp / 3.8-10%-Q I = RMS value of AC
current transformer: not less than 2 pvar current
-1Mvar to 1Mvar
10 Hz £ £ <100 Hz " Current clamps: The measurement
1mvV<sU<1kv?) 46-103-Q uncertainties apply to
' sinusoidal signals
100A<I<1kA not less than 2 pvar g
0<PF<1
See also matrices
M.26 to M.35
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
AC apparent power KHz ) S=U-1
<f< !
Sources, measuring 10Hz<f<10 H? 59 pVA =PW;;PF=1)
instruments OVA to 100 kVA Imvsu<ikv?) to = AC apparent power
1mA<I<100A 7.6 VA PF = cos(4¢) = power
factor
Ao =@y — @ =
phase angle
U = RMS value of AC
Additional range for voltage
measuring instruments Current transformers: ! = RMS value of AC
with current clamps / 3 © | current
current transformers: 38-10%-S P = AC active power
OVA to 1MVA
1mVsU<1kvi Current clamps: The measurement
10 Hz <f < 100 Hz : 46-103-S uncertainties apply to
I<1KA sinusoidal signals
See also matrices
M.26 to M.35 for
PF =1
. -3. =
Energy E 5) to 1501 2.3-103-E+49m) E energy.
ibrill Monophasic or
Defibrillator tester >150) to 360 11-103-E4027) | piphasic
Voltage ratio omvVv/V  to 100 mV/V DC voltage 0.1 uwv/Vto 1.6 uv/Vv
Bridge standards Bridge voltage: see matrix M.2
and measuring 1Vto10V
instruments
Valid from: 16.03.2026
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Matrix M.2: Voltage ratio

Bridge voltage
JOAY 5v 2V 1v
Measured value

0 mv/V 0.10 pV/V | 0.10 pV/V | 0.17 uv/V | 0.35 uv/Vv

+2mVv/V 0.10 pV/V | 0.11 uV/V | 0.26 uV/V | 0.51 uv/V

+5mV/V 0.10 uV/V | 0.13 uV/V | 0.27 pv/V | 0.52 pv/v
+10 mV/V 0.10 uwv/V | 0.16 uV/V | 0.31pV/V | 0.56 pv/VvV
+£20 mV/V 0.16 pV/V | 0.20 uV/V | 0.38 uV/V | 0.66 uV/V
+50 mV/V 0.35uV/V | 0.39uv/V | 0.58 uv/Vv 1uv/v
+100 mV/V 0.65puV/V | 0.73uV/V | 1.0pv/V | 1.6pv/v

Matrix M.21: Absolute measurement uncertainty of the power factor PF
for the calibration of sources in the range 2 A<I<20A & 15mV< U <1kV

PF
f (Hz2) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.1-10°® 3.0-10°® 2.8-10°% 2.5-10°% 1.9-10° 1.4-10° 6.8 - 1012
45 9.8-10% 9.6 - 10 9.0-10% 7.9-10°% 5.9-10°% 4.3-10° 6.8 - 101!
111 1.9-10° 1.9-10° 1.8-10° 1.5-10° 1.2-10° 8.4-10° 2.6-1010
1000 1.6-10* 1.6-10* 1.5-10* 1.3-10* 9.7 -10° 7.1-10° 1.9-10%8
10000 1.6-1073 1.6-10°3 1.5-10°3 1.3-10°3 9.7-10* 7.1-10* 1.6 -10°
Matrix M.22: Absolute measurement uncertainty of the power factor PF
for the calibration of sources in the range 20 A< 1 <100 A & 15 mV < U <1 kV
PF
f (Hz2) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.4-10°% 3.4-10° 3.2-10°% 2.8-10° 2.1-10°% 1.5-10° 8.4-1012
45 1.1-10° 1.1-10° 1.0-10° 9.1-10°% 6.8-10° 5.0-10°% 9.2-101
111 2.4-10° 2.3-10° 2.2-10° 1.9-10° 1.4-10° 1.0-10° 4.0- 1010
1000 2.0-10* 2.0-10* 1.9-10* 1.6-10* 1.2-10* 8.8-10° 2.9-108
10000 2.0-103 2.0-103 1.9-103 1.6-103 1.2-103 8.8-10* 2.9-10°6
Matrix M.23: Absolute measurement uncertainty of the power factor PF
for the calibration of measuring instruments in the range 2A<I<20A & 15mV< U <1kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.2-10°% 3.2-10°% 2.9-10°% 2.6-10°6 1.9-10° 1.4-10° 7.3-1012
45 1.0-10° 1.0-10° 9.5-10°% 8.3:10°% 6.2 -10°% 4.5-10° 7.6-101t
111 2.1-10° 2.0-10° 1.9-10° 1.6-10° 1.2-10° 9.0-10°% 3.0- 1010
1000 1.7 -10* 1.7 - 104 1.6-10* 1.4-10* 1.0-10* 7.6-10° 2.1-108
10000 1.7-103 1.7-103 1.6-103 1.4-103 1.0-103 7.6-10% 2.1-10°6
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 30 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

( DAKKS

Deutsche
Akkreditierungsstelle

Matrix M.24: Absolute measurement uncertainty of the power factor PF
for the calibration of measuring instruments in the range 20 A<1<100A & 15mV < U <1 kV

PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.6-10° 3.5-10% 3.3-10°% 2.8-10°% 2.1-10°% 1.5-10° 8.9-1012
45 1.2-10° 1.2-10° 1.1-10° 9.5-10% 7.1-10°% 5.2-10°% 1.0- 1010
111 2.5-10° 2.4-10° 2.3-10° 2.0-10° 1.5-10° 1.1-10° 4.4 -1010
1000 2.1-10* 2.1-10* 2.0-10* 1.7 -10* 1.3-10* 9.3-10° 3.3:108
10000 2.1-103 2.1-103 2.0-103 1.7-103 1.3-103 9.3-10* 3.3-10°%
Matrix M.25: Absolute measurement uncertainty of the power factor PF
for the calibration of measuring instruments with current clamps / current transformers
intherange 100 A<I<1kA&15mV<U<1kV
PF
f (Hz2) 0 0.2 0.4 0.6 0.8 0.9 1
10 Hz
to 1.5-10* 1.5-10* 1.4-10* 1.2-10* 8.9-10° 6.5-10° 7.8-107°
100 Hz

Matrix M.26: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF), the
AC reactive power Q = U - I - sin(¢) (see values for v1 — PF2) and the AC apparent power S = U - I (see values for PF = 1)
for the calibration of sources with U =2 mV and I = 100 pA

cos(p) = PF | sin(g) = + V1 — PF?
f (Hz) 011 04|+092 | 06|08 | 0.8|+06 | 0.9]%0.44 110
10 48 pW 54 pW 60 pW 68 pW 72 pW 77 pW
1000 34 pW 39 pW 44 pW 51 pW 55 pw 59 pW
10000 340 pW 310 pW 270 pW 210 pW 160 pW 59 pW

Matrix M.27: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power @ = U - I - sin(¢) (see values for V1 — PF2) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of measuring instruments with U=2mV and I =1 mA

cos(¢) = PF | sin(¢) = + V1 — PF?

£ (Hz) 0]+1 04]%092 | 06]*08 | 08[%0.6 | 0.9]+0.44 1]%0

40 1.0 nW 1.0 nW 1.1 nW 1.1 nW 1.1nW 1.2 nW
1000 230 pW 320 pW 400 pW 490 pW 530 pW 580 pW
10000 2.3 nW 2.1nW 1.9 nW 1.5 nW 1.1 nW 580 pW

Matrix M.28: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF? ) and the AC apparent power S = U - I

(see values for PF = 1) for the calibration of sources with U =20 mV and I = 100 pA

cos(g) = PF | sin(g) = £ V1 — PF?

f (Hz) 0] *1 04|+092 | 06|%0.8 | 08|%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

10000 3.4 nW 3.1 nW 2.7 nW 2.0 nW 1.5nW 200 pW
Valid from: 16.03.2026
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Matrix M.29: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF2) and the AC apparent power S =U - [

(see values for PF = 1) for the calibration of measuring instruments with U=20 mVand I =1 mA

cos(¢p) = PF | sin(p) = + V1 — PF?
f (Hz) 0| +1 04|+092 | 06]|%0.8 | 08|%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 2.3nW 2.3 nW 2.2nW 2.0 nW 1.9 nW 1.8 nW
10000 23 nW 21 nW 19 nW 14 nW 10 nW 1.8 nW

Matrix M.30: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of sources withU=20Vand I=1A

cos(p) = PF | sin(p) = + V1 — PF?
f (Hz) 0|1 04]%092 | 06[%08 | 0.8|%0.6 | 0.9]%0.44 1120
40 140 W 250 pW 350 pW 440 uW 500 W 550 pW
1000 2.1 mw 1.9 mW 1.7 mW 1.3 mW 1.0 mW 530 uW
10000 21 mW 19 mW 17 mW 13 mwW 9.1 mwW 530 pyWw

Matrix M.31: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF2) and the AC apparent power S =U - I
(see values for PF = 1) for the calibration of measuring instruments withU=20Vand I=1A

cos(¢) = PF | sin(¢) = + V1 — PF?
f (Hz) 0]+1 04]+092 | 06]+08 | 08]|+06 | 0.9]+0.44 1]%0
40 150 pw 260 pW 350 pw 450 uW 500 pwW 550 uyWw
1000 2.3 mW 2.1 mW 1.9 mW 1.5 mW 1.1 mW 530 pyW
10000 23 mW 21 mW 19 mW 14 mW 10 mW 530 uW

Matrix M.32: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF?) and the AC apparent power S = U - I

(see values for PF = 1) for the calibration of sources with U =20V and I=20 A

cos(¢) = PF | sin(p) = + V1 — PF?
f (Hz) 0] *1 04|+092 | 06|%0.8 | 08|%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
10000 650 mW 520 mW 390 mW 280 mW 22 mW
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Matrix M.33: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF2) and the AC apparent power S =U - [

(see values for PF = 1) for the calibration of measuring instruments with U=20Vand I1=20 A

cos(¢p) = PF | sin(p) = + V1 — PF?
f (Hz) 0]+1 04]+092 | 06|+08 | 08|%0.6 | 0.9]+0.44 1]%0
40 3.7 mW 9.3 mW 13 mwW 17 mW 20 mW 22 mW
1000 70 mW 65 mW 58 mW 46 mW 36 mW 22 mW
10000 700 mW 650 mW 560 mW 420 mW 310 mW 22 mW

Matrix M.34: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF?) and the AC apparent power S = U - I

(see values for PF = 1) for the calibration of sources with U=1kV and I =100 A

cos(p) = PF | sin(p) = + V1 — PF?
f (Hz) 0|1 04]%092 | 06[%08 | 0.8|%0.6 | 0.9]%0.44 1120
40 1.0wW 2.8W 41W 54W 6.0 W 6.7W
1000 20W 19w 17 W 14 W 11w 7.6 W
10000 200 W 190 W 160 W 120 W 89 W 7.6 W

Matrix M.35: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF2) and the AC apparent power S =U - I
(see values for PF = 1) for the calibration of measuring instruments with U =1kV and I =100 A

cos(¢) = PF | sin(¢) = + V1 — PF?
f (Hz) 0]+1 04]+092 | 06]+08 | 08]|+06 | 0.9]+0.44 1]%0
40 1.1wW 2.8 W 4.1W 54 W 6.0 W 6.7 W
1000 21W 20 W 18 W 14 W 12w 7.6 W
10000 210 W 200w 170 W 130 W 93 W 7.6 W

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

Permanent laboratory
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle Ap =@, —¢, =
between sinusoidal phase angle
voltage signals Ui()
multichannel = V2Ueq, sin(2mft
sources, + ;)
measuring with i € {1;2}
instruments

f =frequency

Uetr,; = RMS value of AC
10Hz<f<1MHz 360°- f-17 ns voltage

1mV < Ugg; <1kV

-360° to 360°

Measurements at
voltages <15 mV in
the frequency range
10 Hz to < 1 kHz, as
well as measurements
at f =(50 £ 5) Hz, can
increase the
measurement
uncertainty
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Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle Ao =@y — ¢ =
between sinusoidal 10 mA < [ <100 A phase angle

output voltage and
sinusoidal input
current
Resistance
standard

for f <10 kHz

10 MA < Ig <50 mA
For f <100 kHz

I(t) =
V2o sin(2mft + @)

u(t) =
V2l |Z| sin(2rft + @)

f =frequency

R = DC resistance

I = RMS value of AC
current

Z = impedance of the
resistance standard

Measurements at
voltages <15 mV in
the frequency range
10 Hz to < 1 kHz, as
well as deviating
measurement
conditions, can
increase the
measurement
uncertainty

-90° to 90°

10 Hz < f £100 kHz
10 mMOQ<R<50mQ

f=10Hz

0.18 m*®

The specified

f=45Hz

0.60 m°®

measurement

f=111Hz

1.2m°

uncertainties apply to
resistors of the SIQ MU

1 kHz < f <100 kHz

360°- f - 28 ns

series, Fluke A40B or

10 Hz < f <100 kHz
50mOQ<R<100Q

similar designs with
coaxial connection
sockets

f =40 Hz

0.43m°

The measurement

£ =100 Hz

0.79 m®

uncertainty may

1 kHz < f <100 kHz

360°- f - 20 ns

increase for resistors
of other designs
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Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle Ap =@y — @ =
between sinusoidal Phase angle

output signal and
sinusoidal input

I(t) =
V2o sin(2mft + @)

current 10Hz < f <10 kHz
Current Y(t) =
transformer V2Y,¢ sin(2rft + @y)
f =frequency
I = RMS value of AC
current
Y. = RMS value of
output signal of the
1A<Ig<2A current transformer
90° to 90° £ =40 Hz 0.43m° (current or voltage)
f =100 Hz 0.79 m°
1kHz < f <10 kHz 360°- f-20ns The specified
2A<I4<20A uncertainties apply in
£=10Hz 0.18 m° cases where the
output signal of the
f =45 Hz 0.60 m° current transformer is
a voltage
f=111Hz 1.2m°
1kHz < f <10 kHz 360°- f - 28 ns Measurements at
< .
20 A< l; <100 A voltages < 15 mV in
the frequency range
f=10Hz 0.21m 10 Hz to < 1 kHz,
f=45Hz 0.68 m*® deviating
F=111Hz 1.4m° measurement
conditions, as well as
the case where the
output signal of the
1 kHz < f <10 kHz 360° - f .35ns current transformer is
a current, increase the
measurement
uncertainty
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Measurement Measurement range / Measurement Expanded
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle Ao =@y — ¢ =
between sinusoidal phase angle
voltage signal and 10 Hz < f <10 kHz 1(t) =

sinusoidal current

1mV < Uy 1KV

V21 sin(2rft + ;)

signal
Sources u@ =
100 PA £ I < 10 mA V2Uegs sin(2nft + pu)
f=10Hz 0.21m f = frequency
f=45Hz 0.57m Iz, = RMS value of AC
f=111Hz 1.1m° current
1kHz < f <10 kHz 360°- f - 27 ns Ueir. = RMS value of AC
It
10 MA < I; < 200 MA voltage
f=40Hz 0.37m Measurements at
f =100 Hz 0.72 m* voltages <15 mV in
1 kHz < f< 10 kHz 360°- f-18ns the frequency range
-180° to 180° 200 MA < I <2 A 10 Hzto <1kHz, as
- well as deviating
f=40Hz 0.40m measurement
f =100 Hz 0.68 m° conditions, can
1kHz < f <10 kHz 360°- f-17 ns increase the
measurement
2A<I<20A uncertainty
f=10Hz 0.18 m°
f=45Hz 0.57 m°
F=111Hz 11m°
1kHz < f <10 kHz 360°- f - 26 ns
20 A< g <100 A
f=10Hz 0.20 m*
f=45Hz 0.65 m°
f=111Hz 1.4m°
1kHz < f £10 kHz 360°- f-32ns
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Measurement Measurement range / Measurement Expanded R K
quantity / calibration measurement span conditions / measurement emarks
object procedure uncertainty
Phase angle Ap = py— @ =
between sinusoidal phase angle

voltage signal and
sinusoidal current

10 Hz < f < 10 kHz
1MV S Upp < 1KV

I(t) =

signal V2o sin(2mft + @)
Measuring
instruments u@) =
1mA< Ieff_ <2A \/iUeff. sin(Zn'ft + (pU)
f=40Hz 0.42m f = frequency
f=100Hz 0.76 m L = RMS value of AC
1kHz < f <10 kHz 360°- f-19ns current
-180° to 180° 2A< Ieff. <20A Ueff_ = RMS value of AC
F=10Hz 0.18 m° voltage
f=45H2 0.60m Measurements at
f=111Hz 1.2m° voltages <15 mV in
1kHz < f <10 kHz 360°- f - 28 ns the frequency range
20A< Iz <100A 10 Hzto < 1 k!-|z, as
- well as deviating
f=10Hz 0.21m measurement
f=45Hz 0.68 m° conditions, can
F=111Hz 1.4m° increase the
measurement
1kHz < f <10 kHz 360°- f - 34ns uncertainty
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Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle A = @, —n@, =
Between the 1st phase angle
harmonic and the
nth harmonic of a u@) =
voltage signal 100
Measuring Z V2U,, sinQ2ufyt + @)
n=1
instruments
f1 = frequency of the
1 100 1stharmonic
<n<
sns f» = frequency of the
45 Hz < f, <65 Hz th harmonic
", < 6 kHz _
-180° to 180° f 360° - f, - 225 ns U = RMS value of the
U, 2100 mvV 1stharmonic
U, 210 mV U, = RMS value of nth
Us <1050 V harmonic
Us = peak value of the
voltage signal
The range limits and
other specifications in
the Fluke
6100B/6105A user
manual (September
2009 Rev. 1, 6/10)
apply
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Measurement Measurement range / Measurement Expanded
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Phase angle Ap = @, —np; =
between the 1st phase angle
harmonic and the
nth harmonic of a I(t) =
current signal 100
Measuring Z V21, sinQ2ufyt + @,)
instruments n=1
1<n<100 f, = frequency of the
45Hz< f, <65Hz 1stharmonic
f, = frequency of the
I5<29.7 A: f, <6 kHz nth harmonic
. . or I, = RMS value of the
"180° to 180 Is>29.7 A: f, <3 kHz 360° fn - 228 ns 15t harmonic

I, = RMS value of the

I, 2100 mA nt" harmonic

I, 210 mA I; = peak value of the
Ig<113 A current signal

The range limits and
other specifications in
the Fluke
6100B/6105A user
manual (September
2009 Rev. 1, 6/10)
apply
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Inductance and capacitance
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / calibration | measurement span conditions / measurement Remarks
object procedure uncertainty
Inductance O pH 0.03 pH 2-wire short circuit
OH to 1.1H L = measured value
100 Hz 0.63:103-L
100 pH 1 kHz 0.17-103-L
10 kHz 0.22-103-L Absolute value of
- 100 Hz 0.14-10% L impedance
m
1kHz 0.12-10%-1 S0ma < |z <11ka
10 kHz 0.17-103- L | .
10 mH 100 Hz; 1 kHz 0.11-10%-L smallest specified fixed
measurement
10 kHz 0.16-10°- L uncertainties for direct
100 mH 100 Hz; 1 kHz 0.11-103-L measurement or
10 kHz 0.25-103- L substitution at
GR 1482 or identical
construction
1H 100 Hz, 1 kHz 0.13-103-L
Capacitance 0 pF 0.2 pF No load
OpF to 10uF
1 kHz 0.21-103-C
1pF C = measured value
10 kHz 0.31-103-C
10 oF 1 kHz 19-10%-C Absolute value of
P 10 kHz; 100 kHz 62-106-C impedance
1 MHz 0.10 103 C 1Qs]z] s110MQ
Smallest specified fixed
100 pF 1 kHz 26-10°%- C
0% C measurement
1nF 1kHz 31-10 s uncertainties for direct
100 kHz 0.10-10 3' ¢ measurement or
100 Hz 0.20-10°-C substitution at
10 nF 1kHz 0.12-10°-C GR 1403 / 1404 / 1409
.103-
10 kHz 0.11-103-C or identical
100 nF 100 Hz; 1 kHz; 10 kHz 0.15-103-C
1uF 100 Hz; 1 kHz 0.10-103-C
" 10 kHz 0.20 103 C
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Frequency f 1MHz to 10 MHz Phase difference f=measured value
time measurements ap2. Ury = trigger uncertainty
. 2.0-1012.f
in steps of 1 MHz over measurement
times>1h
0.01Hz to 350 MHz 2.6 1012 f+ Urf
>350 MHz to 26.5GHz 111012 f+ Urr
>26.5GHz to 40GH:z 0.6 Hz + Urf
Time interval At Ons to 0.7ms 1.3ns
Ons to 200s 1.5-10%- At + 50 ps
lpus to 100h 10-10°-At+1ps
1s to 100h 13-10%-At+0.82s
El i hanical
Clock drift 0s/d to 100s/d 13.107=0011s/d | o ectronic or mechanica
clocks
Rotational frequency 0.02s? to 3500s? 3.7-10°%-f f=measured value
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Oscilloscopes 1.2:-103-U+12uV | U= measured value
vertical ImV to 5V 50Q
D 10 kH
S5mV to 200V Cto 10kHz 1MQ
Oscilloscope .
horizontal 25ps to 40s 0.12-10°-T+0.1ps T = measured value
Bandwidth f 40Hz to 6GHz
(frequency response) 6.3 - 103 f2/GHz
+20-103-f f=measured value
>6GHz to 40GHz 75-103-f
Rise time 30ps to 45ps 01V to 3V 5 ps
>45ps to 1ms 10-103-T+3 ps
70ps to 85ps 78-103-T Calculated from
>85ps to 310ps 0.1V to 3V 67-103-T 3 dB bandwidth
>310ps to 650 ps 58-103-T T = measured value
>650ps to 1ms 56-103-T
Frequency f 6
Time base 10 MHz 0.2-10°%-f
Pulse measurements 15ps to 10ns 0.1Vt040Vin500 10102 T+3ps | EXternaltrigger
Rise time signal required
(e.g. oscilloscope . 3
calibrator) 160ps to 10ms 0.1Vto2Vin50Q 30-103-T+30ps

Burst generator
Output voltage

100V to 4kVv 48 -1073- Us
Peak value Us under 50 Q or 1 kQ load
Rise time and 3ns 1us 41-103-T
pulse duration T; to 1H ) o
Burst duration and

.103-

burst period T 0us to 1s > 10%-7
Pulse frequency f 100Hz to 500 kHz 1-103-f

ESD generator
Rise time t, of peak
current

300ps to 3ns

Discharge current /

15A to 35A

3% -ty + 15 ps

43%-1+0.15A

Measuring range
relative to peak

current /p
Surge voltage generator
Front tl.me.t"us of the 15ns to 100ms 3% trys+1ns
open-circuit voltage
Front time t; s of the
short-circuit current 100 ns to 100 ms 3% - tis+2ns
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Rear half-life ty of 0.5us to 100 ms 5% - ty
the waveform
Peak value of open- 0.1kV to 7kV 3.3% - Us
circuit voltage Us
Peak value of short- 10A to 5kA 3.5% - Is
circuit current /s >5kA to 10kA 3.8% - Is
Pulse-shaped
measurement
quantities *
Measuring receiver
Display behavior with ‘H to 150 Band A
pulses 9 kHz kHz 0.35dB
Amplitude >150kHz to 30 MHz Band B
relationship >30MHz to 300 EN 55016-1-1:2015 Band C
absolute calibration
( ) MHz 0.40 dB
>300MHz to 1GHz Band D
Change in display Pulse repetition frequency
with the pulse 0.1Hz to 2kHz 0.30dB Band A
frequency 0.1Hz to 50kHz Band B
. . . 0.35dB
(relative calibration) 0.1Hz to 1MHz Band Cand D
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF DC to 2 GHz 21-103-P PC Tvpe N *
power 10fW to <100 fw ypeN )
Input power >2 GHz to <5GHz 26-103-P up to 18 GHz
And calibration factor 5 GHz to <9 GHz 34.10%. p PC-3.5 mm *)
of RF power meters
9GHz  to <12GHz 40-103-P up to 33 GHz
_ *
12GHz to  15GHz 48-103- P PC-2.92mm ¥)
40 GH
>15GHz to  18GHz 54103 P up to 40 GHz
100fW to 1pW DC to 100 MHz 18-103-P
*) Other connectors
>100 MHz to 2 GHz 20-103-P .
increase the
>2 GHz to 8 GHz 22-103-P measurement
> 8 GHz to 12 GHz 24-103-P uncertainty
>12 GHz to 40 GHz 29-103-P
>1pW to 10 pW DC to 100 MHz 13-10%. P fv\j)measure" value
>100 MHz to 2 GHz 15-103.-P
>2 GHz to 8 GHz 18-103-P
> 8 GHz to 12 GHz 20-103-P
>12 GHz to 26.5 GHz 26-103-pP
>26.5GHz to 40 GHz 29-103-pP
>10pW to 1nW DC to 100 MHz 12-103.-P
>100 MHz to 2 GHz 14 -103-P
>2 GHz to 8 GHz 17-103-P
> 8 GHz to 12 GHz 20-103-pP
>12 GHz to 40 GHz 22-103-pP
>1nW to 100nW DC to 2 GHz 10-103-P
>2 GHz to 8 GHz 12-103.-P
>8 GHz to 12 GHz 13-103-P
>12 GHz to 40 GHz 15-103-P
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF power >100nW to 10uW DC to 100 MHz 7.1-103-P PC Type N *)
Input power up to 18 GHz
: . > 100 MHz to 2 GHz 9.4-103-P
a??{Fcallbratlon ftactor PC-3.5 mm *)
o ower meters !
pow >2GHz  to  8GHz 11-10%-P up to 33 GHz
> 8 GHz to 12 GHz 13-103-P PC-2.92 mm *)
up to 40 GHz
>12 GHz to 40 GHz 15-103-P
>10uW To 100 mW DC to 100 MHz 6.1-103-P *) Other connectors
>100MHz to  2GHz 7.9-103.-P increase
measurement
>2 GHz to 8 GHz 9.3-103-P uncertainty
> 8 GHz to 12 GHz 11-103.-P
P = measured value
>12 GHz to 40 GHz 13-103-P (W)
RF power 1mw 50 MHz 5-103.-P Substitution
Output power 0.1pW To <10pW 50 MHz 27-103-P PC Type N *)
and calibration factor 10MHz to 2GHz 30-10%-P up to 18 GHz
of RF sources >2GHz to 3 GHz 35-103-P PC-3.5 mm *)
10pW To <1nW 50 MHz 21-103-P up to 33 GHz
10 MHz to 2 GHz 25-103-P PC-2.92 mm *)
>2GHz to 3GHz 31-103-p up to 40 GHz
1nW To <100nW 50 MHz 17-103-P *) Other connectors
10MHz to 2GHz 21-103-P increase
>2GHz to 4GHz 25-103- P measurement
>4GHz to 12GHz 38-103-P uncertainty
>12 GHz to 18 GHz 71-103-pP
>18GHz to 26.5GHz 93-103-P f<5GHz:
100nW To <1pW 8khz to 10 28-103- P 76| <0.025
MHz 5 GHz < f< 20 GHz:
10 MHz to 50 MHz 13-103-P |Fs] <0.1
>50MHz to 4 GHz 14-103- P 20 GHz <f< 33 GHz:
|F¢] £0.15
>4 GHz to 5 GHz 1710’3P 33 GHZ<fS40 GHz:
>5GHz to 12GHz 25-103.P IFel <0.3
>12GHz t 20 GH 28 -103-P
z f z f=1frequency (Hz)
>20GHz to 33GHz 37-103-P P = measured value
(W)
|Fg| = reflection
>33GHz to 40GHz 90-103-P
factor of the
calibration object
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF power 1uyW to <10uw 8kHz to <10MHz 18-103-pP PC Type N *)
Output power 10MHz to 50 MHz 13-103-P up to 18 GHz
and calibration factor >50MHz_to 4GHz 14-10°-P PC-3.5 mm *)
of RF sources >4GHz to 5GHz 17-10°-p up to 33 GHz
>5GHz to 12GHz 21-103-P
PC-2.92 mm *)
>12GHz to 20GHz 25-103- P
>20GHz to 33 GHz 37-10%-P up to 40 GHz
>33GHz to 40 GHz 90-103- P ¥) Other connectors
10pW to <100 pW DC to <10MHz 9.0-103-P Increase
10MHz to 100 MHz 10-103- P measurement
>100 MHz to 2 GHz 12-103-P uncertainty
>2GHz to 8GHz 13-103-P
>8GHz to 10GHz 15-103-P f<5GHz:
>10GHz to 12 GHz 16-103- P |le| <0.025
>12GHz to 30GHz 20-103-P 5GHz < f<20 GHz:
>30GHz to 33GHz 37-103-P IFs] 0.1
>33GHz to 40 GHz 90 -103- P 20 GHz < f < 33 GHz:
100 W to 0.1W DC to <10MHz 5.6-103-P |l] <0.15
10 MHz to 100 MHz 7.5-103-P 33 GHz < f< 40 GHz:
>100 MHz to 2GHz 10-103-P IFs] 0.3
>2GHz to 8GHz 11-103-P
>8GHz to 10GHz 13-103-P f= frequency (Ha]
>10GHz to 12 GHz 15-103- P
>12GHz to 30GHz 19-103-P P = measured value
>30GHz to 33GHz 39103 P (W) ,
>33GHz to 40GHz 53-103. P |76] = reflection
>S01W to 1W DC to 50MHz 11-103-P factor of the -
>50 MHz to 2GHz 13-103- P calibration object
>2GHz to 4GHz 16-103-P
>4GHz to 12GHz 20-103-P
>12GHz to 18GHz 30103 P
>1W to 70W DC to 3GHz 38-103-P
>70W to 250W DC to 500 MHz 37-10%-P
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Measurement Measurement range / Measurement conditions / Expanded

quantity / calibration measurement span procedure measurement Remarks

object uncertainty

RF voltage Ugr W(P) = relative
Sources with RF uncertainty of the
voltage display Measured

relative to 50 Q W (P) power at Zo =50 Q
220V to 220V DCto 3 GHz Wlre) =—— [
220pV to 7V DCto 18 GHz
22UV to 220V DCto 3 GHz *EX)
22mV  to 2V DC to 40 GHz

RF voltage Ugr W(Pinc) = relative
Measuring uncertainty of the
instruments and irradiated power
receivers with RF W (P;p.) | relativeto Zo=500Q
voltage display W (Urp) = Y
relative to 50 Q

0.7uV  to 2V DC to 18 GHz **)
22mV  to 2V DC to 40 GHz *Ak)

RF power DC to 40GHz 1.6 dB Power >-170 dB
Noise display of (1 mW) relative to
receivers 1 Hz bandwidth

Signal level difference 0dBc to 100dBc 100Hz to 26.5GHz 1.3dB SNR>12 dB

100Hz to 40GHz 2.7dB

Bandwidth 1Hz to 10 MHz 0.5% Signal-to-noise ratio

filter SNR > 70 dB
Form factor >1:1 to 5:1 3% Signal-to-noise ratio

>5:1 to 10:1 6% SNR>15dB
>10:1 to 20:1 12%
Switching deviation 0.02dB
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Display linearity 0dB to 30dB 100kHz to 500 MHz 0.06 dB SNR =50 dB
>30dB to 60dB 0.07 dB | Mout|<0.05
>60dB to 80dB 0.09 dB f<500 MHz
>80dB to 100dB 0.1dB
> 100 dB to 110dB 0.2dB
Input attenuator or IF 0dB to 30dB 100 kHz to 500 MHz 0.06 dB Comparison with
amplifier >30dB to 60dB 0.07 dB external attenuator
>60dB to 80dB 0.09 dB [ MLpur| < 0.05
>80dB to 100dB 0.1dB f<500 MHz
> 100 dB to 110dB 0.2dB
0dB to 30dB 100 kHz to 500 MHz 0.04 dB Stepwise display
>30dB to 60dB 0.06 dB comparison
>60dB to 80dB 0.08 dB SNR > 50 dB,
receiver linearity <
(0.01dB
+0.005 dB/10 dB)
RF amplification 0dB to 70dB DC to 100 MHz 0.19dB BNC connector to
Amplifier >100 MHz to 2GHz 0.26 dB max. 2 GHz
>2GHz to 4GHz 0.3dB N connector and BNC
>4GHz to 18GH:z 0.5dB connector, 50 Q,
other connectors
increase
measurement
uncertainty
0dB to 70dB DC to 100 MHz 0.21dB 2.92 mm compatible
>100MHz to 4GHz 0.3dB connector, 50 Q,
>4GHz to 26.5GHz 0.6 dB other connectors
>26.5GHz to 40GHz 0.7 dB increase
measurement
uncertainty
RF current 100pA  to 50mA 40 Hz to 10 MHz 14 -103-/ Tektronix
Current clamps 015-0601-50 in
> 10 MHz to 30 MHz 18103/ combination with
oscilloscope
I = measured value
> 30 MHz to 65 MHz 20-106f2- f="frequency in MHz
Non-linearity of RF 10nW  to 1W 50 MHz 5.5 103 (0.024 dB) R&S NRVC-B2
power meters 60 dB max.
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF reflection 0 to 1 9 kHz to 18 GHz 0.003t0 0.013 N connector, 50 Q,
coefficient * other connectors
MagnitUde |/—| EURAMET s i ML3 increase
ee matrix M.
Calibration Guide No. 12 measur?ment
Version 3.0 uncertainty
Measurement
uncertainty in units
of reflection factor
0 to 1 9 kHz to 33 GHz 0.003 to 0.016 3.5 mm connector
EURAMET Measurement
. . . See matrix M.4 uncertainty in units
Calibration Guide No. 12 .
) of reflection factor
Version 3.0
0 to 1 45 MHz to 45 GHz 0.004 to 0.017 2.92 mm connector
EURAMET Measurement
Calibration Guide No. 12 See matrix M.5 uncertainty in units
Version 3.0 of reflection factor
RF reflection 9 kHz to 18 GHz 0.2°to 4.7° N connector, 50 Q,
coefficient * other connectors
_180° o increase
Phase angle ¢ 180° to +180 EURAMET See matrix M.6
Calibration Guide No. 12 measurement
Version 3.0 uncertainty
9 kHz to 33 GHz 0.3°t0 5.8° 3.5 mm connector
-180° to +180° EURAMET See matrix M.7
Calibration Guide No. 12
Version 3.0
45 MHz to 45 GHz 0.3°t0 6.3° 2.92 mm connector
-180° to +180° EURAMET See matrix M.8
Calibration Guide No. 12
Version 3.0
RF attenuation 0dB to 30dB 100 kHz to 10 GHz 0.03 dB L is the measured
Attenuators >10 GHz to 18 GHz 0.05 dB attenuation, ****)
| Four] £0.01
> 18 GHz to 26.5 GHz 0.09 dB <500 MHz
>26.5 GHz to 40 GHz 0.10dB |I'L_DUT| <0.05
500 MHz < f
>30dB to 60dB 100 kHz to 10 GHz 0.001 dB/dB - L <10 GHz
> 10 GHz to 18 GHz 0.02 dB +0.001 dB/dB - L | |/Lour| <0.08
10 GHz < f< 18 GHz
> 18 GHz to 26.5 GHz 0.10dB+0.001dB/dB- L | | 57| 0.1
>26.5 GHz to 40 GHz 0.11dB +0.001dB/dB- L | 18 GHz < f< 40 GHz
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 50 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

Permanent laboratory — Location Eichenau

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF attenuation >60dB to 70dB 100 kHz to 500 MHz 0.07 dB jlrﬁ.owl <0.01
<500 MHz
Attenuators > 500 MHz to 3 GHz 0.10 dB
| Fiour| <£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 * 0dB to 60dB 9 kHz to 18 GHz 0.01 dB to 0.09 dB N connector, 50 Q,
other connectors
EURAMET increase
— ; See matrix M.9 measurement
Callbr;i;uon'Gugig No. 12 uncertainty
ersion 3.
0dB to 60dB 9 kHz to 33 GHz 0.01 dB to 0.22 dB 3.5 mm connector
EURAMET
Calibration Guide No. 12 See matrix M.10
Version 3.0
0dB to 60dB 45 MHz to 45 GHz 0.01 dBto 0.32 dB 2.92 mm connector
EURAMET
Calibration Guide No. 12 See matrix M.11
Version 3.0
RF attenuation * . 3 3 . N connector, 50 Q,
Phase angle ¢ -180° to +180 9 kHz to 18 GHz 0.2°t0 0.8 other connectors
0 dBto 60 dB Increase
measurement
uncertaint
EURAMET See matrix M.12 Y
Calibration Guide No. 12
Version 3.0
-180° to +180° 9 kHz to 33 GHz 0.2°to 1.8° 3.5 mm connector
0dBto 60 dB
EURAMET See matrix M.13
Calibration Guide No. 12
Version 3.0
-180° to +180° 45 MHz to 45 GHz 0.2°t0 2.5° 2.92 mm connector
0dBto 60dB
EURAMET See matrix M.14
Calibration Guide No. 12
Version 3.0
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Matrix M.3 RF reflection coefficient, magnitude |I|; N connector 50 Q

Measurement uncertainty in units of the magnitude of the reflection coefficient

Maglt;_i;ude 9kHzto1GHz | 1GHzto3 GHz | 3 GHzto 12 GHz 12 GHz to 18 GHz

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 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 |I|; 3.5 mm connector

Measurement uncertainty in units of the magnitude of the reflection coefficient

( DAKKS

Deutsche
Akkreditierungsstelle

Maglnri;”de 9 kHz to 1 GHz 1GHzto3GHz | 3GHzto12GHz | 12GHzto18GHz | 18 GHzt026.5GHz | 26.5 GHz to 33 GHz

0 0.003 to 0.004 0 0.003 to 0.004 0.004 t0 0.005 0.005 to 0.008 0.008 t0 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 t0 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 t0 0.011
05 0.004 to 0.006 0.004 t0 0.005 0.004 to 0.005 0.005 to 0.006 0.005 to 0.008 0.008 t0 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 t0 0.012
0.7 0.004 to 0.006 0.005 to 0.006 0.005 to 0.006 0.006 t0 0.007 0.006 t0 0.010 0.009 t0 0.013
0.8 0.004 t0 0.007 0.005 to 0.006 0.005 to 0.007 0.006 t0 0.007 0.006 t0 0.010 0.010t0 0.014
0.9 0.004 t0 0.007 0.006 t0 0.007 0.006 to 0.008 0.007 t0 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 t0 0.009 0.007 t0 0.012 0.011 t0 0.016
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Matrix M.5 RF reflection coefficient, magnitude |F|; 2.92 mm connector
Measurement uncertainty in units of the magnitude of the reflection coefficient

Magnitude 45 MHz to 1GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to

|r| 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz

0 0.004 0.004 0.004 0.004 0.004 to 0.008 | 0.008 to 0.010 0.010 0.010to0 0.011
0.1 0.004 0.004 0.004 0.004 0.004 to 0.008 | 0.008 to 0.010 0.010 0.010to0 0.011
0.2 0.004 0.004 0.004 0.004 0.004 t0 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 | 0.005to 0.006 | 0.005to 0.009 | 0.008to0.011 | 0.010to 0.011 | 0.010to 0.012
0.7 0.005 to 0.006 0.005 0.005 to 0.006 0.006 0.006 t0 0.009 | 0.009to 0.012 | 0.011t00.012 | 0.011to 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 | 0.012t00.013 | 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 | 0.010t0 0.014 | 0.013to 0.014 | 0.013 to 0.015

1 0.005 to 0.007 | 0.005to 0.006 | 0.005to 0.008 | 0.007 to 0.008 | 0.006to00.012 | 0.011t00.015 | 0.014to0.015 | 0.014 to 0.017

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

Maglr;f;u'je 9kHzto1GHz | 1GHzto3GHz | 3 GHzto12GHz | 12 GHzto 18 GHz
0.1 1.4°t02.2° 15 t0 1.9° 1.5° to 4.5° 4.4°t04.7°
0.2 0.7°to 1.4° 0.8°to 1.0° 0.8°t02.3° 2.2°t0 2.4°
03 0.5°to 1.0° 0.6°00.7° 0.6°to 1.5° 15 to 1.6°
0.4 0.4°00.7° 0.5°0 0.6° 0.5°t01.2° 1.2°
0.5 0.4° 0 0.6° 0.4°0 0.5° 0.4°to 1.0° 1.0°
0.6 0.4°00.5° 0.4°0 0.5° 0.4°t00.9° 0.9°
0.7 0.3°00.5° 0.4° 0.4°t00.8° 0.8°
0.8 0.3°00.5° 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°t0 0.4° 0.3°t00.7° 0.7°t0 0.8°

Matrix M.7 RF reflection coefficient, phase angle ¢; 3.5 mm connector

Magl';_ilt”de 9 kHz to 1 GHz 1GHzto3GHz | 3 GHzto 12GHz | 12 GHz to 18 GHz | 18 GHz to 26.5 GHz | 26.5 GHz to 33 GHz

0.1 1.5°10 2.6° 16°to1.7° 1.7°t02.3° 2.3°102.6° 2.4°t04.2° 4.1°t05.8°
0.2 0.8°to 1.5° 0.9° 0.9°t0 1.2° 1.2°to 1.4° 1.3°t02.2° 2.2°t03.0°
0.3 0.6°to 1.1° 0.6°t00.7° 0.7° 10 0.9° 0.9° to 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°t0 0.8° 0.7°t0 0.9° 0.8°t0 1.3° 1.3°t0 1.7°
0.5 0.5°t0 0.7° 0.5° 0.5°t0 0.7° 0.7°t0 0.8° 0.8°t0 1.2° 1.1°t0 1.5°
0.6 0.4° 10 0.6° 0.5° 0.5° t0 0.6° 0.6°t00.7° 0.7°to 1.1° 1.1°t0 1.4°
0.7 0.4° 10 0.5° 0.4° 10 0.5° 0.5° t0 0.6° 0.6°t0 0.7° 0.7° to 1.0° 1.0°t01.3°
0.8 0.3°t0 0.5° 0.4° 10 0.5° 0.4° t0 0.6° 0.6°t0 0.7° 0.7° to 1.0° 1.0°t01.3°
0.9 0.3°t0 0.5° 0.4° 10 0.5° 0.4° t0 0.6° 0.6°t0 0.7° 0.7° to 1.0° 1.0°t01.3°
1 0.3°t0 0.4° 0.3° t0 0.4° 0.3°t0 0.5° 0.5°t0 0.7° 0.7° to 1.0° 0.9°to 1.2°
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Matrix M.8 RF reflection factor, phase angle ¢; 2.92 mm connector
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Magnitude | 45 MHz to 1 GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
I 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.1 2.0°t0 2.1° 2.0° 2.0°t02.3° 2.2°t02.3° 2.2°t04.2° 4.2°t05.3° 5.3°t05.4° 5.3°t0 6.3°
0.2 1.0°to 1.1° 1.0°to 1.1° 1.0°to 1.2° 1.2° 1.2°t02.2° 2.1°t02.7° 2.7° 2.7°t03.2°
0.3 0.7° t0 0.8° 0.7° 0.7°t0 0.9° 0.8°t00.9° 0.8°to 1.5° 1.5°t01.9° 1.9° 1.9°t02.2°
0.4 0.6° 0.6° 0.6°t00.7° 0.7° 0.7°to 1.2° 1.1°to 1.5° 1.5° 1.5°to 1.7°
0.5 0.5°t0 0.6° 0.5° 0.5°t0 0.6° 0.6° 0.6°to 1.0° 1.0°t0 1.3° 1.2°t0 1.3° 1.3°to 1.5°
0.6 0.4°t0 0.5° 0.5° 0.5°t0 0.6° 0.5°t0 0.6° 0.6°t00.9° 0.9°to 1.1° 1.1°to 1.2° 1.1°t0 1.3°
0.7 0.4°t0 0.5° 0.5° 0.5°to 0.6° 0.5°to 0.6° 0.5°t0 0.8° 0.8°to 1.1° 1.0°to 1.1° 1.1°t0 1.2°
0.8 0.4°t0 0.5° 0.4°t0 0.5° 0.4°t0 0.5° 0.5°to 0.6° 0.5°t0 0.8° 0.8°to 1.0° 1.0° 1.0°to 1.2°
0.9 0.3°t0 0.5° 0.4°t0 0.5° 0.4°t0 0.5° 0.5°to 0.6° 0.5°t0 0.8° 0.8°to 1.0° 1.0° 1.0°to 1.2°
1 0.3°t0 0.4° 0.3°to 0.4° 0.3°t0 0.5° 0.5° 0.5°t0 0.8° 0.7°to 1.0° 0.9°to 1.0° 0.9°to 1.2°
Matrix M.9 RF attenuation; N connector 50 Q
Absolute
attenuation 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0dB 0.01dB 0.01dB 0 0.02dB | 0.01 dBto 0.02 dB 0.02dB
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
10dB 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
30 dB 0.05 dB 0.05 dB 0.05 dB to 0.06 dB 0.06 dB
40 dB 0.05 dB 0.05 dB t0 0.06 dB | 0.05 dBto 0.06 dB | 0.06 dB to 0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB to 0.07 dB | 0.06 dB to 0.07 dB
60 dB 0.05dBt00.09dB | 0.08 dBto 0.09dB | 0.07 dBt00.09 dB | 0.08 dB to 0.09 dB
Matrix M.10 RF attenuation; 3.5 mm connector
Absolute 9 kHz to 1 GHz to 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 0.01dB 0.01dBt00.02dB | 0.01dB to 0.02 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
10dB 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
30 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
40 dB 0.05 dB to 0.06 dB | 0.05 dB to 0.06 dB | 0.05 dB to 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 0.06 dB t0 0.07 dB | 0.06 dB t0 0.09 dB | 0.08 dB to 0.10 dB
60 dB 0.05dB t0 0.09 dB | 0.07 dBt00.09dB | 0.07 dBt00.09dB | 0.08 dBt00.09 dB | 0.08 dBto 0.19dB | 0.15dBto 0.22 dB
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Matrix M.11 RF attenuation; 2.92 mm connector

( DAKKS
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Absolute 45 MHz to 1 GHz to 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuation 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.01dB to 0.01 dB to 0.02 dB to
0dB 0.01dB 0,02 dB 0.02 dB 0.02 dB 0.02dB 0.02dB 0.04 dB 0.03 dB
0.05 dB to 0.05 dB to
3dB 0.04 dB 0.05 dB 0.05dB 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
0.05 dB to 0.06 dB to 0.06 dB to
10 dB 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
20 dB 0.05dB 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
0.05 dB to 0.05 dB to 0.06 dB to 0.07 dB to 0.08 dB to
40dB 0.05dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07.d8 0.08 dB 0.09 dB
0.06 dB to 0.06 dB to 0.08 dB to 0.09 dB to 0.10 dB to
S0e 0.05dB 0.06 dB 0.06 dB 0.07 dB 0.09 dB 0.10 dB 0.10 dB 0.13dB
o 0.06 dB 0.08 dB to 0.07 dB to 0.08 dB to 0.08 dB to 0.15dB to 0.17 dB to 0.20 dB to
’ 0.09 dB 0.09 dB 0.09 dB 0.18dB 0.22dB 0.22 dB 0.32dB
Matrix M.12 RF attenuation; phase angle ¢; N connector 50 Q
Absolute 9 kHz to 1 GHz to 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°
10 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7°
20 dB 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°
40 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7°
50 dB 0.4° 0.4° t0 0.5° 0.5° t0 0.6° 0.6°t00.7°
60 dB 0.4° t0 0.6° 0.5° t0 0.6° 0.6°t0 0.7° 0.7°t0 0.8°
Matrix M.13 RF attenuation; phase angle ¢; 3.5 mm connector
Absolute 9 kHz to 1GHzto 3 GHzto 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° to 1.0°
3dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°to 1.1°
6 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
10 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
20 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
30dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
40 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°to 1.2°
50 dB 0.4° t0 0.5° 0.4°t0 0.5° 0.5° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°to 1.2°
60 dB 0.4° t0 0.6° 0.5° t0 0.6° 0.6°t00.7° 0.7°t0 0.8° 0.8°t0 1.5° 1.3°t0 1.8°
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Matrix M.14 RF attenuation; phase angle @; 2.92 mm connector
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Absolute 45 MHz to 1GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuation 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0dB 0.2° 0.2° 0.2°to 0.4° 0.4°to 0.6° 0.6°t0 0.9° 0.9°to 1.0° 1.0°to 1.2° 1.2°to 1.4°
3dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
6dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
10dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
20 dB 0.4° 0.4° 0.4°to 0.6° 0.6°to 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
30dB 0.4° 0.4° 0.4° to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
40 dB 0.4° 0.4° 0.4° to 0.6° 0.6°t0 0.7° 0.7° to 1.0° 1.0°to 1.2° 1.2°t0 1.3° 1.3°to 1.5°
50 dB 0.4° 0.4°t0 0.5° 0.5°to 0.6° 0.6°t0 0.7° 0.7°to 1.0° 1.0°to 1.2° 1.2°to 1.4° 1.4°to 1.7°
60 dB 0.4°t0 0.5° 0.5°t0 0.6° 0.6°t0 0.7° 0.7°t0 0.8° 0.8°to 1.5° 1.3°t0 1.8° 1.6°to1.9° 1.8°to 2.5°
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High-frequency and radiation measurement quantities — Optical measurement quantities

Radiometry

Permanent laboratory — Location Eichenau

Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded K
quantity / calibration measurement span conditions / measurement Remarks
object procedure uncertainty
Optical radiation power 1uyWw to 0.5mw 1310 nm, 1550 nm 1.3% Connector FC, ST, SC,
Fiber optic power SMA, HMS-10 or
meters 850 nm 2.2% adaptable
654 nm 2.2%
Other wavelengths
(780 nm, 635 nm,
1625 nm) interpolated
Nonlinearity of fiber 10nW to 160 puwW 1310 nm, 1.8-103(0.008 dB) Addition method
optic radiation 1550 nm, 850 nm
receivers 0.1nW to <0.32nW 20 - 103(0.085 dB) Comparison method
032nW to <3.2nW 7.1-103(0.031 dB)
3.2nW to 0.5pw 6.0 - 103(0.026 dB)
Attenuation or 0dB to 50dB Wavelengths: 6.0 - 103(0.026 dB)
amplification of fiber >50dB to 60dB 1310 nm, 1550 nm, 7.1-103(0.031 dB)
optic components >60dB to 70dB 850 nm 20-103(0.085 dB)
Central wavelength 4 350nm to <700nm 0.5 nm
700nm to <1250nm | Reference power: 2.5 pm
1250 nm to 1700 nm approx. 0.5 mW 2 pm
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Photometry

Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

Measurement
quantity /
calibration object

Measurement range /
measurement span

Measurement
conditions /
procedure

( DAKKS

Deutsche
Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

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%

Turbidity coefficient k

Measuring chamber length

QMH chapter XXXIV
v4.0

0.65%
0.70%
0.80%

0.80%
0.70%
0.65%

Turbidity coefficient k

0.43m Nominal val i th calculated from the
ominal values in the -
>0m?  to  43m? | yrbidity values of the | 0-020mto0.050 m | degree of turbidity 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
Illuminance E 0Ix 0.01 Ix Reference zero
900 Ix to 2000 Ix 1.7% - E Standard light
>51x  to  <10Kkix QMH XXX 19% E LED light
>10 klx to 110 klx 9.0- 108 E?/Ix
+0.02-E-131Ix
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Dimensional measurement quantities

Length and angle

Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)
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Measurement Measurement range / Measurement Expanded measurement K
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure
Calipers for external, | = measured value
internal, and defth >0mm to 1000 mm VDSI{]\élztEéDngloégls 20 um +15- 106/
measurements
Bow micrometers * to 300 mm VDI/VDE/DGQ 2618 2um+6-10°6-/
>300mm to 1000 mm Sheet 10.1:2001 0.30 um + 12 - 106+ /
Dial gauges VDI/VDE/DGQ 2618 "
with scale display * to. 100mm Sheet 11.1:2014 1.5pm +10-10°-/
Dial gauges VDI/VDE/DGQ/DKD
with digital display * to 100 mm 2618 1.5um+10-10°%-/
Sheet 11.4:2020
. . VDI/VDE/DGQ 2618
*
Fine pointer to 3mm Sheet 11.2:2002 0
Probe lever gauges * to 1.6mm VDI/VDE/DGQ 2618 oF
gaug : Sheet 11.3:2002
Parallel gauges made of VDI/VDE/DGQ 2618
steel or ceramic 0.5mm to 100 mm Sheet 3.1:2004 0.1pum+0.8-10%-/
according to Measurement of the
DIN ISO 3650 * deviation /. from the
>100mm to 175mm nominal dimension /y 0.47 um
by difference
measurement
in the nominal dimensions of Measurement of
the standard deviations f, and f,
ffom the cen'Fer 0.08 um
dimension using
5-point differential
measurement
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Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)
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Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure

Cylindrical standard VDI/VDE/DGQ 2618 d = measured

Rings * 3mm to 125mm Sheet 4.1:2006 0.7um+0.8-106-4 | diameter

Diameter >125mm to 300 mm Option 3 0.6 um+2.1-10°-d

Diameter >125mm to 300 mm Sheet 4.1:2006 03um+28-10%-d
Option 3

. VDI/VDE/DGQ 2618
Test pins * !

Diameter 1mm to 20 mm Sheet 4.2:2006 0.5 um + 1.2-10%-d
Option 1

Thread gauges *

(single and multiple

thread cylindrical

external and internal

threads with straight

flanks, symmetrical

profile, nominal pitch,

and nominal profile

angle)

External threads VDI/VDE/DGQ 2618 d = measured flank
simple flank 1mm to 125mm Sheet 4.8:2006 2.8um+0.2-106.4 | diameter
diameter Option 1

Three-wire method
>125mm to 500 mm (perpendicular to 2.7um+1.0-10%-d
thread axis)

Internal thread VDI/VDE/DGQ 2618

Simple flank Sheet 4.9:2006
diameter Option 1
3mm to 125 mm 2.5um+0.3-10%-d
Two-ball method
(perpendicular to
thread axis)

Lever systems for force to 600 mm Work instruction 52 pm

transmission on brake AA0364

test benches 600 mm to 2500 mm Version 8.0 23-10%-/+0.12mm | /=measured value

Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 60 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

Permanent laboratory — Location Eichenau
Calibration and Measurement Capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure
Levelling rods for Measuring range
interval measurements QMH-L.VIIL.2 based on the interval
to 100 mm Section 4 40 pm between any two
Version 1.0 graduation marks on
the scale
Tape measures I = measured length
QMH-L.VIIL.2 Tape measures for
0.lm to 25m Section 2 2.4 mm+45-10°%-/ characterizing
Version 1.0 headlight adjustment
test systems
Circumference Calibration at the
measuring tapes nominal values of the
mad.e of steel QMH-LVIIL2 standards
Diameter 150 mm to 300 mm Section 3 0.62 mm
>300mm to 400 mm Version 1.0 0.94 mm
Circumference 470 mm to 950 mm 0.19 mm
>950 mm to 1257 mm 0.297 mm
Electronic inclinometers -55° to -30° 42 -10°%-|a] +0.00034° | Max. base length
MH-L.VIII.1
-30° to 30° %er 1 0.0016° 100 mm
si . - ino
30° to 55° 42-10%-|a| +0.00034° |27 2nlein
Point and line lasers
Tilt deviation AA0356
horizontal Version 9.0 0.080 mm/m
0mm/m to  2mm/m
vertical 0.10 mm/m
Position sensitive AAO356
detector / PSD diodes to 5mm . 18 um
. . Version 9.0
X and Y axis deviation
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Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure
Length measuring Omm to 75 mm QMH-L.VIII.3 31 um Assumed
instrument Section 2.1 temperature range:
Gauges >75mm to 150 mm Version 1.0 37 um 20°C+1K
External measurement
QMH-L.VIIL.3 Assumed thermal
Section 2.2 expansion
Omm to 150 mm . 36 um coefficient:
Version 1.0
Internal measurement a=115-10°K"
QMH.-L.VIII.3 Different
omm to 150 mm SECtI'OH 23 39 um environmental
Version 1.0 conditions and
Depth measurement materials of the test
gauges to be
QMH-L.VIIL.3 calibrated increase
0 to 75 mm Section 2.4 55 pum the mea.surement
Version 1.0 uncertainty
Step measurement
>75mm to 150 mm 76 um
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
DC voltage oV 120 nV Short-circuit bridge
Sources oV to 01V 4-106- U +0.36 pV U = measured value
>0.1V to 1V 3.7-10%- U+0.35 pv
>1V to 10V 3.2-10%- U +0.56 pv
>10V to 100V 5.3:10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
>1050V to 10 kv 0.17-103- U
DC voltage ov to 220mV 6-106- U+0.6 pVv U = measured value
Measuring >220mV  to 2.2V 5.106-U+1pV
instruments >22V  to 11V 4-10%- U+3.5pV
>11V to 22V 4-106-U+6.5uv
>22V to 220V 5-10%- U+ 80 v
>220V to 1050V 7-10%-U+0.5mV
oV to 0.1V 4-10%-U+0.36 uv
>0.1V to 1V 3.7-10%- U+0.35 uv
>1V to 10V 3.2-10%- U +0.56 pv
>10V to 100V 5.3:10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
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quantity / calibration
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Expanded measurement

uncertainty

Remarks

AC voltage
Sources, measuring
instruments

2 mV

to

1000 V

10 Hzto 1 MHz

4.1uVto0.48V

2mV

to

10 mv

10 Hz to 40 Hz

0.36-103- U+3.4 puV

> 40 Hz to 1 kHz

0.24-103-U+1.3 Vv

> 1 kHz to 20 kHz

0.36-103- U+ 1.3 pVv

> 20 kHz to 50 kHz

1.2-103-U+13pv

> 50 kHz to 100 kHz

5.8-103-U+13pV

> 100 kHz to 300 kHz

46-103-U+2.3 Vv

>10 mV

to

100 mV

10 Hz to 40 Hz

8610 U+ 4.6 pV

> 40 Hz to 1 kHz

87-106- U+23 pV

> 1 kHz to 20 kHz

0.17-103- U+2.3 pv

> 20 kHz to 50 kHz

0.35-103- U+2.3 pV

> 50 kHz to 100 kHz

0.93-103- U+2.3pVv

> 100 kHz to 300 kHz

3.5-103-U+12pv

> 300 kHz to 1 MHz

12-103- U+ 12 uv

>100 mV

to

1V

10 Hz to 40 Hz

83106 U +46 pVv

> 40 Hz to 1 kHz

82106 U+23 puV

> 1 kHz to 20 kHz

0.16- 103 - U +23 uV

> 20 kHz to 50 kHz

0.35-103- U +23 pv

> 50 kHz to 100 kHz

0.92-103- U+23 uV

> 100 kHz to 300 kHz

3.5-103-U+0.12 mV

>300 kHz to 1 MHz

12-103-U+0.12 mV

to

oV

10 Hz to 40 Hz

85-10%- U+ 0.46 mV

>40 Hz to 1 kHz

87-10%- U+0.23 mV

> 1 kHz to 20 kHz

0.17-103-U+0.23 mV

> 20 kHz to 50 kHz

0.35-103- U+0.23 mV

> 50 kHz to 100 kHz

0.92-103-U+0.23 mV

> 100 kHz to 300 kHz

3.5-103%-U+1.2mV

U = measured value

> 300 kHz to 1 MHz

12-103-U+1.2mV

>10V

to

100V

10 Hz to 40 Hz

0.23-103-U+4.6 mV

> 40 Hz to 1 kHz

0.23-103-U+23 mV

> 1 kHz to 20 kHz

0.23-103-U+2.3mV

> 20 kHz to 50 kHz

0.41-103-U+2.3mV

> 50 kHz to 100 kHz

1.4-103-U+23mV

>100V

to

1000 V

50 Hz to 1 kHz

0.46-103- U+ 16 mV
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
AC voltage 1mV to 1100V 10 Hz to 1 MHz 5V to 81 mV U = measured value
Measuring ImV to 22mV 10 Hz to 20 Hz 0.5-103-U+4.5pv
instruments, sources
>20Hz to 40 Hz 0.19-103-U+4.5uv
> 40 Hz to 20 kHz 95-106- U+4.5uVv
> 20 kHz to 50 kHz 0.33-103- U+4.5v
> 50 kHz to 100 kHz 0.75-103-U+7 v
> 100 kHz to 300 kHz 1-103-U+13 v
> 300 kHz to 500 kHz 1.5-103- U+25puv
> 500 kHz to 1 MHz 3.1-103-U+25uVv
>22mV to 22mV 10 Hz to 20 Hz 0.5-103-U+5pVv
>20Hz to 40 Hz 0.19-103-U+5uVv
> 40 Hz to 20 kHz 95-10%- U+5uv
> 20 kHz to 50 kHz 0.33-103-U+5uv
> 50 kHz to 100 kHz 0.75-103-U+7 v
> 100 kHz to 300 kHz 1-103-U+12 v
> 300 kHz to 500 kHz 1.5-103- U+25puv
> 500 kHz to 1 MHz 3.1-103-U+25uVv
>22mV to 220mV 10 Hz to 20 Hz

0.5-103-U+13 pv

>20 Hz to 40 Hz

0.19-103- U+ 8 pV

> 40 Hz to 20 kHz

95-10%6- U +8 pV

> 20 kHz to 50 kHz

0.28-103- U+8pVv

> 50 kHz to 100 kHz

0.75- 103 U +25 pV

> 100 kHz to 300 kHz

1-103- U+25pV

> 300 kHz to 500 kHz

1.5-103-U+35uVv

> 500 kHz to 1 MHz

3.1-103- U+80 pV

>220mV to 2.2V

10 Hz to 20 Hz

0.45-103- U +80pv

>20 Hz to 40 Hz

0.14-103- U + 25 pVv

> 40 Hz to 20 kHz

65-10°- U+6puVv

> 20 kHz to 50 kHz

0.11-103-U+16pv

> 50 kHz to 100 kHz

0.21-103-U+70 pv

> 100 kHz to 300 kHz

0.39-103- U+0.13 mV

> 300 kHz to 500 kHz

0.95-103- U +0.35 mV

> 500 kHz to 1 MHz

1.9-103-U+0.85mV
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
AC voltage >22V to 22V 10 Hz to 20 Hz 0.45-103-U+0.8 mV U = measured value
Measuring > 20 Hz to 40 Hz 0.14-103- U+0.25 mV

instruments, sources

> 40 Hz to 20 kHz

65-106- U+ 60 uv

> 20 kHz to 50 kHz

0.11-103- U +0.16 mV

> 50 kHz to 100 kHz

0.21-103- U +0.35 mV

> 100 kHz to 300 kHz

0.45-103-U+1.5mV

> 300 kHz to 500 kHz

1.2-103-U+4.3mV

>500 kHz to 1 MHz

2.5-103-U+85mV

>22V to 220V 10 Hz to 20 Hz 0.45-103-U+8 mV
>20Hz to 40 Hz 0.14-103-U+2.5mV
> 40 Hz to 20 kHz 70-10%- U+0.8 mV
> 20 kHz to 50 kHz 0.19-103-U+3.5mV
> 50 kHz to 100 kHz 0.45-103-U+8mV
>220V to 1100V 15 Hz to 50 Hz 0.36-103- U+ 16 mV
> 50 Hz to 1 kHz 70-10%-U+3.5mV
LMV 0 220V | pocaniartension | Seematrx BML
High voltage
Sources 1100V to 10kV 45 Hz to 55 Hz 0.46-103-U U = measured value
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
DC current. OmA to 220pA 40-106-/+8nA | = measured value
Measuring
instruments, sources >220pA to 2.2mA 40-10°-/+8nA
>22mA to 22mA 40-10°%-/+80nA
>22mA to 100 mA 50-10%-/+0.8 A
. 6. . 6.2
>100mA to 220 mA >0-10°-1+200- 101

>220mA to 1A

>1A to 22A

>22A to 3A

>3A to 10.1A

>10.1A to 205A

+0.8 pA

65 - 106 [ + 25 pA

65-10%-/+10-106-/2
+25 pA

0.38 103/ + 40 pA

0.5-103-/+0.5mA

1-103-/+0.75mA

OpA to 1pA

>1pA to 100nA

>100nA to 1pA

>1pA to 10pA

>10pA to 100 pA

>100pA to 1mA

>ImA to 10mA

>10mA to 100mA

>100mA to 1A

1pA

35.10%-/+46 pA

23-10° -/ +46 pA

23-10%-/+0.12nA

23-10%-/+0.92 nA

23-10%-/+6nA

23-10°%-/+58 nA

41-10%-/+580nA

0.13-103-/+12 pA

1A to 400A 0.21-103-/
DC current
Current clamps and 1mA to 1100A 1to N windings 3-103-/
current clamp
transformers
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
AC current 10pA to 20.5A 10 Hz to 10 kHz 25nAto 0.62 A I'= measured value
Measuring 0.01mA to 0.22mA 10 Hz to 40 Hz 0.6-103-/+25nA
instruments, sources >40 Hz to 1 kHz 0.12-103-/+16 nA
>1kHz to 5 kHz 0.5-103-/+40nA
> 5 kHz to 10 kHz 1.4-103-/+80nA
>0.22mA to 22mA 10 Hz to 40 Hz 0.6-103-/+40nA
>40 Hz to 1 kHz 0.12-10%-/+35nA
>1kHz to 5 kHz 0.5-103-/+0.4 pA
> 5 kHz to 10 kHz 1.4-103-/+0.8 pA
>22mA to 22mA 10 Hz to 40 Hz 0.6-103-/+0.4 pA
>40 Hz to 1 kHz 0.12-103-/+0.35 A
>1kHz to 5 kHz 0.5-103-/+4 pA
>5 kHz to 10 kHz 1.4-103-/+8pA
>22mA to 220mA 10 Hz to 40 Hz 0.6-103-/+4 pA

>40 Hz to 1 kHz

0.12-103-/+3.5puA

> 1 kHz to 5 kHz

0.5-103-/+40 pA

> 5 kHz to 10 kHz

1.4-103-/+80 pA

>220mA to 2.2A

20 Hzto 1 kHz

0.55-103-/+35pA

> 1 kHz to 5 kHz

0.65 - 103- / + 80 pA

> 5 kHz to 10 kHz

0.75-103-/+0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8-103-/+0.1mA

> 45 Hz to 1 kHz

0.6-103-/+0.1 mA

>3A to 11A

45 Hz to 100 Hz

0.6-103-/+2mA

> 100 Hz to 1 kHz

1.0-103-/+2mA

>11A to 205A 45 Hz to 100 Hz 1.2-103-/+5mA
> 100 Hz to 1 kHz 1.5-103-/+5mA
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
AC current SPA to 1A 20 Hz to 5 kHz 35nAto 13 mA /= measured value
Sources
5pA to 100 pA 20 Hz to 45 Hz 1.7-103-/1+35nA
> 45 Hz to 1 kHz 0.76-103-/+34nA
>100 pA to 1mA 20 Hz to 45 Hz 1.7-103-/1+0.23 pA
> 45 Hz to 100 Hz 0.71-103-/+0.23 pA
> 100 Hz to 5 kHz 0.73-103-/+0.2 pA
>1mA to 10 mA 20 Hz to 45 Hz 1.7-103-1+2.3 pA
> 45 Hz to 100 Hz 0.71-103-/+2.3 pA
> 100 Hz to 5 kHz 0.73-103-/+2 pA
>10mA to 100 mA 20 Hz to 45 Hz 1.7-103- 1+ 23 pA
> 45 Hz to 100 Hz 0.71-103-/1+23 pA
> 100 Hz to 5 kHz 0.73-103-/+20 pA
>100mA to 1A 20 Hz to 45 Hz 1.8:103-/+0.23 mA
> 45 Hz to 100 Hz 0.83-103:/+0.33 mA
> 100 Hz to 5 kHz 1.6-103-/+0.21 mA
AC current 10 mA N I = measured value
Sources, measuring OmA to 500 3UAt00.2A
instruments e
10mA to 1A 0.32-103-/
40 Hz to 1 kHz
>1A to 100A 0.69-103-/
>100A to 450A 0.9-103-/
Current clamps and 1to N windings I = measured value
current clamp
transformers 1mA to 1100 A 10 Hz to 1 kHz 4-103-1
> 1 kHz to 10 kHz/N
Equivalent leakage " 3
current at Ry to 1 GO 17-10%-/t05.8-103-/
0.2pA to 200 mA DC to 60 Hz
See matrix BM.2
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Remarks

Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / uncertainty
object procedure
DC resistance 00 2-wire short circuit 0.5mQ
Fixed values 4-wire short circuit 0.35 uQ
100 uQ 0.45-103-R
1mQ 0.17-103-R
10 mQ 0.17-103-R
100 mQ 0.10-103-R
10Q; 40-10°-R
10 Q; 23-10°-R
100 Q; 14-10%-R
1kQ; 10-10%-R
10 kQ; 9.5-10%-R
100 kQ; 11-10%-R
1 MQ; 15-10%-R
10 MQ; 31-10%-R
100 MQ; 100-10°%-R
10Q; 76-10°-R
10 ; 20-10°-R
100 Q; 17 -10%-R
1kQ; 10-10%-R
10 kQ; 10-10%-R
100 kQ; 13-10%-R
1 MQ; 19-10%-R
10 MQ; 70-10°-R
100 MQ; 0.59-103:R
1GQ 5.9-103-R
Measuring O0to<11Q 40 - 10‘2- R
. 11Qto<110Q 35-10°-R
nstruments 110 Q to < 110 kQ 2810 R
110kQto< 1.1 MQ 32-10%-R
1.1 MQto<3.3MQ 60-10°-R
3.3MQto< 11 MQ 0.13-103-R

R = measured value

Intermediate values
increase the
measurement
uncertainty

11 MQto <33 MQ 0.25-103-R
33 MQto< 110 MQ 0.5-103-R
110 MQ to < 330 MQ 3-103-R
330 MQto<1.1GQ 15-103-R
AC resistance 500pQ to  45kQ 10 Hz to 10 kHz ,UZ +UZ-R R = measured value
(absolute value of ! v U, is the relative
impedance) uncertainty of the
0.17-103-R calibration current
to " Uy is the relative
17-10°-R uncertainty of the
. measured voltage at the
See matrix BM.3 resistor
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
Inductance 0 pH 2-wire short circuit 0.03 uH
Fixed values
100 Hz 0.54-103-L
100 uH 1kHz 0.28 -103- L
10 kHz 0.29-10°-L L = measured value
1mH 100 Hz 0.14-103-L
1 kHz 0.14-103-L
10 kHz 0.24-103-L Absolut value of
10 mH 100 Hz; 0.13-103-L impedance
1 kHz; 10 kHz 0.16-103-L 50mQ<|Z] £11kQ
100 mH 100 Hz; 1 kHz 0.13-103-L
10 kHz 0.28-103-L
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
Fixed values 1 kHz 0.63-103-C
1pF 10 kHz 031102 C
1 kHz 42 -10%-C
10 pF 10 kHz; 53-10%-C
100 kHz 88-10°-C
1 MHz 0.24-103-C C = measured value
100 pF 1 kHz 39.106- C
1nF L khz 71100 C Absolute value of
100 kHz 0.13:103-C
100 Hz 0.49-103-C impedance
10 nF 1 kHz 021-103-C 10<1Z| £110 MQ
10 kHz 0.23-103-C
100 Hz; 0.21-103-C
100 nF 1 kHz; 0.20-103-C
10 kHz 0.17-103-C
. -3.
. 100 Hz; 1 kHz o o e
10 kHz 0.29-103-C
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
DCI\F;lower i 0 mV to 1020 V e P
easuring mV to 103 103, _
instruments OW to 21kw 0 1A t0 20.5 A 0.21-103 P10 0.70 - 103- P | P = measured value
w2 +w, -p Winis the relative
) 0Vto330V " uncertainty of the active
via current clamp OW to 300kw 0 mA to 1000 A but not Ie:s than power of the single
02 : 10 ° P W|nd|ng
AC active power P = measured value
Measuring PF=1;45Hz to 65 Hz PF = power factor
instruments 0.11mW to 21kw 33 mV to 1020 V 0.7-10%:Pto 1.4-10% P | (canacitive or inductive)

33 mAto20A

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

PF=1;45Hzto 65 Hz

50V; 200V 0.16-103-P
500 W; 1 kW; 2 kW; 4 kW 034 2 A 10 A; 20 A
1.5W;6 W 30 mA; 0.26-103-P
45 Hzto 65 Hz; PF=1
23W to 20.6kw 23V to 1020V 0.32-103-Pt00.48-103-P
30mAto20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16-103-P
198 W PF=0.9 0.18-103-P
110 W PF=0.5 0.29-103-P
22 W PF=0.1 1.4-103-P
11w PF =0.05 2.7-103-P
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.055PF<1
10W to 1kwW Inductive, capacitive 0.22 W
Wiy is the relative
uncertainty of the active
33V 10 330V power of the single
0 2 2 windin
10 mA to 660 A Win + Wour -P The relitive uncertainty
via current clamp 05W to 218kW 45 Hz to 65 Hz but not less than of the object under test
0.05<PF<1 04-10%-p Wour in the measuring
1 to 60 windings circuit and in the stray
field of the current-
carrying conductor must
be taken into account
Power factor 0to 04 0.15 - 103

>04 to <1

33Vto330V
330mAto2.2A
45 Hz to 65 Hz

-60-10%- P+0.16 - 103

1 89-10°
AC reactive power Up = uncertainty of the
Measuring Ovar to 1 kvar 45 Hz to 65 Hz Up - var/W P ¥
. active power
instruments
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Measurement Measurement range / Measurement Expanded measurement Remarks
quantity / calibration measurement span conditions / uncertainty
object procedure
Frequency f
Measurement and 0.01Hz to 18GHz 0.5-107° f+ Urr Urs = trigger uncertainty
synthesis
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5-10%- At + 50 ps
1s to 100h 14 - 106 At + Urr
Rotational frequency 0.02s? to 180005t 3.7-10%-f
Oscilloscope OV to 5V DC to 10 kHz 1.1-103- U +66 pv U = measured value
Vertical 5V to 130V 1.2-103- U +44 pVv
Oscilloscope 1ns to <100ns 0.6-106-T+60fs T = measured value
Horizontal 100ns to 20ms 3.1-106-T+11fs
>20ms to 5s 1.2-103-72+29-10¢-T
50 kHz 3.3-102-f
. >50kHz to 100 MHz 25-102-f
Oscilloscopes
Banduwidth >100 MHz to 300 MHz 3.1-102-f
fa“ width f >300MHz to 600 MHz 55-102-f f=measured value
(frequency response) | cho Mz to 1.1 GHz 6.5-102-f
>1.1GHz to 2GHz 6.8-102-f
>2GHz to 4GHz 9.5-102-f
Frequency f
Time base 10 MHz 0.2-106-f
Rise time 50ps to 1ms 0.05Vto1.2V 4ps+57-103-T
Oscilloscopes Ins to 1ms 0.1to3V 25ps+5.8-103-T
Rise time 05ns to <2.5ns 28ps+14-103-T
Generators, pulses
25ns to 5ms 13ps+28-103-T
N connector, 50 Q
|Fs] £0.035
f<4GHz
RF |Fs| <£0.056
power DC to 50 MHz 9.5-103.p f<12 GHz
S:(;Epcl;tligl?a:l'\cl:)rn factor of 10pW to 80mwW >0 MHz to 4 GHz 14-102-p 76| £0.075
: 4 GHz to 12 GHz 22103 P f< 18 GHz
RF sources
12 GHz to 18 GHz 36-103- P Other connectors and
reflection factors
increase the
measurement
uncertainty
RE volt U W(P) is the relative
VOtage Urr w(P uncertainty of the
Sources with RF voltage 2mV to 2V DC to 18 MHz WUy = i) y
2 measured power at

display relative to 50 Q

Zp=500Q

Valid from:
Date of issue:

16.03.2026
16.03.2026

Page 73 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

Permanent laboratory — Location Berlin

Matrix BM.1 Square-wave voltage

DAKKS

Deutsche

Akkreditierungsstelle

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 | 1.2E-3 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 2.3E-3
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 2.3E-3
10000 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 3.2E-3
Matrix BM.2 Equivalent leakage current
Normal resistance Ry 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
10V 110 mA 11 mA 1.1 mA 110 uA 11 pA 1.1 pA 110 nA
12 12 12 20 71 0.6 5.8
230V 230 mA 23 mA 23mA 230 pA 23 YA 2.3 pA 230 nA
400 V 400 mA 40 mA 4 mA 400 pA 40 pA 4.0 uA 400 nA
Matrix BM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100V 1.000 V 1.000V | 10.000V | 10.000V | 100.000V
Current [A]
2.2-103A 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
22-103A 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 | 6.21E-04
Dimensional measurement quantities
Permanent laboratory — Location Berlin
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Length | = measured value
Caliper gauge for
per gaug VDI/VDE/DGQ 2618 .
external, internal, and Omm to 500mm 20 um + 15 - 106/
S Sheet 9.1:2006
depth dimensions
. VDI/VDE/DGQ 2618
Bow micrometers * Omm to 300 mm 2um+6-106-/
Sheet 10.1:2001 W
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC voltage oV 120 nV Short-circuit bridge
Sources oV to 0.1V 4-106- U+0.36 pV U = measured value
>0.1V to 1V 3.7-10%- U+0.35 pv
>1V to 10V 3.2-10%- U +0.56 pv
>10V to 100V 53-.10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
>1050V to 10 kv 0.17-103- U
DC voltage 0 to  220mV 6-106- U+0.6 pVv U = measured value

Measuring instruments

>220mV  to 2.2V

>2.2V to 1V

>11V to 22V

5.106- U+1pV

4-106-U+3.5uV

4-106-U+6.5uV

>22V to 220V 5-10%-U+80pv
>220V to 1050V 7-10%-U+0.5mV
oV to 0.1V 4.10%- U+0.36 pv

>0.1V to 1V

>1V to oV

>10V to 100V

3.7-10%- U+0.35 v

3.2-10%- U+0.56 uv

53106 U+ 34 pV

>100V to 500V 9.6-10%-U-0.34 mV
>500V  to 1050V 30-106-U-10mV
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Permanent laboratory — Location Mannheim
Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC voltage 2mV to 1000V 10 Hzto 1 MHz 4.1uVto0.48V U = measured value
. 2mV to 10mV 10 Hz to 40 Hz 0.36-103- U+3.4uv
Sources, measuring
instruments >40 Hz to 1 kHz 0.24-103-U+13uVv
> 1 kHz to 20 kHz 0.36-103- U+ 1.3 v
> 20 kHz to 50 kHz 1.2-103-U+13 v
> 50 kHz to 100 kHz 5.8-103-U+13pVv
> 100 kHz to 300 kHz 46-103-U+2.3 v
>10mV to 100 mV 10 Hz to 40 Hz 86-10°- U+4.6 uv
> 40 Hz to 1 kHz 87-10% - U+23 Vv
> 1 kHz to 20 kHz 0.17-103-U+2.3 v
> 20 kHz to 50 kHz 0.35-103- U+2.3 Vv
> 50 kHz to 100 kHz 0.93-103-U+23uv
> 100 kHz to 300 kHz 35-103-U+12 v
> 300 kHz to 1 MHz 12-103-U+12 v
>100mV to 1V 10 Hz to 40 Hz 83-10°- U +46 v
> 40 Hz to 1 kHz 82-10°- U+23 Vv
> 1 kHz to 20 kHz 0.16-103-U+23 pv
> 20 kHz to 50 kHz 0.35-103- U+23 uv
> 50 kHz to 100 kHz 0.92-103- U +23 pV
> 100 kHz to 300 kHz 3.5-103-U+0.12 mV
> 300 kHz to 1 MHz 12-103-U+0.12 mV
>1V to 10V 10 Hz to 40 Hz 85-10°%- U+0.46 mV
> 40 Hz to 1 kHz 87-10°-U+0.23 mV
> 1 kHz to 20 kHz 0.17-103- U+0.23 mV
> 20 kHz to 50 kHz 0.35:103- U+0.23 mV
> 50 kHz to 100 kHz 0.92-103-U+0.23 mV
> 100 kHz to 300 kHz 35-103%-U+1.2mV
> 300 kHz to 1 MHz 12-103-U+1.2mV
>10V to 100V 10 Hz to 40 Hz 0.23-103-U+4.6 mV
> 40 Hz to 1 kHz 0.23-103-U+23mV
> 1 kHz to 20 kHz 0.23-103-U+2.3mV
> 20 kHz to 50 kHz 0.41-103-U+23mV
> 50 kHz to 100 kHz 1.4-103-U+23mV
>100V to 1000V 50 Hz to 1 kHz 0.46-103- U+ 16 mV
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC voltage 1mV to 1100V 10 Hz to 1 MHz 5V to 81 mV U = measured value
Measuring instruments, 1mV to 22mV 10 Hz to 20 Hz 0.5-103-U+4.5uv
sources > 20 Hz to 40 Hz 0.19-103- U+4.5 uV
> 40 Hz to 20 kHz 95-10°- U+4.5uVv
> 20 kHz to 50 kHz 0.33-103- U+4.5uv
> 50 kHz to 100 kHz 0.75-103- U+ 7V
> 100 kHz to 300 kHz 1-103-U+13 v
> 300 kHz to 500 kHz 1.5-103 - U+25uv
> 500 kHz to 1 MHz 3.1-103-U+25uVv
>2.2mV to 22mV 10 Hz to 20 Hz 0.5-103- U+5pV
>20Hz to 40 Hz 0.19-103-U+5puVv
> 40 Hz to 20 kHz 95-10%- U+5uv
> 20 kHz to 50 kHz 0.33-103-U+5uv
> 50 kHz to 100 kHz 0.75-103- U+ 7V
> 100 kHz to 300 kHz 1-103-U+12 v
> 300 kHz to 500 kHz 1.5-103 - U+25uv
> 500 kHz to 1 MHz 3.1-103-U+25uV
>22mV to 220mV 10 Hz to 20 Hz 0.5-103-U+13 v
>20 Hz to 40 Hz 0.19-103-U+8 Vv
> 40 Hz to 20 kHz 95-10%- U+8 Vv
> 20 kHz to 50 kHz 0.28-103-U+8 Vv
> 50 kHz to 100 kHz 0.75-103- U +25pV
> 100 kHz to 300 kHz 1-103-U+25uv
> 300 kHz to 500 kHz 1.5-103 - U+35uVv
> 500 kHz to 1 MHz 3.1-103-U+80uVv
>220mV to 2.2V 10 Hz to 20 Hz 0.45-103- U+ 80 uv
>20 Hz to 40 Hz 0.14-103- U+ 25 uv
> 40 Hz to 20 kHz 65-10°- U+6puVv
> 20 kHz to 50 kHz 0.11-103- U+ 16 pv
> 50 kHz to 100 kHz 0.21-103-U+70 pv
> 100 kHz to 300 kHz 0.39-103- U+0.13 mV
> 300 kHz to 500 kHz 0.95-103- U+0.35 mV
> 500 kHz to 1 MHz 1.9-103-U+0.85mV
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Measurement range /
measurement span

Measurement
conditions /
procedure

Expanded measurement
uncertainty

Remarks

AC voltage
Measuring instruments,
sources

>2.2V to 22V

10 Hz to 20 Hz

0.45-103-U+0.8mV

>20Hzto 40 Hz

0.14-103- U+0.25 mV

> 40 Hz to 20 kHz

65 - 10 U + 60 puV

> 20 kHz to 50 kHz

0.11-103- U +0.16 mV

> 50 kHz to 100 kHz

0.21-103-U+0.35mV

> 100 kHz to 300 kHz

0.45-103-U+1.5mV

> 300 kHz to 500 kHz

1.2-103-U+4.3mV

> 500 kHz to 1 MHz

25-103-U+85mV

>22V to 220V

10 Hz to 20 Hz

0.45-103-U+8 mV

>20 Hzto 40 Hz

0.14-103- U+2.5mV

> 40 Hz to 20 kHz

70-10%- U+ 0.8 mV

> 20 kHz to 50 kHz

0.19-103- U+3.5mV

> 50 kHz to 100 kHz

0.45-103-U+8mV

U = measured value

>220V to 1100V

15 Hzto 50 Hz

0.36-103- U+ 16 mV

>50 Hz to 1 kHz

70-10%- U+3.5mV

1mV to 220V

1 Hzto 10 kHz
Square-wave voltage

0.38 pvVto 3.2 mv
See matrix MM.1

Sources

10 kv

1100V to

45 Hz to 55 Hz

0.46-103-U

U = measured value
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Measurement quantity /
calibration object

Measurement range /
measurement span

Measurement
conditions /
procedure
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Expanded measurement
uncertainty

Remarks

DC current
Measuring instruments,
sources

OmA to 220pA

>220pA to 2.2mA

>22mA to 22mA

>22mA to 100 mA

>100mA to 220mA

>220mA to 1A

>1A to 22A

>22A to 3A

>3A to 10.1A

>10.1A to 205A

40-10°-/+8nA

40-10%-/+8nA

40-10%-/+80nA

50-10%-/+0.8 pA

50-10%-/+200- 10 /?
+0.8 pA

65 - 106 [ + 25 pA

65-10%-/+10-10%-
+ 25 pA

0.38 - 103- / + 40 pA

0.5-103-/+0.5mA

1-103-/+0.75mA

OpA to 1pA

>1pA to 100nA

>100nA to 1pA

>1pA to 10pA

>10pA to 100 pA

>100pA to 1mA

>ImA to 10mA

>10mA to 100 mA

>100mA to 1A

1pA

35.10%-/+46 pA

2310/ +46 pA

23-10%-/+0.12nA

23.10%-/+0.92nA

23-10%-/+6nA

23-10°%-/+58 nA

41-10%./+580nA

0.13-103-/+12 pA

| = measured value

1A to 400A 0.21-103-/
DC current
Current clamps and 1mA to 1100A 1 to N windings 3.103. ]
current clamp
transformers
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Expanded measurement
uncertainty

Remarks

10 Hz to 10 kHz

25nAt00.62 A

10 Hz to 40 Hz

0.6-103-/+25nA

>40 Hz to 1 kHz

0.12-103-/+16 nA

> 1 kHz to 5 kHz

0.5:103-/+40nA

> 5 kHz to 10 kHz

1.4-103-/+80nA

10 Hz to 40 Hz

0.6-103-/+40nA

> 40 Hz to 1 kHz

0.12-10%-/+35nA

>1kHz to 5 kHz

0.5-103-/+0.4 pA

> 5 kHz to 10 kHz

1.4-103-/+0.8 pA

10 Hzto 40 Hz

0.6-103-/+0.4 pA

> 40 Hz to 1 kHz

0.12- 103 - [ + 0.35 pA

>1kHz to 5 kHz

0.5-103-/+4 pA

> 5 kHz to 10 kHz

1.4-103 -/ + 8 pA

10 Hz to 40 Hz

0.6-103-/+4 pA

>40 Hz to 1 kHz

0.12-103-/+3.5pA

> 1 kHz to 5 kHz

0.5-103-/+40 pA

> 5 kHz to 10 kHz

1.4-103-/+80 pA

20 Hz to 1 kHz

0.55-103-/+ 35 pA

> 1 kHz to 5 kHz

0.65- 103/ + 80 pA

> 5 kHz to 10 kHz

0.75-103-/+0.16 mA

10 Hz to 45 Hz

1.8-103:/+0.1 mA

>45Hzto 1 kHz

0.6-103-/+0.1 mA

45 Hz to 100 Hz

0.6-103-/+2mA

> 100 Hz to 1 kHz

1.0-103-/+2mA

45 Hz to 100 Hz

1.2-103-/+5mA

> 100 Hz to 1 kHz

1.5-103-/+5mA

| = measured value

Measurement quantity /| Measurement range /
calibration object measurement span
AC current 10pA to 205A
Measuring instruments, 0.01mA to 0.22mA
sources
>0.22mA to 2.2mA
>22mA to 22mA
>22mA to 220mA
>220mA to 2.2A
>22A to 3A
>3A to 11A
>11A to 205A
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC current SPA to 1A 20 Hz to 5 kHz 35nAto 13 mA /= measured value
Sources
5pA to 100 pA 20 Hz to 45 Hz 1.7-103-/+35nA
> 45 Hz to 1 kHz 0.76-103-/+34nA
>100pA to 1mA 20 Hz to 45 Hz 1.7-103-/+0.23 pA
> 45 Hz to 100 Hz 0.71-103-/+0.23 pA
> 100 Hz to 5 kHz 0.73-103-/+0.2 pA
>ImA to 10mA 20 Hz to 45 Hz 1.7-103- 1+ 2.3 pA
> 45 Hz to 100 Hz 0.71-103-/+2.3 pA
> 100 Hz to 5 kHz 0.73-103-1+2 pA
>10mA to 100 mA 20 Hz to 45 Hz 1.7-103- 1+ 23 pA
> 45 Hz to 100 Hz 0.71-103-/+23 pA
> 100 Hz to 5 kHz 0.73-103:-/+20 pA
>100mA to 1A 20 Hz to 45 Hz 1.8:103-/+0.23 mA
> 45 Hz to 100 Hz 0.83-103:/+0.33 mA
> 100 Hz to 5 kHz 1.6-103-/+0.21 mA
AC current 10 mA 500 A 3 UAto 0.2 A I = measured value
Sources, measuring m to HAT0 0.
instruments 10mA to 1A 0.32-103 -/
>1A to 100A 40 Hzto 1 kHz 0.69 102/
>100A to 450A 0.9-103-/
Current clamps and 1to N windings I = measured value
current clamp
transformers 1mA to 1100A 10 Hz to 1 kHz 4-103-1
> 1 kHz to 10 kHz/N
Equivalent leakage " 3
current at Ryto 1GQ 17-10%-/t05.8-103-1/
0.2pA to 200 mA DC to 60 Hz
See matrix MM.2
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC resistance 00 2-wire short circuit 0.5mQ R = measured value
Fixed values 4-wire short circuit 0.35 uQ
100 pQ 0.45-103-R
1mQ 0.17-103-R
10 mQ 0.17-103-R
100 mQ 0.10-103-R
10Q; 40-10°-R
10 0; 23-106-R
100 Q; 14 -10%-R
1kQ; 10-10%-R
10 kQ; 9.5-10%-R
100 kQ; 11-10%-R
1 MQ; 15-10%-R
10 MQ; 31-106-R
100 MQ; 100-10°-R
10; 76-10%-R
10 Q; 20-106-R
100 Q; 17 -10%-R
1kQ; 10-10°6-R
10 kQ; 10-106- R
100 kQ; 13-10%-R
1 MQ; 19-106-R
10 MQ; 70-106-R
100 MQ; 0.59-103-R
1GQ 5.9-103-R
Oto<11Q 40-10°-R
110Qt0o<110Q 35-10%-R
110 Qto <110 kQ 28-10°-R
110kQto< 1.1 MQ 32-10°-R
1.1 MQto< 3.3 MQ 60-10°-R
3.3 MQto <11 MQ 0.13-103-R
11 MQto <33 MQ 0.25-103-R
33 MQto <110 MQ 0.5-103-R
110 MQ to <330 MQ 3:103-R
330 MQto<1.1GQ 15-103-R
AC resistance (amount of 500pQ to  45kQ 10 Hz to 10 kHz /UZ +UZ-R R = measured value
impedance) ! v U, is the relative
uncertainty of the
0.17-10%-R calibration current
to s Uy is the relative
17-10°-R uncertainty of the
. measured voltage at
See matrix MM.3 the resistor
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Inductance 0 pH 2-wire short circuit 0.03 pH
Fixed values
100 Hz 0.54-103-L
100 pH
1 kHz 0.28-103-L
10 kHz 0.29-10°-1L L = measured value
1 mi 100 Hz 0.14-103-L
1 kHz 0.14-103-L
10 kHz 0.24-103-L Amount of
10 mH 100 Hz; 0.13-103-L impedance
1 kHz; 10 kHz 0.16-103- L 50mQ<|Z] £11kQ
100 mH 100 Hz; 1 kHz 0.13-103-L
10 kHz 0.28-103-L
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
Fixed values 1 kHz 0.63-103-C
1pF 10 kHz 0.31-103-C
1 kHz 42-10°-C
10 pF 10 kHz; 53-10%-C
100 kHz 88-10°-C
1 MHz 0.24-103-C C = measured value
100 pF 1 kHz 39-106-C
1nF 1 kHz 71-10%-C Amount of
100 kHz 0.13-103-C
100 Hz 04910 C impedance
10 nF 1kHz 0.21-103-C 1Q<|Z] £110 MQ
10 kHz 0.23-103-C
100 Hz; 0.21-103-C
100 nF 1 kHz; 0.20-103-C
10 kHz 0.17-103-C
0.29-103-C
1pF 100 Hz; 1 kHz 0.13-103-C
10 kHz 0.29-103-C
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC power 0 mV to 1020V 3W”2 P ,
Measuring instruments OW to 21kw 0 A to 20.5 A 0.21-103-Pt00.70-103- P | P = measured value
mp Winis th‘e relative
with clamp connection OW to 300kW Ocr)n\,;ttc:)i?())(())(\)/A but not less than gztci\e/;t?):\fvi?fo?tie
0.2-10°-P single winding
AC active power P = measured value
Measuring instruments PF=1; 45 Hz to 65 Hz PF = power factor
011mW to 21kw 33 mV to 1020 V 0.7-103: P10 1.4-10° P | (capacitive or
3.3mAto20A inductive)
15 W; 60 W; 100 W; 400 w; | [T - 143 Hzto 65 Hz
500 W: 1 KW 2 KW: 4 kW 50 V; 200 V 0.16-103-P
! ! ’ 0.3A;2A;10A;20A
15W;6 W 30 mA 0.26-103-P
45 Hzto 65 Hz; PF=1
23W to 20.6kw 23V to 1020V 0.32-103-Pt00.48-103- P
30 mAto 20.5A
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16-103-P
198 W PF=0.9 0.18-103-P
110w PF=0.5 0.29-103.-P
22 W PF=0.1 1.4-103-P
11w PF=0.05 2.7-103-P
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10W to 1kw Inductive, capacitive 0.22 W
Winis the relative
uncertainty of the
active power of the
33Vto330V sir;g'I[.e windingt. Thte
(02 2 relative uncertain
10 mA to 660 A Win + Wour -P of the device unde\r/
with clamp connection 05W to 218kwW 45 Hz to 65 Hz but not less than test Wourin the
0.05<PF<1 0.4-103-P measuring circuit
1 to 60 windings and in the stray field
of the current-
carrying conductor
must be taken into
account
power factor 0 to 0.4 33Vt0330V 0.15- 103
>04 to <1 330mAto 2.2 A -60-106- P +0.16 - 10°3
1 45 Hz to 65 Hz 89 . 106
AC reactlve_z pqwer Ovar to 1kvar 45 Hz to 65 Hz Up - var/W Up s the lfncertalnty
Measuring instruments of the active power
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Frequency f U .
Measurement and 0.01Hz to 18 GHz 0.5-10%- f+ Uty = :”,ggter
synthesis uncertainty
Time interval At Ons to 0.7ms 1.2ns
2ns to 100s 1.5-10%- At + 50 ps
1s to 100h 14 - 106 At + Urr
Rotational frequency 0.02s? to 18000st 3.7-106-f
Oscilloscope OV to 5V DC to 10 kHz 1.1-103-U+66pVv U = measured value
Vertical 5V to 130V 1.2-103- U +44 pV
Oscilloscope Ins to <100ns 0.6-106-T+60fs T = measured value
Horizontal 100ns to 20ms 3.1-106-T+11fs
>20ms to 5s 1.2-103-72+29-10%-T
50 kHz 3.3-102-f
. >50kHz to 100 MHz 25-102-f
Oscilloscopes
Banduwidth >100 MHz to 300 MHz 3.1-102-f
fa“ width f >300MHz to 600 MHz 55-102-f f=measured value
(frequency response) >600 MHz to 1.1GHz 6.5-102-f
>1.1GHz to 2GHz 6.8-102-f
>2GHz to 4GHz 9.5-102-f
Frequency f
Time base 10 MHz 0.2-106-f
Rise time 50ps to 1ms 0.05Vto1.2V 4ps+5.7-103-T
Oscilloscopes Ins to 1ms 0.1to3V 25ps+58-103-T
Rise time 05ns to <2.5ns 28ps+14-103-T
Generators, pulses
25ns to 5ms 13 ps+28-103-T
N connector, 50 Q
|Fs] £0.035
f<4GHz
RF |Fs| <£0.056
power DC to 50 MHz 9.5-103.pP f<12 GHz
S:(;Epcl;tligl?a:l'\cl:)rn factor of RF 10uW to 80 mw >0 MHz to 4 GHz 14-10°-P 76| <0.075
" 4 GHz to 12 GHz 22-10%- P £<18 GHz
sources
12 GHz to 18 GHz 36-103- P Other connectors
and reflection
factors increase the
measurement
uncertainty
RE volt U W(P) is the relative
VOtage Urr w(P uncertainty of the
Sources with RF voltage 22mV to 2V DC to 18 MHz WU )= L y
X . 2 measured power at
display relative to 50 Q
Zp=50Q
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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 | 2.37€-06 | 1.12E-05 | 2.2E-05 | 110.4E-6 | 250.0E-6 | 1.2E-3 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 2.3E-3
1000 6.4E-06 | 6.4E-6 | 6.99E-06 | 6.97E-06 | 1.34E-05 | 2.4E-05 | 111.6E-6 | 251.5-6 | 1.2E-3 2.3E-3
10000 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 3.2E-3
Matrix MM.2 Equivalent leakage current
Normal resistance Ry 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 LA 6 PA 600 nA 60 nA
10V 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 23pA 230 nA
400V 400 mA 40 mA 4mA 400 pA 40 pA 4.0 A 400 nA
Matrix MM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100V 1.000 V 1.000V | 10.000V | 10.000V | 100.000V
Current [A]
2.2-103A 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
22103 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 | 3.97€-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 measurement quantities
Permanent laboratory — Location Mannheim
Calibration and measurement capabilities (CMC)
Measurement Measurement Measurement Expanded Remarks
quantity / calibration | conditions / procedure conditions / measurement
object procedure uncertainty
Length | = measured value
Caliper gauge for
per eate VDI/VDE/DGQ 2618 .
external, internal, and Omm to 500mm 20 um + 15 - 106/
. . * Sheet 9.1:2006
depth dimensions
. VDI/VDE/DGQ 2618
Bow micrometers * Omm to 300mm 2um+6-106-/
Sheet 10.1:2001 :
Valid from: 16.03.2026
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC voltage oV 120 nV Short-circuit bridge
Sources 0 to 0.1V 4-106- U +0.36 pV U = measured value
>0.1V to 1V 3.7-10%- U+0.35 pv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3-10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
>1050V to 10 kv 0.17-103- U
DC voltage 0 to 220 mV 6-106- U+0.6 pVv U = measured value
Measuring instruments >220mV to 22V 5.106- U+1pV
>22V to 11V 4-10%-U+3.5uv
>11V to 22V 4-106-U+6.5uVv
>22V to 220V 5:10°- U +80uVv
>220V to 1050V 7-10%-U+0.5mV
oV to 0.1V 4-10%-U+0.36 uv
>0.1V to 1V 3.7-10%- U+0.35 uv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3:10%-U+34 v
>100V to 500V 9.6-10%- U-0.34 mV
>500V to 1050V 30-10%-U-10mV
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Expanded measurement
uncertainty

Remarks

10 Hzto 1 MHz

4.1uVto0.48V

10 Hz to 40 Hz

0.36-103- U+3.4pV

>40 Hz to 1 kHz

0.24-103-U+13 v

> 1 kHz to 20 kHz

0.36-103-U+1.3 Vv

> 20 kHz to 50 kHz

1.2-103- U+1.3pv

> 50 kHz to 100 kHz

5.8-103- U+ 13V

> 100 kHz to 300 kHz

46-103-U+2.3 Vv

10 Hz to 40 Hz

86-10°- U+ 4.6 pV

> 40 Hz to 1 kHz

87-106- U+23 pV

> 1 kHz to 20 kHz

0.17-103- U +2.3 v

> 20 kHz to 50 kHz

0.35-103- U+2.3 pV

> 50 kHz to 100 kHz

0.93:103-U+2.3 Vv

> 100 kHz to 300 kHz

3.5-103-U+12pv

> 300 kHz to 1 MHz

12-103-U+12 pv

10 Hzto 40 Hz

83-10°%- U +46 pv

> 40 Hz to 1 kHz

82106 U+23 pV

> 1 kHz to 20 kHz

0.16- 103 - U +23 uV

> 20 kHz to 50 kHz

0.35-103- U +23 pVv

> 50 kHz to 100 kHz

0.92-103- U+23 uV

> 100 kHz to 300 kHz

3.5-103-U+0.12 mV

> 300 kHz to 1 MHz

12-103-U+0.12 mV

10 Hzto 40 Hz

85-10°- U+ 0.46 mV

>40 Hz to 1 kHz

87-10°%- U+0.23 mV

> 1 kHz to 20 kHz

0.17-103- U +0.23 mV

> 20 kHz to 50 kHz

0.35-103- U +0.23 mV

> 50 kHz to 100 kHz

0.92-103- U +0.23 mV

> 100 kHz to 300 kHz

3.5:103-U+1.2mV

> 300 kHz to 1 MHz

12-103-U+1.2mV

U = measured value

10 Hz to 40 Hz

0.23-103-U+4.6 mV

>40 Hz to 1 kHz

0.23-103-U+23 mV

> 1 kHz to 20 kHz

0.23-103-U+2.3mV

> 20 kHz to 50 kHz

0.41-103-U+2.3mV

> 50 kHz to 100 kHz

1.4-103-U+23 mV

50 Hz to 1 kHz

0.46-103- U+ 16 mV

Measurement quantity /| Measurement range /
calibration object measurement span
AC voltage 2mV_to 1000V
Sources, measuring 2mV to 10mV
instruments
>10mV to 100 mV
>100mV to 1V
>1V to 10V
>10V to 100V
>100V | to 1000V
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Measurement quantity /
calibration object

Calibration and Measurement Capabilities (CMC)

Measurement range /
measurement span

Measurement
conditions /
procedure

Expanded measurement
uncertainty

Remarks

AC voltage
Measuring instruments,
sources

1mV to 1100V

10 Hz to 1 MHz

5uVto8lmv

1mV to 22mV

10 Hz to 20 Hz

0.5-103- U+4.5pV

>20Hzto 40 Hz

0.19-103-U+4.5uv

> 40 Hz to 20 kHz

95-10°%- U+4.5puv

> 20 kHz to 50 kHz

0.33-103- U+4.5 pV

> 50 kHz to 100 kHz

0.75-103-U+7 Vv

> 100 kHz to 300 kHz

1-103-U+13 v

> 300 kHz to 500 kHz

1.5-103- U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pVv

>2.2mV to 22mV

10 Hz to 20 Hz

0.5-103- U+5puV

>20Hzto 40 Hz

0.19-103- U+5pVv

> 40 Hz to 20 kHz

95-106- U +5puV

> 20 kHz to 50 kHz

0.33-10%- U+5uV

> 50 kHz to 100 kHz

0.75-103-U+7pVv

> 100 kHz to 300 kHz

1-103- U+ 12 uv

> 300 kHz to 500 kHz

1.5- 103 U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pv

>22mV to 220mV

10 Hzto 20 Hz

0.5-103-U+13 pv

> 20 Hz to 40 Hz

0.19-103- U+ 8 pV

> 40 Hz to 20 kHz

95.106- U +8 puV

> 20 kHz to 50 kHz

0.28-103- U+8pVv

> 50 kHz to 100 kHz

0.75- 103 U +25 pV

> 100 kHz to 300 kHz

1-103- U+25pV

> 300 kHz to 500 kHz

1.5-103-U+35uVv

> 500 kHz to 1 MHz

3.1-103- U+80 uV

>220mV to 2.2V

10 Hzto 20 Hz

0.45-103- U +80pv

>20Hzto 40 Hz

0.14-103- U + 25 pV

> 40 Hz to 20 kHz

65106 U+6 uv

> 20 kHz to 50 kHz

0.11-103-U+16 v

> 50 kHz to 100 kHz

0.21-103-U+70pv

> 100 kHz to 300 kHz

0.39-103- U+0.13 mV

> 300 kHz to 500 kHz

0.95-103- U +0.35 mV

> 500 kHz to 1 MHz

1.9-103-U+0.85mV

U = measured value
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Remarks

Measurement quantity /| Measurement range / Measurement Expanded measurement
calibration object measurement span conditions / uncertainty
procedure
AC voltage >2.2V to 22V 10 Hz to 20 Hz 0.45-103- U+0.8 mV U = measured value
Measuring instruments, >20Hzto 40 Hz 0.14-103- U+0.25 mV
sources > 40 Hz to 20 kHz 65106 U+ 60 uV

> 20 kHz to 50 kHz 0.11-103-U+0.16 mV
> 50 kHz to 100 kHz 0.21-103-U+0.35mV

> 100 kHz to 300 kHz 0.45-103-U+15mV

> 300 kHz to 500 kHz 1.2-103%-U+43mV

> 500 kHz to 1 MHz 2.5-103-U+85mV

>22V to 220V 10 Hz to 20 Hz 0.45-103-U+8mV

>20Hz to 40 Hz 0.14-103-U+2.5mV

> 40 Hz to 20 kHz 70-10%-U+0.8mV
> 20 kHz to 50 kHz 0.19-103-U+3.5mV

> 50 kHz to 100 kHz 0.45-103-U+8mV

>220V to 1100V 15 Hz to 50 Hz 0.36-103- U+16 mV

>50 Hz to 1 kHz 70-106- U+ 3.5 mV

ImV to 220V Squtxrl-:vtvc:):\vléJ J(cl;lltzage 0533 #1\;J:|?X3N2MTI/

Sources 1100V to 10kv 45 Hz to 55 Hz 0.46 - 103- U U= measured value
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC current OmA to 220pA 40-106-/+8 nA | = measured value
Measuring instruments,
sources >220puA to 2.2mA 40-10°%-/+8nA
>22mA to 22mA 40-10°-/+80nA
>22mA to 100mA 50-106-/+0.8 uA
. -6 . . -6 . |2
>100mA to 220 mA >0-10%:1+200-10%-/
+0.8 pA
>220mA to 1A 65-106-/+25pA
65-10c-/+10-10°6- /2
>1A to 22A +25 uA
>22A to 3A 0.38-103:/+40 pA
>3A to 10.1A 0.5-103-/+0.5mA
>10.1A to 205A 1-103-/+0.75mA
OpA to 1pA 1pA
>1pA to 100nA 35-10°-/+46 pA
>100nA to 1pA 23106/ +46 pA
>1pA to 10pA 23-10%-/+0.12nA
>10pA to 100 pA 23-10%-7/+0.92nA
>100pA to 1mA 23-10°%-/+6nA
>ImA to 10mA 23-10%-/+58 nA
>10mA to 100mA 41-10°-/+580nA
>100mA to 1A 0.13-103:/+12 pA
1A to 400A 0.21-103-/
DC current
Current clamps and 1mA to 1100A 1 to N windings 3.103.
current clamp
transformers
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Expanded measurement
uncertainty

Remarks

AC current

Measuring instruments,

sources

10puA to 20.5A

10 Hz to 10 kHz

25nAto0.62A

0.01mA to 0.22mA

10 Hz to 40 Hz

0.6-103-/+25nA

>40 Hz to 1 kHz

0.12-103-/+16nA

> 1 kHz to 5 kHz

0.5-103-/+40nA

> 5 kHz to 10 kHz

1.4-103-/+80nA

>0.22mA to 2.2mA

10 Hz to 40 Hz

0.6-103-/+40nA

> 40 Hz to 1 kHz

0.12-10%-/+35nA

>1kHz to 5 kHz

0.5-103-/+0.4 pA

> 5 kHz to 10 kHz

1.4-103-/+0.8 pA

>2.2mA to 22mA

10 Hzto 40 Hz

0.6-103-/+0.4 pA

> 40 Hz to 1 kHz

0.12- 103/ +0.35 pA

>1kHz to 5 kHz

0.5-103-/+4 pA

> 5 kHz to 10 kHz

1.4-103 [+ 8 pA

>22mA to 220mA

10 Hz to 40 Hz

0.6-103-/+4 pA

>40 Hz to 1 kHz

0.12-103-/+3.5puA

> 1 kHz to 5 kHz

0.5-103-/+40 pA

> 5 kHz to 10 kHz

1.4-103- |+ 80 pA

>220mA to 22A

20 Hz to 1 kHz

0.55-103:/+ 35 pA

> 1 kHz to 5 kHz

0.65 - 103- / + 80 pA

> 5 kHz to 10 kHz

0.75-103-/+0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8-103-/+0.1 mA

>45Hzto 1 kHz

0.6-103-/+0.1 mA

45 Hz to 100 Hz

0.6-103-/+2mA

> 100 Hz to 1 kHz

1.0-103-/+2mA

>11A to 205A

45 Hz to 100 Hz

1.2-103-/+5mA

> 100 Hz to 1 kHz

1.5-103-/+5mA

| = measured value
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure

AC current SPA to 1A 20 Hz to 5 kHz 35nAto 13 mA /= measured value
Sources
5pA to 100 pA 20Hzto 45 Hz 1.7-103-/1+35nA
> 45 Hzto 1 kHz 0.76 - 103 /+34 nA
>100pA to 1mA 20Hzto 45 Hz 1.7-103-/1+0.23 pA
> 45 Hz to 100 Hz 0.71-103-/+0.23 pA
> 100 Hz to 5 kHz 0.73-103-/+0.2 pA
>ImA to 10mA 20 Hz to 45 Hz 1.7-103-1+2.3 pA
> 45 Hz to 100 Hz 0.71-103-/+2.3 pA
> 100 Hz to 5 kHz 0.73-103-/+2 A
>10mA to 100 mA 20 Hz to 45 Hz 1.7-103-/+23 pA
> 45 Hz to 100 Hz 0.71-103-/1+23 pA
> 100 Hz to 5 kHz 0.73-103-/+20 pA
>100mA to 1A 20 Hz to 45 Hz 1.8-103-/+0.23 mA
> 45 Hz to 100 Hz 0.83:103:/+0.33 mA
> 100 Hz to 5 kHz 1.6-103-/+0.21 mA
AC current 10 mA 500 A 3 uAto 0.2 A I = measured value
Sources, measuring m to HA 0 0.
instruments 10mA to 1A 0.32-103-/
>1A to 100A 40Hzto 1 kHz 0.69 - 102/
>100A to 450A 0.9-103-/
Current clamps and 1to N windings I = measured value
current clamp
transformers 10 Hz to 1 kHz 4-103-/

1mA to 1100A

> 1 kHz to 10 kHz/N

Equivalent leakage

17-10%-/t05.8-103 -/

current at Ryto 1 GQ
0.2pA to 200 mA
DCto 60 Hz See matrix NM.2
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC resistance 00 2-wire short circuit 0.5mQ R = measured value
Fixed values 4-wire short circuit 0.35 uQ
100 pQ 0.45-103-R Intermediate values
1mQ 0.17-103-R increase the
measurement
10 mQ 0.17-103-R uncertainty
100 mQ 0.10-103-R
10Q; 40-10°-R
10 Q; 23-10%-R
100 Q; 14 -10%-R
1kQ; 10-10°-R
10 kQ; 9.5-10%-R
100 kQ; 11-10%-R
1 MQ; 15-10°%-R
10 MQ; 31-10%-R
100 MQ; 100-10°%-R
10; 76 -10%-R
10 Q; 20-10%-R
100 Q; 17 -10%-R
1kQ; 10 - 10°6- R
10 kQ; 10-10°%-R
100 kQ; 13-10%-R
1 MQ; 19 -10°6- R
10 MQ; 70-10%-R
100 MQ; 0.59-103-R
1GQ 5.9-103-R
Measuring instruments Oto<11Q 40-10°-R
110Qt0o<110Q 35-10%-R
110 Qto <110 kQ 28-10°%-R
110kQto< 1.1 MQ 32-10%-R
1.1 MQto< 3.3 MQ 60-10%-R
3.3 MQto <11 MQ 0.13-103-R
11 MQto <33 MQ 0.25-103-R
33 MQto <110 MQ 0.5-103-R
110 MQ to <330 MQ 3-103-R
330 MQto<1.1GQ 15-103-R
AC resistance (amount of 500uQ to  45kQ 10 Hz to 10 kHz ’UZ +U2-R R = measured value
impedance) ! u U, = relative
uncertainty of the
0.17-10%-R calibration current
to R Uy = relative
17-10°:R uncertainty of the
. measured voltage at
See matrix NM.3 the resistor
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Inductance 0 pH 2-wire short circuit 0.03 uH
Fixed values
100 Hz 0.54-103-L
100 pH
1 kHz 0.28-103-L
10 kHz 0.29-103-L
. 100 Hz 014-103- L L = measured value
1 kHz 0.14-103-L
10 kHz 0.24-10°: L Amount of impedance
10 mH 100 Hz; 0.13:103-L 50mQ < 2] <11 kQ
1 kHz; 10 kHz 0.16-103-L
100 mH 100 Hz; 1 kHz 0.13-103-L
10 kHz 0.28-103-L
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
Fixed values 1 kHz 0.63-103-C
1pF 10 kHz 0.31-103-C
1 kHz 42-10%-C
10 pF 10 kHz; 53.10%-C
100 kHz 88-10°%-C
1 MHz 0.24-103-C C = measured value
100 pF 1 kHz 39-10°%-C
1nF 1 kHz 71-10%-C
100 kHz 0.13-103-C Amount of impedance
100 Hz 0.49-103-C 10< 2| <110 MQ
10 nF 1 kHz 0.21:103-C
10 kHz 0.23-103-C
100 Hz; 0.21:103-C
100 nF 1 kHz; 0.20-103-C
10 kHz 0.17-103-C
0.29-103-C
1pF 100 Hz; 1 kHz 0.13-103- C
10 kHz 0.29-103-C
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC power 0mV to 1020V WP
Measuring instruments OW to 21kw 0 A to 20.5 A 0.21-103-P P = measured value
t00.70-103- P
m,,; Win = re!ative
With clamp connection OW to 300kW Ocr)n\,;ttc:)i?())(())(\)/A but not less than ggtci\e/;t?):\fvisfo?tie
0.2-10°-P single winding
AC active power P = measured value
Measuring instruments PF=1; 45 Hz to 65 Hz PF = power factor
011mW to 21kw 33 mV to 1020 V 0.7-103-Pto 1.4-10% P | (canacitive or
3.3mAto20A inductive)
15 W; 60 W; 100 W; 400 wy; | =L 4> Hzto 65 Hz
500 W: 1 KW 2 KW: 4 kW 50 V; 200 V 0.16-103- P
’ ! ’ 0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26-103-P
45 Hzto 65 Hz; PF=1 :
23W to 20.6kwW 23V to 1020 V 03210 3_'3P
30 mA to 20.5 A t00.48-10%-P
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16-103- P
198 W PF=0.9 0.18-103-P
110w PF=0.5 0.29-103-P
22 W PF=0.1 1.4-103-P
11w PF=0.05 2.7-103-P
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10W to 1kw inductive, capacitive 0.22 W
Win = relative
uncertainty of the
active power of the
single winding
1?)3”:/ At ?OSSSOVA m P The rela.tive
With clamp connection 05W to 218kwW 45 Hz to 65 Hz but not less than uncertainty of the
005<PF<1 0.4-103-P iject under t.est Wour
in the measuring
1to 60 windings circuit and in the stray
field of the current-
carrying conductor
must be taken into
account
Power factor 0 to 04 0.15-10%
33Vto330V
504 to <1 330mAto 2.2 A 6010 P+0.16 - 10°
45 Hz to 65 Hz
1 89-10°
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC reactive power Ovar [to |1kvar 45 Hz to 65 Hz Up - var/W Up = uncertainty of the
Measuring instruments active power
Frequency f U .
Measurement and 0.01Hz |to |18 GHz 0.5- 109 f + Urs = :r'ggter
synthesis uncertainty
Time interval At Ons|to |0.7ms 1.2ns
2ns|to | 100s 1.5-10%- At +50 ps
1s|to |100h 14 -10%- At + Uy
Rotational frequency 0.02s?|to |18000st 3.7-106-f
Oscilloscope OV|to |5V DC to 10 kHz 1.1-103- U +66 pv U = measured value
Vertical 5V |to [130V 1.2-103 - U +44 pv
Oscilloscope Ins|{to |<100ns 0.6-10%-T+60fs T = measured value
Horizontal 100ns |to |20 ms 3.1-106-T+11fs
>20ms |to |5s 1.2-103-T2+29-106-T
50 kHz 3.3-102-f
. >50kHz | to | 100 MHz 25-102-f
Oscilloscopes
Bandwidth >100 MHz | to | 300 MHz 3.1-102-f
andwidth f >300 MHz | to | 600 MHz 5.5-102-f f=measured value
(frequency response) >600 MHz | to | 1.1 GHz 6.5-102-f
>1.1GHz|to |2GHz 6.8-102-f
>2GHz|to |4 GHz 9.5-102-f
Frequency f
Time base 10 MHz 0.2-10°-f
Rise time 50ps|to |[1ms 0.05Vtol.2V 4ps+5.7-103-T
05ci||05copes 1ns|to 1ms 0.1to3V 2.5 ps + 5.8-103-T
Rise time 0.5ns |to | <2.5ns 28ps+14-103-T
Generators, pulses
25ns|{to |[5ms 13ps+28-103-T
N connector, 50 Q
|ls| <0.035
f<4GHz
R |ls| <0.056
power DC to 50 MHz 9.5-103.-P £<12 GHz
S:(;pc:'iigl?a:/'\cliirn factor of 10 uW | to | 80 mW >0 MHz to 4 GHz 14-10%-P I7s] <0.075
K 4 GHz to 12 GHz 22-103-p £<18 GHz
RF sources
12 GHz to 18 GHz 36-103- P Other connectors and

reflection coefficients
increase the
measurement
uncertainty

RF voltage Ugr
Sources with RF voltage
display relative to 50 Q

22mV | to |2V

DCto 18 MHz

W(UHF) = @

W(P) = relative
uncertainty of the
measured power at
Zp=50Q
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Square-wave voltage
vl
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 1.2E-3 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 2.3E-3

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 2.3E-3

10000 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 3.2E-3
Matrix NM.2 Equivalent leakage current

Normal resistance Ry 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 pHA 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 2.3 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 NM.3 AC resistance

Voltage [V]
0.001V 0.010V 0.010V 0.100V 0.100V 1.000 V 1.000 V 10.000 V 10.000V | 100.000V

Current [A]

2.2-10%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

22-103A 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 6.21E-04
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Measurement quantity Measurement range / Measurement Expanded Remarks

/ calibration object measurement span conditions / measurement

procedure uncertainty
Length
Caliper gauge for | = measured value
external, internal, and 0mm to 500 mm VDI/VDE/DGQ 2618 20 um +15-10°6-/
N o Sheet 9.1:2006
depth dimensions *
. VDI/VDE/DGQ 2618 ’

Bow micrometers * 0mm to 300 mm Sheet 10.1:2001 2um+6-106-/
Cylindrical standards VDI/VDE/DGQ 2618 d = measured diameter
Rings * 1 mm to 90 mm Sheet 4.1:2006 0.9um+10-10%-d

Diameter Option 3
Gauge pin * VDI/VDE/DGQ 2618

Diameter 1mm to 120 mm Sheet 4.1:2006 0.6 um+1.8-10°%-d

Option 3
Test pins * VDI/VDE/DGQ 2618
Diameter 1 mm to 120 mm Sheet 4.2:2007 0.6 um+1.8-10¢-d
Option 1
Thread gauges *
(single and multiple thread
cylindrical external and
internal threads with
straight flanks,
symmetrical profile,
nominal pitch, and
nominal profile angle)
External thread
Simple flank diameter
VDI/VDE/DGQ
2618 Sheet 4.8:2006
Option 1 ’
1 mm to 120mm Three-wire method 29um+7.7-10°-d
(perpendicular to the
thread axis)
Internal thread VDI/VDE/DGQ 2618
Simple flank diameter Sheet 4.9:2006
Option 1
Two-br;ll method 26um +5.5-10°-d
(perpendicular to the
thread axis)
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC voltage oV 120 nV Short-circuit bridge
Sources 0 to 0.1V 4-106- U +0.36 pV U = measured value
>0.1V to 1V 3.7-10%- U+0.35 pv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3-10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
>1050V to 10 kv 0.17-103- U
DC voltage 0 to 220 mV 6-106- U+0.6 pVv U = measured value
Measuring instruments >220mV to 22V 5.106- U+1pV
>22V to 11V 4-10%-U+3.5uv
>11V to 22V 4-106-U+6.5uVv
>22V to 220V 5:10°- U +80uVv
>220V to 1050V 7-10%-U+0.5mV
oV to 0.1V 4-10%-U+0.36 uv
>0.1V to 1V 3.7-10%- U+0.35 uv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3:10%-U+34 v
>100V to 500V 9.6-10%- U-0.34 mV
>500V to 1050V 30-10%-U-10mV
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Expanded measurement
uncertainty

Remarks

10 Hzto 1 MHz

4.1uVto0.48V

10 Hz to 40 Hz

0.36-103- U+3.4pV

>40 Hz to 1 kHz

0.24-103-U+13 v

> 1 kHz to 20 kHz

0.36-103-U+1.3 Vv

> 20 kHz to 50 kHz

1.2-103- U+1.3pv

> 50 kHz to 100 kHz

5.8-103- U+ 13V

> 100 kHz to 300 kHz

46-103-U+2.3 Vv

10 Hz to 40 Hz

86-10°- U+ 4.6 pV

> 40 Hz to 1 kHz

87-106- U+23 pV

> 1 kHz to 20 kHz

0.17-103- U +2.3 v

> 20 kHz to 50 kHz

0.35-103- U+2.3 pV

> 50 kHz to 100 kHz

0.93:103-U+2.3 Vv

> 100 kHz to 300 kHz

3.5-103-U+12pv

> 300 kHz to 1 MHz

12-103-U+12 pv

10 Hzto 40 Hz

83-10°%- U +46 pv

> 40 Hz to 1 kHz

82106 U+23 pV

> 1 kHz to 20 kHz

0.16- 103 - U +23 uV

> 20 kHz to 50 kHz

0.35-103- U +23 pVv

> 50 kHz to 100 kHz

0.92-103- U+23 uV

> 100 kHz to 300 kHz

3.5-103-U+0.12 mV

> 300 kHz to 1 MHz

12-103-U+0.12 mV

10 Hzto 40 Hz

85-10°- U+ 0.46 mV

>40 Hz to 1 kHz

87-10°%- U+0.23 mV

> 1 kHz to 20 kHz

0.17-103- U +0.23 mV

> 20 kHz to 50 kHz

0.35-103- U +0.23 mV

> 50 kHz to 100 kHz

0.92-103- U +0.23 mV

> 100 kHz to 300 kHz

3.5:103-U+1.2mV

> 300 kHz to 1 MHz

12-103-U+1.2mV

10 Hz to 40 Hz

0.23-103-U+4.6 mV

>40 Hz to 1 kHz

0.23-103-U+23 mV

> 1 kHz to 20 kHz

0.23-103-U+2.3mV

U = measured value

> 20 kHz to 50 kHz

0.41-103-U+2.3mV

> 50 kHz to 100 kHz

1.4-103-U+23 mV

50 Hz to 1 kHz

0.46-103- U+ 16 mV

Measurement quantity /| Measurement range /
calibration object measurement span
AC voltage 2mV_to 1000V
Sources, measuring 2mV to 10mV
instruments
>10mV to 100 mV
>100mV to 1V
>1V to 10V
>10V to 100V
>100V to 1000V
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Measurement range /
measurement span
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conditions /
procedure
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Expanded measurement
uncertainty

Remarks

AC voltage
Measuring instruments,
sources

1mV to 1100V

10 Hz to 1 MHz

5uVto8lmv

1mV to 22mV

10 Hz to 20 Hz

0.5-103- U+4.5pV

>20Hzto 40 Hz

0.19-103-U+4.5uv

> 40 Hz to 20 kHz

95-10°%- U+4.5puv

> 20 kHz to 50 kHz

0.33-103- U+4.5 pV

> 50 kHz to 100 kHz

0.75-103-U+7 Vv

> 100 kHz to 300 kHz

1-103-U+13 v

> 300 kHz to 500 kHz

1.5-103- U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pVv

>2.2mV to 22mV

10 Hz to 20 Hz

0.5-103- U+5puV

>20Hzto 40 Hz

0.19-103- U+5pVv

> 40 Hz to 20 kHz

95-106- U +5puV

> 20 kHz to 50 kHz

0.33-10%- U+5uV

> 50 kHz to 100 kHz

0.75-103-U+7pVv

> 100 kHz to 300 kHz

1-103- U+ 12 uv

> 300 kHz to 500 kHz

1.5- 103 U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pv

>22mV to 220mV

10 Hzto 20 Hz

0.5-103-U+13 pv

> 20 Hz to 40 Hz

0.19-103- U+ 8 pV

> 40 Hz to 20 kHz

95.106- U +8 puV

> 20 kHz to 50 kHz

0.28-103- U+8pVv

> 50 kHz to 100 kHz

0.75- 103 U +25 pV

> 100 kHz to 300 kHz

1-103- U+25pV

> 300 kHz to 500 kHz

1.5-103-U+35uVv

> 500 kHz to 1 MHz

3.1-103- U+80 uV

>220mV to 2.2V

10 Hzto 20 Hz

0.45-103- U +80pv

>20Hzto 40 Hz

0.14-103- U + 25 pV

> 40 Hz to 20 kHz

65106 U+6 uv

> 20 kHz to 50 kHz

0.11-103-U+16 v

> 50 kHz to 100 kHz

0.21-103-U+70pv

> 100 kHz to 300 kHz

0.39-103- U+0.13 mV

> 300 kHz to 500 kHz

0.95-103- U +0.35 mV

> 500 kHz to 1 MHz

1.9-103-U+0.85mV

U = measured value
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC voltage >2.2V to 22V 10 Hz to 20 Hz 0.45-103- U+0.8 mV U = measured value
Measuring instruments, >20Hzto 40 Hz 0.14-103- U+0.25 mV
sources > 40 Hz to 20 kHz 65106 U+ 60 uV

> 20 kHz to 50 kHz 0.11-103-U+0.16 mV
> 50 kHz to 100 kHz 0.21-103- U+0.35 mV

> 100 kHz to 300 kHz 0.45-103-U+15mV

> 300 kHz to 500 kHz 1.2-103%-U+43mV

> 500 kHz to 1 MHz 2.5-103-U+8.5mV

>22V to 220V 10 Hz to 20 Hz 0.45-103-U+8mV

>20Hz to 40 Hz 0.14-103-U+2.5mV

> 40 Hz to 20 kHz 70-10%- U+0.8 mV
> 20 kHz to 50 kHz 0.19-103-U+3.5mV

> 50 kHz to 100 kHz 0.45-103-U+8mV

>220V to 1100V 15 Hz to 50 Hz 0.36-103- U+ 16 mV

>50 Hz to 1 kHz 70-10%- U+3.5mV

ImV to 220V Squtxrl-:vtvc:):\vléJ J(cl;lltzage Oéiz ;\;:::xaéfvmv

Sources 1100V to 10kV 45 Hz to 55 Hz 0.46-103-U U = measured value
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Measurement quantity /
calibration object

Measurement range /
measurement span

Measurement
conditions /
procedure
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Expanded measurement
uncertainty

Remarks

DC current
Measuring instruments,
sources

OmA to 220pA

>220pA to 2.2mA

>22mA to 22mA

>22mA to 100 mA

>100mA to 220mA

>220mA to 1A

>1A to 22A

>22A to 3A

40-10%-/+8nA

40-10%-/+8nA

40-10%-/+80nA

50-10°-/+0.8 A

50-10%-/+200-10°6- /2
+0.8 pA

65 - 10%- [+ 25 A

65-10%-/+10-106-
+25 pA

0.38 103/ + 40 pA

>3A to 10.1A 0.5-103-/+0.5mA
>10.1A to 205A 1-103-/+0.75 mA
OpA to 1pA 1pA
>1pA to 100nA 35-10°-/+46 pA

>100nA to 1pA

>1pA to 10pA

>10pA to 100 pA

>100pA to 1mA

>ImA to 10mA

>10mA to 100 mA

>100mA to 1A

23-10°-/+46 pA

23-10%-/+0.12nA

23-10%-/+0.92nA

23-10%-/+6nA

23-10°%-/+58 nA

41-10%-/+580nA

0.13-103-/+ 12 pA

| = measured value

1A to 400A 0.21-103-/
DC current | = measured value
Current clamps and 1mA to 1100A 1 to N windings 3.103.
current clamp
transformers
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( DAKKS

Deutsche

Akkreditierungsstelle

Remarks

AC current

Measuring instruments,
sources

Measurement range / Measurement Expanded measurement
measurement span conditions / uncertainty
procedure
10pA to 205A 10 Hz to 10 kHz 25nAto0.62 A
0.01mA to 0.22mA 10 Hz to 40 Hz 0.6-103-/+25nA
>40 Hz to 1 kHz 0.12-103-/+16 nA
>1kHzto5 kHz 0.5-103-/+40nA
> 5 kHz to 10 kHz 1.4-103-/+80nA
>0.22mA to 22mA 10 Hz to 40 Hz 0.6-103-/+40nA
>40 Hz to 1 kHz 0.12-10%-/+35nA
>1kHzto 5 kHz 0.5-103-/+0.4 pA
> 5 kHz to 10 kHz 1.4-103-/+0.8 pA
>22mA to 22mA 10 Hz to 40 Hz 0.6-103-/+0.4 pA
>40 Hz to 1 kHz 0.12-103:/+0.35 pA
> 1 kHz to 5 kHz 0.5-103-/+4 pA
>5 kHz to 10 kHz 1.4-103-/+8 pA
>22mA to 220mA 10 Hz to 40 Hz 0.6-103-/+4 pA
>40 Hz to 1 kHz 0.12-103-/+3.5 pA
>1 kHz to 5 kHz 0.5-103-/+40 pA
> 5 kHz to 10 kHz 1.4-103-/+80pA
>220mA to 2.2A 20 Hz to 1 kHz 0.55-103:/+35puA

> 1 kHz to 5 kHz

0.65 - 103- / + 80 pA

> 5 kHz to 10 kHz

0.75-103-/+0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8-103-/+0.1 mA

>45Hzto 1 kHz

0.6-103-/+0.1 mA

| = measured value

>3A to 11A 45 Hz to 100 Hz 0.6-103-/+2mA
> 100 Hz to 1 kHz 1.0-103-/1+2mA
>11A to 205A 45 Hz to 100 Hz 1.2-103-/+5mA
> 100 Hz to 1 kHz 1.5-103-/+5mA
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Measurement range /
measurement span

Measurement
conditions /
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Expanded measurement
uncertainty

Remarks

AC current SPA to 1A 20 Hz to 5 kHz 35nAto 13 mA /= measured value
Sources
5pA to 100 pA 20Hzto 45 Hz 1.7-103-/+35nA
> 45 Hzto 1 kHz 0.76 - 103 /+34 nA
>100pA to 1mA 20Hzto 45 Hz 1.7-103-/1+0.23 pA
> 45 Hz to 100 Hz 0.71-103-/+0.23 pA
> 100 Hz to 5 kHz 0.73-103-/+0.2 pA
>ImA to 10mA 20 Hz to 45 Hz 1.7-103-1+2.3 pA
> 45 Hz to 100 Hz 0.71-103-/+2.3 pA
> 100 Hz to 5 kHz 0.73-103-/+2 A
>10mA to 100 mA 20 Hz to 45 Hz 1.7-103-/+23 pA
> 45 Hz to 100 Hz 0.71-103-/1+23 pA
> 100 Hz to 5 kHz 0.73-103-/+20 pA
>100mA to 1A 20Hzto 45 Hz 1.8-103-/+0.23 mA
> 45 Hz to 100 Hz 0.83:103:/+0.33 mA
> 100 Hz to 5 kHz 1.6-103-/+0.21 mA
AC current I = measured value
. 10mA to 500A 3uAto0.2A
Sources, measuring
instruments 10mA to 1A 0.32-103-/
>1A to 100A 40Hzto 1 kHz 0.69- 103/
>100A to 450A 0.9-103-/
Current clamps and 1to N windings I = measured value
current clamp
transformers LA to 1100 A 10 Hz to 1 kHz 4-103-
> 1 kHz to 10 kHz/N
Equivalent leakage " 3
current at Ryto 1GQ 17-10%-/t05.8-103 -/
0.2pA to 200 mA DC to 60 Hz
See matrix SM.2
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC resistance 00 2-wire short circuit 0.5mQ R = measured value
Fixed values 4-wire short circuit 0.35 uQ
100 pQ 0.45-103-R Intermediate values
1mQ 0.17-103-R increase the
measurement
10 mQ 0.17-103-R uncertainty
100 mQ 0.10-103-R
10; 40-10°%-R
10 0; 23-10%-R
100 Q; 14 -10%-R
1kQ; 10-10°-R
10 kO 9.5-10%-R
100 kQ; 11-10%-R
1 MQ; 15-10°%-R
10 MQ; 31-106-R
100 MQ; 100-10°%-R
10; 76 -10%-R
10 Q; 20-10%-R
100 Q; 17 -10%-R
1kQ; 10-10°%-R
10 kQ; 10-10°%-R
100 kQ; 13-10%-R
1 MQ; 19-10°%-R
10 MQ; 70-106-R
100 MQ; 0.59-103-R
1GQ 5.9-103-R
Measuring instruments 0Qto<11Q 40-10°-R
110Qt0o<110Q 35-10%-R
110 Qto <110 kQ 28-10°%-R
110kQto< 1.1 MQ 32-10%-R
1.1 MQto< 3.3 MQ 60-10%-R
3.3 MQto <11 MQ 0.13-103-R
11 MQto <33 MQ 0.25-103-R
33 MQto <110 MQ 0.5-103-R
110 MQ to <330 MQ 3-103-R
330 MQto<1.1GQ 15-103-R
AC resistance (amount of 500puQ to 45kQ 10 Hz to 10 kHz JUI+UZ R R = measured value
impedance) U, = relative
0.17 - 103-R uncertainty of the
to calibration current
1.7-103-R Uy = relative
uncertainty of the
See matrix SM.3 measured voltage at
the resistor
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Inductance 0 pH 2-wire short circuit 0.03 uH
Fixed values
100 Hz 0.54-103-L
100 pH
1 kHz 0.28-103-L
10 kHz 0.29-103-L
. 100 Hz 014-103- L L = measured value
1 kHz 0.14-103-L
10 kHz 0.24-10°: L Amount of impedance
10 mH 100 Hz; 0.13:103-L 50mQ < 2] <11 kQ
1 kHz; 10 kHz 0.16-103-L
100 mH 100 Hz; 1 kHz 0.13-103-L
10 kHz 0.28-103-L
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
Fixed values 1 kHz 0.63-103-C
1pF 10 kHz 0.31-103-C
1 kHz 42-10%-C
10 pF 10 kHz; 53.10%-C
100 kHz 88-10°%-C
1 MHz 0.24-103-C C = measured value
100 pF 1 kHz 39-10°%-C
1nF 1 kHz 71-10%-C
100 kHz 0.13-103-C Amount of impedance
100 Hz 0.49-103-C 10< 2| <110 MQ
10 nF 1 kHz 0.21:103-C
10 kHz 0.23-103-C
100 Hz; 0.21:103-C
100 nF 1 kHz; 0.20-103-C
10 kHz 0.17-103-C
0.29-103-C
1pF 100 Hz; 1 kHz 0.13-103- C
10 kHz 0.29-103-C
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 108 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

Permanent laboratory — Location Steinfurt
Calibration and Measurement Capabilities (CMC)

DAKKS

(

Deutsche

Akkreditierungsstelle

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC power 0 mV to 1020V Wo WP
Measuring instruments OW to 21kw 0 A to 20.5 A 0.21-103-P P = measured value
t00.70-103- P
m,,; Win = re!ative
With clamp connection OW to 300kW Ocr)n\,;ttc:)i?())(())(\)/A but not less than ggtci\e/;t?):\fvisfo?tie
0.2-10°-P single winding
AC active power P = measured value
Measuring instruments PF=1; 45 Hz to 65 Hz PF = power factor
011mW to 21kw 33 mV to 1020 V 0.7-103-Pto 1.4-10% P | (canacitive or
3.3mAto20A inductive)
15 W; 60 W; 100 W; 400 w; | [T - 143 Hzto 65 Hz
500 W: 1 KW 2 KW: 4 kW 50 V; 200 V 0.16-103- P
’ ! ’ 0.3A;2A;10A;20A
15W;6 W 30 mA; 0.26-103-P
45 Hzto 65 Hz; PF=1 :
23W to  20.6 kW 23 V101020V t:‘;ié ?g;_’fp
30 mAto 20.5A )
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16-103- P
198 W PF=0.9 0.18-103-P
110w PF=0.5 0.29-103-P
22 W PF=0.1 1.4-103-P
11w PF=0.05 2.7-103-P
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10W to 1kw Inductive, capacitive 0.22 W
Win = relative
uncertainty of the
active power of the
single winding
1?)3”:/ At ?OSSSOVA m -P The rela.tive
With clamp connection 05W to 218kwW 45 Hz to 65 Hz but not less than uncertainty of the
005<PF<1 0.4-103-P f:levu:e under 'Fest Wour
in the measuring
1to 60 windings circuit and in the stray
field of the current-
carrying conductor
must be taken into
account
Power factor 0 to 04 33Vto 330V 0.15-103
>04 to <1 330mAto 2.2 A -60-10- P+0.16 - 103
1 45 Hz to 65 Hz 89 .10°6
AC reactllve power Ovar to 1 kvar 45 Hz to 65 Hz Up- var/W Up = uncertainty of the
Measuring instruments active power
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Frequency f -
Measurement and 001Hz to 18GHz 0.5- 109 f+ Urs Ury = trigger
. uncertainty
synthesis
Time interval At Ons to 0.7ms 1.2 ns
2ns to 100s 1.5-10%- At +50 ps
1s to 100h 14 - 106 At + Uy
Rotational frequency 0.02s? to 18000st 3.7-106-f
Oscilloscope OV to 5V DC to 10 kHz 1.1-103- U +66 pv U = measured value
Vertical 5V to 130V 1.2-103 - U +44 pv
Oscilloscope 1ns to <100ns 0.6-106-T+60fs T = measured value
Horizontal 100ns to 20ms 3.1-106-T+11fs
>20ms to 5s 1.2-103-T2+29-106-T
50 kHz 3.3-102-f
. >50kHz to 100 MHz 25-102-f
Oscilloscopes
Bandwidth >100 MHz to 300 MHz 3.1-102-f
?n width f >300 MHz to 600 MHz 5.5-102-f f=measured value
(frequency response) >600 MHz to 1.1 GHz 6.5-102-f
>1.1GHz to 2GHz 6.8-102-f
>2GHz to 4GHz 9.5-102-f
Frequency f
Time base 10 MHz 0.2-106-f
Rise time 50ps to 1ms 0.05Vtol.2V 4ps+5.7-103-T
Osci”oscopes 1ns to 1ms 0.1Vto3V 25ps+5.8- 103-T
Rise time 05ns to <2.5ns 28ps+14-103-T
Generators, pulses
25ns to 5ms 13 ps+28-103-T
N connector, 50 ohms
|| <0.035
f<4GHz
RF |ls| <0.056
power DC to 50 MHz 9.5-103-P f<12 GHz
g:;pcgtligtr);tviirn factor of RF 10pW to 80 mW 50 MHz to 4 GHz 14-10%-P |7 <0.075
W 4 GHzto 12 GHz 22-103-P f<18 GHz
sources
12 GHz to 18 GHz 36-103- P Other connectors and

reflection coefficients
increase the
measurement
uncertainty

RF voltage Ugr
Sources with RF voltage
display relative to 50 Q

22mV to 2V

DCto 18 MHz

W(UHF) = @

W(P) is the relative
uncertainty of the
measured power at
Zp=500Q
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Square-wave voltage
vl
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 | 2.37€-06 | 1.12E-05 | 2.2E-05 | 110.4E-6 | 250.0E-6 | 1.2E-3 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 2.3E-3
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 2.3E-3
1000 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 3.2E-3
Matrix SM.2 Equivalent leakage current
Normal resistance Ry 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
10V 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 23pA 230 nA
400 V 400 mA 40 mA 4mA 400 pA 40 pA 4.0 pA 400 nA
Matrix SM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100V 1.000 V 1.000V | 10.000V | 10,000V | 100,000V
Current [A]
2.2-103A 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
22103 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 | 6.21E-04
Dimensional measurement quantities
Permanent laboratory — Location Steinfurt
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Length | = measured value
Caliper gauge for
. VDI/VDE/DGQ 2618
external, internal, and Omm to 500mm / /bGQ 20 um + 15106/
. . % Sheet 9.1:2006
depth dimensions
. VDI/VDE/DGQ 2618
Bow micrometers * Omm to 300mm 2um+6-10°6-/
Sheet 10.1:2001 :
Valid from: 16.03.2026
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC voltage oV 120 nV Short-circuit bridge
Sources oV to 01V 4-106- U +0.36 pV U = measured value
>0.1V to 1V 3.7-10%- U+0.35 pv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3-10%-U+34 v
>100V to 500V 9.6-10%-U-0.34 mV
>500V to 1050V 30-10%-U-10mV
>1050V to 10 kv 0.17-103- U
DC voltage 0 to 220mV 6-106- U+0.6 pVv U = measured value
Measuring instruments >220mV to 22V 5.106- U+1pV
>2.2V to 11V 4-10%-U+3.5uv
>11V to 22V 4-106-U+6.5uVv
>22V to 220V 5:10°- U +80uVv
>220V to 1050V 7-10%-U+0.5mV
OV to 0.1V 4-10%-U+0.36 uv
>0.1V to 1V 3.7-10%- U+0.35 uv
>1V to 10V 3.2-10%- U+0.56 pv
>10V to 100V 5.3:10%-U+34 v
>100V to 500V 9.6-10%- U-0.34 mV
>500V to 1050V 30-10%-U-10mV
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Expanded measurement
uncertainty

Remarks

10 Hzto 1 MHz

4.1uVto0.48V

10 Hz to 40 Hz

0.36-103- U+3.4pV

>40 Hz to 1 kHz

0.24-103-U+13 v

> 1 kHz to 20 kHz

0.36-103-U+1.3 Vv

> 20 kHz to 50 kHz

1.2-103- U+1.3pv

> 50 kHz to 100 kHz

5.8-103- U+ 13V

> 100 kHz to 300 kHz

46-103-U+2.3 Vv

10 Hz to 40 Hz

86-10°- U+ 4.6 pV

> 40 Hz to 1 kHz

87-106- U+23 pV

> 1 kHz to 20 kHz

0.17-103- U +2.3 v

> 20 kHz to 50 kHz

0.35-103- U+2.3 pV

> 50 kHz to 100 kHz

0.93:103-U+2.3 Vv

> 100 kHz to 300 kHz

3.5-103-U+12pv

> 300 kHz to 1 MHz

12-103-U+12 pv

10 Hzto 40 Hz

83-10°%- U +46 pv

> 40 Hz to 1 kHz

82106 U+23 pV

> 1 kHz to 20 kHz

0.16- 103 - U +23 uV

> 20 kHz to 50 kHz

0.35-103-U+23 pv

> 50 kHz to 100 kHz

0.92-10%- U+23 uV

> 100 kHz to 300 kHz

3.5-103-U+0.12 mV

> 300 kHz to 1 MHz

12-103-U+0.12 mV

10 Hzto 40 Hz

85-10°- U+ 0.46 mV

>40 Hz to 1 kHz

87-10°%- U+0.23 mV

> 1 kHz to 20 kHz

0.17-103- U +0.23 mV

> 20 kHz to 50 kHz

0.35-103- U +0.23 mV

> 50 kHz to 100 kHz

0.92-103- U +0.23 mV

> 100 kHz to 300 kHz

3.5:103-U+1.2mV

> 300 kHz to 1 MHz

12-103-U+1.2mV

10 Hz to 40 Hz

0.23-103-U+4.6 mV

>40 Hz to 1 kHz

0.23-103-U+23 mV

> 1 kHz to 20 kHz

0.23-103-U+2.3mV

U = measured value

> 20 kHz to 50 kHz

0.41-103-U+2.3mV

> 50 kHz to 100 kHz

1.4-103-U+23 mV

50 Hz to 1 kHz

0.46-103- U+ 16 mV

Measurement quantity /| Measurement range /
calibration object measurement span
AC voltage 2mV_to 1000V
Sources, measuring 2mV to 10mV
instruments
>10mV to 100 mV
>100mV to 1V
>1V to 10V
>10V to 100V
>100V to 1000V
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Expanded measurement
uncertainty

Remarks

AC voltage
Measuring instruments,
sources

1mV to 1100V

10 Hz to 1 MHz

5uVto8lmv

1mV to 22mV

10 Hz to 20 Hz

0.5-103- U+4.5pV

>20Hzto 40 Hz

0.19-103-U+4.5uv

> 40 Hz to 20 kHz

95-10°%- U+4.5puv

> 20 kHz to 50 kHz

0.33-103- U+4.5 pV

> 50 kHz to 100 kHz

0.75-103-U+7 Vv

> 100 kHz to 300 kHz

1-103-U+13 v

> 300 kHz to 500 kHz

1.5-103- U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pVv

>2.2mV to 22mV

10 Hz to 20 Hz

0.5-103- U+5puV

>20Hzto 40 Hz

0.19-103- U+5pVv

> 40 Hz to 20 kHz

95-106- U +5puV

> 20 kHz to 50 kHz

0.33-10%- U+5uV

> 50 kHz to 100 kHz

0.75-103-U+7pVv

> 100 kHz to 300 kHz

1-103- U+ 12 uv

> 300 kHz to 500 kHz

1.5- 103 U+ 25 pV

> 500 kHz to 1 MHz

3.1-103-U+25pv

>22mV to 220mV

10 Hzto 20 Hz

0.5-103-U+13 pv

> 20 Hz to 40 Hz

0.19-103- U+ 8 pV

> 40 Hz to 20 kHz

95.106- U +8 puV

> 20 kHz to 50 kHz

0.28-103- U+8pVv

> 50 kHz to 100 kHz

0.75- 103 U +25 pV

> 100 kHz to 300 kHz

1-103- U+25pV

> 300 kHz to 500 kHz

1.5-103-U+35uVv

> 500 kHz to 1 MHz

3.1-103- U+80 uV

>220mV to 2.2V

10 Hzto 20 Hz

0.45-103- U +80pv

>20Hzto 40 Hz

0.14-103- U + 25 pV

> 40 Hz to 20 kHz

65106 U+6 uv

> 20 kHz to 50 kHz

0.11-103-U+16 v

> 50 kHz to 100 kHz

0.21-103-U+70pv

> 100 kHz to 300 kHz

0.39-103- U+0.13 mV

> 300 kHz to 500 kHz

0.95-103- U +0.35 mV

> 500 kHz to 1 MHz

1.9-103-U+0.85mV

U = measured value

Valid from: 16.03.2026
Date of issue: 16.03.2026

This document is a translation. The definitive version is the original German annex to the accreditation certificate.

Page 114 of 173



Annex to the Accreditation Certificate D-K-15019-01-01

Permanent laboratory — Location Vienna
Calibration and Measurement Capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC voltage >2.2V to 22V 10 Hz to 20 Hz 0.45-103- U+0.8 mV U = measured value
Measuring instruments, >20Hzto 40 Hz 0.14-103- U+0.25 mV
sources > 40 Hz to 20 kHz 65106 U+ 60 uV

> 20 kHz to 50 kHz 0.11-103-U+0.16 mV
> 50 kHz to 100 kHz 0.21-103-U+0.35mV

> 100 kHz to 300 kHz 0.45-103-U+15mV

> 300 kHz to 500 kHz 1.2-103%-U+43mV

> 500 kHz to 1 MHz 2.5-103-U+85mV

>22V to 220V 10 Hz to 20 Hz 0.45-103-U+8mV

>20Hz to 40 Hz 0.14-103-U+2.5mV

> 40 Hz to 20 kHz 70-10%-U+0.8mV
> 20 kHz to 50 kHz 0.19-103-U+3.5mV

> 50 kHz to 100 kHz 0.45-103-U+8mV

>220V to 1100V 15 Hz to 50 Hz 0.36-103- U+16 mV

>50 Hz to 1 kHz 70-106- U+ 3.5 mV

ImV to 220V Squtxrl-:vtvc:):\vléJ J(c!-lltzage %eaj :Zttr?xi/'\an.]:\l/

Sources 1100V to 10kv 45 Hz to 55 Hz 0.46 - 103- U U= measured value
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC current OmA to 220pA 40-106-/+8 nA | = measured value
Measuring instruments,
sources >220puA to 2.2mA 40-10°%-/+8nA
>22mA to 22mA 40-10°-/+80nA
>22mA to 100 mA 50-106-/+0.8 uA
. -6. . -6. 2
>100mA to 220 mA 5010 /+200-10%-/
+0.8 pA
>220mA to 1A 65-106-/+25pA
65-10%-/+10-10%. P
>1A to 22A +25 uA
>22A to 3A 0.38-103:/+40 pA
>3A to 10.1A 0.5-103-/+0.5mA
>10.1A to 205A 1-103-/+0.75mA
OpA to 1pA 1pA
>1pA to 100nA 35-10°-/+46 pA
>100nA to 1pA 23-106-/+46 pA
>1pA to 10pA 23-10%-/+0.12nA
>10pA to 100 pA 23-10%-7/+0.92nA
>100pA to 1mA 23-10°%-/+6nA
>ImA to 10mA 23-10%-/+58 nA
>10mA to 100mA 41-10°-/+580nA
>100mA to 1A 0.13-103:/+12 pA
1A to 400A 0.21-103-/
DC current | = measured value
Current clamps and 1mA to 1100A 1 to N windings 3.103.
current clamp
transformers
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Expanded measurement
uncertainty

Remarks

AC current

Measuring instruments,

sources

10puA to 20.5A

10 Hz to 10 kHz

25nAto0.62A

0.01mA to 0.22mA

10 Hz to 40 Hz

0.6-103-/+25nA

>40 Hz to 1 kHz

0.12-103-/+16nA

> 1 kHz to 5 kHz

0.5-103-/+40nA

> 5 kHz to 10 kHz

1.4-103-/+80nA

>0.22mA to 2.2mA

10 Hz to 40 Hz

0.6-103-/+40nA

> 40 Hz to 1 kHz

0.12-10%-/+35nA

>1kHz to 5 kHz

0.5-103-/+0.4 pA

> 5 kHz to 10 kHz

1.4-103-/+0.8 pA

>2.2mA to 22mA

10 Hzto 40 Hz

0.6-103-/+0.4 pA

> 40 Hz to 1 kHz

0.12- 103/ +0.35 pA

>1kHz to 5 kHz

0.5-103-/+4 pA

> 5 kHz to 10 kHz

1.4-103 [+ 8 pA

>22mA to 220mA

10 Hz to 40 Hz

0.6-103-/+4 pA

>40 Hz to 1 kHz

0.12-103-/+3.5puA

> 1 kHz to 5 kHz

0.5-103-/+40 pA

> 5 kHz to 10 kHz

1.4-103-/+80 pA

>220mA to 22A

20 Hz to 1 kHz

0.55-103-/+35pA

> 1 kHz to 5 kHz

0.65 - 103- / + 80 pA

> 5 kHz to 10 kHz

0.75-103-/+0.16 mA

>22A to 3A

10 Hz to 45 Hz

1.8-103-/+0.1 mA

>45Hzto 1 kHz

0.6-103-/+0.1 mA

45 Hz to 100 Hz

0.6-103-/+2mA

> 100 Hz to 1 kHz

1.0-103-/+2mA

>11A to 205A

45 Hz to 100 Hz

1.2-103-/+5mA

> 100 Hz to 1 kHz

1.5-103-/+5mA

| = measured value
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
AC current SPA to 1A 20 Hz to 5 kHz 35nAto 13 mA /= measured value
Sources
5pA to 100 pA 20 Hz to 45 Hz 1.7-103-/1+35nA
> 45 Hz to 1 kHz 0.76-103-/+34nA
>100pA to 1mA 20 Hz to 45 Hz 1.7-103-/1+0.23 pA
> 45 Hz to 100 Hz 0.71-103-/+0.23 pA
> 100 Hz to 5 kHz 0.73-103-/+0.2 pA
>ImA to 10mA 20 Hz to 45 Hz 1.7-103-1+2.3 pA
> 45 Hz to 100 Hz 0.71-103-/+2.3 pA
> 100 Hz to 5 kHz 0.73-103-/+2 A
>10mA to 100 mA 20 Hz to 45 Hz 1.7-103-/+23 pA
> 45 Hz to 100 Hz 0.71-103-/1+23 pA
> 100 Hz to 5 kHz 0.73-103-/+20 pA
>100mA to 1A 20 Hz to 45 Hz 1.8-103:/+0.23 mA
> 45 Hz to 100 Hz 0.83:103:/+0.33 mA
> 100 Hz to 5 kHz 1.6-103-/+0.21 mA
AC current I = measured value
. 10mA to 500A 3uAto0.2A
SOUFCGS, measuring
instruments 10mA to 1A 0.32-103-/
>1A to 100A 40 Hzto 1 kHz 0.69 - 102/
>100A to 450A 0.9-103-/
Current clamps and 1to N windings I = measured value
current clamp
transformers 1mA to 1100A 10 Hz to 1 kHz 4-103-/
> 1 kHz to 10 kHz/N
Equivalent leakage " 3
current at Ryto 1GQ 17-10%-/t05.8-103-/
0.2pA to 200 mA DC to 60 Hz
See matrix WM.2
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC resistance 00 2-wire short circuit 0.5mQ R = measured value
Fixed values 4-wire short circuit 0.35 uQ
100 pQ 0.45-103-R Intermediate values
1mQ 0.17-103-R increase the
measurement
10 mQ 0.17-103-R uncertainty
100 mQ 0.10-103-R
10; 40-10°%-R
10 0; 23-10%-R
100 Q; 14 -10%-R
1kQ; 10-10°-R
10 kO 9.5-10%-R
100 kQ; 11-10%-R
1 MQ; 15-10°%-R
10 MQ; 31-106-R
100 MQ; 100-10°%-R
10; 76 -10%-R
10 Q; 20-10%-R
100 Q; 17 -10%-R
1kQ; 10-10°%-R
10 kQ; 10-10°%-R
100 kQ; 13-10%-R
1 MQ; 19106 R
10 MQ; 70-106-R
100 MQ; 0.59-103-R
1GQ 5.9-103-R
Measuring instruments Oto<11Q 40-10°-R
110Qt0o<110Q 35-10%-R
110 Qto <110 kQ 28-10°%-R
110kQto< 1.1 MQ 32-10%-R
1.1 MQto< 3.3 MQ 60-10%-R
3.3 MQto <11 MQ 0.13-103-R
11 MQto <33 MQ 0.25-103-R
33 MQto <110 MQ 0.5-103-R
110 MQ to <330 MQ 3-103-R
330 MQto<1.1GQ 15-103-R
AC resistance (amount of 500puQ to 45kQ 10 Hz to 10 kHz JUI+UZ R R = measured value
impedance) U, = relative
0.17 - 103-R uncertainty of the
to calibration current
1.7-103-R Uy = relative
uncertainty of the
See matrix WM.3 measured voltage at
the resistor
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Calibration and Measurement Capabilities (CMC)

Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Inductance 0 pH 2-wire short circuit 0.03 uH
Fixed values
100 Hz 0.54-103-L
100 pH
1 kHz 0.28-103-L
10 kHz 0.29-103-L
. 100 Hz 014-103- L L = measured value
1 kHz 0.14-103-L
10 kHz 0.24-10°: L Amount of impedance
10 mH 100 Hz; 0.13:103-L 50mQ < 2] <11 kQ
1 kHz; 10 kHz 0.16-103-L
100 mH 100 Hz; 1 kHz 0.13-103-L
10 kHz 0.28-103-L
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
Fixed values 1 kHz 0.63-103-C
1pF 10 kHz 0.31-103-C
1 kHz 42-10%-C
10 pF 10 kHz; 53.10%-C
100 kHz 88-10°%-C
1 MHz 0.24-103-C C = measured value
100 pF 1 kHz 39-10°%-C
1nF 1 kHz 71-10%-C
100 kHz 0.13-103-C Amount of impedance
100 Hz 0.49-103-C 10< 2| <110 MQ
10 nF 1 kHz 0.21:103-C
10 kHz 0.23-103-C
100 Hz; 0.21:103-C
100 nF 1 kHz; 0.20-103-C
10 kHz 0.17-103-C
0.29-103-C
1pF 100 Hz; 1 kHz 0.13-103- C
10 kHz 0.29-103-C
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
DC power 0mV to 1020V WP
Measuring instruments OW to 21kw 0 A to 20.5 A 0.21-103-P P = measured value
t00.70-103- P
m,,; Win = re!ative
With clamp connection OW to 300kW Ocr)n\,;ttc:)i?())(())(\)/A but not less than gztci\e/;t?):\fv\;?fo?tie
0.2-10°-P single winding
AC active power P = measured value
Measuring instruments PF=1; 45 Hz to 65 Hz PF = power factor
0.11mW to 21kW 33 mVto 1020V 0.7-103-Pto1.4-103-P (capacitive or
3.3mAto 20 A inductive)
15 W; 60 W; 100 W; 400 wy; | =L 4> Hzto 65 Hz
500 W- 1 KW: 2 KW: 4 KW 50V; 200V 0.16-103-P
! ! ’ 0.3A;2A;10A;20A
1.5W; 6 W 30 mA; 0.26-103- P
45 Hzto 65 Hz; PF=1 :
23W to 20.6kwW 23V to 1020 V 03210 3_'3P
30 mA to 20.5 A t00.48-10%-P
45 Hz to 65 Hz
220V; 1A
220 W PF=1 0.16-103- P
198 W PF=0.9 0.18-103-P
110w PF=0.5 0.29-103-P
22 W PF=0.1 1.4-103-P
11w PF=0.05 2.7-103-P
33Vto330V
330mAto<3A
45 Hz to 65 Hz
0.05<PF<1
10W to 1kw Inductive, capacitive 0.22 W
Win = relative
uncertainty of the
active power of the
single winding
1?)3”:/ At ?OSSSOVA \/m P The rela.tive
With clamp connection 05W to 218kwW 45 Hz to 65 Hz but not less than uncertainty of the
005<PE<1 0.4-103-P iject under t.est Wour
in the measuring
1to 60 windings circuit and in the stray
field of the current-
carrying conductor
must be taken into
account
Power factor 0 to 04 33Vto330V 0.15-103
>04 to <1 330mAto 2.2 A -60- 10 P+0.16 - 103
1 45 Hz to 65 Hz 89 .10°6
AC reactlve? pqwer Ovar to 1kvar 45 Hz to 65 Hz Up- var/W U : uncertainty of the
Measuring instruments active power
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Measurement quantity /| Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Frequency f .
Measurement and 001Hz to 18GHz 0.5- 109 f+ Uy Ury = trigger
synthesis uncertainty
Time interval At Ons to 0.7ms 1.2 ns
2ns to 100s 1.5-10%- At + 50 ps
1s to 100h 14 -10%- At + Urs
Rotational frequency 0.02s? to 18000st 3.7-10°%-f
Oscilloscope OV to 5V DC to 10 kHz 1.1-103- U +66 pv U = measured value
Vertical 5V to 130V 1.2-103- U +44 pVv
Oscilloscope Ins to <100ns 0.6-10%-T+60fs T = measured value
Horizontal 100ns to 20ms 3.1-106-T+11fs
>20ms to 5s 1.2-103-72+29-10%-T
50 kHz 3.3-102-f
. >50kHz to 100 MHz 25-102-f
Oscilloscopes
. >100 MHz to 300 MHz 3.1-102-f
Bandwidth f >300MHz to 600 MHz 55-102-f f=measured value
(frequency response) >600 MHz to 1.1GHz 6.5-102-f
>1.1GHz to 2GHz 6.8-102-f
>2GHz to 4GHz 9.5-102-f
Frequency f
Time base 10 MHz 0.2-10°-f
Rise time 50ps to 1ms 0.05Vto1.2V 4ps+5.7-103-T
Oscilloscopes Ins to 1ms 0.1Vito3V 25ps+5.8-103-T
Rise time 05ns to <2.5ns 28ps+14-103-T
Generators, pulses
25ns to 5ms 13ps+28-103-T
N connector, 50 Q
|Fs] £0.035
f<4GHz
RF power DC to 50 MK . |Fs| <0.056
Output power ° : 9> 10,3 P f<12 GHz
and calibration factor of 10puW to 80 mW iOGMH:':Jigg:ZZ ;3 183 '5 }I,QGlISSgHOZS
RF sources 12 GHz to 18 GHz 36-103- P Other connectors and

reflection coefficients
increase the
measurement
uncertainty

RF voltage Ure
Sources with RF voltage
display relative to 50 Q

22mV to 2V

DCto 18 MHz

W(UHF) = M

W(P) is the relative
uncertainty of the
measured power at
Zp=50Q
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Square-wave voltage
vl
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 | 2.37€-06 | 1.12E-05 | 2.2E-05 | 110.4E-6 | 250.0E-6 | 1.2E-3 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 2.3E-3
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 2.3E-3
10000 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 3.2E-3
Matrix WM.2 Equivalent leakage current
Normal resistance Ry 1kQ 10 kQ 100 kQ 1MQ 10 MQ 100 MQ 1GQ
Nominal voltage Current | expanded measurement uncertainty of U in pA/A Current | Uin mA/A
60V 60 mA 6 mA 600 pA 60 pA 6 HA 600 nA 60 nA
10V 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 23pA 230 nA
400V 400 mA 40 mA 4mA 400 pA 40 pA 4.0 A 400 nA
Matrix WM.3 AC resistance
Voltage [V]
0.001V 0.010V 0.010V 0.100 V 0.100 V 1.000 V 1.000V | 10.000V | 10.000V | 100.000V
Current [A]
2.2-103A 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
22103 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 measurement quantities
Permanent laboratory — Location Vienna
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Length I = measured value
Caliper gauge for
per gaug VDI/VDE/DGQ 2618
external, internal, and Omm to 500mm 20 um + 15106/
. . % Sheet 9.1:2006
depth dimensions
. VDI/VDE/DGQ 2618
Bow micrometers * Omm to 300mm 2um+6-10°6-/
Sheet 10.1:2001 a
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
DC voltage oV 350V Sh.ort-circuit
bridge
OV to 1V 0.46 - 10%. U +0.18 uV | U = measured
>1V to 10V 0.18-106- U+0.67 uv | value
>10V to 100V 0.28 - 10°- U-0.34 pv
>100V to 1050V 0.24-10°%- U + 64 pv
High voltage 1kV to 10KV 7.9.106. U+ 17my | YT measured
Sources value
>10kV to 60kV 46 -10%- U+0.95V
AC voltage 2mV to 10mV 10 Hz; 12.5 Hz 26-10%- U+0.11 uV | U= measured
20 Hz; 25 Hz; 30 Hz; 37.5 Hz; 28 -10%- U+23nV value
40 Hz; 75 Hz; 80 Hz; 125 Hz; Calibration on the
312.5 Hz; 375 Hz Josephson
48 Hz; 60 Hz; 62.5 Hz 19-106- U+0.11 pv | Voltmeter
625 Hz; 937.5 Hz; 1 kHz 17-10%- U+0.12 pv | When calibrating
measuring
>10mV to 60mV 10 Hz; 12.5 Hz 13-10%-U+0.19uv |.
instruments, the
20 Hz; 25 Hz; 30 Hz; 37.5 Hz; 8.6-10% U+0.16 WV | influence of load
40 Hz; 75 Hz; 80 Hz; 125 Hz; impedance and
312.5 Hz; 375 Hz repeatability must
48 Hz; 60 Hz; 62.5 Hz 10-10%- U+0.16 uV | also be taken into
625 Hz; 937.5 Hz; 1 kHz 9.1-106- U+0.16 uv | account
>60mV to 7.2V 10 Hz; 12.5 Hz 10-10%- U +0.14 pv
20 Hz; 25 Hz; 30 Hz; 37.5 Hz; 2.2-10%-U+0.16 pv
40 Hz; 75 Hz; 80 Hz; 125 Hz;
312.5 Hz; 375 Hz
48 Hz; 60 Hz; 62.5 Hz 4.2-10°- U+0.14 pv
625 Hz; 937.5 Hz; 1 kHz 1.4-10%- U+0.16 pv
AC voltage 2mVto<22V 10 Hzto 1 MHz U = measured
10 Hz; 20 Hz; 40 Hz; 55 Hz; value
120 Hz; 400 Hz; 500 Hz; 1 kHz; 0.29-103-U
2 mV 10 kHz; 20 kHz; 50 kHz; 70 kHz;
m 100 kHz; 200 kHz; 300 kHz
500 kHz 0.32-103-U
1 MHz 0.43-103-U
6 mV 10 Hz 0.16-103-U
20 Hz 0.14-103-U
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC voltage 40 Hz; 55 Hz; 120 Hz; 400 Hz; U = measured
500 Hz; 1 kHz; 10 kHz; 20 kHz;
’ ’ ’ ’ . 3, value
6mv 50 kHz; 70 kHz; 100 kHz; 0.13-10%-U
200 kHz
300 kHz 0.15-10°-U Calibration on
500 kHz 0.17 - 10’3 U AC/DC transfer
1 MHz 0.22-10%-U standard
10 mV 10 Hz 0.13-103-U When calibrating
20 Hz 0.12-103-U measuring
40 Hz; 55 Hz; 120 Hz; 400 Hz; instruments, the
500 Hz; 1 kHz; 10 kHz; 20 kHz; influence of
’ ’ ’ ’ .103 - .
50 kHz; 70 kHz; 100 kHz; 0.10-10%-U load/connection
200 kHz impedance and
300 kHz 0.12-103-U repeatability must
500 kHz 0.16-103 - U be taken into
account
1 MHz 0.21-103-U
20 mVv 10 Hz 0.12-103-U
20 Hz 0.11-103-U
40 Hz; 55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 10 kHz; 20 kHz;
7 ’ ’ 7 . _6 .
50 kHz; 70 kHz; 100 kHz; 86-10°-U
200 kHz
300 kHz 0.11-103-U
500 kHz 0.13-103-U
1 MHz 0.17-103-U
60 mV 10 Hz 54-10%-U
20 Hz; 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 10 kHz; 32-10%-U
20 kHz; 50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 46 -10°-U
500 kHz 60-106-U
1 MHz 95.10°-U
100 mV 10 Hz 22-10%-U
20 Hz; 40 Hz 20-106-U
55 Hz; 120 Hz 17-10%-U
400 Hz; 500 Hz; 1 kHz; 10 kHz; 15106 U
20 kHz; 50 kHz; 70 kHz; 100 kHz
200 kHz; 300 kHz 25-106-U
500 kHz 34-10%-U
1 MHz 53-106-U
200 mV 10 Hz 37-10%-U
20 Hz; 40 Hz 18-10%- U
55 Hz; 120 Hz 15-10¢-U
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC voltage 400 Hz; 500 Hz; 1 kHz; 10 kHz; U = measured
’ 200mv 20 kHz; 50 kHz; 70 kHz 12-10°-U value
100 kHz 13-10°%-U
200 kHz; 300 kHz 23-106-U
500 kHz 33.106- U Calibration on
1 MHz 49-106- U AC/DC transfer
600 mV 10 He 31-10¢-U standard
" When calibrating
20 Hz; 40 Hz 16-10%-U measuring
55 Hz; 120 Hz 13-10%-U instruments, the
400 Hz; 500 Hz; 1 kHz; 10 kHz; 10106 - U influence of
20 kHz; 50 kHz; 70 kHz load/connection
100 kHz 11-106-U impedance and
200 kHz; 300 kHz 21-106-U repeatability must
500 kHz 33-106-U be taken into
1 MHz 50-10%-U account
1v 10 Hz 17-10%-U
20 Hz; 40 Hz 11-10%-U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 7-10°%-U
70 kHz
100 kHz 9-10%-U
200 kHz; 300 kHz 13-10%-U
500 kHz 17-10%-U
1 MHz 30-10%-U
2V 10 Hz 38-106-U
20 Hz; 40 Hz 12-10%-U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 7-10%-U
70 kHz
100 kHz 9-10°%-U
200 kHz; 300 kHz 11-10%-U
500 kHz 16-10%-U
1 MHz 29-106-U
4V;6V 10 Hz 32-10%-U
20 Hz; 40 Hz 13-10%-U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 20 kHz; 50 kHz; 9-10%-U
70 kHz; 100 kHz
200 kHz; 300 kHz 21-10%-U
500 kHz 32-10%-U
1 MHz 35-106-U
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC voltage 8V;10V 10 Hz 19-10%-U U = measured
20 Hz 13-106- U value
40 Hz 10-106-U
55 Hz; 120 Hz; 400 Hz; 500 Hz; Calibration on
1 kHz; 10 kHz; 20 kHz; 50 kHz; 8-10°-U AC/DC transfer
70 kHz; 100 kHz standard
200 kHz; 300 kHz 15-10%-U . .
When calibrating
500 kHz 30-106-U .
) 5. U measuring
1 MHz 47-10 instruments, the
20V 10 Hz 29-10°-U influence of
20 Hz 14-10%-U load/connection
40 Hz 11-106- U impedance and
55 Hz; 120 Hz; 400 Hz; 500 Hz; repeatability must
1 kHz; 10 kHz; 20 kHz; 50 kHz; 9-10%6-U be taken into
70 kHz account
100 kHz 10-10%-U
200 kHz; 300 kHz 16-10%-U
500 kHz 32-106-U
1 MHz 49.-10°-U
12Vv;15V; 19V 1 kHz; 10 kHz; 100 kHz 10-10%-U
>22Vto70V 10 Hz to 300 kHz
60V 10 Hz 23-10%-U
20 Hz; 40 Hz 15-10%-U
55 Hz; 120 Hz 13-10%-U
400 Hz; 500 Hz; 1 kHz; 10 kHz;
7 ’ ’ 7 . _6 .
20 kHz; 50 kHz 9-10%-U
70 kHz 10-10%-U
100 kHz 14-10%-U
200 kHz; 300 kHz 22-106-U
>70Vto 110V 10 Hz to 200 kHz
100V 10 Hz; 20 Hz 19-10%-U
40 Hz 15-106- U
55 Hz; 120 Hz; 400 Hz; 500 Hz;
1 kHz; 10 kHz; 13-10%-U
20 kHz; 50 kHz
70 kHz 20-10%-U
100 kHz 32-10%-U
200 kHz 37-10%-U
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC voltage >110Vto 700V 10 Hz to 100 kHz U = measured
200V 10 Hz 27 -10%-U value
20 Hz 21-10%-U
40 Hz 16-10%-U Calibration on
55 Hz; 120 Hz 15-10°-U AC/DC transfer
400 Hz; 500 Hz; 1 kHz; 13-106-U standard
10 kHz; 20 kHz; 50 kHz 17-10%-U When calibrating
70 kHz 20-106-U measuring
100 kHz 31-106-U instruments, the
600V 40 Hz 17 -10%-U influence of
55 Hz; 120 Hz; 400 Hz; 500 Hz 14-10%-U load/connection
1 kHz; 10 kHz; 20 kHz; 50 kHz 16-106-U impedance and
70 kHz 25.106.U repeatabl'llty must
100 kHz 37-10°-U be taken into
account
>700V to 1000V 10 Hz to 100 kHz
1000 Vv 40 Hz 16-10%- U
55 Hz; 120 Hz; 400 Hz; 500 Hz; 14.106- U
1 kHz; 10 kHz; 20 kHz
50 kHz 25-106-U
70 kHz 32-106-U
100 kHz 42 -10%-U
High voltage 1kv to 10kVv 10Hz to 20 kHz 50-10°%-U+2V
Sources > 20 kHz to 50 kHz 0.34-103-U+16V
> 50 kHz to 100 kHz 1.6-103-U+09V
>10kV to 40kV 10 Hz to 20 kHz 0.10-103-U+3.7V
> 20 kHz to 50 kHz 0.43-103-U+2.1V
> 50 kHz to 100 kHz 1.7-103-U+0.7V
Measuring instruments 1kv to 10kV 50-10%-U+2V
45 Hz to 65 Hz
>10kV to 30kV 0.10-103-U+3.7V
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Square-wave voltage 5mV to 220mV 1Hz to 10kHz 10-10%-U+0.36 WV | sampling method
+6.4-109V/Hz -f | 4t 10 MQ load
>220mV  to 2.2V 9.3-10%-U+0.35pV | Range specified in
+7.0-10°V/Hz - f | peak-to-peak
>22V to 22V 9.3-10%-U+0.58 uV | voltage
+14-10°V/Hz-f | = peak value of
>22V to 220V 12-10°-U+35uV | the voltage
+75-10°V/Hz - f | = frequency
The additional
influence of
deviating load
conditions (such as
50 Q or 1 MQ)
must be taken into
account
AC voltage 5mV to 5V DCto 10 MHz 25-103-U+0.2 uv | Oscilloscope as
Amplitude > 10 MHz to 100 MHz 37-103-U+0.5uV |standard
parameters > 100 MHz to 300 MHz 44-103-U+0.4 U.V U = measured
>300 MHz to 1 GHz 70-103-U value
>5V to 50V DC to 2 kHz 12-103-U+0.7 uv
> 2 kHz to 10 MHz 25-103-U+0.7 uwv
0% to 30% 45 Hz to 5 kHz 0.5-103-k+0.012%
> 5 kHz to 30 kHz 0.8-103-k+0.012%
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC voltage RMS value of the 45Hz <1265 Hz
Harmonics 15t harmonic 1mV<Un<200V Measured value =
Sources and 1% < (Un/U1) < 40% RMS value f)fthe
measuring 100mV to 500V 2<n<100 20-10%- U, 1%t harmonic
instruments fn<6 kHz to U1 = RMS value of
39-10%- U, the 1st harmonic
Un = RMS value of
100 mv 26-10°- U the nth harmonic
200 mV 25-10%- U, f1 =frequency of
1.2V 20106 U, the 15t harmonic
8V 25-10% - U, fo= fr.equency of
the higher
16V 30-10°- Uy harmonic
30V 2010 Uy n=f/fi,n>1
60V 20-106- U, The number of
120V 30-10% - U, highgr harmonics
is limited to one
240V 39-10°- Uy higher harmonic
460V 39-106- U,
RMS value of the 45 Hz < f,<65Hz Measured value =
higher harmonic 100 mV € U; <500 V RMS value of the
1% < (Un/U1) < 40% higher harmonic
Imv to 200V 2<n<100 0.13-103- U, Uy =RMS value of
1< 6 kHz to the 15t harmonic
1.1-103- U, Un = RMS value of
the higher
harmonic

see matrix VM.17 fl - frequency of

the 15t harmonic
fn = frequency of
the higher
harmonic
n=fy/fi,n>1
The number of
higher harmonics
is limited to one
higher harmonic
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Measurement Measurement range / | Measurement conditions / Expanded "
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
AC current 45 Hz < f1<65 Hz Measured value =
. RMS value of the 1%
Harmonics 100mA 1 0 A 2/S<n1S131(,io 32-10%- 1 harmonic
Sources and m ° 5= to = RMS value of the
measuring 71-10%-1 15t harmonic
instruments 100 mA 1mA</h<48A 32106 ::'thME value gfthe
f.< 6 kHz igher harmonic
f1=frequency of the
200 mA 1% < (In/11) < 30% 47-10%- 1 1% harmonic
fn=frequency of the
400 mA 47 -10%- 1 higher harmonic
n =fn/,f1: n>1
800 mA 47 -10%- 1, The number of higher
harmonics is limited
16A 45.106- |, to one higher
harmonic
aA 57-106- 1, Is = peak Yalue of the
current signal
. 106 -
5A 57-10%-h The measurement
uncertainty may
16 A 55-10%-/y increase for
measuring
30A 160mA</,<18A 71-10%- 1, instruments with a
fa<3kHz connected (clamp)
60 A 1% < (In/11) < 30% 71-106-/; current transformer
The measuring range
is extended to
/1< 600 A
Current transformers
are calibrated in
conjunction with the
display device for the
secondary signal
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Expanded
measurement
uncertainty

Remarks

AC current

Harmonics
Sources and
measuring
instruments

45 Hz < f; <65 Hz
2<n<100
<113 A

1mA to 48A

100mA</1<16A
fn<6 kHz
1% < 1,/11 <30%

0.22-103- 1/,
to
0.46-103- 1,

see matrix VM.18

160mA to 18A

16 A</1<60A
fn<3 kHz
1% < (In/11) < 30%

0.22-103- 1,
to
0.46-103- 1,

see matrix VM.18

Measured value =
RMS value of the
higher harmonic

1 = RMS value of the
1st harmonic

In = RMS value of the
higher harmonic
f1=frequency of the
1st harmonic

fn=frequency of the
higher harmonic

n=fa/fi,n>1

The number of higher
harmonics is limited
to one higher
harmonic

Is = peak value of the
current signal

The measurement
uncertainty may
increase for
measuring
instruments with a
connected (clamp)
current transformer

The measuring range
is extended to
1h<200 A

Current transformers
are calibrated in
conjunction with the
display device for the
secondary signal
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Date of issue:
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Flicker 0.407% to 4.837% 1 min1< CPM <4800 min1 AU/U =
Modulation depth U=120V; U=230V modulation depth
Sources U = effective value
rectangular modulation of the modulated
— - AC voltage s-signal
1 min” < CPM < 39 min! 1.0-103%
- 50 Hz; f = 60 Hz f=frequency of
f= - the modulated AC
CPM =110 min? 3.7-10%% voltage s-signal
f=50Hz; f=60 Hz CPM = changes per
CPM = 1620 min 12 -103% minute
f=50Hz; f=60Hz The combinations
CPM = 4000 min'; 12 -10%% of AU/U and CPM
Soe ° defined in DIN EN
CPM = 4800 min 61000-4-15:2011,
f=51Hz;f=61Hz Table 5, apply
Flicker 0.407% to 4.837% 1 mint< CPM < 4800 min! AU/U =
Modulation depth U=120V;U=230V modulation depth
Measuring U = effective value
instruments rectangular modulation of the modulated
- - AC voltage s-signal
1 mint < CPM <39 min 1.0-103%
=50 Hz: f= 60 H f=frequency of
f= zf= z the modulated AC
CPM =110 min 3.7-103% voltage s-signal
f=50Hz; f=60 Hz CPM = changes per
CPM = 1620 min‘t 12-103%% minute
f=50Hz; f=60Hz The combinations
of AU/U and CPM
- in1: . 1039
CPM = 4000 ml.n_l, 28 -103% defined in DIN EN
CPM = 4800 min 61000-4-15:2011,
f=50Hz; f=60 Hz table 5, apply
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Measurement Measurement range / | Measurement conditions / Expanded "
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Flicker 83mHz to 40Hz 0.407% < AU/U < 4.837% 1.0- 10 - friicker AU/U =
Frequency 1 min! £ CPM < 4800 min! modulation depth
Sources and U=120V; U=230V U = effective value
measuring f=50Hz; f=60Hz of the modulated
instruments AC voltage signal
rectangular modulation f =frequency of
the modulated AC
voltage signal
CPM = changes per
minute
fFIicker = CPM/ 120
The combinations
of AU/U and CPM
defined in DIN EN
61000-4-15:2011,
table 5, apply
Value at AU/U
P value only Pt =1 2.5.103 expressed in AU/U
rectangular flicker
AC voltage
Distortion factor k 0% to  30% 05103 - k +0.012% | Values expressed
0 0 45 Hzto 5 kHz ' =7 |in % distortion
> 5 kHz to 30 kHz 0.8:103 - k+0.012%
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Matrix VM.17 Relative measurement uncertainty of the effective value U,, of the harmonic at the
frequency f; = 50 Hz in mV/V

(A Un/V 2 3 4 5 10 20 30 40 50 60 70 80 20 10
010 | 0.001 | 1.1 | 1.1 | 057 | 0.57 | 0.50 | 0.49 | 0.49 | 0.49 | 0.48 | 0.48 | 0.48 | 0.48 | 0.48 | 0.48
010 | 0.01 | 017 | 0.17 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14
0.20 | 0.025 | 0.17 | 0.14 | 0.14 | 0.13 | 0.13 | 0.13 | 0.213 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
1.2 0.15 | 0.13 | 013 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
8.0 1.0 | 013 | 013 | 0.13 | 013 | 013 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
16 45 | 014 | 014 | 013 | 013 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
30 9.0 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
60 18 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
120 36 0.14 | 0.14 | 0.14 | 0.14 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
240 72 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
460 130 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.23 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13
Matrix VM.18 Relative measurement uncertainty of the effective value I,, of the harmonic at the
frequency f; = 50 Hz in mA/A
/A In/A 2 3 4 5 10 20 30 40 50 60 70 80 920 100
0.1 001 | 024 | 024 | 022 | 0.22 | 022 | 022 | 022 | 0.22 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
0.2 | 0.025 | 024 | 024 | 022 | 0.22 | 022 | 0.22 | 0.22 | 0.22 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
0.4 0.05 | 0.24 | 024 | 023 | 0.23 | 0.22 | 022 | 022 | 0.22 | 0.22 | 0.22 | 022 | 0.22 | 0.22 | 0.22
0.8 01 | 022 | 022|022 022|022 022|022 022|022 022 022|022 022 022
1.6 | 0.016 | 0.46 | 0.46 | 0.46 | 0.46 | 032 | 0.28 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.22
1.6 02 | 022 | 022|022 022|022 | 022|022 022|022 022 022|022 022 022
4 05 | 025|025 023 | 02302202202 022|022 02| 022|022 022|022
8 1 022 | 022 | 022 | 022 | 022 | 022 | 022 | 022 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22
16 2 022 | 022 | 022 | 022 | 022 | 0.22 | 022 | 0.22 | 0.22 | 022 | 0.22 | 0.22 | 0.22 | 0.22
30 8 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 - - - -
60 15 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.23 | 0.24 | 0.24 | 0.24 | 0.24 - - - -
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Measurement Measurement range / Measurement Expanded measurement K
quantity / calibration measurement span conditions / procedure uncertainty Remarks
object
DC current OpA to 10nA 0.85 fA to 51 fA /= measured value
0 pA 12 fA
1pA 0.85-1073-
10 pA 0.53-103-/
100 pA 75-10%-/
1nA 10-10%6-/
10 nA 5.1-106-/
>10nA to 100nA 4.1-10%-/+10fA
>100nA to <1pA 1.4-10%-/+0.21 pA
1pA to 10 pA 1.4-10°%-/+0.19 pA
>10pA to 20 uA 1.4-106-/+ 1.8 pA
20pA to 200 pA 1.4-106-/+ 14 pA
200pA to 2mA 0.54 -10°-/+0.23 nA
2mA to 10mA 1.1-10%-/+2.4nA
10mA to 50mA 0.90-10%-/+25nA
50mA to 200 mA T=(23%2)°C 0.33-10°-/+0.26 yA
200mA to 1A 12-106-/
1A to 10A 16-106-/
10A to 100A 28 - 106/
100A to 300A T=(23+2)°C 37-10%-/
DC current 300A to 700A 27-10%-/+2.3mA
Sources
DC current Win is the relative
uncertainty of the
Current clamps current of the single
and current clamp windin
Jw2 w2 - g
transformers 0A to 3000A o in = Wour Whour is the relative
1to N windings but not less than uncertainty of the
8:-10%-/or6nA object under test in
the stray field of the
current-carrying
conductor
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Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / procedure uncertainty Remarks
object
AC current I = measured value
100 pA to 100 A 10 Hz to 10 kHz 4.4 nAto 6.5 mA
10 Hz; 20 Hz 76 -10°-/
40 Hz; 55 Hz; 120 Hz; '

100 pA 400 Hz; 500 Hz; 1 kHz 44-10%-1
10 kHz 47 - 106/
10 Hz; 20 Hz 68 - 106/
40 Hz 39-10°-/
200 pA 55 Hz; 120 Hz; 400 Hz; 36-10°-/

500 Hz; 1 kHz
10 kHz 39-10°-/
10 Hz; 20 Hz 64 -10°6-/
0.5 mA 40 Hz; 55 Hz; 120 Hz 28 - 106/
400 Hz; 500 Hz; 1 kHz 27 - 10/
10 kHz 32-10°-/
10 Hz 33-10°-/
20 Hz 30-10°-/
40 Hz; 55 Hz 26-10°6-/

1mA 120 Hz; 400 Hz; 500 Hz;
1 kHz 25-10°6-/
10 kHz 27 - 10/
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Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / procedure uncertainty Remarks
object
AC current 10 Hz 32-10°-/ I = measured value
20 Hz 2910/ f = frequency
2 mA 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 24 -10°6-/
10 kHz
10 Hz 32-10°-/
20 Hz; 40 Hz 29-10°-/
5 mA 55 Hz; 120 Hz; 400 Hz;
500 Hz; 1 kHz; 24 -10°6-/
10 kHz
10 Hz 26106/
20 Hz 24 .10/
10 mA 40 Hz; 55 Hz; 120 Hz; !
400 Hz; 500 Hz; 1 kHz 19-10%-1
10 kHz 22106/
10 Hz 25-10°6-/
20 Hz 23-106-/
20 mA 40 Hz; 55 Hz; 120 Hz; !
400 Hz; 500 Hz; 1 kHz 17-10°-1
10 kHz 19-106-/
10 Hz 2510/
20 Hz; 40 Hz 23-10°6-/
50 mA 55 Hz; 120 Hz; '
400 Hz; 500 Hz; 1 kHz 17-10%-1
10 kHz 19-106-/
10 Hz 26 - 10/
20 Hz; 40 Hz 24 .10/
55 Hz; 120 Hz; '
100 mA 400 Hz; 500 Hz 18-10%6-/
1 kHz; 10 kHz 20-10%-/
10 Hz 27 - 10/
20 Hz; 40 Hz 24-10°%-/
200mA 55 Hz; 120 Hz; 18105/
400 Hz; 500 Hz; 1 kHz
10 kHz 20106/
10 Hz 36-10°¢-/
20 Hz 34-10°%-/
500 mA 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 31-10°6-/
10 kHz
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Measurement Measurement range / Measurement Expanded measurement
quantity / calibration measurement span conditions / procedure uncertainty Remarks
object
AC current 10 Hz 32-10°-/ I = measured value
20 Hz 2910/ f = frequency
1A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25-10°6-/
10 kHz
10 Hz; 20 Hz 40-10°%-/
40 Hz; 55 Hz; 120 Hz;
ZA 400 Hz; 500 Hz; 1 kHz; 34-10°6-/
10 kHz
10 Hz 39-10°-/
20 Hz 37-10°-]/
5A;10A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 32-106-/
10 kHz
10 Hz; 20 Hz 57 -10°6-/
20 A 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 53-10°-/
10 kHz
10 Hz; 20 Hz 64 -10°6-/
40 Hz; 55 Hz; 120 Hz; '
S0A 400 Hz; 500 Hz 59-10%-1
1 kHz; 10 kHz 68106/
10 Hz; 20 Hz 75-10°-/
40 Hz; 55 Hz; 120 Hz; '
100A 400 Hz; 500 Hz 65-10°-1
1 kHz; 10 kHz 75-10°6-/
QMH Ch.ap. Vib.1.1 12 mA to 24 mA
Version 5.0
100A to 200A
10 Hz to 10 kHz 0.13-103-/
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Measurement Measurement range / Measurement Expanded measurement K
quantity / calibration measurement span conditions / procedure uncertainty Remarks
object
AC current 200A to 300A 10Hz to  1kHz 0.30-103-/-0.53mA | /=measured value
f=1frequency
Sources 10 Hz to 65 Hz 0.48-103-/+11mA
65 Hz to 100 Hz 0.49-103-/+11mA
300A to 495A
100 Hz to 400 Hz 0.74-103-1+7.7mA
400 Hz to 1 kHz 1.5-103-/+4.0mA
Current clamps and Wi, = relative
current clamp uncertainty of the
transformers - current of the single
1 to N windings winding
2 2
10 Hz to 1 kHz Wi +Wour -/ Wour = relative
10pA  to  2400A .
> 1 kHz to 10 kHz/N but not less than uncertainty of the
90-10%-/or8nA object under test in
the stray field of the
current-carrying
conductor
Equivalent leakage The total uncertainty
current / a0, 103, U depends on the
0.2pA  to 200 mA at Ryto 1GQ 10 sleoe m/attorii\E/;le ! relative uncertainty
’ U(RN)/RN of the
calibration resistor Ry
Charge Q Rectangular current
pulses
>1s, duration t and
rise times £ 10 ps as
103, productQ=1/-t
20pC to 200pC 0.50-103-Q+0.025 pC Total uncertainty
calculated from the
relative uncertainty
W(lin) of the
calibration current
>200pC to 2nC 0.33-103-Q+0.05pC
>2nC to 11C 60-103-Q+0.5pC

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

100

kQ 1MQ

Current | expanded measurement uncertainty U in pA/A

Normal resistance Rn 1kQ 10 kQ
Nominal voltage
60V 60 mA 6 mA
110V 110 mA 11 mA
10 10
230V 230 mA 23 mA
400V 400 mA 40 mA
Valid from: 16.03.2026
Date of issue: 16.03.2026

600 pA
1.1 mA

2.3 mA

4 mA

60 pA
110 pA
230 pA

400 pA

10 MQ 100 MQ 1GQ
Current | Uin mA/A
6 pA 600 nA 60 nA
11 pA 1.1pA 110 nA
70 0.6
23 pA 2.3 pA 230 nA
40 pA 4.0 pA 400 nA
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Measurement quantity Measurement range / Measurement Expanded measurement
/ calibration object measurement span conditions / uncertainty Remarks
procedure
DC resistance 2-wire short circuit 0.5mQ R = measured value
0Q 4-wire 0.35uQ
short circuit Calibrat.ion of
10pQ to <1GQ T=(23%2)°C 1.6nQt0 110 Q i”rzsetif;:'e”fts ot the
10 u0 0.16- 1973' R nominal values of the
100 pQ /=100A 34-10%-R standards
1mQ /=50 A 23-10%-R
10 mQ =10 A 20-10°%-R
100 mQ 5.6-106-R
1Q; 0.43-10°-R
10Q; 100 Q; 1.0-10%-R
1kQ; 0.60-10%-R
10 kQ 0.57-10°%-R
100 kQ; 1.4-10%-R
1 MQ; 1.5-10%-R
10 MQ; 4.2-10°-R
100 MQ 11.2-106-R
1GQ to 120TQ 88 kQ to 240 MQ
1G60; Measuring voltage 88-10°-R
10 GQ; 100 GQ; 100V or 1000 V 0.13-103-R
17TQ 0.24-103-R
>1TQ to 120TQ . 0.48 GQ to 187 GO
10TQ; Measuring voltage 0.48-103-R
100 TQ 1000V 1.87-103-R
AC resistance (amount of T=(23t2)°C R = measured value
impedance) 100pQ to 100Q 100 pA< /<100 A 13nQto 1.7 mQ = current
10 Hz to 10 kHz
f="frequency
10 Hz; 20 Hz 0.17-103-R
40 Hz; 55 Hz; 120 Hz; 0.14-103-R
100 w0 400 Hz; 500 Hz
1 kHz; 10 kHz 0.15-103-R
10 Hz 65-10%-R
20 Hz 63-10%-R
40 Hz; 55 Hz; 120 Hz; ’
1ma 400 Hz; 500 Hz 58-10°-R
1 kHz 61-106-R
10 kHz 64-106-R
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On-site calibration — DC and AC resistance
Calibration and Measurement Capabilities (CMC)

Measurement quantity Measurement range / Measurement Expanded measurement
/ calibration object measurement span conditions / uncertainty Remarks
procedure
AC resistance (impedance 10Hz 46 -10°-R R = measured value
value) 20 Hz 43-10°-R I = current
10 mQ 40 Hz; 55 Hz; 120 Hz; ’ _
400 Hz; 500 Hz 37-10%-R f=frequency
1 kHz; 10 kHz 35-10%-R
10 Hz 45.10°-R
20 Hz 42 -10°%-R
20 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36-10%-R
10 kHz
10 Hz 45.10°-R
20 Hz 42 -10%-R
50 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 36-10%-R
10 kHz
10 Hz 39-106-R
20 Hz 35-10%6-R
100 mQ; 200 mQ 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 30-10%-R
10 kHz
10 Hz 36-106-R
. . 6.
050 577 126 o 4007 ——
! ! ! 26-10%-R
500 Hz; 1 kHz; 10 kHz
10 Hz 34-10%-R
20 Hz 30-10%6-R
1Q 40 Hz; 55 Hz; 120 Hz;
400 Hz; 500 Hz; 1 kHz; 25-106-R
10 kHz
10 Hz 31-10%-R
20 Hz; 40 Hz 26-10%-R
20;5Q 55 Hz; 120 Hz; 400 Hz; y
500 Hz; 1 kHz 20-10°-R
10 kHz 23-10%-R
10 Hz 30-10%-R
20 Hz; 40 Hz 26-10%-R
10Q 55 Hz; 120 Hz; 400 Hz; ’
500 Hz; 1 kHz 21-10°-R
10 kHz 23-10%-R
10 Hz 29-10%6-R
20 Hz; 40 Hz 25-10%-R
20Q 55 Hz; 120 Hz; 400 Hz; y
500 Hz; 1 kHz 19-10°-R
10 kHz 22-10%-R
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Calibration and Measurement Capabilities (CMC)

Measurement range /

Measurement

Expanded measurement

/ calibration object measurement span conditions / uncertainty Remarks
procedure
AC resistance (amount of 10 Hz 29-10%-R R = measured value
impedance) 20 Hz 25-10°-R I = current
40 Hz 20-10%6-R
f=frequency
500 55 Hz; 120 Hz; 400 Hz; 19- 10%- R
500 Hz
1 kHz 21-10%-R
10 kHz 25-10%-R
AC resistance (amount of 10 Hz 29-10°-R R = measured value
impedance) 20 Hz 25-10°-R I = current
40 Hz; 55 Hz 19-10%-R _
f="frequency
100 Q 120 Hz; 400 Hz 18-10°%-R
500 Hz 20-10%-R
1 kHz 31-10%-R
10 kHz 75-10%-R
R = measured value
Constant current
method
U, = relative
P uncertainty of the
100uQ  to 10 kQ 10 Hz to 10 kHz JUP+UL R calibration current
Uy = relative
uncertainty of the
measured voltage at
the resistor
0Q to 10kQ 20 Hz to 50 Hz 2.5-10%-R+3.1mQ R = measured value
>10kQ to 110 MQ 2.3-107°- RZ/Q Direct measurement
+2.5-103-R method
0Q to 20kQ >50 Hz to 100 Hz 1.0-103-R+2.6 mQ
>20kQ to 110MQ 2.3-10°-R%/Q
+1.3-103 R
0Q to 50kQ > 100 Hz to 1 kHz 0.5-103-R+1.3mQ
>50kQ to 110MQ 1.1-10%°-R%/Q
+1.2-103-R
0Q to <50Q >1 kHz to 30 kHz 1.1-103-R+1.2mQ
50Q to 20kQ 0.5-103-R
>20kQ to 110MQ 1.1-10°-R%/Q
+0.79-103-R
0Q to 200 > 30 kHz to 100 kHz 1.1-103-R+1.2mQ
>20Q to 20kQ 0.5-103-R
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Measurement quantity Measurement range / Measurement Expanded measurement K
/ calibration object measurement span conditions / uncertainty Remarks
procedure
AC resistance (amount of >20kQ to 110MQ 1.3-10°-R?/Q R = measured value
. .103 -
impedance) +1.0-10°-R Direct measurement
0Q to 100Q > 100 kHz to 300 kHz 1.1-103-R+2.2mQ method
>100Q to 2kQ 0.5-103-R
>2kQ to 110 MQ 4.5-107 - R2/Q
+0.9-103 R
0Q to 50Q > 300 kHz to 1 MHz 1.3-103-R+3.2mQ
>500Q to 2kQ 0.7-103-R
>2kQ to 22MQ 15-10°- R%/Q
+1.1-103 R
Energy E 5J to 150J 2.3-103-E+49m) E = energy
Defibrillator tester >150J) to 360 1.1-103-£+0.27) Monophasic or
biphasic
Voltage ratio 0OmV/V to 100 mV/V DC voltage 0.1 uV/Vto 1.6 uwv/Vv
Bridge standards and Bridge voltage: See matrix VM.2
measuring instruments 1Vto10V
Matrix VM.2 Voltage ratio
Bridge voltage
10V 5V 2V 1V
Measured value
0mV/V 0.10 uv/v 0.10 puv/v 0.17 pv/v 0.35 pv/v
+2mV/V 0.10 uv/v 0.11 pv/v 0.26 uVv/Vv 0.51 pv/v
+5mV/V 0.10 puv/v 0.13 pv/v 0.27 pV/V 0.52 pv/V
+10 mV/V 0.10 uv/v 0.16 pV/V 0.31 pV/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 pV/V 0.39 pv/V 0.58 pV/V 1 pv/v
+100 mV/V 0.65 pV/V 0.73 pv/V 1.0 pv/v 1.6 pV/V
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 144 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

On-site calibration — Electrical power

( DAKKS

Deutsche
Akkreditierungsstelle

Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
DC power W'P P = measured value
OW to 110 kW 0 mV to 1100 V b
0 pA to 100 A ut not less than
44 -106-P+5fW
Power factor PF = cos(4¢) = power
Sources, factor
measurement Ao =@y — ¢,
instruments = phase angle
U = effective value of
the AC voltage
10Hz< f<10kHz 6.8 - 1012 I = effective value of
1mv<sU<1kvi to the AC current
I1mA<I<100A 2.1-103
The measurement
uncertainties apply to
sinusoidal signals
0 to 1
Additional range for See also matrices
measuring instruments VM.21 to VM.25
with current
clamp/current 7.8.10°9
transformer: to
1.5-10*
10 Hz < f <100 Hz
1mVsU<1kv?
100A<I<1kA
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
AC active power P(U;I; PF)
Sources, measuring ) =U-I1-PF
instruments 10Hz< f<10kHz D 75 pW = AC active power
1mvsU<1kvi ' = -
OW  to 100kw to PF = cos(4¢) = power
1mA<I<100A 210 W factor
0<PF<1 Ap =@y — @ =
phase angle
U = effective value of
Additional range for AC voltage
measuring instruments | e [ = effective value of
with current 38.104. P " | the AC power
clamp/current )
transformer: not less than 2 yW | The measurement
ow to 1MW uncertainties apply to
10 Hz < f <100 Hz ! Current clamps: sinusoidal signals
1mVsU<1kV) 46-10°-P
100 A<1<1kA not |essthan2|J.W
. _< See also matrices
O<Pr<1 VM.26 to VM.35
AC reactive power Q=U-1I sin(4¢) =
Sources, measuring ) AC reactive power
instruments 10Hz < f <10 kHz! 7.5 pvar PF = cos(4¢) = power
1mVsU<1kv? factor
-100 kvar  to 100 kvar L mA<T<100A to 4
. 210 var P=Puv= =
0<PF<1 phase angle
U = effective value of
AC voltage
Additional range for 1 = effective value of
measuring INStruments | ¢, ent transformer: | AC power
with current 3.8 104
clamp/current ) Q Th t
transformer: not less than 2 pvar € measuremen
AMvar  to  1Mvar u.ncert.anntle.s apply to
sinusoidal signals
10 Hz < f <100 Hz ! Current clamps:
i 4.6-103-
ImV<U<1kv) ¢ See also matrices
100 A<1<1kA not less than 2 pvar VM.26 to VM.35
0<PF<1
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On-site calibration — Electrical power
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
AC apparent power S=U-1
Sources, measuring =PWU;;PF=1) =
instruments 10 Hz < f <10 kHz ! 59 pVA AC apparent power
OVA  to 100kVvA | 1mVvs<us<ikv) to PF = cos(d¢) =
1mA<1<100A 7.6 VA power factor
Ap =@y — ¢ =
phase angle
U = effective value of
AC voltage
I = effective value of
Additional range for AC current
measuring instruments P = active power of
with current clamps / Current transformers: | AC current
current transformers: 3.8-10%-5
OVA  to 1MVA The measurement
1mVsU<1kvy) Current clamps: uncertainties apply to
10 Hz < f <100 Hz : 4.6-103-S sinusoidal signals
I1mA<I<1kA
See also matrices
VM.26 to VM.35 for
PF =1
Matrix VM.21: Absolute measurement uncertainty of the power factor PF
For the calibration of sources in the range2 A< I <20A & 15mV < U <1kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.1-10°% 3.0-10% 2.8-10°% 2.5-10° 1.9-10° 1.4-10° 6.8 - 1012
45 9.8-10°% 9.6-10° 9.0-10°% 7.9-10° 5.9-10° 4.3-10° 6.8- 101
111 1.9-10° 1.9-10° 1.8-10° 1.5-10° 1.2-10° 8.4-10° 2.6- 1010
1000 1.6-10* 1.6-10% 1.5-10* 1.3-10* 9.7-10° 7.1-10° 1.9-10%
10000 1.6-103 1.6-103 1.5-103 1.3-10°3 9.7-10* 7.1-10* 1.6-10°
Matrix VM.22: Absolute measurement uncertainty of the power factor PF
for the calibration of sources in the range 20A< I <100A & 15mV< U <1kV
PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.8 1
10 3.4-10°% 3.4-10°% 3.2-10°% 2.8-10° 2.1-10° 1.5-10%® 8.4-1012
45 1.1-10° 1.1-10° 1.0-10° 9.1-10° 6.8-10° 5.0-10°% 9.2-101
111 2.4-10° 2.3-10° 2.2-10° 1.9-10° 1.4-10° 1.0-10° 4.0-10%w0
1000 2.0-10* 2.0-10* 1.9-10% 1.6-10* 1.2-10% 8.8-10° 2.9-108
10000 2.0-103 2.0-103 1.9-103 1.6-103 1.2-103 8.8-10* 2.9-10°%
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PF
f (Hz) 0 0.2 0.4 0.6 0.8 0.9 1
10 3.2-10°% 3.2-10°% 2.9-10°% 2.6-10°% 1.9-10°% 1.4-10° 7.3-1012
45 1.0-10° 1.0-10° 9.5-10% 8.3-10% 6.2 -10°% 4.5-10° 7.6 1011
111 2.1-10° 2.0-10° 1.9-10° 1.6-10° 1.2-10° 9.0-10°% 3.0-1010
1000 1.7 -10* 1.7 - 104 1.6-10* 1.4-10* 1.0-10* 7.6-10° 2.1-108
10000 1.7-103 1.7-103 1.6-103 1.4-103 1.0-103 7.6-10* 2.1-10°6
Matrix VM.24: Absolute measurement uncertainty of the power factor PF
for the calibration of measuring instruments in the range 20 A< I <100 A& 15 mV< U <1kV
PF
f (Hz) (] 0.2 0.4 0.6 0.8 0.9 1
10 3.6-10° 3.5-10°® 3.3-10°% 2.8-10° 2.1-10°% 1.5-10° 8.9-1012
45 1.2-10° 1.2-10° 1.1-10° 9.5-10°% 7.1-10°% 5.2-10°% 1.0-10710
111 2.5-10° 2.4-10° 2.3-10° 2.0-10° 1.5-10° 1.1-10° 4.4 -1010
1000 2.1-10* 2.1-10* 2.0-10* 1.7-10* 1.3-10* 9.3:10° 3.3-108
10000 2.1-103 2.1-10°3 2.0-103 1.7 -10°3 1.3-10°3 9.3-10* 3.3-10°%
Matrix VM.25: Absolute measurement uncertainty of the power factor PF
for the calibration of measuring instruments with current clamps / current transformers
intherange 100 A< I <1kA &15mV< U <1kV
PF
f (Hz2) 0 0.2 0.4 0.6 0.8 0.9 1
10 Hz
to 1.5-10* 1.5-10* 1.4-10* 1.2-10* 8.9-10° 6.5-10° 7.8-107°
100 Hz

Matrix VM.26: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of sources with U =2 mV and I = 100 pA

cos(g) = PF | sin(g) = £ V1 — PF?

f (Hz) 0|+1 04])%092 | 06|*08 | 0.8|+06 | 0.9]*0.44 1]%0

10 48 pW 54 pW 60 pW 68 pW 72 pW 77 pW
1000 34 pW 39 pW 44 pW 51 pW 55 pW 59 pW
10000 340 pW 310 pW 270 pW 210 pW 160 pW 59 pW

Matrix VM.27: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of measuring instruments with U =2 mV and I =1 mA

cos(¢) = PF | sin(¢) = + V1 — PF?
f (Hz) I ER! 04]%092 | 06]*0.8 0.8]%06 | 0.9]%0.44 1|0
40 1.0 nW 1.0 nW 1.1 nW 1.1 nW 1.1nW 1.2 nW
1000 230 pW 320 pW 400 pW 490 pW 530 pW 580 pW
10000 2.3nW 2.1nW 1.9 nW 1.5 nW 1.1nW 580 pW
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Matrix VM.28: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?2) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of sources with U =20 mV and I = 100 pA

cos(¢) = PF | sin(p) = + V1 — PF?

f (Hz) 0]+1 04]+092 | 06]|+08 | 08]|+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
10000 3.4nW 3.1nW 2.7 nW 2.0 nW 1.5 nW 200 pW

Matrix VM.29: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I

(see values for PF = 1) for the calibration of measuring instruments with U =20 mV and I =1 mA

cos(¢@) = PF | sin(p) = + 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 pW 730 pW 1.1nW 1.4 nW 1.6 nW 1.8 nW
1000 2.3nW 2.3 nW 2.2nW 2.0nW 1.9 nW 1.8 nW
10000 23 nW 21 nW 19 nW 14 nW 10 nW 1.8 nW

Matrix VM.30: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),
the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of sources withU=20Vand I=1A

cos(¢@) = PF | sin(p) = + V1 — PF?

f (Hz) 0]+1 04]+092 | 06]|+08 | 08]|+06 | 0.9|+0.44 1]%0

40 140 pW 250 uW 350 uW 440 pW 500 uW 550 W
1000 2.1mw 1.9 mw 1.7 mW 1.3 mw 1.0 mW 530 W
10000 21 mw 19 mW 17 mW 13 mW 9.1 mW 530 W

Matrix VM.31: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for v1 — PF2) and the AC apparent power S =U - I
(see values for PF = 1) for the calibration of measuring instruments withU=20Vand I=1A

cos(¢) = PF | sin(p) = + V1 — PF?

f (Hz) I ER! 04]%092 | 06]*0.8 0.8]%06 | 0.9]%0.44 1|0
40 150 pW 260 uW 350 pW 450 pW 500 pW 550 uW
1000 2.3 mwW 2.1 mW 1.9 mW 1.5mwW 1.1 mW 530 uW
10000 23 mwW 21 mW 19 mW 14 mW 10 mW 530 pW
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Matrix VM.32: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?2) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of sources with U=20Vand I =20 A

cos(p) = PF | sin(p) = + V1 — PF?
f (Hz) 0]+1 04092 | 06|+08 | 08|%0.6 | 0.9]+0.44 1]%0
40 3.5 mwW 9.2 mW 13 mw 17 mW 20 mwW 22 mW
1000 65 mW 60 mW 53 mwW 43 mW 34 mW 22 mW
10000 650 mW 590 mW 520 mW 390 mW 280 mW 22 mW

Matrix VM.33: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) for the calibration of measuring instruments with U=20Vand I =20 A

cos(¢@) = PF | sin(p) = + V1 — PF?
f (Hz) 0|*1 0.4 ]| £0.92 0.6 ] £0.8 0.8]|+0.6 09| +0.44 1|0
40 3.7 mW 9.3 mW 13 mw 17 mW 20 mW 22 mW
1000 70 mW 65 mW 58 mW 46 mW 36 mW 22 mW
10000 700 mW 650 mW 560 mW 420 mW 310 mW 22 mW

Matrix VM.34: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) when calibrating sources with U =1kV and I =100 A

cos(p) = PF | sin(¢p) = + V1 — PF?
f (Hz) 011 04|+092 | 06|08 | 0.8|+06 | 0.9|%0.44 110
40 1.0wW 2.8W 41W 5.4W 6.0 W 6.7W
1000 20W 19w 17 W 14 W 11W 7.6 W
10000 200 W 190 W 160 W 120 W 89 W 7.6 W

Matrix VM.35: Absolute measurement uncertainty of the AC active power P = U - I - cos(¢) (see values for PF),

the AC reactive power Q = U - I - sin(¢) (see values for V1 — PF?) and the AC apparent power S = U - I
(see values for PF = 1) when calibrating measuring instruments with U =1 kV and 1 =100 A

cos(p) = PF | sin(p) = + V1 — PF?
F (Hz) 0]%1 0.4]%£092 | 06|08 | 08|06 | 0.9]%0.44 1]%0
40 1.1W 2.8 W 41W 54W 6.0 W 6.7 W
1000 21W 20W 18 W 14 W 12 W 7.6 W
10000 210 W 200w 170 W 130 W 93 W 7.6 W

i The specified range applies only when the maximum volt-hertz product is maintained as shown in Figure A of the Operator's
Manual Multi-Function Calibrator 5700A/5720A Series Il May 1996 Rev. 2, 3/05.
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Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded K
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Phase angle 10 Hz < f <10 kHz Ap=py—@ =
ge -180° to 180° f ;f’ u | &
between sinusoidal 1mV<Ugg <1kV phase angle

voltage signal and

100 pA < I <10 mA

sinusoidal current - 1) =
signal f=10Hz 021m V24 sin(2uft + @)
Sources f=45Hz 0.57 m°
f=111Hz 1im® U@ =
1kHz < f <10 kHz 360°- f - 27 ns V2Ues sin(2nft + gu)
10 MA < I;; <200 mA £ = frequency
f=40Hz 0.37m* L = effective value of
f =100 Hz 0.72m° AC current
1KkHz <f<10 kHz 360°- f - 18 ns Ueir = effective value of
AC voltage
200 MA< Iz <2 A
f=40Hz 0.40 m® Measurements at
f =100 Hz 0.68 m° voltages <15 mV in
1kHz < f < 10 kHz 360°- f - 17 ns the frequency range
10 Hz to < 1 kHz, as
<
2A<lr <20 A well as deviating
f=10Hz 0.18 m* measurement
f=45Hz 0.57 m° conditions, can
F=111Hz 1ime increase the
- measurement
1kHz < £ <10 kHz 360°- f - 26 s uncertainty
20 A< Iy <100 A
f =10 Hz 0.20 m°
f =45 Hz 0.65 m°
£=111Hz 14 me
1kHz < f <10 kHz 360°-f-32ns
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Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Phase angle 10 Hz < f <10 kHz Ao =@py—@ =
ge -180° to 180° ! METNNG
between sinusoidal I1mV S Ug £1kV ase angle

voltage signal and

1mAS Iz <2A

sinusoidal current - 1(t) =
signal f=40Hz 0.42m V21 sin(rft + @)
Measuring f =100 Hz 0.76 m*
instruments 1kHz < f <10 kHz 360°- f - 19 ns U =
2A< I <20A V2U, sin(2mft + y)
f=10Hz 0.18m° £ = frequency
f=45Hz 0.60 m* Iog = effective value of
f=111Hz 1.2m° AC current
1KHz < f <10 kHz 360°- f - 28 ns Uerr = effective value of
AC voltage
20A< I <100 A
f=10Hz 021 m® Measurements at
f=45Hz 0.68 m° voltages < 15 mV in
£=111Hz 14m® the frequency range
10 Hz to < 1 kHz, as
well as deviating
measurement
1kHz < f <10 kHz 360°- f-34ns conditions, can
increase the
measurement
uncertainty
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 152 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

On-site calibration — Inductance and capacitance

Calibration and Measurement Capabilities (CMC)
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Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Inductance O pH 0.03 pH 2-wire short circuit
OpH to 1.1H 100Hz to 10kHz
100 Hz 0.65-107-L L = measured value
100 pH 1 kHz 0.24-103-L
10 kHz 0.27-103-L Impedance value
100 Hz 0.14-103-1L 50mQ < |Z] £11kQ
1mH 1 kHz 0.13-103-L Smallest specified
10 kHz 0.17-103-1L fixed measurement
100 Hz: 1 KH 041-10%. 1 uncertainties for direct
10 mH z z ’ measurement or
10 kHz 0.16-103- L substitution on
100 Hz; 1 kHz 0.12-103-L GR 1482 or identical
100 mH -
10 kHz 0.26 - 103- L construction
1H 100 Hz, 1 kHz 0.20-103-L
Capacitance 0 pF 0.2 pF No load
0 pF To 10puF | 100Hz to 1MHz
1 kHz 0.47 -103-C
1pF C = measured value
10 kHz 0.31-103-C
1 kHz 84-10°¢-C
10 pF 10 kHz; 100 kHz 0.10-103-C Impedance magnitude
1 MHz 0.13-103-C 1Q<|z| £110MQ
100 pF 1 kHz 56-10°6. C Smallest specified
1 kHz 58.10°6. C fixed measurement
1nF 100 kHz 0.11-103-C uncertainties for direct
100 Hz 0.21 - 10.3 .C measurement or
10 nF 1 kHz 0.14-103-C substitution on
10 kHz 013102 C HP 16381A or
" GR 1404 / 1409 or
100 nF 100 Hz; 1 kHz; 10 kHz 0.16-103-C identical models
1uF 100 Hz; 1 kHz 0.12-103-C
" 10 kHz 021103 C
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 153 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

On-site calibration — Time and frequency
Calibration and Measurement Capabilities (CMC)
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Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Frequency f f=measured value
Measurement and 0.01Hz to 40GHz 0.5- 107 f+ Urf Uss = trigger
synthesis uncertainty
Time interval At Ons to 0.7ms 1.3 ns
Ons to 200s 1.5-10°%- At +50 ps
lus to 100h 10-10°-At+1ps
1s to 100h 13-10%-At+0.82s
Accuracy deviation 0s/d to 100s/d 1.3-107=0.011s/d ﬁ*lnzcc:::iI:::acl)rclocks
Rotational frequency 0.02s? to 3500s? 3.7-10°%-f f=measured value
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On-site calibration — High-frequency and radiation measurement quantities

On-site calibration — High-frequency measurement quantities
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Oscilloscopes 1.2-103-U+12uV | U=measured value
Vertical 1mV to 5V 50Q
S5mV to 200V DCto 10kHz 1MQ
Oscilloscope
horizontal 25ps to 40s 0.12-10%-T+0.1ps | T=measured value
Bandwidth f 40Hz to 6GHz
(frequency response) 6.3 103 f/GHz
+20-103-f f=measured value
>6GHz to 40GHz 75-103-f
Rise time 30ps to 45ps 01V to 3V 5 ps Fluke 9500/9550
>45ps to 1ms 10-103-T+3ps
70ps to 85ps 78-103-T calculated from
>85ps to 310ps 0.1V to 3V 67-103-T 3 dB bandwidth
>310ps to 650 ps 58-103-T T = measured value
>650ps to 1ms 56-103-T
Frequency f
Time base 10 MHz 0.2-106-f
Burst generator
Output voltage 100V oy 48104 U
Peak value U to - 10°- Us
cakvalue % under 50 Q or 1 kQ load
Rise time and 3ns 1us 41-10%-T
pulse duration T; to U e
Burst duration and
1 1 .103.
burst period T Ous to 1s 5.103-T
Pulse frequency f 100 Hz to 500 kHz 1-103-f
Surge voltage
generator
Front time t, ys of the 15ns to 100 ms 3% - trus+1ns
open-circuit voltage
Front time t; s of the 100ns to 100 ms 3% - tris+2ns
short-circuit current
Rear half-value time 0.5us to 100 ms 5% - ty
ty of the waveform
Peak value of open- 0.1kV to 7kV 3.3% - Us
circuit voltage Us
Peak value of short- 10A to 5KkA 3.5% - Is
circuit current /s >5kA to 10kA 3.8% - Is
Valid from: 16.03.2026
Date of issue: 16.03.2026 Page 155 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

On-site calibration — High-frequency measurement quantities
Calibration and Measurement Capabilities (CMC)
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Pulse-shaped
measurement
quantities *
Measuring receiver 9kHz to 150 kHz Band A
display behavior with | > 150 kHz to 30 MHz 035d8 Band B
pulses >30MHz to 300 MHz Band C
Amplitude EN 55016-1-1:2015
relationship 0.40dB
(absolute calibration) | >300 MHz to 1 GHz Band D
Change in display Pulse repetition frequency
with the pulse 0.1Hz to 2kHz 0.30dB Band A
frequency 0.1Hz to 50kHz Band B
(relative calibration) 0.1Hz to 1MHz 0.35d8 Band C and band D
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On-site calibration — High-frequency measurement quantities
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF power 10fW to <100 fw DC to  2GHz 21-10%-P PC Type N *)
Input power and >2GHz to <5GHz 26-103-P to 18 GHz
calibration factor of PC-3.5 mm *)
RF t 5GH t <9GH 34-103-P '
power meters Z (o] z to 33 GHz
9 GHz to <12GHz 40-103-P PC-2.92 mm *)
12GHz  to  15GHz 48 -103- P t0 40 GHz
. -3 .
> 15 GHz to 18 GHz 54-103-P *) Other connectors
100fW to 1 pW DC to 100 MHz 18-103-P increase the
>100 MHz to 2 GHz 20-103-P measurement
uncertainty
>2 GHz to 8 GHz 22-103-P
> 8 GHz to 12 GHz 24-103-P P = measured value
W
>12 GHz to 40 GHz 29-103-P (W)
>1pW to 10pW DC to 100 MHz 13-103-P
>100 MHz to 2 GHz 15-103-P
>2 GHz to 8 GHz 18-103-P
> 8 GHz to 12 GHz 20-103-P
>12 GHz to 26.5GHz 26-103-P
>26.5GHz to 40 GHz 29-103-P
>10pW to 1nW DC to 100 MHz 12 -103-P
>100 MHz to 2 GHz 14-103-P
>2 GHz to 8 GHz 17 -103-P
>8 GHz to 12 GHz 20-103-P
>12 GHz to 40 GHz 22-103-P
>1nW to 100nW DC to 2 GHz 10-103-P
>2 GHz to 8 GHz 12 -103-P
> 8 GHz to 12 GHz 13-103-P
>12 GHz to 40 GHz 15-103-P
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On-site calibration — High-frequency measurement quantities
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty

RF power >100nW to 10pW DC to 100 MHz 7.1-103-P PC Type N *)

Input power and >100MHz to  2GHz 9.4.10%. P to 18 GHz
;aFllbratlon fa:tor of o . o PIT PC-3.5 mm *)
power meters > z o z to 33 GHz
> 8 GHz to 12 GHz 13-103-P PC-2.92 mm *)
>12GHz to  40GHz 15103 P t0 40 GHz
>10puW to 100 mW DC to 100 MHz 6.1-103-P ) oth
Other connectors
>100 MHz to 2 GHz .103-
7.9-10°-P increase the
>2GHz  to  8GHz 9.3-103.p measurement
uncertainty
> 8 GHz to 12 GHz 11-103-P
>12GHz to 40 GHz 13-103. P P =measured value
(W)

RF power 1mW 50 MHz 5-103-pP Substitution
Output power and 0.1pW to <10pW 50 MHz 27-103-P PC Type N *)
calibration factor of 10MHz to 2 GHz 30-103-P to 18 GHz
RF sources - PC-3.5 mm *)

>2GHz to 3GHz 35-10°-P to 33 GHz
10pW to <1nW 50 MHz 21-103-P PC-2.92 mm *)
10MHz to 2GHz 25-103-P to 40 GHz
>2GHz to 3GHz 31-103-P *) Other connectors
increase
50 MHz 17 -103-P
1nW to <100nW measurement
10MHz to 2GHz 21-10%-P uncertainty
>2GHz to 4GHz 25-10%-P
>4GHz to 12GHz 38-10%-P f$5GHz:
>12GHz to 18 GHz 71-10%-P 76l <0.025
93 105.p 5 GHz < f<20 GHz:
>18GHz to 26.5GHz IFs| <0.1
100 nW to <1pW 8kHz to <10 MHz 28103 P 20 GHz < f<33 GHz:
10MHz to 50 MHz 13-10%-P 7l <0.15
12103 P 33 GHz < f< 40 GHz:
>50MHz to 4GHz |ls] <0.3
>4GHz to 5GHz 17-10%-p
>5GHz to 12 GHz 25-10%-P f= frequency (Hz)
P = measured value
>12GHz to 20GHz 28-10°-P (W)
37-103-P |Fs| = reflection
>20GHz to  33GHz coefficient of the
533GHz to 40 GHz 90-103-P calibration object
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF power 1uw to <10 pwW 8 kHz to <10 MHz 18-103-P PC Type N *)
Output power 10 MHz to 50 MHz 13-103-P to 18 GHz
and calibration factor >50MHz to 4GHz 14-103-P PC-3.5 mm *)
of RF sources >4GHz to 5GHz 17-102-p to 33 GHz
>5GHz to 12 GHz 21-103-P PC-2.92 mm *)
>12 GHz to 20 GHz 25-103-P to 40 GHz
>20GHz to 33 GHz 37-103-P *) Other connectors
>33 GHz to 40 GHz 90-103-P increase
10puW to <100 pW DC to <10MHz 9.0-103-P measurement
10 MHz to 100 MHz 10-103-P uncertainty
>100 MHz to 2 GHz 12-103-P
>2 GHz to 8 GHz 13- 10_2-P F<5GHz:
>8 GHz to 10 GHz 15-103-P
>10GHz to 12 GHz 16-103-P 76| <0.025
>12GHz to  30GHz 20-10%- P 5 GHz <f<20 GHz:
>30GHz to 33 GHz 37-103-p ITs] <0.1
>33GHz to 40GHz 90-103-P 20 GHz < f£33 GHz:
100 pW to 0.1W DC to <10MHz 5.6-103- P |Fe] £0.15
10 MHz to 100 MHz 7.5-103-P 33 GHz < f<40 GHz:
>100 MHz to 2 GHz 10-103-P |Fs] £0.3
>2 GHz to 8 GHz 11-103-P
>8GHz to 10 GHz 13-103-P f=frequency (Hz)
>10GHz to 12 GHz 15-103-P P = measured value
>12 GHz to 30 GHz 19-103-P (W)
>30GHz to 33GHz 39-103-P 76| = reflection
>33GHz to 40GHz 53-103-P coefficient of the
>01W to 1W DC to 50 MHz 11-103-P calibration object
>50 MHz to 2 GHz 13-103-P
>2 GHz to 4 GHz 16-103-P
>4 GHz to 12 GHz 20-103-P
>12GHz to 18 GHz 30-103-P
>1IW to 70W DC to 3GHz 38-103-P
>70W to 250W DC to 500 MHz 37-103-P

Valid from:
Date of issue:

16.03.2026
16.03.2026

Page 159 of 173

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-01

On-site calibration — High-frequency measurement quantities
Calibration and Measurement Capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement conditions / Expanded

quantity / calibration measurement span procedure measurement Remarks

object uncertainty

RF voltage Ure W(P) = relative
Sources with RF uncertainty of the
voltage display Measured
relative to 50 Q w(P) power at Zo =50 Q

220 to 220V DCto 3 GHz WUre) =——  [¥%)
220pV to 7V DCto 18 GHz

22V to 220wV DCto 3 GHz Hxk)
22mV  to 2V DC to 40 GHz

RF voltage Ugr W(Pinc) = relative
Measuring uncertainty of the
instruments and radiated power
receivers with RF W (Py,.) |relativetoZo=50Q
voltage display W (Ugr) = Y
relative to 50 Q

07UV  to 2V DC to 18 GHz %)
22mV  to 2V DC to 40 GHz *EX)

RF power DC to 40GHz 1.6dB Power >-170 dB
Noise display of (1 mW) relative to
receivers 1 Hz bandwidth
Signal level 0dBc to 100 dBc 100Hz to 26.5GHz 1.3dB SNR>12 dB
difference 100Hz to 40GHz 2.7 dB
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Measurement Measurement range / Measurement conditions / Expanded
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
Bandwidth 1Hz to 10 MHz 0.5% Signal-to-noise ratio
Filter SNR >70dB
Form factor >1:1 to 5:1 3% Signal-to-noise ratio
>5:1 to 10:1 6% SNR>15dB
>10:1 to 20:1 12%
Switching deviation 0.02dB
Display linearity 0dB to 30dB 100 kHz to 500 MHz 0.06 dB SNR =50 dB
>30dB to 60dB 0.07 dB [ M, pur|<0.05
>60dB to 80dB 0.09 dB f<500 MHz
>80dB to 100dB 0.1dB
>100dB to 110dB 0.2dB
Input attenuator or IF 0dB to 30dB 100 kHz to 500 MHz 0.06 dB Comparison with
amplifier >30dB to 60dB 0.07 dB external attenuator
>60dB to 80dB 0.09 dB [ M, pur|<0.05
>80dB to 100dB 0.1dB f<500 MHz
>100dB to 110dB 0.2dB
0dB to 30dB 100 kHz to 500 MHz 0.04 dB Stepwise display
>30dB to 60dB 0.06 dB comparison
> 60 dB to 80dB 0.08 dB SNR > 50 dB,
receiver linearity
<(0.01dB
+0.005 dB/10 dB)
RF amplification 0dB to 70dB DC to 100 MHz 0.19dB BNC connector to
Amplifier >100 MHz to 2GHz 0.26 dB max. 2 GHz
>2GHz to 4GHz 0.3dB N connector and BNC
>4GHz to 18 GHz 0.5dB connector, 50 Q,
other connectors
increase
measurement
uncertainty
0dB to 70dB DC to 100 MHz 0.21dB 2.92 mm compatible
>100 MHz to 4GHz 0.3dB connector, 50 Q,
>4GHz to 26.5GHz 0.6 dB other connectors
>26.5GHz to 40GHz 0.7 dB increase
measurement
uncertainty
RF current 100pA  to 50 mA 40 Hz to 10 MHz 14103/ Tektronix 015-0601-
Current clamps 50. In combination
> 10 MHz to 30 MHz 18103/ with oscilloscope
I = measured value
> 30 MHz to 65 MHz 20- 10652 f=frequency in MHz

Non-linearity of RF
power meters

10 nW to 1W

50 MHz

5.5-1073(0.024 dB)

R&S NRVC-B2
60 dB max.
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF reflection 0 to 1 9 kHz to 18 GHz 0.003 to 0.013 N connector, 50 Q,
coefficient * other connectors
I EURAMET increase the
See matrix VM.3
cg-12 (version 3.0) * measur(?ment
uncertainty
Measurement
uncertainty in units
of the reflection
coefficient
0 to 1 9 kHz to 33 GHz 0.003 to 0.016 3.5 mm connector
EURAMET Measurement
) See matrix VM.4 uncertainty in units
cg-12 (version 3.0) of the reflection
coefficient
0 to 1 45 MHz to 45 GHz 0.004 to 0.017 2.92 mm connector
EURAMET . Measurgmept .
12 ion 3.0 See matrix VM.5 uncertainty in units
cg-12 (version 3.0) of the reflection
coefficient
RF reflection 9 kHz to 18 GHz 0.2°to 4.7° N connector, 50 Q,
coefficient * other connectors
Phase angle ¢ -180° to +180° EURAMET See matrix VM.6 increase
cg-12 (version 3.0) measurement
uncertainty
9 kHz to 33 GHz 0.3°t0 5.8° 3.5 mm connector
-180° to +180° EURAMET See matrix VM.7
cg-12 (version 3.0)
45 MHz to 45 GHz 0.3°to0 6.3° 2.92 mm connector
-180° to +180° EURAMET See matrix VM.8
cg-12 (version 3.0)
RF attenuation 0dB to 30dB 100 kHz to 10 GHz 0.03dB L is the measured
Attenuators > 10 GHz to 18 GHz 0.05 dB attenuation, ****)
| Fiout|<0.01
> 18 GHz to 26.5 GHz 0.09 dB F < 500 MHz
>26.5 GHz to 40 GHz 0.10dB |r|_' DUTIS 0.05
500 MHz < f<10 GHz
>30dB to 60dB 100 kHz to 10 GHz 0.001 dB/dB - L |, put|< 0.08
> 10 GHz to 18 GHz 0.02dB+0.001dB/dB-L | 10 GHz < f< 18 GHz
II-L, DUTIS 0.1
>18 GHz to 26.5 GHz 0.10dB+0.001dB/dB-L | 18 GHz < f < 40 GHz
> 26.5 GHz to 40 GHz 0.11dB +0.001 dB/dB - L
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Measurement Measurement range / Measurement conditions / Expanded K
quantity / calibration measurement span procedure measurement Remarks
object uncertainty
RF attenuation >60dB to 70dB 100 kHz to 500 MHz 0.07 dB )lch, pur|£0.01
Attenuators <500 MHz
> 500 MHz to 3 GHz 0.10dB |1 our|< 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 * N connector, 50 Q,
9 kHz to 18 GHz other connectors
0dB to 60dB 0.01 dB to 0.09 dB increase
EURAMET measurement
cg-12 (version 3.0) uncertainty
See matrix VM.9
0dB to 60dB 9 kHz to 33 GHz 0.01dBto0.22 dB 3.5 mm connector
EURAMET See matrix VM.10
cg-12 (version 3.0)
0dB to 60dB 45 MHz to 45 GHz 0.01 dB to 0.32 dB 2.92 mm connector
EURAMET See matrix VM.11
cg-12 (version 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
0dBto 60 dB Increase
measurement
EURAMET See matrix VM.12 uncertainty
cg-12 (version 3.0)
-180° to +180° 9 kHz to 33 GHz 0.2°to 1.8° 3.5 mm connector
0dBto 60dB
EURAMET See matrix VM.13
cg-12 (version 3.0)
-180° to +180° 45 MHz to 45 GHz 0.2°t0 2.5° 2.92 mm connector
0dBto 60 dB
EURAMET See matrix VM.14
cg-12 (version 3.0)
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Matrix VM.3 RF reflection coefficient, magnitude |F]|; N connector 50 Q

Measurement uncertainty in units of the magnitude of the reflection coefficient

Maglt;_i;ude 9kHzto1GHz | 1GHzto3 GHz | 3 GHzto 12 GHz 12 GHz to 18 GHz

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 ||; 3.5 mm connector

Measurement uncertainty in units of the magnitude of the reflection coefficient

( DAKKS

Deutsche
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Maglnri;”de 9 kHz to 1 GHz 1GHzto3GHz | 3GHzto12GHz | 12GHzto18GHz | 18 GHzt026.5GHz | 26.5 GHz to 33 GHz

0 0.003 to 0.004 0.003 0.003 to 0.004 0.004 t0 0.005 0.005 to 0.008 0.008 t0 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 t0 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 t0 0.011
05 0.004 to 0.006 0.004 t0 0.005 0.004 to 0.005 0.005 to 0.006 0.005 to 0.008 0.008 t0 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 t0 0.012
0.7 0.004 to 0.006 0.005 to 0.006 0.005 to 0.006 0.006 t0 0.007 0.006 t0 0.010 0.009 t0 0.013
0.8 0.004 t0 0.007 0.005 to 0.006 0.005 to 0.007 0.006 t0 0.007 0.006 t0 0.010 0.010t0 0.014
0.9 0.004 t0 0.007 0.006 t0 0.007 0.006 to 0.008 0.007 t0 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 t0 0.009 0.007 t0 0.012 0.011 t0 0.016
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Matrix VM.5 RF reflection coefficient, magnitude |]; 2.92 mm connector

Measurement uncertainty in units of the magnitude of the reflection coefficient

Magnitude 45 MHz to 1GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to

Ir| 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz

0 0.004 0.004 0.004 0.004 0.004 to 0.008 | 0.008 to 0.010 0.010 0.010to0 0.011
0.1 0.004 0.004 0.004 0.004 0.004 to 0.008 | 0.008 to 0.010 0.010 0.010to0 0.011
0.2 0.004 0.004 0.004 0.004 0.004 to 0.008 | 0.008 to 0.010 0.010 0.010to0 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 0.010to0 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 0.010to0 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 0.010to 0.012
0.6 0.005 0.005 0.005 to 0.006 | 0.005to 0.006 | 0.005to00.009 | 0.008t00.011 | 0.010t00.011 | 0.010to0.012
0.7 0.005 to 0.006 0.005 0.005 to 0.006 0.006 0.006 to 0.009 | 0.009t00.012 | 0.011t00.012 | 0.011to00.013
0.8 0.005 to 0.006 0.006 0.006 to 0.007 | 0.006 to 0.007 | 0.006 to 0.010 | 0.009t00.013 | 0.012t00.013 | 0.012t00.014
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 | 0.010t0 0.014 | 0.013t00.014 | 0.013to0 0.015

1 0.005 t0 0.007 | 0.005to 0.006 | 0.005to 0.008 | 0.007 to 0.008 | 0.006t00.012 | 0.011t00.015 | 0.014t00.015 | 0.014t00.017

Matrix VM.6 RF reflection coefficient, phase angle ¢ ; N connector 50 Q

Maglr;_i;u‘ie 9kHzto1GHz | 1GHzto3GHz | 3 GHzto12GHz | 12 GHzto 18 GHz
0.1 1.4°t02.2° 15 t0 1.9° 1.5° to 4.5° 4.4°t04.7°
0.2 0.7°to 1.4° 0.8°to 1.0° 0.8°t02.3° 2.2°t0 2.4°
03 0.5°to 1.0° 0.6°00.7° 0.6°to 1.5° 15t 1.6°
0.4 0.4°00.7° 0.5°0 0.6° 0.5°t01.2° 1.2°
0.5 0.4° 0 0.6° 0.4°00.5° 0.4° to 1.0° 1.0°
0.6 0.4°00.5° 0.4°0 0.5° 0.4°t00.9° 0.9°
0.7 0.3°00.5° 0.4° 0.4°t00.8° 0.8°
0.8 0.3°00.5° 0.4° 0.4°t00.8° 0.7°t00.8°
0.9 0.3°t0 0.4° 0.4° 0.4° 0 0.8° 0.7°t00.8°

1 0.2°t0 0.4° 0.3°t0 0.4° 0.3°t00.7° 0.7°t0 0.8°

Matrix VM.7 RF reflection coefficient, phase angle ¢ ; 3.5 mm connector

Magl';_i;”de 9 kHz to 1 GHz 1GHzto3GHz | 3 GHzto 12GHz | 12 GHz to 18 GHz | 18 GHz to 26.5 GHz | 26.5 GHz to 33 GHz

0.1 1.5°10 2.6° 16°t01.7° 1.7°t02.3° 2.3°t02.6° 2.4°t04.2° 4.1°105.8°
0.2 0.8°to 1.5° 0.9° 0.9°to1.2° 1.2°t01.4° 1.3°102.2° 2.2°t03.0°
0.3 0.6°to 1.1° 0.6°t00.7° 0.7°t0 0.9° 0.9° to 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°t0 0.8° 0.7°t0 0.9° 0.8°t0 1.3° 1.3°t0 1.7°
0.5 0.5°t00.7° 0.5° 0.5°t0 0.7° 0.7°t0 0.8° 0.8°t0 1.2° 1.1°t0 1.5°
0.6 0.4° 10 0.6° 0.5° 0.5° t0 0.6° 0.6°t00.7° 0.7°to 1.1° 1.1°t0 1.4°
0.7 0.4° 10 0.5° 0.4° 10 0.5° 0.5° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°t01.3°
0.8 0.3°t0 0.5° 0.4° 10 0.5° 0.4° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°t01.3°
0.9 0.3°t0 0.5° 0.4° 10 0.5° 0.4° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°t01.3°
1 0.3°t0 0.4° 0.3° t0 0.4° 0.3°t0 0.5° 0.5°t0 0.7° 0.7° to 1.0° 0.9°to 1.2°
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Matrix VM.8 RF reflection coefficient, phase angle ¢; 2.92 mm connector
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Magnitude | 45 MHz to 1GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
|r| 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.1 2.0°to2.1° 2.0° 2.0°to 2.3° 2.2°t0 2.3° 2.2°to4.2° 4.2°t05.3° 5.3°to 5.4° 5.3°to0 6.3°
0.2 1.0°to 1.1° 1.0°to 1.1° 1.0°to 1.2° 1.2° 1.2°t02.2° 2.1°to 2.7° 2.7° 2.7°to03.2°
0.3 0.7°t0 0.8° 0.7° 0.7°t0 0.9° 0.8°t0 0.9° 0.8°to 1.5° 1.5°t01.9° 1.9° 1.9°to2.2°
0.4 0.6° 0.6° 0.6°t0 0.7° 0.7° 0.7°to 1.2° 1.1°to 1.5° 1.5° 1.5°to 1.7°
0.5 0.5°t0 0.6° 0.5° 0.5°t0 0.6° 0.6° 0.6° to 1.0° 1.0°to 1.3° 1.2°to0 1.3° 1.3°to 1.5°
0.6 0.4°t00.5° 0.5° 0.5°t0 0.6° 0.5°to0 0.6° 0.6° t0 0.9° 0.9°to1.1° 1.1°to 1.2° 1.1°to 1.3°
0.7 0.4°t00.5° 0.5° 0.5°t0 0.6° 0.5°to0 0.6° 0.5°t0 0.8° 0.8°to1.1° 1.0°to 1.1° 1.1°to 1.2°
0.8 0.4°t00.5° 0.4°to 0.5° 0.4°t00.5° 0.5°to0 0.6° 0.5°t0 0.8° 0.8°to 1.0° 1.0° 1.0°to 1.2°
0.9 0.3°t0 0.5° 0.4°to 0.5° 0.4°t00.5° 0.5°to0 0.6° 0.5°t0 0.8° 0.8°to 1.0° 1.0° 1.0°to 1.2°
1 0.3°to 0.4° 0.3°to 0.4° 0.3°t0 0.5° 0.5° 0.5°t0 0.8° 0.7°to 1.0° 0.9°to 1.0° 0.9°to1.2°
Matrix VM.9 RF attenuation; N connector 50 Q
Absolute
attenuation 9 kHz to 1 GHz 1 GHz to 3 GHz 3 GHz to 12 GHz 12 GHz to 18 GHz
0dB 0.01dB 0.01dB to 0.02 dB | 0.01 dBto 0.02 dB 0.02 dB
3dB 0.04 dB to 0.05 dB 0.05 dB 0.05 dB 0.05 dB
6dB 0.05 dB 0.05 dB 0.05 dB 0.05 dB
10dB 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 0.05 dB to 0.06 dB | 0.05 dB to 0.06 dB | 0.06 dB to 0.07 dB
50 dB 0.05 dB to 0.06 dB 0.06 dB 0.06 dB to 0.07 dB | 0.06 dB to 0.07 dB
60 dB 0.05dBto 0.09dB | 0.08dBto0.09dB | 0.07 dBto0.09dB | 0.08 dBto 0.09 dB
Matrix VM.10 RF attenuation; 3.5 mm connector
Absolute 9 kHz to 1GHzto 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to
attenuation 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz
0dB 0.01dB 0.01 dBto 0.02dB | 0.01dBto 0.02dB 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
10dB 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
30 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
40 dB 0.05dBto 0.06 dB | 0.05dBto 0.06 dB | 0.05dB to 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 0.06 dB t0 0.07 dB | 0.06 dBto 0.09 dB | 0.08 dB to 0.10 dB
60 dB 0.05dBto0.09dB | 0.07dBto0.09dB | 0.07dBto0.09dB | 0.08dBto0.09dB | 0.08dBto0.19dB | 0.15dBto0.22 dB
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Absolute 45 MHz to 1 GHz to 3 GHzto 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuation 1 GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0.01dB to 0.01 dB to 0.02 dB to
0dB 0.01dB 0,02 dB 0.02 dB 0.02 dB 0.02dB 0.02dB 0.04 dB 0.03 dB
0.05 dB to 0.05 dB to
3dB 0.04 dB 0.05 dB 0.05dB 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
0.05 dB to 0.06 dB to 0.06 dB to
10 dB 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
20 dB 0.05dB 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
0.05 dB to 0.05 dB to 0.06 dB to 0.07 dB to 0.08 dB to
40dB 0.05dB 0.06 dB 0.06 dB 0.06 dB 0.07 dB 0.07.d8 0.08 dB 0.09 dB
0.06 dB to 0.06 dB to 0.08 dB to 0.09 dB to 0.10 dB to
S0e 0.05dB 0.06 dB 0.06 dB 0.07 dB 0.09 dB 0.10 dB 0.10 dB 0.13dB
o 0.06 dB 0.08 dB to 0.07 dB to 0.08 dB to 0.08 dB to 0.15dB to 0.17 dB to 0.20 dB to
’ 0.09 dB 0.09 dB 0.09 dB 0.18dB 0.22dB 0.22 dB 0.32dB
Matrix VM.12 RF attenuation; phase angle ¢ ; N connector 50 Q
Absolute 9 kHz to 1 GHz to 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°
10 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7°
20 dB 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°
40 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7°
50 dB 0.4° 0.4° t0 0.5° 0.5° t0 0.6° 0.6°t00.7°
60 dB 0.4° t0 0.6° 0.5° t0 0.6° 0.6°t0 0.7° 0.7°t0 0.8°
Matrix VM.13 RF attenuation; phase angle ¢ ; 3.5 mm connector
Absolute 9 kHz to 1GHzto 3 GHzto 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° to 1.0°
3dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°to 1.1°
6 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
10 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
20 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
30dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° t0 0.9° 0.9°t0 1.1°
40 dB 0.4° 0.4° 0.4° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°to 1.2°
50 dB 0.4° t0 0.5° 0.4°t0 0.5° 0.5° t0 0.6° 0.6°t00.7° 0.7° to 1.0° 1.0°to 1.2°
60 dB 0.4° t0 0.6° 0.5° t0 0.6° 0.6°t00.7° 0.7°t0 0.8° 0.8°t0 1.5° 1.3°t0 1.8°
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Absolute 45 MHz to 1GHz to 3 GHz to 12 GHz to 18 GHz to 26.5 GHz to 33 GHz to 40 GHz to
attenuation 1GHz 3 GHz 12 GHz 18 GHz 26.5 GHz 33 GHz 40 GHz 45 GHz
0dB 0.2° 0.2° 0.2°to 0.4° 0.4°to 0.6° 0.6°t0 0.9° 0.9°to 1.0° 1.0°to 1.2° 1.2°to 1.4°
3dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
6dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
10dB 0.4° 0.4° 0.4°to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
20 dB 0.4° 0.4° 0.4°to 0.6° 0.6°to 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
30dB 0.4° 0.4° 0.4° to 0.6° 0.6°t0 0.7° 0.7°t0 0.9° 0.9°to1.1° 1.1°to 1.3° 1.3°to 1.5°
40 dB 0.4° 0.4° 0.4° to 0.6° 0.6°t0 0.7° 0.7° to 1.0° 1.0°to 1.2° 1.2°t0 1.3° 1.3°to 1.5°
50 dB 0.4° 0.4°t0 0.5° 0.5°to 0.6° 0.6°t0 0.7° 0.7°to 1.0° 1.0°to 1.2° 1.2°to 1.4° 1.4°to 1.7°
60 dB 0.4°t0 0.5° 0.5°t0 0.6° 0.6°t0 0.7° 0.7°t0 0.8° 0.8°to 1.5° 1.3°t0 1.8° 1.6°to1.9° 1.8°to 2.5°
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On-site calibration — Radiometry
Calibration and Measurement Capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Optical radiation 1310 nm, 1550 nm 1.3% Connector FC, ST, SC,
power SMA, HMS-10, or
Fiber optic power 850 nm 2.2% adaptable
meters 654 nm 2.2%

luw to 05mW Different wavelengths

(780 nm, 635 nm,

1625 nm)
interpolated
Nonlinearity of fiber 10nW to 160 pwW Wavelengths: 1.8-103(0.008 dB) Addition method
optic radiation 01nW to <0.32nW | oan":;l e;sgs osﬁm 20-103(0.085dB) | Comparison method
receivers 0.32nW to <3.2nW 85(’) o ! 7.1-103(0.031 dB)
3.2nW to 0.5uW 6.0 - 10-3(0.026 dB)
Attenuation or 0dB to 50dB Wavel hs: 6.0 - 103(0.026 dB)
amplification of fiber >50dB to 60dB 13103"e elnsg;os' 7.1-103(0.031 dB)
optic components >60dB to 70dB r;r:(’) o nm, 20-103(0.085 dB)
Central wavelength 4 350nm to <700nm . 0.5nm
Reference power:
700 nm to <1250 nm 2.5pm
approx. 0.5 mW
1250 nm to 1700 nm 2 pm
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Measurement Measurement range / Measurement Expanded K
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Transmission filter 16% to 60% 0.65%
Transmission T >60% to 76% 0.70%
>76% to < 100% 0.80%
Degree of turbidity N >0% to <24% 0.80%
24% to <40% 0.70%
0, 0, 0,

40% _to 84% | QMH Chapter XXXIV 0.65%

Turbidity coefficient k Measuring chamber length v4.0 Turbidity coefficient k

0.43 m Nominal values in calculated frorp Fhe
>0m? to 43m1 | the turbidity values | 0.020 m™to 0.050 m | degree of turbidity N

of the standard

Uncertainty interval U(k)
calculated from the
uncertainty interval of
the turbidity degree U(N)
Other measuring
chamber lengths increase
the measurement
uncertainty

**)

***)

****) > 18 GHz 3.5 mm or 2.92 mm connector

Valid from:
Date of issue:

16.03.2026
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N connector 50 Q, other connectors and reflection coefficients increase the measurement uncertainty
2.92 mm connector
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Calibration and Measurement Capabilities (CMC)
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Measurement quantity Measurement range / Measurement Expanded Remarks
/ calibration object measurement span conditions / measurement
procedure uncertainty
Caliper gauge | = measured value
for external, internal, VDI/VDE/DGQ 2618 .
and depth 0mm to 1000 mm Sheet 9.1:2006 20 um + 15 - 106/
measurements *
Bow micrometers * to 300 mm | VDI/VDE/DGQ 2618 2um+6-10%-/
>300 mm to 1000 mm | Sheet10.1:2001 0.30 um + 12 - 106/
Circumference measuring Calibration at the
tapes made of steel nominal values of the
Diameter 150 mm to 300 mm QMH'.L'VI”'Z 0.71 mm standards
>300mm  to 400 mm Section 3 0.104 mm
Version 1.0
Circumference 470 mm  to 950 mm 0.22 mm
>950 mm to 1257 mm 0.328 mm
Cylindrical standards VDI/VDE/DGQ 2618 d = measured diameter
i * Sheet 4.1:2006
Rings 1 mm to  90mm eets 0.9 um+10-10%-d
Diameter Option 3
Mandrels * VDI/VDE/DGQ 2618
Diameter 1mm to 120 mm Sheet 4.1:2006 0.6 um+1.8-10°-d
Option 3
VDI/VDE/D 261
Test pins * /VDE/DGQ 2618
] 1mm to 20 mm Sheet 4.2:2006 0.6 um+1.8-10°-d
Diameter
Option 1
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Calibration and Measurement Capabilities (CMC)

Measurement quantity Measurement range / Measurement Expanded Remarks
/ calibration object measurement span conditions / measurement
procedure uncertainty
Thread gauges *
(single and multiple
thread cylindrical
external and internal
threads with straight
flanks, symmetrical
profile, nominal pitch,
and nominal profile
angle)
VDI/VDE/DGQ 2618
External thread Sheet 4.8:2006 d = measured flank
simple flank diameter 1 mm to  120mm Thre:\zﬁzrlnlethod 29um+7.7-106.4 | diameter
(perpendicular to
thread axis)
Internal thread VDI/VDE/DGQ 2618
Simple flank diameter Sheet 4.9:2006
Option 1
3 mm to 90 mm 2.6 um+5.5-10%-d
Two-ball method
(perpendicular to
thread axis)
Length measuring 0mm to 75 mm QMH-L.VIII.3 31 um Assumed
instrument Section 2.1 temperature range:
Gauges Version 1.0 20°C+1K
>75mm to 150 mm 37 um
External
measurement Assumed thermal
QMH-L.VIIL.3 expansion coefficient:
Section 2.2 a=115-10%K?
Omm to 150 mm Version 1.0 36 um
Internal Deviating ambient
measurement conditions and
QMH-LVIIN3 materials of the.test
. gauges to be calibrated
0Omm to 150 mm Sect|.on 23 39 um increase the
Version 1.0 measurement
Depth measurement uncertainty
QMH-L.VIIIL.3
Omm to 75 mm Section 2.4 55 um
Version 1.0
Step measurement
>75mm to 150 mm 76 pum
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Abbreviations used:

AA Work instruction (self-developed procedure) of esz AG (Arbeitsanweisung)

CMC Calibration and measurement capabilities

DIN German Institute for Standardization (Deutsches Institut fir Normung e.V.)

DKD-R Guideline of the German Calibration Service (DKD), published by the Physikalisch-
Technische Bundesanstalt (Richtlinie des Deutschen Kalibrierdienstes)

EN European standard (Europaische Norm)

EURAMET European Association of National Metrology Institutes

QMH Quality management manual (self-developed procedure) of esz AG

(Qualitatsmanagementhandbuch)
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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: 20.11.2025
Date of issue: 20.11.2025

This annex is a part of the accreditation certificate D-K-15019-01-00.

Holder of the accreditation certificate:

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

with the locations

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

esz AG calibration & metrology
Nordostpark 12, 90411 Nuremberg

esz AG calibration & metrology
LadehofstraBe 26, 93053 Regensburg

esz AG calibration & metrology
WebereistraRe 3, 48565 Steinfurt

esz AG calibration & metrology
Lembockgasse 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).
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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. The calibration laboratory meets additional legal
and normative requirements, if applicable, including those in relevant sectoral schemes, provided that
these are explicitly confirmed below.

The management system requirements of DIN EN ISO/IEC 17025 are written in the language relevant to
the operations of calibration laboratories and they conform to the principles of DIN EN ISO 9001.

Calibrations in the fields of:

Thermodynamic measurement quantities Mechanical measurement quantities
Temperature measurement quantities - Torque?
- Block calibrators ? - Pressure?
- Direct reading thermometers ? - Force?
- Climatic chambers (temperature) ? - Mass?
- Temperature indicators and simulators ? - Scales?
~ Thermocouples ? Measuring instruments in the automotive
- Resistance thermometers ? industry
Humidity measurement quantities * Exhaust gas analyzers for spark
- Climatic chambers (humidity) ignition engines
- Measuring instruments for absolute *  Exhaust gas analyzers for compression
humidity ? ignition engines ?
- Measuring instruments for relative - Installation surfaces for headlight
humidity ? testers

- Plate brake testers

- Roller brake testers

- Headlight testers
Flow measurement quantities

- Gas flow?

2 also on-site calibration
b’ only on-site calibration

For the measurement quantities/calibration objects marked with *), the calibration laboratory is
permitted to apply the standards/calibration guidelines listed here with different issue numbers
without the need for prior notification and approval by DAKKS. The calibration laboratory has a current
list of all standards/calibration guidelines in the flexible accreditation area.

Valid from: 20.11.2025
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Annex to the Accreditation Certificate D-K-15019-01-02

Location Eichenau

Mechanical measurement quantities — Pressure

Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)

DAKKS

(

Deutsche

Akkreditierungsstelle

Measurement quantity | Measurement range / Measurement Expanded measurement K
/ calibration object measurement span conditions / uncertainty Remarks
procedures
Pressure . 105 . Pressure medium: gas
Abeolute pressare pu, >0bar to 3.0barl  pvpoR6-1:2014 2.9-10% - paps + 15 pbar
b:
o >3.0bar to 21 bar 3.4 105 paps +0.19 mbar | The measurement
Calibration uncertainty of the
>21bar to 101 bar method: 3.9 107 - pabs + 0.44 mbar + Uparo| barometer Uparo must
>101bar to  251bar| Pabs =Pe *Pamb | 51.105. 5. +30 mbar + Upo | OC 2KCN iNtO account
Absolute pressure paps Reference value
(pabs = pamb)
MH XXI11.4.2 ingle-poi
900 mbar to 1000 mbar esz Qf 2.9 10 - paps + 15 pbar Single-point
v5.0 measurement at
current ambient
pressure
Absolute pressure paps ™ Reference value
. 5. =
1bar; 2 bar to 71bar| DKD-R 6-1:2014 7.8-10 fa;j +0.36mbar | (Pabs = Pams)
bare Pressure medium: oil
Calibration
method: The measurement
) 8.2 107 - paps + 0.72 mbar uncertainty of the
>71 701 =pet
barto O1bar|  Pabs =Pe+ Pamd + Ubaro barometer Uparo must
be taken into account
Absolute pressure paps Pressure medium:
>Obar to  301bar| DKD-R6-1:22014 151 445, 430 mbar+ Upyo | Water
Calibration The measurement
method: uncertainty of the
> 301 bar to 1001 bar Pats = Po + Pars 7.4 -107% - pabs + 40 mbar + Uparo | barometer Uparo must
be taken into account
Positive and negative -200 mbar to 200 mbar 25 pbar Pressure medium: gas
overpressure pe ) h ¢
>-1bar to 2 bar 2.3 10 ‘pe + 55 pbar + Uparo € measuremen
DKD-R 6-1:2014 = uncertainty of the
>2bar to 20 bar 3.7-10%-pe+0.19mbar | parometer Uparo must
Calibration * Ubaro be taken into account
>20bar to 100 bar method: 3.9-10°% pe + 0.44 mbar
>100bar to  150bar| F° PebsTPemb 9-10% - pe + 23 mbar
> 150 bar to 250 bar 5.1- 103 pe + 30 mbar
Overpressure pe ") Obar; 1 bar to 70 bar 7.8-105 - pe +0.36 mbar Reference value
DKD-R 6-1:2014 (pe =0 bar)
>70bar to 700 bar 8.2-10% - pe +0.72 mbar . .
Pressure medium: oil
Overpressure pe”) >0bar to 300 bar 5.1 - 10" - paps + 30 mbar Pressure medium:
DKD-R 6-1:2014 water
>300 bar to 1001 bar 7.4 - 103 - paps + 40 mbar
Valid from: 20.11.2025
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Annex to the Accreditation Certificate D-K-15019-01-02

(

DAKKS

Deutsche

Akkreditierungsstelle

Mechanical measurement quantities — Flow measurement quantities

Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)

Measurement quantity Measurement range / Measurement Expanded measurement
/ calibration object measurement span conditions / uncertainty Remarks
procedure

Vqu.me flow Q of 5 mL/min  to 50 L/min Volumeter 0.3% - Q +0.02 mL/min Q = measured value
flowing gases as standard

10 mL/min  to 200 mL/min 0.5% - Q+0.02 mL/min | C3libration medium:
Flow meter or ) dry air (rel. humidity
regulator with a >0.2L/min to 3.2L/min| Laminar flow 0.5% - Q+0.32 mL/min | <10%)
display or transducer ) . elements as . , Measurement ranges
with electronic >3.2/min_ to 40 L/min standard 0.5% - @+ 4 ml/min based on dry air at 0 °C,
interface >40L/min to 620 L/min 0.5% -Q+0.06 L/min | 1013.25 mbar

Mechanical measurement quantities — Force

Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)

Measurement quantity / Measurement range / Measurement Expanded measurement
calibration object measurement span conditions / uncertainty Remarks
procedure
Force Tensile and
Measuring instruments compressive force o
and transducers * 50N to 50kN according to 0.05%
DKD-R 3-3:2018
Mechanical measurement quantities — Torque
Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)
Measurement quantity / Measurement range / Measurement Expanded measurement
calibration object measurement span conditions / uncertainty Remarks
procedure
Torque 02N-m to <1N-m 0.9% Torque screwdriver
Hand-operated torque IN-m to 10N-m DIN EN ISO 0.5%
screwdrivers *) 04N-m to <4N-m 6789-2:2017 0.7% Torque wrench
A4N-m to 1110N-m 0.5%
Valid from: 20.11.2025
Date of issue: 20.11.2025 Page 5 of 24
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Annex to the Accreditation Certificate D-K-15019-01-02

Mechanical measurement quantities — Mass

Permanent laboratory — Location Eichenau

Measurement quantity /
calibration object

Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
Akkreditierungsstelle

Mass or conventional
weight value ¥

Measurement range / Measurement Expanded
measurement span conditions / measurement Remarks
procedure uncertainty
10 mg 0.025 mg for weights according to
OIMLR 111-1:2004 in
20 mg 0.03 mg accordance with class F,
50 mg 0.04 mg
100 mg 0.016 mg for weights according to
OIMLR 111-1:2004 in
200 mg 0.020 mg accordance with class Fq
500 mg 0.025 mg
1lg 0.03 mg
2g 0.04 mg
5g 0.05 mg
10g 0.06 mg
20g 0.08 mg
50¢g 0.10 mg
100 g OIML R111-01:2004 0.16 mg
200 g 0.3 mg
500 g 2.5mg for weights according to
OIMLR 111-1:2004 in
1kg 5.0mg accordance with class F,
For weights according to
2 kg 30 mg OIMLR 111-1:2004 in
accordance with class M;
for weights according to
5 kg 25mg OIMLR 111-1:2004 in
accordance with class F,
for weights according to
10 kg 05¢g OIMLR 111-1:2004 in
accordance with class M,
20 kg 03g for weights according to
OIMLR 111-1:2004 in
S0 kg 0.8g accordance with class M,
10mg to 20 mg 0.03 mg Free nominal values
>20mg to 100mg OIML R111-01:2004 0.04 mg
>100mg to 200mg 0.02 mg

Valid from:
Date of issue:

20.11.2025
20.11.2025
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Annex to the Accreditation Certificate D-K-15019-01-02

Permanent laboratory — Location Eichenau

(

DAKKS

Deutsche

Akkreditierungsstelle

Calibration and measurement capabilities (CMC)

Measurement quantity / Measurement range / Measurement Expanded
calibration object measurement span conditions / measurement Remarks
procedure uncertainty
Mass or conventional >200mg to 500mg 0.025 mg Free nominal values
weight value ™) >500mg  to g 0.03 mg
>1lg 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 100 g 0.16 mg
>100g to 200 g OIML R111-01:2004 0.3 mg
>200g to 500 g 2.5mg
>500g to 1kg 5.0mg
>1kg to 2 kg 30 mg
>2kg to 5 kg 25mg
>5kg to 10 kg 05g
>10kg to 20 kg 03g
>20kg to 50 kg 08g
>50kg to 65 kg 16¢g

Mechanical measurement quantities — Scales

Permanent laboratory — Location Eichenau

Calibration and measurement capabilities (CMC)

Measurement quantity / Measurement range / Measurement Expanded measurement Remarks
calibration object measurement span conditions / uncertainty
procedure
Scales <50kg EURAMET cg-18:2015 1-10% With weights accuracy
Non-automatic electronic DKD-R 7-2:2018 class E; according to
scales *) OIML R111-1:2004
<150 kg 2-10° With weights accuracy
class F, according to
OIML R111-1:2004
Valid from: 20.11.2025
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Annex to the Accreditation Certificate D-K-15019-01-02

(

Thermodynamic measurement quantities — Temperature measurement quantities

Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)

DAKKS

Deutsche
Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded measurement K
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure
Resistance DKD-R 5-1:2018
thermometer, Calibration at fixed
’ .01° i i
direct reading 0.01°C Triple point of 15mK temperature point
thermometers with water
resistance sensor *) -80°C to <-40°C| DKD-R5-1:2018 45 mK Comparison with
20°C to <0°C in ethanol bath 25 mK standard resistance
thermometers
0°C to 100 °C 20 mK T = temperature in °C
>100°C to 180°C| DKD-R5-1:2018 25 mK
>180°C to 200 °C | insilicone oil bath 35 mK
>200°C to 300 °C 50 mK
>300°C to 400 °C 80 mK
DKD-R 5-1:2018
>400°C to 570°C| . , (1.6 - 103 - T/°C - 0.56) K
in block calibrator
>570°C to 700 °C 350 mK
B}?se metal e g -80°C to <-35°C| DKD-R5-3:2018 (-1.2-103-7/°C+0.13) K | Comparison with
thermocouples, direct - - . § S standard resistance
reading thermometers 35°C to <0°C in ethanol bath (-1.2-103-T/°C+0.09) K thermometer
with base metal 0°C to 35°C| DKD-R5-3:2018 0.09 K
*) H o
thermocouple sensor >35°C to 300°C| insiliconeoilbath | (0.5-103:7/°C+0.072)K |T=temperaturein°C
DKD-R 5-3:2018
>300°C to 700°C| . , (0.6 - 103 - T/°C + 0.07) K
in block calibrator
Comparison with
DKD-R 5-3:2018 standard
>700°C to 1210°C| . . (1.4-103-T/°C+1.3)K thermocouple
in block calibrator
T = temperature in °C
Precious metal 0°C to 35°C| DKD-R5-3:2018 0.21K Comparison with
thermocouples, direct ; " L . i . standard resistance
reading thermometers >35°C to 300 °C| insilicone oil bath (0.3-103-T/°C+0.2) K thermometer
with precious metal Y >300°C to 400°C| DKD-R5-3:2018 (0.3-103-T/°C+0.2) K
thermocouple sensor >400°C to 700 °C | in block calibrator (0.7-103-T/°C+0.25) K | T=temperaturein °C
Comparison with
DKD-R 5-3:2018 standard
>700°C to 1210°C| . . (1.4-103-T/°C+1.3)K thermocouple
in block calibrator
T = temperature in °C
Block calibrators ™ -80°C to 0°C 0.10 K Comparison with
standard resistance
>0°C t 50 °C 0.056 K
° DKD-R 5-4:2018 thermometer
>50°C to 700 °C (0.21-103 - T/°C + 0.045) K
T = temperature in °C
Valid from: 20.11.2025
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Annex to the Accreditation Certificate D-K-15019-01-02

Permanent laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)

(

DAKKS

Deutsche

Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded measurement
quantity / calibration |  measurement span conditions / uncertainty Remarks
object procedure
Temperature display -199°C 1.0 mK T =temperature in °C
devices and simulators DKD-R 5-5:2018
0°C , e 2.4 mK
for resistance Artifact calibration
thermometers * 239°C 4.8 mK
Pt100 -200°C to 800 °C (12 - 103 T/°C + 4) mK
Pt25 -200°C to -150 °C 2.3 mK
>-150°C to 800 °C (19-103- T/°C + 10) mK
DKD-R 5-5:2018 5
Pt500 -200°C to 300 °C (13-103-T/°C+3.5) mK
>300°C to 800 °C (18 - 103- T/°C + 5.4) mK
Pt1000 2200°C to  800°C (17102 T/°C +3.8) mK
for base metal -200°C to <0°C (-85-103- T/°C+11) mK | T=temperaturein °C
*)
thermocouples 0 o L300 °C (5.7 -10°- (T/°C)2
Type K +0.17-103- T/°C+ 11) mK
Type ) 200°C  to <0°C (-61- 102 T/°C + 8) mK
0°C to 1200 °C (5.6 103 T/°C + 8) mK
DKD-R 5-5:2018
Type T -200°C to <o°c| (-80 - 103 T/°C + 11) mK
. - without reference
0°C t 400 °C point compensation 11 mK
Type E -200°C to <0°C (-56 - 103- T/°C + 7) mK
0°C to 1000 °C (4.4-103-T/°C+7) mK
Type N -200°C to <0°C (-012 -T/°C+ 16) mK
. . (12 - 10°- (7/°C)>2
0°C to 1300°C +10-103- T/°C + 16) mK
for precious metal 0°C to 500 °C (-64 - 103- T/°C+75) mK | T =temperature in °C
thermocouples ™ )
TypeR Types | >500°C to  176gec| DKO-RS5:2018 45 mK
’ without reference
Type B 50°C to 1200 °C | point compensation (26 - 103 - (T/°C)°8) mK
>1200°C to 1820 °C 60 mK
for thermocouples * Urc = uncertainty of
the display device or
DKD-R 5-5:2018 U2 simulator for
-200°C to 1500°C|  with reference TC 4 602 mK thermocouples
point compensation (mK) without reference
point compensation in
mK
Measurement ° °
o -80°C to  180°C| pkp-R5-7:2018 0.50K
locations in climate
chambers ) >180°C to 300 °C Method C 0.70K
Climate chambers *) 80°C to 100 °C 0.55 K
. . DKD-R 5-7:2018
>100°C to 180 °C Method A or B 0.75K
>180°C to 300 °C 1.0K
Valid from: 20.11.2025
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Deutsche
Annex to the Accreditation Certificate D-K-15019-01-02 Akkreditierungsstelle
Thermodynamic measurement quantities — Humidity measurement quantities
Permanent calibration laboratory — Location Eichenau
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded
quantity / measurement span conditions / procedure measurement Remarks
calibration object uncertainty
Dew point QMH XIV.5 Version 7.0 Comparison with dew
temperature Air flow temperature: point mirror
Dew point 28°C to 24.8°C 10 °Cto 25 °C 0.080 K hygrometer in climate
hygrometer Relative humidity: generator or climate
5% to 98% chamber
QMH XIV.5 Version 7.0
Air flow 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 dew
Air flow temperature: point mirror
17°C to 89.8°C > 60 °C to 90 °C 0.3K hygrometer in climate
Relative humidity: chamber
10% to 98%
Relative humidity 5% to 20% QMH XIV.5 Version 7.0 0.25% Comparison with dew
s [530% 0 404 | it empersre, | 0504 | st iror e
>40% to 60% 10°Cto 25°C 0.75% chamber
>60% to 80% Dew point temperature tq4: 1.0%
>80% to 98% -28°Cto24.8°C 1.2% Measurement
5% to 20% QMH XIV.5 Version 7.0 0.65% uncertainty expressed
>20% to 40% Air flow temperature: 0.90% aslab.solute v.aI.ue of
>40% to 60% > 25 °C t0 45 °C 1.2% relative humidity
>60% to 80% Dew point temperature tg: 1.4%
>80% to 98% -17°Cto44.8°C 1.6%
5% _to 20% QMH XIV.5 Version 7.0 0.85%
>20% to 40% . 1.1%
Air flow temperature:
>40% to 60% >45°Cto 60 °C 1.4%
>60% to 80% Dew point temperature tg4: 1.6%
>80% to 98% -3°Ct059.8°C 1.8%
10% to 20% 1.7% Comparison with dew
QMH XIV.5 Version 7.0 point mirror in climate
>20% to 40% . 1.9% chamber
Air flow temperature:
>40% to 60% >60°Cto 90 °C 2.1% Measurement
>60% to 80% Dew point temperature tg: 2.3% uncertainty expressed
17°Cto 89.8°C as absolute value of
>80% to 98% 2.5% relative humidity
Valid from: 20.11.2025
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Permanent calibration laboratory — Location Eichenau

Measurement
quantity /
calibration object

Calibration and measurement capabilities (CMC)

Measurement range /
measurement span

Measurement
conditions / procedure

( DAKKS

Deutsche
Akkreditierungsstelle

Expanded
measurement
uncertainty

Remarks

Measurement

Humidity reference

locations in climate 5% to 30% 1.0% value is calculated
chambers with from the dew point
recirculating air * DKD-R 5-7:2018 temperature and air
>30% to 60% Method C 1.5% flow temperature at
Air flow temperature: the measurement
10°Cto 90 °C location
>60% to 80% | Dew point temperature tq: 2.0%
-28 °Cto 89.8 °C Measurement
uncertainty expressed
>80% to 98% 2.5% as absolute value of
relative humidity
Climate chambers Humidity reference
with recirculating 5% to 30% 1.5% value is calculated
air " from the dew point
DKD-R 5-7:2018 temperature and air
>30% to 60% Method A or B 2.0% flow temperature at
Air flow temperature: the measurement
10°Cto 90 °C location
>60% to 80% | Dew point temperature tq: 2.5%
-28 °Ct0 89.8 °C Measurement
uncertainty expressed
>80% to 98% 3.0% as absolute value of

relative humidity

Valid from:
Date of issue:
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20.11.2025

Page 11 of 24

This document is a translation. The definitive version is the original German annex to the accreditation certificate.



Annex to the Accreditation Certificate D-K-15019-01-02

Location Nuremberg

Permanent laboratory — Location Nuremberg
Calibration and measurement capabilities (CMC)

DAKKS

(

Deutsche

Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Temperature Comparison with
Resistance 40°C to 0°C <_1.8 1077 Ly 0,063) k| standard
thermometer, direct ¢ resistance
. DKD-R 5-1:2018
reading thermometer thermometers
; ; in block calibrator
with re§|stance ¢ t = temperature in
sensor *) >0°C to 155°C (0.3 ©1073 - = + 0.063) K| o
C
Torque 02N-m to <1N-m 0.9% Torque
Hand-operated torque screwdriver
screwdrivers * IN-m to 10N -m 0.5%
DIN EN ISO 6789-2:2017
04N-m to <40N-m 0.7% Torque wrench
4N-m to 1100N-m 0.5%
Valid from: 20.11.2025
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Deutsche
Annex to the Accreditation Certificate D-K-15019-01-02 Akkreditierungsstelle

Location Regensburg

Permanent laboratory — Location Regensburg
Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty

Exhaust gas analyzers The average particle
for f:ompressmn ignition 5.100cm?®  to 50 10% cm? 20% size must be in the
engines . range of 10 nm to

. AA0399 Version 1.0
Particle number 200 nm

Verkehrsblatt 2021
Issue 11, No. 133

concentration
Particle generators

>50-103 cm3to 3-105cm3 13%
and analyzers
(aerosol)
Particle concentration The particle size must
reduction factor PCRF 1:1 to 1:30000 AA0398 Version 1.0 9% be in the range of
10 nm to 200 nm
Particle analyzers *) 10 nm to 200 nm
1000 cm3 to 30000 cm-3 11%
ISO 27891:2015-03
Valid from: 20.11.2025
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Location Steinfurt

Permanent laboratory — Location Steinfurt
Calibration and measurement capabilities (CMC)

(

DAKKS

Deutsche

Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Temperature Comparison with
Resistance t standard resistance
. o o _ . -3 .
thermometers, direct 40°C to 0c DKD-R 5-1:2018 ( 18- 10 c*t 0'063) K thermometers
reading thermometers in block calibrator .
with resistance . t=temperature in °C
sensor ™ >0°C to 155°C (0.3 1077 0.063) K
Pressure Pressure medium: gas
Absolute pressure
*) . -6 .
Pabs Obar to 21 bar 45 - 10 paps + 0.6 mbar | The me?surement
+ Ubaro uncertainty of the
DKD-R 6-1:2014 barometgr Uparo must
be taken into account
Calibration method: Pressure medium:
water
Pabs = Pe + Pamb
>21bar to 700 bar 79 - 103 paps+ Ubaro | The measurement
uncertainty of the
barometer Uparo must
be taken into account
Negative and po*smve 200 mbar to 200 mbar 25107 mbar Pressure medium: gas
overpressure pe )
-lbar to 2 bar 3310 pe +0.25 mbar
DKD-R 6-1:2014
>2bar to 20 bar 45 -10°- pe + 0.6 mbar
P dium:
>20bar to 700 bar 79103 p. ressure medium
water
Valid from: 20.11.2025
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Location Vienna

Permanent laboratory — Location Vienna
Calibration and measurement capabilities (CMC)

(

DAKKS

Deutsche

Akkreditierungsstelle

Measurement Measurement range / Measurement Expanded Remarks
quantity / calibration measurement span conditions / measurement
object procedure uncertainty
Temperature Comparison with
Resistance standard resistance
i DKD-R 5-1:2018
thermometer, direct 20°C to 100 °C R : 0.047 K thermometers
reading thermometer in silicone oil bath t = temperature in °C
with resistance
sensor )
.10 - um-
Pressure . Obar to 21 bar 45 -10° - paps Pressure medium: gas
Absolute pressure paps ™ +0.46 mbar + Uparo The measurement
’ tainty of the
2.9-10% pas uncer
>21bar to 200 bar
DKD-R 6-1:2014 +27 mbar + Usare baromete.r Ubaro must
be taken into account
Calibration method: Svr:tsesrure medium:
Pabs = Pe + Pamb
7104
>200bar to 1000 bar 9 0% Pabs The measurement
+ 59 mbar + Uparo uncertainty of the
barometer Uparo must
be taken into account
Negative and pclsmve 400 mbar to 400 mbar 0.10 mbar Pressure medium: gas
overpressure pe’) The measurement
-1bar to 20 bar 45 .10 pe + 0.46 mbar | uncertainty of the
DKD-R 6-1:2014 barometer Uparo must
>20bar to 200 bar 2.9-10* pe +27 mbar | pe taken into account
Pressure medium:
>200bar to 1000 bar 9.7 - 10*- pe + 59 mbar wateru 1
Volume flow Q of ) ) QMH Chapter ) Q = measured value
flowing gases 0.005 L/min to 0.03 L/min XXV.6: Version 7 0.3 mL/min Calibration medium: air
Flow meter.or . (rel. humidity < 10%)
regulator with a >0.03 L/min to 200 L/min | Laminar flow elements 1%-Q Measurement ranges
display or transducer as standard based on dry air at 0 °C
with electronic -2
. . 0.89-102%-Q 1013.25 mbar
interface >200 L/min to 500 L/min MFC as standard +0.52 L/min
Valid from: 20.11.2025
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Measurement Measurement range / Measurement Expanded measurement K
quantity / calibration measurement span conditions / uncertainty Remarks
object procedure
Resistance DKD-R 5-1:2018 Comparison with
0°C 20 mK i
thermomet.ers, ice point standard resistance
direct reading thermometer
thermometers with -40°C to 100 °C 50 mK
. *) = in®
resistance sensor >100°C  to 200 °C 75 mK T =temperaturein °C
DKD-R 5-1:2018
>200°C to 400°C| . . 80 mK
in block calibrator
>400°C to 570 °C (1.6 - 103 T/°C-0.56) K
>570°C to 700 °C 350 mK
Base metal 40°C to 200 °C (0.8-103-7/°C+0.1)K | Comparison with
thermocouples, direct standard resistance
reading thermometers >200°C to 400 °C (10 -103 - T/°C + 008) K thermometer
with base metal
o | >400°C to 700°C| DKD-R5-3:2018 (0.6 - 103 - T/°C + 0.07) K _ -
thermocouple sensor *) ) ; T = temperature in °C
in block calibrator Comparison with
° ° o standard thermocouple
>700°C to 1210°C (1.4-103-T/°C+1.3)K
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 preciousmetal 1 50.c to  400°c (0.3-10%- T/°C+0.2) K .
thermocouple sensor *) DKD-R 5-3:2018 T = temperature in °C
>400°C to 700 °C| in block calibrator (0.7-103-T/°C+0.25) K
Comparison with
. o ! o standard thermocouple
>700°C to 1210 °C (1.4-103-T/°C+1.3)K
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
° ° .103-T/°
>50°C to 700 °C (0.21-103 - T/°C +0.045) K T = temperature in °C
Valid from: 20.11.2025
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On-site calibration
Calibration and measurement options (CMC)

Measurement Measurement range / Measurement Expanded measurement
quantity / calibration |  measurement span conditions / uncertainty Remarks
object procedure
Temperature display -199 °C 1.0 mK T = temperature in °C
i i DKD-R 5-5:2018
devices and simulators 0°C . . . 24 mK
for resistance Artifact calibration
. 239°C 4.8 mK
thermometers *
Pt100 -200°C to 800 °C (12-103-T/°C+4) mK
Pt25 -200°C to -150 °C 2.3 mK
>-150°C to 800 °C (19 - 103- 7/°C + 10) mK
Pt500 -200°C to 300 °C (13-103-T7/°C+3.5) mK
>300°C to 800 °C (18 - 103- T/°C + 5.4) mK
Pt1000 -200°C to 800 °C (17 -103- T/°C +3.8) mK
for base metal -200°C  to <0°C (-85-103- T/°C+11) mK | T =temperature in °C
%)
thermocouples DKD-R 5-5:2018 (5.7 - 10 (T/°C)2

0°C to 1300 °C

TypeK without reference | +0.17-10%- T/°C+11) mK

Type J -200°C  to < 0°C | point compensation (-61-103- T/°C + 8) mK
0°C to 1200 °C (5.6-103-T/°C+8) mK

Type T -200°C  to <0°C (-80 - 103 T/°C + 11) mK
0°C to 400 °C 11 mK

Type E -200°C  to <0°C (-56 - 103+ T/°C +7) mK
0°C to  1000°C (4.4 103 T/°C +7) mK

Type N -200°C  to <0°C (-0.12 - 103- T/°C + 16) mK

(12 - 106 (T/°C)2

0°C to 1300 °C +10-103- T/°C + 16) mK

for precious me:al 0°C to 500 °C (-64 - 103 T/°C + 75) mK T =temperature in °C
thermocouples *
o 1 . DKD-R 5-5:2018
Type R, Type S >500°C to 768 °C without reference 45 mK
Type B 50°C to 1200 °C | point compensation | (26 - 103 (7/°C)-85) mK
>1200°C to 1820°C 60 mK
for thermocouples * Urc = uncertainty of the

DKD-R 5-5:2018 display device or

U. simulator for
-200°C to 1500 °C|  with reference e 2 .
point compensation (mK) +60% mK thermocouples without

reference point
compensation in mK

Measurement -80°C to 180°C| DKD-R 5-7:2018 0.50 K
locations in climate
chambers >180°C to 300°C Method C 0.70K
Climate chambers * 80°C to 100 °C 0.55 K
- —| DKD-R5-7:2018
>100°C to 180 °C Method A or B 0.75K
>180°C to 300 °C 1.0K
Valid from: 20.11.2025
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On-site calibration
Calibration and measurement capabilities (CMC)
Measurgment Measurement range / Measurement Expanded
quantity / e measurement R k
. . . measurement span conditions / procedure - emarks
calibration object uncertainty

Dew point QMH XIV.5 Version 7.0 Comparison with dew

temperature Air flow temperature: point mirror hygrometer
Dew point 28°C to 24.5°C 10 °C to 25 °C 0.080 K in climate generator
hygrometers . -

Relative humidity:
5% to 95%
QMH XIV.5 Version 7.0
Air flow 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
Humidity meters QMH XIV.5 Version 7.0 uncertainty expressed as
and transducers >20% to 40% . 0.50% absolute value of

Air flow temperature: lative humidit
>40% to  60% 10 °Cto 25 °C 0.75% relative humidity
>60% to  80% | DeWPpointtemperature fg: 1.0% Comparison with

) 3 -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°Cto45°C 1.2%
>60% to 80% Dew point temperature t4: 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°Cto 60 °C 1.4%
>60% to 80% Dew point temperature tg: 1.6%

-3°Cto 58 °C
>80% to 90% 1.8%
Valid from: 20.11.2025
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Calibration and measurement capabilities (CMC)

Measurement Expanded
. Measurement range / Measurement
quantity / e measurement R k
. . . measurement span conditions / procedure - emarks
calibration object uncertainty
Measurement Measurement
locations in climate 5% to 30% 1.0% uncertainty expressed as
chambers with DKD-R 5-7:2018 absolute value of
recirculating air >30% to 60% Method C 159 relative humidity
Air fl :
" OV\: temperfture Humidity reference
10°Cto 90 °C .
>60% to 80% ) 2.0% value is calculated from
Dew point temperature tg4: dew point temperature
-28°Cto0 89.8 °C and air flow
>80% to 98% 2.5% temperature at the
measurement location
Climate chambers Measurement
with recirculating 5% to 30% 1.5% uncertainty expressed as
air ™ DKD-R 5-7:2018 abso!ute vall..le'of
>30% to 60% Method A or B 2.0% relative humidity
Air flloOV\:(t:ir;wggrfcture: Humidity reference
>60% to 80% . 2.5% value is calculated from
Dew point temperature t4: dew point temperature
-28 °Ct0 89.8 °C and air flow
>80% to 98% 3.0% temperature at the
measurement location

Mechanical measurement quantities — Flow measurement quantities

On-site calibration

Measurement
quantity / calibration
object

Calibration and measurement options (CMC)

Measurement range /
measurement span

Measurement
conditions /
procedure

Expanded
measurement
uncertainty

Remarks

Volume flow Q of
flowing gases
Flow meter or
regulator with a
display or transducer
with electronic

0.005 L/min to 0.03 L/min

Laminar flow elements

0.3 mL/min

Q = measured value

Calibration medium:

>0.03 L/min to 200 L/min

as standard

1-102Q

dry air
(rel. humidity < 10%)

interface Measurement ranges
>200L/min to 500 L/min MFC as standard 0.89-102-Q+0.52 L/min| hased on dry air at
0°C, 1013.25 mbar
Valid from: 20.11.2025
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Mechanical measurement quantities — Pressure

On-site calibration

Calibration and measurement options (CMC)

Measurement Measurement range / Measurement Expanded measurement K
quantity / measurement span conditions / uncertainty Remarks
calibration object procedure
Pressure Pressure medium: gas
DKD-R 6-1:2014
Abs?)lute pressure >0bar to  21bar 5.0 - 105 - paps+ 1.2 mbar + Uparo | The measurement
Pabs Calibration uncertainty of the
method: barometer Uparo must
>21bar to  251bar| . = poipy | 51010 pass+ 30 mbar + Uper | P€ takeninto account
Absolute pressure Reference value
Pabs ™ 1bar;2bar to  71bar DKD-R 6.1:2014 7.8 - 105 - paps + 0.36 mbar + Uparo | (Pabs = Pamb)
. Pressure medium: oil
Calibration
method: The measurement
>71bar to  701bar| pups=pe+ Pamb 8.2 - 105 - pabs+ 0.72 mbar + Uparo | Uncertainty of the
barometer Uparo must
be taken into account
Absolute pressure Reference value
Pabs (Pabs = Pamb)
esz QMH XXI11.4.2 . .
900 mbar to 1100 Q 2.9 105 - paps + 15 pbar Single-point
mbar v5.0 measurement at
current ambient
pressure
Absolute pressure b b " b Pressure medium:
Pabs ™) >0bar to 301bar| DKD-R6-1:2014 5.1-10 - paps + 30 mbar water
Calibration The measurement
>301bar to 1001bar|  method: 7.4-10% - s+ 40 mbar | Uncertainty of the
Pabs = Pe + Pamb barometer Uparo must
be taken into account
Positive and negative 200 mbar to 200 25 ubar Pressure medium: gas
overpressure pe ) mbar
-1 bar to 2 bar 3.3:10°: pe +0.25 mbar
>2bar to 20bar | DKD-R6-1:2014 4.3-105- pe +0.61 mbar
>20bar to 100 bar 9.0- 105 pe + 3.7 mbar
> 100 bar to 300 bar 5.1-10°: p. + 30 mbar
*) Refi |
Overpressure pe Obar;1bar to 70bar 7.8-10% - pe +0.36 mbar (; (irgr;caer)va ue
DKD-R 6-1:2014 ¢
>70bar to 700 bar 8.2 - 10" - pe +0.72 mbar Pressure medium: oil
*) H .
Overpressure pe >0bar to 300 bar 5.1-105 - paps + 30 mbar :Ir:tsesrure medium:
DKD-R 6-1:201
1000 KD-R 6 014 »
> 300 bar to bar 7.4 - 10> - paps + 40 mbar
Valid from: 20.11.2025
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Measurement Measurement range / Measurement Expanded K
quantity / calibration | measurement span conditions / measurement Remarks
object procedure uncertainty
Force Tensile and compressive
Measuring instruments 50N to 50kN force according to 0.05%
and transducers ¥ DKD-R 3-3:2018
Mechanical measurement quantities — Torque
On-site calibration
Calibration and measurement capabilities (CMC)
Measurement Measurement range / Measurement Expanded K
quantity / measurement span conditions / measurement Remarks
calibration object procedure uncertainty
Torque 02N-m to <1N-m 0.9% Torque screwdriver
It-|oarr;clij-eoperated IN-m to 10N -m DIN EN ISO 0.5%
screwdrivers ®) 04N-m to <4N-m 6789-2:2017 0.7% Torque wrench
4N-m to 1110N-m 0.5%
Torque M = measured value
Torque transducer in ON-m to 100N -m 0.001-M+0.025N-m |iNN-m
test benches )
AA0397 Version 1.0 Bending moments and
(August 16, 2023) transverse forces acting
>100N-m to  10kN-m 0.002 - M +0.050 N - m | on the calibration device
must be taken into
account

Mechanical measurement quantities — Scales

On-site calibration

Calibration and measurement options (CMC)

Measurement Measurement range / Measurement Expanded Remarks
quantity / measurement span conditions / measurement
calibration object procedure uncertainty
Scales <50 kg EURAMET cg-18:2015 1-10°% With weights accuracy
Non-automatic DKD-R 7-2:2018 class E; according to
electronic scales * OIML R111-1:2004
<150 kg 2-10° With weights accuracy
class F; according to
OIML R111-1:2004
Valid from: 20.11.2025
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Mechanical measurement quantities — Measuring instruments in the automotive industry

On-site calibration

Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded
quantity / calibration | measurement span conditions / measurement Remarks
object procedure uncertainty
Roller brake testers ON to <2 kN Verkehrsblatt 2016 19 N F =force displayed on
Issue 14, No. 115 the brake tester
0.46%-F+7N
2kN o A kN ° Measurement system:
>4kN to 8 kN QMH Chapter 0.43%-F+8N force transducer with
. load frame
>8kN to  40kN XXVII.1.2: 0.70% - F
Version 5
OkN to 4kN | comparison method: 0.40% - F+4N F = force displayed on
XXVIL1.2.1 the brake tester
el 0.65% - F
>4kN to 8 kN Mass lever ’ Measurement system:
>8kN to  40kN | procedure: XXVII.1.2.2 0.90% - F lever with weights
Plate brake testers Verkehrsblatt 2016 20% - F+12 N F = force displayed on
ON to <2kN Issue 14, No. 115 0.20% the brake test stand
QMH Chapter Measurement system:
2kN to 10 kN XXVII.1.2: 0.70% - F+2N force transducer
Version 5
Headlight testers Verkehrsblatt 2016 Statement of
Inclination Issue 14, No. 115 measurement
uncertainty as absolute
Verkehrsblatt 2018 value of inclination
0, 0, 0,
0% to 6% Issue 23, No. 174 0.1%
QMH Chapter XXIX. 3:
Version 6.0
Installation surfaces for Verkehrsblatt 2018 Statement of
headlight testers Issue 23, No. 174 measurement
Inclination 0% to 10% 0.038% uncertainty as absolute
QMH Chapter XXIX. 3: value of inclination
Version 6.0
Installation surfaces for Measurement system:
motor vehicles Om to 10m 0.23 mm/m self-leveling line laser
. . 0, 0, +0.53 L
Inclination 0% to 10% Verkehrsblatt 2018 mm/ DIN 18202:2013
Issue 23, No. 174
Flatness L = measured length in
. meters
omm to 50mm | QVH Chapter XXIX. 3: o 2553 m;n .
Version 6.0 -£3 mm/m R = grid point spacing in
meters
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Calibration and measurement capabilities (CMC)

Measurement quantity / | Measurement range / Measurement Expanded Remarks
calibration object measurement span conditions / measurement
procedure uncertainty

Exhaust gas analyzers for

> e ) ppm vol =106 - m3/m3
spark ignition engines

Gas concentration % vol =102 - m3/m3
Propane C3Hs

80 ppm vol 2 ppm vol
200 ppm vol 3 ppm vol

2000 ppm vol 24 ppm vol

Carbon dioxide CO, 3% vol 0.039% vol
6% vol 0.072% vol
14% vol 0.17% vol

Carbon monoxide CO 0.1% vol 0.0039% vol

Verkehrsblatt 2018,

0, 0,
0.5% vol Issue 11, No. 100 0.0070% vol
3.5% vol 0.042% vol
Oxygen O, 20.9% vol 0.31% vol
QMH Chapter 26-7 XXX
Exhaust gés a'nally?ers for Turbidity measurement
compressmn ‘gnition with neutral gray filter
engines
Turbidity level 10%; 30%; 50%; 70% 0.9% Measurement
uncertainty is the
absolute value of the
turbidity level
Turbidity coefficient 0.25m?1 0.02 m? The turbidity coefficient
0.83 m-1 0.03 m-L is calculated from the
turbidity level
1.61m1t 0.04 m1
2.80 m1 0.07 m?
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Calibration and measurement capabilities (CMC)

Measurement Measurement range / Measurement Expanded Remarks
quantity / measurement span conditions / measurement
calibration object procedure uncertainty
Exhaust gas analyzers The average particle
for compression 5.10%cm3 to 50 - 10° cm- 20% size must be in the
ignition engines . range of 10 nm to
. AA0399 Version 1.0
Particle number 200 nm
; Verkehrsblatt 2021
concentration
particl ¢ Issue 11, No. 133
article generators | 5 50.103¢cm? to 3-106cm 13%
and analyzers
(aerosol)
Abbreviations used:
AA Work instruction (self-developed procedure) of esz AG (Arbeitsanweisung)
CcMC Calibration and measurement capabilities
DIN German Institute for Standardization (Deutsches Institut fir Normung e.V.)
DKD-R Guideline of the German Calibration Service (DKD), published by the Physikalisch-
Technische Bundesanstalt (Richtlinie des Deutschen Kalibrierdienstes)
EN European standard (Européaische Norm)
EURAMET European Association of National Metrology Institutes
OIML International Organization of Legal Metrology
QMH Quality management manual (self-developed procedure) of esz AG

(Qualitatsmanagementhandbuch)
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