ANAB

ANSI National Accreditation Board

CERTIFICATE OF ACCREDITATION

The ANSI National Accreditation Board

Hereby attests that

Transcat - Houston

16115 Park Row
Houston, TX 77084

Fulfills the requirements of

ISO/IEC 17025:2017

and national standards

ANSI/NCSL Z540-1-1994 (R2002) AND
ANSI/NCSL Z540.3-2006 (R2013)

In the field of
CALIBRATION

This certificate is valid only when accompanied by a current scope of accreditation document.
The current scope of accreditation can be verified at www.anab.org.

R. Douglas Leonard Jr., VP, PILR SBU

Expiry Date: 07 September 2021
Certificate Number: AC-2489.02

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2017.
This accreditation demonstrates technical competence for a defined scope and the operation of a laboratory
quality management system (refer to joint ISO-ILAC-IAF Communique dated April 2017).


http://www.anab.org/

¢

ANAB

ANSI National Accreditation Board

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2017,
ANSI/NCSL Z540-1-1994 (R2002), AND ANSI/NCSL Z540.3-2006 (R2013)

Transcat - Houston
16115 Park Row
Houston, TX 77084
Scott Caine 713-465-4399

CALIBRATION

Valid to: September 7, 2021

Electrical — DC/Low Frequency

Certificate Number: AC-2489.02

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Upto1lpA 1.4 % of reading + 7 fA
(1to 10) pA 0.53 % of reading + 7 fA
(10 to 100) pA 0.18 % of reading + 3 fA .
DC Current — Source/Measure (0.1 e L o readipg +0.2 pA ;ﬁ;f?‘!%g:s]%
(1to 10) nA 0.057 % of reading + 2 pA Remote SourceMeter
(10 to 100) nA 0.056 % of reading + 20 pA
(0.1to 1) pA 0.054 % of reading + 0.3 nA
(1to 10) pA 0.05 % of reading + 2 nA
Up to 100 nA 1.5pA
(0.1to 1) pA 21 uA/A
(1to 10) pA 7.2 JAJA
(10 to 100) pA 6.5 MA/A
(0.1to 1) mA 2.8 HA/A
B (1to 10) mA 5.1 pA/A Standard Shunts,
DC Current — Source/Measure (10 to 100) mA 2 HAJA Current Source
(0.1t01) A 2.4 pAJA
(1t0 10) A 4.8 pA/A
(10to 20) A 4 uAJA
(20t0 30) A 10 pAJA
(30 to 100) A 36 HA/A
Up to 100 pA 26 HA/A +0.92 nA
DC Current (0.1to 1) mA 26 HA/A + 5.8 nA HP 3458A opt 002
Source/Measure (1to 10) mA 26 HA/A + 58 nA 8.5 Digit Multimeter,
(10 to 100) mA 43 pA/A + 0.58 pA Current Source
(0.1to1) A 0.13mA/A + 12 A
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(1to3) A 0.12 % of reading + 1.2 mA Fluke 8846A
(3to 10) A 0.18 % of reading + 1.3 mA 6.5 Digit Multimeter

DC Current — Measure *

(10 to 100) A

0.15 mA/A + 2 mA

Ohms Labs CS-100
Precision Shunt,
Agilent 3458A

8.5 Digit Multimeter

DC Clamp-on Ammeters

(20 to 150) A

0.51 % of reading + 0.14 A

Fluke 5520A
Multiproduct Calibrator,
Fluke 5500A/COIL,

(Non-Toroidal Type) (150 to 1 000) A 0.51 % of reading + 0.5 A Fluke 55120A
Transformer Type Sensor ! (1 000to 5000) A 0.58 % of reading Transconductance
Amplifier,
1 kA and 6 kA Coils
Up to 220 pA

AC Current — Source !

(10 to 20) Hz
(20 to 40) Hz
40 Hz to 1 kHz
(1to5) kHz
(5 to 10) kHz
(0.22t0 2.2) mA
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 1 kHz
(1to5) kHz
(5to 10) kHz
(2.2t0 22) mA
(10 to 20) Hz
(20 to 40) Hz
40 Hzto 1 kHz
(1 to 5) kHz
(5to 10) kHz
(22 to 220) mA
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 1 kHz
(1to5) kHz
(5 to 10) kHz
(0.22t02.2) A
20 Hz to 1 kHz
(1to5) kHz
(5 to 10) kHz

0.032 % of reading + 16 nA
0.019 % of reading + 10 nA
0.015 % of reading + 8 nA
0.03 % of reading + 12 nA
0.11 % of reading + 65 nA

0.03 % of reading + 40 nA
0.018 % of reading + 35 nA
0.014 % of reading + 35 nA
0.021 % of reading + 0.11 pA
0.11 % of reading + 0.65 pA

0.039 % of reading + 0.4 pA
0.019 % of reading + 0.35 pA
0.014 % of reading + 0.35 pA
0.021 % of reading + 0.55 pA
0.11 % of reading + 5 pA

0.033 % of reading + 4 pA
0.018 % of reading + 3.5 pA
0.014 % of reading + 2.5 pA
0.021 % of reading + 3.5 pA

0.11 % of reading + 10 pA

0.027 % of reading + 35 pA
0.046 % of reading + 80 pA
0.7 % of reading + 0.16 mA

Fluke 5720A
Multiproduct Calibrator
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(22t011) A Fluke 5720A
40 Hzto 1 kHz 0.048 % of reading + 0.17 mA Multiproduct Calibrator,
(1to5) kHz 0.096 % of reading + 0.38 mA Fluke 5725A
1 (510 10) kHz 0.36 % of reading + 0.75 mA Amplifier
AC Current — Source (1110 205) A
(45 to 100) Hz 0.097 % of reading + 3.8 mA Fluke 5520A

100 Hz to 1 kHz
(1to5) kHz

0.12 % of reading + 3.8 mA
2.3 % of reading + 3.8 mA

Multiproduct Calibrator

AC Current — Source *
(Extended Frequency Ranges)

(29 to 330) pA

(10 to 30) kHz
(0.33t0 3.3) mA

(10 to 30) kHz
(3.3t0 33) mA

(10 to 30) kHz
(29 to 330) mA

(10 to 30) kHz

1.2 % of reading + 0.31 pA
0.78 % of reading + 0.47 pA
0.31 % of reading + 3.1 pA

0.31 % of reading + 0.16 mA

Fluke 5520A
Multiproduct Calibrator

(20 to 150) A
(45 to 65) Hz

0.3 % of reading + 26 mA

AC E:T'grr';ﬁ’dgr%meter (65 to 440) Hz 0.83%of reading + 47mA | ti;'ggﬁc?%mrator
. |(150to 1 000) A i :
Transformer Type Sensor (45 to 65) Hz 0.35 % of reading + 0.12 A 1 kA Cail
(65 to 440) Hz 1.1 % of reading + 0.22 A
(20 to 150) A
(45 to 65) Hz 0.57 % of reading + 0.25 A
(65 to 440) Hz 1% of reading + 0.25 A Fluke 55204
Multiproduct Calibrator,
(150 to 1 000) A 1 KA Coil
AC Clamp-on Ammeter (45 to 65) Hz 0.6 % of reading + 0.9 A
(Non—TcE)roidaI Type) (65 to 440) Hz 1.3 % of reading + 0.92 A
Hall Effect Sensor . |(2©06) KA Fluke 5520A
(10 to 300) Hz 0.62 % of reading Multiproduct Calibrator,
(1to2) KA Fluke 55120A
(300 to 440) Hz 0.8 % of reading Transconductance
(2to 6) KA Amplifier,
to z .66 % of readin oi
(300 to 440) H 0.66 % of reading 6 kA Caoil
Version 009  Issued: Feb 16, 2021 . .org :
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

AC Current — Measure !

Up to 100 pA
(10 to 20) Hz
(20 to 45) Hz
(45 to 100) Hz
100 Hz to 1 kHz
(0.1t0o 1) mA
(10 to 20) Hz
(20 to 45) Hz
(45 to 100) Hz
100 Hz to 5 kHz
(1to 10) mA
(10 to 20) Hz
(20 to 45) Hz
(45 to 100) Hz
100 Hz to 5 kHz
(10 to 100) mA
(10 to 20) Hz
(20 to 45) Hz
(45 to 100) Hz
100 Hz to 5 kHz
(0.1to1) A
(10 to 20) Hz
(20 to 45) Hz
(45 to 100) Hz
100 Hz to 5 kHz

0.46 % of reading + 23 nA
0.17 % of reading + 23 nA
0.071 % of reading + 23 nA
0.037 % of reading + 23 nA

0.46 % of reading + 0.23 pA
0.17 % of reading + 0.23 pA

0.071 % of reading + 0.23 pA
0.038 % of reading + 0.23 uA

0.46 % of reading + 2.3 pA
0.17 % of reading + 2.3 pA
0.071 % of reading + 2.3 pA
0.038 % of reading + 2.3 pA

0.48 % of reading + 23 pA
0.17 % of reading + 23 pA
0.071 % of reading + 23 pA
0.038 % of reading + 23 pA

0.46 % of reading + 0.23 mA
0.19 % of reading + 0.23 mA

0.097 % of reading + 0.23 mA

0.12 % of reading + 0.23 mA

Agilent 3458A Opt 002
8.5 Digit Multimeter

(1to3) A
10 Hz to 5 kHz
(510 10) kHz

0.24 % of reading + 0.1 mA
1.2 % of reading + 0.1 mA

Fluke 8846A
6.5 Digit Multimeter

(3to10) A
10 Hzto 5 kHz 0.81 % of reading + 0.4 mA
10 Ato 100 A Agilent 3458A opt 002
(50 to 60) Hz 0.22 mA/A +5 mA 8.5 Digit Multimeter,
400 Hz 0.26 mA/A + 5 mA Ohms Lab CS-100
1 kHz 1.1 mA/A+13mA Current Shunt
0V (floor) 59 nVvV
100 mV 0.8 pviv
DC Voltage — 1V 0.29 pviv
Source/Measure 10V 0.2 uvIiv Ratio Metric with Zener
(Fixed Points) 9V 0.46 pVv/Iv
100 V 0.28 pv/ivV
1000V 0.54 pvIiv
Version 009  Issued: February 16, 2021 www.anab.org ANMAB ila%&%
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
DC Voltage — 10mV <V < 100 mvV 8.6 UVIV Fluke 8508
Source/Measure ' 8.5 Digit Multimeter,
(Fixed Points) 100 mV < V<1000V 74 LY + 59 vV Ratio Metric with Zener
DC Voltage — Measure ImV<V<10mV 100 pviv Fluke 8508
(Fixed Points) 10 mV 13 uviv 8.5 Digit Multimeter
(0 to 100) mV 8.3 uV/V + 0.58 pv
DC Voltage (0.1to 10) V 5.3 uVv/V + 0.58 uv Agilent 3458A opt 002
Source/Measure * (10 to 100) V 7.6 uVIV + 35 uv 8.5 Digit Multimeter,
(Variable Points) (100 to 500) V 14 pVvIV + 0.12 mV _Fluke 5720A
(500 to 800) V 18 uv/vV +0.12 mV Multiproduct Calibrator
(800 to 1 000) V 21 VIV +0.12 mV
1mv 2.6 % of reading
10 mV 0.68 % of reading Fluke 9500B
100 mV 0.052 % of reading Oscilloscope Calibrator,
DC Voltage — Source 1V 0.006 4 % of reading Fluke 9530
10V 0.027 % of reading Active Head
100 V 0.026 % of reading
. Vitrek 4700
(1to 10) kv 0.049 % of reading + 0.62 V High Voltage Meter
Vitrek 4700
(10 to 20) kV 0.08 % of reading + 0.35 V High Voltage Meter,
(20 to 35) kV 0.14 % of reading + 1 V Vitrek HVP-35
High Voltage Probe
DC High Voltage — Measure * (15 to 30) kV 0.065 % of reading + 1V Hi hv\;[g?;4g?\(/|)eter
(30 to 45) KV 0.09 % of reading + 3 VV Vitrek HYL.T0
(45 to 70) kV 0.17 % of reading + 1 V High Voltage Probe
Vitrek 4700
(25 to 100) kV 0.11 % of reading + 0.5 V Fligh Voltage Meter
High Voltage Probe
Upto 2.2 mV
(10 to 20) Hz 0.16 % of reading + 4 pVvV
(20 to 40) Hz 0.1 % of reading + 4 pVv
40 Hz to 20 kHz 0.078 % of reading + 4 pVv
AC Voltage — Source * (20 to 50) kHz 0.13 % of reading + 4 pV MultiFIrL(;Ic(ii;?égﬁbrator
(50 to 100) kHz 0.17 % of reading + 5 PV P
(100 to 300) kHz 0.33 % of reading + 10 pV
(300 to 500) kHz 0.47 % of reading + 20 pV
500 kHz to 1 MHz 0.58 % of reading + 20 pV
Version 009  Issued: February 16, 2021 www.anab.org ANMAB i!%&%
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

AC Voltage — Source *

(2.2t0 22) mV
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 20 kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
(300 to 500) kHz
500 kHz to 1 MHz
(22 to 220) mV
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 20 kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
(300 to 500) kHz
500 kHz to 1 MHz
(0.22t02.2) V
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 20 kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
(300 to 500) kHz
500 kHz to 1 MHz
(22t022) V
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 20 kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
(300 to 500) kHz
500 kHz to 1 MHz
(22 t0 220) V
(10 to 20) Hz
(20 to 40) Hz
40 Hz to 20 kHz
(20 to 50) kHz

(50 to 100) kHz

0.042 % of reading + 4 pVv
0.03 % of reading + 4 uVvV
0.014 % of reading + 4 pVv
0.03 % of reading + 4 uVvV
0.058 % of reading + 5 pV
0.12 % of reading + 10 pV
0.16 % of reading + 20 pV
0.27 % of reading + 20 pV

0.028 % of reading + 12 pVvV
0.011 % of reading + 7 pV
0.008 5 % of reading + 7 pV
0.021 % of reading + 7 pVvV
0.047 % of reading + 17 pV
0.091 % of reading + 20 pV
0.14 % of reading + 25 pV
0.28 % of reading + 45 pV

0.027 % of reading + 40 pVv
0.01 % of reading + 15 pV
0.004 8 % of reading + 8 pV
0.008 % of reading + 10 pV
0.012 % of reading + 30 pV
0.043 % of reading + 80 pVvV
0.1 % of reading + 0.2 mV
0.18 % of reading + 0.3 mV

0.028 % of reading + 0.4 mV
0.01 % of reading + 0.15 mV
0.004 9 % of reading + 50 pVvV
0.008 3 % of reading + 0.1 mV
0.012 % of reading + 0.2 mV
0.03 % of reading + 0.6 mV
0.1 % of reading + 2 mV
0.17 % of reading + 3.2 mV

0.028 % of reading + 4 mV
0.01 % of reading + 1.5 mV
0.005 6 % of reading + 0.6 mV
0.009 3 % of reading + 1 mV
0.016 % of reading + 2.5 mV

Fluke 5720A
Multiproduct Calibrator

Version 009
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

AC Voltage — Source *

(30 to 50) kHz

(50 to 100) kHz

(220to 1 100) V

40 Hzto 1 kHz
(1 to 20) kHz
(20 to 30) kHz

0.061 % of reading + 11 mV
0.23 % of reading + 45 mV

0.011 % of reading + 4 mV
0.017 % of reading + 6 mV
0.061 % of reading + 11 mV

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(22 t0 220) V
(100 to 300) kHz 0.09 % of reading + 16 mV
(300 to 500) kHz 0.44 % of reading + 40 mV
500 kHz to 1 MHz 0.8 % of reading + 40 mV
(22010 750) V Fluke 5720A

Multiproduct Calibrator

AC Voltage — Measure *

Up to 10 mV
(1to 40) Hz
40 Hz to 1 kHz
(1 to 20) kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
(0.3t0 1) MHz
(1to 4) MHz
(10 to 100) mV
(1 to 40) Hz
40 Hz to 1 kHz
(1 to 20) kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz
300 kHz to 1 MHz
(1to2) MHz
(2 to 4) MHz
(4 to 8) MHz
(8 to 10) MHz
01tol1)V
(1to 40) Hz
40 Hz to 1 kHz
(1 to 20) kHz
(20 to 50) kHz
(50 to 100) kHz
(100 to 300) kHz

300 kHz to 1 MHz

0.04 % of reading + 3.5 pV
0.03 % of reading + 1.2 pV
0.04 % of reading + 1.2 pV
0.15 % of reading + 1.2 pVvV
0.59 % of reading + 1.2 pVvV
4.6 % of reading + 2.3 pVvV
1.5 % of reading + 5.8 pV
8.1 % of reading + 8.1 pV

0.013 % of reading + 4.6 pV
0.009 7 % of reading + 2.3 pV
0.017 % of reading + 2.3 pV
0.037 % of reading + 2.3 pV
0.093 % of reading + 2.3 pV
0.36 % of reading + 12 pVv
1.2 % of reading + 12 pVv
1.8 % of reading + 12 pVvV
4.7 % of reading + 81 pVv
4.7 % of reading + 92 uVv
17 % of reading + 0.12 mV

0.008 8 % of reading + 46 pV
0.008 3 % of reading + 23 pVv
0.017 % of reading + 23 pV
0.036 % of reading + 23 pV
0.093 % of reading + 23 pV
0.35 % of reading + 0.12 mV
1.2 % of reading + 0.12 mV

Agilent 3458A opt 002
8.5 Digit Multimeter

Version 009
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Electrical — DC/Low Frequency

. Reference Standard,
Parameter/Equipment Range Expanded Uncertainty of Method, and/or
Measurement (+/-) .
Equipment
0.1tol)V
(1to 2) MHz 1.8 % of reading + 0.12 mV
(2to 4) MHz 4.6 % of reading + 81 pVv
(4 to 8) MHz 4.6 % of reading + 0.92 pVv
(8 to 10) MHz 17 % of reading + 1.2 mV
(1to10) V
(1to 40) Hz 0.009 5 % of reading + 0.46 mV
40 Hzto 1 kHz 0.023 % of reading + 0.23 mV
(1 to 20) kHz 0.017 % of reading + 0.23 mV
(20 to 50) kHz 0.036 % of reading + 0.23 mV
(50 to 100) kHz 0.093 % of reading + 0.23 mV
(100 to 300) kHz 0.35 % of reading + 1.2 mV
300 kHz to 1 MHz 1.2 % of reading + 1.2 mV
(1to 2) MHz 1.8 % of reading + 1.2 mV
(2 to 4) MHz 4.6 % of reading + 8.1 mV .
AC Voltage — Measure * (4 to 8) MHz 4.6 % of reading + 9.2 mV Aéggeg 34??" opt 002
(8 to 10) MHz 17 % of reading + 12 mV - Digit Multimeter
(10 to 100) V
(1 to 40) Hz 0.024 % of reading + 4.6 mV
40Hz to 1 kHz 0.024 % of reading + 2.3 mV
(1 to 20) kHz 0.024 % of reading + 2.3 mV
(20 to 50) kHz 0.041 % of reading + 2.3 mV
(50 to 100) kHz 0.14 % of reading + 2.3 mV
(100 to 300) kHz 0.46 % of reading + 12 mV
300 kHz to 1 MHz 1.7 % of reading + 12 mV
(100 to 700) V
(1to 40) Hz 0.047 % of reading + 46 mV
40 Hzto 1 kHz 0.047 % of reading + 23 mV
(1 to 20) kHz 0.071 % of reading + 23 mV
(20 to 50) kHz 0.19 % of reading + 23 mV
(50 to 100) kHz 0.35 % of reading + 23 mV
(0.7 to 10) kV Vitrek 4700
60 Hz 0.17 % of reading + 0.16 V High Voltage Meter
(10 to 20) kV Vitrek 4700
60 Hz 0.17 % of reading + 0.6 V High Voltage Meter,
. 11(20 to 35) kV Vitrek HVP-35
AC High Voltage — Measure 60 Hz 0.23 % of reading + 3.5V High Voltage Probe
(12.5to 25) kV Vitrek 4700
60 Hz 0.15 % of reading + 1.4 V High Voltage Meter,
(25 to 37.5) kV Vitrek HVL-70
60 Hz 0.16 % of reading + 2.8 V High Voltage Probe
Version 009  Issued: February 16, 2021 www.anab.org ANMAB i[?%%
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

AC High Voltage — Measure !

(37.5to 50) kV
60 Hz

0.2 % of reading + 0.2 V

Vitrek 4700
High Voltage Meter,
Vitrek HVL-70
High Voltage Probe

(25 to 75) kV
60 Hz

0.19 % of reading + 3.5V

Vitrek 4700
High Voltage Meter,
HVL-100
High Voltage Probe

Capacitance — Source *

10 Hz to 10 kHz
(0.19 to 3.3) pF
10 Hz to 1 kHz
(3.3to 11) nF
(11 to 110) nF
(110 to 330) nF
(10 to 600) Hz
(0.33t0 1.1) uF
(10 to 300) Hz
(1.1t0 3.3) uF
(10 to 150) Hz
(3.3t0 11) pF
(10 to 120) Hz
(11 to 33) uF

0.39 % of reading + 7.8 pF
0.21 % of reading + 7.8 pF
0.21 % of reading + 78 pF
0.21 % of reading + 0.23 nF
0.2 % of reading + 0.78 nF
0.2 % of reading + 2.3 nF
0.2 % of reading + 7.8 nF

0.31 % of reading + 23 nF

Fluke 5520A

(Simulation) (10 to 80) Hz Multiproduct Calibrator
(33to 110) uF 0.35 % of reading + 78 nF
DC to 50 Hz
(110 to 330) pF 0.35 % of reading + 0.23 puF
DC to 20 Hz
(0.33t0 1.1) mF 0.35 % of reading + 0.78 uF
DCto6 Hz
(1.1t03.3) mF 0.35 % of reading + 2.3 pF
DCto2Hz
(3.3t0 11) mF 0.35 % of reading + 7.8 puF
DCt0 0.6 Hz
(11to 33) mF 0.58 % of reading + 23 pF
DCt0 0.2 Hz
(33to 110) mF 0.85 % of reading + 78 UF
0.33 mF 0.048 % of reading
Capacitance — Measure ! 0.8 mF 0.027 % of reading Time/Charge Method
10 Hz to 1 MHz 1 mF 0.024 % of reading utilizing the HP 3458A
(Fixed Points) 1.2mF 0.023 % of reading 8.5 Digit Multimeter.
3mF 0.018 % of reading

Version 009 Issued: February 16, 2021
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
3.3mF 0.017 % of reading
8 mF 0.016 % of reading
Capacitance — Measure ! 10 mF 0.016 % of reading Time/Charge Method
10 Hz to 1 MHz 12 mF 0.016 % of reading utilizing the HP 3458A
(Fixed Points) 30 mF 0.015 % of reading 8.5 Digit Multimeter.
80 mF 0.014 % of reading
100 mF 0.014 % of reading
0.1 pF
100 kHz 1.4 % of reading
1 MHz 1.8 % of reading
1 pF
10 kHz 1.4 % of reading
100 kHz 0.37 % of reading
1 MHz 0.44 % of reading
2 MHz 1.1 % of reading
10 pF
1 kHz 1.4 % of reading
10 kHz 0.28 % of reading
100 kHz 0.28 % of reading
1 MHz 0.3 % of reading
Capacitance — Measure 2 MHz 0.75 % of reading .
10 Hz to 1 MHz 100 pF Agll'gg ,'\EA‘L?SPA
(Fixed Points) 100 Hz 2.1 % of reading
1 kHz 0.23 % of reading
10 kHz 0.17 % of reading
100 kHz 0.21 % of reading
1 MHz 0.23 % of reading
2 MHz 0.3 % of reading
1nF
20 Hz 1.8 % of reading
100 Hz 0.3 % of reading
1 kHz 0.1 % of reading
10 kHz 0.1 % of reading
100 kHz 0.1 % of reading
1 MHz 0.14 % of reading
2 MHz 0.53 % of reading
Version 009  Issued: February 16, 2021 www.anab.org ANMAB i[a/?%&g
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
10 nF
20 Hz 0.31 % of reading
100 Hz 0.12 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.092 % of reading
1 MHz 0.25 % of reading
2 MHz 0.67 % of reading
100 nF
20 Hz 0.16 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.18 % of reading
1 MHz 0.33 % of reading
Capacitance — Measure 2 R Rl eading .
10 Hz to 1 MHz 1pF _ Agilent E4980A
(Fixed Points) 20 Hz 0.15 % of readl_ng LCR Meter
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.18 % of reading
100 kHz 0.25 % of reading
1 MHz 0.79 % of reading
10 pF
20 Hz 0.15 % of reading
100 Hz 0.092 % of reading
1 kHz 0.16 % of reading
10 kHz 0.28 % of reading
100 kHz 0.73 % of reading
100 puF
20 Hz 0.16 % of reading
100 Hz 0.17 % of reading
1 kHz 0.29 % of reading
10 kHz 0.8 % of reading
Up to 100 pQ 0.63 nQ
DC Resistance — (0.1Qto 1) mQ 6.1 pQ/Q Standard Resistors,
Source/Measure (1 to 10) mQ 7.2 u/Q Current Source,
(10 to 100) mQ 2.5 nQ/Q Digital Multimeter
(01t01) Q 4.4 uQ/IQ
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(1t010) Q 0.41 nQ/Q
(10 to 100) Q 0.67 nQ/Q
(0.1to 1) kQ 0.82 uQ/Q .
DC Resistance — (1 10 10) kQ 2.4 1Q/Q Sta”‘:ﬂa[%gfggtors’
Source/Measure (10 to 100) kQ 0.29 nQ/Q Resi Brid
(0.1to 1) MQ 1.4 pQ/Q esistance Bridge
(1 to 10) MQ 16 pQ/Q
(10 to 100) MQ 19 pQ/Q
Resistance Ratio 1 Qto1kQ 0.16 nQY/Q R M 62428
esistance Bridge
Upto 10 Q 18 pQ/Q + 58 pQ
(10 to 100) Q 15 pQ/Q + 0.58 mQ
(0.1to 1) kQ 12 pQ/Q + 0.58 mQ
(1to 10) kQ 12 pQ/Q + 5.8 mQ Agilent 3458A opt 002
(10 to 100) k2 12 pQ/Q + 58 mQ 8.5 Digit Multimeter,
(0.1t0 1) MQ 20 pQ/Q+23Q Decade Resistor
DC Resistance — (1to 10) MQ 62 nQ/Q +0.12 kQ
Source/Measure * (10 to 100) MQ 0.59 mQ/Q + 1.2 kQ
(0.1t0 1) GQ 0.82 % of reading + 12 kQ
(1to 10) GQ 0.073 % of reading + 10 kQ .
(10 to 100) GQ 0.074 % of reading + 0.1 MQ S'fj‘;'fg"e%’tggio
(0.1t0 1) TQ 0.075 % of reading + 1 MQ Remoto Sourcemgter
(1to 10) TQ 0.19 % of reading + 10 MQ Voltage Source ’
(10 to 100) TQ 0.59 % of reading + 0.1 GQ
10 MQ 19 nQ/Q
DC Resistance — Source 100 MQ 30 pQ/Q Standard Resistors
1 GQ 53 nQ/Q
(10 to 100) MQ 0.08 % of reading
(0.1t0 1) GQ 0.25 % of reading
DC Resistance — Source * (1to 10) GQ 0.41 % of reading :'ETh gRRSf['BJ'éngt'.?ktV
(10 to 100) GQ 0.84 % of reading 'gh esistance SUubsTituter
01t ) TQ 2.5 % of reading
Double Substitution
. (0.1t0 1) GQ 32 uQ/Q Method using Standard
DC Resistance — Measure (1 to 20) GQ 0.14 mQ/Q Resistors and Fluke 8508
8.5 Digit Multimeter.
Inductance — Source * 100 mH standard Inductor
(Artifacts) 1 kHz 0.02 % of reading

o,
Version 009  Issued: February 16, 2021 www.anab.org ANMAB jlaeWRA

ANSI National Accreditation Board /"/,,/ R

Page 12 of 59


http://anab.org/

Electrical — DC/Low Frequency

¢

ANAB

ANSI National Accreditation Board

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
1uH
10 kHz 1.6 % of reading
100 kHz 0.36 % of reading
1 MHz 0.27 % of reading
Inductance — Source ! 2 MHz 0.66 % of reading Standard Inductors
(Artifacts) 10 pH
10 kHz 0.37 % of reading
100 kHz 0.2 % of reading
1 MHz 0.2 % of reading
2 MHz 0.3 % of reading
100 pH
1 kHz 0.4 % of reading
10 kHz 0.2 % of reading
100 kHz 0.12 % of reading
1 MHz 0.14 % of reading
2 MHz 0.72 % of reading
1 mH
100 Hz 0.55 % of reading
1 kHz 0.18 % of reading
10 kHz 0.12 % of reading
100 kHz 0.092 % of reading
1 MHz 0.23 % of reading
2 MHz 0.88 % of reading
Inductance — Measure * 10mH Agilent E4980A
20 Hz 0.85 % of reading LCR Meter
100 Hz 0.22 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.1 % of reading
1 MHz 0.35 % of reading
2 MHz 1.3 % of reading
100 mH
20 Hz 0.28 % of reading
100 Hz 0.1 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.21 % of reading
1 MHz 0.88 % of reading
Version 009  Issued: February 16, 2021 www.anab.org ANMAB ila/&%@
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, raggior
1H
20 Hz 0.16 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.1 % of reading
100 kHz 0.31 % of reading
10H
20 Hz 0.15 % of reading .
Inductance — Measure ® 100 Hz 0.092 % of reading Agll_lgrg 54?80'6‘
1 kHz 0.1 % of reading eter
10 kHz 0.21 % of reading
100 kHz 0.69 % of reading
100 H
20 Hz 0.15 % of reading
100 Hz 0.1 % of reading
1 kHz 0.15 % of reading
10 kHz 0.62 % of reading
0.1 Q
1 kHz 1.8 % of reading
10 kHz 1.6 % of reading
100 kHz 1 % of reading
1 MHz 1.5 % of reading
1Q
20 Hz 0.67 % of reading
100 Hz 0.43 % of reading
1 kHz 0.33 % of reading
10 kHz 0.32 % of reading .
Impedance — Measure * 100 kHz 0.31 % of reading Agtlég[ 54?80'0‘
1 MHz 0.38 % of reading eter
2 MHz 0.92 % of reading
10 Q
20 Hz 0.29 % of reading
100 Hz 0.2 % of reading
1 kHz 0.17 % of reading
10 kHz 0.19 % of reading
100 kHz 0.19 % of reading
1 MHz 0.27 % of reading
2 MHz 0.67 % of reading
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
100 Q
20 Hz 0.16 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.12 % of reading
100 kHz 0.12 % of reading
1 MHz 0.2 % of reading
2 MHz 0.53 % of reading
1 kQ
20 Hz 0.15 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.092 % of reading
1 MHz 0.14 % of reading
Impedance — Measure 3 2 MHz 0.3 % of reading Agilent E4980A
10 kQ LCR Meter
20 Hz 0.15 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.1 % of reading
1 MHz 0.29 of reading
2 MHz 0.87 of reading
100 kQ
20 Hz 0.17 % of reading
100 Hz 0.1 % of reading
1 kHz 0.1 % of reading
10 kHz 0.17 % of reading
100 kHz 0.28 % of reading
1 MHz 0.38 % of reading
2 MHz 1.3 % of reading
10 Hz 0.009 % of reading Fluke 57908
20 Hz R 08% of readl_ng AC Measurement Standard,
50 Hz 0.006 % of reading EL1100 3V
105 Hz 0.007 % of reading Thermal converter
Flatness Relative to 1 kHz 200 Hz 0.006 % of reading 4 dB attenuator ’
7VI32V 2 kHz 0.006 % of reading 10dB attenuato;
10 kHz 0.006 % of reading (3) 20 dB attenuatdrs
20 kHz 0.008 % of read@ng Fluke 5730A ’
50 kHz 0.007 % of read!ng Multiproduct Calibrator
100 kHz 0.007 % of reading
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
200 kHz 0.007 % of reading
500 kHz 0.009 % of reading
700 kHz 0.013 % of reading
1 MHz 0.016 % of reading
1.2 MHz 0.016 % of reading
2 MHz 0.021 % of reading
3 MHz 0.024 % of reading
4 MHz 0.028% of reading Eluke 57908
g m:z pRo ) of read!ng AC Measurement Standard,
z 0.034 % of reading EL1100 3V
9 MHz 0.034 % of reading Thermal converter
Flatness Relative to 1 kHz 10 MHz 0.034 % of reading 4 dB attenuator '
7VI/32V 12 MHz 0.042 % of reading 10dB attenuato;
15 MHz 0.046 % of reading (3) 20 dB attenuatdrs
17 MHz 0.052 % of reading Fluke 5730A :
20 MHz 0.062 % of readin . .
23 MHz 0.087 % of reading Multiproduct Calibrator
26 MHz 0.1 % of reading
28 MHz 0.11 % of reading
30 MHz 0.12 % of reading
35 MHz 0.15 % of reading
40 MHz 0.17 % of reading
45 MHz 0.20 % of reading
50 MHz 0.25 % of reading
10 Hz 0.012 % of reading
20 Hz 0.012 % of reading
50 Hz 0.007 % of reading
105 Hz 0.008 % of reading
200 Hz (B % of reading AC Meggﬁr:rr?gngtogandard
2 kHz 0.007 % of reading EL1100 3 V ’
10 kHz 0.007 % of reading Thermal converter
Flatness Relative to 1 kHz 20 kHz 0.008 % of reading 4 dB attenuator ’
22V I2V 50 kHz 0.007% of reading 10 dB attenuato;
100 kHz 0.007 % of reading (3) 20 dB attenuatdrs
200 kHz 0.007 % of reading Fluke 5730A ’
500 kHz §§-09 % of reading Multiproduct Calibrator
700 kHz 0.014 % of reading
1 MHz 0.017 % of reading
1.2 MHz 0.017 % of reading
2 MHz 0.021 % of reading
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
3 MHz 0.026 % of reading
4 MHz 0.029 % of reading
6 MHz 0.033 % of reading
8 MHz 0.037 % of reading
9 MHz 0.036 % of reading
10 MHz Ol reading AC MeZslﬂlir(:n?gr?tOS%andard
12 MHz 0.045 % of reading EL1100 3V ’
15 MHz 0.049 % of reading Thermal converter
Flatness Relative to 1 kHz 17 MHz 0.054 % of reading 4 dB attenuator '
22V /I2V 20 MHz 0.065 % of reading 10 dB attenuato;
23 MHz 0.045 % of reading (3) 20 dB attenuatdrs
26 MHz 0.049 % of read!ng Fluke 5730A :
28 Wiz e ool read!ng Multiproduct Calibrator
30 MHz 0.065 % of reading
35 MHz 0.089 % of reading
40 MHz 0.1 % of reading
45 MHz 0.12 % of reading
50 MHz 0.12 % of reading
10 Hz 0.014 % of reading
20 Hz 0.013 % of reading
50 Hz 0.008 % of reading
105 Hz 0.009 % of reading
200 Hz 0.007 % of reading
2 kHz 0.007 % of reading
10 kHz 0.007 % of reading
20 kHz fR° % of reading AC Meggar:rr?griosﬁandard
50 kHz 0.007 % of reading EL1100 3 V ’
100 kHz 0.007 % of reading Thermal converter
Flatness Relative to 1 kHz 200 kHz 0.007 % of reading 4 dB attenuator ’
22V /I1V 500 kHz 0.009 % of reading 10 dB attenuato;
700 kHz 0.014 % of reading (3) 20 dB attenuato,rs
1 MHz 0.017 % of reading Fluke 5730A ’
0 .
1é2MM HF;Z 88;; 0;2 g; :ggg:gg Multiproduct Calibrator
3 MHz 0.027 % of reading
4 MHz 0.031 % of reading
6 MHz 0.035 % of reading
8 MHz 0.039 % of reading
9 MHz 0.04 % of reading
10 MHz 0.04 % of reading
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
12 MHz 0.049 % of reading
15 MHz 0.052 % of reading
L7 MHz 0.05QRgof reading AC Megslﬂlir(:n?gr?tOSBtandard
20 MHz 0.066 % of reading EL1100 3V ’
23 MHz 0.049 % of reading Thermal converter
Flatness Relative to 1 kHz 26 MHz 0.052 % of reading 4 dB attenuator '
22V/I1V 28 MHz 0.056 % of reading 10 dB attenuato;
30 MHz 0.066 % of reading (3) 20 dB attenuatc;rs
35 MHz 0.09 % of read!ng Fluke 5730A ’
40 MHz -0 of read!ng Multiproduct Calibrator
45 MHz 0.12 % of reading
50 MHz 0.13 % of reading
10 Hz 0.017 % of reading
20 Hz 0.016 % of reading
50 Hz 0.009 % of reading
105 Hz 0.01 % of reading
200 Hz 0.008 % of reading
2 kHz 0.007 % of reading
10 kHz 0.007 % of reading
20 kHz 0.009 % of reading
50 kHz 0.008 % of reading
100 kHz 0.008 % of reading
200 kHz 0.008 % of reading AC Momke 07908
500 kHz 0.01 % of reading EL1100 3V ’
700 kHz 0.015 % of reading Thermal converter
Flatness Relative to 1 kHz 1 MHz 0.018 % of reading 4 dB attenuator '
0.7V /0.64V 1.2 MHz 0.018 % of reading 10 dB attenuato;
2 MHz 0.023 % of reading (3) 20 dB attenuato,rs
3 MHz 0.028 % of reading Fluke 5730A ’
4 MHz Q2 % of read!ng Multiproduct Calibrator
6 MHz 0.037 % of reading
8 MHz 0.041 % of reading
9 MHz 0.042 % of reading
10 MHz 0.042 % of reading
12 MHz 0.052 % of reading
15 MHz 0.055 % of reading
17 MHz 0.059 % of reading
20 MHz 0.069 % of reading
23 MHz 0.052 % of reading
26 MHz 0.055 % of reading
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
28 MHz 0.059 % of reading AC Me?zslljrlelrggné \S/t andard,
30 MHz 0.069 % of reading Thermal converter
Flatness Relative to 1 kHz 35 MHz 0.093 % of reading 4 dB attenuator ’
0.7V/0.64V 40 MHz 0.11 % of reading 10 dB attenuato;
45 MHz 0.12 % of reading (3) 20 dB attenuatc;rs
50 MHz 0.13 % of reading Fluke 5730A ’
Multiproduct Calibrator
10 Hz 0.014 % of reading
20 Hz 0.014 % of reading
50 Hz 0.008 % of reading
105 Hz 0.008 % of reading
200 Hz 0.007 % of reading
2 kHz 0.008 % of reading
10 kHz 0.007 % of reading
20 kHz 0.009 % of reading
50 kHz 0.008 % of reading
100 kHz 0.008 % of reading
200 kHz 0.008 % of reading
500 kHz 0.010 % of reading AC Mean'ﬂfﬁ n?;?togan dard
700 kHz 0.015 % of reading EL1100 3 V ’
1 MHz 0.017 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.018 % of reading 4 dB attenuator ’
0.7VvV/032V 2 MHz 0.022 % of reading 10 dB attenuato;
3 MHz 0.028 % of reading (3) 20 dB attenuato,rs
4 MHz 0.031 % of read!ng Eluke 5730A ’
6 MHz [ % of read!ng Multiproduct Calibrator
8 MHz 0.038 % of reading
9 MHz 0.038 % of reading
10 MHz 0.038 % of reading
12 MHz 0.049 % of reading
15 MHz 0.053 % of reading
17 MHz 0.060 % of reading
20 MHz 0.071 % of reading
23 MHz 0.049 % of reading
26 MHz 0.053 % of reading
28 MHz 0.06 % of reading
30 MHz 0.071 % of reading
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
AC Measurement Standard,
35 MHz 0.094 % of reading TheE;illggn:%v;/rter
Flatness Relative to 1 kHz 40 MHz 0.11 % of reading 4 dB attenuator ’
0.7VvV/032V 45 MHz 0.12 % of reading 10 dB attenuato;
50 MHz 0.13 % of reading (3) 20 dB attenuato,rs
Fluke 5730A
Multiproduct Calibrator
10 Hz 0.018 % of reading
20 Hz 0.017 % of reading
50 Hz 0.01 % of reading
105 Hz 0.01 % of reading
200 Hz 0.008 % of reading
2 kHz 0.008 % of reading
10 kHz 0.008 % of reading
20 kHz 0.009 % of reading
50 kHz 0.009 % of reading
100 kHz 0.009 % of reading
200 kHz 0.009 % of reading
500 Sg Rl 01 reading AC Megslﬂt(:n?gr?togandard
700 kHz 0.016 % of reading EL1100 3 V ’
1 MHz 0.019 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.019 % of reading 4 dB attenuator ’
022V /01V 2 MHz 0.023 % of reading 10 dB attenuato;
3 MHz 0.03 % of reading (3) 20 dB attenuato,rs
4 MHz 0.034 % of read!ng Eluke 5730A ’
6 MHz IR % of read!ng Multiproduct Calibrator
8 MHz 0.043 % of reading
9 MHz 0.043 % of reading
10 MHz 0.044 % of reading
12 MHz 0.055 % of reading
15 MHz 0.059 % of reading
17 MHz 0.064 % of reading
20 MHz 0.075 % of reading
23 MHz 0.055 % of reading
26 MHz 0.059 % of reading
28 MHz 0.064 % of reading
30 MHz 0.075 % of reading
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Reference Standard,
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Fluke 5790B
AC Measurement Standard,
35 MHz 0.098 % of reading 08V
Flatness Relative to 1 kHz 40 MHz 0.12 % of reading 4 dB attenuator ’
022V /01V 45 MHz 0.13 % of reading 10 dB attenuato;
50 MHz 0.14 % of reading (3) 20 dB attenuatc;rs
Fluke 5730A
Multiproduct Calibrator
10 Hz 0.019 % of reading
20 Hz 0.018 % of reading
50 Hz 0.009 % of reading
105 Hz 0.01 % of reading
200 Hz 0.008 % of reading
2 kHz 0.009 % of reading
10 kHz 0.009 % of reading
20 kHz 0.01 % of reading
50 kHz 0.009 % of reading
100 kHz 0.009 % of reading
200 kHz 0.01 % of reading
500 kHz 0.011 % of reading AC Mean'ﬂfﬁ n?;?togan dard
700 kHz 0.016 % of reading EL1100 3 V ’
1 MHz 0.02 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.02 % of reading 4 dB attenuator ’
0.07V/32mV 2 MHz 0.024 % of reading 10 dB attenuato;
3 MHz 0.031 % of reading (3) 20 dB attenuato,rs
4 MHz 0.034 % of read!ng Eluke 5730A ’
6 MHz IR0 % of read!ng Multiproduct Calibrator
8 MHz 0.044 % of reading
9 MHz 0.044 % of reading
10 MHz 0.045 % of reading
12 MHz 0.057 % of reading
15 MHz 0.063 % of reading
17 MHz 0.07 % of reading
20 MHz 0.08 % of reading
23 MHz 0.057 % of reading
26 MHz 0.063 % of reading
28 MHz 0.07 % of reading
30 MHz 0.08 % of reading
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Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
AC Measurement Standard,
35 MHz 0.1 % of reading TheE;illggn:%v;/rter
Flatness Relative to 1 kHz 40 MHz 0.12 % of reading 4 dB attenuator ’
0.07V/32mV 45 MHz 0.13 % of reading 10 dB attenuato;
50 MHz 0.14 % of reading (3) 20 dB attenuatc;rs
Fluke 5730A
Multiproduct Calibrator
10 Hz 0.022 % of reading
20 Hz 0.021 % of reading
50 Hz 0.011 % of reading
105 Hz 0.011 % of reading
200 Hz 0.009 % of reading
2 kHz 0.009 % of reading
10 kHz 0.009 % of reading
20 kHz 0.01 % of reading
50 kHz 0.01 % of reading
100 kHz 0.01 % of reading
200 kHz 0.01 % of reading
500 kHz 0.012 % of reading AC Mean'ﬂfﬁ n?;?togan dard
700 kHz 0.017 % of reading EL1100 3 V/ ’
1 MHz 0.021 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.021 % of reading 4 dB attenuator ’
22mV /10 mV 2 MHz 0.025 % of reading 10 dB attenuato;
3 MHz 0.033 % of reading (3) 20 dB attenuato,rs
4 MHz 0.037 % of read!ng Eluke 5730A ’
6 MHz 12 Yoof read!ng Multiproduct Calibrator
8 MHz 0.048 % of reading
9 MHz 0.049 % of reading
10 MHz 0.05 % of reading
12 MHz 0.063 % of reading
15 MHz 0.068 % of reading
17 MHz 0.073 % of reading
20 MHz 0.084 % of reading
23 MHz 0.063 % of reading
26 MHz 0.068 % of reading
28 MHz 0.073% of reading
30 MHz 0.084 % of reading
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Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
AC Measurement Standard,
35 MHz 0.11 % of reading TheE;illggn:%v;/rter
Flatness Relative to 1 kHz 40 MHz 0.12 % of reading 4 dB attenuator ’
22mV /10 mV 45 MHz 0.14 % of reading 10 dB attenuato;
50 MHz 0.15 % of reading (3) 20 dB attenuato,rs
Fluke 5730A
Multiproduct Calibrator
10 Hz 0.022 % of reading
20 Hz 0.022 % of reading
50 Hz 0.01 % of reading
105 Hz 0.011 % of reading
200 Hz 0.009 % of reading
2 kHz 0.01 % of reading
10 kHz 0.01 % of reading
20 kHz 0.011 % of reading
50 kHz 0.01 % of reading
100 kHz 0.01 % of reading
200 kHz 0.01 % of reading
500 kHz 0.012 % of reading AC Mean'ﬂfﬁ n?;?togan dard
700 kHz 0.018 % of reading EL1100 3 V ’
1 MHz 0.021 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.021 % of reading 4 dB attenuator ’
7mVv/32mV 2 MHz 0.025 % of reading 10 dB attenuato;
3 MHz 0.034 % of reading (3) 20 dB attenuato,rs
4 MHz 0.036 % of read!ng Eluke 5730A ’
6 MHz [ 2 Yoof read!ng Multiproduct Calibrator
8 MHz 0.047 % of reading
9 MHz 0.048 % of reading
10 MHz 0.049 % of reading
12 MHz 0.063 % of reading
15 MHz 0.069 % of reading
17 MHz 0.076 % of reading
20 MHz 0.087 % of reading
23 MHz 0.063 % of reading
26 MHz 0.069 % of reading
28 MHz 0.076 % of reading
30 MHz 0.087 % of reading
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Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
AC Measurement Standard,
35 MHz 0.11 % of reading TheE;illggn:%v;/rter
Flatness Relative to 1 kHz 40 MHz 0.13 % of reading 4 dB attenuator ’
7mVv/32mV 45 MHz 0.14 % of reading 10 dB attenuato;
50 MHz 0.15 % of reading (3) 20 dB attenuato,rs
Fluke 5730A
Multiproduct Calibrator
10 Hz 0.025 % of reading
20 Hz 0.024 % of reading
50 Hz 0.011 % of reading
105 Hz 0.012 % of reading
200 Hz 0.01 % of reading
2 kHz 0.01 % of reading
10 kHz 0.01 % of reading
20 kHz 0.011 % of reading
50 kHz 0.01 % of reading
100 kHz 0.011 % of reading
200 kHz 0.011 % of reading
500 kHz 0.013 % of reading AC Mean'ﬂfﬁ n?;?togan dard
700 kHz 0.018 % of reading EL1100 3 V ’
1 MHz 0.022 % of reading Thermal converter
Flatness Relative to 1 kHz 1.2 MHz 0.022 % of reading 4 dB attenuator ’
22mVv/1mvV 2 MHz 0.026 % of reading 10 dB attenuato;
3 MHz 0.036 % of reading (3) 20 dB attenuato,rs
4 MHz 0.039 % of read!ng Eluke 5730A ’
6 MHz > Yo of read!ng Multiproduct Calibrator
8 MHz 0.051 % of reading
9 MHz 0.052 % of reading
10 MHz 0.053 % of reading
12 MHz 0.068 % of reading
15 MHz 0.073 % of reading
17 MHz 0.079 % of reading
20 MHz 0.09 % of reading
23 MHz 0.068 % of reading
26 MHz 0.073 % of reading
28 MHz 0.079 % of reading
30 MHz 0.09 % of reading
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
Fluke 5790B
AC Measurement Standard,
35 MHz 0.11 % of reading TheEr;illggn:%v;/rter
Flatness Relative to 1 kHz 40 MHz 0.13 % of reading 4 dB attenuator '
22mvV/1mvVv 45 MHz 0.14 % of reading 10 dB attenuato;
50 MHz 0.15 % of reading (3) 20 dB attenuato,rs
Fluke 5730A
Multiproduct Calibrator
2mvV
10 Hz 0.56 VIV
20 Hz 0.35 mV/V
40 Hz 0.45 mV/V
100 Hz 0.39 mV/V
1 kHz 0.34 mV/V
10 kHz 0.32 mV/V
20 kHz 0.32 mV/V
50 kHz 0.35 mV/V
100 kHz 0.44 mV/V
300 kHz 0.51 mVvV/V
500 kHz 0.61 mV/V
800 kHz 0.75 mV/IV
'-Doi‘;‘]ﬁe':r;f]‘lge&césufe%;f 1 MHz 0.76 mV/V Fluke 792A
(Voltage) 6 mV AC/DC Transfer Standard
10 Hz 0.23 mV/V
20 Hz 0.23 mV/V
40 Hz 0.23 mV/V
100 Hz 0.19 mV/V
1 kHz 0.18 mV/V
10 kHz 0.17 mV/IV
20 kHz 0.2 mVIV
50 kHz 0.22 mV/V
100 kHz 0.3 mv/V
300 kHz 0.41 mV/V
500 kHz 0.49 mV/V
800 kHz 0.58 mV/V
1 MHz 0.63 mV/V
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ANSI National Accreditation Board

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) :
Equipment
10 mV
10 Hz 0.11 mv/vV
20 Hz 0.11 mv/ivV
40 Hz 89 uv/iv
100 Hz 0.14 mVvIVvV
1 kHz 88 uV/V
10 kHz 0.11 mVIV
20 kHz 83 uviv
50 kHz 0.1 mv/V
100 kHz 0.16 mV/V
300 kHz 0.22 mVIV
500 kHz 0.3 mVv/V
800 kHz 0.33 mVIV
1 MHz 0.42 mVIV
20 mv
10 Hz 84 uv/iv
20 Hz 68 uVv/v
40 Hz 64 pV/V
100 Hz 0.11 mvV/VvV
1 kHz 67 UV/V
B"i‘;‘]ﬁeﬁgi‘ée&césufgg]? 10 kHz 81 VIV Fluke 792A
(Voltage) 20 kHz 62 uVv/v AC/DC Transfer Standard
50 kHz 0.11 mvV/VvV
100 kHz 0.16 mV/V
300 kHz 0.22 mVIV
500 kHz 0.31 mvVIVvV
800 kHz 0.38 mV/V
1 MHz 0.39 mV/V
60 mV
10 Hz 0.1 mv/V
20 Hz 45 pviv
40 Hz 35 uV/IV
100 Hz 33 uVv/IV
1 kHz 32 pvIv
10 kHz 37 pvIiv
20 kHz 35 uV/IV
50 kHz 40 pvIv
100 kHz 77 VIV
300 kHz 0.15 mVIV
500 kHz 0.22 mVIV
800 kHz 0.29 mv/V
1 MHz 0.3 mVv/V
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) :
Equipment
0.1V
10 Hz 46 pVv/IvV
20 Hz 29 uv/Iv
40 Hz 21 pviv
100 Hz 15 pviv
1 kHz 14 pVIV
10 kHz 26 pVv/v
20 kHz 29 uv/iv
50 kHz 30 pV/IV
100 kHz 45 pviv
300 kHz 90 uv/v
500 kHz 0.13 mVvVIVvV
800 kHz 0.19 mV/IV
1 MHz 0.2 mV/V
0.2V
10 Hz 35 uV/IV
20 Hz 21 pVv/IvV
40 Hz 29 uv/iv
100 Hz 16 pV/IV
1 kHz 12 VIV
B"i‘;‘]ﬁeﬁgi‘ée&césufgg]? 10 kHz 20 LV/V Fluke 792A
(Voltage) 20 kHz 17 pvIiv AC/DC Transfer Standard
50 kHz 28 uVIvV
100 kHz 48 pviv
300 kHz 76 uv/iv
500 kHz 0.11 mvVIVvV
800 kHz 0.16 mV/V
1 MHz 0.19 mV/V
0.6V
10 Hz 28 uVIV
20 Hz 24 uvIiv
40 Hz 7.6 pVIV
100 Hz 8.7 uWivV
1 kHz 9.2 pviv
10 kHz 7.8 pvVIV
20 kHz 9.7 uWWIV
50 kHz 8.6 pV/V
100 kHz 30 pv/IvV
300 kHz 26 pVIV
500 kHz 47 pWIV
800 kHz 60 pVv/v
1 MHz 81 pVv/IV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) :
Equipment
1V
10 Hz 29 uv/Iiv
20 Hz 18 uviv
40 Hz 6.5 uv/iv
100 Hz 6.7 pVIV
1 kHz 7 UiV
10 kHz 6 uVv/iV
20 kHz 6 uVv/iV
50 kHz 8.2 VIV
100 kHz 14 uviv
300 kHz 22 uvIiv
500 kHz 35 uvIiv
800 kHz 36 puVv/vV
1 MHz 48 pviv
2V
10 Hz 25 pVv/Iv
20 Hz 15 uviv
40 Hz 6.6 uVv/V
100 Hz 6.4 pV/IV
1 kHz 6.5uV/V
B"i‘;‘]ﬁeﬁgi‘ée&césufgg]? 10 kHz 6.2 LVIV Fluke 792A
(Voltage) 20 kHz 6.8 pVvV/V AC/DC Transfer Standard
50 kHz 7.9 pvIiv
100 kHz 14 uviv
300 kHz 33 uviv
500 kHz 33 pviv
800 kHz 32 uviv
1 MHz 45 pviv
6V
10 Hz 32 pviv
20 Hz 16 pv/iv
40 Hz 5.6 pV/V
100 Hz 6.1 uv/iv
1 kHz 5.8 pviv
10 kHz 6.3 pV/IV
20 kHz 5.8 pV/V
50 kHz 6.5 pV/IV
100 kHz 9.4 pviv
300 kHz 20 pVIV
500 kHz 27 VIV
800 kHz 33 uviv
1 MHz 42 uVIV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
10V
10 Hz 26 pV/IvV
20 Hz 15 pviv
40 Hz 5.5 uviv
100 Hz 6.3 pV/V
1 kHz 5.9 pvV/IV
10 kHz 5.5 uV/V
20 kHz 5.6 uv/iv
50 kHz 7.3 uVIV
100 kHz 9.6 uV/V
300 kHz 20 pv/iv
500 kHz 35 uvIiv
800 kHz 56 uVv/v
1 MHz 81 pv/iv
20V
10 Hz 37 pvIvV
20 Hz 17 uviv
40 Hz 8 uviv
Low Frequency — AC/DC 100 Hz 7.9 pv/ivV
Difference Measurement 1 kHz 7.7 pVIV AC /DCF'Irurl;ﬁs:‘grzétan dard
(Voltage) 10 kHz 7.9 pvIiv
20 kHz 7.8 UVIV
50 kHz 8.9 pV/IV
100 kHz 12 uviv
300 kHz 22 uvIiv
500 kHz 28 uV/IV
800 kHz 37 uviv
1 MHz 55 uv/iv
60 V
10 Hz 36 pV/V
20 Hz 17 uviv
40 Hz 7.1 uvIiv
100 Hz 6.9 pV/IV
1 kHz 7.3 pVIiV
10 kHz 7.0 pvIV
20 kHz 7.7 VIV
50 kHz 15 pviv
100 kHz 11 pviv
300 kHz 33 uv/IvV
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ANSI National Accreditation Board

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
100 V
10 Hz 27 uVIvV
20 Hz 15 pviv
40 Hz 7.2 WWIV
100 Hz 6.9 pV/V
1 kHz YA
10 kHz 7.1 VIV
20 kHz 7.6 pVIV
50 kHz 12 pviv
100 kHz 18 uviv
200 V
10 Hz 44 uvIv
20 Hz 17 pviv
40 Hz 10 pviv
100 Hz 10 pviv
1 kHz 9.7 u\WIV
10 kHz 9.8 uv/iv
20 kHz 10.3 VIV
50 kHz 12 pviv
'E)Oi‘;‘]ﬁe'?;‘l‘ée&césufe%;? 100 kHz 19 pVIV Fluke 792A
(Voltage) 600 V AC/DC Transfer Standard
10 Hz 54 pviv
20 Hz 29 VIV
40 Hz 14 uviv
100 Hz 15 uviv
1 kHz 13 uviv
10 kHz 18 uviv
20 kHz 20 pv/iv
50 kHz 32 pviv
100 kHz 72 uVIV
1000V
10 Hz 54 uv/Iiv
20 Hz 22 uVIvV
40 Hz 13 uviv
100 Hz 12 pviv
1 kHz 13 uviv
10 kHz 16 pviv
20 kHz 22 pvVIvV
50 kHz 47 pVIV
100 kHz 67 VIV
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¢
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment

0.1 mA
10 Hz 75 uv/Iv
20 Hz 70 pvV/IvV
40 Hz 61 uv/v
400 Hz 59 uV/V
1 kHz 56 UV/V
5 kHz 73 uv/Iiv
10 kHz 83 uviv
20 kHz 0.12 mvV/IVvV
30 kHz 0.16 mV/V

0.2 mA
10 Hz 95 pV/V
20 Hz 56 UV/V
40 Hz 59 uv/v
400 Hz 45 pvIiv
1 kHz 43 VIV
5 kHz 69 uv/v
10 kHz 81 pV/V

AC Current — Measure 20 kHz 0.12 mV/V Fluke 792A
30 kHz 0.19 mV/V AC/DC Transfer Standard,
(Current w/ Voltage
Output Reading) 0.3 mA Fluke A40

10 Hz 71 pvIv Current Shunts
20 Hz 70 UVIV
40 Hz 49 pviv
400 Hz 47 uvIiv
1 kHz 47 pVIV
5 kHz 47 pVIV
10 kHz 49 pviv
20 kHz 68 UV/V
30 kHz 0.12 mVvV/IV

1 mA
10 Hz 56 UV/V
20 Hz 47 pWIV
40 Hz 41 pvIiv
400 Hz 34 uvIiv
1 kHz 30 uV/V
5 kHz 34 pviv
10 kHz 37 pvIiv
20 kHz 43 pviv
30 kHz 36 UV/V
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
2 mA
10 Hz 54 uvIiv
20 Hz 42 pvIv
40 Hz 46 pvIv
400 Hz 38 uV/vV
1 kHz 38 uV/IV
5 kHz 39 pviv
10 kHz 41 pviv
20 kHz 41 pvIiv
30 kHz 48 pV/IV
3mA
10 Hz 51 uv/iv
20 Hz 40 uv/Iv
40 Hz 35 pv/Iiv
400 Hz 33 uV/IvV
1 kHz 33 uv/Iv
5 kHz 32 uvIiv
10 kHz 32 uvIiv
20 kHz 38 uviv Fluke 792A
AC Current - Measure 30 kHz 44 EV/V AC/DC Transfer Standard,
(Current w/ Voltage
Output Reading) 10 mA Fluke A40
10 Hz 0.1 mVv/V Current Shunts
20 Hz 53 pV/V
40 Hz 38 uv/iv
400 Hz 37 uviv
1 kHz 32 uvIiv
5 kHz 31 pvIvV
10 kHz 32 uviv
20 kHz 42 pyWIv
30 kHz 63 UV/V
20 mA
10 Hz 0.14 mVv/V
20 Hz 84 uvIiv
40 Hz 78 uV/IV
400 Hz 77 VIV
1 kHz 76 uV/IV
5 kHz 76 VIV
10 kHz 76 pV/IV
20 kHz 78 VIV
30 kHz 93 uV/V
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
30 mA
10 Hz 0.15 mV/V
20 Hz 92 uv/iv
40 Hz 72 uVIv
400 Hz 66 PHV/V
1 kHz 66 UV/V
5 kHz 67 uv/iv
10 kHz 73 pVIV
20 kHz 85 uV/V
30 kHz 0.11 mV/V
01A
10 Hz 0.14 mV/IV
20 Hz 64 uVv/v
40 Hz 53 uv/iv
400 Hz 51 pv/Iiv
1 kHz 48 VIV
5 kHz 48 pviv
10 kHz 49 VIV
20 kHz 61 pVv/v Fluke 792A
AC Current - Measure 30 kHz 78 UVIV AC/DC Transfer Standard,
(Current w/ Voltage
Output Reading) 0.2A Fluke A40
10 Hz 0.15 mV/V Current Shunts
20 Hz 58 pV/V
40 Hz 39 uv/iv
400 Hz 37 uviv
1 kHz 40 pviv
5 kHz 34 pvIv
10 kHz 33 pVIvV
20 kHz 49 pviv
30 kHz 68 UV/V
0.3A
10 Hz 0.12 mV/V
20 Hz 56 UV/V
40 Hz 43 pvIiv
400 Hz 33 pviv
1 kHz 32 uviv
5 kHz 31 pviv
10 kHz 36 pVv/IvV
20 kHz 43 pvIiv
30 kHz 72 uVIV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
05A
10 Hz 0.26 mV/V
20 Hz 51 pviv
40 Hz 75 pV/IV
400 Hz 50 pV/V
1 kHz 45 VIV
5 kHz 37 uvIiv
10 kHz 29 uv/iv
20 kHz 47 uvIv
30 kHz 79 pV/IV
1A
10 Hz 98 VIV
20 Hz 50 uV/V
40 Hz 38 uv/iv
400 Hz 39 uV/IvV
1 kHz 35 uV/V
5 kHz 39 pv/iv
10 kHz 48 pV/IV
20 kHz 80 nuv/iv Fluke 792A
AC Current - Measure 30 kHz O.lzumV/V AC/DC Transfer Standard,
(Current w/ Voltage
Output Reading) 2A Fluke A40
10 Hz 0.11 mV/V Current Shunts
20 Hz 56 pV/V
40 Hz 42 uvIiv
400 Hz 37 uviv
1 kHz 35 pVIvV
5 kHz 42 pVIV
10 kHz 43 pviv
20 kHz 55 UV/V
30 kHz 0.11 mVv/V
3A
10 Hz 0.13 mVv/V
20 Hz 66 UV/V
40 Hz 57 uv/Iiv
400 Hz 56 pVv/v
1 kHz 55 UV/V
5 kHz 61 UV/V
10 kHz 63 pv/v
20 kHz 83 uV/V
30 kHz 0.14 mV/V
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
5A
10 Hz 0.13 mV/V
20 Hz 67 VIV
40 Hz 56 pVv/v
400 Hz 61 pVvIv
1 kHz 53 uv/iv
5 kHz 58 uv/v
10 kHz 69 uv/v
20 kHz 88 uv/v
30 kHz 0.18 mV/V
10A
10 Hz 0.15 mV/V
20 Hz 84 pVv/iv
40 Hz 65 uVv/iV
400 Hz 64 pVvIv
1 kHz 62 VIV
5 kHz 62 uVv/v
AC Current — Measure 10 kHz 62 uv/v Fluke 792A
AC/DC Transfer Standard,
(Current w/ Voltage 20 kHz 0.1 mvV/V Eluke A40
Output Reading) 30 kHz 0.15 mV/V
Current Shunts
20 A
10 Hz 0.15 mV/V
20 Hz 0.12 mV/V
40 Hz 81 uv/iv
400 Hz 81 uv/iv
1 kHz 77 UWWIV
5 kHz 77 uwWIV
10 kHz 77 uwWIV
20 kHz 0.13mV/V
30 kHz 0.18 mV/V
100 A
10 Hz 0.16 mVIV
20 Hz 0.16 mVIV
40 Hz 96 uVv/V
400 Hz 86 uVv/V
1 kHz 86 uVv/V
5 kHz 0.12 mV/V
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Electrical — DC/Low Frequency
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
2 mVvV
10 Hz 0.56 mV/V
20 Hz 0.35 mV/V
40 Hz 0.45 mV/V
100 Hz 0.39 mV/V
1 kHz 0.34 mV/V
10 kHz 0.32 mV/V
20 kHz 0.32 mV/V
50 kHz 0.35 mV/V
100 kHz 0.44 mV/IV
300 kHz 0.51 mVv/V
500 kHz 0.61 mV/V
800 kHz 0.75 mV/V
1 MHz 0.76 mV/V
6 mV
10 Hz 0.23 mV/V
20 Hz 0.23 mV/V
40 Hz 0.23 mV/V
100 Hz 0.19 mV/V
1 kHz 0.18 mV/V
AC Voltage — Measure 10 kHz 0.17 mV/IV Fluke 792A
20 kHz 0.2 mV/V AC/DC Transfer Standard
50 kHz 0.22 mV/V
100 kHz 0.3 mV/V
300 kHz 0.41 mV/IV
500 kHz 0.49 mV/V
800 kHz 0.58 mV/V
1 MHz 0.63 mV/V
10 mV
10 Hz 0.11 mVv/V
20 Hz 0.11 mV/V
40 Hz 89 uV/V
100 Hz 0.14 mVv/V
1 kHz 88 UV/V
10 kHz 0.11 mV/V
20 kHz 83 uV/V
50 kHz 0.1 mVv/V
100 kHz 0.16 mV/V
300 kHz 0.22 mV/IV
500 kHz 0.3 mVv/V
800 kHz 0.33 mV/V
1 MHz 0.42 mV/IV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
20 mv
10 Hz 84 uviv
20 Hz 68 UV/V
40 Hz 64 uv/iv
100 Hz 0.11 mV/V
1 kHz 67 VIV
10 kHz 81 pV/V
20 kHz 62 uVv/v
50 kHz 0.11 mV/V
100 kHz 0.16 mV/V
300 kHz 0.22 mV/IV
500 kHz 0.31 mVv/VvV
800 kHz 0.38 mV/V
1 MHz 0.39 mV/V
60 mV
10 Hz 0.1 mv/V
20 Hz 45 pviv
40 Hz 35 pV/V
100 Hz 33 uVv/Iv
1 kHz 32 pvIv
10 kHz 37 uWWIiV Fluke 792A
AC Voltage — Measure 20 kHz 35 PVIV AC/DC Transfer Standard
50 kHz 40 pviv
100 kHz 77 uvIiv
300 kHz 0.15 mV/V
500 kHz 0.22 mV/IV
800 kHz 0.29 mV/V
1 MHz 0.3 mVv/V
0.1V
10 Hz 46 pVvIvV
20 Hz 29 uv/iv
40 Hz 21 uvIiv
100 Hz 15 VIV
1 kHz 14 VIV
10 kHz 26 pV/IvV
20 kHz 29 uvVIvV
50 kHz 30 pv/IvV
100 kHz 45 pviv
300 kHz 90 uvIv
500 kHz 0.13 mVv/V
800 kHz 0.19 mvV/V
1 MHz 0.2 mV/V
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
0.2V
10 Hz 35 uV/IV
20 Hz 21 pvIiv
40 Hz 29 uv/iv
100 Hz 16 pviv
1 kHz 12 pvVIv
10 kHz 20 pv/iv
20 kHz 17 uviv
50 kHz 28 VIV
100 kHz 48 pviv
300 kHz 76 uVv/iv
500 kHz 0.11 mv/iVvV
800 kHz 0.16 mVIV
1 MHz 0.19 mV/V
06V
10 Hz 28 uVv/Iv
20 Hz 24 VIV
40 Hz 7.6 pVIV
100 Hz 8.7 uV/IV
1 kHz 9.2 pv/iv
10 kHz 7.8 pvIV Fluke 792A
AC Voltage — Measure 20 kHz 9.7 VIV AC/DC Transfer Standard
50 kHz 8.6 VIV
100 kHz 30 puviv
300 kHz 26 pVv/v
500 kHz 47 pvIvV
800 kHz 60 pVv/v
1 MHz 81 uv/iv
1V
10 Hz 29 uvVIv
20 Hz 18 uviv
40 Hz 6.5 pV/IV
100 Hz 6.7 uVIV
1 kHz 7 uviv
10 kHz 6 pv/IivV
20 kHz 6 UV/V
50 kHz 8.2 pVIV
100 kHz 14 pviv
300 kHz 22 uVIV
500 kHz 35 uviv
800 kHz 36 pVv/IvV
1 MHz 48 pVIV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
2V
10 Hz 25 pv/Iiv
20 Hz 15 pviv
40 Hz 6.6 VIV
100 Hz 6.4 pVIV
1 kHz 6.5uV/V
10 kHz 6.2 uv/ivV
20 kHz 6.8 uv/iV
50 kHz 7.9 uVIV
100 kHz 14 uviv
300 kHz 33 uviv
500 kHz 33 uviv
800 kHz 32 VIV
1 MHz 45 pviv
6V
10 Hz 32 uvIiv
20 Hz 16 uV/IV
40 Hz 5.6 uv/ivV
100 Hz 6.1 pV/V
1 kHz 5.8 uv/iv
10 kHz 6.3 pV/IV Fluke 792A
AC Voltage — Measure 20 kHz 5.8 UV/V AC/DC Transfer Standard
50 kHz 6.5 UV/IV
100 kHz 9.4 uviv
300 kHz 20 pv/iv
500 kHz 27 uVIV
800 kHz 33 uviv
1 MHz 42 uvIiv
v
10 Hz 26 pVIV
20 Hz 15 uviv
40 Hz 5.5 pV/V
100 Hz 6.3 pV/IV
1 kHz 5.9 pviv
10 kHz 5.5 pV/V
20 kHz 5.6 pV/V
50 kHz 7.3 pvIvV
100 kHz 9.6 pvIivV
300 kHz 20 pVIV
500 kHz 35 uviv
800 kHz 56 pV/vV
1 MHz 81 pV/V
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
20V
10 Hz 37 pviv
20 Hz 17 uvIvV
40 Hz 8 uviv
100 Hz 7.9 pvIvV
1 kHz 7.7 WWIV
10 kHz 7.9 uviv
20 kHz 7.8 uVIiV
50 kHz 8.9 uviv
100 kHz 12 uvIv
300 kHz 22 uVIiv
500 kHz 28 uvIiv
800 kHz 37 uviv
1 MHz 55 pviv
60 V
10 Hz 36 uV/V
20 Hz 17 uvIvV
40 Hz 7.1 pvIvV
100 Hz 6.9 pVv/vV
1 kHz 7.3 pVIV
AC Voltage — Measure 10 kHz 7.0 pvIivV AC /DCF'Irurl;ﬁsZ‘Srzgtan dard
20 kHz 7.7 pVIV
50 kHz 15 pviv
100 kHz 11 uvIiv
300 kHz 33 pviv
100 V
10 Hz 27 pVIvV
20 Hz 15 uvIv
40 Hz 7.2 VIV
100 Hz 6.9 pVvIvV
1 kHz 7 UiV
10 kHz 7.1 uviv
20 kHz 7.6 pVIV
50 kHz 12 uvIvV
100 kHz 18 uvIv
200V
10 Hz 44 uviv
20 Hz 17 uvIvV
40 Hz 10 pviv
100 Hz 10 pviv
1 kHz 9.7 uvivV
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
200V
10 kHz 9.8 pviv
20 kHz 10 pviv
50 kHz 12 uviv
100 kHz 19 uvIv
600 V
10 Hz 54 uvIv
20 Hz 29 uv/iv
40 Hz 14 uvIvV
100 Hz 15 uvIv
1 kHz 13 uvIiv
10 kHz 18 pviv Fluke 792A
AC Voltage — Measure ég t:i gg :jx% AC/DC Transfer Standard
100 kHz 72 pVIV
1000V
10 Hz 54 pviv
20 Hz 22 uvIiv
40 Hz 13 pviv
100 Hz 12 yvIv
1 kHz 13 uvIv
10 kHz 16 pviv
20 kHz 22 pvIv
50 kHz A7 pvIv
100 kHz 67 pVIvV
1pH
10 kHz 1.6 % of reading
100 kHz 0.36 % of reading
1 MHz 0.27 % of reading
2 MHz 0.66 % of reading
10 yH
10 kHz 0.37 % of reading
Inductance — Measure 3 100 kHz 0.2 % of reading Agilent E4980A
1 MHz 0.2 % of reading LCR Meter
2 MHz 0.3 % of reading
100 pH
1 kHz 0.4 % of reading
10 kHz 0.2 % of reading
100 kHz 0.12 % of reading
1 MHz 0.14 % of reading
2 MHz 0.72 % of reading
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
1mH
100 Hz 0.55 % of reading
1 kHz 0.18 % of reading
10 kHz 0.12 % of reading
100 kHz 0.092 % of reading
1 MHz 0.23 % of reading
2 MHz 0.88 % of reading
10 mH
20 Hz 0.85 % of reading
100 Hz 0.22 % of reading
1 kHz 0.092 % of reading
10 kHz 0.092 % of reading
100 kHz 0.1 % of reading
1 MHz 0.35 % of reading
2 MHz 1.3 % of reading
100 mH
20 Hz 0.28 % of reading
100 Hz 0.1 % of reading
1 kHz 0.092 % of reading .
Inductance — Measure * 10 kHz 0.092 % of reading Agﬂ'ég 54280'6‘
100 kHz 0.21 % of reading eter
1 MHz 0.88 % of reading
1H
20 Hz 0.16 % of reading
100 Hz 0.092 % of reading
1 kHz 0.092 % of reading
10 kHz 0.1 % of reading
100 kHz 0.31 % of reading
10H
20 Hz 0.15 % of reading
100 Hz 0.092 % of reading
1 kHz 0.1 % of reading
10 kHz 0.21 % of reading
100 kHz 0.69 % of reading
100 H
20 Hz 0.15 % of reading
100 Hz 0.10 % of reading
1 kHz 0.15 % of reading
10 kHz 0.62 % of reading
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Oscilloscopes **
Amplitude — DC
into 50 Q load (-5to5)V 0.023 % of reading + 19 pV
into 1 MQ load (-200 to 200) V 0.023 % of reading + 19 pV
Amplitude — Square Wave
Rate: 10 Hz to 10 kHz
into 50 Q load| 40 pVp-pto 1 mVp-p 0.78 % of reading + 7.8 pV
1 mVp-pto5 Vp-p 0.078 % of reading + 7.8 pVvV
into 1 MQ load| 40 pVp-p to 1 mVp-p 0.78 % of reading + 7.8 pV
Rate: 10 Hz to 100 kHz
. i ' 0 .
into 50 Q load 1 mVp-pto5 Vp-p 0.16 % of reading + 7.8 pV Eluke 95008
. . Oscilloscope Calibrator
- - 0, !
into 1 MQ load| 1 mVp-pto 200 Vp-p 0.78 % of reading + 7.8 pV Eluke 9530
Time Markers 3.2 GHz Active Head,
Fluke 9550
100 mVp-p to 1 Vp-p Active Head w/ 25 ps
into 50 Q load 9.009 1 ns to 83 ps 0.19 ps/s Capability P
Square Wave 83 s to 55s 2.3 us/s Eluke 9560
450.5 ps to 9.009 ns 0.19 ps/s AC“"E;?%?GQ’; 70ps
Sine Wave Tektronix 067-1330-000
900.91 nsto 83 ps 0.19 ps/s Calibration Eixture
Pulse 83 ps to 55s 2.3 us/s
900.91 nsto 83 us 0.19 ps/s
Triangle Wave 83 s to 55s 2.3 us/s
Rise Time
into 50 Q load 5 mVp-p to 3 Vp-p
Rate: 10 Hz to 2 MHz 500 ps (nominal) 290 ps
150 ps (nominal) 34 ps
Rate: 10 Hz to 1 MHz 25 mVVp-pto 2 Vp-p
70 ps (nominal) 21 ps
425 mVp-p to 575 mVp-p
25 ps (nominal) 5.7 ps
200 mVp-p
16 ps (nominal) 2.1ps
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Oscilloscopes **
Leveled Sine Wave
50 kHz Reference i i 9500!3
; Oscilloscope Calibrator,
into 50 Q load|5 mVp-p to 5 Vp-p Fluke 9530
o .
50 kHz to 10 MHz 1.2:% of reading 3.2 GHz Active Head,
Input Impedance Measure (10 to 40) Q 0.39 % of reading Activ?ng?/\?lo 25 ps
(40 to 90) Q 0.083 % of reading Capabilit P
(90 to 150) Q 0.39 % of reading e 0560
(50 to 800) kQ 0.39 % of reading Active Head w/ 70 ps
(0.8 to 1.2) MQ 0.083 % of reading Capability P

Input Capacitance Measure

(1.2 to 12) MQ

(1 to 35) pF
(35 to 95) pF

0.39 % of reading

1.6 % of reading + 0.19 pF
2.3 % of reading + 0.19 pF

Tektronix 067-1330-000
Calibration Fixture

Bandwidth Flatness Measure *
into VSWR (1.2:1)
(wrt Reference Frequency)

5 mVp-pto 5 Vp-p
100 Hz to 300 MHz
(300 to 550) MHz
5 mVp-p to 3 Vp-p
550 MHz to 1.1 GHz
(1.1t0 2.5) GHz
5mVp-pto 2 Vp-p
(2510 3.2) GHz

1.6 % of reading
1.9 % of reading

2.7 % of reading
3.1 % of reading

3.1 % of reading

Fluke 9500B/3200
Oscilloscope Calibrator,
Fluke 9530
3.2 GHz Active Head

Bandwidth Flatness Measure *
into VSWR (1.2:1)
(wrt Reference Frequency)

5 mVp-pto 5 Vp-p
100 Hz to 300 MHz
(300 to 550) MHz
5 mVp-p to 3 Vp-p
550 MHz to 1.1 GHz
(1.1to 2.5) GHz
5 mVp-p to 2 Vp-p
(25103.2) GHz
25 mVp-pto 2 Vp-p

1.6 % of reading
1.9 % of reading

2.3 % of reading
2.3 % of reading

2.3 % of reading

Fluke 9500B/1100
Oscilloscope Calibrator,
Fluke 9560
Active Head w/ 70 ps
Capability

(3to 6) GHz 3.1 % of reading
Risetime — Source > 14 ps 2.4 ps Pulser System
Risetime — Measure <500 ps 2.5 ps Agilent 834844, 86100C

Oscilloscope Mainframe
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Risetime — Measure

(28 to 300) ps
(0.3to 5) ns
(5to 100) ns

100 ns

14 % of reading

4.7 % of reading
1.4 % of reading
0.73 % of reading

Sampling System

Electrical Simulation of
Thermocouple Indicating
Devices — Measure/Source *

Type B
(250 to 350) °C
(350 to 445) °C
(445 to0 580) °C
(580 to 750) °C
(750 to 1 000) °C
(1000to 1820) °C
Type C
(0 to 250) °C
(250 to 1 000) °C
(1000 to 1 500) °C
(1500 to 1 800) °C
(1800 to 2 000) °C
(2000 to 2 250) °C
(2250102 315) °C
Type E
(-270 to -245) °C
(-245 t0 -195) °C
(-195 to -155) °C
(-155 to -90) °C
(-90to 0) °C
(0to 15) °C
(15 to 890) °C
(890 to 1 000) °C
Type J
(-210 to -180) °C
(-180 to -120) °C
(-120 to -50) °C
(-50 to 990) °C
(990 to 1 200) °C
Type K
(-270 to -255) °C
(-255 to -195) °C
(-195to -115) °C
(-115to -55) °C
(-55t0 1 000) °C
(1000to01372) °C

1.2°C

0.9°C
0.71°C
0.55°C
0.45°C
0.35°C

0.24°C
0.19°C
0.21°C
0.24°C
0.27 °C
0.33°C
0.37 °C

16°C
0.24°C
0.12°C
0.095 °C
0.08 °C
0.076 °C
0.064 °C
0.074 °C

0.15°C
0.12 °C
0.093 °C
0.08 °C
0.094 °C

25°C
0.85°C
0.16 °C
0.12°C
0.08 °C
0.094 °C

Ectron 1140A
Thermocouple
Calibrator/Simulator
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Electrical Simulation of
Thermocouple Indicating
Devices — Measure/Source *

Type N
(-270 to -260) °C
(-260 to -200) °C
(-200 to -140) °C
(-140 to -70) °C
(-70to 25) °C
(25 to 160) °C
(160 to 1 300) °C
Type R
(-50 to -30) °C
(-30to 45) °C
(45 to0 160) °C
(160 to 380) °C
(380to 775) °C
(77510 1 768) °C
Type S
(-50to -30) °C
(-30to 45) °C
(45 to0 105) °C
(105to0 310) °C
(310to 615) °C
(615to0 1 768) °C
Type T
(-270 to -255) °C
(-255 to -240) °C
(-240 to -210) °C
(-210 to -150) °C
(-150 to -40) °C
(-40 to 100) °C
(100 to 400) °C

5.4°C
1.5°C
0.29°C
0.18 °C
0.14 °C
0.12°C
0.11°C

0.8°C
0.69 °C
0.49 °C
0.41°C
0.35°C
0.26 °C

0.76 °C
0.68 °C
0.49 °C
0.41°C
0.35°C
0.31°C

19°C

0.6 °C
0.36 °C
0.22 °C
0.15°C
0.095 °C
0.08 °C

Ectron 1140A
Thermocouple
Calibrator/Simulator
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
DC Power — Source *
(0.33 t0 330) mA 11 pWto 1.1 mW 0.024 % of reading
1.1mWto0.11W 0.027 % of reading
(0.11to 110) W 0.024 % of reading
(110 to 330) W 0.018 % of reading
(0.33t03) A 11 yW to 110 mwW 0.044 % of reading MultiFIrl(J)lc(iic:StSCZEgl?brator
(0.11 to 990) W 0.053 % of reading P
(0.99 to 3) kW 0.009 6 % of reading
(3t0 20.5) A 99 mW to 0.99 W 0.088 % of reading

0.99 W to 6.8 kW
(6.8 t0 20.5) KW

0.07 % of reading
0.04 % of reading

AC Power — Source **
PF=1
(3.3109) MA

(9 to 33) mA

(33 to 90) mA

(90 to 330) mA

(0.33t00.9) A

(0.9t02.2) A

(2.2t0 4.5) A

(4.5 10 20.5) A

(10 to 65) Hz
(0.11 mW to 3) mW
3mWto9W
(10 to 65) W
(0.3 to 10) mW
10 MW to 33 W
(10 to 65) Hz
(1 to 30) mW
30 mW to 90 W
(10 to 65) Hz
(3 to 100) mwW
100 mW to 300 W
(10 to 65) Hz
(11 to 300) mwW
(0.3 to 900) W
(10 to 65) Hz
(30 to 720) mwW
0.72 W to 2 kW
(10 to 65) Hz
80 mwWto 1.4 W
1.4 Wto 4.5 kW
(10 to 65) Hz
150 mW to 20 kW

0.13 % of reading
0.077 % of reading

0.089 % of reading
0.077 % of reading

0.071 % of reading
0.057 % of reading

0.089 % of reading
0.078 % of reading

0.071 % of reading
0.081 % of reading

0.089 % of reading
0.079 % of reading

0.088 % of reading
0.18 % of reading

0.17 % of reading

Fluke 5520A
Multiproduct Calibrator

(0.5 to 20) A|(65 to 850) Hz
23 W to 13 kW 0.024 % of reading
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
14
AC Power ’PSFOL‘rlce Fluke 6105A
(0.5 to 20) A|(65 to 850) Hz Electrical Power

Quality Calibrator

23 W to 13 kW 0.024 % of reading
(0to 180) °
(10 to 65) Hz 0.11°
(65 to 500) Hz 02°
Phase — Source ! 500 Hz to 1 kHz 0.39° MultiFIrl(J)E?JCStS(ZIgI?brator
(1 to 5) kHz 19° P
(5 to 10) kHz 39°
(10 to 30) kHz 78°
Phase — Source
5V (0 to 360) ° Clark-Hess 5002
1 Hzto 5 kHz 0.006 6 ° Bridge Set
(5 to 50) kHz 0.013° (equal amplitude)
(50 to 200) kHz 0.052 °
Phase — Source
50 mV to 100 V (0 to 360) °
1Hzto 1kHz 0.006 6 °
(1to 5) kHz 0.013°
(5 to 50) kHz 0.019° Clark-Hess 5500-2
(50 to 200) kHz 0.05° Phase Standard
(ratio independent)
(100 to 120) V 1Hzto1kHz 0.012°
(1to5) kHz 0.024 °
(5 to 50) kHz 0.036 °
(50 to 200) kHz 0.094 °
(0 to 360) °
1 Hz to 10 kHz 0.0023° Phase Verification
Phase — Measure (10 to 50) kHz 0.0027° Bridge Set
(50 to 100) kHz 0.01° (1:1)
(100 to 200) kHz 0.012°

Electrical — RF/Microwave

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Methopl, and/or
Equipment
Dips and Interrupts — Ratio: (0 to 100) % Agilent Infinity
Measure (0to 360) ° 1.3 % of reading Oscilloscope
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
. . Agilent Infinity
Electrlcall\;:;\:tsa'r;answnts B (0.25to0 4) kv 2.6 % of reading Oscilloscope,
Haefely HV Attenuators

Electrostatic Discharge —
Measure

(0.1 to 15) kV

2.5 % of reading

Tektronix TDS7404
Oscilloscope, KeyTech
CTC-3 Target, Barth HV
Attenuators

Harmonic Flicker — Measure

(100 to 230) V
(50 to 400) Hz

3.6 % of reading

Tektronix TDS1012B
Oscilloscope, Keysight
DMM, CNS HFC-II Load,
Ohms Lab CS100 Shunt

Agilent Infinity

Surge — Measure , . Oscilloscope,
(Open) (0.25to 4) kV 1.3 % of reading Tektronix 6015A
HV Probe
Agilent Infinity
Surge — Measure (0.25to 4) kV 1.4 % of reading Oscilloscope,

(Short)

Tegam RF Current Probe

Impulse — Source
(60 dBu nominal)

Band A
(10 to 150) kHz
Band B
150 kHz to 30 MHz
Band C & D
30 MHz to 1 GHz

13 % of reading
13 % of reading

20 % of reading

Schwarzbeck IGLK 2914
High Power
Pulse Generator

Modulation — Measure
Amplitude Modulation
Frequency Modulation

Phase Modulation

50 Hz to 50 kHz
50 Hz to 100 kHz
150 kHz to 1.3 GHz

1.3 % of reading
1.6 % of reading
4.3 % of reading

Keysight 8902A
Receiver

RF Power — Measure
(Noise Figure)

(-40to 0) dB
10 MHz to 26.5 GHz

0.4dB

Keysight E4440A
Spectrum Analyzer
w/ Opt 219 Personality
Module,
Keysight 346C
Noise Source

RF Power — Transfer Measure

(-20 to 10) dBm
9 kHz to 18 GHz
10 MHz to 26.5 GHz
(26.5 to 50) GHz

1.3 % of reading
2.6 % of reading
4.8 % of reading

Tegam 2510A
Power Standard,
Tegam 1803A
Power Meter

Absolute RF Power —

50 MHz

HP 478A Thermistor,
Tegam 1830A

M r 1 mW Referen . 2 mwW
easure ererence 0.003 RF Power Meter
d R
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

RF Power — Measure *

(-60 to 20) dBm
9 kHz to 18 GHz
(-70 to 20) dBm
(26.5 to 40) GHz
(40 to 50) GHz
(-30to 10) dBm
30 MHz to 26.5 GHz
(10 to 30) dBm
30 MHz to 26.5 GHz

2.6 N5532A Power Sensor

3.8 % of reading
5.1 % of reading

3.3% of reading

5.7 % of reading

Agilent E4419B
Power Meter,
Agilent E9304A H18
Power Sensor,
Agilent 8487A
Power Sensor,
Keysight E4440A
Spectrum Analyzer,
Keysight N5532A
Power Sensor

Tuned RF Power — Measure

30 MHz to 26.5 GHz
(-114 to -78) dBm
(-78 to -58) dBm

(-58 to 0) dBm

3.5 % of reading
4 % of reading
4.8 % of reading

Keysight E4440A
Spectrum Analyzer,
Agilent E4419B
Power Meter,
Keysight N5532A
Power Sensor

Tuned Relative RF Power —
Measure

30 MHz to 26.5 GHz
(-114 to -78) dBm
(-78 to -58) dBm

(-58 to 0) dBm

1.1 % of reading
2.3 % of reading
3.4 % of reading

Keysight E4440A
Spectrum Analyzer,
Agilent E4419B
Power Meter,
Keysight N5532A
Power Sensor

Attenuation — Source

(0 to 50) dB
30 MHz

1.6 % of reading

Agilent 11812A
Verification Kit

Sine Flatness

Agilent E4418B
Power Meter,

(RF) 9 kHz to 6 GHz 0.073dB Agilent E9304A
Power Sensor
(-50 to 20) dBm
1 MHz to 3 GHz 0.62 dB Keysight E4440A
SSB Phase Noise — Measure (3t06.6) GHz 0.92dB Spectrum Analyzer
RMS (Noise/Jitter) (6.6 t0 13.2) GHz 1.3dB w/ Opt 219 Personality
(13.2to 22) GHz 1.2dB Module
(22 to0 26.5) GHz 1.6 dB
Signal Source 10 mHz < offset < 1 MHz 1.6 dB
Phase Noise — Measure 1 MHz < offset < 30 MHz 2dB Rgﬁggegr\l?)(i::ewﬁazr Sz\é\r/P
1 MHz to 50 GHz offset > 30 MHz 3dB y
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(-127 to 30) dBm
3 Hzto 3 GHz 0.9dB
. (3.0t0 6.6) GHz 1.1dB Keysight E4440A
Spectral (ﬁrggﬁﬁ d—e)Measure (6.6 t0 13.2) GHz 1.4dB Spectrum Analyzer,
(wlo pre-amp) (13.2t0 22) GHz 1.4dB Keysight 11970A/11970Q
(22 to 26.5) GHz 1.7dB Mixers
(26.5 to 40) GHz 3.6dB
(33 to 50) GHz 3.6 dB
2.5 MHz to 26.5 GHz
(-120to -110) dB 0.12dB Agilent 8902A
Attenuation — Measure (-110 to -100) dB 0.1dB Measuring Receiver,
(Tuned RF Relative Power) (-100 to -90) dB 0.099 dB Agilent 11793A
(-90 to -80) dB 0.09 dB Microwave Sensor
(-80 to -70) dB 0.082 dB
2.5 MHz to 26.5 GHz
(-70 to -60) dB 0.077 dB
(-60 to -50) dB 0.069 dB Agilent 8902A
Attenuation — Measure (-50 to -40) dB 0.06 dB Measuring Receiver,
(Tuned RF Relative Power) (-40 to -30) dB 0.056 dB Agilent 11793A
(-30 to -20) dB 0.048 dB Microwave Sensor
(-20 to -10) dB 0.038 dB
(-10to 0) dB 0.026 dB
RF Impedance — Measure 5Hz to 3 GHz Keysight E5061B
1 Qto2kQ 3 % of reading Vector Network Analyzer

RF Current — Measure

(-90 to 10) dB

Keysight E5061B
Vector Network Analyzer,

(Insertion Loss) 10 kHz to 400 MHz 2.9dB ECC BCICE-1 Cal Fixture
RF Current — Measure (-90 to 10) dB Vectﬁfﬁé?vcgfksgit? Ser
(Transfer Z) 10 kHz to 400 MHz 2.2dB yzer,

FCC BCICF-1 Cal Fixture

Transmission Longitudinal
Conversion Loss

(-90 to 10) dB
10 kHz to 100 MHz

5.6 % of reading

Schaffner BCS-1000
Bridge, Keysight E5061B
Vector Network Analyzer

S-Parameter S11-S22 —

Agilent E5061B

Measure ¢
(0 to 1) Lin Mag (-90 to 10) dB Vec“X '?'Iitr:’;'%gkggg‘:‘('yzer'
(BNC) 10 Hz t0 100 kHz 0.03 Cgalibration Kit
100 kHz to 10 MHz 0.03
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

S-Parameter S11-S22 —
Measure ©
(0 to 1) Lin Mag

(-90 to 10) dB

Agilent 8753ES
Network Analyzer,

(7 mm) 300 kHz to 1.3 GHz 0.006 Agilent 8550C
(1.3t0 3) GHz 0.007 Calibration Kit
(3to 6) GHz 0.013
Srarameler S11-522 - Agilent N5230A
. Network Analyzer,
(0to 1) Lin Mag (-90 to 10) dB Agi
gilent N4690C
(N-type) (10 to 500) MHz 0.025 Ecal Calibration Kit
500 MHz to 2 GHz 0.017
S-Parameter S11-S22 —
Measure © Agilent N5230A
(0to 1) Lin Mag (-90 to 10) dB Network Analyzer,
(3.5 mm) (10 to 500) MHz 0.026 Agilent N4692C
500 MHz to 2 GHz 0.025 Ecal Calibration Kit
(2 to 26.5) GHz 0.076
S-Parameter S11-S22 —
Measure © Agilent N5230A
(0to 1) Lin Mag (-90 to 10) dB Network Analyzer,
(2.9 mm) (10 to 500) MHz 0.026 Agilent N4692C
500 MHz to 2 GHz 0.025 Ecal Calibration Kit
(2 to 26.5) GHz 0.076
S-Parameter S11-S22 — Agilent N5225A
Measure © Microwave Network
(0to 1) Lin Mag (-90 to 10) dB Analyzer,
(2.4 mm) 50 MHz to 50 GHz 0.22 Agilent N4692C
Ecal Calibration Kit
(-50 to 10) dB Agilent E5061B
S-Paran':;ter 521-512 - 10 Hz to 100 kHz 0.57 dB Vector Network Analyzer,
(éﬁg;e 100 kHz to 10 MHz 0.37dB Agilent 8550CK
(10 to 500) MHz 0.36 dB Calibration Kit
S-Parameter S21-S12 —  |(-50 to 10) dB N';%\'/f;giﬁfyiir
Measure 300 kHz to 1.3 GHz 0.24 dB Agilent 85050C '
(7 mm) (1.3 t0 3) GHz 0.25dB

Calibration Kit
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
(-30to 10) dB
(10 to 500) MHz 0.43dB .

S-Parameter S21-S12 —  |(-50 to 10) dB Nﬁtgvlvlgrli 2‘:\’2'302';
Measure (10 to 500) MHz 2.6 dB Agilent N46gOC ’
(N-type) (-50t0 10) dB Ecal Calibration Kit

500 MHz to 2 GHz 0.17 dB
(210 18) GHz 0.39dB
(-30to 10) dB
(10 to 500) MHz 0.5dB .

S-Parameter S21-S12—  |(-50 to 10) dB Nﬁf‘v'v'g{‘; hoaSoR
Measure (10 to 500) MHz 2.6dB Agilont N 463/2C ’
(3.5 mm) (-50t0 10) dB Ecal Calibration Kit

500 MHz to 2 GHz 0.28 dB
(2 to 26.5) GHz 0.79dB
(-30to 10) dB
(10 to 500) MHz 0.49 dB
i 15 |(-5010 10) dB Agilent N5230A
S Paranlzﬁteilrsjfel stz (10 to 500) MHz 2.7dB Network Analyzer,
(2.9 mm) (-50 to 10) dB Agilent N4692C
' 500 MHz to 2 GHz 0.28 dB Ecal Calibration Kit
(2 to 26.5) GHz 0.79 dB
(26.5 to 40) GHz 0.82 dB
(-30to 10) dB
(50 to 500) MHz 0.24 dB Agilent N5225A
S-parameter S21-12 - |(2010 10) dB Microwave Network
Measure ( (50 t;)a%OO) MHS 0.93 dB Analyzer
-50 to 10) dB X ’
(2.4 mm) 500 MHz to 2 GHz 0.14 dB %%':g;;ﬁggfﬁ’
(2 to 26.5) GHz 0.56 dB
(26.5 to 50) GHz 0.86 dB
Harmonic Distortion — 10 Hz to 100 kHz 07dB Agllt_ent U8903A
Measure Audio Analyzer
Risetime — Measure <500 ps 2.5 ps gglclﬁ?ésiiﬁ‘ll\ﬁaﬁﬁ‘gnag
Total Harmonic Distortion 5 Hz to 500 kHz 1.4dB Krohn-Hite 6900B
CW, Modulation 500 kHz to 1 MHz 2.3dB Distortion Analyzer
100 kHz to 2.9 GHz 1.7dB
(2.9t0 6.5) GHz 1.9dB
Harmonic Distortion (6.510 13.2) GHz 2.6dB Spectrum Analyzer
(13.2t0 22) GHz 2.9dB
(22 to 26.5) GHz 3.7dB
) S a——rgi]
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Length — Dimensional Metrology

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(0 to 60) ° 8.3" Sine Bar
Angles
90 ° 2.8" Master Square
(0.01t0 0.5) in 13 pin
Micrometers and Calipers 12 (0.510 1). n 14 pin . Comparison to Gage
(Outside, Inside, Depth) (1to4)in R OL) Hin Blocks
’ ’ (4 to 15) in (4.3 +11L) pin
(15t0 40) in (4.4 + 11L) pin
Anvil Flatness ! Up to 1 in Diameter 6.1 pin Optical Flats
. . . . Comparison to Gage
1
Dial Indicators Upto6in (1.5 + 21L) pin Blocks
Length Single Axis 2
Outside Dimension (0t0 1.0) in (6 + 1L) pin Universal Length
(1.0t0 7.0) in (4.3 +3.5L) pin Measuring Machine
(7.0t0 21) in (1 +4L) pin
Length Single Axis
Inside Dimension (0.04 t0 0.125) in 11 pin
(0.125t0 0.25) in 11 pin .
(0.02510 1) in 11 pin Measiring Machine
(1t0 2.5) in 17 pin g
(2.5t0 10) in (18 + 3L) pin
(10to 14) in (38 + 3L) pin
Height Gages 12 Upto 24 in (60 + 0.7L) pin Compalglsc?gk;o Gage
. 2 TPIto 120 TPI Universal Length
Thread Wires (0.008 t0 0.5) in 12 pin Measuring Machine
Cylindrical Plug Gages 2 Universal Lenath
Outside Diameter Uptolin 12 pin Measurin Mac%ine
(Lto7)in (9 +3L) pin g
Cylindrical Ring Gages 2
Inside Diameter (0.04 t0 0.125) in 11 pin
(0.125t0 0.25) in 11 pin Universal Length
(0.025t0 1) in 11 pin Measuring Machine,
(1to2.5)in 17 pin Working Reference Rings
(2.5t0 10) in (18 + 3L) pin
(10to 14) in (38 + 3L) pin
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Thread Plug Gages 2
Pitch Diameter 60° Thread Uptolin 79 pin
(1to4)in 80 pin Universal Length
(4to7)in 83 pin Measuring Machine,
Thread Wires
Major Diameter Uptolin 13 pin
(1to7)in (10 + 3L) pin
Tapered Thread Plug Gage Universal Length
Pitch Diameter Upto3in 90 pin Measuring Machine
Standoff Uptolin 31 pin Gage Blocks, Amplifier
Thread Ring Gages
Inner Pitch Diameter tlet:)Os :rr]' 57;8 E:E Master Plug Uncertainty
(4to7)in 83 pin
Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range M Method, and/or
easurement (+/-) .
Equipment
1 mg 64 ug
2mg 64 ug
5mg 97 ug
10 mg 84 ug
20 mg 73 ug
50 mg 64 ug
100 mg 65 pg
200 mg 76 ug
Mass Determination 500 mg 78 ug
(Metric) 1g 83 g Echelon 111
2g 0.16 mg
5¢ 0.13 mg
10¢g 0.14 mg
209 0.16 mg
50¢g 0.11 mg
100g 0.35mg
200 g 0.39 mg
500¢g 1 mg
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Mass and Mass Related
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
1lkg 1.6 mg
2 kg 10 mg
4 kg 12 mg
_— 5 kg 13 mg
Mass ?&Err?;')nat'on 6 kg 15 mg Echelon 111
7 kg 16 mg
8 kg 18 mg
16 kg 98 mg
32 kg 021g
Uptolg 76 ug
(1to50) g 0.15mg
(50to 100) g 0.35mg
(100 to 200) g 0.56 mg AS'II'M E617 Class 1 &
(200 to 500) g 1 mg Glass 2lwe'|9hts and
Balances and Scales 17 (500to 1) kg 1.6 mg mtzrna ca}ll_brztl_on h
(1t02) kg 10 mg procedure utilized in the
(2 to 4) kg 12 mg cal_lbrz_atlon of the
(410 5) kg 13 mg weighing system.
(5 to 6) kg 15 mg
(6t07) kg 16 mg
ASTM E617 Class 1 &
(z(37ut301%)) i% ég mg (_Jlass 2 Weights f;md
Balances and Scales 7 (16 to 32) kg 0.21g mtzrnal ca}:l_brztl_on h
(32 10 64) kg 0.45 g procedure utilized in the
(64 1o 114) kg 06 g calibration of the
' weighing system.
Pneumatic Absolute (0.2t0 1.45) psia | 0.001 % of reading + 0.000 29 psi Ga?g?;?) rfdéasuge
Pressure Devices (1.45 to 50) psia 0.001 5 % of reading DHI FPG 7601
(50 to 1 000) psia 0.001 9 % of reading Absolute Piston Gauge
(-14.7 to -0.2) psiv 0.001 4 % of reading Ruska 2465
Pneumatic Pressure Devices (0.2 to 100) psig 0.001 4 % of reading Gas Piston Gauge
(100 to 1 000) psig 0.001 9 % of reading
. . . . DHI FPG 7601
Pneumatic Pressure Devices (-60 to 60) inH20 0.002 9 % of reading Absolute Piston Gauge
(72.5to 7 250) psig 0.002 % of reading + 0.002 9 psi DHI PG7000
Hydraulic Pressure Devices (200 to 20 000) psig 0.003 % of reading + 0.007 3 psi Piston Gauge
(20 000 to 72 500) psig 0.006 % of reading + 0.015 psi
(0.2 to 100) psi 0.001 1% of reading Ruska 2465

Determination of Piston Area

(100 to 1 000) psi

0.001 7 % of reading

Gas Piston Gauge
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(72.5 to 7 250) psig 0.001 7 % of reading DHI PG7000
Determination of Piston Area| (200 to 20 000) psig 0.002 6 % of reading Piston Gauge
(20 000 to 72 500) psig 0.005 1 % of reading (Gas to 6 000 psi)
Ruska 2465

Pneumatic Pressure — Source !

(-14.7 to -0.2) psiv
(0.2 to 100) psig

0.001 4 % of reading
0.001 4 % of reading

Gas Piston Gauge
(Gauge Mode)

(0.2 to 100) psia

0.001 2 % of reading

Ruska 2465
Gas Piston Gauge
(Absolute Mode)

(100 to 1 000) psi

0.001 9 % of reading

Ruska 2465
Gas Piston Gauge
(Absolute or Gauge Mode)

Hydraulic Pressure Devices *

(50 to 15 000) psig

0.011 % of reading + 0.17 psi

Ametek T-150
Deadweight Tester

(0.000 27 t0 0.005 1) Pa

22 % of reading

Pneumatic Absolute (0.000 7 to 0.027) Pa 8 % of reading lon Gauge
Pressure —Source (0.028 to 2 500) Pa 0.05 % of reading + 0.07 Pa o Capacitive
iaphragm Gauge
(1 to 10) sccm 0.22 % of reading + 0.004 2 sccm
(20 to 200) sccm 0.25 % of reading + 0.001 7 sccm
Gas Elow Devices (0.2t0 2) sim 0.25 % of reading + 0.000 02 slm Fluke Molbox,
(2 to 20) slm 0.25 % of reading + 0.000 36 slm Fluke Molblocs

(20 to 50) slm
(50 to 100) sIm

0.34 % of reading
0.34 % of reading

Torque — Hydraulic *
(1 000 to 10 000) psig

(270 to 2 700) N-m
(2700 to 4 000) N-m

(200 to 2 000) Ibf-ft
(2000 to 20 000) Ibf-ft

1.3 % of reading
1.3 % of reading

1.3 % of reading
1.3 % of reading

Torque Calibration System

Torque Multipliers !

(270 to 2 700) N-m
(2 700 to 4 000) N-m

(200 to 2 000) Ibf-ft
(2 000 to 20 000) Ibf-ft

1.5 % of reading
1.5 % of reading

1.5 % of reading
1.5 % of reading

Torque Calibration System

Torque Devices !

2 Ibf-in to 811 Ibf-ft

1.2 % of reading

Torque Calibrator
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Expanded Uncertainty of

Reference Standard,

Block Verification !

Parameter/Equipment Range Measurement (+/-) MeEtgl(J)idp, riggior
(15 to 25) °C
(10 to 90) %RH 1.3 % RH
(90 to 95) %RH 2 % RH
Humidity — Measure * (25to 40) °C Master Thermohygrometer
(10 to 50) %RH 1.7 % RH
(50 to 75) %RH 2% RH
(75 to 95) %RH 2.3% RH
(-20 to 100) °C 0.011°C
100 °C to 150) °C 0.013°C Liquid Baths,
(150 to 230) °C 0.016 °C Metrology Wells,
Temperature — Source (230 to 300) °C 0.018 °C SPRT,
(300 to 420) °C 0.074 °C Super Thermometer
(420 to 660) °C 0.12°C
(-195 to 0) °C 0.012 °C SPRT
Temperature — Measure * (0 to 420) °C 0.025°C Fluke Black, Stack
(420 to 660) °C 0.036 °C
1 (660 to 750) °C 1.3°C Type K Thermocouple
Temperature — Measure (750 to 1 000) °C 1.8°C Probe w/ Reader
(-15t0 0) °C 0.8 °C
(558 :g ig%) EC 0667505 Black Body Source
Infrared Temperature (100 to 120) °C 0 .76 oC (Flat Plate)
Measuring Devices * o P €=(09t0 1),
(120 to 200) °C 0.95°C A= (8 to 14) im
(200 to 350) °C 1.6°C K
(350 to 500) °C 2.1°C
Isothermal Ambient (~ 23 °C) 0.02 °C Thermocouple

Half Junction

Time and Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Methopl, and/or
Equipment
Frequency — Fluke 910R
Sourcg/Mea)s/ure 8 10 MHz 3.7 pHz/Hz GPS Frequency Standard
Frequency Comparison — |(-20 to 30) dBm Fluke PM6681R
Measure 10 MHz Reference 8.2 nHz Rubidium Counter
Frequency Drift — Measure (-20 to 30) dBm Fluke PM6681R
10 MHz Reference 8.2 nHz Rubidium Counter
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Time and Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(-127 to 30) dBm
Frequency — Measure 3 Hz o 10 MHz 2 H2 Keysight PSA E4440A
(without Pre-amp) 10 MHz to 1 GHz e 12 Spectrum Analyzer
(1to 10) GHz 1.2 Hz
(10 to 26.5) GHz 3.1 Hz
Frequency — Measure (-127 to 30) dBm Keysight PSA E4440A
(with Pre-amp) (26.5 to 50) GHz 3.3Hz Spectrum Analyzer
Time Interval/Duty Cycle — - Fluke PM6681R
Measure 10's interval &y "Hz Rubidium Counter

Calibration and Measurement Capability (CMC) is expressed in terms of the measurement parameter, measurement range, expanded uncertainty of measurement and
reference standard, method, and/or equipment. The expanded uncertainty of measurement is expressed as the standard uncertainty of the measurement multiplied by a
coverage factor of 2 (k=2), corresponding to a confidence level of approximately 95%.

Notes:

1.

On-site calibration service is available for this parameter, since on-site conditions are typically more variable than those in the laboratory, larger measurement
uncertainties are expected on-site than what is reported on the accredited scope.

2. L =length in inches; " = arc-second.

3. As frequency & amplitude deviate from the listed values, uncertainty may be higher than stated. If needed, contact laboratory for more information regarding
uncertainties at frequency and range combinations other than the ones shown.

4. The stated uncertainty is the laboratory’s ability to source a fast rise pulse that is approximately 500 ps, 125 ps, and 25 ps. In the typical application of measuring
rise time of an oscilloscope, this value is one of the contributing factors, but other factors are derived from the DUT. The known source rise time is mathematically
removed from the total measured rise time measured on the DUT.

5. The uncertainties shown are for the most favorable conditions. There is an increase in uncertainty that corresponds to the laboratory’s AC voltage and current
uncertainties at different frequencies other than the ones shown. Power factors (PF) other than the one shown contribute to the power uncertainty. PF is related to
the cosine of phase. Therefore, uncertainties track the laboratory’s phase uncertainty closely at PF near one, but are magnified heavily as PF approaches zero. The
lab may also report reactive power, apparent power, and power factor under this accreditation. If needed, contact laboratory for more information regarding
uncertainties at frequency and power factor combinations other than the ones shown.

6. This parameter is a unitless measurement.

7. The CMC for scales and balances is highly dependent upon the resolution of the unit under test. The CMC presented here does not include the resolution of the unit
under test. The resolution will be included in the reported measurement uncertainty at the time of calibration.

8. Uncertainty values of derivatives of 10 MHz will differ due to resolution, noise and gating errors.

9. This scope is formatted as part of a single document including Certificate of Accreditation No. AC-2489.02.

R. Douglas Leonard Jr., VP, PILR SBU
d N2
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