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1 Objective and general information 

The subject of this project was an interlaboratory comparison (ILC) of the noise temperature 
of 2.4 mm coaxial noise sources up to 50 GHz. To the best of our knowledge, no previous 
comparison for this quantity has been conducted in coaxial transmission lines up to 50 GHz. 
 
METAS intends to extend its Calibration and Measurement Capabilities (CMCs) for noise 
temperature measurements of coaxial noise sources from the current upper frequency limit 
of 33 GHz to 50 GHz. Acceptance of the extended CMCs requires supporting evidence from 
an international measurement comparison. 
 
NIST is, to the best of our knowledge, the only other National Metrology Institute (NMI) with 
measurement capabilities for 2.4 mm coaxial noise sources up to 50 GHz. NIST agreed to 
participate in this comparison with METAS. 
 
METAS acted as the pilot laboratory for the comparison. 
 
The ILC was conducted for noise temperature measurements in coaxial line over the fre-
quency range from 1 GHz to 50 GHz. The travelling standards consisted of two 2.4 mm noise 
sources with male connectors. Due to the long measurement time, one noise source was 
measured by NIST over the frequency range from 1 GHz to 12 GHz only, whereas the sec-
ond noise source was measured over the full frequency range from 1 GHz to 50 GHz. 
 
METAS provided the travelling standards and was responsible for the evaluation and report-
ing of the comparison results. 
 
The travelling standards were measured by METAS twice: once before shipment to NIST 
and again after their return. These measurements enabled an assessment of the stability of 
the travelling standards throughout the comparison. 
 
The results of the comparison were also presented jointly by NIST and METAS at CPEM 
2026. 

2 Travelling Standards 

The travelling standards were two noise sources with 2.4 mm male connectors. They were 
provided by METAS. 
 

1. Noise Source, Keysight, 346CK01, SN: MY62300342 
2. Noise Source, Keysight, 346CK01, SN: MY62300343 

 

2.1 Keysight 346CK01 Specifications 

Frequency Range: 1 GHz to 50 GHz 
Connectors: BNC (f) input bias / 2.4 mm (m) 
Typical ENR: 20 dB at 1 GHz, decreasing to 7 dB at 50 GHz 

3 Summary of the ILC Results 

The ILC was successful, with normalized errors below 1 throughout the comparison. 
 
The traveling standard 1 (SN: MY62300342) was stable during the comparison. 
 
The travelling standard 2 (SN: MY62300343) showed a change during the comparison. 
Above 40 GHz, the noise temperature changed significantly. However, both METAS meas-
urements agreed with the NIST results within the stated uncertainties (normalized errors be-
low 1). 
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4 Participants 

4.1 NIST 

National Institute of Standards and Technology 
325 Broadway 
Boulder, CO 80305 
USA 
 
Contact Person: 
Dazhen Gu 
Acting Leader, Shared Spectrum Metrology Group 
+1 303-497-3939 
dazhen.gu@nist.gov 
 

4.2 METAS 

Federal Institute of Metrology METAS 
Laboratory RF and Microwave 
Lindenweg 50 
3003 Bern-Wabern 
Switzerland 
 
Contact Person: 
Daniel Stalder 
Scientist Laboratory RF and Microwave 
+41 58 387 07 35 
daniel.stalder@metas.ch 

5 Scope of the Comparison 

For the sake of clarity, the parameter list has been limited to the most relevant quantities 
compared to Annex 1. The effective noise temperature can be converted into available noise 
temperature, available excess noise ratio, and effective excess noise ratio. As these quanti-
ties are directly derived from the effective noise temperature, reporting them would not pro-
vide any additional information for this comparison. 
The Off Reflection Coefficient has been omitted, as it is not relevant to the effective noise 
temperature. 
Furthermore, NIST and METAS provided reports rather than calibration certificates to docu-
ment the results, since calibration certificates were not required for this comparison. 

5.1 Noise Source, Keysight, 346CK01, SN: MY62300342 

Parameter Frequency 

Effective Noise Temperature Tne, 
On Reflection Coefficient Magnitude |ΓOn| 

1 GHz to 12 GHz in 1 GHz steps 

5.2 Noise Source, Keysight, 346CK01, SN: MY62300343 

Parameter Frequency 

Effective Noise Temperature Tne, 
On Reflection Coefficient Magnitude |ΓOn| 

1 GHz to 50 GHz in 1 GHz steps 

 
A GUM-compliant measurement uncertainty budget is provided for three frequency points: 1 
GHz, 33 GHz and 50 GHz. 

6 Measurement Conditions 

Ambient temperature: 23 °C 
The noise source is operated continuously, unmodulated at 28.00 VDC. 
The noise source is warmed up for at least 30 min.  

mailto:dazhen.gu@nist.gov
mailto:daniel.stalder@metas.ch
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7 Time Schedule 

Task Date Document 

Measurement 
at METAS 

2025-08-19 Report 346CK01_MY62300342_2025-08-19.pdf 
Report 346CK01_MY62300343_2025-08-19.pdf 
 

Measurement 
at NIST 

2026-03-12 METAS_D16BZ342_March2026.pdf 
METAS_D16BZ343_March2026.pdf 
 

Measurement 
at METAS 

2026-05-29 Report 346CK01_MY62300342_2026-05-29.pdf 
Report 346CK01_MY62300343_2026-05-29.pdf 
 

Final Report 
by METAS 

2026-09-17 This document 
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8 Metrological Traceability 

8.1 NIST 

The reported measurements are traceable to NIST primary thermal noise standards, which 
produce thermal noise radiation linked to thermodynamic temperature via Planck’s radiation 
law. 

8.2 METAS 

The reported measurement values are traceable to national standards at METAS and thus to 
internationally supported realisations of the SI units. 

9 Measurement Uncertainty 

9.1 NIST 

The measurement uncertainty includes components arising from the standards and instru-
ments used in the measurement process; however, it excludes the device's long-term tem-
poral variation. Certain uncertainty components—such as those related to scattering parame-
ters—were estimated using worst-case scenarios, as more rigorous analyses based on Mon-
te Carlo simulations were unavailable at the time of this work. 

9.2 METAS 

The reported uncertainty of measurement is stated as the combined standard uncertainty 
multiplied by a coverage factor k = 2. The measured value (y) and the associated expanded 
uncertainty (U) represent the interval (y ±U) which contains the value of the measured quan-
tity with a probability of approximately 95 %. The uncertainty was estimated following the 
guidelines of the JCGM 100:2008 (GUM). 
The measurement uncertainty contains contributions originating from the measurement 
standard, from the calibration method, from the environmental conditions and from the object 
being calibrated. The longterm characteristic of the object being calibrated is not included. 

10 Measurement Procedure 

10.1 NIST 

The noise-temperature measurements were conducted using NIST total-power radiometers. 
For this inter-laboratory comparison, five radiometers were utilized: one coaxial and four 
waveguide. Because these radiometers feature different connector types, adapters were 
employed to interface the 2.4 mm object connector with the radiometers; the effects of these 
adapters were accounted for during data post-processing. 
Throughout the measurement process, the radiometers were repeatedly calibrated, and the 
object’s noise temperature was measured during each cycle. Averaging these repeated 
measurements effectively mitigated the drift of the measurement systems. 
Alongside the radiometric noise-power measurements, the reflection coefficients of the test 
objects and radiometer ports were measured separately. Mismatch errors resulting from non-
ideal reflection coefficients were corrected for in the noise-power delivery analysis. 

10.2 METAS 

The noise temperature was measured using a noise receiver. The noise parameters of the 
noise receiver were calibrated using traceable power and ambient temperature standards. 
The equivalent noise bandwidth of the noise receiver was calibrated using a traceable power 
standard. 
The reflection coefficient was measured using a vector network analyzer (VNA). The VNA 
was error corrected with a one port calibration technique.  
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11 Normalized Error Calculation 

The normalized error is computed according the following formula: 
 

𝐸𝑛 =
|𝑋𝑙𝑎𝑏 − 𝑋𝑟𝑒𝑓|

√𝑈𝑙𝑎𝑏
2 + 𝑈𝑟𝑒𝑓

2

 

𝑋lab: Measured value of the industrial laboratory 
𝑋ref: Measured value of the NMI 

𝑈lab, 𝑈ref: Uncertainties of each value (k=2) 
 
Interpretation: 
If 𝐸𝑛 is less than 1, the result is considered acceptable 
If 𝐸𝑛 is greater than 1, the result is considered as not acceptable 

12 Results 

The measurement data submitted by the participants can be found in the documents listed in 
7. The following measurement data graphs show the measurement data with uncertainty 
regions with a coverage factor of 2. 
 
The curves on the following pages are assigned as follows: 
Black Curve: NIST (in 1 GHz steps) 
Brown Curve: METAS (in 100 MHz steps) 
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12.1 Effective Noise Temperature Tne 

12.1.1 Measurement Data, SN: MY62300342 

 
 

12.1.2 Normalized Error, SN: MY62300342 
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12.1.3 Measurement Data, SN: MY62300343 

 
12.1.4 Normalized Error, SN: MY62300343, NIST – 1st METAS measurement 
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12.1.5 Measurement Data normalized to NIST for 1st and 2nd METAS measurement 
 
The travelling standard 2 (SN: MY62300343) showed a change during the comparison. 
Above 40 GHz, the noise temperature changed significantly. However, both METAS meas-
urements agreed with the NIST results within the stated uncertainties (normalized errors be-
low 1). 
 
Black Curve: NIST 
Brown Curve: METAS before NIST 
Red Curve: METAS after NIST 
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12.1.6 Normalized Error, SN: MY62300343, NIST – 2nd METAS measurement 
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12.2 Reflection Coefficient |Γ| 

12.2.1 Measurement Data, SN: MY62300342 

 
 

12.2.2 Normalized Error, SN: MY62300342 
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12.2.3 Measurement Data, SN: MY62300343 

 
 

12.2.4 Normalized Error, SN: MY62300343 
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13 Stability Check during the Comparison 

METAS measured the travelling standards twice: once before sending them to NIST, and 
again after receiving them back. This allowed the evaluation of the stability during the com-
parison. 
 
The traveling standard 1 (SN: MY62300342) was stable during the comparison. 
 
The travelling standard 2 (SN: MY62300343) showed a change during the comparison. 
Above 40 GHz, the noise temperature changed significantly. However, both METAS meas-
urements agreed with the NIST results within the stated uncertainties (normalized errors be-
low 1). 
 
The curves on the following pages are assigned as follows: 
Black Curve: METAS 2025-08-19 
Brown Curve: METAS 2026-05-29 
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13.1 Effective Noise Temperature Tne, SN: MY62300342 

13.1.1 Absolute 

 
13.1.2 Normalized to the first measurement 
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13.2 Reflection Coefficient |Γ|, SN: MY62300342 

13.2.1 Absolute 

 
13.2.2 Normalized to the first measurement 
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13.3 Effective Noise Temperature Tne, SN: MY62300343 

13.3.1 Absolute 

 
13.3.2 Normalized to the first measurement 
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13.4 Reflection Coefficient |Γ|, SN: MY62300343 

13.4.1 Absolute 

 
13.4.2 Normalized to the first measurement 
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14 Measurement Uncertainty Budgets 

The measurement uncertainty budgets are provided for the noise source with SN: 
MY62300343. 
 

14.1 NIST 

14.1.1 1 GHz 

 Uncertainty Value (K) Uncertainty Percentage (%) 

Type-A 5.7 0.2 

Cryogenic Standard 66.9 26.4 

Ambient Standard 10.9 0.7 

Y-factor 0.0 0.0 

Mismatch 23.4 3.2 

Asymmetry 78.2 36.1 

Isolation 2.4 0.0 

Frequency offset 0.2 0.0 

Nonlinearity 23.6 3.3 

Adapter 71.5 30.2 

14.1.2 33 GHz 

 Uncertainty Value (K) Uncertainty Percentage (%) 

Type-A 0.6 0.0 

Cryogenic Standard 9.9 0.5 

Ambient Standard 7.8 0.3 

Y-factor 6.8 0.2 

Mismatch 81.1 30.1 

Asymmetry 94.1 40.6 

Isolation 4.7 0.1 

Frequency offset 10.4 0.5 

Nonlinearity 17.4 1.4 

Connector repeatability 66.6 20.3 
Adapter 40.5 7.5 

14.1.3 50 GHz 

 Uncertainty Value (K) Uncertainty Percentage (%) 

Type-A 0.5 0.0 

Cryogenic Standard 15.2 1.8 

Ambient Standard 5.2 0.2 

Y-factor 4.4 0.2 

Mismatch 7.1 0.4 

Asymmetry 62.0 29.7 

Isolation 2.9 0.1 

Frequency offset 1.3 0.0 

Nonlinearity 7.0 0.4 

Connector repeatability 54.0 22.5 
Adapter 76.3 44.9 
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14.2 METAS 

METAS has used VNA Tools for both the measurements and the uncertainty calculations. 
Additional details on the noise parameter uncertainty analysis are available in the paper 
"VNA Tools: Noise Parameter Uncertainty Calculation", published in the 2026 107th ARFTG 
Microwave Measurement Conference (ARFTG). 
See: https://doi.org/10.1109/ARFTG68740.2026.11614613  
 

14.2.1 1 GHz 

 

https://doi.org/10.1109/ARFTG68740.2026.11614613
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14.2.2 33 GHz 
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14.2.3 50 GHz 

 
 
 


