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Abstract

This report summarises the results of the Key Comparison CCEM.RF-K22.W on noise
temperature, performed between October 2007 and February 2011. In this comparison, the
available noise temperature of three noise sources was determined by six National Metrology
Institutes (NMIs) in the frequency range from 18 GHz to 26.5 GHz.
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1. INTRODUCTION
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The Mutual Recognition Arrangement (MRA) states that the metrological equivalence of
national measurements standards will be determined by a set of key comparisons chosen and
organised by the Consultative Committees of the CIPM, working together with the BIPM and

the Regional Metrology Organisations (RMOSs).

As part of this process, “the CIPM Consultative Committee for Electricity and Magnetism
(CCEM) carried out the key comparison CCEM.RF-K22.W on noise measurement in
waveguide between 18 GHz and 26.5 GHz.

This comparison was piloted by the Laboratoire National de Métrologie et d’Essais (LNE).

2. PARTICIPANTS AND ORGANISATION OF THE COMPARISON

2.1.List of participants

The participating institutes are listed in the following table.

Table 1: List of participants

National Metrology
Acronym Institute Country Contact
Korea Research )
KRISS Institute of Standards Republic of Korea Tae-Weon Kang
. twkang@kriss.re.kr
and Science
LNE Laboratoire National de France Djamel Allal
Meétrologie et d’Essais djamel.allal@Ine.fr
National Institute of i
NIST Standards and Unlf:}lni:?;zs o Dave Walker_
dwalker@boulder.nist.gov
Technology
National Metrology
Institute of .
NMIJ/AIST Metrology/Advanced Japan Yozo Shimada
Industrial Science and yozo.shimada@aist.qo.jp
Technology
NPL National Physical United Kingdom Stephen Protheroe
Laboratory stephen.protheroe@npl.co.uk
All-Russian Scientific
Research Institute for . . N )
VNIIFTRI Physical-Technical and | Russian Federation | 1Rzlg adij _L_J:td_'n
Radiotechnical @vniiftri.ru
Measurements
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2.2.Comparison schedule

The comparison loop was initially planned to last 14 months with time slots of two months
allocated to each participant, for measurements and transportation to the next participant [1].

However, due to problems described in section 2.4, a second comparison loop has been added
and the comparison lasted longer. Finally, the measurements started in October 2007 and
ended in February 2011.

The effective dates of measurements are summarized in tables 2 and 3 below, for the two
comparison loops respectively.

Table 2: Dates of measurement for the first comparison loop

Laboratory Date of measurement
(FIF;EE) October 2007
(Unitelez:;gdom) December 2007
(United St;‘;? -gf America) February 2008
N'\(/JI:Q,:)S ! July 2008
(Reput}flilz Ic?fSKorea) September 2008
(RUSS\i/al:lWIII:Z-(IJ-thion) June 2009
(FIF;EE) September 2009

Table 3: Dates of measurement for the second comparison loop
Laboratory Date of measurement

(Fl;;lie) October 2008

(United St;le:ss -(I)-f America) February 2009
N'\(/JIL{Z:;:)S ! April 2009
(Reput;ilz ijSKorea) June 2009

(Russ\i/a,:III:Fe-tIJ-;Ltion) December 2009

(UnitedNIE:;gdom) February 2011
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2.3.0rganisation of the comparison

The comparison was organised by the pilot laboratory. The travelling standards were
circulated in two loops. The pilot laboratory had to measure the standards both at the
beginning and at the end of each loop.

2.4.Unexpected incidents

During the first half of the first comparison loop, a lack of reliability of one travelling
(standard "K22.W.1.waveguide", see description in section 3) has been noticed by the first
two participants and confirmed by the third participant (NIST, see comparison schedule
below).

Hence, decision was taken to remove "K22.W.1.waveguide™ from the comparison protocol
and to arrange a second loop with a supplementary noise source with identifier
K22.W.3.waveguide (see description in section 3.1), supplied by NMIJ/AIST, delaying the
first time schedule by 10 more months.

Apart from that, during this comparison and due to successive breakdowns of their
measurement system and for economic reasons, the pilot laboratory has taken the decision to
stop all activities related to noise temperature measurement and consequently to withdraw all
its CMC lines from the BIPM database.

This situation has posed a problem with regard to the technical protocol of the comparison [1]
because LNE as the pilot laboratory, was supposed to measure each travelling standard at the
beginning and then at the end of the measurement loop in order to confirm the stability of the
travelling standards. This could not be achieved as the measurement system failed at the end
of the second measurement loop and has not been repaired; but fortunately this will not affect
the Key Comparison Reference Value since it was stipulated in the technical protocol that this
last measurement should not be taken into account in the calculation.

Finally, one of the participants, NPL, had to postpone their measurements of the second loop
due to modifications of their measurement system which had prevented them from carrying
out any measurement for several months.

All these problems have prolonged considerably the duration of this comparison.
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3. Travelling standards and measurement instructions

3.1.Description of the standards

The travelling standards of the comparison were initially two solid-state noise sources, both of
nominal ENR value of 15 dB and both to be powered by 28 V DC through a BNC connection.

The first one with identifier K22.W.1.waveguide was an IEC R220 waveguide noise source
and the second one with identifier K22.W.2.coaxial was a 3.5 mm male coaxial noise source.
A third travelling standard with identifier K22.W.2.waveguide has been obtained from the
combination of the second one with a female 3.5 mm to R220 adapter, constituting a
waveguide noise source.

As explained in section 2.4, a supplementary noise source has been added in the comparison.
This new travelling standard has identifier K22.W.3.waveguide and was supplied by
NMIJ/AIST and obtained from the combination of a male 3.5 mm coaxial noise source with a
female 3.5 mm coaxial to R220 waveguide adapter, also to be powered by 28 V DC through a
BNC connection.

The three initial travelling standards and the supplementary one are described in table 3
below.

Table 4: Description of the travelling standards

Comparison identifier Type
K22.W.1.waveguide QUINSTAR QNS-FB15LK, SN 7362001
K22.W.2.waveguide AGILENT 346C, SN MY44420626 (with adapter)
K22.W.2.coaxial AGILENT 346C, SN MY 44420626 (without adapter)
K22.W.3.waveguide NOISE/COM NC346C, SN P404 (with adapter)

3.2.Quantities to be measured and conditions of measurement

The main quantity to be measured in the comparison was the available noise temperature of
the noise standards in kelvin (K).

In addition, the complex valued reflection coefficient of the standards in linear units had to be
measured.

Depending on the type of radiometer used, coaxial or waveguide, travelling standard
K22.W.2.waveguide or K22.W.2.coaxial respectively is calibrated after adapter evaluation.
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Measurements have been carried out at the four following frequencies: 18 GHz, 22 GHz,
25.8 GHz and 26.5 GHz.

Note that due to the use of a different waveguide size, VNIIFTRI did not carry out
measurements at 26.5 GHz and that KRISS did not carry out measurements at the particular
frequency of 25.8 GHz, compatible with the Russian standard on waveguide sizes.

3.3.Deviations from the protocol.

Due to the problem mentioned in section 4 and related with the pilot laboratory, the protocol
could not be strictly applied, especially; the check measurements could not be carried out by
the pilot laboratory.

4. Methods of measurement

Table 2 summarizes the individual measurement methods employed by each participant. The

detailed descriptions provided by the participants are given in Appendix C.

Table 5: Summary of the measurement techniques used the participants

Possible external
Laboratory Method Reference standards source of
traceability
-Cryogenic and
ambient standards i
. at 18 GHz
KRISS Total power radiometer . .
-Diode noise sources
at 22 GHz and 26.5 Traceable to NPL at 22
' GHz and 26.5 GHz
GHz
LNE Switching radiometer Hot standard -
NIST Total power radiometer Cryogenic and ambient -
standards
NMIJ/AIST Total power radiometer Cryogenic and ambient | Traceable t(_) NIST for
standards the cryogenic standard
. Hot standard and
NPL Total power radiometer ambient standards -
VNIIFTRI radiometer Cryogenic standard -
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5. Measurement results

5.1.Results of the participating institutes

The measured available noise temperature and the reflection coefficient of three travelling
standards, as described in lines 2 to 4 of Table 4, were reported by the participating
laboratories. The measurement techniques used by the different participants are described in
the technical reports in Appendix A.

Both quantities were measured at 18 GHz, 22 GHz, 25.8 GHz and 26.5 GHz and the results
for the available noise temperature at these four frequencies are presented for full analysis in
this section. Indeed, as the reflection coefficient is regarded only as an auxiliary measurement
quantity, the corresponding reference value has not been determined.

Participants were also asked to provide estimates of the Type A and Type B uncertainties and
the combined standard uncertainty of the available noise temperature at the aforementioned
frequencies and the uncertainty budgets provided by the participants can be found in
Appendix B.

The comparison results are presented in Tables 6 to 18, including the following data:
- Reflection coefficient (magnitude and phase) of travelling standard
- Available noise temperature and its standard uncertainty
- Key Comparison Reference Value (KCRV) and its standard uncertainty
- Degree of Equivalence and its expanded (k = 2) uncertainty

Graphical illustrations of the reported results with their standard uncertainty are also
presented, together with the corresponding KCRV and its standard uncertainty, as green
dashed lines and the outlier limits as red dashed lines.

The outlier limits, the KCRV and Degrees of Equivalence with their uncertainties are
determined according to [2], as described below.

For each comparison result, if the value T;of a participant differs from the median T,, by more
than 2.5K,median{|T; — T);|}, then T; is taken as outlier. The multiplier K,, is given in
Table 1 of [2] and depends on the number of participants.

Then, the KCRYV is given by

1<
KCRV = WZ T,
i=1

where N' is the number of participants, excluding:
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- the outliers,

- and the participants who are traceable to another participant. Thereby, based on the
information given in Table 5, NMIJ/AIST data are not used for the KCRV calculation
at any frequency, and KRISS data are not used at frequencies higher than 18 GHz.

For both cases, data are italicized in Tables 6 to 18. The outliers’ data are furthermore
highlighted in grey.

The combined standard uncertainty of KCRYV is given by

where ur, is the combined standard uncertainty of the ith participant.
The deviation of a participant from the KCRV is given by
Ai - Ti - KCRV

If T; is not taken in the calculation of the KCRV, then the expanded uncertainty of this

deviation is given by

Otherwise the expanded uncertainty is given by

U =2x\/(1—£)u2 + u?
Ai NI Ti KCRV -

Both the deviation and its expanded uncertainty define the degree of equivalence of the
participant’s result relative to the KCRV.

Finally, the reported measurements results for each laboratory are summarized in Tables 6 to
18 below.

10
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5.1.1. Results for travelling standard K22.W.2.waveguide

Table 6: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.waveguide at 18 GHz

Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.025 -101 7160 156 44 262
LNE 0.029 - 7433 84 317 196
NIST 0.029 -94 7131 30 15 111
NMIJ/AIST 0.031 -92 7229 69 113 147
NPL 0.031 -93 6994 103 -122 189
VNIIFTRI 0.028 -95 7180 54 64 131
KCRV Ukcrv
7116 50

K22.W.2.waveguide, f = 18 GHz
7600

7500

7400

7300

6900

[2)]
[e.e]
o
[=]

Available noise temperature T{K)
~J ~ ~
o = [\
[=] [=) [=)
o o (=]

6700

6600

6500

T T
KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI

— —KCRV ----uKCRV ——-outlier limit

Fig. 1: Measurement of available noise temperature with combined standard uncertainty for
K22.W.2.waveguide at 18 GHz

11



Fig. 2: Measurement of available noise temperature with combined standard uncertainty for
K22.W.2.waveguide at 22 GHz
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Table 7: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.waveguide at 22 GHz

Laboratory | or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.055 44 8776 246 83 406
LNE 0.055 - 8784 63 91 117
NIST 0.053 42 8630 41 -63 87
NMIJ/AIST 0.054 44 8711 85 18 149
NPL 0.053 43 8699 34 6 78
VNIIFTRI 0.057 42 8660 67 -33 123
KCRV Ukcry
8693 27
K22.W.2.waveguide, f = 22 GHz
9100
9000
< 8900
o |
g 8800 + I
g 7 s .. S %’ S R ——
Lo T i Ee e i Ml F----------
583 8600 %
a
S 8500
S
‘S 8400
3
< 8300
8200
8100 : | : . ‘
KRISS LNE NIST NMU/AIST VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit
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Table 8: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.waveguide at 25.8 GHz

Laboratory T or (°) T (K) ur (K) A (K) Ui (K)
KRISS - - - - - -
LNE 0.042 - 11297 71 32 132
NIST 0.039 -23 11177 55 -88 112
NMIJ/AIST 0.040 -23 11436 147 171 239
NPL 0.042 -25 11207 55 -58 112
VNIIFTRI 0.045 -16 11380 98 115 169
KCRV Ukcry
11265 36

K22.W.2.waveguide, f = 25.8 GHz

11800

11600
=
= I
v 11400
o . e~
T 100 —— JLIIIIIIIIIIIIIIIIIE ? """"""""""
£ ?
()
2
()
2 11000
0
c
@ e e e e
0
& 10800
‘T
>
=

10600

10400 T T T T T T

KRISS LNE NIST NMIUJ/AIST NPL VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

Fig. 3: Measurement of available noise temperature with combined standard uncertainty for
K22.W.2.waveguide at 25.8 GHz
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Table 9: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.waveguide at 26.5 GHz

Laboratory T or (°) T (K) ur (K) A (K) Ui (K)
KRISS 0.042 -166 10376 288 26 413
LNE 0.053 - 10401 67 51 117
NIST 0.040 -171 10292 53 -58 102
NMIJ/AIST 0.041 -174 10609 136 259 281
NPL 0.044 -172 10357 52 7 101
VNIIFTRI - - - - - -
KCRV Ukcry
10350 34

K22.W.2.waveguide, f = 26.5 GHz
10800

10600

10400 I T

10200

10000

Available noise temperature T{(K)

9800

9600

T T
KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI

— —KCRV ----uKCRV ——-outlier limit

Fig. 4: Measurement of available noise temperature with combined standard uncertainty for
K22.W.2.waveguide at 26.5 GHz

14



CCEM.RF-K22.W - Noise in waveguide between 18 GHz and 26.5 GHz Final Report
5.1.2. Results for travelling standard K22.W.2.coaxial
Table 10: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.coaxial at 18 GHz
Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.028 64 7324 148 89 245
LNE - - - - - -
NIST 0.035 81 7264 38 29 137
NMIJ/AIST 0.034 80 7363 89 128 179
NPL 0.030 77 7118 111 -117 202
VNIIFTRI - - - - - -
KCRV Ukcrv
7235 63
K22.W.2.coaxial, f = 18 GHz
7600
7800
< 7400
= r's
% 7300 hd
S I DR Y
L S R
s
9 7100 b
e
% 7000
g 6900
6800
6700 T T T T T T
KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

Fig. 5: Measurement of available noise temperature with combined standard uncertainty for

K22.W.2.coaxial at 18 GHz
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Fig. 6: Measurement of available noise temperature with combined standard uncertainty for

K22.W.2.coaxial at 22 GHz
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Table 11: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.coaxial at 22 GHz

Laboratory | or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.037 79 8951 238 108 344
LNE - - - - - -
NIST 0.039 73 8827 50 -16 99
NMIJ/AIST 0.041 75 8903 111 60 172
NPL 0.034 65 8859 44 16 93
VNIIFTRI - - - - - -
KCRV Ukcry
8843 34
K22.W.2.coaxial, f =22 GHz
9300
9200
~ 9100
l_ ______________________________________________
g
5 9000
® *
2 5900
e e * ---------------------
e - s
-3 e Y
[0}
c
% 0
g 8600
8500
8400 : ; : ; :
KRISS LNE NIST NMIJ/AIST VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit
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Table 12: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.coaxial at 25.8 GHz

Laboratory | or (°) T (K) ur (K) A (K) U, (K)
KRISS - - - - - -
LNE - - - - - -
NIST 0.050 31 11503 67 31 125
NMIJ/AIST 0.050 151 11713 176 241 226
NPL 0.043 158 11441 69 -31 127
VNIIFTRI - - - - - -
KCRV Ukcry
11472 49
K22.W.2.coaxial, f = 25.8 GHz
12000
TLBO |
< *
=
o 11600
e foo
§ 11400 [7TTTTTIITIITIITIIIIIIIIIITIITiiiiiiiiiiiiiiiics _% ““““““““““
£
&
(]
211200
o 2
[
@
0
© 11000
3
<T
10800
10600 : : : . ‘ .
KRISS LNE NIST NMU/AIST NPL VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

Fig. 7: Measurement of available noise temperature with combined standard uncertainty for

K22.W.2.coaxial at 25.8 GHz
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Table 13: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.2.coaxial at 26.5 GHz

Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.043 99 10654 279 64 336
LNE - - - - - -

NIST 0.051 101 10609 64 19 119
NMIJ/AIST 0.048 102 10875 165 285 343
NPL 0.042 98 10571 64 -19 119
VNIIFTRI - - - - - -
KCRV Ukcry
10590 46

K22.W.2.coaxial, f = 26.5 GHz

11200

11000
%
= ¢
8 _______________________________________________
5 10800
2
o
g
= ® . i ___________________ oo
T o
A s | 'T ____________________
R
0
c
© g e
2 10400 T
o
©
>
<L

10200

10000 T T T T T T

KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

Fig. 8: Measurement of available noise temperature with combined standard uncertainty for
K22.W.2.coaxial at 26.5 GHz
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5.1.3. Results for travelling standard K22.W.3.waveguide

Table 14: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.3.waveguide at 18 GHz

Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.075 -161 13215 281 37 463
LNE 0.217 - 13629 108 451 267
NIST 0.092 -156 13047 56 -131 179
NMIJ/AIST 0.073 -159 13096 131 -82 256
NPL 0.077 -159 13259 55 81 178
VNIIFTRI 0.076 -160 13190 99 12 219

KCRV Ukcrv
13178 78

K22.W.3.waveguide, f = 18 GHz
14000

13800

13600 pImIIIIIIIIE %_ ________________________________

13400

13200 :_;-__--__-_"--_-__-__-__-__-__-__-_--_--_"- ________ % ___________________

______________________________________ <y-_-_--_--_--_--_-_- e
13000 ; T

12800

Available noise temperature T{K)

12600

12400

12200

T T
KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI

— —KCRV ----uKCRV ——-outlier limit

Fig. 9: Measurement of available noise temperature with combined standard uncertainty for
K22.W.3.waveguide at 18 GHz
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Table 15: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.3.waveguide at 22 GHz

Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.139 -57 10709 292 244 481
LNE 0.149 - 10276 72 -189 132
NIST 0.152 -58 10598 57 133 111
NMIJ/AIST 0.142 -58 10487 107 22 185
NPL 0.138 -58 10584 51 119 103
VNIIFTRI 0.138 -58 10400 52 -65 104

KCRV Ukcry
10465 30

K22.W.3.waveguide, f = 22 GHz

11200

B e e e e A S A S A e
=
= 10800
g *
2 I
© 10600 ¢ %
g
£ g gl ?;.T.___ o oo T T T :IT_.__ =
9 10400 i +
()
@
: t
< 10200
Q@
5 S S
o
‘s 10000
>
<

9800

9600 T T T T T T

KRISS LNE NIST NMIJ/AIST NPL VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

Fig. 10: Measurement of available noise temperature with combined standard uncertainty for
K22.W.3.waveguide at 22 GHz
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Table 16: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.3.waveguide at 25.8 GHz

Laboratory T or (°) T (K) ur (K) A (K) U, (K)
KRISS - - - - - -
LNE 0.094 - 8071 50 -101 115
NIST 0.040 -146 8163 39 9 79
NMIJ/AIST 0.042 -168 8174 115 2 173
NPL 0.049 -156 8164 37 -8 77
VNIIFTRI 0.071 139 8190 62 18 105
KCRV Ukcry
8172 28
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Fig. 11: Measurement of available noise temperature with combined standard uncertainty for
K22.W.3.waveguide at 25.8 GHz
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Fig. 12: Measurement of available noise temperature with combined standard uncertainty for
K22.W.3.waveguide at 26.5 GHz
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Table 17: Measurements, combined standard uncertainties and degree of equivalence for
K22.W.3.waveguide at 26.5 GHz

Laboratory | or (°) T (K) ur (K) A (K) U, (K)
KRISS 0.014 155 7450 190 99 298
LNE 0.145 - 7418 48 67 88
NIST 0.011 -147 7317 35 -34 72
NMIJ/AIST 0.010 138 7370 98 19 159
NPL 0.021 166 7317 32 -34 68
VNIIFTRI - - - - - -
KCRV Ukcry
7351 23
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7700
T B0 o T T . . o
g 7500
o L 4 l
-Ig 7400 ____________________ ,l_ ____________________ ‘ > _______________________________
5 el el sy S p
2 7300 Y
s
3 7200
@]
<
% 7100
g 7000
6900
6800 : | : . ‘
KRISS LNE NIST NMU/AIST VNIIFTRI
— —KCRV ----uKCRV ——-outlier limit

22



CCEM.RF-K22.W - Noise in waveguide between 18 GHz and 26.5 GHz Final Report

6. CONCLUSION

In this comparison, available noise temperature of three noise sources, two in waveguide and
one in coaxial line were determined at four frequencies in the band from 18 GHz to 26.5 GHz,
by six National Metrology Institutes (NMIs) between October 2007 and February 2011. Four
participants used national primary standards, while one participant had one working standard
traceable to another participant for all frequencies and a second participant who was traceable
to another participant above 18 GHz.

During the comparison, instability has been noticed on one of the travelling standards, so it
was replaced with a supplementary noise source, which prolonged the duration of the
comparison. Moreover, breakdown of the pilot laboratory measurement system during the
comparison has prevented any possible check of stability of the travelling standards during the
comparison progress.

The reported results have been used to calculate the Key Comparison Reference Value
(KCRYV) for the three travelling standards and for all frequencies. Despite the problems
mentioned above and a comparison that was much longer than initially planned, the results
show generally good agreement among the participants as illustrated by the data given for the
Degrees of Equivalence and their expanded uncertainties.
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A. Technical Reports from the participating laboratories

The following reports on the measurement techniques were received from the participating
laboratories.

A.1. KRISS report

Available noise temperature

At 18 GHz, the two standard noise sources are a 7-mm cryogenic noise source and an ambient
termination. A 7-mm coaxial total power radiometer was used to measure the noise power
using appropriate adapters as follows;

- for the travelling standard, K22.W.2.coaxial, a 3.5 mm (female) —7 mm adapter.

- for the travelling standard, K22.W.2.waveguide, a 3.5 mm (female)-WR42 adapter
provided by the pilot laboratory (HP K281C, MY46040120) was used. The adapter
was evaluated using the adapter removal method and embedded to obtain the noise
temperature (NT) of the travelling standard, K22.W.2.waveguide.

- for the travelling standard K22.W.3.waveguide, a cascaded adapter, WR42-3.5 mm
(male) adapter and 3.5 mm (female) —7 mm adapter.

At 22 GHz and 26.5 GHz, a set of diode noise sources calibrated at National Physical
Laboratory (NPL), United Kingdom, were used. Since a diode noise source with 15 dB ENR
is commercially available, a 10 dB attenuator was combined with the noise source to make a
cold noise source. The efficiency, i.e., the dissipative component of the 10 dB attenuator was
obtained from the measured scattering parameters. The noise power was measured using a
commercial noise figure analyzer, Agilent N8975A. At 22 GHz and 26.5 GHz, the following
adapters were used;

- for the travelling standard, K22.W.2.coaxial, no adapter was used.

- for the travelling standard, K22.W.2.waveguide, a 3.5 mm (female)-WR42 adapter
provided by the pilot laboratory (HP K281C, MY46040120) was used.

- for the travelling standard K22.W.3.waveguide, a WR42-3.5(male) adapter was used
to measure the noise power and de-embedded to obtain the noise temperature (NT) of
the travelling standard.

The control of all instruments and the measurement were done by a system controller via
GPIB.

The reflection coefficients

The reflection coefficient of the travelling standards was measured using a vector network
analyzer and the results are reported as complex values.
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The control of all instruments and the measurement were done by a system controller via
GPIB.

A.2. LNE Report

The traveling standards were compared against LNE’s IEC R220 hot (nominal 1000 K)
primary noise standard. The noise measurements