Calibration certificates RISE equipment used for test report 2P03617

Serial number on equipment | RISE number | File name/
Page number
902 073
R&S FSW 43 100 560 902 073 FSW43.pdf
901 553
R&S ESU 26 100 409 901 553 ESU6 pdf
BX50051
R&S ZNB 40 101 544 BXS0051 | 50 pdf
Bilog antenna Schaffner 6143A 23 169 504 079 2-9
EMCO Horn Antenna 3115 9509-4562 502 175 10— 14
EMCO Horn Antenna 3115 00143 161 902 212 15-19
EMCO Horn Antenna 3116 9904-2426 503 279 20-24
Mixer FS-Z60 100 996 BX90566 2531
Mixer FS-Z90 101 871 BX90567 3238
Mixer FS-Z110 101 467 BX81425 3948
Mixer FS-Z170 100 974 BX81426 4955
Mixer FS-Z220 100 967 BX81427 56— 62
Flann STD Gain Horn Antenna 20240-20 Man“fa"t“r‘zro%m‘”ded 8| Bx92412 63
Flann STD Gain Horn Antenna 22240-20 M"‘n‘lfacugse; I6’r6%“ded S Bx92413 64
Flann STD Gain Horn Antenna 24240-20 M”Ufacmrelr 4plr°“ded ga | Bx02414 65
Flann STD Gain Horn Antenna 26240-20 Manufac“irze; EZ%Vlded ga | Bx02416 66
Flann STD Gain Horn Antenna 27240-20 Man“fa““rezrgplm“ded gam | px092417 67
Flann STD Gain Horn Antenna 29240-20 Manufacmrezgm“ded g8 | Bx92419 68
Flann STD Gain Horn Antenna 30240-20 | Manufacturer provided gain | - g o547 69
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NATIONAL PHYSICAL LABORATORY

Teddington Middlesex UK TW11 0LW Telephone +44 20 8977 3222

Certificate of Calibration

BICONICAL-LOG HYBRID ANTENNA
Model: Teseq CBL 6143A
Serial number: 23169

FOR: RISE
Brinellgatan 4
SE-504 62 BORAS
Sweden

Order no. IX84237

DESCRIPTION: Teseq CBL 6143A biconical-log hybrid antenna with an operating
frequency range of 30 MHz to 3000 MHz. The low frequency elements
were of a modified triangular type (L-shaped).

IDENTIFICATION: ~ The antenna is marked with the manufacturer's serial number 23169,

The antenna was calibrated with the customer supplied 6 dB
attenuator attached, with the customer number BX61531.

MEASUREMENTS COMPLETED ON: 4 July 2018

The reported uncertainty is based on a coverage factor k=2, providing a level of confidence of approximately 95%

Reference : 2018050459-1 Page1of 8

Date of Issue : 4 July 2018 Signed : f) %‘L\‘,W (Authorised Signatory)
Checked by : % Name : D A Knight on behalf of NPLML




NATIONAL PHYSICAL LABORATORY

MEASUREMENT PROCEDURE

Antenna Factor

The measurement method is traceable to field standards which have been validated on the
national standard open field site (OFS) at NPL. The OFS comprises a 60 m by 30 m metal
ground plane, flat to within + 6 mm. The receiver linearity has been calibrated, traceable to
national standards, and its frequency accuracy has been shown to be better than 10 ppm. On
request a complete set of antenna factors, and the complex components of the reflection
coefficient can be supplied in ASCII format by email.

The antenna was positioned in the configuration required for each measurement, and where
necessary the RF cables were supported in order to minimise parasitic reflections. A summary
of the applicable parameters for each measurement is given below. Each summary refers to a
later table which contains a subset of results, and the accompanying graphs present the full
data set.

The antenna was calibrated according to ANSI C63.5 (see Annex) as one of three antennas,
which were calibrated by the height scanning method described in the procedure. The
customer's antenna is defined as the Antenna Under Test (AUT). The other anterma in any
pair is defined as ANT2. HP and VP are horizontal and vertical polarisation respectively.

applicabl rs in Tabl
Measurement From 30 MHz to 1000 MHz
‘ range
| Measurement | ANSI C63.5:2017 10.0 m separation, |
parameter AUT Scanned (1.0 m - 4.0 m), ANT2 at HP 2.0 m
Near Free Space Antenna Factors
Measurement | 1.0dB T
uncertainty *

* The reported expanded uncertainty is based on a standard uncertainty multiplied by a
coverage factor k = 2, providing a coverage probability of approximately 95 %. The
uncertainty evaluation has been carried out in accordance with UKAS requirements.
The uncertainty applies only to the measured values and gives no indication of the
long term stability of the antenna. See annex concerning exemptions to the stated
uncertainty.

Balance Test (applies to frequencies below 300 MHz - see Annex)
This test indicated no significant balun imbalance.

The balun balance was measured according to ANSI C63.5:2017, with an estimated expanded
uncertainty of +£0.25 dB.

Reference : 2018050459-1 Page 2 of 8
Date of Issue : 4 July 2018
Checked by : T F



NATIONAL PHYSICAL LABORATORY

Return Loss and VSWR

The antenna was positioned in a near free-space environment and the complex reflection
coefficient, S11, was measured. The result is presented as return loss and VSWR. The estimated
uncertainty in the measured reflection coefficient is + 0.05 units.

NOTES

The antenna was assembled following the markings on the elements and the balun.
The 10 m separation was measured from the marked reference =0.523 m from the antenna tip.

During calibration NPL uses good quality matching attenuators on the transmit and receive
cables, which ensure a return loss better than 10dB. In order to meet the CISPR 16-1-4
requirement for emission measurements a calibrated attenuator should be used on the receive
cable to ensure a minimum match of 10dB. When requested NPL will calibrate the antenna
with a supplied attenuator attached and the attenuation will be included in the antenna factor
and the measured return loss. Alternatively, if no attenuator is supplied, the calibrated value
of the attenuator may be included in the loss of the receive cable. ANSI C63.4:2014 requires a
match of 2.5:1 VSWR, which equates to a return loss of 7.4dB; it is possible to meet this
requirement with a 4dB attenuator. It is recommended to use a 6dB attenuator for hybrid or
biconical antennas which have a poor match at 30MHz.

ENVIRONMENT

The measuring equipment was in a temperature controlled room at 22°C +2°C. In our
experience there is no significant variation in the performance of passive antennas in the
temperature range -5°C to +35°C.

ANNEX TO NPL CERTIFICATE

The annex describes some sources of possible measurement uncertainty when biconical-log
hybrid antennas are used for emission testing. The antenna factor uncertainty and any
additional measurement uncertainty can be combined by following the guidance given by
UKAS[1].

[1] The expression of uncertainty in EMC testing, LAB 34, UKAS, August 2002.

2] The annex for the biconical-log hybrid antenna can be found on the NPL website,
www.npl.co.uk, search on "Antennas and Field Probes support documentation” with
the address http:/ /www.npl.co.uk/emc-certificates

Reference : 2018050459-1 Page3 of 8
Date of Issue : 4 July 2018
Checked by : TF



NATIONAL PHYSICAL LABORATORY

Table 1
ANSI C63.5:2017 10.0 m separation,
AUT Scanned (1.0 m - 4.0 m), ANT2 at HP 2.0 m
Teseq CBL 6143A, s/n 23169
Frequency (MHz) | Antenna Factor Frequency (MHz) Antenna facior
(dB/m) (dB/m)
30 B 28.4 520 3.1
40 234 540 241
60 16.1 560 245
80 13.3 580 - 244
100 16.0 600 244
120 18.7 620 24.6
140 18.4 640 249
160 16.6 660 24.6
180 16.2 680 24.7
200 17.5 700 24.7
220 18.5 720 25.0
240 17.8 740 25.3
260 18.5 760 255
280 18.7 780 25.9
300 19.2 800 257
320 19.6 820 258
340 19.7 840 26.1
360 20.3 860 26.2
380 20.8 880 26,6
400 220 900 26.3
420 21.6 920 26.4
440 21.9 940 26.6
460 22.5 960 26.9
480 229 980 269
500 229 1000 [ 27.4
Reference : 2018050459-1 Page4of 8

Date of Issue : 4 July 2018
Checked by: “T F



NATIONAL PHYSICAL LABORATORY

Figure 1

ANSI C63.5:2017 10.0 m separation,
AUT Scanned (1.0 m - 4.0 m), ANT2 at HP 2.0 m

Teseq CBL 6143A, s/n 23169.
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NATIONAL PHYSICAL LABORATORY

Continuation Sheet

Figure 2
VSWR
Teseq CBL 61434, s/n 23169.
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Figure 3

Return Loss for antenna model: Teseq CBL 6143A, s/n 23169.
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Figure 4
Balance test for antenna model: Teseq CBL 6143A, s/n 23169.
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NATIONAL PHYSICAL LABORATORY

Teddington Middiesex UK TW11 0LW Telephone +44 20 8977 3222

Certificate of Calibration

EMCO 3115
Double Ridged Guide Horn Antenna s/n 9509-4562

FOR: RISE

Brinellgatan 4

SE-504 62 BORAS

Sweden
DESCRIPTION: EMCO 3115 Double Ridged Guide Horn Antenna
IDENTIFICATION: s/n 95094562

CALIBRATION FREQUENCIES: 0.7 GHz to 18.0 GHz in 0.1 GHz steps

DATE(S) OF CALIBRATION: 28 June to 5 July 2018

Reference: 2018050459-2 Page 1 of 5

Date of Issue: 6 July 2018 Signed: DG Gm (Authorised Signatory)
Checked by: 7 Name: D G Gentle on behalf of NPLML




NATIONAL PHYSICAL LABORATORY

MEASUREMENTS

In the following, the IEEE definition of gain is used: the gain of an antenna in a given direction is
defined as “the ratio of the radiation intensity, in a given direction, to the radiation intensity that
would be obtained if the power accepted by the antenna were isotropically radiated”. The apparent

gain is obtained by multiplying the gain by the factor (1 - |['|*), where I is the reflection
coefficient of the antenna.

The apparent gain of the antenna was measured by the three antenna technique. The antenna
separation was 3 m, measured from the aperture of the antenna. A vector network analyser was used
to measure the complex reflection coefficients of the antennas and components used in the
measurement circuit. Mismatch corrections were calculated from these measurements and applied to
the measured gains to give the apparent gains. The antenna factors were calculated from the apparent
gains using the following formula:

AF = 3023 + 20log,((Fou:) - G [dB (1/m)]
where Fgy, i8 the frequency in GHz and Gy, is the apparent gain in dBi.

All measurements were made in a temperature controlled electromagnetic anechoic chamber in a
screened laboratory at a temperature of 23 £2° C,

CALIBRATION DATA

This certificate contains a subset of the full calibration data. A complete set of results will be
provided via email in Excel format.

MEASUREMENT UNCERTAINTIES

The estimated uncertainty in the apparent gain is £ 1.0 dB for frequencies below 1.0 GHz and
+ 0.8 dB for frequencies 1.0 GHz and above. The uncertainties in the real or imaginary parts of the
reflection coefficients are given in the table below. The reported expanded uncertainty is based on a
standard uncertainty multiplied by a coverage factor k = 2, providing a coverage probability of
approximately 95 %. The uncertainty evaluation has been carried out in accordance with UKAS
requirements. These uncertainties apply only to the measured values and give no indication of the
long term stability of the antenna.

Uncertainties in the components of the reflection coefficients.

Frequency Uncertainty in real or
range [GHz] imaginary parts
0.7t0 0.9 + 0.050 units
1.0to 1.5 % 0.015 units
1.6to 18.0 + 0.011 units
Reference: 2018050459-2 Page 2 of 5

Cad
Checked by:



NATIONAL PHYSICAL LABORATORY

Continuation Sheet

RESULTS
Apparent Gain and Antenna Factor
at 3 m from the antenna aperture.
Frequency [GHz] Gain 3 m [dBi] A?;e;]g? !fnaic:tlor
0.70 -1.1 28.2
0.80 24 25.9
0.90 5.1 24.2
1.00 5.7 246
1.50 8.3 25.5
2.00 8.8 274
2.50 9.8 284
3.00 9.8 29.9
3.50 10.0 31.1
4.00 2.9 324
4,50 11.0 323
5.00 10.7 335
5.50 10.9 34.1
6.00 11.5 343
6.50 12.1 344
7.00 11.8 354
7.50 11.4 36.3
8.00 11.6 36.7
8.50 114 374
9.00 11.3 38.0
9.50 114 384
10.00 10.8 39.4
10.50 10.9 39.7
11.00 12.2 38.8
11.50 12.5 39.0
12.00 12.5 394
12.50 13.3 38.8
13.00 13.4 39.1
13.50 12.3 40.5
14.00 11.6 41.6
14.50 10.7 42,7
15.00 12.7 41.0
15.50 16.1 379
16.00 16.7 37.6
16.50 16.2 384
17.00 14.1 40.7
17.50 10.6 44.5
18.00 8.0 473

Reference: 2018050459-2

Checked by: EL.M
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Reference; 2018050459-
F
Checked by: %/

Reflection Coefficients and VSWR
Freq [GHz] Real Part Imaginary Part VSWR
0.70 0.801 0.241 11.26
0.80 0.641 -0.143 4.82
0.90 0.373 -0.201 2.47
1.00 0.370 0.177 2.39
1.50 -0.162 0.219 1.75
2.00 -0.337 0.006 2.02
2.50 -0.238 0.066 1.65
3.00 -0.134 0.087 1.38
3.50 0.091 0.085 1.29
4.00 0.139 -0.112 1.44
4.50 -0.092 -0.094 1.30
5.00 -0.183 0.171 1.67
5.50 -0.003 0.306 1.88
6.00 0.160 0.172 1.62
6.50 0.166 -0.070 1.44
7.00 -0.023 -0.171 1.42
7.50 -0.114 -0.021 1.26
8.00 0.019 0.088 1.20
8.50 0.134 0.019 1.31
9.00 0.132 -0.118 1.43
9.50 -0.010 -0.239 1.63
10.00 0,238 0.176 1.84
10.50 -0.149 0.060 1.38
11.00 -0.095 -0.053 1.24
11.50 -0.121 0.016 1.28
12.00 -0.009 0.050 1.11
12.50 0.043 -0.053 1.15
13.00 0,051 -0.129 1.32
13.50 -0.152 =0.044 1.38
14.00 -0.093 0.091 1.30
14.50 0.100 0.083 1.30
15.00 0.193 -0.125 1.60
15.50 0.042 -0.303 1.88
16.00 -0.183 -0.268 1.96
16.50 -0.292 -0.037 1.84
17.00 -0.122 0.215 1.66
17.50 0.216 0.129 1.67
18.00 0.218 -0.235 1.95
Paged of 5
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NATIONAL PHYSICAL LABORATORY

Teddington Middlesex UK TW11 OLW Telephone +44 20 8977 3222

Certificate of Calibration

ETS-Lindgren 3115
Double Ridged Guide Horn Antenna S/N: 00143161

FOR: RISE
Box 857
Se 501 15
Boras
Sweden

DESCRIPTION: ETS-Lindgren 3115 Double Ridged Guide Horn Antenna
IDENTIFICATION: S/N:00143161
CALIBRATION FREQUENCIES: 1.0 GHzto 18.0 GHz in 0.1 GHz steps

DATE(S) OF CALIBRATION: 11 December 2018

Reference: 2018100184-1 Page 1 of 5
Date of Issue: 11 December 2018  Signed: T G_ C_‘. M (Authorised Signatory)

Name: D G Gentle on behalf of NPLML




NATIONAL PHYSICAL LABORATORY

Continuation Sheet
MEASUREMENTS

The measurements were made in accordance with the ANSI 63.5:2017 standard. The results of this
calibration comply with the basic requirement set out in section 5.1.3.1 a) 1) ii) of the standard: “AFs
measured at distances with 0.62 ¥D? /A € R < 2D? /. shall be deemed acceptable at the calibrated

distance” for radiated emission measurements.

In the following, the IEEE definition of gain is used: the gain of an antenna in a given direction is
defined as “the ratio of the radiation intensity, in a given direction, to the radiation intensity that
would be obtained if the power accepted by the antenna were isotropically radiated”. The apparent
gain is obtained by multiplying the gain by the factor(1 - |T'|*), where T is the reflection
coefficient of the antenna.

The apparent gain of the antenna was measured by the three antenna technique. The antenna
separation was 3 m, measured from the aperture of the antenna. A vector network analyser was used
to measure the complex reflection coefficients of the antennas and components used in the
measurement circuit. Mismatch corrections were calculated from these measurements and applied to
the measured gains to give the apparent gains. The antenna factors were calculated from the apparent
gains using the following formula:

AF = 3023 + 20log,,(Fon) - G [dB (1/m)]
where Fgy, is the frequency in GHz and Gy is the apparent gain in dBi.

All measurements were made in a temperature controlled electromagnetic anechoic chamber in a
screened laboratory at a temperature of 23 + 2° C.

CALIBRATION DATA

This certificate contains a subset of the full calibration data. A complete set of results will be
provided via email in Excel format.

MEASUREMENT UNCERTAINTIES

The estimated uncertainty in the apparent gain is + 0.8 dB and the uncertainties in the real or
imaginary parts of the reflection coefficients are given in the table below. The reported expanded
uncertainty is based on a standard uncertainty multiplied by a coverage factor £ = 2, providing a
coverage probability of approximately 95%. The uncertainty evaluation has been carried out in
accordance with UKAS requirements. These uncertainties apply only to the measured values and
give no indication of the long term stability of the antenna.

Uncertainties in the comnonents of the reflection coefficients.

Frequency Uncertainty in real or
range [GHz] imaginary parts
1.0to 1.5 + 0.015 units
1.6t0 18.0 % 0.011 units
Reference: 2018100184-1 Page2 of 5

Checked by: /%/
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Continuation Sheet
RESULTS
Apparent Gain and Antenna Factor
at 3 m from the antenna aperture.
Frequency [GHz] Gain 3 m [dBi] A’Ed“;‘;‘l‘;ﬂ"r
1.00 6.6 23.6
1.50 8.3 25.5
2.00 7.8 28.4
2.50 10.4 27.8
3.00 10.7 29.1
3.50 10.7 304
4,00 10.5 31.7
4.50 11.3 320
5.00 11.3 329
5.50 11.3 33.8
6.00 10.5 353
6.50 10.9 35.6
7.00 10.5 36.6
17.50 10.4 37.3
8.00 11.3 37.0
8.50 11.3 375
9.00 11.7 37.6
9.50 11.8 38.0
10.00 12.0 38.2
10.50 12.1 38.5
11.00 12.6 38.5
11.50 12.7 38.7
12.00 13.0 38.8
12.50 134 38.8
13.00 12.7 39.8
13.50 12.3 40.6
14.00 119 41.2
14,50 12.4 41.0
15.00 13.9 3%.9
15.50 14.6 395
16.00 14.9 395
16.50 13.6 41.0
17.00 12.6 42.2
17.50 12.1 43.0
18.00 12.6 42.7

Reference: 2018100184-1
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Continuation Sheet

Reflection Coefficients and VSWR
Freq [GHz] Real Part Imaginary Part VSWR
1.00 0.119 -0.161 1.50
1.50 -0.331 -0.011 1.99
2.00 -0.400 0.172 2.54
2.50 0.158 0.225 1.76
3.00 0.000 0.175 1.43
3.50 0.172 0.208 1.74
4.00 0.283 0.107 1.87
4.50 0.102 0.010 1.23
5.00 -0.060 0.150 1.38
5.50 0.058 0.278 1.80
6.00 0.255 0.164 1.87
6.50 0.348 -0.053 2.08
7.00 0.234 -0.254 2.05
7.50 -0.008 -0.222 1.57
8.00 -0.065 -0.003 1.14
8.50 0.069 0.055 1.19
9.00 0.133 -0.067 1.35
9.50 0.080 -0.205 1.57
10.00 -0.052 0.245 1.67
10.50 £.135 0.162 1.53
11.00 £0.129 -0.069 1.34
11.50 -0.109 -0.030 1.25
12.00 -0.094 0.002 1.21
12.50 -0.050 0.000 1.10
13.00 -0.030 -0.059 1.14
13.50 -0.091 -0.109 1.33
14.00 -0.188 -0.061 1.49
14.50 -0.219 0.090 1.62
15.00 -0.104 0.254 1.76
15.50 0.114 0.268 1.82
16.00 0.262 0.133 1.83
16.50 0.280 -0.043 1.79
17.00 0.179 -0.162 1.63
17.50 0.037 -0.116 1.28
18.00 0.092 0.074 1.27
Reference: 2018100184-1 Page4 of 5
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Continuation Sheet

ETS-Lindgren 3115 Double Ridged Guide Hom Antenna s/n 00143161
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NATIONAL PHYSICAL LABORATORY

Teddington Middlesex UK TwW11 OLW Telephone +44 20 8977 3222

Certificate of Calibration

EMCO 3116
Double Ridged Guide Horn Antenna S/N: 9904-2426

FOR: RISE

Brinellgatan 4

SE-504 62 BORAS

Sweden
DESCRIPTION: EMCO 3116 Double Ridged Guide Horn Antenna
IDENTIFICATION: S/N 9904-2426

CALIBRATION FREQUENCIES: 18.00 GHz to 40.00 GHz in 0.25 GHz steps

DATE(S) OF CALIBRATION: 19 July 2018

Reference: 2018050459-3 Pagelof 5

Date of Issue: 20 July ZOI 8 Signed: 'Dé‘. Cerfie, (Authorised Signatory)

Checked by: 4 Name: D G Gentle on behalf of NPLML
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MEASUREMENTS

In the following, the IEEE definition of gain is used: the gain of an antenna in a given direction is
defined as “the ratio of the radiation intensity, in a given direction, to the radiation intensity that
would be obtained if the power accepted by the antenna were isotropically radiated”, The apparent
gain is obtained by multiplying the gain by the factor (1 - |1"|2), where T is the reflection
coefficient of the antenna.

The apparent gain of the antenna was measured by the three antenna technique. The antenna
separation was 3 m measured from the aperture of the antenna. A vector network analyser was used
to measure the complex reflection coefficients of the antennas and components used in the
measurement circuit. Mismatch corrections were celculated from these measurements and applied to
the measured gains to give the apparent gains. The antenna factors were calculated from the apparent
gains using the following formula:

where Fgp, is the frequency in GHz and Gy is the apparent gain in dBi.

All measurements were made in a temperature controlled electromagnetic anechoic chamber in a
screened laboratory at a temperature of 23 £ 2° C.

CALIBRATION DATA

This certificate contains a subset of the full calibration data. A complete set of results will be
provided via email in Excel format.

MEASUREMENT UNCERTAINTIES

The estimated uncertainty in the apperent gain is + 0.8 dB and the uncertainty in the real or
imaginary parts of the reflection coefficients are given in the table below. The reported expanded
uncertainty is based on a standard uncertainty multiplied by a coverage factor k¥ = 2, providing &
coverage probability of approximately 95 %. The uncertainty evaluation has been carried out in

accordance with UKAS requirements. These uncertainties apply only to the measured values and
give no indication of the long term stability of the antenna.

Uncertainties in the components of the reflection coefficients.

Frequency Uncertainty in real or
range [GHz] imaginary parts
18.00 to 26.50 % 0.028 units
26.75 to 40.00 % 0.043 units
Reference: 2018050459-3 Page 2 of §

Checked by: M



RESULTS

NATIONAL PHYSICAL LABORATORY

Apperent Gain and Antenna Factor
at 3 m from the antenna aperture.

Frequency [GHz] Gain 3 m [dBi] A‘[’&“gﬁ ,i';“;‘”
18.00 119 434
18.50 116 44.0
19.00 112 44.6
19.50 10.7 45.4
20.00 10.7 45.5
20.50 109 45.6
21.00 10.5 462
21.50 106 46.3
22.00 11.0 46.0
22.50 112 46.1
23.00 118 456
23.50 119 4538
24.00 125 454
24.50 128 452
25.00 125 45.7
25.50 123 46.1
26.00 123 462
26.50 123 464
27.00 12,6 462
27.50 12,6 464
28.00 125 46.7
28.50 128 465
29.00 12.8 46.6
29.50 132 464
30.00 135 463
30.50 13.4 46.6
31.00 13.1 47.0
31.50 130 412
32,00 125 479
32,50 119 48.6
33,00 113 493
33.50 10.5 50.2
34.00 102 50.6
34,50 10.0 51.0
35,00 9.2 51.9
35.50 10.0 512
36.00 115 49.8
36.50 133 482
37.00 149 46.7
37.50 15.7 46.0
38.00 16.0 45.8
38.50 163 45.6
39,00 165 45.6
19,50 159 462
40.00 15.1 472

Reference: 2018050459-3
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Reflection Coefficients and VSWR

Freq [GHz] Real Part Imaginary Part VSWR
18.00 0.123 0.000 1.28
18.50 0.095 -0.151 1.43
19.00 -0.059 -0.200 1.53
19.50 -0.163 -0.145 1.56
20.00 -0.238 -0.067 1.66
20.50 -0.253 0.070 1.71
21.00 -0.167 0.159 1.60
21.50 -0.102 0.182 1.53
22,00 -0.017 0.207 1.52
22,50 0.063 0.152 1.39
23.00 0.085 0.116 1.34
23.50 0.142 0.066 1.37
24.00 0.133 -0.034 1.32
24.50 0.072 -0.083 1.25
25.00 0.015 -0.101 1.23
25.50 -0.055 -0.078 1.21
26.00 -0.068 -0.007 1.15
26.50 -0.037 0.023 1.09
27.00 -0.008 0.044 1.09
27.50 0.045 0.031 1.12
28.00 0.062 -0.012 1.13
28.50 0.068 -0.047 1.18
29.00 0.055 -0.105 1.27
29,50 -0.005 -0.138 1.32
30.00 -0.062 -0.138 1.36
30.50 -0.122 -0.124 1.42
31.00 -0.179 -0.066 1.47
31.50 -0.194 0.008 1.48
32.00 0.177 0.081 1.48
32,50 -0.114 0.145 1.45
33.00 -0.025 0.142 1.34
33.50 0.032 0.090 1.21
34.00 0.039 0.017 1.09
34.50 -0.013 -0.027 1.06
35.00 -0.062 -0.015 1.14
35.50 -0.084 0.009 1.18
36.00 -0.103 0.041 1.25
36.50 -0.100 0.085 1.30
37.00 -0.075 0.120 1.33
37.50 -0.031 0.150 1.36
38.00 0.031 0.145 1.35
38.50 0.064 0.103 1.28
35.00 0.073 0.073 1.23
39.50 0.072 0.042 1.18
40.0¢ 0.060 0.020 1.13

Reference: 2018050459-3 Paged of 5
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I i Radiometer Physics

P A Rohde & Schwarz Company

Calibration Certificate Certificate Number 24-0060-100996-01

Kalibrierschein Zertifikatsnummer

Unit Data This calibration certificate documents, that
the named item is tested and measured

Item Harmonic Mixer, 40 GHz to 60 GHz against defined specifications. Measurement

Gegenstand results are located usually in the

Manifaceares RPG corresponding interval with a probability of

Hersteller approx. 95% (coverage factor k = 2).
Calibration is performed with test equipment

ng RPG FS-Z60 and standards directly or indirectly traceable
by means of approved calibration technigues

Material Number 1048.0171.02 Serial Number 100996 to the PTB/DKD or other

Materialnummer Seriennummer

Asset Number
Inventarnummer

Order Data

Customer
Auftraggeber

Order Number
Bestellnummer

Date of Receipt
Eingangsdatum

Performance

Place and Date of Calibration Meckenheim, 2018-12-04
Ort und Datum der Kalibrierung

Scope of Calibration Standard Calibration
Umfang der Kalibrierung

Statement of Compliance New device

(Incoming)
Konformitatsaussage
(Anlieferung)

Statement of Compliance All measured values are within the data sheet
(Outgoing) specifications.

Konformitétsaussage
(Auslieferung)

Extend of Calibration Documents 2 pages Calibration Certificate
Umfang des Kalibrierdokuments 5 pages Outgoing Results

national/international standards, which
realize the physical units of measurement
according to the International System of
Units (Sl). In all cases where no standards are
available, measurements are referenced to
standards of the R&S laboratories. Principles
and methaods of calibration correspond with
EN ISO/IEC 17025. This calibration certificate
may not be reproduced other than in full.
Calibration certificates without signatures are
not valid. The user is obliged to have the
object recalibrated at appropriate intervals.

Dieser Kalibrierschein dokumentiert, dass der
genannte Gegenstand nach festgelegten
Vorgaben geprift und gemessen wurde. Die
Messwerte lagen im Regelfall mit einer
Wahrscheinlichkeit von annahernd 95% im
zugeordneten Werteintervall (Erweiterte
Messunsicherheit mit k = 2). Die Kalibrierung
erfolgte mit Messmitteln und Normalen, die direkt
oder indirekt durch Ableitung mittels anerkannter
Kalibriertechniken riickgefiihrt sind auf Normale
der PTB/DKD cder anderer
nationalerfinternationaler Standards zur
Darstellung der physikalischen Einheiten in
Ubereinstimmung mit dem Intemationalen
Einheitensystem (S1). Wenn keine Normale
existieren, erfolgt die Rickflhrung auf
Bezugsnormale der R&S-Laboratorien.
Grundsatze und Verfahren der Kalibrierung
beziehen sich auf EN ISO/AEC 17025. Dieser
Kalibrierschein darf nur vollstandig und
unverandert weiterverbreitet werden.
Kalibrierscheine ohne Untarschriften sind
ungltig. Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist der
Benutzer verantworilich.

Radiometer Physics GmbH; Meckenheim

Date of Issue Head of Laboratory Person Responsible
Ausstellungsdatum Laborleitung Bearbeiter
2018-12-05

Schulze Grossmindorf

Page (Seite) 1/2
Vers2010-05-05/
RPG2014-02-28

Radiometer Physics GmbH e Werner-von-Siemens-Str. 4 » 53340 Meckenheim » Telephone national: 02225/99981-0 international: 0049 2225-99981-0
Fax: 02225/99981-99 « Managing Director: Achim Walber, Dr. Thomas Rose © Company's Place of Business: Meckenheim

Commercial Register No.: Bonn, HRB 10291 e VAT Identification No.: DE 123 377 395



Material Number 1048.0171.02

Serlal Numbor 100b26

Certificate Number 24-0060-100996-01

Calibration Method RPG-PAQA-TN-2014-002 Relative Humidity 20 % - 80 %
Kalibrieranwsisung Ralative Luftfeuchte
+7
Ambient Temperature (23 -3 °C
Umgebungstemperatur
Working standards used thaving a significant effact on the accuracy)
Verwendete Gebrauchsnormale {mit signifikantem Einfluss auf die Ganauigket)
Itemn Type Serlal Number Calibration Certificate Number Cal. Dus
Gegenstand Typ Seriennummer Kaltbriarschainnummer Kelibr. bls
Vestor Network Analyzer R&S® ZVABT 101097 20-300432408 2020-07-21
Powersensor R&S® NRP-Z55 140093 20-300426315 2019-05-17
Powersensor R&5® NRP-Z57 101423 20-541799 2019-04-27
Calibration Kit WR18 U10004 24-0060-U10001-01 2019-02-01

Rof.; ILAC-G8:03/2009 ‘Guidslines on the Raporting of Compliance with Specificallon’,

uGB1 A compliance statoment may be possibie where a confidence level of less than 95 % Is acceptable.
Die Bestéfigung der Konformilét ist moglich, sofern ein Grad des Verirauens von weniger als 25 % akzeptabel ist.

uGB2 A non-gompliance statement may be possible where a confidence level of less than 95 % is acceptable,
Dle Bestiitigung der Nicht-Konformitéit ist méglich, sofern ein Grad des Vartrauens von wenlger als 95 % akzeptabel ist.

Motes
Anmerkungen

If the new product is stored under the climate condifions as speciited In the data sheet upon delivery, the product's accuracy Is not significantly affected within 12
month after its calibration in our factory. In this case, the recommended caltbration Interval starts on the date when the product is actually put inte operation.

Page 2/2




Material Number 1048.0171.02 Serial Number 100996 Certificate Number 24-0060-100996-01

Outgoing Results

The following abbreviations may be used in this document

{a}
{b}

{c}

{d}

{e}

DL or DT
DLL

DUL

MU

MLL or MLV
MUL or MUV
Nom.

Dev.

MErr.

Act.

UGB

UGB1
uGB2

DU

No measurement uncertainty stated because the errors always add together.
So it is sure that a measurement result evaluated as "PASS" is pass.

The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid

for the close area around the specification. Measurement results outside the close area have a higher

measurement uncertainty but are within the specification.

Functional test, therefore no measurement uncertainty is stated.

Typical value, refer to performance test.

The measurement uncertainty is taken into account when setting the measuring system.
Data Limit for symmetrical tolerance limits

Datasheet Lower Limit

Datasheet Upper Limit

Measurement Uncertainty

Measurement Uncertainty Lower Value

Measurement Uncertainty Upper Value

Nominal Value

Deviation

Measurement Error

Actual Value

Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.
Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.

Measurement results marked as UGB2 show non-conformity with a probability of >50 %and <95 %.

Datasheet Uncertainty

Explanation of charts

—e— curve No. 1
—4— curve No. 2

' ‘ < DUL: Datasheet Upper Limit

Y-axis

actual values curve No, 1 with uncertainty shown
range of undefined limits and uncertainties

actual values curve No. 2 with uncertainty shown

- DLL: Datasheet Lower Limit

X-axis
. ¢ MU: Measurement Uncertainty of actual values

Page 1/5



Materfal Number 1048.0171.02 Sorlal Number 100996

Certificate Number 24-0060-100996-01

Software used for measurement

Item Type Version
Measurement Studio Professional Edition 2013
MixerCertification 7_09

Remark

Paga 2/5




Material Number 1048.0171.02 Serlal Number 100996 Certificate Number 24-0060-100996-01

1.1 RF Input - VSWR

Measurement uncertainty: 0.05 (VSWR)

1.9
— VSWR
iDL

i — DUL-MuUL | |

1.7

1.6

A n

VEWR
S
———
|1
'\
|t

40 45 50 55 60
Freguency / GHz
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Material Number 1048.0171.02 Serial Number 100996 Certificate Number 24-0060-100996-01

1.2 Conversion loss

LO level +13 dBm nominal
Bias 0A
Measurement uncertainty: 1.5dB

25

20

Conversion Loss | dB

____ IF404.4 MHz,
4th harmonic
—_ IF 725 MHz,
4th harmonic —
— IF 1330 MHz.
4th harmonic
== DL 4th harmonic
—— DUL-MUL 4th harmonic

40 45 50 55 60

Freguency / GHz

Note: Numeric calibration data can be found attached to the PDF file of the calibration certificate.
Click the “paper clip” symbol to display the file.

The file has been renamed for safety reasons.
When downloading the file onto your PC, please delete the “.file” extension and unzip the data.
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Material Numher 1048.0171.02

Serial Number 100996

Certificate Number 24-0060-100996-01

1.3 Frequency response within 1 GHz

DUL Actual Evaluation
(worst case)
IF = 404.4 MHz, 4dB 1.97 dB PASS
4th harmonic
IF =729 MHz, 4dB 1.7 dB PASS
4th harmonic
IF = 1330 MHz, 4dB 2.12 dB PASS
Ath harmonic
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ROHDE&SCHWARZ

Calibration Certificate

Certificate Number 24-0090-101871-01
Zertifikatsnummer

Kalibrierschein

Unit Data

item Harmonic Mixer, 60 GHz to 90 GHz
Gegenstand

Manufacturer ROHDE & SCHWARZ

Hersteller

Type R&S® FS'ZQO

Typ

Material Number 1048.0371.02

Materialnummer

Asset Number
Inventarnummer

Serial Number 101871

Seriennummer

Order Data

Customer
Auftraggeber

Order Number
Bestellnummer

Date of Receipt
Eingangsdatum

Performance

Place and Date of Calibration
Ort und Datum der Kalibrierung

Scope of Calibration
Umfang der Kalibrierung

Statement of Compliance

{Incoming)
Konformitdtsaussage
(Anlieferung)

Statement of Compliance
(Outgoing)

Konformitatsaussage
(Auslieferung)

Extend of Calibration Documents
Umfang des Kalibrierdokuments

Meckenheim, 2019-01-10
Standard Calibration

New device

All measured values are within the data sheet

specifications.

2 pages Calibration Certificate

5 pages Outgoing Results

This calibration certificate documents, that
the named item is tested and measured
against defined specifications. Measurement
results are located usually in the
corresponding interval with a probability of
approx. 95% (coverage factor k = 2).
Calibration is performed with test equipment
and standards directly or indirectly traceable
by means of approved calibration techniques
to the PTB/DKD or other
nationallinternational standards, which
realize the physical units of measurement
according to the International System of
Units (Sl). In all cases where no standards are
available, measurements are referenced to
standards of the R&S laboratories. Principles
and methods of calibration correspond with
EN ISO/IEC 17025. This calibration certificate
may not be reproduced other than in full.
Calibration certificates without signatures are
not valid. The user is obliged to have the
object recalibrated at appropriate intervals.

Dieser Kalibrierschein dokumentiert, dass der
genannte Gegenstand nach festgelegten
Vorgaben gepruft und gemessen wurde. Die
Messwerte lagen im Regelfall mit einer
Wahrscheinlichkeit von annahernd 95% im
zugeordneten Werteintervall (Erweiterte
Messunsicherheit mit k = 2). Die Kalibrierung
erfolgte mit Messmitteln und Normalen, die direkt
oder indirekt durch Ableitung mittels anerkannter
Kalibriertechniken riickgefiihrt sind auf Normale
der PTB/DKD oder anderer
nationalerfinternationaler Standards zur
Darstellung der physikalischen Einheiten in
Ubereinstimmung mit dem Intemationalen
Einheitensystem (SI). Wenn keine Normale
existieren, erfolgt die Ruckfuhrung auf
Bezugsnormale der R&S-Laboratorien.
Grundsé&tze und Verfahren der Kalibrierung
beziehen sich auf EN ISO/IEC 17025. Dieser
Kalibrierschein darf nur velistandig und
unverandert weiterverbreitet werden.
Kalibrierscheine ohne Unterschrifien sind
unglltig. Fur die Einhaltung einer angemessenan
Frist zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.

Radiometer Physics GmbH; Meckenheim

Date of Issue Head of Laboratory Person Responsible
Ausstellungsdatum Laborleitung Bearbeiter
@ Winic
2019-01-11 :
Schulze Heinze Page (Seite) 1/2

Vers2010-05-05/
RPG2014-02-28

Radiometer Physics GmbH e Wemer-von-Siemens-Str. 4 » 53340 Meckenheim = Telephone national: 02225/99981-0 international: 0049 2225-99981-0
Fax: 02225/99981-89 » Managing Director: Achim Walber, Dr. Thomas Rose e Company's Place of Business: Meckenheim
Commercial Register No.: Bonn, HRB 10281 VAT Identification No.: DE 123 377 395



Certificate Number 24-0090-101871-01

Materlal Number 1048.0371.02 Serial Number 101871
Calibration Method RPG-PAQA-TN-2014-002 Ralative Humidity 20%-80%
Kallbriaranweisung Ralative Luftieuchie
+
Amblent Temperature (23 -3 °C
Umgebungstemperatur
Working standards used {having a slgnificant effect on the accuracy)
Verwendete Gebrauchsnormale (mit slgnifikaniem Einfluss auf die Genauigkeit)
Item Type Sorial Number Calibration Certificate Number Cal. Due
Gegenstang Typ Serfennummer Kalibrierscheinnummer Kalibr. bis
Vector Network Analyzer R&S® ZVAET 101097 20-300432406 2020-07-214
Powersensor R&S® NRP-Z55 140083 20-300426316 2019-05-17
Powersensor R&S® NRP-Z58 101063 0001-300474480 2019-08-06
Calibration kit WR12 E10001 RPG-PAQA-TN-2014-005 2019-02-01

Ref.: ILAC-GB:03/200¢ 'Guidslines on the Reporling of Compliange with Specification’,

UGEB1 A compliance statement may be possible where a confldence lovel of loss than 95 % 18 acceptable,
Die Beslatigung der Konformitat ist miglich, sofern ein Grad des Vertrauens von weniger als 95 % akzeptabel ist.

uGBe2 A non-compliance statement may be possible where & confldance leval of less than 95 % is acceptable.
Die Beslétigung der Nicht-Kanformitét ist méalich, sofern ein Grad des Vertrauens von weniger als 25 % akzeptabel st

Notes
Anmerkungen

If the new product [s stored under the climata conditions as spaclfied in the data sheet upon dellvery, the product’s accuracy is not significantly affected within 12
month after its calibration in our factery. In this case, the recommended calibraticn interval starts on the date when the product is actuslly put inta operation.
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Material Number 1048.0371.02 Serial Number 101871 Certificate Number 24-0090-101871-01

Outgoing Results

The following abbreviations may be used in this document

{a}
{b}

{c}

{d}

{e}

DL or DT
DLL

DUL

MU

MLL or MLV
MUL or MUV
Nom.

Dev.

MErr.

Act.

UGB

UGB1
uGB2

DU

No measurement uncertainty stated because the errors always add together.
So it is sure that a measurement result evaluated as "PASS" is pass.

The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid

for the close area around the specification. Measurement results outside the close area have a higher

measurement uncertainty but are within the specification.

Functional test, therefore no measurement uncertainty is stated.

Typical value, refer to performance test.

The measurement uncertainty is taken into account when setting the measuring system.

Data Limit for symmetrical tolerance limits

Datasheet Lower Limit

Datasheet Upper Limit

Measurement Uncertainty

Measurement Uncertainty Lower Value

Measurement Uncertainty Upper Value

Nominal Value

Deviation

Measurement Error

Actual Value

Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.

Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.
Measurement results marked as UGB2 show non-conformity with a probability of >50 %and <95 %.
Datasheet Uncertainty

Explanation of charts

—e— curve No. 1

—&— curve No, 2

I - < DUL: Datasheet Upper Limit

- ﬁ

actual values curve No, 1 with uncertainty shawn
range of undefined limits and uncertainties

actual values curve No. 2 with uncertainty shawn

| e DLL: Datasheet Lower Limit

l ¢ MU: Measurement Uncertainty of actual values
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Materlal Number 1048.0371.02 Serial Number 101871

Certificate Number 24-0090-101871-01

Software used for measurement

Item Type ' Version
Measurement Studio Professlonal Edition 2013
MixerCertification 7_09

Remark

Page 215




Material Number 1048.0371.02

Serial Number 101871

Certificate Number 24-0090-101871-01

1.1 RF Input - VSWR

Measurement uncertainty:

0.05 (VSWR)

£ 1 N

| |

I AN V
AL P PR VY

Freguency / GHz
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Material Number 1048.0371.02 Serial Number 101871 Certificate Number 24-0090-101871-01

1.2 Conversion loss

LO level +14 dBm nominal
Bias 0A
Measurement uncertainty: 1.5dB

35

30

25

.
N

___ |F404.4 MHz,

6th harmonic
" IF 404.4 MHz,

8th harmenic (not specified)
— IF 728 MHz,

Bth harmonic

IF 1330 MHz,

5 6th harmonic ]
= DUL 6th harmonic

=== DUL-MUL 6th harmonic

Caonversion Loss ! dB

15

T L T T

60 65 70 75 a0 35 50
Freguency / GHz

Note: Numeric calibration data can be found attached to the PDF file of the calibration certificate.
Click the “paper clip” symbol to display the file.

The file has been renamed for safety reasons.
When downloading the file onto your PC, please delete the “.file” extension and unzip the data.
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Matorlal Number 1048.0371.02

Serlal Number 1018671

Certificate Number 24-0090-101871-01

1.3 Frequency response within 1 GHz

DUL Actual Evaluation
{worst case)

IF = 404.4 MHz, 6 dB 276 dB PASS

6th harmonic

IF = 404.4 MHz, not specified 1.83 dB not specified
8th harmonic

IF =729 MHz, 6dB 2.71dB PASS

6th harmonic

IF = 1330 MHz, 6 dB 2.02 dB PASS

6th harmonic
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ROHDE&SCHWARZ

Calibration Certificate Certificate Number 24-0110-101467-02
Kalibrierschein Zertifikatsnummer
Unit Data This calibration certificate documents, that
. N the named ltem is tested and measured
g:.;enstand Harmonic Mixer, 75 GHz to 110 GHz against defined specifications. Measurement
results are located usually in the
Manufacturer ROHDE & SCHWARZ corresponding Intesval with a probability of
Hersteller approx. 95% (coverage factor k = 2).
R&S® FS-Z110 Callbration s performed with test equipment
%ge and standards directly or indirectly traceable
by means of approved calibration techniques
Material Number 1048.0471.02 Serial Number 101467 to the PTB/DKD or other
Materialnummer Seriennummer ationalfinternational dards, which
realize the | units of

Asset Number

Inventamummer
Order Data
Customer RISE Research Institutes of Sweden AB
Auftraggeber Brinellgatan 4
504 62 Boras
Sweden

Order Number 8800000961

Bestellnummer

Date of Receipt 2018-07-16

Eingangsdatum

Performance

Place and Date of Calibration Meckenheim, 2018-07-23

Ort und Datum der Kalitrierung

Scope of Calibration Standard Calibration

Umfangder Kalibrierung

Statement of Compliance All measured values are within the data sheet
{Incoming) specifications.

Konformitatsaussage

(Anlieferung)

Statement of Compliance All measured values are within the data sheet
(Outgoing) sp i i Y

Konformitatsaussage ecifications

(Auslief erung)

Extend of Calibration Documents 2 pages Calibration Certificate

Umfangdes Kalibrierdokuments 5 pages Outgoing Results

3 pages Incoming Results

g to the International System of
Units (Sl). In all cases where no standards are
available, measurements are referenced to

tandards of the R&S lab ries. F

and methods of calibration correspond with
EN ISONEC 17025. This calibration certificate
may not be reproduced other than in full.
Calibration certificates without signatures are
not valid. The user Is obliged to have the
object recaibrated at appropriate intervals.

Dieser Kalibrierschein dokumentiert, dass der
genannte Gegenstand nach festgelegten
Vorgaben geprift und gemessen wurde, Die
Messwerte lagen im Regelfall mit einer
Wahrscheinlichieit von annghernd 95% im
zugeordneten Werteintervali (Erveiterte
Messunsicherheit mitk = 2). Die Kalibrierung
erfolgte mit Messmitteln und Normalen, die direkt
oder indirekd durch Ableitung mittels anerkannter
Kalibriertechniken rackgefihrt sind auf Normale
der PTB/DKD oder anderer
nationalerfinternationaler  Standards zur
Darsteliung der physikalischen Einheiten in
Ubereinstimmung mit dem Internationalen
Einheitensystem (S!). Wenn keine Normale
existieren, erfogt die RUckiUhrung auf
Bezugsnormale der R&S-Laboratorien.
Grundséize und Verfahren der Kalibrierung
beziehen sichauf EN ISO/IEC 17025. Dieser
Kalibrierschein darf nur vollsténdig und
umerdndert weitenverbreitet werden.
Kalibrierscheine ohne Unterschriften sind
ungUiltig. Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.

Radiometer Physics GmbH; Meckenheim

Date of Issue Head of Laboratory Person Responsible
Ausstellungsdatum Laborleitung Bearbeiter
2?7
oy v
2018-07-23 . ~
Schulze Gottbehuet

Page (Seite)1/2
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Material Number 1048.0471.02

Serial Number 101467

Certificate Number 24-0110-101467-02

Calibration Method
Kalibrieranweisung

Ambient Temperature
Umgebungstemperatur

RPG-PAQA-TN-2014-002

(23 5)°C

Relative Humidity 20 % = 80 %

RelativeLuffeuchte

Working standards used (having a significanteffect ontheaccuracy)
Verwendete Gebrauchsnormale(mit signfikantem Einfluss auf die Genauigkeit)

oy | Gl | g

Vector Network Analyzer R&S® ZVAG7 101097 20-300432406 2020-07-21
Powersensor R&S® NRP-Z55 140093 20-300426315 20198-05-17
Powersensor R&S® NRP-Z58 100886 0033_D-K-15195-0101_2018-05 2019-05-02
Calibration kit WR10 w1000t RPG-PAQA-TN-2014-005 2019-02-01

Ref.: ILAC-GS idelinss on the

of Compli with

UGB1 A compliancestatement may be possible where a confidence level of less than 95 % is acceptable.
Die Bestétigung der Korformitét ist méglich, sofemn ein Grad des Vertrauens vonweniger als 95 % akzeptabel ist

UGB2 A non-compliance statement may be possiblewhere a confidence level of less than 95 % is acceptable.
Die Bestétigung der Nicht-Konformitét ist méglich, sofern ein Graddes Vertrauens von weniger als 95 % akzeptabel ist

Notes
Anmerkungen

If the new product is stored under the climate conditions as specfied in the data sheet upon delivery, the product's accuracy is not significartly affected within 12
month after its calibration in our factory. Inthis case, the recommended cdibration interval starts on the datewhen the productis actually putinto operation.
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Material Number 1048.0471.02 Serial Number 101467 Certificate Number 24-0110-101467-02

Outgoing Results

The following abbreviations may be used in this document

{a} No measurement uncertainty stated because the errors always add together.
So it is sure thata measurement result evaluated as "PASS" is pass.

{b} The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid
for the close area around the specification. Measurement results outside the close area have a higher
measurement uncertainty but are w ithin the specification.

{c} Functional test, therefore no measurement uncertainty is stated.

{d} Typical value, refer to performance test.

{e} The measurement uncertainty is taken into accountw hen setting the measuring system.

DL or DT Data Limit for symmetrical tolerance limits

DLL Datasheet Low er Limit

DUL Datasheet Upper Limit

MJ Measurement Uncertainty

ML or MLV Measurement Uncertainty Low er Value

MUL or MUV Measurement Uncertainty Upper Value

Nom. Nominal Value

Dev. Deviation

MErT. Measurement Error

Act. Actual Value

UGB Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.

UGB1 Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.

UuGB2 Measurement results marked as UGB2 show non-conformity w ith a probability of >50 %and <95 %.

Dy Datasheet Uncertainty

Explanation of charts

—e— curve No, 1
—— curve No. 2

l ( et DUL: Datasheet Upper Limit

Ve ﬁ

— i

actual values curve No, 1 with uncertainty shown

range of undefined limits and uncertainties

actual values curve No. 2 with uncertainty shown

|
| I - DLL: Datasheet Lower Limit

X-axis .
. 4 MU: Measurement Uncertainty of actual values
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Material Number 1048.0471.02 Serial Number 101467

Certificate Number 24-0110-101467-02

Software used for measurement

Item Type Version
Measurement Studio Professional Edition 2013
MixerCertification 7_08

Remark
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Material Number 1048.0471.02

Serial Number 101467

Certificate Number 24-0110-101467-02

1.1 RF Input-VSWR

Measurement uncertainty:

WSWR

1.8

1.7

1.6

15

14

13

1.2

1.1

1

- T

AN
AT N RRIAT
75/ 80 \/ s'sv \/9'0 g5 100 U 1c'y

Frequency / GHz

116
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Material Number 1048.0471.02 Serial Number 101467 Certificate Number 24-0110-101467-02

1.2 Conversionloss

LO level +15.5 dBm nominal
Bias 0A
Measurement uncertainty: 1.6 dB

38

30 /\‘ o

.r\/ g AN
/ "
25 ."/ M A
/ / -

15

Convorsion Loss ! dB

__IF404.4 MHz.
8th harmonic
IF 404.4 MHz,
10th hamonic (not specified}
— I[F729MHz,
8th hameanic
IF 1330 MHz.
8th harmenic
—— DUL 8th harmenic
= DUL-MUL 8th harmanic

10

0 T T T T i ¥
75 80 85 50 85 100 105 110

Freguency / GHz

Note: Numeric calibration data can be found attached to the PDF file of the calibration certificate.
Click the “paper clip” symbol to display the file.

The file has been renamed for safety reasons.
When downloading the file onto your PC, please delete the “.file” extension and unzip the data.
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Material Number 1048.0471.02

Serial Number 101467

Certificate Number 24-0110-101467-02

1.3 Frequency response within1 GHz

DUL Actual Evaluation
(worst case)
IF = 404.4 MHz, 6 dB 1.93 dB PASS
8th harmonic
IF = 404.4 MHz, not specified 3.31dB not specified
10th harmonic
IF =729 MHz, 6 dB 1.97 dB PASS
8th harmonic
IF =1330 MHz, 6 dB 2.11 dB PASS
8th harmonic
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Material Number 1048.0471.02 Serial Number 101467 Certificate Number 24-0110-101467-02

(Incoming)
The following abbreviations may be used in this document
{a} No measurement uncertainty stated because the errors always add together.
So it is surethata measurement result evaluated as "PASS" is pass.
{b} The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid

for the close area around the specification. Measurement resulits outside the close area have a higher
measurement uncertainty but are w ithin the specification.

{c} Functional test, therefore no measurement uncertainty is stated.

{d} Typical value, refer to performance test.

{e} The measurement uncertainty is taken into account w hen setting the measuring system.

DL or DT Data Limit for symmetrical tolerance limits

DLL Datasheet Low er Limit

DUL Datasheet Upper Limit

MU Measurement Uncertainty

MLL or MLV Measurement Uncertainty Low er Value

MUL or MUV Measurement Uncertainty Upper Value

Nom. Nominal Value

Dev. Deviation

MerT. Measurement Error

Act. Actual Value

uGB Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.

UGB1 Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.
uGB2 Measurement results marked as UGB2 show non-conformity w ith 2 probability of >50 %and <95 %.
DU Datasheet Uncertainty

Explanation of charts

—eo— curve No. 1
~4— curve No, 2

{ l ! o DUL: Datasheet Upper Limit
|

- ﬁ

\,‘_..-—-—-—“"i'_‘“‘—'—-——év —

- actual values curve No. 2 with uncertainty shown

actual values curve No. 1 with uncertainty shown

range of undefined limits and uncertainties

‘ .
| § I + DLL: Datasheet Lower Limit

. ¢ MU: Measurement Uncertainty of actual values
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Material Number 1048.0471.02 Serial Number 101467

Certificate Number 24-0110-101467-02

(Incoming)

Softw are used for measurement

Item Type Version
Measurement Studio Professional Edition 2013
MxerCertification 7_08

Remark
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Material Number 1048.0471.02 Serial Number 101467 Certificate Number 24-0110-101467-02

(Incoming)

1.1 Deviation between actual and previous conversion loss

dB

-1 IF404.4 MHz, |—
8th harmonic

IF 404.4 MHz,
10th harmenic

—_ IF 729 MHz,
8th harmonic

IF 1330 MHz,
8th harmonic

75 80 g5 %0 95 160 108 110

Frequency / GHz
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| 7\, Radiometer Physics
PG A Rohde & Schwarz Company

Calibration Certificate

Kalibrierschein

Zertifikatsnummer

Certificate Number 24-0170-100974-01

Item Harmonic Mixer, 110 GHz to 170 GHz

Gegenstand

Manufacturer RPG

Hersteller

Type RPG FS-Z170

Typ

Material Number 3622.0714.02

Materialnummer

Asset Number
Inventarnummer

100974

Serial Number
Seriennummer

Customer
Auftraggeber

Order Number
Bestellnummer

Date of Receipt
Eingangsdatum

Place and Date of Calibration
Ort und Datum der Kalibrierung

Scope of Calibration
Umfang der Kalibrierung

Statement of Compliance
(Incoming)
Konformitatsaussage
(Anlieferung)

Statement of Compliance
(Outgoing)
Konformitatsaussage
(Auslieferung)

Extend of Calibration Documents

Umfang des Kalibrierdokuments

Meckenheim, 2018-02-05

Standard Calibration

New device

All measured values are within the data sheet
specifications.

2 pages Calibration Certificate
5 pages Outgoing Results

This calibration certificate documents, that
the named item is tested and measured
against defined specifications. Measurement
results are located usually in the
corresponding interval with a probability of
approx. 95% (coverage factor k = 2).
Calibration is performed with test equipment
and standards directly or indirectly traceable
by means of approved calibration techniques
to the PTB/DKD or other
national/international standards, which
realize the physical units of measurement
according to the International System of
Units (SI). In all cases where no standards are
available, measurements are referenced to
standards of the R&S laboratories. Principles
and methods of calibration correspond with
EN ISO/IEC 17025. This calibration certificate
may not be reproduced other than in full.
Calibration certificates without signatures are
not valid. The user is obliged to have the
object recalibrated at appropriate intervals.

Dieser Kalibrierschein dokumentiert, dass der
genannte Gegenstand nach festgelegten
Vorgaben gepriift und gemessen wurde. Die
Messwerte lagen im Regelfall mit einer
Wahrscheinlichkeit von annéhernd 95% im
zugeordneten Werteintervall (Erweiterte
Messunsicherheit mit k = 2). Die Kalibrierung
erfolgte mit Messmitteln und Normalen, die direkt
oder indirekt durch Ableitung mittels anerkannter
Kalibriertechniken riickgefiihrt sind auf Normale
der PTB/DKD oder anderer
nationaler/internationaler Standards zur
Darstellung der physikalischen Einheiten in
Ubereinstimmung mit dem Internationalen
Einheitensystem (SI). Wenn keine Normale
existieren, erfolgt die Ruckfuhrung auf
Bezugsnormale der R&S-Laboratorien.
Grundsatze und Verfahren der Kalibrierung
beziehen sich auf EN ISO/IEC 17025. Dieser
Kalibrierschein darf nur vollstéandig und
unveréndert weiterverbreitet werden.
Kalibrierscheine ohne Unterschriften sind
ungiltig. Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.

Radiometer Physics GmbH; Meckenheim

Date of Issue
Ausstellungsdatum

2018-02-05

Head of Laboratory Person Responsible

Laborleitung Bearbeiter
Schulze Dick

Page (Seite) 1/2
Vers2010-05-05/
RPG2014-02-28

Radiometer Physics GmbH e Werner-von-Siemens-Str. 4 e 53340 Meckenheim e Telephone national: 02225/99981-0 international: 0049 2225-99981-0
Fax: 02225/99981-99 e Managing Director: Achim Walber, Dr. Thomas Rose e Company's Place of Business: Meckenheim

Commercial Register No.: Bonn, HRB 10291 e VAT Identification No.: DE 123 377 395



Material Number 3622.0714.02

Serial Number 100974

Certificate Number 24-0170-100974-01

Calibration Method
Kalibrieranweisung

Ambient Temperature
Umgebungstemperatur

RPG-PAQA-TN-2014-002

(237) °C

Relative Humidity
Relative Luftfeuchte

20 % - 80 %

Working standards used (having a significant effect on the accuracy)
Verwendete Gebrauchsnormale (mit signifikantem Einfluss auf die Genauigkeit)

Item Type Serial Number Calibration Certificate Number Cal. Due
Gegenstand Typ Seriennummer Kalibrierscheinnummer Kalibr. bis
Vector Network Analyzer R&S® ZVA67 101097 20-300432406 2020-07-21
Powersensor R&S® NRP-255 140093 20-300426315 2018-05-17

Ref.: ILAC-G8:03/2009 ‘Guidelines on the Reporting of Compliance with Specification’.

UGB1 A compliance statement may be possible where a confidence level of less than 95 % is acceptable.
Die Bestatigung der Konformitat ist moglich, sofern ein Grad des Vertrauens von weniger als 95 % akzeptabel ist.

UGB2 A non-compliance statement may be possible where a confidence level of less than 95 % is acceptable.
Die Bestétigung der Nicht-Konformitét ist méglich, sofern ein Grad des Vertrauens von weniger als 95 % akzeptabel ist.

Notes
Anmerkungen

If the new product is stored under the climate conditions as specified in the data sheet upon delivery, the product’s accuracy is not significantly affected within 12
month after its calibration in our factory. In this case, the recommended calibration interval starts on the date when the product is actually put into operation.
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Material Number 3622.0714.02 Serial Number 100974

Certificate Number 24-0170-100974-01

Outgoing Results

The following abbreviations may be used in this document

{a}
{b}

{c}

{d}

{e}

DL or DT
DLL

DUL

MU

MLL or MLV
MUL or MUV
Nom.

Dev.

MErr.

Act.

UGB

UGB1
uGB2

DU

No measurement uncertainty stated because the errors always add together.
So it is sure that a measurement result evaluated as "PASS" is pass.

The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid

for the close area around the specification. Measurement results outside the close area have a higher

measurement uncertainty but are within the specification.

Functional test, therefore no measurement uncertainty is stated.

Typical value, refer to performance test.

The measurement uncertainty is taken into account when setting the measuring system.
Data Limit for symmetrical tolerance limits

Datasheet Lower Limit

Datasheet Upper Limit

Measurement Uncertainty

Measurement Uncertainty Lower Value

Measurement Uncertainty Upper Value

Nominal Value

Deviation

Measurement Error

Actual Value

Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.
Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.

Measurement results marked as UGB2 show non-conformity with a probability of >50 %and <95 %.

Datasheet Uncertainty

Explanation of charts

—e— curve No. 1
—4— curve No. 2

I < DUL: Datasheet Upper Limit

actual values curve No. 1 with uncertainty shown
Y-axis -T T
range of undefined limits and uncertainties

s + e
M e actual values curve No. 2 with uncertainty shown
I < DLL: Datasheet Lower Limit
X-axis

l . MU: Measurement Uncertainty of actual values
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Material Number 3622.0714.02 Serial Number 100974

Certificate Number 24-0170-100974-01

Software used for measurement

Iltem Type Version
Measurement Studio Professional Edition 2013
MixerCertification 7_08

Remark
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Material Number 3622.0714.02 Serial Number 100974

Certificate Number 24-0170-100974-01

1.1 RF Input - VSWR

Measurement uncertainty: 0.05 (VSWR)
1.8
— WVSWR
— DUL
1.7 — DUL-MUL
1.6
15
[uin
= 14
=

1.3

1.2

1.1

1

(I

V

\ N iVa\ ~\ N
W AT A T
V V \/ \J

W

T T T
110 & 120 125 130

T T T T T T T
135 140 145 150 155 160 165 170
Frequency /| GHz
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Material Number 3622.0714.02 Serial Number 100974 Certificate Number 24-0170-100974-01

1.2 Conversion loss

LO level +15.5 dBm nominal
Bias 0A
Measurement uncertainty: 1.5dB

50

45

40

35

=
E 25 —
[l
- W
15 IF 404.4 MHz. —
12th harmonic
IF 729 MHz.
10 12th harmonic —
IF 1330 MHz.
10th harmonic
5 —— DUL 10th harmonic —
— DUL-MUL 10th harmonic
] T T T

T T T T
110 115 120 125 130 135 140 145 150 155 160 165 170
Freguency ! GHz

Note: Numeric calibration data can be found attached to the PDF file of the calibration certificate.
Click the “paper clip” symbol to display the file.

The file has been renamed for safety reasons.
When downloading the file onto your PC, please delete the “.file” extension and unzip the data.
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Material Number 3622.0714.02

Serial Number 100974

Certificate Number 24-0170-100974-01

1.3 Frequency response within 1 GHz

DUL Actual Evaluation
(worst case)
IF = 404.4 MHz, 6 dB 2.14 dB PASS
12th harmonic
IF =729 MHz, 6 dB 2.15dB PASS
12th harmonic
IF = 1330 MHz, 6 dB 1.99 dB PASS

10th harmonic
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| 7\, Radiometer Physics
PG A Rohde & Schwarz Company

Calibration Certificate

Kalibrierschein

Zertifikatsnummer

Certificate Number 24-0220-100967-01

Item Harmonic Mixer, 140 GHz to 220 GHz

Gegenstand

Manufacturer RPG

Hersteller

Type RPG FS-Z2220

Typ

Material Number 3593.3250.02

Materialnummer

Asset Number
Inventarnummer

100967

Serial Number
Seriennummer

Customer
Auftraggeber

Order Number
Bestellnummer

Date of Receipt
Eingangsdatum

Place and Date of Calibration
Ort und Datum der Kalibrierung

Scope of Calibration
Umfang der Kalibrierung

Statement of Compliance
(Incoming)
Konformitatsaussage
(Anlieferung)

Statement of Compliance
(Outgoing)
Konformitatsaussage
(Auslieferung)

Extend of Calibration Documents

Umfang des Kalibrierdokuments

Meckenheim, 2018-03-01

Standard Calibration

New device

All measured values are within the data sheet
specifications.

2 pages Calibration Certificate
5 pages Outgoing Results

This calibration certificate documents, that
the named item is tested and measured
against defined specifications. Measurement
results are located usually in the
corresponding interval with a probability of
approx. 95% (coverage factor k = 2).
Calibration is performed with test equipment
and standards directly or indirectly traceable
by means of approved calibration techniques
to the PTB/DKD or other
national/international standards, which
realize the physical units of measurement
according to the International System of
Units (SI). In all cases where no standards are
available, measurements are referenced to
standards of the R&S laboratories. Principles
and methods of calibration correspond with
EN ISO/IEC 17025. This calibration certificate
may not be reproduced other than in full.
Calibration certificates without signatures are
not valid. The user is obliged to have the
object recalibrated at appropriate intervals.

Dieser Kalibrierschein dokumentiert, dass der
genannte Gegenstand nach festgelegten
Vorgaben gepriift und gemessen wurde. Die
Messwerte lagen im Regelfall mit einer
Wahrscheinlichkeit von annéhernd 95% im
zugeordneten Werteintervall (Erweiterte
Messunsicherheit mit k = 2). Die Kalibrierung
erfolgte mit Messmitteln und Normalen, die direkt
oder indirekt durch Ableitung mittels anerkannter
Kalibriertechniken riickgefiihrt sind auf Normale
der PTB/DKD oder anderer
nationaler/internationaler Standards zur
Darstellung der physikalischen Einheiten in
Ubereinstimmung mit dem Internationalen
Einheitensystem (SI). Wenn keine Normale
existieren, erfolgt die Ruckfuhrung auf
Bezugsnormale der R&S-Laboratorien.
Grundsatze und Verfahren der Kalibrierung
beziehen sich auf EN ISO/IEC 17025. Dieser
Kalibrierschein darf nur vollstéandig und
unveréndert weiterverbreitet werden.
Kalibrierscheine ohne Unterschriften sind
ungiltig. Fur die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.

Radiometer Physics GmbH; Meckenheim

Date of Issue
Ausstellungsdatum

2018-03-02

Head of Laboratory
Laborleitung

Person Responsible
Bearbeiter

Schulze Grossmindorf
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Material Number 3593.3250.02

Serial Number 100967

Certificate Number 24-0220-100967-01

Calibration Method
Kalibrieranweisung

Ambient Temperature
Umgebungstemperatur

RPG-PAQA-TN-2014-002

(237) °C

Relative Humidity
Relative Luftfeuchte

20 % - 80 %

Working standards used (having a significant effect on the accuracy)
Verwendete Gebrauchsnormale (mit signifikantem Einfluss auf die Genauigkeit)

Item Type Serial Number Calibration Certificate Number Cal. Due
Gegenstand Typ Seriennummer Kalibrierscheinnummer Kalibr. bis
Vector Network Analyzer R&S® ZVA67 101097 20-300432406 2020-07-21
Powersensor R&S® NRP-255 140093 20-300426315 2018-05-17

Ref.: ILAC-G8:03/2009 ‘Guidelines on the Reporting of Compliance with Specification’.

UGB1 A compliance statement may be possible where a confidence level of less than 95 % is acceptable.
Die Bestatigung der Konformitat ist moglich, sofern ein Grad des Vertrauens von weniger als 95 % akzeptabel ist.

UGB2 A non-compliance statement may be possible where a confidence level of less than 95 % is acceptable.
Die Bestétigung der Nicht-Konformitét ist méglich, sofern ein Grad des Vertrauens von weniger als 95 % akzeptabel ist.

Notes
Anmerkungen

If the new product is stored under the climate conditions as specified in the data sheet upon delivery, the product’s accuracy is not significantly affected within 12
month after its calibration in our factory. In this case, the recommended calibration interval starts on the date when the product is actually put into operation.
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Material Number 3593.3250.02 Serial Number 100967

Certificate Number 24-0220-100967-01

Outgoing Results

The following abbreviations may be used in this document

{a}
{b}

{c}

{d}

{e}

DL or DT
DLL

DUL

MU

MLL or MLV
MUL or MUV
Nom.

Dev.

MErr.

Act.

UGB

UGB1
uGB2

DU

No measurement uncertainty stated because the errors always add together.
So it is sure that a measurement result evaluated as "PASS" is pass.

The measurement uncertainty depends on the measurement result. The stated measurement uncertainty is valid

for the close area around the specification. Measurement results outside the close area have a higher

measurement uncertainty but are within the specification.

Functional test, therefore no measurement uncertainty is stated.

Typical value, refer to performance test.

The measurement uncertainty is taken into account when setting the measuring system.
Data Limit for symmetrical tolerance limits

Datasheet Lower Limit

Datasheet Upper Limit

Measurement Uncertainty

Measurement Uncertainty Lower Value

Measurement Uncertainty Upper Value

Nominal Value

Deviation

Measurement Error

Actual Value

Uncertainty Guard Band: Measuring uncertainty violates the data (spec.) limit.
Measurement results marked as UGB1 show conformity with a probability of >50 %and <95 %.

Measurement results marked as UGB2 show non-conformity with a probability of >50 %and <95 %.

Datasheet Uncertainty

Explanation of charts

—e— curve No. 1
—4— curve No. 2

I < DUL: Datasheet Upper Limit

actual values curve No. 1 with uncertainty shown
Y-axis -T T
range of undefined limits and uncertainties

s + e
M e actual values curve No. 2 with uncertainty shown
I < DLL: Datasheet Lower Limit
X-axis

l . MU: Measurement Uncertainty of actual values
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Material Number 3593.3250.02 Serial Number 100967

Certificate Number 24-0220-100967-01

Software used for measurement

Iltem Type Version
Measurement Studio Professional Edition 2013
MixerCertification 7_08

Remark
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Material Number 3593.3250.02

Serial Number 100967

Certificate Number 24-0220-100967-01

1.1 RF Input - VSWR

Measurement uncertainty:

WEWE

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1

0.05 (VSWR)

— VSWR
— DL |
— DUL-MUL
muﬂvn N
AV A A
VA YAV Y-
v Vi V \/
140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

Frequency /| GHz
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Material Number 3593.3250.02 Serial Number 100967 Certificate Number 24-0220-100967-01

1.2 Conversion loss

LO level +13 dBm nominal
Bias 0A
Measurement uncertainty: 4 dB

50

45

40

=
é
£
[l
z
S 20
____IF 404 4 MHz.
16th harmonic
& ____IF 729 MHz, —
16th harmonic
__IF 1330 MHz,
10 14th harmonic -
— DUL 16th harmonic
— DUL-MUL 16th harmonic
5 DUL 14th harmonic —
DUL-MUL 14th harmonic
D T T T T T T

T T T T T T T T T
140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220
Freguency ! GHz

Note: Numeric calibration data can be found attached to the PDF file of the calibration certificate.
Click the “paper clip” symbol to display the file.

The file has been renamed for safety reasons.
When downloading the file onto your PC, please delete the “.file” extension and unzip the data.
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Material Number 3593.3250.02

Serial Number 100967

Certificate Number 24-0220-100967-01

1.3 Frequency response within 1 GHz

DUL Actual Evaluation
(worst case)
IF = 404.4 MHz, 6 dB 4dB PASS
16th harmonic
IF =729 MHz, 6 dB 4,22 dB PASS
16th harmonic
IF = 1330 MHz, 6 dB 4,13 dB PASS

14th harmonic
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Standard Gain Horn

Model 20240-20

Waveguide Size: WG20 (WR42, R220) A B
Nominal Gain: 20 dBi I‘ = E
Operating Frequencies: 17.6 - 26.7 GHz

“y

Overall Length (A): 120.3 mm (4.736 inch) i 1 @)
Aperture Width (B): 52.00 mm (2.047 inch) *
Aperture Height (C): 37.40 mm (1.472 inch)
Waveguide Width (D): 10.668 mm (0.420 inch) F D
Waveguide Height (E): 4.318 mm (0.170 inch)
Flare Length (F): 115.20 mm (4.535 inch)
Typical Performance Data
Frequency Gain Beamwidth Frequency Gain Beamwidth Frequency Gain Beamwidth
(GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane
17.6 18.11 23.1° 22.3° 20.7 19.42 19.7° 19.0° 23.85 20.54 17.1° 16.5°
17.7 18.15 23.0° 22.2° 20.85 19.48 19.5° 18.8° 24 20.59 17.0° 16.4°
17.85 18.22 22.8° 22.0° 21 19.54 19.4° 18.7° 2415 20.64 16.9° 16.3°
18 18.29 22.6° 21.8° 21.15 19.59 19.2° 18.6° 24.3 20.69 16.8° 16.2°
18.15 18.36 22.4° 21.6° 21.3 19.65 19.1° 18.4° 24.45 20.74 16.6° 16.1°
18.3 18.42 22.2° 21.4° 21.45 19.71 19.0° 18.3° 24.6 20.79 16.5° 16.0°
18.45 18.49 22.1° 21.3° 21.6 19.76 18.8° 18.2° 24.75 20.83 16.4° 15.9°
18.6 18.56 21.9° 21.1° 21.75 19.82 18.7° 18.0° 24.9 20.88 16.3° 15.8°
18.75 18.62 21.7° 20.9° 21.9 19.87 18.6° 17.9° 25.05 20.93 16.3° 15.7°
18.9 18.69 21.5° 20.8° 22.05 19.93 18.5° 17.8° 25.2 20.97 16.2° 15.6°
19.05 18.75 21.4° 20.6° 22.2 19.98 18.3° 17.7° 25.35 21.02 16.1° 15.5°
19.2 18.82 21.2° 20.4° 22.35 20.03 18.2° 17.6° 25.5 21.06 16.0° 15.4°
19.35 18.88 21.0° 20.3° 22.5 20.09 18.1° 17.4° 25.65 21.1 15.9° 15.3°
19.5 18.94 20.9° 20.1° 22.65 20.14 18.0° 17.3° 25.8 21.15 15.8° 15.2°
19.65 19.00 20.7° 20.0° 22.8 20.19 17.9° 17.2° 25.95 21.20 15.7° 15.1°
19.8 19.06 20.6° 19.8° 22.95 20.24 17.7° 17.1° 26.1 21.24 15.6° 15.0°
19.95 19.13 20.4° 19.7° 23.1 20.29 17.6° 17.0° 26.25 21.28 15.5° 15.0°
20.1 19.19 20.3° 19.5° 23.25 20.35 17.5° 16.9° 26.4 21.33 15.4° 14.9°
20.25 19.25 20.1° 19.4° 23.4 20.40 17.4° 16.8° 26.55 21.37 15.3° 14.8°
20.4 19.31 20.0° 19.2° 23.55 20.45 17.3° 16.7° 26.7 21.41 15.2° 14.7°
20.55 19.36 19.8° 19.1° 23.7 20.50 17.2° 16.6°
‘ Gain (dBi) ====E-Plane Beamwidth (°) =====H-Plane Beamwidth (°)
22.5 1 - 24
22 4 = 23
215 4 —_— F22
211 \ / 21 o
= 207 S~ F19 E
gree — e
19 4 +17 %
185 / §\ fie @
18 ] ———— s
17.5 - : : : ‘ 14
17 18 19 20 21 22 23 24 25 26 27
Frequency (GHz)
Notes:

Gain calculations based on NRL Report 4433 - accuracy to approx + 0.3dBi

Half-power (3dB) beamwidth estimates calculated using 50.8 A / C (E-Plane) and 68.1 A / B (H-Plane). This is a 'large aperture'
approximation that breaks down at gain values smaller than around 12 dBi. For 10dBi Standard Gain Horns, beamwidths are
approximately 63° at the lowest frequency and 48° at the highest frequency.
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STANDARD GAIN HORN

Model 22240-20

Waveguide Size: WG22 (WR28, R320) A

Nominal Gain: 20 dBi I‘i —1
Operating Frequencies: 26.4 - 40.1 GHz

Overall Length (A): 86.0 mm (3.386 inch)

Aperture Width (B): 34.20 mm (1.346 inch)

Aperture Height (C): 24.80 mm {(0.976 inch)

Waveguide Width (D): 7.112 mm (0.280 inch) F
Waveguide Height (E): 3.556 mm {0.140 inch) ._—_—l
Flare Length (F): 75.00 mm (2.953 inch)

Typical Performance Data

Frequency Gain Beamwidth Frequency Gain Beamwidth Frequency Gain Beamwidth
(GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane
26.4 18.03 23.3° 22.6° 315 15.47 19.5° 18.9° 36.75 20.69 16.7° 16.2°
26.5 18.06 23.2° 225" 31.75 19.53 19.3° 18.8° 37 20.74 16.6° 16.1°
26.75 18.14 22.9° 22.3° 32 19.60 19.2° 18.6° 37.25 20.80 16.5° 16.0°

27 18.22 22.7° 22.1° 32.25 15.66 19.0° 18.5° 37.5 20.85 16.4° 15.9°
27.25 18.29 22.5° 21.9° 325 19.72 18.9° 18.4° 37.75 20.90 16.3° 15.8°
27.5 18.37 22.3° 21.7° 32.75 19.78 18.7° 18.2° 38 20.95 16.2° 15.7°
27.75 18.44 22.1° 21.5° 33 19.84 18.6° 18.1° 38.25 21.00 16.0° 15.6°

28 18.52 21.9° 21.3° 33.25 19.90 18.5° 17.9% 38.5 21.05 15.9° 15.5°
28.25 18.59 21.7° 21.1° 33.5 19.96 18.3° 17.8° 38.75 21.10 15.8° 15.4°
285 18.66 21.5* 20.9° 33.75 20.02 18.2° 17.7° 39 2115 15.7° 15.3°
28.75 18.73 21.4° 20.8° 34 20.08 18.1° 17.6° 39.25 21.20 15.6° 15.2°

29 18.80 21.2° 20.6° 34.25 20.14 17.9° 17.4° 39.5 21.25 155" 15.1°
29.25 18.87 21.0° 20.4° 34.5 20.19 17.8° 17.3° 39.75 21.30 15.4° 15.0°
28.5 18.94 20.8° 20.2° 34,75 20.25 17.7° 17.2° 40 21.34 15.3° 14.9°
29.75 19.01 20.6° 20.1° 35 20.31 175" 172.1° 40.1 21.36 15.3° 14.9°

30 19.08 20.5° 19.9° 35.25 20.36 17.4° 16.9°
30.25 19.14 20.3° 19.7° 35.5 20.42 17.3° 16.8°
30.5 19.21 20.1° 19.6° 35.75 20.48 17.2° 16.7°
30.75 19.28 20.0° 19.4° 36 20.53 17.1° 16.6°

31 19.34 19.8° 19.3° 36.25 20.58 16.9° 16.5°
31.25 19.41 19.6° 19:17 36.5 20.64 16.8° 16.3°

e Gain (dBi) e E-Plane Beamwidth (°) === H.Plane Beamwidth (%) ‘
225 S — —— ;
22
215 _
21 E
= 205 § 2
2 iF— :
c ]
& 195 &
19 1 g
18.5 4 "
18
17.5
Frequency (GHz)
Notes:

Gain calculations based on NRL Report 4433 - accuracy to approx + 0.3dBi. Antenna Gain is only valid within the 'far-field' of the antenna. For more
details, please see Ch 16, 'Antenna Theory, Analysis & Design' Balanis, Wiley or Ch 18 'Antenna’, Kraus, McGraw-Hill.

Half-power (3dB) beamwidth estimates calculated using 50.8 A / C (E-Plane) and 68.1 A / B {H-Plane). This is a 'large aperture' approximation that
breaks down at gain values smaller than around 12 dBi. For 10dBi Standard Gain Horns, beamwidths are approximately 632 at the lowest frequency
and 482 at the highest frequency.
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STANDARD GAIN HORN
- MOdel - - . 240 20 e .Nomihal GamZOd B

Typical Performance Data

3dB Beamwidth (deg.)
Frequency Gain dBi E-PLANE H-PLANE
(GHz) (acc. £ .25dB)

39.3 18.0 24 23
40.0 18.2 23 22
41.0 18.4 23 22
42.0 18.6 22 21
43.0 18.8 22 21
44.0 19.0 21 20
45.0 19.2 21 20
46.0 19.3 20 20
47.0 19.5 20 19
48.0 19.7 19 19
49.0 19.9 19 18
50.0 20.0 19 18
51.0 20.2 18 18
52.0 20.3 18 17
53.0 20.5 18 17
54.0 20.6 17 17
55.0 20.8 17 16
56.0 20.9 17 16
57.0 21.1 16 16
58.0 21.2 16 16
59.0 214 16 15
59.7 214 16 15

DFI.ANN MICROWAVE — e

Dunmere Road Bodmin NIy V

F Cornwall PL3120L England ||IS0 9002 |:.;_“,::m

Tel: +44 (0) 1208 77777 Fax: +44 (0) 1208 76426 BOBES
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STANDARD GAIN HORN

Model No:

Frequen
(GHz)

60.5
62.0
64.0
66.0
68.0
70.0
72.0
74.0
76.0
78.0
80.0
82.0
84.0
86.0
88.0
90.0
92.0

26240-20dB Nominal Gain: 20dB

Typical Performance Data

3dB Beamwidth (deg.)
cy Gain dBi E-PLANE H-PLANE
(acc. £ .25dB)

18.1 23 23

18.3 23 22

18.6 22 22

18.9 21 21

19.1 21 20

19.4 20 20

19.6 19 19

19.8 19 19

20.0 18 18

20.2 18 18

20.4 17 17

20.5 17 17

20.8 17 17

21.0 16 16

21.2 16 16

21.4 16 16

21.6 15 15
reasy wicRoave
53("1’3’2 (0) 1208 77777 Pt 2QLFax: +44 (0) 120‘3’175:5[:’21;1 1IS09001
Email: mail@flann.com www.flann.com REGISTERED COMPANY




Standard Gain Horn

Model 27240-20

Waveguide Size: WG27 (WR10, R900) A B
Nominal Gain: 20 dBi I‘ > J:’l
Operating Frequencies: 73.8-112 GHz LIJ‘ w
Overall Length (A): 32.5 mm (1.280 inch) - | O
Aperture Width (B): 12.40 mm (0.488 inch) ’
Aperture Height (C): 9.00 mm (0.354 inch)
Waveguide Width (D): 2.540 mm (0.100 inch) F D
Waveguide Height (E): 1.270 mm (0.050 inch) — ——
Flare Length (F): 26.00 mm (1.024 inch)
Typical Performance Data
Frequency Gain Beamwidth Frequency Gain Beamwidth Frequency Gain Beamwidth
(GHz) (dBi) E-Plane H-Plane | (GHz) (dBi) E-Plane H-Plane | (GHz) (dBi) E-Plane H-Plane
73.8 18.12 22.9° 22.3° 89.25 19.66 19.0° 18.4° 105 20.92 16.1° 15.7°
74.25 18.17 22.8° 22.2° 90 19.72 18.8° 18.3° 105.75 20.98 16.0° 15.6°
75 18.26 22.6° 21.9° 90.75 19.79 18.6° 18.1° 106.5 21.03 15.9° 15.5°
75.75 18.34 22.3° 21.7° 91.5 19.85 18.5° 18.0° 107.25 21.08 15.8° 15.3°
76.5 18.42 22.1° 21.5° 92.25 19.92 18.3° 17.8° 108 21.14 15.7° 15.2°
77.25 18.50 21.9° 21.3° 93 19.98 18.2° 17.7° 108.75 21.19 15.6° 15.1°
78 18.57 21.7° 21.1° 93.75 20.04 18.0° 17.6° 109.5 21.24 15.4° 15.0°
78.75 18.65 21.5° 20.9° 94.5 20.11 17.9° 17.4° 110.25 21.29 15.3° 14.9°
79.5 18.73 21.3° 20.7° 95.25 20.17 17.8° 17.3° 111 21.34 15.2° 14.8°
80.25 18.80 21.1° 20.5° 96 20.23 17.6° 17.1° 111.75 21.39 15.1° 14.7°
81 18.88 20.9° 20.3° 96.75 20.29 17.5° 17.0° 112 21.41 15.1° 14.7°
81.75 18.95 20.7° 20.1° 97.5 20.35 17.3° 16.9°
82.5 19.03 20.5° 20.0° 98.25 20.41 17.2° 16.8°
83.25 19.10 20.3° 19.8° 99 20.47 17.1° 16.6°
84 19.17 20.1° 19.6° 99.75 20.53 17.0° 16.5°
84.75 19.24 20.0° 19.4° 100.5 20.58 16.8° 16.4°
85.5 19.31 19.8° 19.3° 101.25 20.64 16.7° 16.3°
86.25 19.38 19.6° 19.1° 102 20.70 16.6° 16.1°
87 19.45 19.4° 18.9° 102.75 20.76 16.5° 16.0°
87.75 19.52 19.3° 18.8° 103.5 20.81 16.3° 15.9°
88.5 19.59 19.1° 18.6° 104.25 20.87 16.2° 15.8°
‘ Gain (dBi) === E-Plane Beamwidth (°) === H-Plane Beamwidth (°)
225 24
22 23
215 \\ — 22
21 \\~ — 21 f
= 205 \\\ — 20 8
% 20 \$>< 19 %
& 195 — \Y 18 @
19 // \ 17 %
185 _— ——— — 16 @
18 = \Q 15
17.5 14
70 75 80 85 90 95 100 105 110 115
Frequency (GHz)
Notes:

Gain calculations based on NRL Report 4433 - accuracy to approx + 0.3dBi
Half-power (3dB) beamwidth estimates calculated using 50.8 A / C (E-Plane) and 68.1 A / B (H-Plane). This is a 'large aperture' approximation

that breaks down at gain values smaller than around 12 dBi. For 10dBi Standard Gain Horns, beamwidths are approximately 632 at the lowest
frequency and 482 at the highest frequency.
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Waveguide Size:
Nominal Gain:
Operating Frequencies:

Overall Length (A):
Aperture Width (B):
Aperture Height (C):
Waveguide Width (D):
Waveguide Height (E):
Flare Length (F):

STANDARD GAIN HORN

Model 29240-20

WG29 (WR6, R1400)
20 dBi
114 - 173 GHz

24.4 mm (0.961 inch)
8.50 mm (0.335 inch)
6.40 mm (0.252 inch)
1.651 mm (0.065 inch)
0.826 mm (0.033 inch)
18.00 mm (0.709 inch)

A

= -

. F

Typical Performance Data

Frequency Gain Beamwidth Frequency Gain Beamwidth Frequency Gain Beamwidth
(GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane
114 18.73 20.9° 21.1° 135 20.08 17.6° 17.8° 156 21.19 15.2° 15.4°
115 18.80 20.7° 20.9° 136 20.13 17.5° 17.7° 157 21.24 15.2° 15.3°
116 18.87 20.5° 20.7° 137 20.19 17.4° 17.5° 158 21.28 15.1° 15.2°
117 18.94 20.3° 20.5° 138 20.25 17.2° 17.4° 159 21.33 15.0° 15.1°
118 19.01 20.2° 20.3° 139 20.30 17.1° 17.3° 160 21.38 14.9° 15.0°
119 19.08 20.0° 20.2° 140 20.36 17.0° 17.2° 161 21.42 14.8° 14.9°
120 19.14 19.8° 20.0° 141 20.42 16.9° 17.0° 162 21.47 14.7° 14.8°
121 19.21 19.7° 19.8° 142 20.47 16.8° 16.9° 163 21.52 14.6° 14.7°
122 19.28 19.5° 19.7° 143 20.52 16.6° 16.8° 164 21.56 14.5° 14.6°
123 19.34 19.3° 19.5° 144 20.58 16.5° 16.7° 165 21.61 14.4° 14.6°
124 19.41 19.2° 19.4° 145 20.63 16.4° 16.6° 166 21.65 14.3° 14.5°
125 19.47 19.0° 19.2° 146 20.68 16.3° 16.4° 167 21.70 14.2° 14.4°
126 19.53 18.9° 19.1° 147 20.74 16.2° 16.3° 168 21.74 14.2° 14.3°
127 19.60 18.7° 18.9° 148 20.79 16.1° 16.2° 169 21.78 14.1° 14.2°
128 19.66 18.6° 18.8° 149 20.84 16.0° 16.1° 170 21.83 14.0° 14.1°
129 19.72 18.4° 18.6° 150 20.89 15.9° 16.0° 171 21.87 13.9° 14.0°
130 19.78 18.3° 18.5° 151 20.94 15.8° 15.9° 172 21.91 13.8° 14.0°
131 19.84 18.2° 18.3° 152 20.99 15.7° 15.8° 173 21.95 13.8° 13.9°
132 19.90 18.0° 18.2° 153 21.04 15.5° 15.7°
133 19.96 17.9° 18.1° 154 21.09 15.4° 15.6°
134 20.02 17.8° 17.9° 155 21.14 15.3° 15.5°

‘ Gain (dBi) s E-Plane Beamwidth (°) e H-Plane Beamwidth (°) ‘
225 225
22 — 215
215 / 205
o1 195 =
= 205 185 2
2 2 175 E
c ©
g 19.5 165 @&
19 155 3
185 \\ 145
18 135
17.5 12.5
110 120 130 140 150 160 170 180
Frequency (GHz)
Notes:

Gain calculations based on NRL Report 4433 - accuracy to approx + 0.3dBi. Antenna Gain is only valid within the 'far-field' of the antenna. For more
details, please see Ch 16, 'Antenna Theory, Analysis & Design' Balanis, Wiley or Ch 18 'Antenna’, Kraus, McGraw-Hill.
Half-power (3dB) beamwidth estimates calculated using 50.8 A / C (E-Plane) and 68.1 A / B (H-Plane). This is a 'large aperture' approximation that
breaks down at gain values smaller than around 12 dBi. For 10dBi Standard Gain Horns, beamwidths are approximately 632 at the lowest

frequency and 482 at the highest frequency.
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Standard Gain Horn

Model 30240-20

Waveguide Size: WG30 (WR5, R1800) A B
Nominal Gain: 20 dBi I‘ = E
Operating Frequencies: 145 - 220 GHz LIJ*
Overall Length (A): 17.5 mm (0.689 inch) _ )1 @)
Aperture Width (B): 6.80 mm (0.268 inch) *
Aperture Height (C): 5.00 mm (0.197 inch)
Waveguide Width (D): 1.295 mm (0.051 inch) F D
Waveguide Height (E): 0.648 mm (0.026 inch)
Flare Length (F): 14.50 mm (0.571 inch)
Typical Performance Data
Frequency Gain Beamwidth Frequency Gain Beamwidth Frequency Gain Beamwidth
(GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane (GHz) (dBi) E-Plane H-Plane
145 18.78 21.0° 20.7° 175.5 20.30 17.3° 17.1° 207 21.56 14.7° 14.5°
145.5 18.81 20.9° 20.6° 177 20.37 17.2° 17.0° 208.5 21.61 14.6° 14.4°
147 18.89 20.7° 20.4° 178.5 20.43 17.1° 16.8° 210 21.67 14.5° 14.3°
148.5 18.98 20.5° 20.2° 180 20.50 16.9° 16.7° 211.5 21.72 14.4° 14.2°
150 19.06 20.3° 20.0° 181.5 20.56 16.8° 16.5° 213 21.77 14.3° 14.1°
151.5 19.14 20.1° 19.8° 183 20.62 16.6° 16.4° 2145 21.82 14.2° 14.0°
153 19.21 19.9° 19.6° 184.5 20.69 16.5° 16.3° 216 21.87 14.1° 13.9°
154.5 19.29 19.7° 19.4° 186 20.75 16.4° 16.1° 217.5 21.92 14.0° 13.8°
156 19.37 19.5° 19.2° 187.5 20.81 16.2° 16.0° 219 21.97 13.9° 13.7°
157.5 19.45 19.3° 19.1° 189 20.87 16.1° 15.9° 220 22.01 13.8° 13.6°
159 19.52 19.2° 18.9° 190.5 20.93 16.0° 15.8°
160.5 19.60 19.0° 18.7° 192 20.99 15.9° 15.6°
162 19.67 18.8° 18.5° 193.5 21.05 15.7° 15.5°
163.5 19.74 18.6° 18.4° 195 21.11 15.6° 15.4°
165 19.82 18.5° 18.2° 196.5 21.17 15.5° 15.3°
166.5 19.89 18.3° 18.0° 198 21.23 15.4° 15.2°
168 19.96 18.1° 17.9° 199.5 21.28 15.3° 15.0°
169.5 20.03 18.0° 17.7° 201 21.34 15.1° 14.9°
171 20.10 17.8° 17.6° 202.5 21.39 15.0° 14.8°
172.5 20.16 17.7° 17.4° 204 21.45 14.9° 14.7°
174 20.23 17.5° 17.2° 205.5 21.50 14.8° 14.6°
‘ Gain (dBi) ====E-Plane Beamwidth (°) =====H-Plane Beamwidth (°)
22.5 1 22,5
22 7 F 215
215 1 == F205
21 \ / +195 2
£ —
f= ] C R
& 195 — — 165 S
19 / f155 @
185 f145®
18 3 — F13.5
17.5 , ‘ ‘ ‘ F 125
140 150 160 170 180 190 200 210 220 230
Frequency (GHz)
Notes:

Gain calculations based on NRL Report 4433 - accuracy to approx + 0.3dBi
Half-power (3dB) beamwidth estimates calculated using 50.8 A / C (E-Plane) and 68.1 A / B (H-Plane). This is a 'large aperture'
approximation that breaks down at gain values smaller than around 12 dBi. For 10dBi Standard Gain Horns, beamwidths are

approximately 63° at the lowest frequency and 48° at the highest frequency.
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