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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
TE-003, Electromagnetic Compatibility, to supersede AS/NZS CISPR 16.1.5:2013, Specification for
radio disturbance and immunity measuring apparatus and methods, Part 1.5: Radio disturbance and
immunity measuring apparatus—Specifications and validation procedures for CALTS and REFTS
form 30 MHz to 1 000 MH:z.

The objective of this Standard is to specify the requirements for calibration sites used to perform
antenna calibrations according to AS/NZS CISPR 16.1.6 and for reference test sites (REFTS) that are
used for the validation of compliance test sites (COMTS) according to AS/NZS CISPR 16.1.4.

This Standard is identical with, and has been reproduced from CISPR 16-1-5, Ed. 2.0 (2014),
Specification for radio disturbance and immunity measuring apparatus and methods, Part 1-5: Radio
disturbance and immunity measuring apparatus—Antenna calibration sites and reference test sites for
5 MHz to 18 GHz.

The principal differences between this and the previous edition are as follows:

(a)  Site validation methods for other sites covered in AS/NZS CISPR 16.1.6 are added.

(b)  Smaller step sizes are specified for swept-frequency measurements.

(¢) The minimum ground plane size is increased.

As this Standard is reproduced from an International Standard, the following applies:

(i)  In the source text ‘this part of CISPR 16’ should read ‘this Australian/New Zealand Standard’.
(i) A full point substitutes for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to Australian or
Australian/New Zealand Standards, as follows:

Reference to International Standard Australian/New Zealand Standard

CISPR AS/NZS CISPR

16 Specification for radio disturbance 16 Specification for radio disturbance
and immunity measuring apparatus and immunity measuring apparatus
and methods and methods

16-1-4:2010 Part 1-4: Radio disturbance and 16.1.4:2013 Part 1.4: Radio disturbance and

AMDI1:2012 immunity measuring apparatus— immunity measuring apparatus—
Antennas and test sites for radiated Antennas and test sites for radiated
disturbance measurements disturbance measurements

16-1-6: 2014 Part 1-6: Radio disturbance and 16.1.6:2015 Part 1.6: Radio disturbance and
immunity measuring apparatus— immunity measuring apparatus—
EMC antenna calibration EMC antenna calibration

Only normative references that have been adopted as Australian or Australian/New Zealand Standards
have been listed.

The term ‘informative’ has been used to define the application of the annexes to which it applies. An
‘informative annex’ is only for information and guidance.

Documents

Document Sharing Hub

Full document details: AS NZS CISPR 16.1.5-2015


http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015
http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015

AS/NZS CISPR 16.1.5:2015 3

CONTENTS
1 S Yo 0] o 1= 10
2 NOIMALIVE FEIEIENCES ..t e e e e eenns 10
3 Terms, definitions and abbreviations ..o 10
3.1 Terms and defiNitioNS. ... e 10
3.1.1 LN a1 =T T o= U (= o = S 11
3.1.2 Measurement Site 1EIMS ..o . i e 13
3.1.8 (@ Y= g =Y 0o B TP 14
3.2 A EVIATIONS ..ot 15
4  Specifications and validation procedures for CALTS and REFTS from 5 MHz to

T 000 MHZ ..o aaaan 16
4.1 L= o oY = Y PP 16
4.2 Antenna calibration test site (CALTS) specification ........ccooooiiiiiiiiiiiieenn. 16
4.2.1 L€ 7= 1= = P 16
4.2.2 Normative SPeCifiCatioN ... ... i 17
4.3 Test antenna specCifiCation ... 17
4.3.1 L€ 7= o 1= = P 17
4.3.2 Details of the required characteristics of the test antenna.............................. 18
4.4 Antenna calibration test site validation procedure ........c.ccooviiiiiiiiiic e 20
4.4 1 LG 7= o 1Y =Y PP 20
4.4.2 TSt SO U it 20
4.4.3 Test frequencies and receive antenna heights ... 22
4.4.4 ]| 0 Y= = T U =T o 11T 0 22
4.4.5 Swept frequency SIL measuremMents ......ooouiviiiiiiii 25
4.4.6 Identifying and reducing reflections from antenna supports...........cccoceeeeuneeennn. 28
4.5 Antenna calibration test site acceptance criteria ...........ccooviviiiiiiii 28
4.5.1 LG T=T a1 =Y PP 28
4.5.2 Measurement UNCErtainties . .. v e e 28
4.5.3 PN eteT=Y o) €= [ g Lo =T o] 1 (=] o - LR PPN 29

4.6 Calibration site with a metal ground plane for biconical antennas and tuned
dipole antennas over the frequency range 30 MHz t0 300 MHz ..........ccciiiiiiiiiinios 30
4.7 Validation of @ REFTS ..o 31
4.7.1 LG 7= a1 =Y TP 31
4.7.2 Validation for horizontal polarization ..o 31
4.7.3 Validation for vertical polarization ..o 31
4.8 Validation report for CALTS and REFTS ..., 33
4.8.1 L= 1= - U S 33
4.8.2 Validation report reqUIremMeNntS ... ... 33

4.9 Site validation for the calibration of biconical and dipole antennas, and the
biconical part of hybrid antennas in vertical polarization...........cccocoiiiiiiiiiinn. 34

4.10 Validation of a CALTS using vertical polarization from 5 MHz to 30 MHz for
the calibration of monopole antennNas ... ..o 35
4.10.1 LC 7= o 1= =Y PR 35
4.10.2 Uncertainty evaluation . ... 36
5  Validation methods for a FAR from 30 MHZz 10 18 GHzZ........oiiiiiiiiiiiii e 36
5.1 LT LYY PP 36

Documents

Document Sharing Hub

Full document details: AS NZS CISPR 16.1.5-2015


http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015
http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015

AS/NZS CISPR 16.1.5:2015 4
Page
5.2 Validation procedure 1 GHz t0 18 GHzZ......oouiiiiiiiii e, 37
5.2.1 Power transfer between two antennas .........ccovviiiii i 37
5.2.2 Measurement procedure for validation from 1 GHz to 18 GHz..............c.ceeilL 37
5.2.3 ANAlYSIS OF rESUILS .oeeiii e 39
5.2.4 JaYete1=Y o) €= [ g Lo =T o] ) (=] ¢ o] o AR PTPRN 40
5.2.5 Chamber performance versus polarization ...........ccooviiiiiiiiiiiiin e 41
5.2.6 (8 aTo1=T o €=Vl o1 PP 41
5.3 Validation of a FAR for the calibration of antennas by alternative methods............ 42
5.3.1 GIBNEIAL .t e 42
5.3.2 Validation of a FAR from 30 MHz to 1 GHzZ ......oooviiiiii e 42
5.3.3 Alternative validation of a FAR for the calibration of LPDA antennas
ADOVE 1 GHZ. oo 42
5.3.4 Alternative validation of a FAR applying time-domain measurements
ADOVE 500 MHZ. ..o 43
6  Validation methods for sites used for the calibration of directive antennas..................... 43
6.1 Validation of the calibration site minimizing ground reflection by a height
D o PP PR 43
6.1.1 MeasuremMent ProCEAUIE ... . iiu. ettt 43
6.1.2 L g Tod =Y £= 11 o} = 45
6.2 Validation of the calibration site minimizing ground reflection by use of
=Y 0 1= ] f o 1= P 46
7  Site validation by comparison of antenna factors, and application of RSM to
evaluate the uncertainty contribution of @ SAC Site .....oiiuiiiiiiiiii 47
7.1 Use of SAM for site validation by comparison of antenna factors .............c............ 47
7.2 Application of RSM to evaluate the measurement uncertainty contribution of
a calibration site comprising @ SAC ... .ccuiiiii 48
Annex A (informative) CALTS characteristics and validation ............cccoeviiiiiiiiin i, 50
AA LCT=T o =T o= | PP PP 50
A.2 The reflecting PIANE .. ... e 50
A2.1 Reflecting plane construCtion ...........oooui i 50
A.2.2 Plane-edge effects and plane surroundings ........oc.ovieiieiiiiiniiiieeeeee e 51
A.3 ANCIlAary @QUIPMENT .o 51
A.4 Additional stringent CALTS validation testing .........coooiiiiiiiiii e, 52
A4 LG 7= o 1Y =Y PP 52
A.4.2 Antenna-height scan measuremMents ..........oiiiiiiiiiii e 52
A.4.3 Frequency sCan measuremMeENnts ... ... i 53
Annex B (informative) Test antenna considerations.........oooeieiiiiiiiiiiii e 56
B.1 LT o= - Y PP 56
B.2 Example and verification of a test antenna.........coooooi i 56
B.3 Determination of balun properties ..o 58
B.3.1 The ideal 10SSIeSS DBalun ....ceeiie e 58
B.3.2 Relations between balun properties and S-parameters............ccoeeveviiiieinennnnn. 59
B.3.3 INSertion 10SS MEASUIrEMENTS .....iiiiiiii e 60
Annex C (informative) Antenna and SIL theory........coi i, 63
C.1 ANalYtiCal rIatIONS .. e 63
C.11 GIBNEIAL .t e 63
C.1.2 Total length of the test antenna ........oooiiiiiiiii e 64
C.1.3 TheoretiCal SIL ... e 65
C.1.4 Calculation eXample ... Dﬁcflgments

Document Sharing Hub

Full document details: AS NZS CISPR 16.1.5-2015


http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015
http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015

AS/NZS CISPR 16.1.5:2015 5

Page
Cc.2 Computations by the MOM ... e 72
C.2.1 L= 1= - U S 72
c.2.2 Antenna iNPUt IMPEAANCE . ...t 73
c.2.3 Total length of the test antenna ..., 73
C.24 SIL COMPULIATIONS et 73
c.25 Antenna factor (AF) computationS..... .o 80
Annex D (informative) Pascal Program used in C.1.4 ... ..o 84
Annex E (informative) Validation procedure checklist..........cooiiiiiiiiii i 88
Annex F (informative) Evidence that field taper of VP site validation method has
negligible effect on measured antenna factor ... 90
F.1 Investigation of vertical field taper.... ... 90
F.2 Calibration of biconical antennas using vertical polarization............ccccocoiiiiinniennn. 90
3] o] [T eTe =T o] o 2 PP 92
Figure 1 — Schematic diagram of the test antenna .............coooi i 18
Figure 2 — Adjustment of a telescopic wire element to the length Lyyg ....ooooovveenii 19
Figure 3 — Determination of V4 (f) or Vio(f) cevvveviiiiiiiiiiiiiiii 23
Figure 4 — Determination of Vg4(f) with the wire antennas in their specified positions ............. 23
Figure 5 — Example NSIL: horizontal polarization, antenna height 2 m, separation
1 O PPN 26
Figure 6 — NSIL of the four pairs of calculable dipoles at 10 m separation and using
the alternative heights for the 600 MHz to 1 000 MHz pair according to Table 5.................... 27
Figure 7 — Relation between the quantities used in the SIL acceptance criterion................... 29
Figure 8 — Set-up of site validation for EMC antenna calibrations above 1 GHz in a
FAR, also showing distance between antenna phase centres..........cooviiiiiiiiii s 38
Figure 9 — Example plots of [Aj (d) — Aj m(d3 m)] in dB against distance in m at 1 GHz
to 18 GHz in 1 GHz steps, corrected for LPDA and horn phase centres ..........cccooveeviiiinnnee. 40
Figure 10 — Example of antenna set-up for an LPDA antenna calibration in the
frequency range above 200 MHZ..... ... 44
Figure 11 — Example of SIL versus antenna height measured at 200 MHz with two
LPDA antennas in vertical polarization at 2,5 m distance between their midpoints
above the reflecting ground plane of an OATS ... i e 45
Figure 12 — lllustration of distances of transmit horn to omni-directional receive
antenna and reflective building, and transmitted signal paths Aand B ..........coooiiiiin, 45
Figure B.1 — Example of atest antenna ... 58
Figure B.2 — Diagram of the measurement of S11 and S12, and of Soo and So¢, when
generator and load are interchang@ed ... 59
Figure B.3 — Schematic diagram for determination of the insertion 10sS A1 (f) ...cvvveeiiiiinniiinis 61
Figure B.4 — Schematic diagram for determination of the insertion 10ss Ao(f) ......ccoeeieieiiiiiis 61
Figure C.1 — Network model for Aj ¢ calculations ...............cccc 66
Figure C.2 — Equivalent circuit to the network in Figure C.1 ... 66
Figure C.3 — Definition of the mutual couplings, feed-terminal voltages and antenna
currents of the antennas above the reflecting plane and their images ..........ccooiviiiiiinnenn. 67
Figure C.4 — Cascade combination of the baluns and the site two-port network .................... 74
Figure C.5 — Flow chart showing how SIL is obtained by combining the measured balun
S-parameters and the NEC calculated S-parameters of the site two-port network .................. 75

Figure F.1 — Field uniformity with height step 1 m to 2,6 m, normalized to field at 1,8 m

height; MONOCONE At 15 M FANGE .. ieuiiii s e Docelments

Document Sharing Hub

Full document details: AS NZS CISPR 16.1.5-2015


http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015
http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015

AS/NZS CISPR 16.1.5:2015 6

Page
Figure F.2 — Averaging of height steps, SAM, B.4.2 in CISPR 16-1-6:2014 .........cccceievvneennnn. 91
Table 1 — Summary of site validation methods by subclause number ... 9
Table 2 — Maximum tolerances for d = 10 M. 18
Table 3 — Frequency and fixed receive antenna height data for SIL measurements at
24 frequencies, with 74 =2 m and d = 10 m [specified in 4.4.2.3 and 4.4.2.4] ..............cceeeee 22
Table 4 — RSM freQUENCY STEPS .uuiiii ittt et ees 25
Table 5 (informative) — Antenna heights for SIL measurements.......cccovviiiiiiii i, 26
Table 6 — Antenna set-up for the SIL measurement of the calibration site using
horizontally polarized resonant dipole antennas (see also 4.4.4 for SIL at 250 MHz and
BT 00 1Y 1 2 PP 31
Table 7 — Antenna heights ..o e 32
Table 8 — Example measurement uncertainty budget for SIL between two monopole
= LN =T o1 = PP PP 36
Table 9 — Example measurement uncertainty budget for FAR validation method at and
=Y o Jo )V T I 1 2PN 41
Table 10 — Example measurement uncertainty budget for the site validation method in
S 0 R PSP 46
Table 11 — Maximum tolerances for validation set-up atd =10 m ..., 49
Table A.1 — Example of fixed-length calculable dipole antennas and their subdivision of
the frequency range 30 MHZz 10 1 000 MHZ .....ooiiii e 51
Table A.2 — Receive antenna heights and centre frequUenCies ..........cooviviiiiiiiiiini e, 54
Table C.1 — Example numerical (analytical) calculation of L, A; ; (see C.1.4.2) ................... 69
Table C.2 — Example numerical (analytical) calculation of AA; (see C.1.4.3) ......................... 71
Table C.3 — Example numerical (analytical) calculation of iyg and Ahpt cevvvveeeeiiieiiiiiiiinn. 72
Table C.4 — Example numerical (analytical) calculation of fo and Afy.............., 72
Table C.5 — MoM example calculation of A;  for vertical polarization, iy = 2 m, except
hy = 2,75 m at 30 MHz, 35 MHz and 40 MHZ ..........cccooiiiiiiiiiiiii 78

Documents

Document Sharing Hub

Full document details: AS NZS CISPR 16.1.5-2015


http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015
http://www.avadocuments.com/doc/as-nzs-cispr-16-1-5-2015

AS/NZS CISPR 16.1.5:2015 7

INTRODUCTION

This standard describes validation procedures for Calibration Test Sites (CALTS) that are
used to calibrate antennas in the frequency range 5 MHz to 18 GHz. The associated antenna
calibration procedures are described in CISPR 16-1-6.

Due to problems with suppressing ground reflections in the frequency range 30 MHz to
200 MHz, the main function of a reflecting ground plane is for the calibration of dipole,
biconical, and hybrid antennas over the frequency range for which their H-plane patterns are
uniform. The free-space antenna factor, F,, for dipole antennas may be measured in a free-
space environment above 200 MHz. Because of the difficulty of reducing reflections from
objects that surround an antenna, and in particular the ground surface, a flat metal ground
plane is used to ensure reproducibility of results and to enable the ground reflected signal to
be precisely removed mathematically.

Requirements for the construction of a CALTS are given in Annex A. The specifications and
validation procedures for a CALTS are given in Clause 4. The most precise way of validating
a CALTS is to use calculable dipole antennas, which are the basis of the validation procedure
in this standard. The design principles of calculable antennas are given in Annex B, and the
theory and methods for calculating site insertion loss (SIL) are given in Annex C and Annex D.

Validation procedures for other antenna calibration sites are given in Clause 5 through
Clause 7. Where an antenna calibration method utilizes the ground reflection, a CALTS is
required. The validation methods are summarized in Table 1 with reference to the associated
antenna calibration methods in CISPR 16-1-6.

All site validation methods involve the measurement of SIL between two antennas. It is critical
that the validation of the site itself not be unduly compromised by reflections from antenna
supports; see A.3 for associated guidance.
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