
   

Reference number
ISO/IEC 18047-2:2012(E)

© ISO/IEC 2012
 

 

 

INTERNATIONAL 
STANDARD 

ISO/IEC
18047-2

First edition
2012-01-15

Information technology — Radio 
frequency identification device 
conformance test methods — 

Part 2: 
Test methods for air interface 
communications below 135 kHz 

Technologies de l'information — Méthodes d'essai de conformité du 
dispositif d'identification de radiofréquence — 

Partie 2: Méthodes d'essai pour des communications d'une interface 
d'air à moins de 135 kHz 

 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

 COPYRIGHT PROTECTED DOCUMENT 
 
©   ISO/IEC 2012 

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, 
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or 
ISO's member body in the country of the requester. 

ISO copyright office 
Case postale 56  CH-1211 Geneva 20 
Tel.  + 41 22 749 01 11 
Fax  + 41 22 749 09 47 
E-mail  copyright@iso.org 
Web  www.iso.org 

Published in Switzerland 
 

ii © ISO/IEC 2012 – All rights reserved
 

 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

© ISO/IEC 2012 – All rights reserved iii
 

Contents Page 

Foreword ............................................................................................................................................................. v 

Introduction ........................................................................................................................................................ vi 

1  Scope ...................................................................................................................................................... 1 

2  Normative references ............................................................................................................................ 1 

3  Terms, definitions, symbols and abbreviated terms ......................................................................... 2 
3.1  Terms and definitions ........................................................................................................................... 2 
3.2  Symbols .................................................................................................................................................. 2 
3.3  Abbreviated terms ................................................................................................................................. 2 

4  Conformance tests for ISO/IEC 18000-2 — below 135 kHz ............................................................... 3 
4.1  General ................................................................................................................................................... 3 
4.2  Default conditions applicable to the test methods ............................................................................ 3 
4.2.1  Test environment ................................................................................................................................... 3 
4.2.2  Pre-conditioning .................................................................................................................................... 3 
4.2.3  Default tolerance ................................................................................................................................... 3 
4.2.4  Spurious inductance ............................................................................................................................. 3 
4.2.5  Noise floor at test location ................................................................................................................... 3 
4.2.6  Total measurement uncertainty ........................................................................................................... 3 
4.3  Setup of test equipment for tag tests .................................................................................................. 4 
4.3.1  Parameter definition .............................................................................................................................. 4 
4.3.2  Test equipment configuration .............................................................................................................. 4 
4.4  Test methods for tags ......................................................................................................................... 11 
4.4.1  Tag Orientation .................................................................................................................................... 11 
4.5  Test procedure for tags ...................................................................................................................... 11 
4.5.1  Calibrating null compensation ........................................................................................................... 11 
4.5.2  Minimum activating magnetic field strength in FDX mode ............................................................. 13 
4.5.3  Minimal activating magnetic field strength in HDX mode ............................................................... 13 
4.5.4  Level of tag response in FDX mode .................................................................................................. 14 
4.5.5  Level of tag response in HDX mode .................................................................................................. 15 
4.5.6  Tag waiting time for FDX mode .......................................................................................................... 16 
4.5.7  Tag waiting time for HDX mode ......................................................................................................... 16 
4.6  Equipment for interrogator tests ....................................................................................................... 17 
4.6.1  Tag Emulation Circuit ......................................................................................................................... 17 
4.7  Methods for interrogator tests ........................................................................................................... 17 
4.7.1  Verification of reading ......................................................................................................................... 17 
4.7.2  Tag Orientation .................................................................................................................................... 17 
4.8  Test procedure for interrogator ......................................................................................................... 18 
4.8.1  Modulation index and waveform ........................................................................................................ 18 
4.8.2  Power generation for FDX (informative) ........................................................................................... 18 
4.8.3  Power generation for HDX (informative) ........................................................................................... 19 
4.8.4  Response detection for FDX .............................................................................................................. 19 
4.8.5  Response detection for HDX .............................................................................................................. 19 

Annex A (normative)  Design description of the tag emulation circuits .................................................... 20 
A.1  Reference air-cored antenna .............................................................................................................. 20 
A.2  FDX Tag Emulation Circuit ................................................................................................................. 20 
A.2.1  General ................................................................................................................................................. 20 
A.2.2  Set up trimming ................................................................................................................................... 22 
A.3  The HDX Tag Emulation Circuit ......................................................................................................... 22 
A.3.1  General ................................................................................................................................................. 22 
A.3.2  Working principle of the HDX Tag Emulation Circuit ...................................................................... 23 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

iv © ISO/IEC 2012 – All rights reserved
 

A.3.3  Set up and trimming procedure for the HDX emulation ..................................................................23 

Annex B (informative)  Program for the evaluation of the spectrum ..........................................................25 

Bibliography ......................................................................................................................................................29 
 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

© ISO/IEC 2012 – All rights reserved v
 

Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are members of 
ISO or IEC participate in the development of International Standards through technical committees 
established by the respective organization to deal with particular fields of technical activity. ISO and IEC 
technical committees collaborate in fields of mutual interest. Other international organizations, governmental 
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information 
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of the joint technical committee is to prepare International Standards. Draft International 
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as 
an International Standard requires approval by at least 75 % of the national bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. 

ISO/IEC 18047-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, 
Subcommittee SC 31, Automatic identification and data capture techniques. 

This first edition of ISO/IEC 18047-2 cancels and replaces ISO/IEC TR 18047-2:2006, which has been 
technically revised. 

ISO/IEC 18047 consists of the following parts, under the general title Information technology — Radio 
frequency identification device conformance test methods: 

 Part 2: Test methods for air interface communications below 135 kHz 

 Part 3: Test methods for air interface communications at 13,56 MHz [Technical Report] 

 Part 4: Test methods for air interface communications at 2,45 GHz [Technical Report] 

 Part 6: Test methods for air interface communications at 860 MHz to 960 MHz [Technical Report] 

 Part 7: Test methods for active air interface communications at 433 MHz [Technical Report] 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

vi © ISO/IEC 2012 – All rights reserved
 

Introduction 

ISO/IEC 18000 defines the air interfaces for radio frequency identification (RFID) devices used in item 
management applications. ISO/IEC 18000-2 defines the air interface for these devices operating in 
frequencies below 135 kHz. 

The purpose of ISO/IEC 18047 is to provide test methods for conformance with the various parts of 
ISO/IEC 18000. 

Each part of ISO/IEC 18047 contains all measurements required to be made on a product in order to establish 
whether it conforms with the corresponding part of ISO/IEC 18000. For this part of ISO/IEC 18047, each 
interrogator needs to be assessed with tags of both type A (FDX) and type B (HDX), while each tag needs to 
be assessed either with type A (FDX) or type B (HDX). 

It should be noted that measurement of tag and interrogator performance is covered by ISO/IEC 18046. 
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Information technology — Radio frequency identification device 
conformance test methods — 

Part 2: 
Test methods for air interface communications below 135 kHz 

1 Scope 

This part of ISO/IEC 18047 defines test methods for determining the conformance of radio frequency 
identification (RFID) devices (tags and interrogators) for item management with the specifications given in 
ISO/IEC 18000-2, but does not apply to the testing of conformity with regulatory or similar requirements. 

The test methods require only that the mandatory functions, and any optional functions which are 
implemented, be verified. This may, in appropriate circumstances, be supplemented by further, application-
specific functionality criteria that are not available in the general case. 

The interrogator and tag conformance parameters in this part of ISO/IEC 18047 are the following: 

 mode-specific conformance parameters including nominal values and tolerances; 

 parameters that apply directly affecting system functionality and inter-operability. 

The following are not included in this part of ISO/IEC 18047: 

 parameters that are already included in regulatory test requirements; 

 high-level data encoding conformance test parameters (these are specified in ISO/IEC 15962). 

Unless otherwise specified, the tests in this part of ISO/IEC 18047 are to be applied exclusively to RFID tags 
and interrogators defined in ISO/IEC 18000-2. 

Clause 4 describes all necessary conformance tests. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO/IEC 18000-2, Information technology — Radio frequency identification for item management — Part 2: 
Parameters for air interface communications below 135 kHz 

ISO/IEC 19762 (all parts), Information technology — Automatic identification and data capture (AIDC) 
techniques — Harmonized vocabulary 

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in 
measurement (GUM:1995) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564


ISO/IEC 18047-2:2012(E) 

2 © ISO/IEC 2012 – All rights reserved
 

3 Terms, definitions, symbols and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 and the following apply. 

3.1.1 
air-cored tag 
tag having an antenna which uses no material to modify the antenna inductance 

3.1.2 
ferrite-cored tag 
tag having an antenna which uses ferrite to increase antenna inductance 

3.1.3 
level of tag response 
ability of the tag to send the information to the interrogator station 

3.1.4 
noise floor 
measure, usually in decibels, of the constant level of ambient environmental energy level present within the 
frequency band of interest 

3.2 Symbols 

For the purposes of this document, the symbols given in ISO/IEC 19762 apply. 

3.3 Abbreviated terms 

For the purposes of this document, the abbreviated terms given in ISO/IEC 19762 and the following apply. 

AWG arbitrary waveform generator 

CRC cyclic redundancy check 

FDX full duplex 

FSK frequency shift keying 

HDX half duplex 

HSC Helmholtz sense coil 

HTA Helmholtz transmitting antenna 

NRZ non return to zero 

PC computer suitable for the conformance testing requirements, e.g., personal computer 

RF radio frequency 

SC sense coil 

DUT device under test 
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4 Conformance tests for ISO/IEC 18000-2 — below 135 kHz 

4.1 General 

This part of ISO/IEC 18047 specifies a series of tests to determine the conformance of interrogators and tags. 
The results of these tests shall be compared with the values of the parameters specified in ISO/IEC 18000-2 
to determine whether the interrogator or tag under test conforms. ISO/IEC 18000-1 provides a general 
description of air interface parameters. 

A tag compliant to ISO/IEC 18000-2 shall support either type A (FDX) or type B (HDX). 

An interrogator compliant to ISO/IEC 18000-2 shall support both type A (FDX) and type B (HDX). 

NOTE In case an interrogator or tags does not comply to the series of tests specified in this part of ISO/IEC 18047 
due to the form factors of the antennas, it is recommended to amend this document to accommodate these new 
application requirements by providing new geometries for the measurement setups. 

4.2 Default conditions applicable to the test methods 

4.2.1 Test environment 

Unless otherwise specified, testing shall take place in an environment of temperature 23 °C  3 °C 
(73 °F  5 °F) and of non-condensing relative humidity from 40 % to 60 %. 

4.2.2 Pre-conditioning 

Where pre-conditioning is required by the test method, the identification tags to be tested shall be conditioned 
to the test environment for a period of 24 hours before testing. 

4.2.3 Default tolerance 

Unless otherwise specified, a default tolerance of  5 % shall be applied to the measured values specifying 
the characteristics of the test equipment (e.g. linear dimensions) and the test method procedures (e.g. test 
equipment adjustments). 

4.2.4 Spurious inductance 

In order to ensure consistent results, resistors and capacitors in the test equipment should have negligible 
inductance. 

4.2.5 Noise floor at test location 

It shall be 20 dB less than signal from the DUT within the frequency band of the test when measured 
according the applicable regulatory requirement for that band. 

Special attention has to be given to spurious emissions, e.g., insufficiently shielded computer monitors. The 
electromagnetic test conditions of the measurements can be checked by performing the measurements with 
and without a tag in the field. 

4.2.6 Total measurement uncertainty 

The total measurement uncertainty for each quantity determined by these test methods shall be stated in the 
test report. 

NOTE Basic information is given in ISO/IEC Guide 98-3. 
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4.3 Setup of test equipment for tag tests 

4.3.1 Parameter definition 

4.3.1.1 Minimum tag activation magnetic field strength 

It should be noted that this value shall be determined in order to perform the following test measurements and 
the recorded value is not a conformance criterion. 

Once placed in a magnetic field strength and depending on antenna, chip and packaging design, each tag will 
be activated. Full functionality is obtained when the tag is supplied with enough energy to transmit correctly 
the information stored in the chip memory. This measurement will determine the minimum value of the 
magnetic field strength required to obtain the full functionality of the tag. 

4.3.1.2 Level of tag response 

For FDX mode: The values of the level of tag response depend on the magnetic field strength in which the tag 
is placed. To get the appropriate characterisation, the level of tag response shall be monitored over different 
magnetic field strengths and presented as the modulation characteristic. 

For HDX mode: The level of tag response is defined by the average value of the level of tag response values 
measured for the bit 1 and the bit 0. 

4.3.2 Test equipment configuration 

4.3.2.1 Functional diagram 

Figure 1 shows the functional diagram of the measurement antenna configuration. 
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Figure 1 — Functional diagram 

Amplifier: Amplifier with an output resistance of 50 . (e.g. Amplifier Research 25A250A, 10 kHz – 250 MHz) 

FWG: function waveform generator 

AWG: arbitrary waveform generator 

CN: compensation network 

MN: matching network 

HSC1: Helmholtz Sense Coil 1 

HSC2: Helmholtz Sense Coil 2 

HTA1: Helmholtz Transmitting Antenna 1 

HTA2: Helmholtz Transmitting Antenna 2 

RHTA Serial measurement resistor 

The matching network MN shall be used to match the setup of RHTA, HTA1 and HTA2 to the 50  output 
resistance of the Amplifier. 

NOTE 1 The AWG may be used in place of the code generator and the FWG. 
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NOTE 2 Due to the setup of HTA1 and HTA2 their magnetic fields are cumulative at the position of the DUT. 

NOTE 3 The dissipated power in the each of HTA1 and HTA2, as well as in RTHA is dependent of the current through 
the coils and may become as high as 20W for RTHA and 2W for each HTA coil while the applied power can rise up to 
25W. 

The capacitors C1 and C2 shall have a voltage rating of at least 100 V while the applied power can rise up to 
25 W. 

4.3.2.2 Measurement antenna configuration definition 

The magnetic field is generated using a Helmholtz configuration of the transmitting antennas (HTA). Thus the 
generated field is homogenous in a sufficient area for the positioning of the DUT. The matching network (MN), 
is used to get a clean field generated while modulating the magnetic field. 

There is a very accurate relation between the magnetic field in the Helmholtz coil and the current in the coils. 
By measuring the current through the HTA the magnetic field can be calculated. 

HTA RHTA,PP
rms

HTA RHTA

N U
H

1.9764 D R




 
 

Hrms  Effective value of the magnetic field strength 

IRHTA Current through the coils HTA1, HTA2 and the resistor RHTA 

NHTA Number of turns for each of HTA1 and HTA2 

DHTA Diameter of HTA coil  

RRHTA External serial measurement resistor 

URHTA,PP Peak-peak value of the voltage drop at external serial measurement resistor 

Figure 1 is the functional diagram of the measurement antenna configuration. The dimension of the coils is 
small compared to some of the tags to be tested. The homogeneous field has a cylindrical shape with a 
diameter of 5 cm and a length of 5 cm. This configuration is useful for small tags only. Tags longer than 5 cm 
need larger antennas. 

For the FDX mode the sensing of the level of tag response shall be performed using a three-coil configuration 
where two coils (HSC) shall be placed inside the Helmholtz configuration within the HTA and one SC shall be 
placed outside the HTA. The inside coils HSC1 and HSC2 will sense the generated field and the emitted 
modulation signal with a low influence of the coupling factor and the position of the tag unit. The external SC 
will sense only the generated field and can therefore be used as compensation signal by subtracting the 
generated field. The compensation network (CN) will deliver the emitted modulation signal to the oscilloscope 
that is based on the homogenous magnetic field only. 

For the HDX mode the sensing of the level of tag response shall be performed using a two-coil configuration 
where the HSC shall be placed into a Helmholtz configuration within the two HTA. The HSC will sense the 
generated field and the emitted frequencies with a low influence of the coupling factor and the position of the 
tag unit and will deliver the bit value representing frequencies directly to the oscilloscope. 

The external SC and the compensation network (CN) are not required for HDX frequency measurements 
because the interrogator field is switched off during transmission. 

NOTE The approximate relation between the magnetic field and the current through the coils HTA and the resistor 
RTHA is H = 35,8  IRHTA in A/m. 
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4.3.2.3 Equipment 

4.3.2.3.1 General 

To allow fully automated testing, all below mentioned equipment should use the same communication 
interface as for example the IEEE 60488 interface (see Bibliography) or any other suitable standardised type. 

This standardised communication interface will allow control of the instruments and the collection of data from 
the test configuration. The automated collection of data will allow the efficient processing of the required 
measurements. The test configuration in this document allows fully automated testing. 

4.3.2.3.2 Magnetic field generation 

The magnetic field shall be generated by a Function Waveform Generator (FWG) or AWG, (e.g., a device with 
an IEEE 60488 Interface) and the HTAs. 

The HTA configuration shall be manufactured according to the physical parameters as shown in Figure 3. 

The properties of each coil shall be according to Figure 2. 

 

Core element 
 
Wire : B155 500m Grade 1B 
 
NHTA = 5 turns 

D
i H

T
A
 =

 2
00

.0
 

0
.5

m
m

 

D
e

H
T

A
 =

 2
0

1.
0 
0

.5
m

m
 

ThHTA = 2.9 0.1mm
 

Figure 2 — Specification of HTA coils 

NOTE 1 Due to the low number of turns, the best way of manufacturing the two HTA coils is to wind them onto formers. 

NOTE 2 At 100 kHz the approximate inductance is 16 µH and the approximate resistance is 0,4 . 

 

HTA2 

DUT 

HTA1 

The two Helmholtz 
transmitting antennas 
shall be connected in 
series 
 
 

100.0 0.5mm 

 

Figure 3 — Helmholtz setup 
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4.3.2.3.3 Matching network 

The matching network shall be realized according Figure 4. 

 C1 

C2 
HTA2

HTA1

RHTA UHTA 

 

Figure 4 — Matching network and magnetic field generating coils 

C1 and C2 shall be adjusted to match RHTA, HTA1 and HTA2 to the 50  of the amplifier output. In particular 
this requires a matching network for either 125 kHz or 134,2 kHz according to the device under test. 

Values for C1, C2 and RHTA shall be adjusted around the start values of Table 1 for 125 kHz and Table 2 for 
134,2 kHz according to the device under test. 

Table 1 — Matching components for 125 kHz 

Component Value Comments

C1 18 nF  

C2 35 nF  

RHTA 5   

 

Table 2 — Matching components for 134,2 kHz 

Component Value Comments

C1 15 nF  

C2 30 nF  

RHTA 5   

 

NOTE The value of 5 ohms for RHTA in the tables take into account the series resistance of the HTA coils that have 
an approximate value of 0,4 . 

4.3.2.3.4 Magnetic field reception 

The magnetic field from the tag shall be measured with sensing coils: a set of two coils, HSC1 and HSC2, 
using a Helmholtz configuration, and only for the FDX mode, an additional coil SC for compensation. The two 
HSC shall be connected in series. The properties of each coil shall be manufactured according to the physical 
parameters as shown in Figure 5. 
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S
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 9
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0
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m

 

ThHSC = 1 

Wire : B155 100 m Grade 1B 
        or P155 100µm Grade 2 
 
NHSC = 70 turns 
 
NSC = 45 turns 
 

0.05mm
 

Figure 5 — Specification of Helmholtz sensing coils (HSC) and the sense coil (SC) 

NOTE At 100 kHz the approximate inductance and resistance for the HSC coils are respectively 1,5 mH and 55  
while for SC coil the values are 650 µH and 35 . 

Further it is useful to control the measurement setup with a PC with interface allowing full control of the used 
instruments (e.g., a device with an IEEE 60488 Interface). 

The compensated field measurement coil configuration shall use three coils disposed in specific orientations. 
The HSC measures the modulated magnetic field emitted by the tag. The other SC measures the magnetic 
field, which is less modulated. So the combining of both signals from SC and HSC through the compensation 
network will allow the nulling of the magnetic field generated by the HTA. The Helmholtz configuration of the 
sensing coils is needed to reduce the position sensitivity of the tag under test. 

The HSC and the SC shall be connected by the (CN) compensation network and configured according to the 
schematic diagram shown in Figure 6. 

When carrying out test for FDX devices the compensation network variable potentiometer P1 is adjusted until 
the magnetic field received by the HSC1, HSC2 and SC coils results in lowest voltage measured with the 
oscilloscope. The potentiometer P1 compensates for variations in the physical configuration, component 
tolerances and electrical mismatch. 

 R2 

HSC2 

P1 

HSC1 

 

R1 

Oscilloscope 

SC 

+ 

- 

- 

- 

+ 

+

 

Figure 6 — Compensation network 

R1 = 15 k 

R2 = 100 k 

P1 = 10 k 
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Resolved with the following text: 

If the maximum value of P1 is insufficient to provide compensation, this indicates that: 

 The mechanical positioning is not correct or 

 The resistive compensation bridge has excessive stray capacitance or 

 The resistive compensation bridge is imbalanced due to stray capacitance. 

In this case the set up of the coils and the layout of the compensation network should be checked. 

In order to avoid the harmful effect of the stray capacitance of the resistors on the nulling capability of the 
Compensation Network, the resistance R2 shall be realized with several series resistors as all resistor 
components used for R1 and R2, are in a same close value. The package and technology will be the same. 
(e.g. R1 is made up with six resistor components with a value of 15 k and one resistor component with a 
value of 10 k soldered in series while R2 is made up with one resistor component). 

The used oscilloscope probe shall have at least an input resistance of > 10 M and an input capacitance of 
< 20 pF. 

The two HSC shall be centred in between the two HTA. The external sensing coil if needed shall be placed as 
shown in Figure 7 below. 

 

25.0 0.2mm 

50.0 0.2mm 

25.0 0.2mm 

SC 

HTA1 
HSC1 

HTA2 
HSC2 

DUT 

50.0 0.2mm 

 

 

Figure 7 — Arrangement of the HSC 

4.3.2.4 Digital sampling oscilloscope 

The digital sampling oscilloscope shall be capable of sampling at a rate of at least 5 million samples per 
second with a resolution of at least 8 bits at optimum scaling. The oscilloscope should have the capability to 
output the sampled data as a text file to facilitate mathematical and other operations such as windowing on 
the sampled data using external software programmes. An example of the programme is shown in Annex B. 
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4.4 Test methods for tags 

4.4.1 Tag Orientation 

The system has been designed so that minor positioning errors will not influence the measurements results. 
Nevertheless, to get reproducible measurements the tag position has to be well defined. 

 In case of an air-core tag its orientation shall be parallel to the transmitting antenna plane (Figure 8). 

 In case of a ferrite-core tag its orientation shall be perpendicular to the transmitting antenna plane 
(Figure 8). 

 

HTA1 

HSC1 

HTA2 

HSC2 

DUT 

SC 

 

Figure 8 — Tag orientation 

4.5 Test procedure for tags 

4.5.1 Calibrating null compensation 

4.5.1.1 Purpose 

The aim of this test is to compensate all the mechanical and electrical mismatches of the measurement 
antenna configuration. The compensation network shall be adjusted until the noise level is at the minimum 
level achievable. The procedure shall be repeated before each measurement series or after each mechanical 
intervention, each equipment change or test location change. 

4.5.1.2 Setup conditions 

 All interconnections should be checked and all equipment should be switched on. 

 The test report shall give the measured parameters defined in subsequent clauses that establish the 
nulling conditions. 
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4.5.1.2.1 Procedure in FDX mode 

 The waveform generator shall be set to the required operating frequency of 125 kHz with continuous sine 
wave and not generate any pattern. 

 The antenna current shall be set to produce a magnetic field strength of 1 A/m. 

 The potentiometer P1 shall be adjusted to null the bridge, which results in the minimum residual voltage 
measured on the oscilloscope. 

 After adjusting P1, the null condition shall then be verified for three values of magnetic field strength. 
These values are 1 A/m, then 0,1 A/m and finally 10 A/m. The following procedure is used for each of 
those values: 

1) the current shall be set to produce the appropriate magnetic field strength with steady state wave; 

2) a segment of 25 ms of the compensated field measurement coil configuration output signal is 
displayed and recorded using a digital oscilloscope with a sampling rate of at least 5 million samples 
per second; 

3) a discrete Fourier transform shall be done on this recorded signal at the two frequency values 
fUP = (1+1/32).fC and fDOWN = (1-1/32).fC, where fC is 125 kHz. 

 The result of the Fourier Transformation shall be recorded in a result table like Table 3 and it shall be 
used for each of the following measurements, which are only accepted as successful if the result with 
pattern is at least 10 times higher than this result without a pattern. 

4.5.1.2.2 Procedure in HDX mode 

 The waveform generator shall be turned off. 

 A segment of 25 ms of the signal at the output of the two coil configuration, HSC1 and HSC2, is displayed 
and recorded using a digital oscilloscope with a sampling rate of at least 5 million samples per second. 

 A discrete Fourier transform shall be performed on this recorded signal at the two frequency values 
fC = 134,2kHz and f1 = 123.7kHz. 

 The result of the Fourier Transformation shall be recorded in a result table like Table 3 and it shall be 
used for each of the following measurements, which are only accepted as successful if the result with 
pattern is at least 10 times higher than this result without a pattern. 

Table 3 — Parameters that shall be recorded for each measurement 

Test type: Residual voltage level 

Magnetic field value: 0,1A/m, 1A/m & 10A/m

Waveform Generator frequency: xx kHz 

RMS residual voltage level: xx mV 

Ambient temperature: xx °C 

Ambient humidity (Relative value): xx % 
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4.5.2 Minimum activating magnetic field strength in FDX mode 

The purpose of this measurement is to determine the minimum magnetic field strength value for which the tag 
under test can receive a request and transmit a correct response. For this test, the oscilloscope data shall be 
processed (e.g. by the PC) so that the IC Identifier can be readout from the received data stream. The code 
shall be complete, checked against the CRC information and send inside a time window, which corresponds 
to the theoretical maximum acceptable time window. 

 The constant magnetic field nulling procedure shall be performed. 

 The waveform generator shall be set to the required operating frequency (125 kHz) and generate the 
ISO/IEC 18000-2 interrogation pattern (Inventory command with inventory flag set and one slot mode 
activated). 

 The antenna current shall be set to a value to get a magnetic field of 1 A/m and then the field will be 
changed by decreasing the current until there is no response. 

 The antenna current shall then be increased until there is a tag response again and then by another 10%. 
The magnetic field strength generated by this resulting current defines the minimum activating magnetic 
field strength. 

 The voltage pattern measured on the CN with the oscilloscope over 25 ms shall be recorded. 

 The data stream to extract the IC Identifier which has to be sent inside the time window shall be 
processed. 

 The IC Identifier and the corresponding magnetic field strength shall be recorded according to Table 4. 

Table 4 — Parameters that shall be recorded for each measurement 

Test type: Minimal activating magnetic field strength in FDX mode

Waveform Generator frequency: xx kHz 

IC Identifier: xxxxxxxxxx 

Minimal activating magnetic field value: xx A/m 

Ambient temperature: xx °C 

Ambient humidity (Relative value): xx % 

 

4.5.3 Minimal activating magnetic field strength in HDX mode 

The purpose of this test is to verify whether the tag supports the minimum magnetic field strength values for 
which the tag transmits the correct data sequence. For this test, the oscilloscope data shall be (e.g. by the PC) 
so that the IC Identifier can be read out from the received data stream. The code shall be complete, checked 
against the CRC information and send inside a time window, which corresponds to the theoretical maximal 
acceptable time window. 

 The constant magnetic field nulling procedure shall be performed. 

 The waveform generator as defined in 4.3.2 shall be set to the required operating frequency (134,2 kHz) 
and generate the ISO/IEC 18000-2 interrogation pattern. 

 The antenna current shall be set to a value to get a magnetic field of 1 A/m and then the field will be 
changed by decreasing the current until there is no response. 
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 The antenna current shall then be increased until there is a tag response again and then by another 10 %. 
The magnetic field strength generated by this resulting current defines the minimum activating magnetic 
field strength. 

 The voltage pattern measured on the HSC with the oscilloscope over 25 ms shall be recorded. 

 The data stream to extract the IC Identifier which has to be sent inside the time window shall be 
processed. 

 The IC Identifier and the corresponding magnetic field strength shall be recorded according to Table 5. 

Table 5 — Parameters that shall be recorded for each measurement 

Test type: Minimal activating magnetic field strength in HDX mode

Waveform Generator frequency: xx kHz 

IC Identifier: xxxxxxxxxx 

Minimal activating magnetic field value: xx A/m 

Ambient temperature: xx °C 

Ambient humidity(Relative value): xx % 

 

4.5.4 Level of tag response in FDX mode 

The aim of this test is to define the level of tag response of the tag from the minimal activating field strength 
value up to a magnetic field strength value of 50 A/m. For this test, the oscilloscope data shall be processed 
(e.g. by the PC) so that the side band levels of the received data stream can be defined. 

 The constant magnetic field nulling procedure shall be performed. 

 The waveform generator shall be set to the required operating frequency (125 kHz) and generate the 
ISO/IEC 18000-2 interrogation pattern using the Read UII command. 

 The antenna current shall be set to a value to the determined minimal activating magnetic field strength. 

 The voltage pattern measured on the CN with the oscilloscope over 100 ms shall be recorded. 

 The voltage pattern measured on the CN with the oscilloscope to cover 2 consecutive bits with the logical 
value of 0 shall be recorded. 

 The discrete Fourier transform shall be done at the exact sidebands frequencies generated by the tag 
under test, i.e. fUP = (1+1/32).fC and fDOWN = (1-1/32).fC (in case of Read UII command where 
inventory flag is not set, the bit duration is 32/fC, and the bits coding is a Manchester code). This 
computation shall be applied on a recorded signal for a sequence of exactly an integer number of data bit 
representing the same digital value. To minimize transient effects, the first and last bits of the tag 
response shall be avoided. 

 The level of tag response value shall be extracted by the use of a Fourier Transformation. 

 The result of the Fourier Transformation shall be recorded in a result table according to Table 6. 
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Table 6 — Example of result table 

Magnetic field strength Level of tag response Aup Level of tag response Adown 

[A/m] [V] [V] 

Minimal activating value X-Y X-Y 

… … … 

50 A/m R-S R-S 

 

 The magnetic field strength shall be increased alternating with an increasing step of the factor of 2 and 5 
(e.g. 0,1; 0,2; 0,5; 1, 2 5, 10, … 50). 

 The measurements shall be repeated up to H = 50 A/m and recorded according to Table 7. 

Table 7 — Parameters that shall be recorded for each measurement 

Test type: Level of tag response in FDX mode 

Waveform Generator frequency: Xx kHz 

IC Identifier: Xxxxxxxxxx 

Magnetic field value: Xx A/m 

Level of tag response Aup Xx V 

Level of tag response Adown Xx V 

Ambient temperature: Xx °C 

Ambient humidity (Relative value): Xx % 

 

4.5.5 Level of tag response in HDX mode 

The aim of this test is to define the level of tag response of the tag from the minimal activating field strength 
value up to a magnetic field strength value of 50 A/m. For this test, the oscilloscope data shall be processed 
by the PC in such a way that the voltage level of the received data stream can be defined. The final value 
shall consider 10 consecutive bits starting 10 ms after the start of the header. 

 The waveform generator shall be set to the required operating frequency (134,2 kHz) and generate the 
ISO/IEC 18000-2 interrogation pattern using the Read UII command. 

 The antenna current shall be set to provide the minimum activating magnetic field strength. 

 The voltage pattern measured on the HSC with the oscilloscope over 10 consecutive bits following 10 ms 
after the start of the header shall be recorded. 

 The discrete Fourier transform shall be done at the two subcarrier values, i.e. fC = 134,2 kHz and 
f1 = 123,7 kHz  4,2 kHz and shall be applied on a recorded signal for several subcarrier cycles over a 
sequence of several data bit representing the appropriate digital value: i.e. the ‘0’ digital value for the level 
at fC and the ‘1’ digital value for the level at f1. In a same way the frequency value of the subcarrier f1 can 
be verified by calculation. To minimize transient effects, the first and last bits of the tag response shall be 
avoided. 

 The level of tag response value shall be extracted by the use of a Fourier Transformation. 

 The result of the Fourier Transformation shall be recorded according to Table 8. 
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Table 8 — Parameters that shall be recorded for each measurement 

Test type: Level of tag response in 
HDX mode Afc 

Level of tag response in 
HDX mode Af1 

Waveform Generator frequency: xx kHz xx kHz 

IC Identifier: xxxxxxxxxx xxxxxxxxxx 

Level of tag response: xx V xx V 

Ambient temperature: xx °C xx °C 

Ambient humidity (Relative value): xx % xx % 

 

 The magnetic field strength shall be increased alternating with an increasing step of the factor of 2 and 5 
(e.g. 0,1; 0,2; 0,5; 1, 2 5, 10, … 50). 

 The measurements shall be repeated up to H = 50 A/m. 

4.5.6 Tag waiting time for FDX mode 

The aim of this test is to verify the interrogator command request to tag response turn around time, which is a 
prime requirement to be able to detect bit wise collision. 

 The constant magnetic field nulling procedure shall be done. 

 The waveform generator shall be set to the required operating frequency (125 kHz) and generate the 
ISO/IEC 18000-2 Inventory command request pattern with 1 time slot. 

 The antenna current shall be set to produce twice the minimum activating magnetic field strength. 

 The voltage pattern measured on the CN with the oscilloscope covering at least the Inventory command 
request end and the Inventory response begin shall be recorded. 

 It shall be verified that the time between the end of the Inventory command request end and the Inventory 
Response begin fulfils the specification as defined in the protocol timing specifications. For measuring of 
the response time, the definitions for the Inventory command request end and Inventory Response begin 
of the base standard shall be used. 

 The magnetic field strength shall be increased alternating with an increasing step of the factor of 2 and 5 
(e.g. 0,1; 0,2; 0,5; 1, 2 5, 10, … 50). 

 The measurements shall be repeated up to H = 50 A/m. 

The time between the end of the Inventory Command request end and the Inventory Response begin shall 
fulfil the specification as defined in the protocol timing specifications. 

4.5.7 Tag waiting time for HDX mode 

The aim of this test is to verify the interrogator command request to tag response turn around time, which is a 
prime requirement to be able to detect bit wise collision. 

 The waveform generator shall be set to the required operating frequency (134,2 kHz) and generate the 
ISO/IEC 18000-2 Inventory command request pattern with 1 time slot. 

 The antenna current shall be set to produce twice the minimum activating magnetic field strength. 
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 The voltage pattern measured on the CN with the oscilloscope covering at least the Inventory command 
request end and the Inventory response begin shall be recorded. 

 It shall be verified that the time between the end of the Inventory Command request end and the 
Inventory Response begin fulfils the specification as defined in the protocol timing specifications. For 
measuring of the response time, the definitions for the Inventory Command request end and Inventory 
Response begin of the base standard shall be used. 

 The magnetic field strength shall be increased alternating with an increasing step of the factor of 2 and 5 
(e.g. 0,1; 0,2; 0,5; 1, 2 5, 10, … 50). 

 The measurements shall be repeated up to H = 50 A/m. 

The time between the end of the Inventory Command request end and the Inventory Response begin shall 
fulfil the specification as defined in the protocol timing specifications. 

4.6 Equipment for interrogator tests 

4.6.1 Tag Emulation Circuit 

The Tag Emulation Circuit (TEC) shall be used as device for a FDX and HDX tag, which is reproducible in 
every laboratory, whenever needed. It is composed from standard components and thus avoids that those 
deviations, due to progress in technology or spread in production of commercially available tag. 

The Tag Emulation Circuits shall be built according to the design descriptions given in Annex A. 

4.7 Methods for interrogator tests 

4.7.1 Verification of reading 

The method described below is applied to both of the paths: 

 Interrogator to tag link: Activation field strength parameter. 

 Tag to Interrogator link: Sensitivity parameter. 

4.7.2 Tag Orientation 

The "Optimum Orientation" is generally defined for the different antenna types as follows. 

4.7.2.1 Interrogator with an air-cored antenna under test 

In case of an air-cored tag antenna its orientation shall be parallel to the antenna plane as shown in Figure 9. 

 

Interrogator 
antenna 

 
DUT 

Tag Emulation 
Circuit  

 

Figure 9 — Interrogator with an air-cored antenna under test 
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4.7.2.2 Interrogator with a ferrite-cored antenna under test 

In the case of an air-cored tag antenna the orientation of the antenna plane shall be perpendicular to the axis 
of the ferrite-cored antenna of the interrogator under test as shown in Figure 10. 

In the case of a ferrite-cored tag antenna its orientation shall be in line with the antenna axis of the ferrite-
cored antenna of the interrogator under test as shown in Figure 10. 

 Interrogator 
antenna 

 
DUT 

Transponder Emulation 
Circuit 

 

Figure 10 — Interrogator with a ferrite-cored antenna under test 

The measurements shall be performed in optimum tag orientation. 

4.8 Test procedure for interrogator 

4.8.1 Modulation index and waveform 

The aim of this test is to verify the waveform of the interrogator field when is modulated, i.e. the modulating 
coding times values as it is defined in base standard. 

 The interrogator shall be set to generate the ISO/IEC 18000-2 Inventory command request pattern. 

 The reference air-cored antenna (Annex A.1) is positioned on a medium position in the operating volume 
defined by the manufacturer, a high impedance oscilloscope probe is connected to the coil to measure 
the (open circuit) induced voltage. 

NOTE The ground connection of the probe should be as short as possible. 

 Thus determine the modulation index and waveform characteristics from the induced voltage on the coil 
displayed on a suitable oscilloscope. 

The test report shall give the measured values of the modulation coding times defined in the base standard. 

4.8.2 Power generation for FDX (informative) 

The aim of this test is to verify the whether the interrogator provides enough power to supply type A (FDX) 
tags. 

When the interrogator is providing a continuous carrier, the Tag Emulation Circuit shall be placed at a distance 
from the interrogator antenna in the optimum orientation according to 4.7.2 such that it receives a voltage 
VDC (see Annex A.2) of 2 V. 

The distance shall be recorded. 

The test requirement shall be seen as fulfilled, when the achieved distance between the Tag Emulation Circuit 
antenna and the Interrogator antenna is at least 1 cm. 
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4.8.3 Power generation for HDX (informative) 

The aim of this test is to verify the whether the interrogator provides enough power to supply type B (HDX) 
tags. 

When the interrogator is providing a continuous carrier, the Tag Emulation Circuit shall be placed at a distance 
from the interrogator antenna in the optimum orientation according to 4.7.2 such that it receives a voltage VCL 
(see Annex A.3) of 5 V at the end of the 50 ms charge phase. 

The distance shall be recorded. 

The test requirement shall be seen as fulfilled, when the achieved distance between the Tag Emulation Circuit 
antenna and the Interrogator antenna is at least 1 cm. 

4.8.4 Response detection for FDX 

The aim of this test is to verify the ability of the interrogator to receive data from the tags. 

When the interrogator is providing a continuous carrier, the Tag Emulation Circuit shall be placed in a distance 
to the interrogator antenna that it receives a voltage VDC of 3 V. 

The distance shall be recorded. 

The test requirement is fulfilled, when the interrogator successfully receives each bit of an Inventory command 
response pattern generated by the Tag Emulation Circuit. 

4.8.5 Response detection for HDX 

The aim of this test is to verify the ability of the interrogator to receive data from the tags. 

When the interrogator is providing a continuous carrier, the Tag Emulation Circuit shall be placed in a distance 
to the interrogator antenna that it receives a voltage VCL of 5 VPP at the end of the 50 ms charge period. 

The distance shall be recorded. 

The test requirement is fulfilled, when the interrogator successfully receives each bit of the Inventory 
command response pattern generated by the Tag Emulation Circuit with an AWG output voltage at 50  of 
5 VPP. 
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Annex A 
(normative) 

 
Design description of the tag emulation circuits 

A.1 Reference air-cored antenna 

A reference air-cored antenna design shall be based on the parameters specified in Table A.1. 

Table A.1 — Reference air-cored antenna parameters 

Component  Value in 
FDX mode 

Value in  
HDX mode 

Comments 

Inner coil diameter 15,7 mm 15,7 mm Reference air-cored antenna dimensions 

Outer coil diameter 18,4 mm 18,4 mm Reference air-cored antenna dimensions 

Coil thickness 1 mm 1 mm Reference air-cored antenna dimensions 

Coil wire B155 50 µm 
Grade 1B 

B155 70 µm 
Grade 1B 

Reference air-cored antenna 

Number of turns 400 260 CC shall be sufficiently low that the antenna self 
oscillation is at least 5 times the carrier frequency. 

CC   CC shall be sufficiently low that the antenna self 
oscillation is at least 5 times the carrier frequency. 

 

A.2 FDX Tag Emulation Circuit 

A.2.1 General 

The FDX Tag Emulation Circuit shall be built from standard components, which are commercially available. 
The circuit diagram of the Tag Emulation Circuit shall be done as shown in Figure A.1 using the circuit 
parameters according Table A.2. 
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D1 – D4
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LC 

RV 

RC 
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VDC
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R3 

N1 

N2

RMOD

RQ

 

Figure A.1 — FDX Tag Emulation Circuit 

Table A.2 — FDX Tag Emulation Circuit parameters 

Component  Value Comments 

LC (Inductance) 6,5mH Reference air-cored inductance 

QL factor 30 Reference air-cored antenna Q factor 

RC factor 2  LC / QL Reference air-cored antenna Q resistance 

C1 3,5 to 22 pF Trimmer to adjust resonance frequency 

C2 200 pF  Use NP0 capacitors. Place two 100 pF 
capacitors in parallel to get 200 pF with 
commonly available devices. 

C3 10 nF  

D1 - D4 1N4148  

N1 BC 546B  

N2 BC 556B  

R1 430 k  

R2 51 k  

R3 20 k  

RMOD 1,8 k  

RV 1 k  

RQ 100 to 220 k Trimmer for a resulting QLC of 30 
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The QL of the Tag Emulation Circuit antenna (LC and RC) shall be set up with the antenna removed from the 
emulation circuit and connected to a frequency analyser. 

A.2.2 Set up trimming 

For the measurement of the voltage a voltmeter with an input impedance of > 10 M shall be used. 

The Tag Emulation Circuit shall be tuned by modifying RQ to achieve a resulting QLC of 30 and by adjusting 
C1 to get the maximum VDC voltage before the tests are started. 

It is recommended to do the procedure as follows. 

 The reference air-cored antennas are connected in parallel to the tuning capacitor (C2 or CS) and to the 
Q factor trimmer resistor (RQ). 

 Such a parallel resonator is placed within the HTA coils, while an oscilloscope probe measure the voltage 
over the LC circuit. 

 the frequency of the wave generator connected to the field generating antenna (HTA) is adjusted to find 
the maximum voltage from the LC circuit antenna under test. The frequency f0 and the voltage level A0 
are noted. 

 Then both increase and decrease the frequency from the frequency f0 to find the two frequencies f1 and f2 
where the voltage level is 0.707 times the voltage level A0. 

 Calculate the Q-factor as Q = f0 /(f2 –f1), and re-adjust the Q factor trimmer resistor RQ consequently. 

A.3 The HDX Tag Emulation Circuit 

A.3.1 General 

The HDX Tag Emulation Circuit shall be built from standard components, which are commercially available. 
The circuit diagram of Tag Emulation Circuit shall be done as shown in Figure A.2 using the circuit parameters 
according Table A.3. 
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Figure A.2 — HDX Tag Emulation Circuit 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 18
04

7-2
:20

12

https://standardsiso.com/api/?name=0c298b41939b59a07780463a4cd47564

	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Symbols
	3.3 Abbreviated terms

	4 Conformance tests for ISO/IEC 18000-2 — below 135 kHz
	4.1 General
	4.2 Default conditions applicable to the test methods
	4.2.1 Test environment
	4.2.2 Pre-conditioning
	4.2.3 Default tolerance
	4.2.4 Spurious inductance
	4.2.5 Noise floor at test location
	4.2.6 Total measurement uncertainty

	4.3 Setup of test equipment for tag tests
	4.3.1 Parameter definition
	4.3.1.1 Minimum tag activation magnetic field strength
	4.3.1.2 Level of tag response

	4.3.2 Test equipment configuration
	4.3.2.1 Functional diagram
	4.3.2.2 Measurement antenna configuration definition
	4.3.2.3 Equipment
	4.3.2.3.1 General
	4.3.2.3.2 Magnetic field generation
	4.3.2.3.3 Matching network
	4.3.2.3.4 Magnetic field reception

	4.3.2.4 Digital sampling oscilloscope


	4.4 Test methods for tags
	4.4.1 Tag Orientation

	4.5 Test procedure for tags
	4.5.1 Calibrating null compensation
	4.5.1.1 Purpose
	4.5.1.2 Setup conditions
	4.5.1.2.1 Procedure in FDX mode
	4.5.1.2.2 Procedure in HDX mode


	4.5.2 Minimum activating magnetic field strength in FDX mode
	4.5.3 Minimal activating magnetic field strength in HDX mode
	4.5.4 Level of tag response in FDX mode
	4.5.5 Level of tag response in HDX mode
	4.5.6 Tag waiting time for FDX mode
	4.5.7 Tag waiting time for HDX mode

	4.6 Equipment for interrogator tests
	4.6.1 Tag Emulation Circuit

	4.7 Methods for interrogator tests
	4.7.1 Verification of reading
	4.7.2 Tag Orientation
	4.7.2.1 Interrogator with an air-cored antenna under test
	4.7.2.2 Interrogator with a ferrite-cored antenna under test


	4.8 Test procedure for interrogator
	4.8.1 Modulation index and waveform
	4.8.2 Power generation for FDX (informative)
	4.8.3 Power generation for HDX (informative)
	4.8.4 Response detection for FDX
	4.8.5 Response detection for HDX



