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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 rjon-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field, ¢
technplogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Inter|

The

tional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

ain task of the joint technical committee is to prepare International Standards. Draft

Standards adopted by the joint technical committee are circulated to national badies for voting. |

an International Standard requires approval by at least 75 % of the national bodies casting a vote.
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ion is drawn to the possibility that some of the elements of this.document may be the sub
ISO and IEC shall not be held responsible for identifying any erall such patent rights.

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

first edition of ISO/IEC 18047-2 cancels and .replaces ISO/IEC TR 18047-2:2006, whi
cally revised.

FC 18047 consists of the following parts;.'under the general title Information technold
bncy identification device conformance test methods:

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

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

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

art 6: Test methods-for air interface communications at 860 MHz to 960 MHz [Technical Rg

art 7: Testmethods for active air interface communications at 433 MHz [Technical Report]
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International
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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 cqnforms 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“edch tag negds to
be assessed gither with type A (FDX) or type B (HDX).

It should be roted that measurement of tag and interrogator performance is covered-by 1SO/IEC 18046.

vi © ISO/IEC 2012 — All rights reserved
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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

[ds)

This
identi
ISO/I

The
imple

jcope

part of ISO/IEC 18047 defines test methods for determining the conformance of rag

io frequency

ication (RFID) devices (tags and interrogators) for item management with the specificalions given in

FC 18000-2, but does not apply to the testing of conformity with regdlatory or similar require

est methods require only that the mandatory functions,and any optional function
mented, be verified. This may, in appropriate circumstances) be supplemented by furthe

specific functionality criteria that are not available in the general(Case.

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

Unles
and ir

Claus

mode-specific conformance parameters including nominal values and tolerances;
parameters that apply directly affecting system functionality and inter-operability.
bllowing are not included in this part ofFISO/IEC 18047:
parameters that are already-included in regulatory test requirements;
high-level data encoding_conformance test parameters (these are specified in ISO/IEC 15

s otherwise specified; the tests in this part of ISO/IEC 18047 are to be applied exclusively
terrogators defined-in ISO/IEC 18000-2.

e 4 describes all necessary conformance tests.

ments.

s which are
, application-

D62).

to RFID tags

2 I1Iormative 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)
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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.

3141
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 nesponse

ability of the fag to send the information to the interrogator station
314

noise floor

measure, usyally in decibels, of the constant level of ambient environmental energy level present within the
frequency bapd of interest

3.2 Symbols

For the purpgses of this document, the symbols given in ISO/IEG 19762 apply.

3.3 Abbreyiated terms

For the purpgses of this document, the abbreviated terms given in ISO/IEC 19762 and the following appl

o~

AWG arbitrary waveform generator

CRC cyclid redundancy check

FDX  full dyiplex
FSK frequency shift keying
HDX  half quplex
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

2 © ISO/IEC 2012 — All rights reserved
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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 inferrogator 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 |[SO/IEC 18047
due t¢ the form factors of the antennas, it is recommended to amend this document to accommodate these new
applicgition requirements by providing new geometries for the measurement setups.

4.2 |Default conditions applicable to the test methods

4.2.1| Test environment

Unlegs otherwise specified, testing shall take place in an efvironment of temperature|23°C+3°C
(73 °F £ 5 °F) and of non-condensing relative humidity from 40 %:t0°60 %.

4.2.2| Pre-conditioning

Wherg pre-conditioning is required by the test method;.the identification tags to be tested shall be conditioned
to theltest environment for a period of 24 hours beforetesting.

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 equipmient (e.g. linear dimensions) and the test method procedyres (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 shgll be-20 dB less than signal from the DUT within the frequency band of the test when measured
accorfling’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.

© ISO/IEC 2012 — All rights reserved 3
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4.3 Setup

of test equipment for tag tests

4.3.1 Parameter definition

4311 Mi

nimum 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

Once placed
be activated.

value is not a conformance criterion.

in a magnetic field strength and depending on antenna, chip and packaging design, each tag will
Full functionality is obtained when the tag is supplied with enough energy to transmit correctly

the informati
magnetic fielg

4.31.2 Le)el of tag response

For FDX moag
is placed. To
magnetic fielg

For HDX moq
measured for

4.3.2 Test ¢quipment configuration

4.3.21 Functional diagram

Figure 1 shoy

bn stored in the chip memory. This measurement will determine the minimum valuge, ¢f the
strength required to obtain the full functionality of the tag.

e: The values of the level of tag response depend on the magnetic field strength in which tfll;e tag
get the appropriate characterisation, the level of tag response shall be monitored over different
strengths and presented as the modulation characteristic.

e: The level of tag response is defined by the average value of-the*level of tag response Values
the bit 1 and the bit 0.

vs the functional diagram of the measurement antenna configuration.

© ISO/IEC 2012 — All rights reserved
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Trigger
Code FWG or AWG 99 Oscilloscope
generator
Waveform generator
IEEE P
Interface Output N
Signal
B B i
HT
PC with IEEE e
Card Amplifier U
i i [
SC HSC1 HSC2 I
HTA1 HTA2
RHTA
50 Q
MN

Measurement antenna conf{guration

Figure 1 — Functional diagram

Amplifier: Amplifier with an output resistance of 50 Q. (e.g. Amplifier Research 25A250A, 10 kHZ — 250 MHz)

FWG function waveferm generator
AWG arbitrary waveform generator
CN: compénsation network

MN: matching network

HSC*: Helmholtz-Sense-Ceil

HSC2: Helmholtz Sense Coil 2
HTA1: Helmholtz Transmitting Antenna 1
HTAZ2: 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 Q output
resistance of the Amplifier.

NOTE 1 The AWG may be used in place of the code generator and the FWG.

© ISO/IEC 2012 — All rights reserved 5
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NOTE2 Du

NOTE 3

e to the setup of HTA1 and HTAZ2 their magnetic fields are cumulative at the position of the DUT.

The dissipated power in the each of HTA1 and HTAZ2, 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

25W.

43.2.2

Measurement antenna configuration definition

The magnetic field is generated using a Helmholtz r‘nnfignmtinn aof the transmitting antennas (HTA) Thus the

generated fie
is used to get

There is a ve
By measuring

d is homogenous in a sufficient area for the positioning of the DUT. The matching netwark
a clean field generated while modulating the magnetic field.

Iy accurate relation between the magnetic field in the Helmholtz coil and the current in the
the current through the HTA the magnetic field can be calculated.

Nuta -UrnTA PP

(MN),

coils.

Fims = 19764 -Drira -Rerra

Hims Effective value of the magnetic field strength

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

NuTa Number of turns for each of HTA1 and HTA2

Duta Diameter of HTA coil

Rruta  |External serial measurement resistor

Urnra pp [Peak-peak value of the voltage drop atiexternal serial measurement resistor
Figure 1 is tHe functional diagram of the measurement antenna configuration. The dimension of the cpils is
small compafed to some of the tags to betested. The homogeneous field has a cylindrical shape yith a

diameter of 5
need larger a

For the FDX
where two co
placed outsig
modulation s
will sense or
generated fie
that is based

cm and a length of 5 cm~This configuration is useful for small tags only. Tags longer than
htennas.

mode the sensing©fjthe level of tag response shall be performed using a three-coil configu
ils (HSC) shall be placed inside the Helmholtz configuration within the HTA and one SC sh
e the HTA.Ihe inside coils HSC1 and HSC2 will sense the generated field and the e
gnal with_adow influence of the coupling factor and the position of the tag unit. The extern
ly the denerated field and can therefore be used as compensation signal by subtractin
d. Thercompensation network (CN) will deliver the emitted modulation signal to the oscillo
on_the"homogenous magnetic field only.

5cm

ration
all be
mitted
al SC
g the
scope

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 isH = 35,8 X |RHTA in A/m.

© ISO/IEC 2012 — All rights reserved
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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.

4.3.23.2  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.

Wire : B155 500um Grade 1B

Core element

Nuta =5 turns

DlHTA =200:0 £0.5mm
Denra = 201.0 £0:5mm

Y

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 pH and the approximate resistance is 0,4 Q.

DUT

The two Helmholtz /

I‘rnnemuﬂ-lng antennas

shall be connected in
series

HTA1 HTA2

! 100.0 £0.5mm F

Figure 3 — Helmholtz setup

© ISO/IEC 2012 — All rights reserved 7
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4.3.2.3.3 Matching network

The matching network shall be realized according Figure 4.

1
- HTA1

¢ HTA2

g RHTA l Unea

Figure 4 — Matching network and magnetic field generating coils

C1 and C2 shall be adjusted to match RHTA, HTA1 and HTA2 to the 50 Q of the‘@mplifier output. In parjicular
this requires & matching network for either 125 kHz or 134,2 kHz according td the device under test.

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

Table 1 — Matching components for 125 kHz

Component | Valug},Comments

C1 18 nF
C2 35 nF
RHTA 50

Table 2'— Matching components for 134,2 kHz

Component | Value | Comments
C1 15 nF
Cc2 30 nF
RHTA 50

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 Q.

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.

8 © ISO/IEC 2012 — All rights reserved
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Wire : B155 100 um Grade 1B
or P155 100pm Grade 2

Nusc = 70 turns

DiHSC =99.0 +0.2mm

Nsc = 45 turns

Thuse = 110.05mm

NOTE|
while 1

Furth
instru

The g
The H
field,
netwd
sensi

The H
scher

Wher
the m

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

At 100 kHz the approximate inductance and resistance for the HSC coils are respectively 1,5
or SC coil the values are 650 uH and 35 Q.

br it is useful to control the measurement setup with a PC with interface allowing full contr
ments (e.g., a device with an IEEE 60488 Interface).

lompensated field measurement coil configuration shall use three coils disposed in specifid
1SC measures the modulated magnetic field emitted by the tag. The other SC measures
which is less modulated. So the combining of both signals-from SC and HSC through the
rk will allow the nulling of the magnetic field generated‘by the HTA. The Helmholtz config
ng coils is needed to reduce the position sensitivity ©f the tag under test.

SC and the SC shall be connected by the (CN)-compensation network and configured ac
hatic diagram shown in Figure 6.

carrying out test for FDX devices the compensation network variable potentiometer P1 is
agnetic field received by the HSC1,"HSC2 and SC coils results in lowest voltage meas

C)

mH and 55 Q

bl of the used

orientations.
the magnetic
tompensation
uration of the

cording to the

adjusted until
ured with the

oscillpscope. The potentiometer P1_compensates for variations in the physical configuration, component
tolerapces and electrical mismatch.
R1 P14 R2
L /1 { |
+
HsC1
sc ”
Oscilloscope
+ .
) +
HsC2
Figure 6 — Compensation network
R1=15kQ
R2 =100 kQ
P1 =10 kQ
© ISO/IEC 2012 — All rights reserved 9
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Resolved with the following text:

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

— The mec

hanical 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 a
Compensatio
components
(e.g- R1is m
value of 10 kd

The used os
< 20 pF.

The two HSG

oid the harmful effect of the stray capacitance of the resistors on the nulling capability

h Network, the resistance R2 shall be realized with several series resistors as(all re
ised for R1 and R2, are in a same close value. The package and technology will-be the

ade up with six resistor components with a value of 15 kQ and one resistor component

2 soldered in series while R2 is made up with one resistor component).

shall be centred in between the two HTA. The external sensing, coil if needed shall be plad

shown in Figdre 7 below.

I DUT, I

Il sc

HSC1 HSC2

HTA1 l l HTA2

50:0'+£0.2mm 50.0 £0.2mm

25.0 +0.2mm 25.0 £0.2mm

Figure 7 — Arrangement of the HSC

of the
sistor
same.
with a

illoscope probe shall have at least an input resistance of > 10 MQ and' an input capacitafce of

ed as

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.

10
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4.4 Test methods for tags

4.41 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).

I DUT I

SC I HSCA1 HSC2 I

HTA1 HTA2

Figure 8 — Tag orientation

4.5 |[Test procedure for tags
4.5.1| Calibrating null compensation

4511 Purpose

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

measurement
the minimum
h mechanical

4.51.2 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
nulling conditions.

© ISO/IEC 2012 — All rights reserved
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4.5.1.2.1 Procedure in FDX mode

4.5.1.2.2 Brocedure in HDX mode

12

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.
—t—p - 4 ; P o ] i each of

These va
those values:

oes a TR

1) the ¢urrent shall be set to produce the appropriate magnetic field strength with steady state way

@

2) a sg¢gment of 25 ms of the compensated field measurement coil configuration ‘output sighal is
displayed and recorded using a digital oscilloscope with a sampling rate of ateast 5 million samples
per $econd;

3) a dipcrete Fourier transform shall be done on this recorded signalsat/the two frequency values
fup 4 (1+1/32).fc and fpown = (1-1/32).fc, where fc is 125 kHz.

The resylt 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 ig at least 10 times higher than this result without a pattern.

The wavgform 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 disglayed
and recofded using a digital oscilloscope with*a sampling rate of at least 5 million samples per secord.

A discrefe Fourier transform shall be performed on this recorded signal at the two frequency values
fc = 134,RkHz and f; = 123.7kHz.

The resylt 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 ig 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
AA - £ Lal 1 o 4N L AN L Q_ANONL
IVIdUIIUlIb iU vaiuce. U, TATI, TATIT XX TUATTTI

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

|(‘f\l|l:f‘ 12000 -2 intarraaation nattarn (lnvantam, ocammand aith iovoantam flos ot and ene SIOt mode
P o o TOUTUZ it ogator—pattCr iy SO SO oSyt v Crtory—ag—oStrana—o

14 THTvVSTory
activated).

|
—

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

Q

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

=

— The voltage pattern measured on the CN with the oscilloscope oven 25 ms shall be recorded

— Tlhe data stream to extract the IC Identifier which has to. be sent inside the time winflow shall be
processed.

— Tlhe 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 magneticfield 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 gurpose 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 (elg. 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.

© ISO/IEC 2012 — All rights reserved 13
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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‘mede
Waveform Generator frequency: xx kHz
IC Identifier: XXXXXXXXKX

Minimal activating magnetic field value: | xx A/m

Ambignt temperature: xx °C

Ambient humidity(Relative value): xX %

4.5.4 Levellof 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 stjength
value up to al magnetic field strength value of 50 A/m. For this test, the oscilloscope data shall be procgssed
(e.g. by the FC) so that the side band levels of the received’data stream can be defined.

— The congtant 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 patternwusing the Read Ull command.

— The antenna current shall be set to.a value to the determined minimal activating magnetic field strength.
— The voltgge 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 Ipgical
value of D shall be recorded.

— The discrete Fourier transform shall be done at the exact sidebands frequencies generated by the tag
under tgst{i.e. fUP = (1+1/32).fC and fDOWN = (1-1/32).fC (in case of Read Ull command where
inventoryflag is nat set_the bit duration is 32/fC_and the bits coding is a Manchester code)l 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.

14 © ISO/IEC 2012 — All rights reserved
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Table 6 — Example of result table

Magnetic field strength | Level of tag response A, | Level of tag response Agoun
[A/m] V] (V]

Minimal activating value | X-Y XY

50 A/m R-S R-S

|
= -

4.5.5

The 4
value

he magnetic field strength shall be increased alternating with an increasing step of the fac
p.g. 0,1;0,2;0,5; 1,25, 10, ... 50).

he measurements shall be repeated up to H = 50 A/m and recorded according toTable 7.

Table 7 — Parameters that shall be recorded for each measurement

Test type: Level of tag response jn FDX mode

Waveform Generator frequency: | Xx kHz

IC Identifier: XXXXXXXXXX
Magnetic field value: Xx A/m
Level of tag response A, Xx&

Level of tag response Agown XXV
Ambient temperature: Xx °C

Ambient humidity (Relative value): | XX %

Level of tag response in HDX.mode

im of this test is to define"the level of tag response of the tag from the minimal activating
up to a magnetic field strength value of 50 A/m. For this test, the oscilloscope data shall

by th¢ PC in such a way.that the voltage level of the received data stream can be defined. T

shall

T

T

consider 10 conseCutive bits starting 10 ms after the start of the header.

he waveform-generator shall be set to the required operating frequency (134,2 kHz) and
5O/IEC 18000-2 interrogation pattern using the Read Ull command.

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

orof 2and 5

field strength
be processed
ne final value

generate the

T
a

fter the start of the header shall be recorded.

lowing 10 ms

— The discrete Fourier transform shall be done at the two subcarrier values, i.e. fc = 134,2 kHz and
f; =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 f;. In a same way the frequency value of the subcarrier f; can
be verified by calculation. To minimize transient effects, the first and last bits of the tag response shall be

a

voided.

— 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.

© ISO/IEC 2012 — All rights reserved
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Table 8 — Parameters that shall be recorded for each measurement

Test type: Level of tag response in Level of tag response in
HDX mode A HDX mode A

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

(e.g. 0,1;

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

4.5.6 Tag waiting time for FDX mode

The aim of th
prime require

— The cons

— The waVv
ISO/IEC

— The ante

— The volt

request ¢nd and the Inventory response begin shall be recorded.

— It shall bg verified that the time betweernthe end of the Inventory command request end and the Inve

Respon
the resp
of the ba

— The mag
(e.g.0,1

— The mea

The time bet

0,2;0,5: 1,25, 10, ... 50).

ment to be able to detect bit wise collision.
tant magnetic field nulling procedure shall be done.

eform generator shall be set to the required operating frequency (125 kHz) and genera
18000-2 Inventory command request pattern withy1 time slot.

nna current shall be set to produce twice the'minimum activating magnetic field strength.

ge pattern measured on the CN withithe oscilloscope covering at least the Inventory com

and 5

s test is to verify the interrogator command request to tag response turn around time, whigh is a

e the

mand

entory

begin fulfils the specification as defined in the protocol timing specifications. For measuifing of

nse time, the definitions for the Inventory command request end and Inventory Response
se standard shall bexused.

netic field strength shall be increased alternating with an increasing step of the factor of 2
0,2;0,5; 1,.2:5,10, ... 50).

surements shall be repeated up to H = 50 A/m.

wveen the end of the Inventory Command request end and the Inventory Response begin

begin

and 5

shall

fulfil the spec

Tication as aeftinea In the protocol timing speciications.

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 require

ment 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

— The ante

16

18000-2 Inventory command request pattern with 1 time slot.

nna 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.9.0,1;0,2;0,5; 1,25, 10, ... 50).

i— Thc IIIUaDUIUIIIUIItD aha“ bG |cpcatcd upy tU : : = \,.-)C I"\\IIIII.

The tjme between the end of the Inventory Command request end and the Inventory Respong
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 re
every| laboratory, whenever needed. It is composed from standard.cemponents and thus avoi
deviafions, due to progress in technology or spread in production.of\commercially available tag.
The Tlag 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-bath of the paths:

— T

4.7.2

The "

4.7.2,

In cag

mterrogator to tag link: Activation field strength parameter.

ag to Interrogator link:  /Sensitivity parameter.

Tag Orientation

Dptimum Orientation” is generally defined for the different antenna types as follows.

1 Interrogator with an air-cored antenna under test

e of'an air-cored tag antenna its orientation shall be parallel to the antenna plane as shown

e begin shall

producible in
ds that those

in Figure 9.

Interrogator
antenna

Tag Emulation
Circuit

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

© ISO/IEC 2012 — All rights reserved
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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

The measure

4.8 Test procedure for interrogator

4.81

The aim of th
coding times

The refe
defined
the (ope

NOTE Th

Thus de
displaye

The test repo

4.8.2 Power generation-for FDX (informative)

The aim of th
tags.

Modulation index and waveform

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

!

Le

Transponder Emulation
Circuit

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

ments shall be performed in optimum tag orientation.

is test is to verify the waveform of the interrogator field when is modulated, i.e. the modu
values as it is defined in base standard.

ence air-cored antenna (Annex A.1) is positioned on a medium position in the operating v
y the manufacturer, a high impedance oscilloscope probe is connected to the coil to me
circuit) induced voltage.

b ground connection of the probe\should be as short as possible.

rmine the modulation index and waveform characteristics from the induced voltage on tH
on a suitable oscilloscope.

It shall give the measured values of the modulation coding times defined in the base stands

is test)is to verify the whether the interrogator provides enough power to supply type A

lating

blume
asure

e coil

rd.

FDX)

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.

18
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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.

Thed

The t
anten

484

The 4

Wher
to the]

The d

istance shall be recorded.

Response detection for FDX
im of this test is to verify the ability of the interrogator to receive data from theltags.

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

istance shall be recorded.

The tgst requirement is fulfilled, when the interrogator successfully, receives each bit of an Invent

respoj

4.8.5

The 4

Wher
to the]

The d

hse pattern generated by the Tag Emulation Circuit.

Response detection for HDX
im of this test is to verify the ability of the interrogator to receive data from the tags.

the interrogator is providing a continuous carrier, the Tag Emulation Circuit shall be placed
interrogator antenna that it receives:a«woltage VCL of 5 Vpp at the end of the 50 ms charge

istance shall be recorded.

The {est requirement is fulfilled, when the interrogator successfully receives each bit of

comn]
5 Vep

and response pattern generated by the Tag Emulation Circuit with an AWG output volta

ulation Circuit

in a distance

bry command

in a distance
period.

he Inventory
je at 50 Q of
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Annex A
(normative)

Design description of the tag emulation circuits

A.1 Reference air-cored antenna

A reference 4

ir-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 Value in Comments
FDX mode HDX mode
Inner coil digmeter | 15,7 mm 15,7 mm Reference air-cored antennadimensions
Outer coil diameter | 18,4 mm 18,4 mm Reference air-cored antenna’dimensions
Coil thicknegs 1 mm 1 mm Reference air-cored. antenna dimensions
Coil wire B15550 um |B15570 um | Reference air-cored antenna
Grade 1B Grade 1B
Number of tyrns 400 260 CC shall <be” sufficiently low that the antenna| self
oscillationis at least 5 times the carrier frequency.
CcC CC ¢shall be sufficiently low that the antenna| self
osgillation is at least 5 times the carrier frequency.
A.2 FDX Tlag Emulation Circuit
A.2.1 General

The FDX Tag Emulation Circuit_shall be built from standard components, which are commercially avajlable.

The circuit d
parameters &

agram of the, Tag Emulation Circuit shall be done as shown in Figure A.1 using the

ccording Table'A.2.

circuit

20
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Coil
<« o

RQ

c2 | T D1 - D4

oo [ ] rugo [ e[ Tre

RV c3 —— N2 | vbc

N1
Pattern N1 R2

' e

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 2nLC/QL Reference air-cored antenna Q resistance
C1 3,510 22 pF | Trimmer to adjust resonance frequency
C2 200 pF Use NPO capacitors. Place two 100 pF

capacitors in parallel to get 200 pF with
commonly available devices.

€3 10 nF

D1-D4 1N4148

N1 BC 546B

N2 BC 556B

R1 430 kQ

R2 51 kQ

R3 20 kQ

RMOD 1,8 kQ

RV 1kQ

RQ 100 to 220 kQ | 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 Setu

For the meas

p trimming

urement of the voltage a voltmeter with an input impedance of > 10 MQ 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 refe
Q factor

— Suchap
over the

— the freqy
the maxi

ence air-cored antennas are connected in parallel to the tuning capacitor (C2 or CS) and
rimmer resistor (RQ).

arallel resonator is placed within the HTA coils, while an oscilloscope probe measure the vi
| C circuit.

ency of the wave generator connected to the field generating antenna (HTA) is adjusted t

are notedl.

mum voltage from the LC circuit antenna under test. The frequengy fy’and the voltage le

— Then both increase and decrease the frequency from the frequency, fo\te’find the two frequencies f;
where the voltage level is 0.707 times the voltage level A,.

— Calculat

A.3 TheH

DX Tag Emulation Circuit

A.3.1 Genejral

The HDX Ta

j Emulation Circuit shall be built'ffom standard components, which are commercially ava

The circuit diagram of Tag Emulation Circuit:shall be done as shown in Figure A.2 using the circuit paran

according Ta

the Q-factor as Q = f; /(f, —f;), and re-adjust the Q faetor trimmer resistor RQ consequently.

to the

bltage

o find
vel A

and f,

lable.
heters

22

ble A.3.
! . |
ol = o1 Gen
Ls. > VPP | — Jf £ D1 ® AWG
CS |IRQ|CR
Coil - |
Lt o Gen
o \Joe
= ] ?VCL
CL |RL ?
\vd

Figure A.2 — HDX Tag Emulation Circuit
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