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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

member

s 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.
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mittee SC 31, Automatic identification and’data capture techniques.
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b1l parts in the ISO/IEC ISO/IEC 18047 series can be found on the ISO and IEC websites.

dback or questions on thisidocument should be directed to the user’s national standard
complete listing of these bodies can be found at www.iso.org/members.html an
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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 18000-3 defines the air interface for these devices operating in the
13,56 MHz industrial, scientific, and medical (ISM) band and used in these applications.

Each part of ISO/IEC 18047 contains all measurements required to be made on a product in order to
establish whether it conforms to the corresponding part of ISO/IEC 18000. For ISO/IEC 18047-3, each
product should be assessed following either the procedure defined for ISO/IEC 18000-3 Mode 1, for
Nlode 2 or for Mode 3.

© ISO/IEC 2022 - All rights reserved v
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Information technology — Radio frequency identification
device conformance test methods —

Part 3:

Hz

1 Scope

—

his document defines test methods for determining the conformance of radie_frequency identjification
evices (tags and interrogators) for item management with the specifications given in ISO/IEC 18000-3.
L does not apply to the testing of conformity with regulatory or similar.reguirements.

—_—

The test methods intend to verify the mandatory functions, and-any optional functions which are
mplemented. This can, in appropriate circumstances, be supplemented by further, applicationtspecific
inctionality criteria that are not available in the general case.

—_

This document includes the following interrogator and tag,conformance parameters:

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

- parameters that apply directly affecting systentfunctionality and inter-operability.

This document does not include the following;

- parameters that are already includedin regulatory test requirements;

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

2 Normative references

The following documents jare referred to in the text in such a way that some or all of their| content
onstitutes requirements of this document. For dated references, only the edition cited applies. For
yndated references, the latest edition of the referenced document (including any amendments)|applies.

Q

et

50/1IEC 180003, Information technology — Radio frequency identification for item management —
Rart 3: Parameters for air interface communications at 13,56 MHz

Y

50/1IEC19762, Information technology — Automatic identification and data capture (AIDC) techniques —
farmonized vocabulary

~~

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 apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2022 - All rights reserved 1
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3.11

loading effect
change in interrogator antenna current caused by the presence of tag(s) in the field due to the mutual
coupling modifying the interrogator antenna resonance and quality factor

3.2 Symbols and abbreviated terms

ar
ASK
asp
br
ca
cb
co
dis

DUT

nr
oa
ob
PCB
rs
sa
sb

Sr

reference tag width

amplitude shift keying
air spacing

reference tag height
calibration coil width
calibration coil height

calibration coil corner radius

distance between test interrogator antenna and sense coils

device under test

frequency of the operating field

frequency of sub-carrier

maximum field strength of the interrogator antenna field
minimum field strength of the interrogator antenna field
industrial scientific and medical

length of test interrogator assembly connection cable
test interrogator and-sense coil PCB width

test interrogator-and sense coil PCB height

test interrogator coil diameter

test interrogator coil track width

nuniber of turns of reference tag

calibration coil outline width

calibration coil outline height
printed circuit board

sense coil corner radius
sense coil width

sense coil height

reference tag track spacing
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https://standardsiso.com/api/?name=2d93351f8fe851fd5cb4908fd10c0b5c

ISO/IEC 18047-3:2022(E)

wr reference tag track width

4 Conformance tests for ISO/IEC 18000-3 — 13,56 MHz

4.1 General

This document specifies a series of tests to determine the conformance of interrogators and t
results of these tests shall be compared with the values of the parameters specified in ISO/IEC

ags. The
18000-3

tp determine whether the interrogator-under-test or tag-under-test conforms.

Unless otherwise specified, the tests in this document shall be applied exclusively to REID f{
hterrogators defined in ISO/IEC 18000-3 Mode 1, Mode 2 and Mode 3.

—

4.2 Default conditions applicable to the test methods

4.2.1 Testenvironment

—

nless otherwise specified, testing shall take place in an environmentof temperature 23 °C *
f relative humidity 40 % to 60 %.

o

4.2.2 Pre-conditioning

el

Vhere pre-conditioning is required by the test method§ithe identification tags to be tested
donditioned to the test environment for a period of 24 h:before testing.

4.2.3 Default tolerance

tp specify the characteristics of the test-equipment (e.g. linear dimensions) and the test
drocedures (e.g. test equipment adjustments).

4.2.4 Spurious inductance

Resistors and capacitors should have negligible inductance.

4.2.5 Total measurement uncertainty

The total measurement uncertainty for each quantity determined by these test methods shall 1
in the test report:

NOTE Bagic information is given in ISO/IEC Guide 98-3.

4.3 . Conformance tests for ISO/IEC 18000-3 Mode 1

ags and

3 °C and

shall be

Unless otherwise specified, a default tolerance of +5 % shall be applied to the quantity values given

method

e stated

..3.1 General

The conformance tests for ISO/IEC 18000-3 mode 1 are described independent of the tag size. For tests

of tags smaller or equal to ID-1 (as defined in ISO/IEC 7810) all dimensions shall be as spe
Annex A. Dimensions of larger tags shall be in accordance with Annex B.

© ISO/IEC 2022 - All rights reserved
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4.3.2 Test apparatus and test circuits

4.3.2.1 General

This subclause defines the test apparatus and test circuits for verifying the operation of a tag or an
interrogator according to the base standard, ISO/IEC 18000-3. The test apparatus includes:

— calibration coil (see 4.3.2.2);

— testinterrogator assembly (see 4.3.2.3);

— reference tag (see 4.3.2.5);

— digifal sampling oscilloscope (see 4.3.2.6).
4.3.2.2 | Calibration coil

4.3.2.2.1 General

This sulclause defines the size, thickness and characteristics of the calibration'coil PCB.

4.3.2.2.2 Size of the Calibration coil

The calibration coil PCB consists of an area, which has the height andywidth defined in Figure 1. Figure 1
shows ah example calibration coil containing a single turn coil céncéentric with the tag outline.

C

Key
A coil faxch, 1 turn
B  conrections

C outline oa x ob

Figure 1 — Example calibration coil

4.3.2.2.3 C-Thickness and material of the calibration coil substrate

The thickness of the calibration coil PCB shall be 0,76 mm 10 %. It shall be constructed of a suitable
insulating material such as FR4 or equivalent.

4.3.2.2.4 Coil characteristics

The coil on the calibration coil PCB shall have one turn. The outer size of the coil shall be as defined in
Figure 1, with a corner radius, co.

The coil is made as a printed coil on PCB plated with 35 pm copper. The track width shall be 500 pum
+20 %. The size of the connection pads shall be 1,5 mm x 1,5 mm.

4 © ISO/IEC 2022 - All rights reserved
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A high impedance oscilloscope probe (e.g. >1 MQ, <14 pF) shall be used to measure the open circuit
voltage in the coil. The resonant frequency of the whole set (calibration coil, connecting leads and
probe) shall be above 60 MHz.

4.3.2.3 Test interrogator assembly

4.3.2.3.1 General

The test interrogator assembly for load modulation consists of an interrogator antenna and two parallel

sense colls: sense coll A and sense coll b. The test set-up 1s shown In Figure Z. The sense lLoils are
donnected such that the signal from one coil is in opposite phase to the other. The 50 Q potentioineter P1
serves to fine adjust the balance point when the sense coils are not loaded by a tag or anyxmaghetically
doupled circuit. The capacitive load of the probe including its parasitic capacitance shall be lgss than
14 pF.
The capacitance of the connections and oscilloscope probe should be képt to a minimum for
reproducibility.
B i -3 C C s 1
\ . | 8 ) - 220 O
( T
c \ P1
D ) 50
.
A
220 Q)
+ +
| . ~ _ ‘
( i ™
E
F
t
—
)
Hey
A interrogatoryantenna
B sense coil'B
d sensecoil A
[} identical length of twisted pairs of less than Ix mm
H ~probe
H + 111
I U Ub\.lllUDbUlJC

NOTE The values for the parameters are listed in Table A.2.

Figure 2 — Example test set-up

4.3.2.3.2 Test interrogator antenna

The test interrogator antenna shall have a diameter and a construction conforming to the drawings in
Annex C. The tuning of the antenna may be accomplished with the procedure given in Annex D.

© ISO/IEC 2022 - All rights reserved 5
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4.3.2.3.3 Sense coils

The size and the sense coil construction shall conform to the drawings in Annex E.

4.3.2.4

Assembly of test interrogator

The sense coils and test interrogator antenna shall be assembled parallel to each other. The sense and

antenna

coils shall be coaxial and the distance between the active conductors shall be as defined in

Figure 3. The distance between the coil in the DUT and the coil of the test interrogator antenna shall be

equal to

Key

DUT]
sens
intel

Sens

m o O w >

calil

NOTE 1
due to ng

NOTE 2

the distance between the calibration coiland the coil ofthe test infﬂrrngafnv antenna

dis | dis

e coil A
rogator antenna
e coil B

ration coil

The asp air spacing aveids parasitic effects such as detuning by closer spacing or ambiguous result
ise and other envirohmental effects.

[72)

The values fof the parameters are listed in Table A.2.

Figure 3 — Test interrogator assembly

4.3.2.5

Reference tags

4.3.2.5.1 General

Reference tags are defined:

— totestH ;,and H_,, produced by an interrogator (under conditions of loading by a tag) and thus to

test

the ability of an interrogator to power a tag;

— to generate the minimum tag reply load modulation signal.

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2d93351f8fe851fd5cb4908fd10c0b5c

ISO/IEC 18047-3:2022(E)

4.3.2.5.2 Reference tag for interrogator power

The schematic for the power test shall be as defined in Annex F. Power dissipation can be set by the
resistor R1 or R2, in order to measure H;, and H ., respectively as defined in 4.3.4.1.2. The resonant
frequency can be adjusted with C2.

4.3.2.5.3 Reference tag for load modulation reception test

A suggested schematic for the load modulation reception test is shown in Annex G. The load modulation

an he chasento bhe resistive gr reactive

This reference tag is calibrated by using the test interrogator assembly as follows.

The reference tag is placed in the position of the DUT. The load modulation signal amplitude is measured
as described in 4.3.3. This amplitude should correspond to the minimum amplitudeat all value of field
strength required by the base standard, ISO/IEC 18000-3.

4.3.2.5.4 Dimensions of the reference tags

The reference tag which is used for the measurements shall be described in the measurement report.
Higure 4 shows as an example an ISO card sized reference tag whichceorsists of an area containing a coil
which has the same height and width as those defined in ISO/IEC<7810 for ID-1 type.

An area external to this, containing the circuitry that emulate$ the required tag functions, is appended
sp as to allow insertion into the test set-ups described below and so as to cause no interferenge to the
tpsts.

C

172 mm
Hey
A coil
B example outline ISO/IEC 7810 ID-1 type
d circuitry

Figure 4 — Example of an ISO card sized reference ta

4.3.2.5.5 Thickness of the reference tag board

The thickness of the reference tag active area shall be 0,76 mm +10 %.

4.3.2.5.6 Coil characteristics

The coil in the active area of the reference tag shall have nr turns and shall be concentric with the area
outline.

The outer size of the coils shall be ar x br.

© ISO/IEC 2022 - All rights reserved 7
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The coil is printed on PCB plated with 35 um copper.
Track width shall be wr and spacing shall be sr.

NOTE The values for the parameters are listed in Table A.3.

4.3.2.6 Digital sampling oscilloscope

The digital sampling oscilloscope shall be capable of sampling at a rate of at least 100 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 windpwing on the sampled data using external software programs. An example of the program”is
shown ih Annex H.

4.3.3 Functional test — Tag

4.3.3.1 | Purpose

The purjpose of this test is to determine the amplitude of the tag load modulation signal within t
operatirlg field range (H,,;,, Hya) as specified in the base standard, [SO/IEC 18000-3 and t

functionjality of the tag with the modulation under emitted fields as-defined in ISO/IEC 18000-8
parameter table for tag to interrogator link (reference M1-Tag:7).

4.3.3.2 | Test procedure
Step 1: Use the load modulation test circuit of Figure 2 and the'test interrogator assembly of Figure 3.

The RF [power delivered by the signal generator to the test interrogator antenna shall be adjuste
to produce the required field strength (H,;, and¥,,,,) and modulation waveforms defined i
ISO/IEC|18000-3 as measured by the calibration coil@vithout any tag. The output of the load modulatio!
test circluit of Figure 2 is connected to a digital sampling oscilloscope. The 50 Q potentiometer P1 sha
be trimred to minimize the residual carrier. Fhis signal shall be at least 40 dB lower than the signz

obtainedl by shorting one sense coil.

—— > P =

Step 2: The tag under test shall be placed'in the DUT position, concentric with sense coil A. The RF drivie
into theltest interrogator antenna shall be re-adjusted to the required field strength.

Care shquld be taken to apply a proper synchronization method for low amplitude load modulation.

Exactly two sub-carrier cycles of the sampled modulation waveform shall be Fourier transformed.

discrete| Fourier transfofatation with a scaling such that a pure sinusoidal signal results in its pea
magnityde shall be used. To minimize transient effects, a sub-carrier cycle immediately following

non-modlulating periéd should be avoided. In case of two sub-carrier frequencies, this procedure sha
be repedted for the second sub-carrier frequency.

— D N

The resuilting\@mplitudes of the upper sideband(s) at fc + fs1 (and fc + fs2 if both are present) and t
lower sifleband(s) at fc - fs1 (and fc - fs2, if present) respectively shall be above the value defined in t
base stamdard; 1SOAEC-18600-3-

An appropriate command sequence as defined in the base standard, ISO/IEC 18000-3 shall be sent by
the test interrogator to obtain a signal or load modulation response from the tag.

NOTE See ISO/IEC 10373-7 for appropriate command sequence.

4.3.3.3 Testreport

The test report shall give the measured amplitudes of the upper sideband(s) at fc + fsI (and fc + fs2,
if present) and the lower sideband(s) at fc - fs1 (and fc - fs2, if present) and the applied fields and
modulations. The pass/fail condition is determined by the values defined in ISO/IEC 18000-3 parameter
table for tag to interrogator link (reference M1-Tag:7).

8 © ISO/IEC 2022 - All rights reserved
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4.3.4 Functional test — Interrogator
4.3.4.1 Interrogator field strength and power transfer

4.3.4.1.1 Purpose

This test measures the field strength produced by an interrogator with its specified antenna in its
operating volume as defined in accordance with the base standard, ISO/IEC 18000-3. The test procedure
of 4.3.4.1.2 is also used to determine that the interrogator with its specified antenna generates a field
ot higher than the value specified in ISO/IEC 18000-3 parameter table for interrogator to|tag link

Feference M1-Int:3 for H,,, and reference M1-Int:3a for H ;).

1
(

This test shall use a reference tag as defined in Annex F to determine that a specific interrogator to be
tpsted can supply a certain power to a tag placed anywhere within the defined operating volume.

4.3.4.1.2 Test procedure
d) Procedure for H,, test:
1) Tune the reference tag to 13,56 MHz.

The resonant frequency of the reference tag is measured by using an impedance analyjzer or a
LCR-meter connected to a calibration coil. The coil of the réference tag should be placed at a fistance
of 10 mm from the calibration coil, with the axes of the)two coils being congruent. The resonant
frequency is that frequency at which the resistive patt of the measured complex impedahce is at
maximum.

2) Setjumper J1 to position b to activate R2.(see Figure F.1).

3) Sweep the reference tag coaxially with'the antenna through the defined operating vplume of
the interrogator under test at a maximum rate of 1 cm/s.

4) The DC voltage (V) across resistor R3 (see Annex F) is measured with a high impedance
voltmeter and shall not exceled 3 V where the load resistor parallel to the coil L is set t¢ R2 and
the field strength equals(H}, .
) Procedure for H

min

test:
1) Tune the reference tag to 13,56 MHz.
2) SetjumperJDto position a to activate R1 (see Figure F.1).

3) Sweep'the reference tag coaxially with the antenna through the defined operating vplume of
thednterrogator under test at a maximum rate of 1 cm/s.

4) <The DC voltage (V) across resistor R3 is measured with a high impedance voltmgter and
shall exceed 3 V where the load resistor parallel to the coil L is set to R1 and the field $trength
equals H ;.

4.3.4.1.3 Testreport

The test report shall give the measured values for V. at H;, and H,,, under the defined conditions.
The pass/fail condition is determined by the values defined in ISO/IEC 18000-3 parameter table for

interrogator to tag link (reference M1-Int:3 for H_,, and reference M1-Int:3a for H ;).

© ISO/IEC 2022 - All rights reserved 9
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4.3.4.2 Modulation index and waveform

4.3.4.2.1 Purpose

This test is used to determine the index of modulation of the interrogator field as well as the rise
and fall times and the overshoot values as defined in ISO/IEC 18000-3 M1-Int:7d parameter table for
interrogator to tag link (reference M1-Int:7, reference M1-Int:7d, figure M1-1 and figure M1-2) within
the defined operating volume.

4.3.4.2. Test procedure

The calipration coil is positioned anywhere within the defined operating volume, and the moduilatio
index anld waveform characteristics are determined from the induced voltage on the coil displayed on
suitable|oscilloscope.

=

4.3.4.2. Test report

The test|report shall give the measured modulation index of the interrogator field, the rise and fall time
and the pvershoot values within the defined operating volume. The pass/fail condition is determined b
the valups defined in ISO/IEC 18000-3 parameter table for interrogator to-tag'link (reference M1-Int:
referende M1-Int:7d, figure M1-1 and figure M1-2).

<

4.3.4.3 | Load modulation reception (informative only)

This is dn indirect test of the ability of the interrogator to receive'a minimum signal from the tag. This
test verlfies that an interrogator correctly detects the load<modulation of a tag that conforms to the
base stgndard, ISO/IEC 18000-3. It is supposed that the /interrogator has means to indicate corredt
reception of the sub-carrier(s) produced by a test tag.

Annex ( shows a circuit which can be used in conjunction with the test apparatus to determine the
sensitivity of an interrogator to load modulation-within the defined operating volume.

The pas$/fail condition is determined by theyalues defined in ISO/IEC 18000-3 parameter table for talg
to interjjogator link (reference M1-Tag:7)- Failure under this criterion shall not be interpreted as failure
of confofmance for an otherwise conforming interrogator.

4.4 Cg¢nformance tests fordSO/IEC 18000-3 Mode 2

4.4.1 [General

The conformance tests\for ISO/IEC 18000-3 Mode 2 are described independent of the tag size. For test
of tags smaller thanyor equal to ID-1 all dimensions are specified in Annex A, while Annex B applies fo
all other| cases.

= n

[

The manufacttrer shall specify the tag H

max
Hmax an Hmin'

and H,;, and the minimum tag reply load modulation 2

The tag reply load modulation is measured as described in 4.4.3.2.
4.4.2 Testapparatus and test circuits

4.4.2.1 General

This subclause defines the test apparatus and test circuits for verifying the operation of a tag or an
interrogator according to the base standard, ISO/IEC 18000-3. The test apparatus includes:

— calibration coil (4.4.2.2);
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— testinterrogator assembly (4.4.2.3);

— reference tags (4.4.2.5).

4.4.2.2 Calibration coil
See 4.3.2.2.

4.4.2.3 Testinterrogator assembly

4.2.3.1 General

ee 4.3.2.2.

1

or ISO/IEC 18000-3 Mode 2 a resistance of 85 () shall be connected across the‘output of
hterrogator measurement circuit in Figure 2 (between P1 and ground).

—

4.4.2.3.2 Testinterrogator antenna

See 4.3.2.2.2.

v wl

or ISO/IEC 18000-3 Mode 2 the impedance matching network:in Figure C.3 shall be alterec

thning network. The components for the tuning network shall bes
+ C1 selected and adjusted such that the testinterrogator antenna is series res
13,56 MHz;

- C2toC4  omitted (open circuit);

+ R zero (closed circuit).

ext

or ISO/IEC 18000-3 Mode 2, the powet)driver, tuning network and test interrogator anten
rovide the manufacturer specified field strengths (H,,,, and H;,) and modulation as specifig
ase standard, ISO/IEC 18000-3.

oS

1

or ISO/IEC 18000-3 Mode 2,¢the power driver output impedance is not constrained to 50 (2 a
equired to provide an adjustable range of modulation index for amplitude modulation.

—

P

mportant — In order.toavoid adverse effects on the measurement results due to reflect
onnection between the power driver and the test interrogator antenna should be kept
s possible.

L6

4.4.2.3.3 Sense coils

the test

| to be a

bnant at

na shall
bd in the

hd is not

ion, the
hs short

]ee 4.32:8°3.

42.4 Assembly of test interrogator

See 4.3.2.4.
4.4.2.5 Reference tags

4.4.2.5.1 General
Reference tags are defined:

— totestH

min
test the ability of an interrogator to power a tag;

© ISO/IEC 2022 - All rights reserved
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— to generate the minimum tag reply load modulation signal.

4.4.2.5.2 Reference tag for interrogator power
See 4.3.2.5.2.

This reference tag shall be calibrated in accordance with B.8.

4.4.2.5.3 Reference tag for load modulation reception test

See 4.5.2.5.2
For ISO/IEC 18000-3 Mode 2, the load modulation shall be resistive only.

For ISOYIEC 18000-3 Mode 2, the load switching signal shall be as per the base”standard,
ISO/IEC[18000-3.

This refprence tag is calibrated using the procedure described in 4.4.3.2. Adjusting 'or modifying thie
value of|Rmod1 and Rmod2 (see Annex G) sets the tag reply load modulation amplitude.

4.4.2.5.4 Dimensions of the reference tags

See4.3.2.5.4.
4.4.3 Functional test — Tag

4.4.3.1 | Purpose

=}

The purpose of this test is to determine the amplitude of the tag reply load modulation signal withi
the spedified operating field strength range (H,,;,, Hi.,) and functionality of the tag with modulatiop

m max.

under efnitted fields as defined in the base standard, ISO/IEC 18000-3.

4.4.3.2 | Test procedure
This test uses the test interrogator assembly (see 4.4.2.3).

The RF power delivered by the signal generator to the test interrogator antenna shall be adjusted t|
the reqyired field strength and moedulation waveforms (see 4.4.4.2) as measured by the calibration co
without|any tag. The output{ of the load modulation test circuit of Figure 2 is connected to a digitz
sampling oscilloscope. The-50 () potentiometer P1 shall be trimmed to minimise the residual carrief.
This sighal shall be at least 40 dB lower than the signal obtained by shorting one sense coil.

—_—— O

The tag under testshall be placed in the DUT position, concentric with sense coil A. The RF drive int|
the test nterrogator antenna shall be re-adjusted to the required field strength. The output of the loa
modulatlion testCircuit shall then be connected via a coax cable to a 50 Q input spectrum analyser.

o)

An apprppriate command sequence as defined in the base standard, ISO/IEC 18000-3, shall be sent bly
the interrogator to obtain a load modulation response {rom the tag. When calibrating the reierence tag
(see 4.4.2.5.2) the load modulation is provided by applying the load switching signal.

The resulting sidebands at the spectrum analyser shall be greater than or equal to the value for tag
reply load modulation as specified by the manufacturer.

The sensitivity of the test set up is affected by the settings of the spectrum analyser and care should be
taken to set the spectrum analyser to maintain consistent test results.

4.4.3.3 Testreport

The test report shall give the measured amplitudes of the sidebands and the applied fields and
modulations for all sub-carriers.
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4.4.4 Functional test — Interrogator
4.4.4.1 Interrogator field strength and power transfer

4.4.4.1.1 Purpose

This test measures that the field strength produced by an interrogator with its specified antenna in its
operating volume is no greater than a specified maximum value and no less than a specified minimum
value, and therefore determines that the interrogator will correctly power a tag within the operating
volume.

This test uses a reference tag (see 4.4.2.5.2).

4.4.4.1.2 Testprocedure

See 4.3.4.1.2.

4.4.4.1.3 Testreport

The test report shall give the measured values for V¢ at H;;, and H;;under the defined condjtions.
4.4.4.2 Modulation phase shift waveform

4.4.4.2.1 Purpose

|

his test is used to determine the phase shift wayeform characteristics of the interrogator] field as
efined in the base standard, ISO/IEC 18000-3, within the defined operating volume.

(oW

4.4.4.2.2 Testprocedure

The calibration coil (see 4.4.2.2) is positioned anywhere within the defined operating volume.

An unmodulated 13,56 MHz referenge signal (synchronous with the 13,56 MHz interrogator clpck) and
the calibration coil output are both connected to a phase discriminator. The interrogator sHall have
means to provide such referencé signal. The phase shift waveform characteristics are displayed on a
sjuitable oscilloscope via the'discriminator output.

4.4.4.2.3 Testreport

The test reportshall give the measured phase shift times.

4.4.4.3 Joad modulation reception

This is;an indirect test of the ability of the interrogator to receive a minimum signal from the fag. This
tpst verifies that an interrogator correctly detects the reply load modulation of a tag, which conforms to
thedbase cfnnr‘]ard’ TQﬂ/TF‘(‘ 18000-3 It is cuppncnd thatthe infnrrng:\fnr has meansto-indicate correct

reception of the sub-carrier(s) produced by a test tag.

A reference tag (see 4.4.2.5) can be used in conjunction with the test apparatus defined in Annex G,
which shows a circuit that can be used to determine the sensitivity of an interrogator to load modulation
within the defined operating volume.

The pass/fail condition is determined by the values defined in ISO/IEC 18000-3 parameter table for
tag to interrogator link (reference M2-Tag:7). Failure under this criterion should not be interpreted as
failure of conformance for an otherwise conforming interrogator.
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4.5 Conformance tests for ISO/IEC 18000-3 Mode 3 (mandatory ASK part)

4.5.1 General
The conformance tests for ISO/IEC 18000-3 mode 3 are described independent of the tag size. For tests

of tags smaller or equal to ID-1 (as defined in ISO/IEC 7810) all dimensions are specified in Annex A,
while Annex B applies to larger tags.

4.5.2 Test apparatus and test circuits

4.5.2.1 | General

This clause defines the test apparatus and test circuits for verifying the operation of a‘tag or ap
interrogator according to the base standard, ISO/IEC 18000-3. The test apparatus includes:

— calibration coil (see 4.5.2.2)
— test|interrogator assembly (see 4.5.2.3)

— refefrence tag (see 4.5.2.5)

— digifal sampling oscilloscope (see 4.5.2.6).
4.5.2.2 | Calibration coil

4.,5.2.2.1 Size of the calibration coil

o1

The caljbration coil PCB consists of an area, which has*the height and width defined in Figure
containing a single turn coil concentric with the tag outline.

C

AN /
A N

Key
A coil §axch, 1 turn
B  conrections

C outline ga'xob

Figure 5 — Example calibration coil

4.5.2.2.2 Thickness and material of the calibration coil substrate

The thickness of the calibration coil PCB shall be 0,76 mm +10 %. It shall be constructed of a suitable
insulating material such as FR4 or equivalent.

4.5.2.2.3 Coil characteristics

The coil on the calibration coil PCB shall have one turn. The outer size of the coil shall be as defined in
Figure 5 with a corner radius, co.
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The coil is made as a printed coil on PCB plated with 35 pm copper. Track width shall be 500 um *20 %.
The size of the connection pads shall be 1,5 mm x 1,5 mm.

A high impedance oscilloscope probe (e.g. >1 MQ, <14 pF) shall be used to measure the open circuit
voltage in the coil. The resonant frequency of the whole set (calibration coil, connecting leads and
probe) shall be above 60 MHz.

4.5.2.3 Test interrogator assembly

2.4.3.1 General

he test interrogator assembly for load modulation consists of an interrogator antenna andtWd parallel
ense coils: sense coil A and sense coil B. The test set-up is shown in Figure 6. The'seénse ¢oils are
onnected such that the signal from one coil is in opposite phase to the other. The 50 potentiometer P1
erves to fine adjust the balance point when the sense coils are not loaded by a tagror any magnetically
oupled circuit. The capacitive load of the probe including its parasitic capacitance shall be lgss than
4 pF.

=0 o o e

|

he capacitance of the connections and oscilloscope probe should.be kept to a minimum for
eproducibility.

—

ey
interrogator antenna
sense’¢oil B
sefise coil A

| o W v w e~ |

identical length of twisted pairs of less than Ix mm

probe
F  to oscilloscope

Figure 6 — Example test set-up

4.5.2.3.2 Test interrogator antenna

The test interrogator antenna shall have a diameter and a construction conforming with the drawings
in Annex C. The tuning of the antenna may be accomplished with the procedure given in Annex D.
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4.5.2.3.3 Sense coils

The size and the sense coil construction shall conform with the drawings in Annex E.

4.5.2.4 Assembly of test interrogator

The sense coils and test interrogator antenna shall be assembled parallel to each other. The sense and
antenna coils shall be coaxial and the distance between the active conductors shall be as defined in
Figure 7. The distance between the coil in the DUT and the coil of the test interrogator antenna shall be

equa] tothe-distance between the calibration coil and-the coil of the test infﬂvrngafnv antenna

dis | dis

Key

A DUT

B  sense coil A

C intefrogator antenna
D senske coil B

E caliration coil

NOTE 1 | The asp air spacing aveids parasitic effects such as detuning by closer spacing or ambiguous result
due to ndise and other envirohmental effects.

%)

NOTE 2 | The values fof the parameters are listed in Table A.2.

Figure 7 — Test interrogator assembly

4.5.2.5 | Reference tags

4.5.2.5.1 General
Reference tags are defined:

— totestH_;, and H,, produced by an interrogator (under conditions of loading by a tag) and thus to
test the ability of an interrogator to power a tag;

— to generate the minimum tag reply load modulation signal.
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4.5.2.5.2 Reference tag for interrogator power

The schematic for the power test is shown in Annex F. Power dissipation can be set by the resistor R1 or
R2, in order to measure H;, and H . respectively as defined in 4.5.4.1.2. The resonant frequency can
be adjusted with C2.

4.5.2.5.3 Reference tag for load modulation reception test

A suggested schematic for the load modulation reception test is shown in Annex G. The load modulation

an he chasento bhe resistive gr reactive

This reference tag is calibrated by using the test interrogator assembly as follows.

The reference tag is placed in the position of the DUT. The load modulation signal amplitude is measured
s described in 4.5.3. This amplitude should correspond to the minimum amplitudé\given below for all
eld strength values between H;, and H,,..

—~ Q)

The load modulation shall be at least 10 mV for ISO card sized tags (ID1), for-other label form fa¢tors the
label manufacturer shall specify the minimum load modulation.

4.5.2.5.4 Dimensions of the reference tags

The reference tag which is used for the measurements shall be(described in the measurement report.
Higure 8 shows as an example an ISO card sized reference tagwhich consists of an area containing a coil
which has the same height and width as those defined in ISO/IEC 7810 for ID-1 type.

An area external to this, containing the circuitry that.enulates the required tag functions, is appended
tp allow insertion into the test set-ups described below and so as to cause no interference to thg tests.

C

| n
JI

172 mm

Hey
A coil
B example outline ISO/IEC 7810 ID-1 type
d

circuitry

Figure 8 — Example of an ISO card sized reference tag

4.5.2.5.5 Thickness of the reference tag board

The thickness of the reference tag active area shall be 0,76 mm +10 %.

4.5.2.5.6 Coil characteristics

The coil in the active area of the reference tag shall have nr turns and shall be concentric with the area
outline.
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The outer size of the coils shall be ar x br.

The coil

is printed on PCB plated with 35 um copper.

Track width shall be wr and spacing shall be sr.

4.5.2.6
The digi

Digital sampling oscilloscope

tal sampling oscilloscope shall be capable of sampling at a rate of at least 100 million samples

per second with a resolution of at least 8 bits at optimum scaling. The oscilloscope should have the

capabili

as windxwing on the sampled data using external software programmes. An example of the program

is show
4.5.3

4.5.3.1

The pur
operatin
function

parameter table for tag to interrogator link (reference M3-Tag:7).

4.5.3.2 | Test procedure

Step 1: Use the load modulation test circuit of Figure 2 and the'test interrogator assembly of Figure 7.
The RF [power delivered by the signal generator to the téest interrogator antenna shall be adjusted
to produce the required field strength (H.;, and¥,,,,) and modulation waveforms defined ip

ISO/IEC
load mo
potentig
lower th

Step 2: 17
into the

Care shd

The me
Manche
8475 kK

Exactly
discrete]
magnitu

y to output the sampled data as a text file to facilitate mathematical and other operations suc

in Annex H.
Functional test - tag

Purpose

pose of this test is to determine the amplitude of the tag load moduldtion signal within t
g field range (H;, H.,.y) as specified in the base standard, ISO/IEC 18000-3 and t
ality of the tag with the modulation under emitted fields as“defined in ISO/IEC 18000-B

18000-3 mode 3 as measured by the calibration coil without any tag. The output of the
dulation test circuit of Figure 6 is connected to a digital sampling oscilloscope. The 50 {)
meter P1 shall be trimmed to minimise:the residual carrier. This signal shall be at least 40 dB
an the signal obtained by shorting ene sense coil.

he tag under test shall be placed'in the DUT position, concentric with sense coil A. The RF drive
test interrogator antenna shall be re-adjusted to the required field strength.

uld be taken to apply a proper synchronization method for low amplitude load modulation.

asurement shall beycarried out for 4 sub-carrier pulse Manchester, 2 sub-carrier puls
ter, 8 sub-carrier-pulse Miller am FMO signalling for link frequencies of 423,75 kHz (fc/32) an
z (fc/16).

[*"Ire))

two subzcaftrier cycles of the sampled modulation waveform shall be Fourier transformed.
Fourierstransformation with a scaling such that a pure sinusoidal signal results in its pea
de shall be used.

A~ =

To minir

izetrancient offects in caco of:
et He€ R T e s s

— Manchester coded sub-carrier signalling: a sub-carrier cycle immediately following a non-
modulation period shall be avoided;

— Miller coded sub-carrier signalling: a sub-carrier cycle immediately following a phase shift shall be
avoided.

For FMO signalling the measurement shall be carried out at a sequence of at least three logic “0” by
using two logic “0” for the measurement and avoiding the first logic “0” of the total sequence.

18
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The resulting amplitudes of the upper sideband(s) at fc + fs and the lower sideband(s) at fc - fsrespectively
shall be above 10 mV for ISO card sized tags (ID1), for other label form factors the label manufacturer
shall specify the minimum load modulation.

An appropriate command sequence as defined in the base standard, ISO/IEC 18000-3, mode 3 shall be
sent by the test interrogator to obtain a signal or load modulation response from the tag.

4.5.3.3 Testreport

The test report shall give the measured qmp]ifn{‘]pc of the upper sideband at fr + fc and the lower

S
f

T
1

G qQ o+ o NS

—

ideband at fc - fs and the applied fields and modulations. The pass/fail condition is determing
bllowing condition.

he load modulation shall be at least 10 mV for ISO card sized tags (ID1), for other labélform fa
hbel manufacturer shall specify the minimum load modulation.

.5.4 Functional test — interrogator
.5.4.1 Interrogator field strength and power transfer

.5.4.1.1 Purpose

his test measures the field strength produced by an intetrrogator with its specified anten
perating volume as defined in accordance with the base/standard, ISO/IEC 18000-3 mod
bst procedure of 4.5.4.1.2 is also used to determine that'the interrogator with its specified
enerates a field not higher than the value specified if{SO/IEC 18000-3 parameter table for inte
D tag link (reference M3-Int:3 for H,,, and referenéé M3-Int:3a for H ;).

his test uses a reference tag as defined in Annex F to determine that a specific interrogator to

.5.4.1.2 Test procedure
Procedure for H,,, test:
1) Tune the reference tag'to 13,56 MHz.

The resonant frequency of the reference tag is measured by using an impedance analyser (
meter connected'to a calibration coil. The coil of the reference tag should be placed at a
of 10 mm from\the calibration coil, with the axes of the two coils being congruent. The }
frequency is-that frequency at which the resistive part of the measured complex impeda
maximuny

2) SetJumper J1 to position b to activate R2 (see Figure F.1).

3) ¢ Sweep the reference tag coaxially with the antenna through the defined operating v

5 able to supply a certain power to a tag plagéd anywhere within the defined operating volumes.

d by the

rtors the

ha in its
e 3. The
antenna
rrogator

e tested

r a LCR-
distance
esonant
nce is at

blume of

the interrogator under test at a maximum rate of 1 cm/s.

4) The DC voltage (Vpc) across resistor R3 (Annex F) is measured with a high im

pedance

voltmeter and shall not exceed 3 V where the load resistor parallel to the coil L is set to R2 and

the field strength equals H

max-*

b) Procedure for H_;,, test:

1) Tune the reference tagto 13,56 MHz.

2) Set]Jumper ]1 to position a to activate R1 (see Figure F.1).

3) Sweep the reference tag coaxially with the antenna through the defined operating volume of

the interrogator under test at a maximum rate of 1 cm/s.

© ISO/IEC 2022 - All rights reserved
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4) The DC voltage (VDC) across resistor R3 is measured with a high impedance voltmeter and
shall exceed 3 V where the load resistor parallel to the coil L is set to R1 and the field strength
equals H ;.

4.5.4.1.3 Testreport

The test report shall give the measured values for V. at H;, and H,,, under the defined conditions.
The pass/fail condition is determined by the values defined in ISO/IEC 18000-3 parameter table for

interrogator to tag link (reference M3-Int:3 for H ., and reference M3-Int:3a for H_; ).

4.5.4.2 | Modulation index and waveform

4.5.4.2.1 Purpose

o

This tesf is used to determine the index of modulation of the interrogator field as well-as‘the rise an
fall timgs and the overshoot values as defined in ISO/IEC 18000-3 mode 3 within the,defined operating
volume.

4.5.4.2.2 Testprocedure

The calipration coil is positioned anywhere within the defined operating volume, and the modulatio
index arjd waveform characteristics are determined from the induced veltage on the coil displayed on
suitable|oscilloscope.

S e

4.5.4.2.3 Testreport

The testjreport shall give the measured modulation indexof-the interrogator field, the rise and fall timg
and the pvershoot values within the defined operating volume. The pass/fail condition is determined bjy
the valups defined in ISO/IEC 18000-3 mode 3.

[72)

4.5.4.3 | Load modulation reception (informative only)

This is gn indirect test of the ability of the\interrogator to receive a minimum signal from the tag. This
test verifies that an interrogator correctly detects the load modulation of a tag that conforms to thee
base stgndard, ISO/IEC 18000-3 maode 3. It is supposed that the interrogator has means to indicate
correct feception of the sub-carrier)produced by a test tag.

Annex ( shows a circuit which ‘can be used in conjunction with the test apparatus to determine thie
sensitivity of an interrogatopto load modulation within the defined operating volume.

The pas$/fail conditioinis determined by a tag signal having the values defined below. Failure under this
criterion shall not belinterpreted as failure of conformance for an otherwise conforming interrogator.

The load modulation shall be atleast 10 mV for ISO card sized tags (ID1), for other label form factors thie
label manufacturer shall specify the minimum load modulation.
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Annex A
(normative)

022(E)

Test setup parameters and dimensions for tags smaller than or

equal to an ISO/IEC 7810 ID-1 outline

A.1 General

This annex describes guidelines for the modification of the test set-up, if RFID tags'equal to o1l smaller
than ID-1 size are to be measured.
A.2 Calibration coil
Table A.1 — Definition of calibration coil forD-1 or smaller

Symbol Value

oa defined in ISO/IEC 7810 for ID-1 type

ob defined in ISO/IE€/7810 for ID-1 type

ca 72 mm (£2 %)

ch 42 mm (£2%%)

co 5 mm (£2-%)
NOTE1 The area over which the field is integrated is approximately 3 000 mm?2.
NOTE2 At 13,56 MHz the approximate inductance is 250 nH and the approximate resistance is 0,4 Q
NOTE3 A parasitic capacitance jof\the probe assembly of less than 35 pF normally ensures a [resonant
frequency for the whole set of greaterthan 60 MHz.
The open circuit calibratignyfactor for this coil is 320 mV (rms) per A/m (rms) [equivalent to|900 mV
(peak-to-peak) per A/m (rms)].
A.3 Test interrogator assembly

Table A.2 — Definition of test interrogator for ID-1 or smaller

Symbol Value

asp 3 mm

e 150w

dis 100 mm
A.4 Reference tag

Table A.3 — Reference tag for ID-1 or smaller

Symbol Value

nr 4

ar 72 mm (+2 %)

21
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Table A.3 (continued)

Symbol Value

br 42 mm (2 %)
wr 500 um (¥20 %)
sr 500 pm (¥20 %)

NOTE At 13,56 MHz the nominal inductance is 3,5 pH and the nominal resistance is 1 Q.

A.5 Test interrogator antenna

Table A.4 — Test interrogator antenna for ID-1 or smaller

Symbol Value

lya 170 mm
lyb 170 mm
lyd 150 mm
yw 1,8 mm

A.6 Impedance matching network

Table A.5 — Impedance matching network components for ID-1 or smaller

Component Value

C1 47 pF

C2 180 pF

C3 33 pF

C4 2-27 pE

Roxt 5x4,7 (parallel) Q

A.7 Seénse coil

Table A.6 — Sense coil for ID-1 or smaller

Symbol Value
lya 170 mm
lyb 170 mm
sa 70 mm
sb 100 mm
rs 10 mm

A.8 Reference tag for interrogator power test

Table A.7 — Reference tag for interrogator power test for ID-1 or smaller

Component Value
C3 27 pF
R1 11 kQ
R2 91 Q
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Annex B
(normative)

Guideline for RFID tags larger than ISO/IEC 7810 ID-1 size

.1 General
his annex describes guidelines for the modification of the test set-up, if RFID tags largerithan [D-1 size

re to be measured.

B.2 Calibration coil

B.2.1 General
da, ob:

The calibration coil PCB shall be of a suitable size to carry the §irngle turn calibration coil and printed
donnections.

aq, cb, co:

The single turn calibration coil shall be of the same shape and dimensions as the RFID tag Antenna
under test.

NOTE A parasitic capacitance of the probe’assembly of less than 25 pF normally ensures a |resonant
frequency for the whole set of greater than 60-MHz for ca = 81 mm and cb = 47 mm. A parasitic capagitance of
the probe assembly of less than 15 pF normally ensures a resonant frequency for the whole set of grepter than
60 MHz for ca = 125 mm and cbh = 73 mm:

B.2.2 Calibration factor

The open circuit calibratioprfactor k. of the calibration coil can be calculated as shown in Formyla (B.1):

k, = 1 (B.1)

221y wy A

k. &isthe calibration factor of the calibration coil [ A/m (rms) per Volt (peak to peak) |;

fi,¥ ~ is the permeability equal to 4 x mx 10”7 [Vs / Am] for free space;

W, 27fy Uy = system frequency of the RFID SysStem {HZ]J;

A,  isthe area of the single turn calibration coil [m?].
The induced voltage V, ,, (peak-peak) in the calibration coil can be calculated as shown in Formula (B.2):
H
V., =—"175 B.2
S (B.2)
where

H,,. isthe magnetic field strength (rms value);
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%

¢ pp

is the induced voltage in the calibration coil (peak-peak value).

B.3 Test interrogator assembly

asp:

The air spacing shall be chosen depending on the DUT form factor to get the appropriate compromise
between adverse loading effect and reduction in measurement sensitivity.

Ix:

The leng
than 1,5

dis:

The dist
modulat

B.4 R
nr:

The refé
ar, br:
The outg
wr, sr:

The refe

B.5 T
lya, lyb:

The test
the imp¢

lyd:

The dia
dimensi

lyw:

th of the test interrogator assembly connection cable shall be as short as possible but not\lorgs
times the distance between the test interrogator antenna and the sense coils.

—

ance between the test interrogator antenna and the sense coils shall be ¢hosen so that thie
ion of the tag under test is negligible at the position of the calibration coil(

eference tag

rence tag number of turns shall equal those of the RFID tag.dntenna under test.

br size of the coil shall equal that of the RFID tag-antenna under test.

rence tag track width and track spacingsshall equal those of the RFID tag antenna under test.

st interrogator antenna

Interrogator antenna PCB shall have a suitable size to carry the test interrogator antenna anfd
tdance matching nettwork.

meter of theltest interrogator antenna shall be approximately twice the maximum linegr
bn of the(RFID tag antenna under test.

The tes

inferrocgator coil track width shall he sufficient to carry the current and maintain thermadl

O
stability for the materials being used.
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B.6 Impedance matching network

C R

t
II S exi
o il *

Figure B.1 — Impedance matching network

|

he quality factor Q of the antenna, is defined as shown in Formula (B.3):

LantwO

_ant® (B.3)
Rext +Rant

0=
where

R is the external resistor to limit the quality factor of the*antenna;

ext

L is the inductance of the test interrogator anteniia;

ant

R is the resistance of the test interrogator antenna;

ant

Wy 27 fo (fp = system frequency of the REIDsystem [Hz]);

=z

ote the quality factor Q needs to be limited’to guarantee the rise and fall times of modulatipn pulse

defined in the base standard (typically Q<=30).
The impedance matching network canlbe calculated as shown in Formula (B.4):
L
Ry =220 (B4)
Q
Wwhere

is the external resistor to limit the quality factor of the antenna;
istheinductance of the test interrogator antenna;
is the resistance of the test interrogator antenna;

ay; 2x fy (fy = system frequency of the RFID system [Hz]);

v isthequatity factor

The values of the capacitors Cs and Cp are calculated in order to ensure the tuned frequency of
13,56 MHz and the matching to 50 Q.

Resonance condition:

Lant (Cs +Cp )aog =1
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Matching condition:

Cs+C)
Zy= C (Rext +Rant )
S
where
C,  Serial capacitance of the impedance matching network
C D 1l.1 e il - | . - b 1
p I dl dlIT1 L,ledLlLdllLE Ul LUIIT lllll)Cudlch llldLLllllls IITLWUI'RK

Zy | Impedance of the impedance matching network, 50 Q

NOTE Suitable C; and €, need sufficient voltage rating (up to 200 V for an antenna as defined in A.2). Suitabl]
R.,; need a low inductance resistor and sufficient power rating (close to 2 W for a field of 5 A/m and up to 10 {
for 12 A/min case of an antenna as defined in Annex A.)

< ®

B.7 Sense coil
lya, lyb:
The senge coil PCB shall be of a suitable size to carry the single turn sense coil and printed connections.

sa, sb, rs

—

The senge coil shall be of the same shape and approximately 1/3:larger than the RFID tag antenna unds
test.

B.8 Reference tag for interrogator power test
C3 (see Annex F):

The valye of C3 has to be chosen so that the resonance circuit can be tuned to the RFID system frequencly
(dependjing on the inductance of the reference tag coil).

The respnant frequency of the reference tag is measured by using an impedance analyser or a LCR
meter cpnnected to a calibration(coil. The coil of the reference tag should be placed at a distance (
10 mm from the calibration coiljwith the axes of the two coils being congruent. The resonant frequenc
is that fjequency at which the resistive part of the measured complex impedance is at maximum.

<

R1, R2 ($ee Annex F):

The valye of R1 can.be ascertained with the following procedure.

Tune th¢ reference tag to the RFID System frequency. Set Jumper J1 to position a to activate R1. Plade
the referenge'tag in the position of the RFID tag under test in the test interrogator assembly. Adjust t
magneticdield strength in the assembly to the H,;, value. The measurement of the magnetic field is
perfor : . . : ., min . . :

to obtain V. = 3V, across R3 measured with a high impedance voltmeter.

The value of R2 can be ascertained with the following procedure:

Tune the reference tag to the RFID system frequency. Set Jumper ]1 to position b to activate R2. Place
the reference tag in the position of the RFID tag under test in the test interrogator assembly. Adjust the
magnetic field strength in the assembly to the H_,, value. The measurement of the magnetic field is
performed with the calibration coil at the opposite side of the test interrogator antenna coil. Adjust R2
to obtain V. = 3V, across R3 measured with a high impedance voltmeter.

R1 and R2 shall be suitable potentiometers to obtain V. = 3V},; The potentiometer shall have a small
outline to keep stray capacitance at a minimum.
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Annex C
(normative)

Test interrogator antenna

(.1 Layoutincluding impedance matching network

lya A

Qi

\

Iyb

ey
impedance matching netwotk
ground compensation Coil

(e Ml vvlille ~SN <!

antenna coil

=z

OTE Drawings)are not to scale. The antenna coil track width is lyw (except for through-platdd holes).
tarting from the impedance matching network there are crossovers every 45°.PCB: FR4 material thickness
6 mm, double‘sided with 35 pm copper.

=

Figure C.1 — Test interrogator antenna layout including impedance matching network
(view from front)
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C.2 Impedance matching network

The ant

by a mafching circuit (see below). The capacitors C1, C2 and C3 have fixed values. The input impedand
phase cgdn be adjusted with the variable capacitor C4, see A.6 and B.6 as appropriate.

IMPORTANT — Be careful with the maximum voltage on the capacitors C1, C2, C3 and C4 an
with th¢ maximum power dissipation on the resistor R,,,. In case of tags smaller than or equal t

an ISO/

the individual components’can reach:

— 200
— app

— app
The line

C 18047-3:2022(E)

0.0 . -

Figure C.2 — Test interrogator antenna layout
(view from back)

pnna impedance (R, L,,.) is matched to the function generator output impedance (Z = 50 (})

[}

j="]

- &

EC 7810 ID-1 outline) where the test interrogator antenna is defined in A.5, the limits ¢

V in voltage rating for the capacitors,
roximately)2 W dissipated on R,,, for a field value of 5 A/m,

roximdtely 10 W dissipated on R,,, for a field value of 12 A/m.

rdow distortion variable nnfhnf 500 power driver should he rnhnh]n of nmﬂ'hng :\pprnprlaf

signal sequences. The modulation 1ndex should be adjustable in the ranges of 10 % - 30 % and 95 %
- 100 %. The output power should be adjustable to deliver field strengths as specified in the base
standard, ISO/IEC 18000-3. Care should be taken with the duration of fields above the upper operating

range.
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NN
S \{)
2\

C1

Z=50Q C2 C3| c4 o)

LTI

impedance matching network

ey
50 Q power driver

(@ Nllvelille - |

antenna coil

Figure C.3 — Impedance matching network
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Annex D
(informative)

Test interrogator antenna tuning

1—andFisure—Dt-show—the—two—steps—ef-a—simple—pha e procedure—to—rateh—the
ice of the antenna to that of the driving generator. After the two steps of the tuning procedup
the signfal generator shall be directly connected to the antenna output for the tests.

D

Step 1:

A high plrecision resistor of 50 Q #1 % (e.g. 50 Q BNC resistor) is inserted in the signal line¢ between t
signal g¢nerator output and an antenna connector. The probes of the oscilloscope ane tonnected to t

two sidg
to X pre

Way

s of the serial reference resistor. The oscilloscope displays a Lissajous figure when it is set in

e form:

sentation. The signal generator is set to:

Sinusoidal

13,56 MHz

Frequency:
AmI

litude: 2V (rms) -5V (rms)
The output is terminated with a second high precision resistorof 50 (0 +1 % (e.g. 50 L BNC terminatinjg
resistor). The probe, which is in parallel to the output connector has a small parasitic capacitance Cypt.-
A calibration capacitance C_,; in parallel to the referente resistor compensates this probe capacitor |f

Ceal = Cplobe: The probe capacitor is compensated wheiithe Lissajous figure is completely closed.
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N

| o W v w e~ |

T
f

U

13,56 MHz

ey
closed figure: phi=0
angle corresponding to 50 Q
oscilloscope
signal generator

he ground cable should be run close, tethe probe to avoid induced voltages caused by the 1

eld.

Step 2:

sing the same values as setfor step 1, in the second step the matching circuitry is connectg
antenna output. The capacitor C4 on the antenna board is used to tune the phase to zero.

Figure D.1 — Calibration set-up (Step 1)

50 Q

hagnetic

d to the
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.Y

LA

n, ) 13,56 MHz

r—=—=—=====

Key
A closgd figure: phi=0

anglp corresponding to 50 Q
oscilloscope

signgl generator

imp¢dance matching network

™ m g O W

antenna coil

Figure D.2 — Calibration set-up (Step 2)
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Annex E
(normative)

Sense coil

E.1 Sense coil layout

€y
connections

Q- o =

lya

_|_
sb
lyb

& 5

sa

rawings are not to scale. The sense coil trackwidth is 0,5 mm *20 % (except for through-plated holes). Si
pils refer to the outer dimensions. PCB: FR4 material thickness 1,6 mm, double sided with 35 um copper.

Figure E.1 — Layout for sense coilsaand b

zes of the
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Sense coil assembly

13,56 MHz

R

C D
Key
A conrjections
B  test|nterrogator antenna
C sense coila
D sense coilb

Figure E.2 — Sense coil'assembly
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