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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 non-governmental, in liaison with ISO and IEC, also take part in the
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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
Mode 2 or for Mode 3.

© ISO/IEC 2022 - All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 18047-3:2022(E)

Information technology — Radio frequency identification
device conformance test methods —

Part 3:
Test methods for air interface communications at 13,56
MHz

1 S§cope

This flocument defines test methods for determining the conformance of radio,frequency iflentification
devides (tags and interrogators) for item management with the specifications.given in ISO/[EC 18000-3.
It dogs not apply to the testing of conformity with regulatory or similar requirements.

The test methods intend to verify the mandatory functions, and.‘aby optional functions which are
implgmented. This can, in appropriate circumstances, be supplemiented by further, applicdtion-specific
functionality criteria that are not available in the general case,

This flocument includes the following interrogator and tag conformance parameters:
— r1hode-specific conformance parameters includingnominal values and tolerances;
— parameters that apply directly affecting systemfunctionality and inter-operability.
This flocument does not include the following

— parameters that are already includedin regulatory test requirements;

— Hhigh-level data encoding conformance test parameters (these are specified in ISO/IEC [L5962).

ormative references

llowing documentsiare referred to in the text in such a way that some or all of their content
constfitutes requirements of this document. For dated references, only the edition cited|applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 1800053, Information technology — Radio frequency identification for item mahagement —
Part 3: Parameters for air interface communications at 13,56 MHz

ISO/IE€A9762, Information technology — Automatic identification and data capture (AIDC) techniques —

axnioad ool e,
Har orrzctuvocuaoutal y

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 coilg

device under test

frequency of the operating field

frequency of sub-carrier

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

length of test interrogatorassembly 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

number 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

© ISO/IEC 2022 - All rights reserved
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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 tags. The
results of these tests shall be compared with the values of the parameters specified in ISO/IEC 18000-3
to determine whether the interrogator-under-test or tag-under-test conforms.
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4.2.1
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4.2.3
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4.2.4

Resis

4.2.5

The t
in thd

NOTH

s otherwise specified, the tests in this document shall be applied exclusively to R
fogators defined in ISO/IEC 18000-3 Mode 1, Mode 2 and Mode 3.

Default conditions applicable to the test methods

Test environment

s otherwise specified, testing shall take place in an environment of temperature 23
ntive humidity 40 % to 60 %.

Pre-conditioning

e pre-conditioning is required by the test method; the identification tags to be tes
tioned to the test environment for a period of 24.h before testing.

Default tolerance

s otherwise specified, a default tolerance of +5 % shall be applied to the quantity
ecify the characteristics of the testrequipment (e.g. linear dimensions) and the
dures (e.g. test equipment adjustméets).

Spurious inductance

tors and capacitors shotld have negligible inductance.

Total measurement uncertainty

ptal measurement uncertainty for each quantity determined by these test methods sh
test report.

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

FID tags and

C+3°Cand

ted shall be

values given
test method

all be stated

4.3

Conformance tests for IQOI/IF(‘ 18000-3 Made 1

4.3.1

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 specified in
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);

— referencetag (see 4.3.2.0);

— digital sampling oscilloscope (see 4.3.2.6).
4.3.2.2 Calibration coil

4.3.2.2.1 General

This subclause 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 and'width defined in Figure 1. Figure 1
shows an exfmple calibration coil containing a single turn coil cdncentric with the tag outline.

C

Key
A coilcax ¢b, 1 turn
B  connecti¢gns

C outline ofi x 0b

Figure 1 — Example calibration coil

4.3.2.2.3 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 coils: sense coil A and sense coil B. The test set-up is shown in Figure 2. The sense coils are
conn h that the signal from one coil is in ite ph he other. Th Q ntiometer P1
serves to fine adjust the balance point when the sense coils are not loaded by a tag or any jnagnetically
ed circuit. The capacitive load of the probe including its parasitic capacitanceshall|be less than

The fapacitance of the connections and oscilloscope probe should be kept to a minimum for

reprdducibility.
+ +
X XKG KK KX o= B
- - 224 Q)
c \ P

D 1 50/

\ < ) ) 220 Q)
ppssddeno AL

E

w

/

Key

A interrogatorantenna

B  sknse coilB

C sknsecoil A

D i11entical length of twisted pairs of less than Ix mm
E probe

F  to oscilloscope

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 the distance between the calibration coil and the coil of the test interrogator antenna.

A A

1C 1C
Uuilo Uuilo

Key

A DUT

B sense coil A

C interrogator antenna
D sensecoil B

E calibratidn coil

NOTE1 THe asp air spacing.avoids parasitic effects such as detuning by closer spacing or ambiguous results
due to noise and other environmental effects.

NOTE 2  THe values fot/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.

6 © ISO/IEC 2022 - All rights reserved
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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
can be chosen to be resistive or reactive.

This referenece-tagis-ealibrated-by-using-the-testinterrogaterassembly-asfeHews:
The reference tag is placed in the position of the DUT. The load modulation signal amplitude|is measured
as depcribed in 4.3.3. This amplitude should correspond to the minimum amplitude‘atall values of field
strenjgth required by the base standard, ISO/IEC 18000-3.

4.3.215.4 Dimensions of the reference tags

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

An aijea external to this, containing the circuitry that emulates‘the required tag functions,is appended
so as|to allow insertion into the test set-ups described below and so as to cause no interférence to the

tests
S\
& ln
K\
O JI
A \\C\){‘
U\
172 mm
Key
A cpil
B  ekampléoutline I[SO/IEC 7810 ID-1 type
C cjretitry

Figure 4 — Example of an ISO card sized reference tag

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 windowing-en I ing e example : i

shown in An|
4.3.3 Fun

4.3.3.1 Pu

The purpossg
operating fi
functionality
parameter t

4.3.3.2 Te

Step 1: Use t

The RF pow
to produce
ISO/IEC 180
test circuit d
be trimmed
obtained by

Step 2: The t
into the test

Care should

Exactly two
discrete Fou
magnitude 3
non-modulaf
be repeated

nex H.
ctional test — Tag

rpose

eld range (H,,;, Hpna) as specified in the base standard, AS©/IEC 18000-3 an
r of the tag with the modulation under emitted fields as-defined in ISO/IEC 18
ible for tag to interrogator link (reference M1-Tag:7).

5t procedure
he load modulation test circuit of Figure 2 and the tést interrogator assembly of Figur

er delivered by the signal generator to the.test interrogator antenna shall be adj
the required field strength (H,;, and @,,,) and modulation waveforms defin
D0-3 as measured by the calibration coikwithout any tag. The output of the load modu
f Figure 2 is connected to a digital sampling oscilloscope. The 50 () potentiometer P1
to minimize the residual carrier. Fhis signal shall be at least 40 dB lower than the 5

shorting one sense coil.

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

sub-carrier cycles of the sampled modulation waveform shall be Fourier transform
rier transformation with a scaling such that a pure sinusoidal signal results in its
hall be used. To minimize transient effects, a sub-carrier cycle immediately follow
ing period should be avoided. In case of two sub-carrier frequencies, this procedure]
for the'second sub-carrier frequency.

be taken to apply asproper synchronization method for low amplitude load modulatiop.

of this test is to determine the amplitude of the tag load modulation signal within the

1 the
00-3

e 3.

usted
bd in
ation
shall
ignal

drive

—

ed. A
peak
ing a
shall

The resulti

d the

lower sideband(s) at fc - fs1 (and fc - fs2, if present) respectively shall be above the value defined in the
base standard, ISO/IEC 18000-3.

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).
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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
not higher than the value specified in ISO/IEC 18000-3 parameter table for interrogator to tag link
(reference M1-Int:3 for H__ and reference M1-Int:3afor H_. )

TITTIT

This fest shall use a reference tag as defined in Annex F to determine that a specific intertogator to be
testefl can supply a certain power to a tag placed anywhere within the defined operating vplume.

4.3.4{1.2 Test procedure

a) Hrocedure for H,, test:

1) Tune the reference tagto 13,56 MHz.

The resonant frequency of the reference tag is measured-by using an impedance apnalyzer or a
[JCR-meter connected to a calibration coil. The coil of the réference tag should be placed|at a distance
df 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 part of the measured complex impedance is at
maximum.

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

(O8]

) Sweep the reference tag coaxially witlr’the antenna through the defined operating volume of
the interrogator under test at a maxithum rate of 1 cm/s.

4) The DC voltage (V) across £esistor R3 (see Annex F) is measured with a high impedance
voltmeter and shall not exeeed 3 V where the load resistor parallel to the coil L is et to R2 and
the field strength equals\fy,, .

b) Hrocedure for H;, test:
1) Tune the referefice tag to 13,56 MHz.
2) Setjumper J1-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.

4) <The DC voltage (Vp) across resistor R3 is measured with a high impedance v¢ltmeter and
shall exceed 3 VVwhere the load resistor p:l}“’;\”ﬂ] tothe coil LLis set to R1 and the fileld Strength

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


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

ISO/IEC 18047-3:2022(E)

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.

4.3.4.2.2 Testprocedure

The calibrat
index and w
suitable osci

4.3.4.2.3

The testrep
and the over
the values d
reference M

i

on coil is positioned anywhere within the defined operating volume, and the modu
hveform characteristics are determined from the induced voltage on the coil display€
[lloscope.

[est report
rt shall give the measured modulation index of the interrogator field, the rise and fall

efined in ISO/IEC 18000-3 parameter table for interrogator totag link (reference M1
-Int:7d, figure M1-1 and figure M1-2).

4.3.4.3 Lojad modulation reception (informative only)

This is an in
test verifies
base standa
reception of

Annex G sha
sensitivity o

The pass/fai
to interrogaf
of conforma

4.4 Confo

4.4.1 Gen

The conform
of tags smal

Hirect test of the ability of the interrogator to recéive a minimum signal from the tag
that an interrogator correctly detects the loadunodulation of a tag that conforms t
rd, ISO/IEC 18000-3. It is supposed that the.interrogator has means to indicate ca
the sub-carrier(s) produced by a test tag.

ws a circuit which can be used in conjunction with the test apparatus to determin
f an interrogator to load modulation;within the defined operating volume.

[ condition is determined by theyalues defined in ISO/IEC 18000-3 parameter table f
or link (reference M1-Tag:7),Failure under this criterion shall not be interpreted as f3
hce for an otherwise conforming interrogator.

rmance tests for ISO/IEC 18000-3 Mode 2

bral

ance testsfor ISO/IEC 18000-3 Mode 2 are described independent of the tag size. For
er thanor equal to ID-1 all dimensions are specified in Annex A, while Annex B appli

jiation

ona

fimes

shoot values within the defined operating volume. The pass/fail condition is determined by

Int:7,

This
o the
rrect

e the

br tag
hilure

tests
bs for

all other casgs.
The manufaéturer—shat-speeify-the-tag-H—and-Hand-the-minimum-tag reply toad-modutation at
H..and H ;.

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);

10 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 18047-3:2022(E)

— 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

4.4.2

See 413.2.2.

.3 Test interrogator assembly

3.1 General

For I
inter

4.4.2

See 443.2.2.2.

50/IEC 18000-3 Mode 2 a resistance of 85 () shall be connected across the.'6utpu
fogator measurement circuit in Figure 2 (between P1 and ground).

3.2 Testinterrogator antenna

For I

tuning network. The components for the tuning network shall'be:

— (1 selected and adjusted such that the test interrogator antenna is series

— (J2toC4  omitted (open circuit);

For |

base

For I$0/1EC 18000-3 Mode 2,the’power driver output impedance is not constrained to 50
required to provide an adjustable range of modulation index for amplitude modulation.

Impdrtant — In orderto'avoid adverse effects on the measurement results due to re
connection between the power driver and the test interrogator antenna should be K|
as pgdssible.

4.4.2

See 4]34.373.

bO/IEC 18000-3 Mode 2 the impedance matching network\in Figure C.3 shall be alt

13,56 MHz;

ext zero (closed circuit).

max and H,, ;) and modulation as sp¢

standard, ISO/IEC 18000-3.

3.3 _Sense coils

4.4.2

t of the test

ered to be a

resonant at

50/1EC 18000-3 Mode 2, the power;driver, tuning network and test interrogator antenna shall
provide the manufacturer specified field strengths (H

bcified in the

Q and is not

flection, the
ept as short

.4 Assembly of test interrogator

See 4.3.2.4.

4.4.2

4.4.2

.5 Reference tags

.5.1 General

Reference tags are defined:

— t
t

otest H;,and H,,, produced by an interrogator (under conditions of loading by a tag
est 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 ISO/IEC
ISO/IEC 180

18000-3 Mode 2, the load switching signal shall be as per the base, Standard,
D0-3.

This referen
value of Rm

ce tag is calibrated using the procedure described in 4.4.3.2. Adjusting’or modifyin
d1 and Rmod?2 (see Annex G) sets the tag reply load modulation amplitude.

g the

4.4.2.5.4 Dimensions of the reference tags
See 4.3.2.5.4

4.4.3 Functional test — Tag

4.4.3.1 Purpose

rithin
ation

of this test is to determine the amplitude,of the tag reply load modulation signal W
operating field strength range (H,,;,, ¥,,,) and functionality of the tag with modu

max.

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

The purposg
the specified
under emittg

4.4.3.2 Teptprocedure

This test usds the test interrogator assembly (see 4.4.2.3).

ed to

The RF pow,
the required
without any|
sampling os
This signal

The tag und
the test inte

er delivered by the signal generator to the test interrogator antenna shall be adjust

tag. The output'of the load modulation test circuit of Figure 2 is connected to a d
Cilloscope. The'50 () potentiometer P1 shall be trimmed to minimise the residual c3
hall be at least 40 dB lower than the signal obtained by shorting one sense coil.

br test shall be placed in the DUT position, concentric with sense coil A. The RF driv
'Togator antenna shall be re-adjusted to the required field strength. The output of the

field strength andemodulation waveforms (see 4.4.4.2) as measured by the calibratiopn coil

igital
rrier.

b into
b load

modulation {

est eircuit shall then be connected via a coax cable to a 50 () input spectrum analyser]

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

4.4.411.2 Test procedure
See 43.4.1.2.

4.4.4{1.3 Testreport

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

4.4.4/2.1 Purpose

This ftest is used to determine the phase shift waveform characteristics of the interrogator field as
definpd in the base standard, ISO/IEC 18000-3, within the defined operating volume.

4.4.412.2 Test procedure

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

An upmodulated 13,56 MHz refererice signal (synchronous with the 13,56 MHz interrogatgr clock) and
the cplibration coil output are both connected to a phase discriminator. The interrogat¢r shall have
means to provide such reference signal. The phase shift waveform characteristics are digplayed on a
suitaple oscilloscope via the discriminator output.

4.4.4/2.3 Testreport

The test reportshall give the measured phase shift times.

4.4.43 JLead modulation reception

This |s'an 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 reply load modulation of a tag, which conforms to
the base standard, ISO/IEC 18000-3. It is supposed that the interrogator has means to 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.

© ISO/IEC 2022 - All rights reserved 13
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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 pr an
interrogator|according to the base standard, ISO/IEC 18000-3. The test apparatus includes:

— calibratjon coil (see 4.5.2.2)
— testinterrogator assembly (see 4.5.2.3)

— referende tag (see 4.5.2.5)

— digital shmpling oscilloscope (see 4.5.2.6).
4.5.2.2 Callibration coil

4.5.2.2.1 Size of the calibration coil

The calibratiion coil PCB consists of an area, which has'the height and width defined in Figlire 5
containing alsingle turn coil concentric with the tag gutline.

C

Key
A coil cax db, 1 turn
B  connectigns

C outline otxvh

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

4.5.2.3.1 General

The tpst interrogator assembly for load modulation consists of an interrogator antenna and two parallel
sensg coils: sense coil A and sense coil B. The test set-up is shown in Figure 6. Thé)|sehse coils are
conng¢cted such that the signal from one coil is in opposite phase to the other. The 50 potenptiometer P1
servgs to fine adjust the balance point when the sense coils are not loaded by a tagor any magnetically
coupled circuit. The capacitive load of the probe including its parasitic capacitance shall|be less than
14 pH

The fapacitance of the connections and oscilloscope probe should be kept to a minimum for
reprdducibility.

Key

A ipterrogater’antenna

B spnselcoil B

C spnse’coil A

D identical length of twisted pairs of less than Ix mm
E 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
equal to the distance between the calibration coil and the coil of the test interrogator antenna.

Ay dic

1C
Uulo Uuilo

Key

A DUT

B sense coil A

C interrogator antenna
D sense coil B

E calibratidn coil

NOTE1 THe asp air spacing.avoids parasitic effects such as detuning by closer spacing or ambiguous results
due to noise and other environmental effects.

NOTE 2  The values fot.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
can be chosen to be resistive or reactive.

This referenece-tagis-ealibrated-by-using-the-testinterrogaterassembly-asfeHews:
The reference tag is placed in the position of the DUT. The load modulation signal amplitude|is measured
as depcribed in 4.5.3. This amplitude should correspond to the minimum amplitudé given pelow for all
field $trength values between H,;, and H, .

The Ipad modulation shall be at least 10 mV for ISO card sized tags (ID1), for other label fori factors the
label manufacturer shall specify the minimum load modulation.

4.5.2|5.4 Dimensions of the reference tags

The 1eference tag which is used for the measurements shall bé-described in the measurement report.
Figurne 8 shows as an example an [SO card sized reference tagawhich consists of an area containing a coil
which has the same height and width as those defined in JSO/IEC 7810 for ID-1 type.

An arjea external to this, containing the circuitry that’emulates the required tag functions/is appended
to allpw insertion into the test set-ups described belew and so as to cause no interference fo the tests.

C

Key
A cpil

B ekample outline ISO/IEC 7810 ID-1 type
C 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 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
as windowi

is shown in 4

4.5.3 Fun

4.5.3.1 Pu

The purpossg
operating fi
functionality
parameter t

4.5.3.2 Te
Step 1: Use t

The RF pow
to produce
ISO/IEC 180
load modulg
potentiomet
lower than t

Step 2: The t
into the test

Care should

The measuy
Manchester,
847,5 kHz (fi

Exactly two
discrete Fou

out

put the sampled data as a text file to facilitate mathemati

cal and other operation

nnex H.
ctional test - tag

rpose

eld range (H,,;,, Hpna) as specified in the base standard, 4S©/IEC 18000-3 an
r of the tag with the modulation under emitted fields as-defined in ISO/IEC 18

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

5t procedure
he load modulation test circuit of Figure 2 and thie tést interrogator assembly of Figur

er delivered by the signal generator to the.test interrogator antenna shall be adj
the required field strength (H,;, and@,,,) and modulation waveforms defin
00-3 mode 3 as measured by the calibration coil without any tag. The output ¢
tion test circuit of Figure 6 is coniiected to a digital sampling oscilloscope. The
er P1 shall be trimmed to minimise‘the residual carrier. This signal shall be at least 1

he signal obtained by shorting ene sense coil.

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

be taken to apply asproper synchronization method for low amplitude load modulatio

ement shall be jcarried out for 4 sub-carrier pulse Manchester, 2 sub-carrier
8 sub-carrier'\pulse Miller am FMO signalling for link frequencies of 423,75 kHz (fc/32

/16).

sub-earrier cycles of the sampled modulation waveform shall be Fourier transform
riér transformation with a scaling such that a pure sinusoidal signal results in its

s such

jmme

of this test is to determine the amplitude of the tag load modulation signal within the

1 the
00-3

e 7.

usted
bd in
f the
50 Q
10 dB

drive

pulse

) and

ed. A
peak

magnitude s

all'be used

To minimize

transient effects, in case of:

modulation period shall be avoided;

avoided.

Manchester coded sub-carrier signalling: a sub-carrier cycle immediately following a non-

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

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 amplitudes of the upper sideband at fc + fs and the lower
sideband at fc - fs and the applied fields and modulations. The pass/fail condition is determined by the
folloyimgtomditiom:

The

label manufacturer shall specify the minimum load modulation.

4.5.4] Functional test — interrogator

4.5.4/1 Interrogator field strength and power transfer

4.5.4/1.1 Purpose

This

opergting volume as defined in accordance with the base-standard, ISO/IEC 18000-3 1

test

procedure of 4.5.4.1.2 is also used to determine that the interrogator with its speci

generates a field not higher than the value specified ifilSO/IEC 18000-3 parameter table for

to tag link (reference M3-Int:3 for H,,, and reference M3-Int:3a for H

This

min)'

fest uses areference tag as defined in Annéx F to determine that a specific interrogatoi

is able to supply a certain power to a tag placed anywhere within the defined operating vo

4.5.411.2 Test procedure

a)

b)

Hrocedure for H,,, test:

Juny

) Tune the reference tag/to 13,56 MHz.

he resonant frequéncy of the reference tag is measured by using an impedance analy|
heter connected-to’/a calibration coil. The coil of the reference tag should be placed
f 10 mm from the calibration coil, with the axes of the two coils being congruent. 'l
Fequency is that frequency at which the resistive part of the measured complex imy
haximum.

S 0o 9 -

DD

) _SevJumper ]1 to position b to activate R2 (see Figure F.1).

lpad modulation shall be atleast 10 mV for ISO card sized tags (ID1), for other labekferin factors the

test measures the field strength produced by an intekrogator with its specified aptenna in its

mode 3. The
fied antenna
interrogator

to be tested
ume.

ser or a LCR-
ht a distance
'he resonant
edance is at

J—Sweep-thereferencetagcoaxtatty with-threantenma-through-thedefined-operatt
the interrogator under test at a maximum rate of 1 cm/s.

4)

1g volume of

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

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 .
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.
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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

min

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

min)'

4.5.4.2 Modulation index and waveform

4.54.2.1

This test is
fall times an
volume.

4.54.2.2

The calibrat
index and w

4.54.2.3

The test rep¢rt shall give the measured modulation index.of'the interrogator field, the rise and fall
shoot values within the defined operatingolume. The pass/fail condition is determined by

and the over
the values djf

4.5.4.3 Load modulation reception (informative only)

This is an in
test verifies
base standa
correctrece

Annex G shd
sensitivity o

The pass/fai
criterion shg

The load mo

urpose

sed to determine the index of modulation of the interrogator field as well as the ris
d the overshoot values as defined in ISO/IEC 18000-3 mode 3 within theidefined opef

'est procedure

on coil is positioned anywhere within the defined operating)volume, and the modu

[est report

pfined in ISO/IEC 18000-3 mode 3.

Hirect test of the ability of the fiterrogator to receive a minimum signal from the tag
that an interrogator correCtly detects the load modulation of a tag that conforms ft
rd, ISO/IEC 18000-3 mode 3. It is supposed that the interrogator has means to ing
btion of the sub-carrjer.produced by a test tag.

ws a circuit which) can be used in conjunction with the test apparatus to determin
f an interrogatorto load modulation within the defined operating volume.

| conditionds determined by a tag signal having the values defined below. Failure unde
1l not be-interpreted as failure of conformance for an otherwise conforming interrogs

Hulation shall be at least 10 mV for ISO card sized tags (ID1), for other label form facto

e and
ating

ation

hveform characteristics are determined from the induced voltage on the coil displayed on a
suitable osciflloscope.

fimes

This
o the
licate

e the

r this

itor.

s the

label manuf3

cturershall cpnrif}r the minimum load modulation
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Annex A
(normative)

Test setup parameters and dimensions for tags smaller than or

equal to an ISO/IEC 7810 ID-1 outline

to or smaller

4 Q.

S a resonant

A.1 |General
This pnnex describes guidelines for the modification of the test set-up, if RFID tags‘equal
than [D-1 size are to be measured.
A.2 |Calibration coil
Table A.1 — Definition of calibration coil for ID>1 or smaller

Symbol Value

oa defined in ISO/IEC 7840 for ID-1 type

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

ca 72 mm (+2 %)

ch 42 mm (£2:%)

co 5 mm (£2:%)
NOTH1 The area over which the field is integrated is approximately 3 000 mm?2.
NOTH2 At 13,56 MHz the approximate jnductance is 250 nH and the approximate resistance is
NOTH3 A parasitic capacitance of ‘the probe assembly of less than 35 pF normally ensurg
frequency for the whole set of greatérthan 60 MHz.
The gpen circuit calibration factor for this coil is 320 mV (rms) per A/m (rms) [equivalent to 900 mV
(peak-to-peak) per A/mefrms)].
A.3 |Test interrogator assembly

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

Symbol Value

asp 3 mm

Ix 150 mm

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 %)

© ISO/IEC 2022 - All rights reserved
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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 2-27pF

Roxt 54,7 (parallel) Q

A.7 Sense coil

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

Symbol Value
lya 170 mm
lyb 170 mm
sa 70 mm
.)l’l 100 TIIIIT
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

B.1 General

This annex describes guidelines for the modification of the test set-up, if RFID tags larger|than ID-1 size
are t¢ be measured.

B.2 |Calibration coil

B.2.1 General
oa, oh:

The dalibration coil PCB shall be of a suitable size to carry thetsingle turn calibration coil and printed
conng¢ctions.

ca, ch co:

The dingle turn calibration coil shall be of the same shape and dimensions as the RFID [tag Antenna
undef test.

NOTH A parasitic capacitance of the probé\assembly of less than 25 pF normally ensur¢s a resonant
frequency for the whole set of greater than 60-MHz for ca = 81 mm and cb = 47 mm. A parasitic ¢apacitance of

the pobe assembly of less than 15 pF norm@lly ensures a resonant frequency for the whole set of greater than
60 MHz for ca = 125 mm and cbh = 73 mm.

B.2.2 Calibration factor

The dpen circuit calibration factor k. of the calibration coil can be calculated as shown in F¢ormula (B.1):
1

kK =——— (B.1)
c
221p@p 4,
wherp
K. , (is'the calibration factor of the calibration coil [ A/m (rms) per Volt (peak to peak] |;
0 iD thC pPtl uu::abi}it_y cqua} tU ‘Al‘ A TUA 10-7 [‘V’D /I Alll] fUl fl co oSpdlLt,

wy 27 fy (fy = system frequency of the RFID system [Hz]);

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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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 length o
than 1,5 tim

dis:

The distanc
modulation

f the test interrogator assembly connection cable shall be as short as possible but not|1
es the distance between the test interrogator antenna and the sense coils.

bf the tag under test is negligible at the position of the calibration coil

B.4 Reference tag

nr:

The referend

ar, br:

The outer sij

wr, Sr:

The referend

B.5 Testi

lya, lyb:

The test Intg
the impedan

lyd:

The diametsg
dimension o

lyw:

e tag number of turns shall equal those of the RFID tag.antenna under test.

re of the coil shall equal that of the RFID tagiantenna under test.

e tag track width and track spacingshall equal those of the RFID tag antenna under t

nterrogator antenna

rrogator antenna PEB shall have a suitable size to carry the test interrogator antenn
ce matching network.

br of the_test interrogator antenna shall be approximately twice the maximum I
F the REID tag antenna under test.

e between the test interrogator antenna and the sense coils shall be chosen so th:

bnger

it the

pst.

a and

inear

The test interrogator coil track width shall be sufficient to carry the current and maintain thermal

stability for t

24

he materials being used.
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B.6 Impedance matching network

R
o = I C s ext
Z ! Cp Rant
— > =
Lant
O

Figure B.1 — Impedance matching network

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

L, .o
— ant *Y0 (B 3)
Rexe +Rant

O

wherg

R is the external resistor to limit the quality factor of theantenna;

ext

1) is the inductance of the test interrogator antenna;

ant

R is the resistance of the test interrogator antenna;

ant

@y 27 fo (fp = system frequency of the REID system [Hz]);

Note[the quality factor Q needs to be limited\to guarantee the rise and fall times of modiilation pulse
definged in the base standard (typically Q<=30).

The impedance matching network canbe calculated as shown in Formula (B.4):

Lant O
_ “ant™0
Rext = T (B4)
wherp

R..: isthe external resistor to limit the quality factor of the antenna;
L., isgheinductance of the test interrogator antenna;
R,n. C is the resistance of the test interrogator antenna;

N D £ (£ — cuctars frnoioner of b a DOIN ooty TIT-10

0 AIDJO U0 = J]OL\'lll L \,\.1u\,u\._y VI LIIC INT 11D O_yol-\'lll LIILJJ,
Q is the quality 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 +Rane )
S

where

C,  Serial capacitance of the impedance matching network

C, Parallel capacitance of the impedance matching network

Z, Infpedance of the Impedance matching network, 50 {1
NOTE Suftable C; and C, need sufficient voltage rating (up to 200 V for an antenna as defined in A.2)"Sditable
R,,; need a low inductance resistor and sufficient power rating (close to 2 W for a field of 5 A/m and-up tg 10 W
for 12 A/m in|case of an antenna as defined in Annex A.)
B.7 Sense coil
lya, lyb:
The sense cdil PCB shall be of a suitable size to carry the single turn sease-coil and printed connections.

sa, sb, rs:

The sense cdil shall be of the same shape and approximately 1/3larger than the RFID tag antenna yinder
test.

B.8 Reference tag for interrogator power test

C3 (see Anngx F):

The value of
(depending

C3 has to be chosen so that the resonance circuit can be tuned to the RFID system freqliency
n the inductance of the referernce tag coil).

The resonan
meter conne
10 mm from
is that frequ

t frequency of the refefence tag is measured by using an impedance analyser or a
cted to a calibration coil. The coil of the reference tag should be placed at a distar

bncy at which theresistive part of the measured complex impedance is at maximum.

LCR-
1ce of

the calibration coilswith the axes of the two coils being congruent. The resonant freqjiency

R1, R2 (see Annex F):

The value of|R1 canibe’ascertained with the following procedure.

Tune the ref] Place
the referenc 5t 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 R1

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

erénce tag to the RFID System frequency. Set Jumper J1 to position a to activate R1.
p tag in the position of the REID tag under test in the test interrogator assemhbly Adju

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

C.1 Layoutincluding impedance matching network

lya A

Qi

B <
=
v
lyd
Key
A impedance matching network
B gEound compensation«coil
C aptenna coil
NOTE Drawingsivare not to scale. The antenna coil track width is lyw (except for through-plated holes).

Starting from the impedance matching network there are crossovers every 45°.PCB: FR4 matetial thickness
1,6 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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0 -

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

C.2 Impedance matching network

The antennd impedance (R,,,, L,,,) is matched to the function generator output impedance (Z = 50 Q)
by a matching circuit (see below). The capacitors C1, C2 and C3 have fixed values. The input imped¢ance
phase can bg adjusted with the variabl€.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 and
with the maximum power dissipation on the resistor R,,,. In case of tags smaller than or e:ﬂ;al to
an ISO/IEC 7810 ID-1 outline,/where the test interrogator antenna is defined in A.5, the limijits of
the individyal components-can reach:

— 200 Vin|voltage rating for the capacitors,

— approxi]:ately 2 W dissipated on R,,, for a field value of 5 A/m,

— approxi ately 10 W diqqipn‘rpd on Rm for a field value of 12 Al/m

The linear low distortion variable output 50 () power driver should be capable of emitting appropriate
signal sequences. The modulation index 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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s

Rev |
C1 ext
o——A|
Z=500Q c2 c3| ca Rae
—— >
Lant

A 50 Q power driver
B  impedance matching network
C aptenna coil

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

Test interrogator antenna tuning

Figure D.1 and Figure D.1 show the two steps of a simple phase tuning procedure to match the

impedance of the antenna to that of the driving generator. After the two steps of the tuning procedure

the signal gd
Step 1:

A high preci
signal gener

two sides of
to X present

Wave fo
Frequen|
Amplity

The output i
resistor). Th

A calibration capacitance C_,; in parallel to the reference'resistor compensates this probe capac

C

cal

= Cprobe'

nerator shall be directly connected to the antenna output for the tests.

bion resistor of 50 Q 1 % (e.g. 50 Q BNC resistor) is inserted in the signal line’betwee
htor output and an antenna connector. The probes of the oscilloscope are,connected {
the serial reference resistor. The oscilloscope displays a Lissajous figure when it is se
hition. The signal generator is set to:

'm: Sinusoidal
cy: 13,56 MHz
de: 2V (rms)-5V (rms)

5 terminated with a second high precision resistorof 50 0 +1 % (e.g. 50 Q BNC termin
e probe, which is in parallel to the output connegtor has a small parasitic capacitance (

The probe capacitor is compensated when‘the Lissajous figure is completely closed.

n the
o the
tinY

ating

probe:
tor if

30
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A
T % B
\\!' v e /
r‘ ,/
T ¥ ]
¥
\ _______ , x Y
| R =508 50 O
: ! —
. ! —
13,56 MHz 50 O
: : Ccal = Cprobe 1
),
: :;C - Q\
_________ - Cprobe? '\%
O
Key
A c|osed figure: phi=0
B apgle corresponding to 50 Q
C oscilloscope
D sjgnal generator

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

The ground cable should be run close_tothe probe to avoid induced voltages caused by {

field.
Step

2:

Using the same values as set for step 1, in the second step the matching circuitry is conp
anterjna output. The capacitor C4 on the antenna board is used to tune the phase to zero.

he magnetic

ected to the
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Key
A

™ m g O W

32

closed fig

angle corfesponding to 50 Q

oscillosc

signal geherator
impedan¢e matching network

antenna

ure: phi=0

pe

oil

Figure D.2 — Calibration set-up (Step 2)
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Sense coil

E.1 Sense coil layout

lya

_|_
sb
lyb

Ly

sa

Key
A  cpnnections

Drawings are not to scale. The sense coil trackawidth is 0,5 mm 20 % (except for through-plated holef). Sizes of the
coils 1lefer 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
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Sense coil assembly

Key

g o w >

34

connecti

test interpogator antenna

sense coi
sense coi

ns

a
b

Figure E.2 — Sense coilassembly

13,56 MHz

R
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