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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 ¢

ommittees collaborate in fields of mutual interest. Other international organizations, governmental

and non-g
technology

Internation

The main
Standards
an Internat

In exceptio
of one of th

— type 1
despit

— type 2
future

— type 3
norma

Technical
they can b
be reviewe

Attention i
rights. ISO

ISO/IEC TH
ISO/IEC JT
techniques

ISO/IEC TH
frequency

— Part3

pvernmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
task of the joint technical committee is to prepare International Standards. Draft Internatignal
adopted by the joint technical committee are circulated to national bodies for veéting. Publication as

onal Standard requires approval by at least 75 % of the national bodies casting a vote.

hal circumstances, the joint technical committee may propose the publication of a Technical Report
e following types:

when the required support cannot be obtained for the publication of an International Standard,
b repeated efforts;

when the subject is still under technical developmentr where for any other reason there is|the
but not immediate possibility of an agreement on an-lniernational Standard;

when the joint technical committee has collected data of a different kind from that which is
ly published as an International Standard (“state of the art”, for example).

Reports of types 1 and 2 are subject to.review within three years of publication, to decide whether
b transformed into International Standards. Technical Reports of type 3 do not necessarily have to
d until the data they provide are considered to be no longer valid or useful.

drawn to the possibility that'seme of the elements of this document may be the subject of patent
and IEC shall not be heldresponsible for identifying any or all such patent rights.

R 18047-3, which issa~Technical Report of type 2, was prepared by Joint Technical Commiftee

C 1, Information.\technology, Subcommittee SC 31, Automatic identification and data capfure

R 18047 eonsists of the following parts, under the general title Information technology — Radio
dentification device conformance test methods:

TeSt methods for air interface communications at 13,56 MHz

— Part 4: Test methods for air interface communications at 2,45 GHz

Test methods for air interface communications below 135 kHz, at 860 MHz to 960 MHz, and at 433 MHz will
form the subjects of future Parts 2, 6 and 7, respectively.

© ISO/IEC 2004 — All rights reserved
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Introduction

ISO/IEC 18000 defines the air interfaces for radio frequency identification (RFID) devices used in item
management applications. Part 3 of ISO/IEC 18000 defines the air interface for these devices operating in the
13,56 MHz Industrial, Scientific, and Medical (ISM) band and used in these applications.

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

Eag¢h part of ISO/IEC TR 18047 contains all measurements required to be made on a product |[in order to
estpblish whether it conforms with the corresponding part of ISO/IEC 18000. For ISO/IE€ TR 18(047-3, each
product needs to be assessed following either the procedure defined for Mode 1 or forMade 2.

© ISO/IEC 2004 — All rights reserved \
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ISO/IEC TR 18047-
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Information technology — Radio frequency identification device
conformance test methods —

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

1

Thi
ide
cor
req

The test methods require only that the mandatory functions, and any optional functions

imp
Spe

Thi

Cla
cla

2

ref
dog

1Sd

ip part of ISO/IEC TR 18047 does not include‘the following:

ThI following .referenced documents are indispensable for the application of this document.

Scope
5 part of ISO/IEC TR 18047 defines test methods for determining the conformahce of radig
ntification devices (tags and interrogators) for item management with the(specifications g

responding part of ISO/IEC 18000, but does not apply to the testing of conformity with regulator
pirements.

lemented, be verified. This may, in appropriate circumstancesbe* supplemented by further,
cific functionality criteria that are not available in the general case!

mode-specific conformance parameters including aominal values and tolerances; and

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

parameters that are already includediin regulatory test requirements; and
high-level data encoding conformance test parameters (these are specified in ISO/IEC 15962),

use 5 describes all necessary conformance tests, while clause 5.3 applies to Mode 1 produc
ise 5.4 applies to Mode, 2-products only.

Normative references

rences, ,only the edition cited applies. For undated references, the latest edition of the
ument (ineluding any amendments) applies.

/IEC 7810, Identification cards — Physical characteristics

5 part of ISO/IEC TR 18047 includes the following interrogator and tag conformance parameters;

frequency
ven in the
y or similar

which are
hpplication-

s only and

For dated
referenced

ISO/IEC 18000-1, Information technology — Radio frequency identification for item management — Part 1:
Reference architecture and definition of parameters to be standardized 1)

ISO/IEC 18000-3, Information technology — Radio frequency identification for item management — Part 3:
Parameters for air interface communications at 13,56 MHz 1)

ISO/IEC 19762 (all parts), Information technology — Automatic identification and data capture techniques —
Harmonized vocabulary 1)

1

To be published.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 (all parts) apply.

4 Symbols and abbreviated terms

ar reference tag width

asp air spacing

br reference tag neignt

ca calibration coil width

cb calibration coil height

co calibration coil corner radius

dis distance between test interrogator antenna and sense coils
DUT device under test

fc frequency of the operating field

fs frequency of sub-carrier

H,ax maximum field strength of the interrogator antenna field
Hoin minimum field strength of the interrogator<antenna field
Ix length of test interrogator assembly conhection cable
lya test interrogator and sense coil REB width

lyb test interrogator and sensge coil PCB height

lyd test interrogator coildiameter

lyw test interrogator.coil track width

nr number of turns of reference tag

oa calibration coil outline width

ob calibration coil outline height

PCB printed circuit board

rs sense coil corner radius

sa sense coil width

sb sense coil height

sr reference tag track spacing

wr reference tag track width

2 © ISO/IEC 2004 — All rights reserved
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5

5.1

ISO/IEC TR 18047-3:2004(E)

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

General

This part of ISO/IEC TR 18047 specifies a series of tests to determine the conformance of interrogators and
tags. The results of these tests shall be compared with the values of the parameters specified in
ISO/IEC 18000-3 to determine whether the interrogator or tag under test conforms.

Unless otherwise specified, the tests in this document shall be applied exclusively to RFID tags and
interrogators defined in ISO/IEC 18000 Part 3 Mode 1 and Mode 2.

5.2
5.2

Unl
(73

5.2

WHh
tot

5.2
Unl
Sp€
tes
5.2
Re

5.2

Default conditions applicable to the test methods
1 Test environment

ess otherwise specified, testing shall take place in an environment of terperature 23
°F +/- 5 °F) and of relative humidity 40 % to 60 %.

2 Pre-conditioning

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

3 Default tolerance

ess otherwise specified, a default tolerance of +/- 5 % shall be applied to the quantity valu
cify the characteristics of the test equipment (e.g. linéar'dimensions) and the test method proce
equipment adjustments).

4 Spurious inductance

bistors and capacitors should have negligible inductance.

5 Total measurement uncertainty

The total measurement uncertainty for each quantity determined by these test methods shall be s

tes

NO
ISB

5.3

5.3

report.

= Basic information. is given in “ISO Guide to the Expression of Uncertainty in Me
N 92-67-10188-9, 1993;

Conformance tests for ISO/IEC 18000-3 Mode 1

1 General

tag
An

stnaller or equal to ID-1 (as defined in ISO/IEC 7810) all dimensions are specified in Ann

°C+/-3°C

conditioned

bs given to

dures (e.g.

ated in the

asurement”,

For tests of
bx A, while

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

applies to farger tags.

5.3.2 Test apparatus and test circuits

This clause 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 5.3.2.1)

- Testinterrogator assembly (see 5.3.2.2)

- Reference tag (see 5.3.2.4)

- Digital sampling oscilloscope (see 5.3.2.5).

These are described in the following clauses.

© ISO/IEC 2004 — All rights reserved
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5.3.2.1 Calibration coil
This clause defines the size, thickness and characteristics of the calibration coil PCB.

5.3.2.1.1  Size of the Calibration coil

The calibration coil PCB consists of an area, which has the height and width defined in Figure 1 containing a

single turn coil concentric with the tag outline.

Outline oa x ob

v

, connections
Coil cax ch

1 turn

o /

Figure 1 — Example calibration coil

5.3.2.1.2 | Thickness and material of the calibration coil substrate

The thickngss of the calibration coil PCB shall be 0,76 mm +/- 10(%. It shall be constructed of a suitd
insulating material such as FR4 or equivalent.

5.3.2.1.3 | Coil characteristics

The coil on the calibration coil PCB shall have one tdfn. The outer size of the coil shall be as define
Figure 1 with a corner radius co.

The coil is|made as a printed coil on PCB plated”with 35 um copper. Track width shall be 500 um +/- 20
The size ofithe connection pads shall be 1,5amm x 1,5 mm.

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

5.3.2.2 est interrogator assembly

The test inferrogator assembly for load modulation consists of an interrogator antenna and two parallel se
coils: sens¢ coil A and'sense coil B. The test set-up is shown in Figure 2. The sense coils are connected s
that the signal from~one coil is in opposite phase to the other. The 50 Q potentiometer P1 serves to fine ad
the balance point when the sense coils are not loaded by a tag or any magnetically coupled circuit.

ble

l in

%.

age
be

hse
uch
ust
he

capacitive loadof the probe including its parasitic capacitance shall be less than 14pF.

IMPORTANT The capacitance of the connections and oscilloscope probe should be kept to a minimum for reproducib

4 © ISO/IEC 2004 — All rights rese
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sense coil B + _ +
XX u
° K - . 220 Ohm
4 \ \
T
identical length P1
twisted pairs of less 50 Ohm
than Ix mm L
220 Ohm
Interrogator
t robe
antenna sense coil A N + P
M@M XX \
[ ] - - k--"
r a
to
oscilloscppe
\_ J

Figure 2 — Example test set-up

5.3]2.2.1 Test interrogator antenna

Th
An

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

5.3|]2.2.2 Sense coils

Th

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

5.3|12.3 Assembly of test interrogator

Th

antenna coils shall be eceaxial and the distance between the active conductors shall be as defined

Th

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

distance between the coil in the DUT and the coil of the test interrogator antenna shall be ¢

disfance between the/calibration coil and the coil of the test interrogator antenna.

rawings in

sense and
n Figure 3.
qual to the

© ISO/IEC 2004 — All rights reserved
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active
| conductors

‘//

[ dis > ds

T

DUT

™

NOTE
noise and of

5.3.24

Reference

to
te

— to
5.3.2.41

The schem
in order to
adjusted w

5.3.2.4.2

A suggests
be chosen

This refere

The refere

/

asp air calibration coil
spacing
sense coil a Interrogator sense coil b
antenna

The asp air spacing avoids parasitic effects such as detuning by closer spacing.or ambiguous results du
her environmental effects.

Figure 3 — Test interrogator assembly

Reference tags
tags are defined

test Hnin and Hpax produced by an interrogator {under conditions of loading by a tag) and thu
5t the ability of an interrogator to power a tag

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

atic for the power test is shown in Annex F. Power dissipation can be set by the resistor R1 or
measure H,,, and H,,.x respéctively as defined in clause 5.3.4.1.2. The resonant frequency car
th C2.

Reference tag for'load modulation reception test

d schematic for the load modulation reception test is shown in Annex G. The load modulation
to be resistiveror reactive.

nce tag-is Calibrated by using the test interrogator assembly as follows:

e to

to

R2,
be

can

as

ncettag is placed in the position of the DUT. The load modulation signal amplitude is measured

described

n clause 2.3.5. T'his amplitude should correspond to the minimum amplitude at all values ot 1

strength required by the base standard, ISO/IEC 18000-3.

5.3.24.3

Dimensions of the reference tags

ield

The reference tag which is used for the measurements has to be described in the measurement report.
Figure 4 shows as an example an ISO card sized reference tag which 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 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 interference to the tests.

© ISO/IEC 2004 — All rights rese
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5.3

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

5.3

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

out

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

The coil is printed on PCB plated with 35 um copper.

Tra

5.3

The digital sampling oscilloscope shall be capable of/sampling at a rate of at least 100 million s

sed
out
the
5.3

5.3

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

fiel
the

(reference M1-Tag:7).

5.3

Ste

ISO/IEC TR 18047-3:2004(E)

Example outline 1ISO/ Coil

IEC 7810 ID-1type ~— > Circuitry

< 172 mm ——

Figure 4 — Example of an ISO card sized reference tag

244 Thickness of the reference tag board

2.4.5 Coil characteristics

ine.

ck width shall be wr and spacing shall be sr.

2.5 Digital sampling oscilloscope

ond with a resolution of at least 8 bits at optimufa_scaling. The oscilloscope should have the ¢
sampled data using external software programmes. An example of the programme is shown in
3 Functional test — tag

3.1 Purpose

il range [Hmin, Hmax] @s spécified in the base standard, ISO/IEC 18000-3 and the functionality of {
modulation under emitted fields as defined in ISO/IEC 18000-3 parameter table for tag to inter

3.2 Test procedure

p 1: The lead modulation test circuit of Figure 2 and the test interrogator assembly of Figure 3 a

Th
the
me

RF(power delivered by the signal generator to the test interrogator antenna shall be adjusted

rea

amples per
apability to

put the sampled data as a text file to facilitate;mathematical and other operations such as windowing on

A\nnex H.

b operating
he tag with
rogator link

e used.

to produce
8000-3 as

required field strength (H.i, and H..x) and modulation waveforms defined in ISO/IEC 1

Figure 2 is

connected to a digital sampling oscilloscope. The 50 Q potentiometer P1 shall be trimmed to minimise the
residual carrier. This signal shall be at least 40 dB lower than the signal obtained by shorting one sense coil.

Step 2: The tag under test shall be placed in the DUT position, concentric with sense coil A. The RF drive into

the

test interrogator antenna shall be re-adjusted to the required field strength.

IMPORTANT Care should 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. A discrete
Fourier transformation with a scaling such that a pure sinusoidal signal results in its peak magnitude shall be
used. To minimize transient effects, a sub-carrier cycle immediately following a non-modulating period must

© ISO/IEC 2004 — All rights reserved
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be avoided. In case of two sub-carrier frequencies this procedure shall be repeated for the second sub-carrier
frequency.

The resulting amplitudes of the upper sideband(s) at fc + fs7 (and fc + fs2 if both are present) and 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.

5.3.33 t report

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

5.3.4 Functional test — interrogator

5.34.1 nterrogator field strength and power transfer

5.3.4.1.1 | Purpose

This test measures the field strength produced by an interrogator with dts-specified antenna in its operating

volume as
5.34.1.2is
than the v4g

defined in accordance with the base standard, ISO/IEC 48000-3. The test procedure of cla
also used to determine that the interrogator with its specified antenna generates a field not hig
lue specified in ISO/IEC 18000-3 parameter table for,interrogator to tag link (reference M1-Int:3

use
her
for

Hax and rgference M1-Int:3a for H,,;,).

This test uges a reference tag as defined in Annex F to determine that a specific interrogator to be testef is
able to supply a certain power to a tag placed anywhere within the defined operating volume.

5.3.4.1.2 | Test procedure

Procedure [for Hay test:

1. Tune thg reference tag to 13,56 MHz,

NOTE The resonant frequency of the reference tag is measured by using an impedance analyser or a LCR-mieter
connected tp a calibration coil. The oil-of the reference tag should be placed at a distance of 10 mm from the calibrdtion
coil, with thg axes of the two coils-being congruent. The resonant frequency is that frequency at which the resistive part of

the measurg
2. Set Jum

3. Sweep t
under test

d complex impedance’is at maximum.
ber J1 to position b to activate R2.

ne referenee tag coaxially with the antenna through the defined operating volume of the interrog
bt a Maximum rate of 1 cm/s.

ator

4. The DC

mlfngn (\/Du) across resistor R3 (Annm( F) is measured with a high imppdnnr‘p vaoltmeter and

all

not exceed

3 V where the load resistor parallel to the coil L is set to R2 and the field strength equals H,,ay.

Procedure for H,, test:

1. Tune the reference tag to 13,56 MHz.

2. Set Jumper J1 to position a to activate R1.

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 (Vpc) 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 Hy,.

© ISO/IEC 2004 — All rights rese
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5.3.41.3 Testreport

The test report shall give the measured values for Vpc at Hni, and H,.x 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,,;,).
5.3.4.2 Modulation index and waveform
5.3.4.21 Purpose

(ref

5.3

erence M1-Int:7, reference M1-Int:7d, figure M1-1 and figure M1-2) within the defined operating

4.2.2 Test procedure

d fall times
r to tag link
volume.

The calibration coil is positioned anywhere within the defined operating volume, andthe modulation index and

wa
0s(d

5.3

The test report shall give the measured modulation index of the intefrogator field, the rise and fal

the
def]
Int:

5.3
Thi

ver
ISd

eform characteristics are determined from the induced voltage on the coil displayed on
illoscope.

423 Testreport

overshoot values within the defined operating volume. The pass/fail condition is determined by
/d, figure M1-1 and figure M1-2).

4.3 Load modulation reception (informative only)

5 is an indirect test of the ability of the interrogator to receive a minimum signal from the ta
fies that an interrogator correctly detects thedoad modulation of a tag that conforms to the bas
/IEC 18000-3. It is supposed that the interrogator has means to indicate correct reception

a suitable

times and
the values

ned in ISO/IEC 18000-3 parameter table for interrogator‘to*tag link (reference M1-Int:7, ref¢rence M1-

j. This test
e standard,
bf the sub-

carfier(s) produced by a test tag.

Anmex G shows a circuit which can_bg used in conjunction with the test apparatus to determine the¢ sensitivity

of gn 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 tablg for tag to
intgrrogator link (reference. M1-Tag:7). Failure under this criterion shall not be interpreted as failure of
corfformance for an otherwise conforming interrogator.

5.4 Conformance tests for ISO/IEC 18000-3 Mode 2

5.4|1 General

The confermance tests for ISO/IEC 18000-3 Mode 2 are described independent of the tag size. kor tests of
tagI smaller than or equal to ID-1 all dimensions are specified in Annex A, while Annex B applies for all other

cases.

The manufacturer shall specify the tag H,,.x and H,,;, and the minimum tag reply load modulation at H,,,, and
Hmin-

The tag reply load modulation is measured as described in 5.4.3.2.

IMPORTANT Due to field strengths applicable in current 13,56 MHz RFID systems, tags should be capable of handling
field strengths of up to 12 A/m.
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5.4.2 Test apparatus and test circuits

This clause defines the test apparatus and test circuits for verifying the operation of a tag or an interrogator

according t

o the base standard, ISO/IEC 18000-3. The test apparatus includes:

Calibration coil
Test interrogator assembly

Reference tags.

These are

54.2.1

See 5.3.2.1.

5.4.2.2

See 5.3.2.2.

For I1SO/IE
interrogato

5.4.2.21
See 5.3.2.4

For ISO/IE
network. T

C1

Rext
For ISO/IE

manufactu
ISO/IEC 18§

For I1SO/IE
required to

IMPORTAN

C2toC

Hescribed in the following clauses.

Calibration coil

l'est interrogator assembly

C 18000-3 Mode 2 a resistance of 85 Q shall be connected\across the output of the
- measurement circuit in Figure 2 (between P1 and ground).

Test interrogator antenna
.

C 18000-3 Mode 2 the impedance matching network in Figure C.3 shall be altered to be a tur
e components for the tuning network shall be;

selected and adjusted such that” the test interrogator antenna is series resonan
13,56 MHz.

omitted (open circuit)

zero (closed circuit)

C 18000-3 Mode 2 the.power driver, tuning network and test interrogator antenna shall provide
er specified field strengths (H,.x and H,;;) and modulation as specified in the base stand

000-3.

C 18000-3_ Mode 2 the power driver output impedance is not constrained to 50 Q and is
provide ‘an adjustable range of modulation index for amplitude modulation.

T dn'order to avoid adverse effects on the measurement results due to reflection, the connection between

fest

ng

at

the
ard,

not

the

power drive

and the test interrogator antenna should be kept as short as possible.

5.4.2.2.2

Sense coils

See 5.3.2.2.2.

5.4.2.3

Assembly of test interrogator

See 5.3.2.3.

5424

Reference

10

Reference tags

tags are defined:
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— to test Hnin and H,.x 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.

5.4.2.41 Reference tag for interrogator power

See 5.3.2.4.1.

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

5.4

Se¢ 5.3.2.4.2

For

For

Thi
val

5.4

Se¢ 5.3.2.4.3.

5.4

5.4

The purpose of this test is to determine theCamplitude of the tag reply load modulation signa

spe
fiel

5.4

Thi

The RF power deliverediby the signal generator to the test interrogator antenna shall be adju

req
any
0sd
at|

242 Reference tag for load modulation reception test

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

ISO/IEC 18000-3 Mode 2 the load switching signal shall be as per the base standard, ISO/IEC

e of Rmod1 and Rmod2 (see Annex G) sets the tag reply load modulation amplitude.

2.4.3 Dimensions of the reference tags

3 Functional test — tag

3.1 Purpose

cified operating field strength range [H,,;,, Hmax] and functionality of the tag with modulation un

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

3.2 Test procedure

5 test uses the test interrogator assembly (see 5.4.2.2).

uired field strength™and modulation waveforms (see 5.4.4.2) as measured by the calibration
tag. The outputyof the load modulation test circuit of Figure 2 is connected to a digitg

illoscope. The\50 Q potentiometer P1 shall be trimmed to minimise the residual carrier. This sig
past 40 dBdower than the signal obtained by shorting one sense coil.

intgrrogator antenna shall be re-adjusted to the required field strength. The output of the load mod
cirduitsshall then be connected via a coax cabletoa 50 Q inpl It spectrum nnnlycpr

Thg tagunder test shall be placed in the DUT position, concentric with sense coil A. The RF drive i

18000-3.

5 reference tag is calibrated using the procedure described in clause $:4.3.2. Adjusting or mgdifying the

within the
Her emitted

sted to the
coil without
| sampling
hal shall be

hto the test
ulation test

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
5.4.2.4.2) 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.

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

© ISO/IEC 2004 — All rights reserved
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5.4.3.3 Testreport

The test report shall give the measured amplitudes of the sidebands and the applied fields and modulations
for all sub-carriers.

5.4.4 Functional test — interrogator
5441 Interrogator field strength and power transfer

54411 Purpose

This test rineasures that the field strength produced by an interrogator with its specified antenna lin| its
operating olume is no greater than a specified maximum value and no less than a specified minimum_value,
and therefqre determines that the interrogator will correctly power a tag within the operating volume’
This test uges a reference tag (see 5.4.2.4.1).

5.44.1.2 | Test procedure

The test report shall give the measured values for Vp¢ at H,,;, and H,,.x under the défined conditions.
5.44.1.3 | Test report

See 5.3.4.1.3.

5.4.4.2 Modulation phase shift waveform

5.4.4.21 | Purpose

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

5.44.2.2 | Test procedure

The calibration coil (see 5.4.2.1) is positioned’anywhere within the defined operating volume.
An unmodulated 13,56 MHz reference.signal (synchronous with the 13,56 MHz interrogator clock) and [the
calibration |coil output are both connected to a phase discriminator. The interrogator shall have means to
provide sych reference signals.The phase shift waveform characteristics are displayed on a suitgble
oscilloscope via the discriminatoroutput.
5.44.2.3 | Test report

The test report shall give the measured phase shift times.

5.4.43 _oad-modulation reception (informative only)

This is 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 5.4.2.4.2) 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 shall not be interpreted as failure of
conformance for an otherwise conforming interrogator.

12 © ISO/IEC 2004 — Al rights reserved
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Test setup parameters and dimensions for tags smaller than or equal to
an ISO/IEC 7810 ID-1 outline

General

A.1

Thip

A.2 Calibration coil

normative Annex describes guidelines for the modification of the test set-up if RFID (tags
smaller than ID-1 size are to be measured.

Table A.1 — Definition of calibration coil for ID-1 or smaller

bqual to or

Value

defined in ISO/IEC 7810 for IDA, type

defined in ISO/IEC 7810 forID~1 type

72 mm (+/- 2 %)

42 mm (+/- 2 %)

5 mm (+-2 %)

Symbol
oa
ob
ca
cb
co
NOJE 1
NOJE 2
NOJE 3

the whole set of greater than 60 MHz.

The area over which the field is integrated is approximately 3000 mm?>.

At 13,56 MHz the approximate inductance is.250 nH and the approximate resistance is 0,4 Q.

A parasitic capacitance of the probe assembly of less than 35 pF normally ensures a resonant ffequency for

The open circuit calibration factor for_this coil is 320 mV (rms) per A/m (rms) [equivalent to 900 mV (peak-to-

pedk) 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
Ix 150 mm
dis 100 mm

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

Symbol | Value

nr 4

ar 77 mm (+/- 2 %)
br 47 mm (+/- 2 %)
wr 500 pm (+/- 20 %)
sr 500 pum (+/- 20 %)

NOTE

© ISO/IEC 2004 — All rights reserved
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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
lyw 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 pF

Rext 5 x 4,7 (parallel) Q

A.7 Sense coil

Table A.6 — Sense coil for ID~t.or smaller

Symbol | Value
lya 170 mm
lyb 170 mm
sa 70 mm
sb 100mm
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 910

14
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Annex B
(normative)

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

B.1 General

This normative Annex describes guidelines for the modification of the test set-up if RFID tags larger than ID-1

Siz¢ are 10 be measured.

B.2 Calibration coil
oa,|ob:

The calibration coil PCB shall be of a suitable size to carry the single turn “Calibration coil and printed
corlnections.

ca,|ch, co:
The single turn calibration coil shall be of the same shape and dimensions as the RFID tag Antenng under test.
NOTE A parasitic capacitance of the probe assembly of less than25 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 capacitance of the probe|[assembly of
lesq than 15 pF normally ensures a resonant frequency for theswhole set of greater than 60 MHz for ca = 125 mm and
cb F 73 mm.

Caljbration factor

The open circuit calibration factor k. of the calibration coil can be calculated as follows:
ke=1/(2x V2 X o X o X Ay)

ke Calibration factor of the-calibration coil [ A/m (rms) per Volt (peak to peak) ]
Ho Permeability equal fo 4 x T x 10”7 [Vs / Am] for free space

Wo 2 x m x fy ( fo=.System frequency of the RFID system [HZz] )

A. Area of the single turn calibration caoil [m2]

The induced vpltage V., (peak-peak) in the calibration coil can be calculated as follows:

Vc..pp =H /s / ke

H s Magnetic field strength (rms value)

V.mw 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.
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Ix:

The length of the test interrogator assembly connection cable shall be as short as possible but not longer than
1,5 times the distance between the test interrogator antenna and the sense coils.

dis:

The distance between the test interrogator antenna and the sense coils shall be chosen so that the

modulation

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

B.4 Refe

nr.

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

ar, br:
The outer 9

wr, Sr.

ize of the coil shall equal that of the RFID tag antenna under test.

The referemce tag track width and track spacing shall equal those of the RRID tag antenna under test.

B.5 Test

lya, lyh:

The te
imped

lyd.

The di
of the

lyw:

The t¢
for the

interrogator antenna

5t Interrogator antenna PCB shall have a suitable’size to carry the test interrogator antenna and
bnce matching network.

ameter of the test interrogator antenna shall be approximately twice the maximum linear dimens
RFID tag antenna under test.

st interrogator coil track width shall be sufficient to carry the current and maintain thermal stal
materials beingused.

B.6 Impedance matching network

16

0 Cs Rext
© L
Rant
z !Cp
= = L
(e,

Figure B.1 — Impedance matching network

the

on

ility
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The Quality factor Q of the antenna, is defined as follows:

Q = Lant X a)O/ (Rext + Rant)

Rext External resistor to limit the quality factor of the antenna

Lant Inductance of the test interrogator antenna

Rant Resistance of the test interrogator antenna

)y The angular frequency corresponding to the RFID system (2.PI1.13,56MHz)

Nofe the quality factor Q needs to be limited to guarantee the rise and fall times of modulation puls¢ defined in
the|base standard (typically Q<=30).

The impedance matching network can be calculated as follows:

Rext = Lant X a)o / Q

Ry External resistor to limit the quality factor of the antenna
Lan Inductance of the test interrogator antenna

Ran Resistance of the test interrogator antenna

)y 2 x 1 x fo ( fo = system frequency of the RFID.gystem [Hz] )
Q Quality factor

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

Res$onance condition:
Lant X (Cs + Cp) X ((’JO)2 =1

Maiching condition:
((Cs + Cp)k Cs) X (Rext + Rant) = Zo

Cs Serial capacitance of the impedance matching network
Co Parallel"capacitance of the impedance matching network
Zy Impedance of the impedance matching network, 50 Q

Notg "\ VSuitable Cs and C, need sufficient voltage rating (up to 200V for an antenna as defined in A.2). Suitable Rex need
a low inductance resistor and sufficient power rating (close to 2W for a field of 5A/m and up to 10W for 12 A/m in case of
an antenna as defined in A.)

B.7 Sense coil

lya, lyb:

The sense coil PCB shall be of a suitable size to carry the single turn sense coil and printed connections.
sa, sb, rs:

The sense coil shall be of the same shape and approximately 1/3 larger than the RFID tag antenna under test.
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B.8 Reference tag for interrogator power test
C3 (see Annex F):

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

The resonant frequency of the reference tag is measured by using an impedance analyser or a LCR-meter
connected to a calibration coil. The coil of the reference tag should be placed at a distance 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 rpsistive-part-of-the-measured-complex-impadance-is-at-maximum-

Tune the re¢ference tag to the RFID System frequency. Set Jumper J1 to position a to activate R1. Place|the
reference thg in the position of the RFID tag under test in the test interrogator assembly. Adjust the magntic
field strength in the assembly to the H,,, value. The measurement of the magnetic field is performed with|the
calibration foil at the opposite side of the test interrogator antenna coil. Adjust R710.0btain Vpc = 3V, across

Tune the rgference tag to the RFID system frequency. Set Jumper J*.to position b to activate R2. Place|the
reference thg in the position of the RFID tag under test in the testinterrogator assembly. Adjust the magngtic
field strength in the assembly to the H,,., value. The measuremeént of the magnetic field is performed with|the
calibration [coil at the opposite side of the test interrogator antenna coil. Adjust R2 to obtain Vpc = 3V across
R3 measured with a high impedance voltmeter.

R1 and R2[shall be suitable potentiometers to obtain\gc¢ = 3Vy.; The potentiometer shall have a small outline
to keep stray capacitance at a minimum.

18 © ISO/IEC 2004 — All rights reserved
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Test interrogator antenna

Annex C
(normative)

C.1 Layout including impedance matching network

ISO/IEC TR 18047-3:2004(E)

lya

L)

compengtion

\

Antenna coil

N\

Grpund /V

+
/

< O Iyd

Impedance
matching-network

lyb

Drg
the
doyble sided with 35 pm copper.

(view from front)

wings are not to scale. The antenna coil track width is lyw (except for through-plated holes).SH
impedance matching network there are crossovers every 45°.PCB: FR4 material thicknes

Figure—~C.1 — Test interrogator antenna layout including impedance matching netwd

rk
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NOTE

20

O.Q . b

ssee s

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

PCBs and/or finished test set-ups may be available from:

Brsenal research
RFID Test laboratory
Faradaygasse 3
A-1030 Vienna

Austria

Phone +43 50 550-6559
Fax +43 50 550-6660
Fmail mci@arsénal.ac.at

br from other squrees.
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C.2 Impedance matching network

3:2004(E)

The antenna impedance (R, Lant) 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 impedance phase
can be adjusted with the variable capacitor C4, see Annex A.6 and Annex 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 Rex In case of tags smaller than or equal to an ISO/IEC 7810 ID-1 outline, where the test

inte

rrogator antenna is defined in Annex A.5, the limits of the individual components can reach:

200 \Linvoltaae ratinafor the capacitors
J J Lad 7

approximately 2 W dissipated on Rey for a field value of 5 A/m,

approximately 10 W dissipated on Rex: for a field value of 12 A/m.

The linear low distortion variable output 50 Q power driver should be capable of,emitting approp

sedq
out
1SQ

uences. The modulation index should be adjustable in the ranges of 10 % -180-% and 95 % -
but power should be adjustable to deliver field strengths as spécified in the base

50 Ohm .
. Antenna coil
power driver -
impedance
| D matching
network
c1 Rext
o——
Rant
Z=50 Ohm C2| C3| Cc4
T T T L
ant
O @ @ L

Figure C.3 — Impedance matching network

/IEC 18000-3. Care should be taken with the duration of fields above the‘upper operating range|

riate signal
00 %. The
standard,

© ISO/IEC 2004 — All rights reserved
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Annex D
(informative)

Test interrogator antenna tuning

The figures below 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 generator shall

be directly
Step 1:

A high pre

signal gengrator output and an antenna connector. The probes of the oscilloscope are connected to the

sides of th
presentatig

The output
resistor). T}
calibration
Cprobe- The

connected 10 the antenna output Tor the tests.

Cision resistor of 50 Q +/- 1 % (e.g. 50 Q BNC resistor) is inserted in the signal line’ between

e serial reference resistor. The oscilloscope displays a Lissajous figure whensit is set in Y t
n. The signal generator is set to:

Wave form: Sinusoidal

Frequency: 13,56 MHz

Amplitude: 2V (rms) -5V (rms)

is terminated with a second high precision resistor of 50:Q +/- 1 % (e.g. 50 Q BNC termina
he probe, which is in parallel to the output connector/has’a small parasitic capacitance Cprop,
capacitance C, in parallel to the reference resistar ‘compensates this probe capacitor if C{

the
two
b X

ting
A

bl =

IMPORTANT

22

probe capacitor is compensated when the Lissajous/figure is completely closed.
closed figure: Phi=0 ~+ - angle
S corresponding
A to 50 Ohm
/:/ ¥
,4
Signal Oscilloscope
Generator
iy o | X reference: Y
I R=500htm | 50 Ohm v output
1
1 1 b
: AGY) 13,56 MHz ! ! calibration
1 : 100 Ohm Cear = Corone resistor
1 i 1 { 50 Ohm
bemm = - - C probt,F-:

L —

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

The ground cable has to be run close to the probe to avoid induced voltages caused by the magnetic field.
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Step 2:

ISO/IEC TR 18047-

3:2004(E)

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

closed figure: Phi=0
~— angle
St < corresponding
s e to-50-Ohm
/’/ '4'
'W =
Oscilloscope
Signal
generator X v
F-—— - - === | reference: output
R =50 Ohm | 50 Ohm Antenn
| impedance
n, ) 13,56 MHz == _c matching
: 100 Ohm  “cal ~ “probe network k
; —e — O—
________ f probe_§ . .
T C4 Phase calibration

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

a coil

© ISO/IEC 2004 — All rights reserved
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Annex E
(normative)

Sense coil

E.1 Sense coil layout

g lya -

'y

-5

connections
> 8:><—><D<—‘

. A

Drawings 3re not to scale. The sense coil track width is 0,5 mm +/- 20 % (except for through-plated holgs).
Sizes of the coils refer to thewouter dimensions. PCB: FR4 material thickness 1,6 mm, double sided yith

35 um copper.

Figure E.1 — Layout for sense coils aand b

NOTE PCBs and/er finished test set-ups may be available from:

Brsehal research
REID Testlaboratory
Faradaygasse 3
A-1030 Vienna

Austria

Phone +43 50 550-6559
Fax +43 50 550-6660
Email mci@arsenal.ac.at

or from other sources.
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Sense coil assembly

connections

Test Interrogator

L — Antenna

13,56 MHz

sense coil a sense coijl-b

Figure E.2 — Sense coil assembly
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Annex F
(normative)

Reference tag for interrogator power test

L{C1

-
T
4| 1o ed it

. N

(@)

Components list:

1: Stray capacitance < 5 pF Jumper settings: l

J1 a: min. fieldstrength
b: max. fieldstrength

Figure F.1 — Circuit diagram for reference tag

Table F.1 — Components.of Figure F.1

Gomponent Value

 (coil) see clause 5.3.2.4.5

41 Stray capacitance.<5pF

42 2...10 pF

ds Adjust-resonance, depending on L (see Annex A.8 and Annex B.8)

d4 10)nF

01, D2, D3, D4 see characteristics in table E.2 (BAR 43 or equivalent)

R1 Value which results in 3V Vpc for minimum operating field strength of the tag
(see Annex A.8 for tags that are ID-1 size or smaller and Annex B.8 for tags
larger than ID-1 size)

R2 Value which results in 3V Vpc for maximum operating field strength of the tag
(see Annex A.8 for tags that are ID-1 size or smaller and Annex B.8 for
tags larger than ID-1 size)

R3 100 kQ
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