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ISO/IEC T

Forewo

ISO (the
Commissio
ISO or IE
established

R 18047-3:2011(E)

rd

International Organization for Standardization) and IEC (the International Electrotechnical
n) form the specialized system for worldwide standardization. National bodies that are members of
C participate in the development of International Standards through technical committees
by the respective organization to deal with particular fields of technical activity. ISO and IEC

technical cpmmittees collaborate in fields of mutual interest. Other international organizations, governmeptal
and non-gpvernmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information

technology

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

In exceptio
that which
publish a T

five years in the same manner as an International Standard.

Attention i
rights. ISO

ISO/IEC TH
Subcommi

ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nal circumstances, when the joint technical committee has collected data of @ different kind ffom
s normally published as an International Standard (“state of the art”, for example), it may decidg to
echnical Report. A Technical Report is entirely informative in nature and“shall be reviewed every

drawn to the possibility that some of the elements of this document may be the subject of pajent
and IEC shall not be held responsible for identifying any or allrstieh patent rights.

R 18047-3, was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technolagy,
tee SC 31, Automatic identification and data capture teehniques.

1

This second edition cancels and replaces the first edition (ISO/IEC TR 18047-3:2004), which has bgen

technically

ISO/IEC TH
frequency

— Part2
— Part3
— Part4
— Partb

— Part7

revised. It also incorporates the Technical Cortigendum ISO/IEC TR 18047-3:2004/Cor.1:2007.

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

Test methods for air interface communications below 135 kHz

Test methods for air interfacéycommunications at 13,56 MHz

Test methods for air interface communications at 2,45 GHz

Test methods for air interface communications at 860 MHz to 960 MHz

Test methods for active air interface communications at 433 MHz

© ISO/IEC 2011 — 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. 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.

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

Eag¢h part of ISO/IEC TR 18047 contains all measurements required to be made on arproduct |[in order to
establish whether it conforms to the corresponding part of ISO/IEC 18000. For ISONEC TR 18047-3, each
product needs to be assessed following either the procedure defined for Mode 1, for-Mode 2 or for Mode 3.

© ISO/IEC 2011 — All rights reserved Vv
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Information technology — Radio frequency identification device
conformance test methods —

Part 3:

1 | Scope
Thig part of ISO/IEC TR 18047 defines test methods for determining the gonformance of radiq frequency
identification devices (tags and interrogators) for item management “with the specification$ given in
ISQ/IEC 18000-3, but does not apply to the testing of conformity with regalatory or similar requirements.

The test methods require only that the mandatory functions,~and any optional functions [which are
impglemented, be verified. This can, in appropriate circumstancés;be supplemented by further, application-
spqcific functionality criteria that are not available in the general case.
Thip part of ISO/IEC TR 18047 includes the following interrégator and tag conformance parameters;
— | mode-specific conformance parameters including.nominal values and tolerances;
— | parameters that apply directly affecting system functionality and inter-operability.
Thip part of ISO/IEC TR 18047 does not include the following:

— | parameters that are already included in regulatory test requirements;

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

Clajuse 5 describes all necessary conformance tests, while 5.3 applies to Mode 1 products only, 5.4 applies to
Mofle 2 products only and\5.5 applies to Mode 3 (mandatory ASK part) only.

2 | Normative‘references

refgrences, only the edition cited applies. For undated references, the latest edition of the |referenced

The following referenced documents are indispensable for the application of this document.|For dated
doiument (including any amendments) applies.

ISO/IEC 7810, Identification cards — Physical characteristics

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

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

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

© ISO/IEC 2011 — All rights reserved 1
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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
asp
br
ca
cb
co
dis
DUT
fc

fs
Himax
H, min
Ix
lya
lyb
lyd
lyw
nr
oa
ob
PCB
rs
sa
sb
sr

wr

reference tag width

ai

r spacing

re

C4

C4

C4

di

dd

fréquency of the operating field

fréquency of sub-carrier

m

m

te|

te|

te|

te|

ny

C4

C4

ference tag height

libration coil width

libration coil height

libration coil corner radius

stance between test interrogator antenna and sense coils

vice under test

aximum field strength of the interrogator antenna.field
nimum field strength of the interrogator antenna field
hgth of test interrogator assembly connection cable
5t interrogator and sense coil PCB-width

5t interrogator and sense coillPCB height

5t interrogator coil diameter

5t interrogator coil\track width

mber of turns:of reference tag

libration.coil outline width

libration coil outline height

printed circuit board

sense coil corner radius

sense coil width

sense coil height

re

re

ference tag track spacing

ference tag track width
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5 Conformance tests for ISO/IEC 18000-3 — 13,56 MHz

5.1 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-under-test or tag-under-test conforms.

Unless otherwise specified, the tests in this part of ISO/IEC TR 18047 shall be applied exclusively to RFID
tags and interrogators defined in ISO/IEC 18000-3 Mode 1, Mode 2 and Mode 3.

5.2 Default conditions applicable to the test methods

5.2|1 Test environment

Unless otherwise specified, testing shall take place in an environment of teniperature 23|°C +/-3 °C
(73|°F +/- 5 °F) and of relative humidity 40 % to 60 %.

5.2|2 Pre-conditioning

WhHhere pre-conditioning is required by the test method, the identificationvtags to be tested shall be ¢onditioned
to the test environment for a period of 24 h before testing.

5.2|3 Default tolerance
Unless otherwise specified, a default tolerance of +/5-5 % shall be applied to the quantity valu¢s given to

spqcify the characteristics of the test equipment (e.g. linear dimensions) and the test method procgdures (e.g.
test equipment adjustments).

5.2{4 Spurious inductance

Resistors and capacitors should have negligible inductance.

5.2|5 Total measurement uncertainty

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

NOTE Basic information is given in ISO/IEC Guide 98-3:2008.
5.3 Conformance tests for ISO/IEC 18000-3 Mode 1

5.3|1 General

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

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:

e Calibration coil (see 5.3.2.1)

e Test interrogator assembly (see 5.3.2.2)

© ISO/IEC 2011 — All rights reserved 3
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Reference tag (see 5.3.2.4)

Digital sampling oscilloscope (see 5.3.2.5).

These are described in the following clauses.

5.3.2.1

This clause

Calibration coil

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

5.3.2.1.1

The calibrg
calibration

5.3.2.1.2

The thickn
insulating 1

5.3.21.3

coil containing a single turn coil concentric with the tag outline.

Size of the Calibration coil

tion coil PCB consists of an area, which has the height and width defined in Figure 1 +="Exam

Outline oa x ob

e

connections

-

Coil cax cb
1 turn

Figure 1 — Example calibration coil

Thickness and material of the calibration‘coil substrate

bss of the calibration coil PCB shall be 0,76 mm +/- 10 %. It shall be constructed of a suitd
haterial such as FR4 or equivalent.

Coil characteristics

ple

ble

The coil on the calibration coil PCB-shall have one turn. The outer size of the coil shall be as defined in

Figure 1 —

The coil is
The size off

A high imp
in the coil.
above 60 N

Example calibration.ceil with a corner radius co.

made as a printed coil on PCB plated with 35 um copper. Track width shall be 500 um +/- 20
the connection*pads shall be 1,5 mm x 1,5 mm.

edance oscilloscope probe (e.g. >1 MQ, <14 pF) shall be used to measure the open circuit volt
The resonant frequency of the whole set (calibration coil, connecting leads and probe) shall
UnF4

%.

age
be

5.3.2.2

Test interrogator assembly

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 — Example test set-up. The sense
coils are connected such that the signal from one coil is in opposite phase to the other. The 50 Q
potentiometer P1 serves to fine adjust the balance point when the sense coils are not loaded by a tag or any
magnetically coupled circuit. The capacitive load of the probe including its parasitic capacitance shall be less
than 14 pF.

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

© ISO/IEC 2011 — All rights reserved
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sense coil B

+
XX -
° . . - 220 Ohm
r ) \
T
identical length P1
twisted pairs of less 50 Ohm
than Ix mm
T
220 Ohm
Interrogator L |
robe
antenna sense coil A ot + P
]_X_)L)&OM__ _X X \
. - - \
r A B
to
oscilloscppe
\\ J
NOTE The values for the parameters are listed in Table A.2 — Definition of test interrogator for ID-1 or smaller.

Figure 2 — Example test set-up
5.3]2.2.1 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.

5.3|]2.2.2 Sense coils

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

5.3|12.3 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
Fighre 3 — Test interrogator assembly. The distance between the coil in the DUT and the coil|of the test
intgrrogator ‘antenna shall be equal to the distance between the calibration coil and the coil [of the test
intgrrogator antenna.

© ISO/IEC 2011 — All rights reserved 5
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active
| conductors

%

[ dis >l ds ¥

T

DUT

™

NOTE 1
noise and of

NOTE 2

5.3.24

Reference

to|
te|

to|

5.3.2.4.1
The schemn

in order to
adjusted w

5.3.2.4.2

A suggests
be chosen

/

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.

The values for the parameters are listed in Table A.2 — Definition of test-interrogator for ID-1 or smaller.

Figure 3 — Test interrogator assembly

Reference tags
tags are defined

test Hyin and Hpax produced by an interrogator (under conditions of loading by a tag) and thu
st 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,,i, andHyax respectively 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
todbe-resistive or reactive.

e to

R2,

can

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

The reference tag is placed in the position of the DUT. The load modulation signal amplitude is measured as
described in clause 5.3.3. This amplitude should correspond to the minimum amplitude at all values of field
strength required by the base standard, ISO/IEC 18000-3.

5.3.24.3

Dimensions of the reference tags

The reference tag which is used for the measurements has to be described in the measurement report.
Figure 4 — Example of an ISO card sized reference tag 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.

© ISO/IEC 2011 — All rights rese
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An area external to this, containing the circuitry that emulates the required tag functions, is appended so as to

allo

w insertion into the test set-ups described below and so as to cause no interference to the tests.

Example outline ISO/ Coil

IEC 7810 ID-1type  — * Circuitry

« 172 mm —m@

5.3

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

5.3|12.4.5 Coil characteristics
The coil in the active area of the reference tag shall have nr turns and shal’be concentric with the g
outline.

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

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

Tra

NO

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 purposgof this test is to determine the amplitude of the tag load modulation signal within th
i range-[Hnin, Hmax] @s specified in the base standard, ISO/IEC 18000-3 and the functionality of {he tag with

fiel
the

Figure 4 — Example of an ISO card sized reference tag

2.44 Thickness of the reference tag board

ck width shall be wr and spacing shall be sr.
'E The values for the parameters are listed in Table A.3.
2.5 Digital sampling oscilloscope

ond with a resolution of at least8-bits at optimum scaling. The oscilloscope should have the g

sampled data using extepnal\software programs. An example of the program is shown in Annex
3 Functional test—tag

31 Purpose

modulation under emitted fields as defined in ISO/IEC 18000-3 parameter table for tag to inter

(reilerence M1-Tag:7).

rea

amples per
apability to

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

H.

b operating

rogator link

5.3.3.2 Test procedure

Step 1: The load modulation test circuit of Figure 2 — Example test set-up and the test interrogator assembly
of Figure 3 — Test interrogator assembly are used.

The RF power delivered by the signal generator to the test interrogator antenna shall be adjusted to produce
the required field strength (H.,, and Hy.) and modulation waveforms defined in ISO/IEC 18000-3 as
measured by the calibration coil without any tag. The output of the load modulation test circuit of Figure 2 —
Example test set-up is connected to a digital sampling oscilloscope. The 50 Q potentiometer P1 shall be
trimmed to minimize the residual carrier. This signal shall be at least 40 dB lower than the signal obtained by
shorting one sense coil.

© ISO/IEC 2011 — All rights reserved
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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
be avoided. In case of two sub-carrier frequencies this procedure shall be repeated for the second sub-carrier

frequency.

The resulti
sideband(s|
standard, |

An approp
test interro

5.3.3.3

The test r
present) ar
The pass/f
interrogato

ng amplitudes of the upper sideband(s) at fc + fs1 (and fc + fs2 if both are present) and thepo
at fc - fs1 (and fc - fs2, if present) respectively shall be above the value defined in the. b
50/IEC 18000-3.

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

[est report

d the lower sideband(s) at fc - fs1 (and fc - fs2, if present) and the applied fields and modulatiq
pil condition is determined by the values defined in ISO/IEC 18000-3 parameter table for tag
[ link (reference M1-Tag:7).

5.3.4 Functional test — interrogator

5.3.4.1

5.3.4.1.1

Interrogator field strength and power transfer

Purpose

eport shall give the measured amplitudes of the upper sideband(s) at fc + fs1 (and fc + fs2

wer
Ase

the

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

volume as
53412is
than the va
H,ax and re

This test u
able to sup

5.3.4.1.2

Procedure

1)

defined in accordance with the basg’standard, ISO/IEC 18000-3. 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
ference M1-Int:3a for H,,;,).

ses a reference tag as defined in Annex F to determine that a specific interrogator to be teste
ply a certain power to'a tag placed anywhere within the defined operating volume.

Test procedure

for Hpax test:

Tdine thereference tag to 13,56 MHz.

NGFE

use
her
for

d is

Tk £ ot fraciianmay, ~Ff rofaran foc o oo Hread oy Lioin p—tranadon aalbizar
TCTCSUTart TCUUCTICy— U e ToTOTCTICC—tay— 1o~ MicasSurcU— oy asig—art npeUarncC—anraryz et 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 resistive part of the measured complex impedance is at maximum.

Set Jumper J1 to position b to activate R2.

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

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

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 Hyay.

© ISO/IEC 2011 — All rights rese
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Procedure for H,, test:

5.3

The test report shall give the measured values for Vpc at Hni, and H,.x under the defined cong
s/fail condition is determined by the values defined in ISO/IEC 18000-3 parameter,_table for int¢rrogator to

pas
tag

5.3

5.3

Thi
ang

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

5.3

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 Hn.
41.3 Testreport

link (reference M1-Int:3 for H,,,.x and reference M1-Int:3a for H,,).

4.2 Modulation index and waveform

421 Purpose

5 test is used to determine the index of modulation of the interrogator field as well as the rise an
the overshoot values as defined in ISO/IEC 18000-3 M1-Int:¥d parameter table for interrogato

4.2.2 Test procedure

itions. The

d fall times
r to tag link
volume.

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

wa
0sd

5.3

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

the
def
M1

5.3

Thi
ver
ISC
sul

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

423 Testreport

overshoot values within thexdefined operating volume. The pass/fail condition is determined by
ned in ISO/IEC 18000-3_parameter table for interrogator to tag link (reference M1-Int:7
Int:7d, figure M1-1 and figure M1-2).

4.3 Load maodulation 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 the load modulation of a tag that conforms to the bas
/IEG18000-3. It is supposed that the interrogator has means to indicate correct recep
-carrier(s) produced by a test tag.

a suitable

times and
the values
reference

j. This test
e standard,
ion of the

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

The 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). Failure under this criterion shall not be interpreted as failure of
conformance for an otherwise conforming interrogator.

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=b20d92d92be78930273a6527691b699a

ISO/IEC TR 18047-3:2011(E)

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

5.41 General

The conformance tests for ISO/IEC 18000-3 Mode 2 are described independent of the tag size. For tests of tags
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 re

5.4.2 Tesgt apparatus and test circuits

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

— Calibration coll
— Test irfterrogator assembly
— Refergnce tags

These are flescribed in the following clauses.

5.4.21 Calibration coil

See 5.3.2.1.

5.4.2.2 [est interrogator assembly
See 5.3.2.2.

For ISO/IHC 18000-3 Mode 2 a resistance’ of 85 Q shall be connected across the output of the fest
interrogatof measurement circuit in Figure:2 (between P1 and ground).

5.4.2.2.1 | Test interrogator antenna
See 5.3.2.2.1.

For ISO/IELC 18000-3 Mode 2 the impedance matching network in Figure C.3 — Impedance matching network
shall be altpred to be-a tuning network. The components for the tuning network shall be:

— 1 selected and adjusted such that the test interrogator antenna is series resonant at 13,56 MHz.

— C2 tO —\4 Ullliﬁcd (UPUII bilbuit)
— Rext zero (closed circuit)
For ISO/IEC 18000-3 Mode 2 the power driver, tuning network and test interrogator antenna shall provide the

manufacturer specified field strengths (H,.x and H,;,) and modulation as specified in the base standard,
ISO/IEC 18000-3.

For ISO/IEC 18000-3 Mode 2 the power driver output impedance is not constrained to 50 Q and is not
required to provide an adjustable range of modulation index for amplitude modulation.

IMPORTANT In order to avoid adverse effects on the measurement results due to reflection, the connection between the
power driver and the test interrogator antenna should be kept as short as possible.
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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.

5.4.2.4 Reference tags

Re

5.4

rence-taas-are defined:
g .

— to test Hn,in and Hnox produced by an interrogator (under conditions of loading by atag)
test the ability of an interrogator to power a tag

— to generate the minimum tag reply load modulation signal.

241 Reference tag for interrogator power

Se¢ 5.3.2.4.1.

Thi

5.4

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

2.4.2 Reference tag for load modulation reception test

Se¢ 5.3.2.4.2

For

For

Thi
val

5.4

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

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

and thus to

18000-3.

5 reference tag is calibrated using the procedure described in clause 5.4.3.2. Adjusting or mgdifying the

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

2.4.3 Dimensions of the reference tags

Se¢ 5.3.2.4.3.

5.4

5.4

3 Functional test —tag

3.1 Purpose

The purpose‘ef-this test is to determine the amplitude of the tag reply load modulation signa

sp§
fiel

cified operating field strength range [H,,i,, Hmax] and functionality of the tag with modulation un
Is as defined in the base standard, ISO/IEC 18000-3.

5.4

within the
Her emitted

N UpIToLcuuaT©

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

The RF power delivered by the signal generator to the test interrogator antenna shall be adjusted to the
required field strength and modulation waveforms (see 5.4.4.2) as measured by the calibration coil without
any tag. The output of the load modulation test circuit of 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.

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. The output of the load modulation test
circuit shall then be connected via a coax cable to a 50 Q input spectrum analyser.

© ISO/IEC 2011 — All rights reserved
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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

5.4.3.3

the spectrum analyzer to maintain consistent test results.

t rnpnrf

The test rgport shall give the measured amplitudes of the sidebands and the applied fields and maodulati
for all sub-garriers.

5.44 Fu

54.4.1

5.44.11

ctional test — interrogator

Interrogator field strength and power transfer

Purpose

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

operating
and therefq

This test ug
5.4.4.1.2
See 5.3.4.1

54.4.1.3

The testre
5.44.2

5.44.21

This test ig
the base st

5.4.4.2.2

olume is no greater than a specified maximum value and nq dess than a specified minimum va
re determines that the interrogator will correctly power a tag within the operating volume.

es a reference tag (see 5.4.2.4.1).

Test procedure

3.

Test report

bort shall give the measured values for Vpc at Hp,;, and H,,., under the defined conditions.

Modulation phase shift waveform

Purpose

used to determine the phase shift waveform characteristics of the interrogator field as define
andard, ISO/IEC 18000-3 within the defined operating volume.

Test procedure

The calibr

tion“coil (see 5.4.2.1) is positioned anywhere within the defined operating volume

pns

its

d in

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 such reference signal. The phase shift waveform characteristics are displayed on a suitable
oscilloscope via the discriminator output.

54.4.23

Test report

The test report shall give the measured phase shift times.

12
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4.3 Load 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

defi

ned operating volume.

Th¢ pass/fail condition 1s defermined by the values defined in ISO/IEC T8000-3 parameter tablé

inte

rrogator link (reference M2-Tag:7). Failure under this criterion shall not be interpreted. ag

corfformance for an otherwise conforming interrogator.

5.5

5.5

tag

Conformance tests for ISO/IEC 18000-3 Mode 3 (mandatory ASK part)

1 General

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

Th} conformance tests for ISO/IEC 18000-3 mode 3 are described indepehdent of the tag size.

Anmnex B applies to larger tags.

5.5

2 Test apparatus and test circuits

Thip clause defines the test apparatus and test circuits for verifying the operation of a tag or an
acdording to the base standard, ISO/IEC 18000-3. The test@pparatus includes:

— Calibration coil (see 5.5.2.1)
— Test interrogator assembly (see 5.5.2.2)
— Reference tag (see 5.5.2.4)

— Digital sampling oscilloscope (see 5.5.2.5).

Thegse are described in the following clauses.

5.5

Thi

5.5

2.1 Calibration coil

5 clause defines the size, thickness and characteristics of the calibration coil PCB.

2.1.1 Size-of the Calibration coil

b for tag to
failure of

ror tests of
ex A, while

nterrogator

The calibration coil PCB consists of an area, which has the height and width defined in Figure 5 cpntaining a

sin

jle turn coil concentric with the tag outline.

Outline oax ob

- N

connections

Coil cax cb
1 turn

o )

Figure 5 — Example calibration coil

© ISO/IEC 2011 — All rights reserved
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5.5.2.1.2

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.

5.5.2.1.3

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.

The coil is
The size of

A high imp

in the coil.
above 60 N

5.5.2.2

} Hos ! H [mVaY =) L ! T LY - e 1 PR I} H fla¥a) LD
MautT ds d Primtncu CUITUINT T7O D PialcU WillT oo JTTTH COUPPTT. - TTaULR WIULTT STiall DT JUU LT T7= £

the connection pads shall be 1,5 mm x 1,5 mm.

edance oscilloscope probe (e.g. >1 MQ, <14 pF) shall be used to measure the open gircuit volt
The resonant frequency of the whole set (calibration coil, connecting leads and_ probe) shall
IHz.

['est interrogator assembly

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

coils: sens
that the sig
the balanc
capacitive

IMPORTAN

b coil A and sense coil B. The test set-up is shown in Figure 6. The&ense coils are connected s
nal from one coil is in opposite phase to the other. The 50 Q potentiometer P1 serves to fine ad
b point when the sense coils are not loaded by a tag or any-magnetically coupled circuit.
oad of the probe including its parasitic capacitance shall beiless than 14pF.

[ The capacitance of the connections and oscilloscope probedshould be kept to a minimum for reproducib)

%.

age
be

nse
uch
ust
he

lity.

sense coil B + _ +
XX ™
¢ \ . 220 Ohm
1
identical length P1
twisted pairs of less 50 Ohm
than Ix mm
T
220 Ohm
Interrogdtor
robe
antenng sense coilA * __DC><_+ P —‘7
. - - \ .
4 A
t to
3 oscilloscope
\§ J
Figure 6 — Example test set-up
5.5.2.2.1 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.

14
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5.5.2.2.2 Sense coils

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

5.5.2.3 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 — Test interrogator assembly. 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

intr »»»»» o antanna
Srrogatorareria:

[« dis "* dis _ﬂ active
i I I conductors
_—
DUT
asp air calibration coil
spacing
sense coil a Interrogater sense coil b

antepna

NOJE 1 The asp air spacing avoids parasitic effects such as detuning by closer spacing or ambiguous results due to
noige and other environmental effects.

NOTE 2  The values for the parameters are listed in Table A.2 — Definition of test interrogator for ID-1 or smaller.

Figure 7 — Test interrogator assembly
5.5{2.4 Reference,tags
Reference tag§are defined

— Ao test H.,i, and H,ox 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.

5.5.2.41 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,,i, and H,,.x respectively as defined in clause 5.5.4.1.2. The resonant frequency can be
adjusted with C2.
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5.5.2.4.2 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 reference tag is calibrated by using the test interrogator assembly as follows:
The reference tag is placed in the position of the DUT. The load modulation signal amplitude is measured as

described in clause 5.5.3. This amplitude should correspond to the minimum amplitude given below for all field
strength values between H,,, and Hyax-

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

5.5.2.4.3 | Dimensions of the reference tags

The referepce tag which is used for the measurements has to be described in the measurement regort.
Figure 8 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 ap to
allow insertion into the test set-ups described below and so as to cause no intefference to the tests.

Example outline ISO/ Coil

IEC 7810 ID-1type —* Circuitry

172 mm —mm@@@

A

Figure 8 — Example of,an ISO card sized reference tag

5.5.2.4.4 | Thickness of the reference tag-board

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

5.5.2.4.5 | Coil characteristics

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

The outer gize of the-coils shall be ar x br.

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

Track width shall be wr and spacing shall be sr.

5.5.2.5 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 on
the sampled data using external software programmes. An example of the programme is shown in Annex H.
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5.5.3 Functional test — tag

5.5.3.1 Purpose

The purpose of this test is to determine the amplitude of the tag load modulation signal within the operating
field range [Hmin, Hmax] @s specified in the base standard, ISO/IEC 18000-3 and the functionality of the tag with
the modulation under emitted fields as defined in ISO/IEC 18000-3 parameter table for tag to interrogator link
(reference M3-Tag:7).

5.56.3.2 Test procedure

Ste

The RF power delivered by the signal generator to the test interrogator antenna shall be-adjidsted

the
me
cor
res

Stej
the

IMH

The measurement shall be carried out for 4 sub-carrier pulse-Manchester, 2 sub-carrier pulse Ma

sul

Exa
Fou

usqd.

To minimize transient effects, in case of:

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

e [Miller coded sub-carrier signalling: a sub-carrier cycle immediately following a phase shift shall pe avoided.

Fon FMO signalling the measurement shall be carried out at a sequence of at least three logic “0” by using two

loglc “0” for the measurement and avoiding the first logic “0” of the total sequence.

The resulting amplitudes of the upper sideband(s) at fc + fs and the lower sideband(s) at fc - fs

shd
Spe

An

p 1: The load modulation test circuit of Figure 2 and the test interrogator assembly of Figure,7 a

required field strength (H,» and H,,ox) and modulation waveforms defined in ISO/IEC 18000-3
bsured by the calibration coil without any tag. The output of the load modulation \test circuit of
nected to a digital sampling oscilloscope. The 50 Q potentiometer P1 shall be-trimmed to m
dual carrier. This signal shall be at least 40 dB lower than the signal obtained by shorting one s¢

p 2: The tag under test shall be placed in the DUT position, concentric.with sense coil A. The R
test interrogator antenna shall be re-adjusted to the required field strength.

ORTANT Care should be taken to apply a proper synchronization methad for low amplitude load modulaf

-carrier pulse Miller am FMO signalling for link frequencies of 423.75 kHz (fc/32) and 847.5 kHz

ctly two sub-carrier cycles of the sampled modulation waveform shall be Fourier transformed
rier transformation with a scaling such that a pure sinusoidal signal results in its peak magnitu

Il be above,10OmV for ISO card sized tags (ID1), for other label form factors the label manufa
cify thesminimum load modulation.

appropriate command sequence as defined in the base standard, ISO/IEC 18000-3 mode 3 s}

e used.

to produce
mode 3 as
Figure 6 is
inimise the
bnse Coil.

F drive into

on.

nchester, 8
fc/16).

A discrete
de shall be

espectively
cturer shall

all be sent

A cianAal Arlnad madilAatinn racnanca fram tha o
= T

by

5.5.

ha'tact intarrnnatar +a AhtAaA
ogHor—o

TCTtCotT 1T TteTT oottt Ty o o Toat ot T o toT T Cop oot o Tt tayg

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 following condition:

The load modulation shall be at least 10mV for ISO card sized tags (ID1), for other label form factors the label
manufacturer shall specify the minimum load modulation.
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5.5.4 Functional test — interrogator
5.5.4.1 Interrogator field strength and power transfer

5.54.1.1 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 mode 3. The test procedure of
clause 5.5.4.1.2 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 M3-

Int:3 for H,granerefererceM3trt3aforHmm:

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

5.5.4.1.2 | Test procedure

Procedure ffor Hy,.y test:
1) Tune the reference tag to 13,56 MHz.

NOTE  The resonant frequency of the reference tag is measured by using‘an impedance analyser or a LICR-
meter connected to a calibration coil. The coil of the reference tag shouldbe\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 frequendy at
wIich the resistive part of the measured complex impedance is at maximum.

2) Set Jumper J1 to position b to activate R2.

3) Syeep the reference tag coaxially with the antenna“through the defined operating volume of the
inferrogator under test at a maximum rate of 1 cmy/s:

4) The DC voltage (Vpc) across resistor R3 (Annex F) is measured with a high impedance voltmeter
and shall not exceed 3 V where the loagd resistor parallel to the coil L is set to R2 and the field
stfength equals Hyax-

Procedure for Hp,, test:

1) Tdine the reference tag to 13,56 MHz.
2) Set Jumper J1 to position a to activate R1.

3) Syeep the reference tag coaxially with the antenna through the defined operating volume of the
inferrogator 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 Hn.

5.5.4.1.3 ~Testreport

The test report shall give the measured values for Vpc at Hnin and Hp.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 M3-Int:3 for H,,,.x and reference M3-Int:3a for H,,,).

5.5.4.2 Modulation index and waveform

5.5.4.2.1 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 mode 3 within the defined operating volume.
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5.5.4.2.2 Test procedure

The calibration coil is positioned anywhere within the defined operating volume, and the modulation index and
waveform characteristics are determined from the induced voltage on the coil displayed on a suitable
oscilloscope.

5.5.4.2.3 Testreport

The test report shall give the measured modulation index of the interrogator field, the rise and fall times and

the overshoot values within the defined operating volume. The pass/fail condition is determined by the values
defiredHrtSOAEC18000-3-rede-3

no.
TTCO 1T TOT A AN AR R B Aviv ) v

5.5/4.3 Load modulation reception (informative only)

Thip is an indirect test of the ability of the interrogator to receive a minimum signalfrem the tag. This test
verlfies that an interrogator correctly detects the load modulation of a tag that conforms'to the basg standard,
ISQ/IEC 18000-3 mode 3. It is supposed that the interrogator has means to indicate correct reception of the
sub-carrier produced by a test tag.

Anmex G shows a circuit which can be 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 a tag signal having the.values defined below. Failure|under this
criterion shall not be interpreted as failure of conformance for an‘otherwise conforming interrogator.

The load modulation shall be at least 10mV for ISO card sized tags (ID1), for other label form factors the label
mahufacturer shall specify 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

A1 Genbral

This normative Annex describes guidelines for the modification of the test set-up if RFID tags equal t¢ or

smaller than ID-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 7810 for ID-1‘type
ob defined in ISO/IEC 7810 for IB=1 type
ca 72 mm (+/- 2 %)

cb 42 mm (+/- 2 %)

co 5 mm (+/- 2 %)

NOTE 1 The area over which the field is integrated is approximately 3000 mm?.

NOTE 2 At 13,56 MHz the approximate inductance(s 250 nH and the approximate resistance is 0,4 Q.

NOTE 3 A parasitic capacitance of the probe 'assembly of less than 35 pF normally ensures a resonant frequency for
the whole sgt of greater than 60 MHz.

The open g¢ircuit calibration factor for-this coil is 320 mV (rms) per A/m (rms) [equivalent to 900 mV (peak-to-

peak) per A/m (rms)].

A.3 Tes{ interrogator assembly

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

20

Symbol | Value
asp 3 mm
Ix 150 mm
dis 100 mm
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A.4 Reference tag

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

Symbol | Value

nr 4

ar 72 mm (+/- 2 %)
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.% 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

€3 33 pF

C4 2-27 pF

Rext 5 x 4,7 (parallel) Q

A.T Sense coil

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

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

© ISO/IEC 2011 — All rights reserved
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A.8 Reference tag for interrogator power test

22

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

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

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

B.1 General

Thif normative Annex describes guidelines for the modification of the test set-up if RFID tags larggr than ID-1
siz¢ are to be measured.

B.2 Calibration coil
oa,|ob:

The calibration coil PCB shall be of a suitable size to carry the singlé\turn calibration coil and printed
corlnections.

ca,|cb, co:
The single turn calibration coil shall be of the same shape and‘dimensions as the RFID tag Antenna under test.
NOTE A parasitic capacitance of the probe assembly ofdess than 25 pF normally ensures a resonant frequency for
the [whole set of greater than 60 MHz for ca = 81 mm and ¢b’'="47 mm. A parasitic capacitance of the probe [assembly of

lesq than 15 pF normally ensures a resonant frequency far the whole set of greater than 60 MHz for ca = 125 mm and
cb ¥ 73 mm.

Calibration factor
The open circuit calibration factor k. of the calibration coil can be calculated as follows:

ko=11(2 X N2%plp X a x Ac)

k. Calibration factor of\the calibration coil [ A/m (rms) per Volt (peak to peak) ]
Ho Permeability'equal to 4 x & x 107 [Vs / Am] for free space

10 2 x 1t xfo\( fo = System frequency of the RFID system [Hz] )

A AreaJof the single turn calibration coil [m2]

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

Vc..pp =H rms/kc
H s Magnetic field strength (rms value)

V., Induced voltage in the calibration coil (peak-peak value)
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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 of the test interrogator assembly connection cable shall be as short as possible but not longer than

dis:
The distar

modulation

B.4 Refe

nr.

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

ar, br:
The outer {

wr, Sr.

The reference tag track width and track spacing shallequal those of the RFID tag antenna under test.

B.5 Test

lya, lyb:

The test Inferrogator antenna PCB shall have a suitable size to carry the test interrogator antenna and the

imped

lyd:

The diamefer of the(test interrogator antenna shall be approximately twice the maximum linear dimension

of the

TOTTOT-TOTTOT

ce between the test interrogator antenna and the sense coils shall be chosegn,:so that |the
of the tag under test is negligible at the position of the calibration coil.

rence tag

ize of the coil shall equal that of the RFID tag antennander test.

interrogator antenna

bnce matching network.

RFID.tag-antenna under test.

lyw:

The test interrogator coil track width shall be sufficient to carry the current and maintain thermal stability for
the materials being used.

24

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=b20d92d92be78930273a6527691b699a

ISO/IEC TR 18047-3:2011(E)

B.6 Impedance matching network

Cs Rext

Rant

Lant

Figure B.1 — Impedance matching network

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

Q=Lant X A/ (Rext + Rany)

Ry External resistor to limit the quality factor of the antenna

Lan Inductance of the test interrogator antenna

R., Resistance of the test interrogator antenna

ay 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<alculated as follows:

Rext = LantX a/b/Q

Rex External resistor to\imit the quality factor of the antenna
Lan Inductance of\the test interrogator antenna
Ran Resistahce of the test interrogator antenna

2% x fy (fo = system frequency of the RFID system [Hz] )

° &

Quality factor

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

Resonance condition:
Lant X (Cs + Cp) X (an)® =1
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Matching condition:
((Cs + Cp)/ Cs) X (Rext+ Rant) = Z0

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

NOTE Suitable

need a low \71

case of an gntenna as defined in A.)
B.7 Sensge coil

lya, lyb:
The sense|coil PCB shall be of a suitable size to carry the single turn sense coil andpfinted connections.

sa, sb, rs:

The sense|coil shall be of the same shape and approximately 1/3 larger than‘the RFID tag antenna under t

B.8 Ref@rence tag for interrogator power test
C3 (see Arlnex F):

The value pf C3 has to be chosen so that the resonanceé circuit can be tuned to the RFID system freque
(dependind on the inductance of the reference tag coib).

The resonant frequency of the reference tag i$ ' measured by using an impedance analyser or a LCR-m
connected fto a calibration coil. The coil of the)reference tag should be placed at a distance of 10 mm from
calibration |coil, with the axes of the two.coils being congruent. The resonant frequency is that frequenc
which the resistive part of the measured-complex impedance is at maximum.

R1, R2 (sep Annex F):

The value ¢f R7 can be ascértained with the following procedure:

Tune the r¢ference tag.to the RFID System frequency. Set Jumper J1 to position a to activate R7. Place
reference thg in the position of the RFID tag under test in the test interrogator assembly. Adjust the magn

field strength in the*assembly to the H,,, value. The measurement of the magnetic field is performed with
calibration [coit atthe opposite side of the test interrogator antenna coil. Adjust R7 to obtain Vpc = 3V¢ acn

Rext
in

ncy

bter
the
at

the
etic
the
0SS

R3 measured.with a high impedance voltmeter.

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

Tune the reference tag to the RFID system frequency. Set Jumper J1 to position b to activate R2. Place
reference tag in the position of the RFID tag under test in the test interrogator assembly. Adjust the magn
field strength in the assembly to the H,,., value. The measurement of the magnetic field is performed with
calibration coil at the opposite side of the test interrogator antenna coil. Adjust R2 to obtain Vpc = 3V acr
R3 measured with a high impedance voltmeter.

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

Test interrogator antenna

C.1_Layout including impedance matching network

lya

| Impedance
matching network

LTI 1

Ground
compensation coil

lyb

Antenna coil

I lyd

Drgwings are not to.scale. The antenna coil track width is /yw (except for through-plated holes).S{arting from
the| impedance smatching network there are crossovers every 45°.PCB: FR4 material thicknegs 1,6 mm,
doyble sided-with 35 ym copper.

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

OLaow fra rant)
TV ICWIT OOty
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... . N~

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

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

Austrian Institute of Technology
Ciefinggasse 2

1210 Vienna

Austria

Tel.: +43/(0)50 550-0
Fax: +43/(0)50 550-6666
E-Mail: techbase@ait.ac.at

br from other_seurces.
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C.2 Impedance matching network

The antenna impedance (R, L.n) 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
interrogator antenna is defined in Annex A.5, the limits of the individual components can reach:

— | 200 V in voltage rating for the capacitors,
— | approximately 2 W dissipated on Rex: 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 lof-emitting appropyiate signal
seduences. The modulation index should be adjustable in the ranges of 10 %7’--30 % and 95 % - 100 %. The
output power should be adjustable to deliver field strengths as Specified in the base| standard,
ISQ/IEC 18000-3. Care should be taken with the duration of fields above the upper operating rangel

50 Ohm

power driver Antenna coil

impedance
i D matching
network
C1 Rext
o—=—]
Rant
Z2=50 Ohm C2| C3| Cc4

R b

Figure C.3 — Impedance matching network
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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

Cconnected 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

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
The probe

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

capacitance Cg, in parallel to the reference resistor compensates this probe capacitor if C.,; = C,
Capacitor is compensated when the Lissajous figuréds completely closed.

he probe, which is in parallel to the output connector/has’a small parasitic capacitance Cpopg.

the
two
b X

ling
A

robe-

IMPORTANT

30

closed figure: Phi=0 - P angle
IS A < corresponding
A to 50 Ohm
Pais
,4
Signal Oscilloscope
Generator
. i | X reference: Y
: : 50 Ohm output
1 T
1 1
: I calibration
\ . 100 Ohm Ccal = Cprobe resistor
L —C O—1 50 Ohm
e o C probE

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.

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=b20d92d92be78930273a6527691b699a

ISO/IEC TR 18047-3:2011(E)

Step 2:

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
N — angle
™~ — HE r\nrrncpnnding
AT ¥ [to 50 Ohm
yians
Oscilloscope
Signal
generator
————————— X reference: Y output

R =50 Ohm : 50 Ohm Antenna coil
1
1
1

|
|
| impedance _/-
1 (") 13,56 MHz s e matching
! ! 100 Ohm ~ “ea = Yprove network \
! 1 —e —C O—
L - robe
‘oM T C4 Phase calibration

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

Sense coil

E.1 Sense coil layout

A

lya -

o

connections /4
> 8:><—><D<—‘

\é‘ R=rs /_,I_ v

j’
|

. A

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

35 um copper.

Figure E.1 — Layout for sense coils aand b

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

Austrian Institute of Technology
Giefinggasse 2

1210 Vienna

Austria

Tel.: +43/(0)50 550-0
Fax: +43/(0)50 550-6666
E-Mail: techbase@ait.ac.at

or from other sources.
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