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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO membe

r bodies). The work of preparing International Standards is normally carried out through 1SO

technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International

International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication gs an

International

Attention is

rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17367 W
Committee |9

h

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent

as prepared by Technical Committee ISO/TC 122, Packaging, in collaboration with Technical
bO/TC 104, Freight containers.
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Introduction

The supply chain is a multi-level concept that covers all aspects of taking a product from raw materials to a

final product including shipping to a final place of sale, use and maintenance and potentially disp
these levels covers many aspects of dealing with products and the business process for each
unique and overlapping with other levels.

osal. Each of
level is both

data [levels with the four other International Standards under the general title: Supply chain)applications of

RFID. Where possible, this compatibility takes the form of interchangeability. Where interchang
feasible, the International Standards within this suite are interoperable and non-interféring. The
Stanglards within the complete series of Supply chain applications of RFID include

— IS0 17363, Supply chain applications of RFID — Freight containers,

— IS0 17364, Supply chain applications of RFID — Returnable transport items (RTIs),

— IS0 17365, Supply chain applications of RFID — Transport units;

— IS0 17366, Supply chain applications of RFID — Product packaging, and

— IS0 17367, Supply chain applications of RFID — Predtct tagging.

Thesg International Standards define the technical aspects and data hierarchy of information req

This International Standard has been created in order to ensure compatibility at the physicalg cEmmand and

ability is not
International

Lired in each

layer| of the supply chain. The air-interface and-‘communications protocol standards supportgd within the
Supply chain applications of RFID International(Standards are ISO/IEC 18000; commands and njessages are
specified by ISO/IEC 15961 and ISO/IEC 15962; semantics are defined in ISO/IEC 15418; syntay is defined in

ISO/IEC 15434.

Although not pertinent to this International Standard, the work of

— ISO/IEC JTC 1, Information,technology, SC 31, Automatic identification and data capture tg¢chniques, in

e areas of air interface;) data semantic and syntax construction and conformance standards

— ISO/TC 104, Freight' containers, in the area of freight container security, including ele
-seals) (i.e. 1S©/18185) and container identification

is comsidered valuable.

, and

ctronic seals
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Su

1

This

product tagging. In particular it

This

2

All of|the devices and equipment that claim:éonformance with this International Standard shall alg
appropriate sections and parameters specified in ISO/IEC TR 18046 for perfofmance and
ISO/IEC TR 18047-6 (for ISO/IEC{18000-6, Type C) and ISO/IEC TR 18047-3 (for the ASK
ISO/IEC 18000-3, Mode 3) for conférmance.

the

NOTEH Annex A gives an jltustrative example of an industry-specific conformance/quality document.

3

The

refergnces, “only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO

ISO

pply chain applications of RFID — Product tagging

Scope

nternational Standard defines the basic features of RFID for the use in the supply chainwh

provides specific recommendations about the encoded identification of the produét,
makes recommendations about additional information about the product on the RF tag,

makes recommendations about the semantics and data syntax to be used,

akes recommendations about the data protocol to be used tolinterface with business app
e RFID system, and

akes recommendations about the air interface standards.between the RF interrogator and

nternational Standard only addresses product tagging and does not address product packad

Conformance and performance specifications

Normative réferences

following<referenced documents are indispensable for the application of this documen

en applied to

lications and

RF tag.

ing.

o conform to

interface of

t. For dated
b referenced

49, Pallets 1or materials handling — Vocabulary

830, Freight containers — Vocabulary

ISO/IEC 15418, Information technology — Automatic identification and data capture techniques — GS1
Application Identifiers and ASC MH10 Data Identifiers and maintenance

ISO/IEC 15434, Information technology — Automatic identification and data capture techniques — Syntax for
high-capacity ADC media

ISO/IEC 15459-4, Information technology — Unique identifiers — Part 4: Individual items

© 1SO 2009 - All rights reserved
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ISO/IEC 15961, Information technology — Radio frequency identification (RFID) for item management — Data
protocol: application interface

ISO/IEC 15962, Information technology — Radio frequency identification (RFID) for item management — Data
protocol: data encoding rules and logical memory functions

ISO/IEC 15963, Information technology — Radio frequency identification for item management — Unique

identification

for RF tags

ISO/IEC 16022, Information technology — Automatic identification and data capture techniques — Data
Matrix bar code symbology specification

ISO 17364,

ISO/IEC 180
Parameters

ISO/IEC 180
Parameters 1§

ISO/IEC 180
Code 2005 b

ISO/IEC TR
frequency idé

ISO/IEC TR
methods — 4

ISO/IEC TR
methods — 4

ISO/IEC 197
Harmonized

ISO/IEC 197
Harmonized

ISO 21067, §

ISO/IEC TR
Implementat

ANS MH10.8

EPCglobal, 1
GS1 Genera

bupply chain applications of RFID — Returnable transport items (RTIs)

DO-3, Information technology — Radio frequency identification for item management— R
or air interface communications at 13,56 MHz

DO-6, Information technology — Radio frequency identification for item mahagement — R
or air interface communications at 860 MHz to 960 MHz
ar code symbology specification

18046, Information technology — Automatic identification and-data capture techniques —
bntification device performance test methods

18047-3, Information technology — Radio frequengy “identification device conformance
Part 3: Test methods for air interface communications at 13,56 MHz

18047-6, Information technology — Radio -frequency identification device conformance
Part 6. Test methods for air interface communications at 860 MHz to 960 MHz

52-1, Information technology — Automatic identification and data capture (AIDC) techniqu
Vocabulary — Part 1: General terms-tefating to AIDC

52-3, Information technology 4= Automatic identification and data capture (AIDC) techniqu
vocabulary — Part 3: Radio-frequency identification (RFID)

Packaging — Vocabulary,

P4729-1, Information™ technology — Radio frequency identification for item manageme
on guidelines < RFart 1: RFID-enabled labels and packaging supporting ISO/IEC 18000-6C

.2, Data ldentifiers and Application Identifiers
[ag Data- Standards, Version 1.3

Specifications

D4, Information technology — Automatic identification and data, capture techniques —t

art 3:

art 6:

QR

Radio

test

test

D

D

ht —

ICNIRP Guidelines, Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic
fields (up to 300 GHz)

IEEE 1451.7, Smart Transducer Interface for Sensors and Actuators — Transducers to Radio Frequency

Identification

(RFID) Systems Communication Protocols and Transducer Electronic Data Sheet Formats

IEEE C95-1, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz

© ISO 2009 — Al rights re;

served


https://standardsiso.com/api/?name=002145a54a0d80f15cc2bf6dd76d28a6

ISO 17367:2009(E)

4 Terms and definitions

For the purposes of this document, the terms and definitions given in I1SO 445, 1SO 830, ISO 17364,

ISO/IEC 19762-1, ISO/IEC 19762-3 and ISO 21067 apply.
5 Concepts
5.1 Differentiation between this layer and the preceding layers
Figure—d-gives-a-graphical-representation-of-the-supply-chain—t-shows-a-conceptual-medel-ofpossible supply
chain relationships, not a one-for-one representation of physical things. Although several layers in Figure 1
have|clear physical counterparts, some common supply chain physical items fit in several layers depending on
the yse case. For example, a repetitively used pallet under constant ownership would be| covered by
ISO 17364 as an RTI; a pallet that is part of a consolidated unit load would be covered by ISQ 17365 as a
transport unit; and a pallet that is integral to a single item would be covered, by, 1SO 17366 as product
packfging.
Layers 0 to 4 are addressed within the series of International Standards Supply chain applicafjons of RFID
(see |ntroduction). Layer 5 is addressed by the work of ISO/TC 204/WG 7
Layer O in Figure 1 and the definition of a product in ISO 17364:2009;.4.8 are the subject of this|International
Standlard.
Layef 5

( Movement vehicle

(truck, aeroplane, ship, train)

) A A A A A

Layer 4

433 MHz to 18000-7
2450|MHz to 24730-2
ISO 17363

Container
| (e.g. /40-foot marine container")

]

Freight containers [} L} 1 A

LayeF 3 (860 to 960 MHz, 18000-6, Type C)

13,54 MHz (TPA), 18000-3, Mode 3 ( Unit load ( Unit load

I<S1(§5 ;2624(TPA), 18000-2 “pa”et" "pa”et"

Retufnable transport items (RTIs) A [ A S |

Layef 2 (860 to 960 MHz, 18000=6, Type C) —— P PR P

13,54 MHz (TPA), 18000-3¢Mode 3 Transport Transport Transport Transpprt

ISO 17365 L unit unit unit L unit
Trangport units I 1 I 1 T 1 T

Layef 1

13,56 MHz (TPA)»\18000-3, Mode 3 (~ (— (— (—

860 tp 960 MHz (TPA), 18000-6, Type C Pkg Pkg Pkg Pkg Pkg Pkg Pkg Pkg
ISO 17366.

Prodyict.packaging

LayerU

15 Ton) 16003 Moded .tem||.tem| o nem||.tem||.tem| nem||nem||.tem| ]
ISO 17367

Product tagging

Figure 1 — Supply chain layers

Once tagged, product layer tags can be distinguished from following or preceding layer tags by use of a group
select methodology contained in the RFID interrogator/reader. This group select function allows the
interrogator and supporting automated information systems (AIS) to quickly identify product layer tags. As
indicated in 5.2.2, the group select methodology is further elaborated in ISO/IEC 15961.

©I1SO
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5.2 Uniqu

5.21 Gene

e item identifier

ral

Unique item identification is a process that assigns a unique data string to an individual item, or in this case to
an RFID tag that is associated to the item. The unique data string is called the unique item identifier. Unique
item identification of items allows data collection and management at a granular level. The benefits of granular
level data are evident in such areas as maintenance, retail warranties and enabling electronic transactions of
record. This granularity is possible only if each tagged item has a unique identification. ltems that are not
uniquely identified would not normally be tagged at the item level. ltems to which unique item identifiers have
been assigned are said to be serialized items. Low cost consumable items would normally be tagged at the

package leve

Product lays
between like
items but ng
practical or d

The unique
unique item
tags. The un
not the uniqy

The minimun
that is uniqu
unique identi

This Internat

unique i

GS1 Se

5.2.2

The unique i
from layer O
packages sh

a)
b) compan
c) serial ny

Interpational unique identification for items

issuing agency code (IAC);

I'or higher as a standard assortment.
r tagging can uniquely identify items, thus providing differentiation between like\items

t differentiating between like items. This is used for commodity where individualization i
esired.

broduct identifier described above is a unique identifier as described.in_ISO/IEC 15459-4
dentifier (Ull) provides granular discrimination between like items that-are identified with
que tag ID (as defined by ISO/IEC 15963) is a mechanism to uniquely identify RFID tags 3
e product identifier defined in this International Standard.
N data elements required for unique identification are an entérprise identifier and a serial ny
p within that enterprise identifier. Commonly, a part or model number is also required to ac
fication.

onal Standard uses the following identification mechanisms for unique product identification:
Hentifiers for supply chain items (ISO/IEC 15459-4);

ialized Global Trade Item Number (SGTIN).

Hentifier of ISO/IEC 15459 provides identification schemes for various layers of the supply ¢
(products) up to layer'3’ (returnable transport items). The unique identification of pr|
bl use ISO/IEC 15459-4. Unique identification is provided by three components:

y identification number (CIN),

mberi{(SN),

and

and unlike items. Product layer tagging can also be used to identify items by differentiating dinlike

5 not

The
RFID
nd is

mber
hieve

hain,
bduct

preceded by

an AFEl _and Data ldentifier (nl) The AFl code Qccignmpm‘q tabhle in ISQ/EC 15961:

P004,

Annex B, permits identification of the supply chain layer, i.e. product = A1y, transport unit = A2, gy,
returnable transport item = A3« and product package = A5 gx.

The Data ldentifier shall be “25S”. The ISO/IEC 15459 registration authority assigns the IAC. The CIN is
assigned by the issuing agency. The company registered with the issuing agency assigns the serial number.
The serial number shall be no longer than 20 alphanumeric characters.

© 1SO 2009 — All rights reserved
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(:‘g)l() Assignment International Standard
A1 [17367_Non-EPC (ISO 17367 — Supply chain applications of RFID — Product tagging
A2 [17365_Non-EPC |ISO 17365 — Supply chain applications of RFID — Transport units
A3 |[17364_Non-EPC |ISO 17364 — Supply chain applications of RFID — Returnable transport items (RTIs)
A4 | 17367_HazMat ISO 17367 — Supply chain applications of RFID — Product tagging (HazMat)
A5 |[17366_Non-EPC |ISO 17366 — Supply chain applications of RFID — Product packaging
A6| |17366_HazMat ISO 17366 — Supply chain applications of RFID — Product packaging (HazMat
A7| [17365_HazMat |ISO 17365 — Supply chain applications of RFID — Transport units (HazMat)
A8| [17364_HazMat ISO 17364 — Supply chain applications of RFID — Returnable transport items (Rf1s) (HazMat)
A9| [17363_Non-EPC |ISO 17363 — Supply chain applications of RFID — Freight containers
AA| |17363_HazMat |ISO 17363 — Supply chain applications of RFID — Freight-containers (HazMat)
When stored on a tag with a technology that supports AFls, the unique identifier shall also be aspociated with
an I. EPC does not use AFIs; consequently, there are no AEls’ used for products emplgyed in retail

appli¢ations using EPCglobal.

To d¢fine its class (in the ISO/IEC 15459 sense), the unique identifier shall have an associated class identifier,
which is the Data Identifier “25S”. For the purposes of this International Standard, a uniquq identifier of
products can be up to 35 alphanumeric characters in length, including the Data Identifier (an3+4an..32). See
Table 2.
Table 25— Ull element string
Format of the license plate
Data Identifier IAC, company identification number (CIN), serial number
258 N4 NgN3 Ng N5 Ng N7 Ng Ng N4g N4 N2 N4z Nig N45 Nig Nq7. .. N3

5.2.3| Serialized global trade identification number (SGTIN)

The EPCglobal serialized global trade identification number (SGTIN) is a unique item identifier (U
provifling unique‘item identification of product packages.

Table 3 — SGTIN element string

—Filter-Valte—

Partiti

—Company-Prefix—

—emReference—

——Serial Number

Number of bits

3

3

20 t0 40

24t04

38

Reference

0011 00002

999 999 to

999 999 999 999°

9 999 999 to 9°

274 877 906 9434

NOTE
field.

Maximum decimal value range of Company Prefix and Item Reference fields vary according to the contents of the partition

a
b
c

d

Binary value.

Maximum decimal range.

Maximum decimal value.

Refer to EPCglobal, Tag Data Standards, Version 1.3 for values.

© 1SO 2009 - All rights reserved
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The SGTIN consists of the following information elements:

a) The Header, which is defined in EPCglobal, Tag Data Standards, Version 1.3. It is eight (8) bits long and
for an SGTIN-96 is the value 30gx.

b) The Filter Value, which is defined in EPCglobal, Tag Data Standards, Version 1.3. It is three (3) bits long
and identifies whether an EPC is for a retail trade item, a standard trade item grouping, or a single
shipping/consumer trade item.

c) The Partition, which is defined in EPCglobal, Tag Data Standards, Version 1.3. It is three (3) bits long,
carries one of seven (7) values, and identifies where the subsequent Company Prefix and Item Reference
numberg-are-divided-

d) The Company Prefix, assigned by GS1 to an organization. The Company Prefix is the same’ als the
Comparny Prefix digits within a GS1 GTIN decimal code. The combined Company Prefix and| Item
Referenge are 44 bits long (13 decimal digits).

e) The lterq Reference, assigned by the “Company” entity to a particular product package. The compined
Compary Prefix and ltem Reference are 44 bits long (13 decimal digits).

f)  The Serjal Number assigned by the managing entity to an individual object. The EPC representat|on is
only capable of representing a subset of serial numbers allowed in the“GS1 General Specificafions.
Specifically, only those Serial Numbers consisting of one or more digits, with no leading zerog, are
permittef. The length of the Serial Number is 38 bits.

5.3 Otherlidentification requirements

This International Standard does not supersede or replace any applicable safety or regulatory markihg or

labelling requirements.

This Internatjonal Standard is meant to satisfy the minimum product identification requirements of numegrous

applications pnd industry groups. As such, its applicability is to a wide range of industries, each of whicf may

have specifi¢ implementation guidelines for this“International Standard. This International Standard is fo be
applied in addition to any other mandated labelling requirements.

6 Differentiation within thelayer

6.1 Business processes

Business processes such<as those described below are illustrative of the applications envisioned by this

International|Standard:

— Acquisition;<ordering, including the identification of relevant specifications and requirements, cgn be
facilitated®y referencing the item's original acquisition data using the RFID tag's unique ID as a datgbase

key.

Shipping: where items can have different configurations or capabilities, such as with computer software
loads that differentiate items with otherwise identical form, fit and function, such items can be issued and
shipped with the tag read providing assurance that the correct item was shipped. This level of non-
intrusive tracking and tracing can serve as a front end to higher level in-transit visibility RFID applications
detailed in the other standards of this series.

Receiving: non-intrusive collection of receipt data can shorten data collection times, in support of
automated inventory management systems and provide an electronic fransaction of record much earlier
in the process. Earlier knowledge of on-hand inventory can reduce stock outs and the need for expedited
premium transportation.

© 1SO 2009 — All rights reserved
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Cross docking: in addition to recording inbound receipts and outbound shipments, tagged items can be
sorted. Many items will have exterior marking (tagging) that are used in lieu of reading the product tag.

Work in process: used to track individual components and the final assembly (bill of material) and to

monitor any item through a fabrication or manufacturing process.

Maintenance: related to work in progress and differentiated in that it covers functions
subsequent to the actual work. This includes fault analysis, identification, preparation of
packaging.

prior to and
packing and

Inventory control: |tem level serlallzatlon yields a granulanty of V|S|b|I|ty that supports the management of

Disposal: identification of items that have recycling or other disposal requirements.

icking and put-away: selection of items from a package or transport unit prior'to placem
stock in a warehouse situation or other storage situation where a specific asset is desired or
the specific item selected is required for issue.

ick and place: selection of items from shelf stock in a warehousey'situation or other stor
here a specific asset is desired or knowledge of the specific item selected is required in
placement of the item into or onto another asset incident to a manufacturing or assembly pro

$ortation: process that places individual items into groups based upon some selection
performed at speed.

I
g
i
underlying base process that enables the other uses of the tag.

dentification: process that is an inherent part of each of the functions set out above. It allow
ifferentiation of an item consistent with the business process in use. Identification can be

Network topology: can be used to identify discrete nodes or locations on a network.

Configuration management:_discrete identification of the individual component items tha
igher assembly. This component data can be tiered to cover each of the multiple levels of
.g. the circuit board inside‘the radio installed in the communications suite of an aircraft).

a
em level for serialized products or by commodity for non-serialized products. Identificatiovt

ent into shelf
nowledge of

age situation
cident to the
Cess.

briteria, often
5 the positive

the discrete
is often the

comprise a
configuration

The multitude of different.\business processes circumscribed by the supply chain will employ distipctly different

grouy
inten
integ

6.2

Just

ings of functions,and processes outlined above. The reading, writing or erasing of data to
Hed to effect(identification and data capture about the product and the process involved
ated into business processes as required by the business process owner.

Lot/batch vs. serial number vs. product identification only

from a tag is
and shall be

PAH o £ L H 1™ H Aot H 4 L £L 4 4 HII
do UMNITITITl DUoIIiCToo PIULTOOTO TIAdve Valyllly Udia TCUYUNTITICTILS, UNTCITTIIU TICTTHS - VWIT

1ave varying

identification requirements. Use of structured or intelligent serialization schemes include additional data such
as part number or lot number in the serialization scheme and should be avoided whenever possible. This
means ideally that the serialization is unique within the enterprise.

The lowest level of identification would be product ID only. Lot and batch type items shall be marked with the
product ID of the item and the lot or batch of that item that this particular item belongs to. Serialized items
shall be marked with a unique serial number in conformance with the appropriate part of ISO/IEC 15459,
which details the differing methods of serialization that provide unique identification.

The need to identify an item at each level is not absolute. Many items are manufactured, sold, and used at the
commodity level. Examples are sand, coal and bulk liquids. These items may be marked at the lot level or
simply as a generic commodity.

© 1SO 2009 - All rights reserved
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Medicines are typical of the type of item that is manufactured and managed at the lot level but sold and used
at the item level. Thus a particular dosage of medicine will require unique identification of that dose and the
ability to reference that back to the original manufacturing lot. Looking up associated information on the
information system may accomplish this reference.

6.3 Consumer products vs. industrial/government

Personal privacy considerations present a unique set of considerations for consumer products as opposed to
products that remain exclusively in the industrial/government sectors. Consumer privacy regulations shall be
considered in the design and operation of every consumer level product scenario. Encryption and data
security are addressed in Clause 8.

7 Data|Content

7.1 Introduction

Subclauses [.2 to 7.7 describe the data content of RFID tags for the product layer( They identify, ampngst
others,

— the datalelements that shall or may be present on the tag,

— the way [in which the data elements are identified (semantics),

— the reprgsentation of data elements in tag memory, and

— the placg¢ment of data elements in the memory of the tag.

7.2 System data elements

7.2.1 Uniqtie product identification

The first datg element on a compliant tag shall-be the unique identification described in ISO/IEC 15459-4. The
length and nature of this unique identification is defined in this data element. For an ISO/IEC 18000-6, Type C
and ISO/IEC|18000-3, Mode 3 compliant-tag, the “unique identification” data element is segregated from any
additional (user data) by the memory.architecture. The unique identification data element shall be stored jn UlI
memory (Bank 01), with any additional data being stored in user memory (Bank 11). For the purposes qf this
International|Standard, a uniquesidentifier of product packages can be up to 35 alphanumeric charactérs in
length, incluging the Data Identifier (an3+an..32).

7.2.2 Datasemantics

Tags that only erceode the unique product identity should conform to ISO/IEC 15961. Tags containing complex
data structure$-or larger data sets shall include semantics that conform to ISO/IEC 15418, ISO/IEC 15962,
and ISO/IECT596T.

7.2.3 Data syntax

Tags that encode identity only are considered to have no syntax. Tags containing complex data structures or
larger data sets shall conform to ISO/IEC 15434 and should also conform to ISO/IEC 15962.
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7.3 Tag structure

7.3.1 Tag header

Tag headers should contain either an ISO/IEC defined AFI or an EPCglobal defined NSI. The ISO/IEC 15961
AFI for product packages, i.e. A5 gy, in bits 18 gy to 1F g as described in Tables 1 and 4. Support for
ISO standards (including AFls) is indicated when bit 17,y is set to “1”. Alternatively, such headers may
contain an EPC header as described in EPCglobal, Tag Data Standard, Version 1.3. Support for EPCglobal
coding is indicated when bit 17,y is set to “0”.

NOTE A 96-bit SGTIN is represented by EPC header 30gx.

7.3.2] Tag memory

Figure 2 provides a graphical representation of tag memory.

MSB LSB

Data Objects fofmatted:
2\ Precursor, [OID], length,
object
10,465 RFU [7:0] |4Fys - Sensors/batterytassist

00,5 DSFID [7:0] {OF,ex- See ISO/IEC 15061

Memory bank and ISO/IEC 1562
BanH MSB LSB
1, USER , - MDID
Banl : - Tag model number
- Serial number
10, TiD 101ex TID [15:0] |1Frex_ Burned in or wriften
Ban 004ex TID [31:16] |OF yex  and permalockefd by
01, Ull IC manufacturer

%5t | RESERVED

2204ex["Optional XPC_W2 [15:0] |22Fex
210« [ Optional XPC_W1 [15:0] |271Fhex

Memory bank is defined ull [15:0]
as follows : - Ull (may be EPC)
00, Resenved 20Hex Ul (N-N-159 2F e PC (Protocol Cdntrol) bits
01, Ui 10 ex StoredPC [15:0] |1Fiex  including Ul length indicator
10, TID 004ex\  StoredCRC-16  [15:0] |OF,ex- CRC confirms cpntent of
1, User Ull memory

MSB LSB

- Contains all write lock
and kill passwords

304ex | Access Password [15:0] [3F,
20,y | Access Password [31:16] |2F,
10,y | Kill Password ~ [15:0] |1F.
00, \__ Kill Password  [31:16] |OFey

Figure 2 — Segmented memory map
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7.3.3 Tag memory banks

Tag memory shall be logically separated into four distinct banks, each of which may comprise one or more
memory words. A logical memory map is given in Figure 2. The memory banks are as follows.

a) Reserved memory: shall contain the kill and access passwords. The kill password shall be stored at
memory addresses 00y to 1FEy; the access password shall be stored at memory addresses 20y to
3FHex- If a tag does not implement the kill and/or access password(s), the tag shall act as though it had
zero-valued password(s) that are permanently read/write locked and the corresponding memory locations
in reserved memory need not exist.

b) Ull memery—shalt-contain-a-CREC-16-at-memory-addresses-08ppyio-0FgeProteeet-ControHPEhits at
memory|addresses 10exto 1Fex and a code, i.e. a Ull, that identifies the object to which the-tag is or
will be attached beginning at address 20gx. The PC is subdivided into a Ull length field in~mgmory
locationg 10gx to 14y, an indication of user memory bit in memory location 15y, a PC extepsion
indicato bit in memory location 16y, an ISO/EPC bit in memory location 174gx and\a numiering
system |dentifier (NSI) in memory locations 18 gy to 1Fex. The CRC-16, PC and Uty shall be stored
MSB firdt (the Ull's MSB is stored in location 20 ).

c) TID memory: shall contain an 8-bit ISO/IEC 15963 allocation class identifier at fmemory locations 00}z to
07Hex- TID memory shall contain sufficient identifying information above ‘07gx for an interrogator to
uniquely identify the custom commands and/or optional features that a tag supports.

For EP( tags whose ISO/IEC 15963 allocation class identifier is 11200010, this identifying information
shall comprise a 12-bit tag mask-designer identifier at memory locations 08,cx to 13,ex and a 12-Qit tag
model nimber at memory locations 14,gx to 1F .

For ISOJIEC 15459-4 tags operating conformant to ISO/IEC-18000-6, Type C and whose ISO/IEC 15963
allocatiop class identifier is 11100000, (EOngx), this_ identifying information shall comprise a 12-bjt tag
mask-dgsigner identifier at memory locations 08z« 10 13 % and a 12-bit tag model number at mgmory
location$ 14 gx to 1FEx.

For ISOJIEC 15459-4 tags operating conformant to ISO/IEC 18000-3, Mode 3, and whose ISO/IEC 15963
allocatiop class identifier is 11100000, (EOyex), this identifying information shall comprise a 12-hjit tag
mask-dgsigner identifier at memory logations 08¢y to 134gx and a 12-bit tag model number at mgmory
location$ 14 gx to 1FEX.

Tags may contain tag- and vendor=specific data (for example, a tag serial number) in TID memory gbove

d) User mgmory: allows user-specific data storage. The StorageFormat ID described in ISO/IEC 15961 and
ISO/IEC{ 15962 definés-the memory organization. The presence of data in user memory in MB11 shgll be
indicated by the presence of a 1 in the 15,z PC bit. A zero in the 15,y PC bit shall indicate that there is
no user memory-atMB11 or that there is no data in MB11.

7.4 ProtogohControl (PC) bits

The PC bits contain physical-layer information that a tag backscatters with its Ull during an inventory
operation. There are 16 PC bits, stored in Ull memory at addresses 10y to 1F gy, with bit values defined as

follows.
— Bits 10ex to 14y The length of the (PC + Ull) that a tag backscatters, in words:

— 00000,: one word (addresses 10 gy to 1F ey in Ul memory).
— 00001,: two words (addresses 10y to 2F gy in Ul memory).
— 00010,: three words (addresses 10 gy to 3F gy in Ul memory).

— ... 11111,: 32 words (addresses 10y to 20F ey in Ull memory).
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— Bit 15ex: User Memory; shall be set to “0” for tags without data in user memory (MB “11”) or tags without
User Memory and shall be set to “1” for tags with data in user memory.

— Bit 16gx: Shall be set to “0” if there are no extended PC (XPC) bits or the XPC bits have a zero value
and shall be set to “1” if the PC bits are extended by an additional 16 bits.

NOTE 1 If a tag implements XPC bits then PC bit 16gx will be the logical OR of the XPC bits contents. The tag
computes this logical OR, and maps the result into PC bit 16,gx, at power up. Readers can select on this bit, and
tags will backscatter it.

NOTE 2 The XPC will be logically located at word 32 of Ull memory. If a reader wants to select on the XPC bits,
then it issues a Select command targeting this memory location.

— Bit 17 Shall be set to “0” if encoding an EPC and shall be set to “1” if encoding an ISO/IHC 15961 AFI
in bits 18ex to 1Fex.

— iits 18ex to 1TFhex: A numbering system identifier (NSI) whose default value)is’0000000pD, and which
ay include an AFI as defined in ISO/IEC 15961 (when encoding the tag,pursuant to ISQ standards).
'he MSB of the NSl is stored in memory location 18-

The qefault (unprogrammed) PC value shall be 0000gy.

Table 4 summarizes the content.

Table 4 — Segmented memory:.memory bank “01”

Protocol Control bits runxfrem 10,y to 1F ey

0/1 0/1 0/1
10(11(12]13 (14 15 16 17 18 |19 (1A | 1B | 1C | 1D [ 1E|| 1F

Length indicator |[User memory | XRC bit EPC/ISO Application family identifier (AF1)/ || Haz
Numbering system identifier (NSI) || Mat

7.5 | Data elements

7.5.1] Unique product identifier

The Ull — Product package shall be present on all conformant product package tags. For non-rgtail tags, the
unigye product package identifier shall conform to ISO/IEC 15459-4 and shall be used as descr|bed in 5.2.2.
For netail tags~the unique product package identifier shall conform to EPCglobal, Tag Data Standards,
Versipn 1.3 for'the SGTIN-96 and shall be used as described in 5.2.3.

7.5.2| (Hazardous goods

RFID tags for product packaging that is classified as hazardous for storage, transportation or use shall contain
a bit reference indicating that the item is hazardous. In addition, the tag, regulations and statutes may require
a more detailed categorization of the hazard. The setting of this bit (“1”) directs the material handler to the
included material safety data sheet. This additional categorization shall not be mandatory unless it provides an
approved replacement for hazard data otherwise required by the requiring authority.

The specific hazardous goods code shall include the appropriate Data Identifier and qualifier and shall be
reflected in the user data memory. The presence of hazardous material for EPC products is indicated by bit
“1F” of memory bank MBO01 as defined in ISO/IEC 18000-6, Type C and ISO/IEC 18000-3, Mode 3. The
presence of hazardous material for ISO transport units is indicated by the AFI “A8” in bits “18” to “1F” of
memory bank MB01 as defined in ISO/IEC 18000-6, Type C and ISO/IEC 18000-3, Mode 3.
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This International Standard does not supersede or replace any applicable safety or regulatory marking or
labelling requirements. This International Standard is meant to satisfy the minimum product identification
requirements of numerous applications and industry groups. As such, its applicability is to a wide range of
industries, each of which may have specific implementation guidelines for this International Standard. This
International Standard is to be applied in addition to any other mandated labelling requirements.

7.5.3 Optional data

Dependent upon the tag type and capacity, optional data may be written to tags as required. Agreement
between trading partners is not required. Optional data may be encrypted or otherwise secured at the
discretion of the tag writer. Note that encrypted or secured data may not be readable by subsequent

applications
changed by
ISO/IEC 154

7.6 Trace
Unique iden
differentiate
unlike items.

Serialization

Traceability
manufacture

7.7 Uniqu

Unique item

Of USEers. UNIess Written in a read-only format or focked, optional data may De femov
subsequent applications. Optional data shall be contained in ISO/IEC 15434 syntaX
18 semantics using ISO/IEC 15962.

hbility

ification enables traceability. Traceability can relate to specific items-yielding the abil
petween like items and traceability can also relate to groups of like items_differentiating them

schemes shall comply with ISO/IEC 15459-4.

of commodity items may be achieved by concatenating data elements representing
[, the part/model number and the lot or batch number assigned by the manufacturer.

e item serialization

identification can be assured by concatenating three elements of data: the issuing agency

(IAC), an enterprise identifier (relating to the IAC), and. ayunique serialization as described in ISO/IEC 151

Product pac

age-RFID tag data formats shall make a clear distinction in the leading eight bits of th

between unique product package identification'and its contents, in addition to a ninth bit (at seventeenth

position) indi

cating ISO (AFI) or EPCglobal.

8 Data security

8.1 Confi

Tag users d
data written

Hentiality

bsiring to have their tags read only by authorized users shall have the ability to secure/p
o a tag.\The tag shall be capable of having secured/protected data written to it and read f

bd or
and

ty to
from

the

code
159-3.

e tag
HEX

otect
om it

user.
bility
y/all

without interference-from the tag design or structure. Use of this feature shall be at the discretion of the
The type of $ecurity/protection to be utilized shall be commensurate with the degree of risk and vulner
associated with-the tag data, and shall be agreed upon between the enterprise writing to the tag and
authorized readers/users of the data.

8.2 Data integrity

Tags shall have the ability to prevent the alteration or erasure of data commonly known as locking data. This
shall be at the discretion of the user. Tag manufacturers shall have the option of locking a portion of the tag
data for identification and storage of data related to the manufacturer and not the user. A CRC-16 is required
to enhance the integrity of the data. The location of the CRC-16 shall be as per the memory map in Figure 2.
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8.3 Interrogator authentication

A tag's data storage schemas for user memory and future data transfer protocols should provide for the user-
enabled option to require authentication of the interrogator's authorization prior to reading the tag data.
Reading of the tag ID alone shall not require authentication.

8.4 Non-repudiation/audit trail

Tags shall be capable of supporting non-repudiation when programmed to provide non-forgeable evidence
that a specific action occurred. Nothing in this non-repudiation feature shall interfere with or degrade the
performance of the tag or other tags in the field of view.

8.5 | Product authentication/anti-counterfeiting
RFID| devices by themselves do not prevent counterfeiting; the serialization of produet and a sefure chain of
custddy can aid in anti-counterfeiting.

9 |dentification of RFID labelled material

RF tags and RF label inlays compliant with this International Standard shall include one or|more of the
internationally accepted RFID emblems. The accepted emblems are given in Figure 3.

950110126000000000

NOTH 1 The above emblems only represent'the 860 MHz to 960 MHz air interface for this application sfandard. Other
air interface designations can be found in ISO/IEC 29160.

NOTH 2  These graphics can be sealed to the appropriate size and are available in either dark-on-light or Jight-on-dark.

Figure 3 — Examples of the RFID emblem and EPCglobal seal as described in ISO/IE¢ 29160

10 Backup in.case of RF tag failure

10.1| Human.readable interpretation (HRI)

Othef than as stated in 5.3, human readable interpretation or human readable translation of| unique item

identfiers-is-retmandateory—Where-used-the-mandatery-information-(UHh-contaired-n-the-birary encodations

in RF tags shall be represented in their octal or hexadecimal equivalent as shown in ISO/IEC TR 24729-1.
ISO standard two-dimensional symbols, for example Data Matrix ECC 200 or QR code, encoded in
conformance with ISO/IEC 15418 and ISO/IEC 15434, should be considered as a primary backup to RF tags
on products. An additional level of backup of human readable interpretation may be considered.

10.2 Human readable translation
Human readable translation of the data on the tag is selected data rather than complete data and may or may

not contain data semantics. Human readable translation should be used when space constraints or privacy
considerations do not permit the use of human readable interpretation.
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HRI of either ISO Ull or EPC tags shall be the upper case alphabetic and numeric representation of the
encoded data as set forth in ISO/IEC TR 24729-1.

10.3 Data titles

The use of data titles shall be as specified in ANS MH10.8.2 or the GS1 General Specifications.

10.4 Backup

Use of human readable information is strongly encouraged for data that is critical to the item's use or sale and

shall functiom.asﬁ.ﬁm&aﬂmub&muﬁhﬁhﬂ%agwﬁﬂi&@a&aﬂmiwmason. If
optically reaglable media is used, trading partners shall agree upon a linear symbol such as Code (128, as

described in ISO/IEC 15417, or a two-dimensional symbol such as Data Matrix, as deseribgd in
ISO/IEC 160R2 or QR Code, as described in ISO/IEC 18004.

11 Tag operation

11.1 Data protocol

The data prtocol for this International Standard shall support the requirements of ISO/IEC 15961 and the
semantics of{ISO/IEC 15418 and ISO/IEC 15962 and the syntax of the ISOAEC 15434.

11.2 Minimum performance requirements (range and rate)

The performance for tags shall be measured in accordance with ISO/IEC TR 18046. Minimum performance
requirementg will vary for different functional applications offtRFID. Table 5 shows the typical performance
requirementg for passive tags operating in the three norfal configurations to transfer tag data of 256 bits.
These specifications also relate to the writing of the tag, Greater distances can be achieved in reading| from
RF tags than| writing to RF tags.?)

Table 5 — Typical passive tag performance

860 MHz to 13,56 MHz <135 kHz 433,92 MHz
Parameter 960 MHz ISO/IEC 18000-3, | ISO/IEC 18000-2, | ISO/IEC 18(00-7
ISO/IEC 18000-6,
Type C Mode 3 Type A
How far? [Mirfimum supported read 3 0.7 07 30
distance (in rrfetres)] ’ ’
How fast? [Minimum supparted item 16 16 0 16
speed when read (in kilémetres per hour)]
How many? [Minimam supported effective
measure of teg'data' transfer rate and 2002 or 500P 200 1 1
ability to do apti=collision (in tags per
second)]

a This value corresponds to the 200 kHz bandwidth.
b This value corresponds to the 500 kHz bandwidth.

1) In case regulatory restrictions provide fewer channels than there are interrogators in the environment, this
performance can only be achieved by appropriate shielding of the interrogators against other interrogators.
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11.3 Environmental considerations

The operating environment will vary significantly by location. A description of various environmental factors
associated with RFID can be found in ISO/IEC TR 18001. Consideration will be given to the following general
parameter set, as derived from the product packaging user community.

— The product RFID tag shall function properly in the temperature range —40 °C to +70 °C and be able to
endure, for a specified period of time, harsher conditions in the range —50 °C to +85 °C.

— An operating environment with relative humidity of 95 %.

— arehouse construction, including racking.

— Transportation mode.

— $peed and direction of movement of tag relative to reader.

— Orientation of tag to reader (i.e. controlled or random).

— [Read distance.

— rite distance (if applicable).

— [lectromagnetic interference from motors, fluorescent lightstand other spectrum users.
— [lectromagnetic characteristics of the packaging and.contents of the tagged item.

— $hape and size constraints on antenna, and anysrequirement to decouple antenna from tagged item.

— [Form factor constraints in terms of size, shape, resistance to pressure, temperature, moisture, cleaning
nd contaminants [dust, oil (natural food}-petroleum and synthetic), acids and alkalis].

— Method of attachment of form factor.
— Resistance of readers to heat;moisture, impact damage.

— [fealth and safety regulatjons.

The performance of passive RFID (range and rate) can be adversely affected by the presence offmetal and/or
liquids in the container, transport unit or (packaged) product. Appropriate shielding can be usgd to reduce
interference.

If the] processrequires read rates in excess of 200 tags per second sequentially, parallel readings should be
envisioned.

11.4 Tag orientation

It should be assumed that the handling operation is unable to predict the orientation of the individual (packed)
products in higher levels of packaging and transport. This can hamper the effective use of the reading
equipment on site and/or en route.

11.5 Packaging material

A wide range of materials (such as wood, metal, plastic, glass, paper and textile) is utilized in primary
packaging and small and large transport units. Also, materials for coding and identification, as well as
branding and the representation of legally required information, are used. These can interfere with the RFID
equipment.
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11.6 Shock loads and abrasions

Typically, the various products are subject to shock loads during the physical handling process. This can
result in intentional or unintentional damage to the RFID tag. Placement and insertion of the tag should be

done in such

a way that damage due to shocks is minimized.

11.7 Tag lifetime

Tags attached to the product will be continuously used throughout the life of the product. Product RFID tags
shall be capable of a minimum 100 000 read or read/write cycles, as appropriate, without failure.

11.8 Mininj

um system reliability

Systems where tags are positioned, programmed and presented to reading equipment in accordance with the

provisions off
one no-read
readings in 1

11.9 Airin

Product RFI
ISO/IEC 180
interface of |
Type C also

11.10 Menpory requirements for application

The memory
256 bits, an
manufacture
alternate me
their format ¢
useful data fi

11.11 Exte

External con
for, but mayj
requirementg
not be used.

11.3 and ISO/IEC TR 18046, shall have a minimum read reliability of 99,99 %, i-€.\no morg
event in 10 000 readings, and a read accuracy of 99,998 %, i.e. two undetected inc
00 000 readings.

erface

D tags shall operate in one of two frequency ranges and comply with the appropriate pa
DO. With agreement between trading partners, either ISO/IEC 18000-6, Type C or the AS
50/IEC 18000-3, Mode 3 may be used. It is recommended, that tags supporting ISO/IEC 180
be able to support ISO/IEC 18000-3, Mode 3.

requirements for product tagging RFID tags can be grouped into three basic categories: 94
d greater than 256 bits. Industry surveys have yielded recommendations for RF
's to provide for 2 kbits and 4 kbits. Memory capacities shall not alter the air interface. U
mory requirements shall not result in changes to the minimum and mandatory data eleme
r tag data structure, as otherwisespecified in this International Standard. Annex B gives a
elds for product life cycle management totalling 152 bytes (1 216 bits).

rnal communications
munications (interactive’as opposed to simple data transfer and read/write) shall not be red

of the optional ' gommands in the air interface (ISO/IEC 18000). Proprietary commands s

operation of

or interface, if applicable

than
Drrect

rts of
K air
00-6,

bits,
chip
se of
hts of
ist of

uired

be a part of, product tagging RFID tags where the optional supporting commands megt the

hould

h the

fated into or onto a tag and their tag operations or management shall not interfere wit

Battery assisted tags shall be free from interference from the battery operation and/or battery management

functions.

Sensor equipped product RFID tags shall conform to IEEE 1451.7 for the physical interface between the tag
and the sensor.

11.13 Real time clock option

A real time clock shall be included with product packaging RFID tags that are sensor equipped and where the
application requires a time stamp. The accuracy of the time compared to actual Coordinated Universal Time
(UTC) shall be no worse than *five seconds per day.
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11.14 Safety and regulatory considerations

All tags, interrogators and antennas conforming to this International Standard shall meet the safety and
regulatory requirements of the country where the technology is used. The use of passive or semi-passive
(battery assisted) RFID tags shall also be restricted in hazardous environments, such as near or around
explosives or flammable gasses, unless these devices have been certified as safe for such use by appropriate
authorities.

All tags conforming to this International Standard shall meet national safety and regulatory requirements to
include power, duty cycle and electromagnetic radiation.
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Non-observable data

hature of non-observable data is such that when individual data fields within a tagre’ pro
pgator command, the command may implement whatever protection measures are\chosen,

y chain. Tags that are intended for use over the supply chain shall have thé mandatory d
ble.

5 Tag recyclability

s attached to the product may be used to facilitate the recycling.of the product and the tag
ct, it may also be feasible to reuse the tag after reprogramming, however without comp
y chain data structure. The exact implementation depéends on cost of the tag and €
bations of reuse/recycling. It will not be possible to use’RF tags for recycling if the tags &
of-sale.

ecyclability of product tags described in this International Standard is dependent upon th
rials used in the individual tags. The tag manufacturer shall clearly mark product tags v
ctions or an appropriate logo to assist in the proper disposal of the tag. Guidelines for tag
e found in ISO/IEC TR 24729-2.

y Tag reusability

nologically, all RFID tags are theoretically reusable. Because of the unique identificatio
ct tagging, the permanent,nature of the physical attachment of the tag, and the low cos

value and mission-critical items may utilize higher functionality (read/write, larger memory,
brs) tags whose Jcost may justify their reuse. Tags intended for reuse shall clearly be
priate humand{éadable characters or logos to enable identification, reclamation and return. |
ble tags shall have their headers checked for data integrity and user memory cleared.

12 Tag location and presentation

tected by an
provided that

rotection measures do nothing to impact, interfere with or deteriorate the operation of othgr tags in the

ata elements

itself. In this
romising the
nvironmental
re “killed” at

E component
ith recycling
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t of the tags

selves, product level tags are generally not reusable for commercial retail items and commodlity items.

and possibly
marked with
Prior to reuse,

Guidelines for tag location and presentation can be found in ISO/IEC TR 24729-1.

12.1

Material on which the tag is mounted or inserted

The potential disturbance of metals and other reflective materials as well as liquids and other absorptive
materials on the product shall be considered in the design to minimize disturbance of the RF signal.

12.2

Geometry of the package/tag environment

RF tags should be affixed to the product in such a way to minimise the disturbance of the RF signal. This
pertains to both the product package and the products it is containing. See ISO/IEC TR 24729-1.
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13 Interrogator and reader requirements

13.1 Safety and regulatory considerations

All RFID tags and interrogators shall comply with IEEE C95-1 and ICNIRP Guidelines.

All interrogators and readers shall comply with the specific power, bandwidth and duty cycle requirements in
addition to all of the local radio frequency regulations for the location in which they are used. In addition, all
interrogators and readers intended for use in hazardous environments shall carry the appropriate specific

information.

13.2 Data privacy

13.2.1 Aggrpgated data

Security of @ggregated data shall be the responsibility of the collector. Data collectors, and data st
operators shpll comply with all personal privacy regulations and rules governing the collection, storage¢ and
disseminatiop of personal data. Personal data collected by or incident to the readinglof an RFID tag sh
accorded thg same protection and security as personal data collected by any othermeans.

13.2.2 Company proprietary data

Security of product packaging data collected from or incident to the reading of a product packaging RFI
is the respopsibility of the company collecting the data. Companies® wishing to restrict the collecti
company prpprietary data from product RFID tags shall utilize>, appropriate forms of data securit

security/prot
classified or

14 Intero

ction of tag data can be compromised, use of REID"product packaging tags to carry sen
proprietary data should be limited.

perability, compatibility and non-interference with other RF systems

All RFID sys{ems including tags, interrogators and‘readers shall operate on a strict non-interference basi

all other RF
readers clain
specific frequ

systems operating in the same spectrum. All RFID systems including tags, interrogatoryg

ency designed.
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bll be

D tag
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Annex A
(informative)

Proposed guidelines for the verification and qualification of design and
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manufacture for RFID chips and transponders for tyres

'General

bbjective of this annex is to provide background, reference information, and practical. knov
tion and verification of the design and manufacturing quality for RFID chips and transponder

pberformance of RFID devices, particularly those operating in the UHF band'\(860 MHz to
ply influenced by the construction of the RFID-enabled device (from the chip to the transpon
plied to the object, and the characteristics of the underlying object. In this.regard, much mor

viedge in the
5 for tyres.

060 MHZz), is
der), where it
B care has to

ken in selection and placement of the RFID-enabled device on/or\in/the tyre in comp
bntional bar code as specified in MIL-STD-129 or ISO 15394. This in turn requires t
ledge and practical guidelines for RFID chip and transponder<election and verification o
facturing quality that are provided here. This annex targets item'level tagging where the R
flesent in various formats, including a label, incorporated intela patch which then becomes
d to the inner or outer surface of a tyre, or incorporated during manufacture into the structu
integral part of the tyre.

hnnex includes chip as well as transponder design.and manufacture guidelines.

General terms and definitions for-initial reference design

auses A.2.1 to A.2.4 give a genefalrdescription of the current design of a tag for use in t
ibing the physical design for a first generation tag for this service condition.

4

Life-of-tyre application

category of “life-of-tyre™RFID installations, where an RFID is permanently associated with
jed to remain functional for a substantial portion of the tyre's life. These RFID transpor
ded in the structure of a tyre as it is being built, or they can be applied as a “patch” to

or surface_of-a tyre after manufacture. This International Standard addresses both t
ated spegifically to the case where an RFID with a dipole antenna is embedded and cured ir

orary\label RFID solutions will also be addressed only to assure that the correct degree g

rison with a
e additional
f design and
FID tag may
permanently
re of the tyre

yres, broadly

a tyre and is
ders can be
BN interior or
pes, and is
to rubber.

f testing and

Tication occurs.

A.2.2 Tyre size specification

Tyres come in a variety of sizes, spanning several orders of magnitude in size, weight, and load-carrying
capacity. Most of the requirements that follow are common to all tyres, but every specific application shall be
examined carefully to assure optimum performance.

A2,

3 “Rubber”

In this context, the term “rubber” refers to either natural or synthetic compounds commonly used in tyre

cons

truction.
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A.2.4 Passive RFID

The term passive RFID transponder is used to describe the combination of an RFID integrated circuit (chip)
bonded to an antenna, where the antenna is used for both two-way wireless communication and to draw
power from the reader RF signal to operate the RFID chip.

A.3 Management systems

The 1SO 9000 and ISO 14000 series of International Standards emphasize the importance of audits as a
management tool for monitoring and verifying the effective implementation of an organization's quality and/or

environmental policies. Specifically, manufacturers of RFID hardware (such as readers, interroggtors,
transponderg, and tags), will benefit from well established and implemented ISO 9000 and 1S©-44000
compliance programmes. The 1SO 9000 certification process requires individual companies to underge and

pass an outsjde compliance audit and can include internal assessments.

ISO 9000 cdmpliance requires use of documented repeatable processes that result in“products that [meet
customer requirements. Fully compliant process outputs meet or exceed customer requirements by the 4se of
process confrol and total quality management techniques. Use of specific techniques or procedures is not
required for gompliance.

ISO 9000 lays out the basic principles that underlay a quality management system. ISO 9001 details the
specifics of the quality system at each of the organizational levels. IS© 19011 contains the actual [audit
guidelines. 1I$0 9004 contains guidelines on continual process improvement.

The ISO 14000 International Standards utilize the same format as the 1SO 9000 series and are designed|to be
complementary to each other. Compliance with ISO 14001 does‘not mean that the production processe and
policies for the company are environmentally friendly, rather that the company meets regulatory requirements
and has an gstablished policy and commitment to continuoussprocess improvement.

Compliant hardware manufacturers shall be independently certified as ISO 9000 compliant and ISO 14000
compliant.

A.4 RFID chip technology and quality

Two approaghes to placement of transponders are shown by way of examples in Figures A.1 and A.2. These
examples dq not indicate that an ‘acceptable RFID transponder is in any way restricted to these congepts;
rather they illustrate examples,ef\working concepts available at the time of writing.

Figure A.1 depicts an RR{D-transponder in the form of an RFID Smart Label with the various compohents
identified. This section.is\instructive for temporary RFID labels for tyres.
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Key
1 RFID chip

2 gqubstrate (e.g. plastic foil)

3 gntenna (printed, etched or stamped)

Figure A.1 — RFID transponder (Smart Label)

Figure A.2 is instructive for RFID transponders capable of being cured directly into or onto| a tyre. The
transponder consists of a UHF/SHF RFID chip packaged in a TSOP-8. The TSOP-8 is soldered fo a thin FR4
circuit board, and soldered to the TSOP-8 are two helical springs forming a dipole antenna. The antenna leads
have|been tuned to resonate at 868*MHz and 960 MHz when cured into the tyre.

Dimensiong in millimetres

Key
1 solder

2  PC board w/IC

3 helix, 12 turns/cm, 1 mr OD

NOTE 1 Overall length to be specified in purchase order.

NOTE 2  Tolerance window shown (tag is placed £ 6 mm in a straight line).

Figure A.2 — Initial reference design: RFID transponder directly cured into or onto tyre
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A.4.1 RFID chip quality

The quality of any component contributes to the quality of the integrated product whether the product is a
single device or a system. Practical consideration of quality results in a definition that quality of any item (or
component) is represented through the characteristics that result in meeting the item's intended use (i.e. user
requirements). In the case of an electronic component such as an RFID chip, the characteristics of interest are

physical

electrical, and

The physica
manufacturin
RFID transp
requirementg
Consideratio
to a specifig
process is p
challenging

survive the moulding/curing process.

The electricg
various RFIQ
RFID antenn
interface iss
The chip ma
SOP packag
packaging sh

The function
RFID chip is
quality of the

Proper comp
transponders

cost. For exd
only a few de

A.4.2 Chip

A421 La

The RFID lat

functiondr.

characteristics are defined by the various mechanical qualities and interfaces inyveolved i
g process whereby the RFID chip is attached to an antenna/substrate to produce ‘a“functi
onder. It should be noted that not all transponder assembly processes.‘have the

for the physical characteristics of RFID chips for the production of quality/RFID transpor
h should be given to specifying RFID performance requirements that are not\peculiar (or un

transponder manufacturing process. This is particularly important where the manufac
oprietary. Applications of RFID chip and transponder technology to tyres are perhaps the
vith regard to mechanical endurance. In addition, for the embedded version, the transponder

h the
bning
same
ders.
ique)
uring
most
shall

| characteristics for an RFID chip are generally well definedin the product specifications
chips. As the primary electrical interface for a passive RFID chip is through the contacts fi
A, impedance matching between the RFID chip and antenna is usually the most critical elec
e. Under the rigors of the tyre applications, secondary packaging for the chip may be req
first be packaged in a standard small outline package (SOP) prior to antenna attachment
e adds the potential benefit of both mechanical;and thermal isolation of the IC. This seco
all also be taken into account in the process-of impedance matching of the system.

hl characteristics of an RFID chip are completely defined by the air interface protocol to whig
compliant. RFID conformance testing-(e.g. ISO/IEC 18047) shall be used to verify the func
RFID chip. This is key to assuring‘design robustness, and in avoidance of an inadequate dg
liance to the physical, electrical and functional requirements allow a wide variety of passive
to be produced from a common RFID chip. This results in increased interoperability and req

mple, a large variety of\passive RFID transponders are available with a common RFID chi
signs are capable of-being an integral part of a tyre.

packaging~=Physical interface

bel-basedtransponders

el-chip is generally connected to an antenna via a direct electrical contact, though there are

f the
r the
trical
lired.
. The
ndary

h the
fional
sign.

RFID

uced
D, but

other

concepts in

in\/nlnpmnnf that may afford nd\/:mf:ngne for low cost nccnmhly A_caution is that even an

FID

label designed for tyres as a temporary attachment, such as for logistics, needs to have robust mechanical
features (see 7.3). Most transponder assembly methods currently use a direct connection between the RFID
chip and the tag antenna.

A.4.2.2 Pick and place chip

Currently, most inlet manufacturers use pick-and-place machines (robots) to pick an integrated circuit (IC)
from a silicon wafer, flip it over, and carefully place it on an antenna. Two tiny metal pads on the chip have to
touch the ends of the antenna to make the electrical connection (there are a variety of ways to bond the
antenna to the pads). However, picking and placing chips is costly and is becoming more difficult as RFID chip
sizes decrease.
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A.4.2.3 Intermediate carrier

As chip size decreases, the traditional intermediate carrier process becomes more challenging, as the
alignment requirement (RFID chip to antenna pad) becomes more demanding. As a result, there have been
developments focused on providing a “standardized” RFID chip delivery method using an intermediate
attachment mechanism. This approach calls for the semiconductor manufacture to deliver the RFID chips
attached to a standardized delivery structure (carriers, tabs, interposers, etc.). The inlay manufacturer/label
converter can then handle the RFID chips (subassemblies) in a standardized manner since the connection
structure to which they are attached is “fixed”, independent of the chip size. Additionally, the carriers to which
they attach the antenna have a physically larger structure allowing greater flexibility and reduced precision
requirements.

Such|delivery mechanisms provide significant benefits, including:
— gimple, flexible RFID manufacturing process, independent of IC size;

— gtandard delivery type, i.e. 35 mm tape reel format with four units per 4,75 mm pitch allows pne package
format;

— fobust, well-industrialized, high volume technology, with high yields«and high assembly throughput of
10 000 units per hour;

— moval of the need for transponder manufacturers/label conyverters to connect the RFID ICs in a clean
om environment;

— allowing flexibility for inlet antenna design, as connect-areas on the flip chip package are lafger than the
ond pads of the ICs;

— 4dllowing many different connection strategies  bétween the IC and the inlet antenna, such ps soldering,
gluing, crimping;

— better protection of the IC.

Negdtive aspects include:

— ¢arriers add one unit operation to assembly;
— 1hore connections that'may fail.

See also A.4.2.6.

A.4.2.4 Example of a novel manufacturing assembly technology

Alien| Technology Corporation® has developed and holds exclusive patent rights to a manufactur|ng assembly
techrology called fluidic self assembly (FSA®). FSA® enables efficient placement of very largge numbers of
smallcomponenis—across—a-suHaceina-single-operation—ESAG-hasnumerous—potentialusesincluding the
high-volume manufacture of very inexpensive RFID tags. Alien Technology Corporation® looks to utilize this
technology as a method for placement of RFID chips onto a delivery structure analogous to the strap
mechanism currently being utilized by traditional semiconductor industry with “pick and place” technology.

The FSA® process allows Alien Technology Corporation® to package tiny integrated circuits (NanoBlock®
ICs) for assembly into RFID tags at rates upwards of 2000000 per hour. This contrasts with the
approximately 10 000 per hour possible with conventional methods that were developed to handle much
larger and more costly integrated circuits. While this appears advantageous, the FSA® equipment costs are
significantly higher that that of traditional “pick and place” equipment. Additionally, as this technology is
proprietary, it is not generally available to the industry.
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This novel assembly process places significant geometric requirements on the RFID chip. The chamfered
edges of the silicon are required to match the receiving structure for proper and efficient placement. The
shaped edges typically extend the region near the end where IC circuitry cannot be placed. This can reduce
the effective usable area of the chip for circuit implementation.

An additional requirement the FSA® process places on the RFID chip design and manufacture is the need to
maintain rotational insensitivity (about a vector normal to the plane of the silicon wafer). The process prefers
the chips being placed to be “square” and have pads for contact that allow rotation of the chip relative to the
receiving structure to be any of the four available quadrants. While “non-square” rectangular chip structures

are possible, the assembly efficiency is reduced.
The FSA® p, arge-framberofHCs-in-the-fluidteachieveconsistent-placement—Aher—a bad
wafer is add¢d to the fluid, statistically, the residence time of the corresponding bad ICs is long, or thégpst to

discard and

A.4.2.5 Vibratory assembly

Another app
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A.5 Assembly:= Transponder

roach to addressing the need to move beyond the current “pick and place” techniques i
vibratory assembly. Philips Semiconductors has been pursuing this.approach for RFID
s an alternative to traditional “pick and place”. In this approach, Zmechanical vibratig
vith physical guidance, is used as the mechanism to place an RFIDchip in the receiving strd
h provides a similar (though contrasting) method for chip placementto that of FSA®. It shoy
is concept is not proprietary and is very scalable. Additionally, the issue with chip orientat

ndividual chip basis.

bthod is novel for chip assembly, it has already beemindustrialized in the semiconductor ing
nhufacture. This process is also compatible with existing flip chip bonding techniques.

P packaging and solder bonding — Method used in baseline tyre transponder design

style RFID transponders can be used;‘Each type uses a Mini Small Outline Package (MS
MO-187E/AA) packaged chip solder attached to antennas. An MSOP is a traditional elec
bloyed to protect the chip from its environment, including the ability to cure the device into ru

plication. One style of an MSOP tag may be manufactured on a flexible substrate. The other
hsponder has spring wiré_antenna solder bonded directly to the MSOP on miniature thin b

h tag
chip
n, in
cture.
Id be
on is

bable as the process allows for a direct assessment of chip arientation. Corrective action can be

ustry

OP —
ronic
bber.
bbust
style
oard.

with environmental _directives (e.g. RoHS) can require process changes due to matgrials'

s. Lead-free solder_reflow will likely require higher temperatures resulting in higher
emperatures. Care)should be taken to ensure against package damage due to higher in
iiting from absorbed moisture.

peak
ernal

Various asse

mbly process approaches have bheen explored in search of a reliable means to attach the

FID

chip to the tag antenna. The intent is to make the processes as independent as possible while minimizing
assembly cost.

An example is given in Figure A.3, which shows the general process chain for RFID Smart Labels. The activity
depicted in the centre of Figure A.3, the transition from the RFID chip manufacturer to the inlay
manufacturer/label converter, is critical to the production of cost effective RFID transponders.
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A.6.

A.6.1

As n

interface between the RFID chip and the transponder antghna. Proper matching of g
chargcteristics to the assembly process is crucial. Requirements related to these crit
characteristics are as follows:

A.6.1

Som

A

A

ISO 17367:2009(E)

Wafer
treatment

Antenna
manufacturing

Chip Inlet
assembly assembly

Label / Tag
manufacturing
Label
converting

Chip design End user
Silicon
manufacturing

S —

Figure A.3 — Label process chain

Chip/transponder interface

4

Physical interface

.1 Physical interface requirements

Antenna contact points shall be widely separated to,minimize interaction.
Antenna contact areas shall be maximized whilé/maintaining physical isolation and separatio

Flip chip assembly shall use an appropriate underfill to provide mechanical durability acr

perating environment.
Chip design shall include a buffer-region along edge boundaries.

Chip delivery structures (straps, tabs, interposers, etc.) shall survive flexure due to thermal e
echanical stress transmitted through inlay substrate.

|

nding materials,shall support compliance to RoHS and WEEE requirements/directives.

.2 Attachment methods — Chip/antenna

examples’of different chip/antenna attachment mechanisms include:

irect Connection: RFID chip is directly connected to the antenna, such as with conductive

bted above, there are a variety of assembly methods potentially usable for establishing th¢ mechanical

hip physical
cal physical

=)

Dss specified

pansion and

epoxy, stud

H H Io H 4 ol ' H | 4
JUtItipnty, wirc DUTNJINTy, Wt CUTTUULLIVE TR, ©1U.

Capacitive Coupling: Antenna on tag substrate couples capacitively to RFID chip.

Inductive Coupling: Integrated coil on chip is inductively coupled to external passive resonant circuit.
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A.6.2 Electromagnetic interface

The electromagnetic interface of a passive RFID chip is defined primarily through the air interface definition
along with the design characteristics of the product. Performance characteristics are defined for the
transponder by the application requirements. These performance characteristics include:

transponder.

Rate (identification, reading, and writing), i.e. speed of data transaction (tags/second).

Range (identification, reading, and writing), i.e. distance (metres) from the reader antenna to the

In addition {
performance
Some critica

Delta ra
on the d
driver of

Activatid
required

O the sysiem level performance characierisiics, iransponders also have directly measy
characteristics that are defined through the air interface specification to which they are com
parameters include the following.

Jar cross-section (RCS): This parameter reflects the differential radio reflectivity'of the tag &
igital modulation definition (i.e. 0/1). The differential radio reflectivity is a diteet and signi
the Signal-to-Noise-Ratio (SNR) available from the rag in the return link.

n power density/field strength: This parameter defines the minimum power density/field str
to activate a passive RFID tag. This is usually the most significant parameter in definin

maximum communication range (i.e. distance) of an RFID system.

Modulat
impedar
from the

Bandwid

on depth: This parameter represents the signal available from the RFID chip through lo
ce modulation and is a direct contributor to the Delta RCS 'parameter noted above. It is sep
antenna characteristics (e.g. gain, polarization).

th: This parameter defines the signal performance.of a tag across the defined operating ban

rable
pliant.

ased
ficant

bngth
g the

ad or
arate

d. As

there may be significant differences in antenna charagciéeristics as a function of frequency, this para

is a strg
interest

It should be
RFID chip g
characteristic
and fabricati
combined wi
(i.e. range)
completely a

RFID chip el

using ISO/IE
be verified th

A.6.3 Funa

when the defined RF band is significantly’broad (e.g. 860 MHz to 960 MHz).

bn process. Thus a less sensitive, as measured by activation power density, RFID chip c
h a larger and more efficienht antenna structure to meet the same user performance requirg
as a more sensitive(RFID chip matched to a smaller/less efficient antenna. Both mg
Cceptable to the userfrom an application performance standpoint.

ectromagnetie)interface compliance shall be established through appropriate conformance

C 18047. Inta-similar manner, electromagnetic interface compliance relating to performance
rough canformance testing using ISO/IEC TR 18046.

tional interface

eter

ng indicator of range performance for tags~across the defined RF band. This is of partjcular

hoted that many of these defined requirements imply a matching of characteristics betwegn the
hd the antenna as represented. in“the transponder. As such, many electromagnetic intgrface
s of the RFID chip (e.g. impedance, bandwidth) shall be matched to the antenna/inlay design

n be
ment
y be

tests
shall

The functional interface directs relates to the RFID chip's compliance to the air interface protocol for which it is
designed to implement. Functionality is defined by the various actions the RFID chip can perform in its support
of the specified air interface protocol. These functions can include

reading,

26

wake-up,
group selection,

anti-collision,
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writing,

error handling, and

ocking/security.

RFID chip compliance shall be established through conformance testing using ISO/IEC 18047 for the
appropriate air interface supported.

A7

A.7.1

The
meet
nomi
spec

A.7.3

RFID
North
In Eu
recor
recor
confd
depld

The fransponder, when embedded within or applied to the inside wall of the tyre, shall be functi

full ra
ackn
mand

A.7.

The method of transponder_construction affects its technical performance, operating life, and €

comg

UHF
differ|

Transponder

General

current AIAG B-11 Tyre and Wheel Standard for passive RFID transponder chips \for tyre
5 ISO/IEC 18000-6, Type C. Additional transponder types may be utilized in the future, once
nal memory size is 1 024 bits, with the size of the EPC and user memory banks defined in th
fication.

» Passive UHF transponder frequency considerations

readers are subject to local regulations regarding frequency-and allowed reader power. Fo
America, the nominal operating frequencies are 902 MHz t6. 928 MHz, conforming to FCC|
rope, the nominal operating frequencies are 865 MHz t0.868 MHz, conforming to EN 302-2(
nmendation where only national countries have ~national regulations guided by p|
nmendations). In Japan, the pending nominal freqUencies are in the range of 950 MHz

ying UHF RFID readers.
nge of UHF RFID frequencies that are~approved for use in most countries, i.e. 860 MHz to 9

bwledged that transponder-reading performance may differ in different regulatory enviro
atory minimum read range is 0,6, m-for passenger tyres in a factory environment.

3 Transponder antenna design considerations for initial reference design

atibility, as well as.its-cost. Certain special considerations apply for use in tyres.

transponder dntennas may be fabricated in a number of ways. Antennas produced by each
ent electrical’and mechanical properties.

The
simil
rang

$

ransponders
defined. The
e AIAG B-11

r example, in
Part 15.247.
8-1 (this is a
An-European
to 956 MHz,

rming to the Radio Law of Japan. Local regulations should be consulted before punchasing and

bnal over the
60 MHz. Itis
hments. The

nvironmental

brocess have

steel coil or

ntennasshall be a dipole configuration with the two radiating elements made from a spring
r material which shall not deteriorate in conductivity or fracture over the expected tyre lif

and the full

environmental conditions. Antenna tuning may be optimized for the primary region of| tyre sale or

intended usage, but in any case the transponder shall be functional with reduced read range over 860 MHz to
960 MHz.

Figur

©I1SO

e A.4 gives the basic conceptual arrangement of parts.
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1
LS
Key
1 another layer of tyre
2 one layefof tyre
3 RFID MS|OP
4  package pnd support
5 antenna
6 embedding
NOTE Bgth the “package and support” and the “embedding rubber” are purposely shown “cloudlike” to indicafe that

although perfdrmance standards do apply, no specific shape or dimensions are‘required by this International Standaid.

Figure A.4 — The basic conceptual arrangement of parts in a tyre tag

A.7.4 RFID

For passeng
rigid structur
avoided, as
meet the oth
conceivable
two dimensid

assembly size and shape

er tyres and larger, the RFID chip with its.package and support (not counting antennas) fq
e that should fit within a “box” no morélthan 12 mm by 6 mm by 2 mm. Sharp corners are
hey concentrate stress in the surrounding rubber. In most cases the smallest structure tha
er requirements for strength and interface with the antennas will be the best structure. It is
hat a rigid core could be surrounded by a more flexible extended structure that is larger in 0
ns than the specified box.

A.7.5 Flexuire of the RFID transponder and antenna

RFID transpg

nders mounted-ifityres will undergo three types of flexure:

rm a
to be
t can
also
ne or

tyre shigping, handlifig’and mounting flexure;

continud

us, cygclical flexure as the tyre rotates;

shock flexure caused by the tyre rolling over or being impacted by bumps _potholes or road debris |

The antenna shall be capable of sustaining repeated cycles of flexing suitable for the specific tyre application
intended. “Flexing” includes extension, compression, bending, and twisting. The number and severity of the
cycles depends on the particular target tyre.

Depending on the materials and methods used in production of the transponder antenna and the chip bonding
method, every transponder has a minimum allowed bending radius. Flexing or bending the finished RFID
transponder to a radius smaller than this during the application process to the tyre, or during usage may result
in RFID failure from fracture of antenna, chip or the chip-antenna bond.

The zone where the flexible antennas approach the rigid RFID package and support assembly is an area of
particular concern for antenna fatigue failures. Suitable design features shall be employed to manage stress
concentration.
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A.7.6 Strength of electronic chip assemblies

It is impossible to give a single specification for mechanical strength that will be satisfactory in all cases. The
RFID manufacturer shall coordinate with the customer for specific information. For example, during the rubber
curing cycle, the RFID chip and its associated packaging and support components will be subjected to a
combination of pressure, heat and time that is determined by the needs of the patch or tyre manufacturer.
Depending on the particular application, there may be some rubber flow or deformation during curing that
would tend to exert lateral forces on the surface of the assembly and may cause the antennas to tend to pull
away from the package and support. In use, the RFID assemblies will be subjected to mechanical stresses
arising from tyre deformation. There is a statistical component to the in-use deformations: a baseline
deformation occurs on every revolution of the tyre, and more severe deformations occur when the tyre runs
over y amounts of
repez

bl can-ba-nnatad-that BEaE maearaentlaadegara-nat-canabl £ oriotainiaa avian
PVUTTIy. e dinm Vo TTULTU Uidt CUPYPTUT VUTTTPUTITTIUTC AU At TIUL LAy aulc Ul oUotaltinmy ©veTT ur

ted strain or bending without fatigue failure.

A.7.T Antenna electrical properties
The antenna shall be configured in conjunction with the RFID chip to achieve at least-the minimumm read range
needpd for the particular application. Generally, this means the assembly shall be tuned to resqnance in the
target environment and shall not have significant resistive losses relative to the_needs of the application. Note
that the antenna will not be resonant at the operating frequency until it is placed in its target envifonment. The
RFID| supplier may ship the assemblies with antennas longer than needed; so that the customer ¢an trim them
to theg specific length needed in a particular environment.

Whilg this International Standard makes no specific prescription, it‘can be noted that

a resonant antenna surrounded by a dielectric material-is shorter than one in air,

!

teel is a very poor conductor at UHF frequencies, but it can be plated with conductive metal

conductor in the form of a helix has inductance, which further shortens the resonant
ntenna,

length of an

-

and

=

he “skin depth” of conductive metals at UHF frequencies is measured in units of micrometres.

A.7.8 Tag insulation from tyre:rubber

To wprk properly, a dipole antenna must be insulated from contact with conductive rubber. Most [of the rubber

comg
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comg
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Typid
who
perfo

ounds used in tyres’are “conductive”, that is, their carbon black concentration exceeds the
hold.” In general,cthe antenna must be insulated from electrical contact with most of the n
ounds used indynes. A usual formulation for this would be to employ rubber of similar comp
nearest neighbour only at a significantly reduced carbon loading (reduce by typically 30 % tg

ally, prevision of the insulating layer of rubber will be the responsibility of the tyre maker or
buys the RFID assemblies, and not the RFID manufacturer. An adequate insulation layer is
rmance of the unit, and the tyre or patch maker must understand that the RFID manufa
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may vary, in

general insulating rubbers can be defined as rubbers with resistivity > 10° ohm-cm. However, the best way to
evaluate candidate rubber compounds is to measure the dielectric permittivity (¢') and dielectric loss (g”).
Successful RFID transponders have been made using materials characterized at 915 MHz to have ¢ < 5 and
€” < 0,2, although higher values might work.

A.7.9 Bonding components to rubber or elastomer

The RFID package and support assembly and the antennas shall all be bonded to the embedding rubber that
surrounds them. This bonding can be accomplished with a suitable adhesive system that acts during the
rubber curing cycle. One of the reasons for this requirement is that the RFID assembly shall “do no harm to
the tyre”; the other reason is to achieve a long lifetime of the assembly. Either the RFID manufacturer or the
patch or tyre maker may apply the adhesive system, according to their specific needs. At least one suitable
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adhesive system can be applied to the assembly at the point of manufacture; it dries to a paint-like film that is
not tacky and is relatively stable during gentle handling.

A.7.10 Attachment of patches
If the RFID transponder is cured into a patch for later application to a tyre, the patch maker shall demonstrably

master the adhesive technology for attachment of the patch to the tyre. The tyre-repair industry is able to
supply candidate adhesive systems.

A.8 Transponder testing and qualification

The ultimate] customer will determine the numerical criteria necessary to specify a successful pprodyct. A
minimum setj of criteria will include specifications for the following:

— read range, or percentage of successful reads under conditions of actual use;

— expected lifetime, expressed in distance travelled, assuming normal tyre operatingconditions;
NOTE (It might not be practical to test this directly, but laboratory tests or highway tests can be used as indicafors.

— requiredminimum operational lifetime under laboratory test conditionssuch as
— low{pressure endurance (test with high flexing and high temperature conditions),
— high-speed endurance (test with high temperature and high’stresses in the tyre), and
— endprance with cleats (test with high flexing but relatively normal temperature);

— the abilify to survive recapping operations (if applicable);

— verificatipn of manufacturability in the target-application;

— verificatipn of integrity after manufacture, including bonding of components to rubber.

NOTE [Generally, a good bond is @ ‘rubber-tearing” bond; the specific force required to separate a part fragm the
rubber is|less important than the nature of the break.

In addition, the customer may&egquire the supplier to meet other quality-control practices such as certifications

that raw mgterials meet specifications or controls on process steps that cannot be easily tested|non-
destructivelylon the compléted product.

A.8.1 Environmental considerations

Both extrempg limits and cycling of environmental conditions can reduce RFID transponder operating life.
Failure modes include chip-bonding failure, antenna fracture, antenna corrosion and electrostatic discharge
damage to the chip. Accelerated life testing is recommended before deployment when unusual environmental
conditions are expected to determine any limitations on working life of the transponder as mounted. These
conditions may include outdoor storage, desert heat, arctic cold, nuclear or electromagnetic radiation
exposure, usage underwater, chemical wash-down, etc.
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A.8.1.1 Temperature range
For full-range military and commercial usage, the following recommendations apply.

Reading temperature range: —-40 °Cto+70 °C
Storage range (non-reading): —-51 °C to +95 °C

Tyre fabrication temperature range (non-reading)

A.8.1.1.1 Tyre manufacturing conditions

The transponders shall survive these conditions
— 175 °C for 20 minutes or
— 160 °C for 45 minutes

— Max moulding pressure > 5 000 kPa
A.8.1.1.2 Tyre operational conditions

Trangponder shall be operational at a temperature between —40 °Ctand +85 °C.
Trangponder shall survive indefinitely between —40 °C and +110"C.
Trangponder shall survive up to 8 hours between 110 °C.and 125 °C.

Trangponder shall be operational under maximum tyre inflation pressures, e.g. passenger/light truck up to
413 KPa.

A.8.1.2 Humidity, underwater usage and!the like

It is assumed that the transponder is embedded in or attached to the tyre. Therefore, humidity fand water or
chentical contact are not anticipated:\to'be issues. Extreme cases of heat and humidity noted to affect the tyre
itself |could similarly affect the electronic. However, note that the transponder may not be readaple when the
portign of the tyre on which it(is;mounted is underwater, in snow, in mud, in soft sand, in gravel, etc., due to
absofption of the R reader RF signal by the intervening foreign material.

A.8.2 Electrostatic.discharge (ESD) compliance

Many processes'ean easily generate static electricity, including tyre flexure. It is especially a problem in low-
humigity envitenments as found in desert, winter or high-altitude conditions. Discharge of stdtic electricity
through the.transponder antenna into the RFID chip can cause permanent chip failure or loss or|corruption of
the sfored.data. Antenna designs can help mitigate ESD.

The ESD resistance of the transponder in free air shall be at least 2 kV. Compliance shall be verified by a
standard test such as MIL-STD-331, or simply by discharging a 500 pF capacitor charged to 2 kV DC through
a 500 Q resistor.

The 500 pF capacitor and 500 Q resistor simulate the characteristics of a human body discharge.

During testing, circuit inductance should be limited to 5 pH.

The discharges shall be applied in both polarities at various points on the RFID-enabled label as applied to the
ends of the transponder antenna.

A minimum of five RFID transponders shall be tested to provide a scientific basis for concluding that the
requirement is met.
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A.8.3 Dealing with defective transponders

Systems shall test each embedded transponder to verify that the transponder is both functional and the data
properly encoded. Tyres with defective transponders shall have a functional transponder applied as a patch
and vulcanized onto the inside side wall, not closer than 10cm to the defective transponder, and programmed
with the same data that would have been programmed into the embedded transponder.

A.8.4 Temporary label transponder — Specific considerations

For the purposes of this International Standard, an RFID label is defined as an RFID inlay or transponder
laminated to an adhesive based label stock attached to a release paper carrier web. Some of the important
requirementg
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Insert will be
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tyre mar
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tyre/whe
inspectid
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to be “life of tyre”, they are expected.t0)survive traditional manufacturing, logistics and
plications. Some of these requirements.of use are listed below.

RFID label's test requirements

The labgl shall not lose any more than 20 % of its original strength (do a 90° pull test after the labe
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for 1 wef

The orid
applicati

to cool for 1 hour beforetesting).

| shall not loose_any more than 20 % of its original strength (do a 90° pull test after the labg
blied for 1 hour).after being applied to a tyre (cross terrains) and placed in a refrigerator at —
bk (tyre is allowed to warm for 1 hour before testing).

inal strength of the label shall exceed the current 2D label employed for AIAG B-11 sta
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blied for 1 hour) after beingjapplied to a tyre and placed in an oven at 71,5 °C for 6 weeks (tyre is
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LA, shipped back to Detroit, unloaded, mounted with an automatic tyre mounter and place through a
simulator.

99,6 % of the RFID labels shall be readable when applied to a tyre and placed on a conveyor (label up)
moving at a speed of 0,61 mps. The tyre shall be able to be placed in any orientation on the conveyor
(1 m wide) and be read with a single antenna mounted 1 m above the conveyor.

99,6 % of the RFID labels shall be able to be written to (128 characters) when placed on a conveyor
(label up and any orientation) moving at 0 speed within 5 sec with a single antenna mounted 1 m above
the conveyor.
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