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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-goveérnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, 1$O and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives) Part 2.
The main tagk of the joint technical committee is to prepare International Standards::Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies for yoting. Publication as
an Internationjal Standard requires approval by at least 75 % of the national bodies gasting a vote.

ISO/IEC 18000-2 was prepared by Joint Technical Committee ISO/IEC JTE", Information technplogy,
Subcommitteg SC 31, Automatic identification and data capture techniques:

This second ¢dition cancels and replaces the first edition (ISO/IEC 18000=2:2004), which has been technically
revised.

ISO/IEC 18000 consists of the following parts, under the .general title Information technology — [Radio
frequency idgdntification for item management:

— Part 1: Reference architecture and definition of paramieters to be standardized
— Part 2: Parameters for air interface communications below 135 kHz

— Part 3: Farameters for air interface communications at 13,56 MHz

— Part 4: Parameters for air interfacé communications at 2,45 GHz

— Part 6: Parameters for air interface communications at 860 MHz to 960 MHz

— Part 7: PBarameters foractive air interface communications at 433 MHz

Vi © ISO/IEC 2009 — All rights reserved
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INTERNATIONAL STANDARD
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Information technology — Radio frequency identification for
item management —

Part 2:
Parameters for air interface communications below 135 kHz

1

[ds)

This
below
RFID
ISO/I

intern
betwsg

Two f{
physi

Type
and o

Type
at 124
2 (
In ord
exceq
(whic

Ther

The tag shall-be of either Type A or B.

jcope

art of ISO/IEC 18000 defines the air interface for radio frequency identification (RFID) devi
135 kHz. The purpose of this part of ISO/IEC 18000 is to provide a common technical sp
devices that can be used by ISO committees developing RFID_application standards.
EC 18000 is intended to allow for compatibility and to encourage inter-operability of pr
en the interrogator and the tag and further defines the communications protocol used in the

ypes of tag are defined by this part of ISO/IEC 18000 Type A and Type B, which differ
cal layer. Both support the same inventory (anti-collision) and protocol.

A tags are permanently powered by the interrogator, including during the tag-to-interrogator
perate at 125 kHz.

B tags are powered by the interrogatoriexcept during the tag-to-interrogator transmission
kHz or 134,2 kHz.

lonformance

er to claim conformance, it is necessary to comply to all of the relevant clauses of this
t those marked ‘optional’. It is also necessary to operate within the local national rad
N may require further restrictions).

Iles for REID device conformity evaluation are defined in ISO/IEC TR 18047-2.

Ces operating
ecification for
This part of
pducts in the

ational marketplace. This part of ISO/IEC 18000 defines the-physical layer used for communication

air interface.

only by their

transmission,

and operate

specification,
0 regulations

NOTE

Nothing in this International Standard prevents a tag from being of both types, although for tec

hnical reasons,

itisun

likely that such tags are ever marketed.

The interrogator shall support both Types A and B.

The interrogator may be configured as Type A only, Type B only or Types A and B.

When configured as Types A and B, and when in the Inventory phase, the interrogator shall alternate between

Type

© IS0/

A and Type B interrogation. See Annex B.
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2.1

RF emissions general population

Device manufacturers claiming conformance to this part of ISO/IEC 18000 shall certify that RF emissions do
not exceed the maximum permitted exposure limits recommended by either IEEE C95.1:2005 or ICNIRP
according to IEC 62369-1. If a device manufacturer is unsure as to which recommendation is to be cited for

compliance, t

he manufacturer shall certify to ICNIRP limits.

2.2 RF emissions and susceptibility health care setting

Device manufacturers claiming conformance to this part of ISO/IEC 18000 shall certify that RF emissions and

susceptibility

comply with IEC 60601-1-2.

3 Norma

The following
references, d
document (in

IEC 62369-1,
various appli
for electronic

IEC 60601-1-
performance

ISO/IEC 197¢
techniques —

4 Terms

For the purp
following app

4.1

anti-collision
algorithm ussg
in its energizi

4.2
bit rate
number of bit

4.3

tlive references

referenced documents are indispensable for the application of this documient. For
nly the edition cited applies. For undated references, the latest edition\of the refer
cluding any amendments) applies.

Evaluation of human exposure to electromagnetic fields from short-range devices (SR
bations over the frequency range 0 GHz to 300 GHz — Part 1: Fields produced by devices
article surveillance, radio frequency identification and similar systems

2, Medical electrical equipment — Part 1-2: General requiréments for basic safety and ess
— Collateral standard: Electromagnetic compatibility —/Requirements and tests

2 (all parts), Information technology — Automatic identification and data capture (.
Harmonized vocabulary

and definitions
pbses of this document, the terms and definitions given in ISO/IEC 19762 (all parts) arn

y.

sequence
d to prepare for and.handle a dialogue between interrogator and one or more tags out of s
hg field

5 transmitted per second

byte

dated
pnced

Ds) in
used

ential

AIDC)

d the

pveral

8 bits of data designated b1 to b8, from the most significant bit (MSB, b8) to the least significant bit (LSB, b1)

4.4

carrier off time
time interval when the interrogation field is switched off

4.5

charge up time
time to charge the capacitor of the HDX tag

4.6
commands

interrogator to tag communication

© ISO/IEC 2009 — All rights reserved
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4.7

differential bi-phase encoding

method of encoding in which data bit 0 is represented by a mid-bit transition, data bit 1 is represented by no
transition, and in which there is always a transition in between two bits

4.8
down-link
communication process from the interrogator to the tag

49
encoding
one-ta=ane rplntinnqhiln hetween hasic infarmation elements and maodulation Ina’r’mrnq

410
FDX
commnjunication protocol for Type A or FDX tags

4.1
frequiency shift keying
form of frequency modulation in which binary information is superimposed onto an electromagnetic field
carrief by shifting between discrete frequencies of the field

412
full dpplex
comnjunication protocol in which information is exchanged while the interrogator transmits the| interrogation
field

413
half duplex
comnjunication protocol in which information is exéhanged after the interrogator has stopped transmitting the
interrgpgation field (sequential method)

414
HDX
communication protocol for Type B or HDX tags

415
interrnogation field
magngtic field generated by\an interrogator to activate a tag and to transfer data to an advanced fag

4.16
interjogation frequency
frequéncy of the.magnetic field generated by the interrogator

4.17
interjogation period
time aut d‘liUI I ti IS TTTayl Ictib flcid ib PIESCI It

418
interrogator request
bit pattern transmitted to the advanced tag to modify the tag status or to read and write information

419

manchester encoding

method of encoding in which data bit 0 is represented by a positive mid-bit transition and data bit 1 is
represented by a negative mid-bit transition

© ISO/IEC 2009 — All rights reserved 3
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4.20
modulation

00-2:2009(E)

method of superimposing information onto an interrogation field by means of varying a specific parameter of

the field

4.21

non-return to zero encoding
method of encoding in which data bit 1 is a high signal and data bit 0 is a low signal

4.22
pulse interva
method of da
edges of fixed

NOTE Th
4.23
interrogator

device used f{

4.24
tag
electronic de

4.25
unique item
identification

5 Symbq

5.1 Symbq

NOTE All
respectively to

appropriate. The main symbols are listed below, where X represents A or B or C. Timings are expressed with an

case T and ac

e number of received carrier cycles defines data bit values or other code conditions.

b communicate with a tag

bls

I encoding

length pulses

ice which is activated by the interrogator and communicates with-it

dentifier
hat uniquely identifies a specific entity during its life

Is and abbreviated terms

symbols are expressed with a létter, followed by an upper case letter (A or B or C when rg
Type A or Type B or Annex C, ‘p-when referring to the protocol), followed by letters and/or numbsg

ording to the above rule. Other symbols specific to A, B or C are specified in the relevant clauses.
ier frequency of the-operating field

bd of Data Symbol "0"

bd of Data"‘Symbol "1"

bd of-carrier frequency (Txc = 1/fxc)

ferring
brs, as
upper

fxe Cari
Txdo Peri
Txan Peri
Txe Peri
Txev

Tapx Tag
Tag Mod
etu

Code Violation Duration

wait time before transmitting response after end of frame

ulation Coding Time where T,,=32/f,,

elementary time unit (1 etu = 16/62,5 kHz)

© ISO/IEC 2009 — All rights reserved
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5.2 Abbreviated terms

AFI

ASK

BSS

BWP

CRC

application family identifier
amplitude shift keying
block security status

block write protection

cyclic redundancy check

ISO/IEC 18000-2:2009(E)

CRCT
DSFID
EOF
FDX
HDX
ICR
kbps
LSB
MFC
MSB
MSN
NOB
NOS
NRZ
RF
RFID

RFU

response cyclic redundancy check flag
data storage format identifier

end of frame (pattern)

full duplex — Type A tag

half duplex — Type B tag

IC reference number

unit for transmission speed: 1000 bit/s or 1000 Baud
least significant bit

manufacturer code

most significant bit

manufacturer serial number

number of blocks-1

number of slots (in the anti-collision mode)
non return tozero

radio frequency

radio frequency identification

reserved for future use

SOF

ull

UMS

start of frame (pattern)
unique item identifier (includes ICR, MFC and MSN)

user data memory structure

© ISO/IEC 2009 — All rights reserved
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6 Physical layer
6.1 Type A (FDX)

6.1.1 Power transfer
Power transfer to the tag is accomplished by radio frequency via coupling antennas in the tag and in the

interrogator. The RF operating field supplies permanently power from the interrogator to the FDX tag. For
communication between interrogator and tag, the field is modulated.

6.1.2 Frequency

The carrier frequency of the RF operating field is fa. = 125 +0,1 kHz.
6.1.3 Communication signal interface interrogator to tag

6.1.3.1 Magdulation

Communicatipns between interrogator and tag takes place using ASK modulation/wjth a modulation inglex of
100%.

«  Ta N

Ta Tas

a
X b
vV

envelope of interrogation field

Figure 1 —=Modulation details of data transmission from interrogator to tag

Table 1 — Modulation coding times

Min Max
m = (a-b)/(a+b) 90 % 100 %
Tat 4% Th 10 * Tac
Ta2 0 0,5* Taq
Tas 0 0,5 * Tado
X 0 0,05*a
y 0 0,05*a
Notes:

Tar+Tas+3*Te <Tago
TAc = 1/fAc = 8|JS

6 © ISO/IEC 2009 — All rights reserved
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6.1.3.2 Data rate and data coding

The interrogator-to-tag communication uses Pulse Interval Encoding (Figure 2). The interrogator creates
pulses by switching the carrier as described in Figure 1. The time between the falling edges of the pulses
determines either the value of the data bit "0" and "1", a Code violation or a Stop condition.( note: with equal
distributed data bits "0" and "1", the data rate is in the range of 5,1 kbps). Data coding Times are shown in
Table 2.

le——TAd0—»!
Carrier ON
Data “0”
Carrier OFF
rTApP;
] |
:< TAd1 =:
Carrier ON
Data “1”
Carrier OFF
:<TAp>=
] |
e Tacv >
Code Carrier ON
Violation Carrier OFF I
:<TAp>|
) Data “0
| |
le Tasc >
Stop” Carrier ON
gdition Carrier OFF I
1T
Figure 2 — Interrogator to tag: Pulse interval encoding

Table 2 — Data coding Times

© ISO/IEC 2009 — All rights reserved

Meaning Symbol min max
"Carrier off" time Tap 4* Tpe 10 * Tac
Data "0" time Tado 18 * Tac 22 * The
Data "1" time Tad1 26 * Thc 30 * Tac
"Code violation" time T acy 34 * Thc 38 * Tac
"Stop condition" time Tasc >42* Tpe n/a
NOTE  Tac=1/fac = 8 us.
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6.1.3.3

Start of frame pattern

The interrogator request starts always with a Start of frame pattern (SOF) for ease of synchronization. The
SOF pattern consists of a data bit "0" pattern and a "Code violation" pattern.

| Data “0” | “Code violation |

——Tado >le Thcv q
Carrier ON —
Cdrrier OFF

[<Tao»] «Tap> TAp

| ] 1 1 ]

I

< SOF g

[ |

Figure 3 — Start of frame pattern
The tag shalll be ready to receive a SOF from the interrogator within. 1,2 ms after having sent a respomse to

the interrogat]

The tag sha
established tH

6.1.3.4

For slot switg
EOF pattern

or.

End of frame pattern

| be ready to receive a SOF from the interrogator within 2,5 ms after the interrogato
e powering field.

S represented by a "Stop condition”.

Carrier'©ON

Carrier OFF

“Stop condition”

\ 4

Tasc

|
e

[P
|

EOF

\ 4

hing during a multi-slot anti-collisionsSequence, the interrogator request is an EOF pattern.

Figure 4 — End of frame pattern
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6.1.4 Communication signal interface tag to interrogator

6.1.4.1  Data rate and data coding

The tag shall communicate with the interrogator via an inductive coupling, where the interrogator carrier is
load modulated as follows:

- 1/T,, Manchester coded data signal of the tag response
- 1/(2*T,,) dual pattern data coding when responding within the INVENTORY process

Where T,,=32/f, and f,_ is the carrier frequency of the operating field

NOTE} The slower data rate used during the inventory process allows for improving the collision detecti0||1 when several
tags afe present in the interrogator field, especially if some tags are in the near field and others in the(farfield.

Data Element International Standard Inventoery command
command

— T\ —P = Tyg »la— Ta—>
Data "0" load off load off.
load on load‘on

—— T [—— Tpae—>i< Tae—>]
Data "1" load off load off
load on load on

Figure 5 — Tag:to'interrogator: load modulation coding

6.1.42  Start of frame pattern

The tag response starts always-with a Start of frame (SOF) pattern. The SOF pattern is a Manghester coded
bit seguence of "110".

Data “1” Data “1” Data “0”

—— T P—— Ty P¢—— TP
load off

load on

Figure 6 — Start of frame pattern

6.1.4.3 End of frame pattern

A specific EOF pattern is neither used nor specified for the FDX tag response. An EOF is detected by the
interrogator if there is no load modulation for more than two data bit periods (Taq)-

© ISO/IEC 2009 — All rights reserved 9
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6.1.5 General Protocol Timing Specifications

For write like requests where an erase and or programming operation is required, the tag shall return its response when it
has completed the write/lock operation and latest either after 20 ms upon detection of the last falling edge of the
interrogator request.

Tap1is not applicable for write like requests.

6.1.5.1  Waiting Time before Transmitting its Response after an EOF from the Interrogator

When the FDX tag has detected an EOF of a valid interrogator request or when this EOF is in the normal
sequence of a valid interrogator request, it shall wait for a time Ta,1 before starting to transmit its response to
an interrogatgrrequestorwhernswitchingtotheext stotimamnverntory process:

Tap1 starts frgm the detection of the falling edge of the EOF received from the interrogator.

NOTE The synchronisation on the falling edge of the interrogator to tag EOF is needed to ensure the regquired
synchronisatiop of the tag responses.

Carrier on Request Request (or EOF

Transceiver J7
Carrieroff @ “-J-—-Jto 4t 1 _ - =t

— > ——>

TAp1

Load off TA
0oad O
Transponde [""""""

Response

~

-

=

Figure 7 — FDX - General‘Protocol Timing Diagram

The minimur] value of Tap1 iS Taptmin = 204 Tac

The typical value of Tap1 iS Tapttyp = 209 Thae

The maximum value of Tap1 iS Taptmax T 213 Tac

If the FDX tag detects a carrier medulation during this time Ty, it shall reset its Taps timer and wait for a

further time Tla,¢ before starting'to/transmit its response to an interrogator request or to switch to the nex{ slot
when in an inventory process:

6.1.5.2 InferrogatorWaiting Time before Sending a Subsequent Request

a) When th¢ interrogator has received a tag response to a previous request other than INVENTORY} and
QUIET, if shall wait a time Ty, before sending a subsequent request. T, starts from the time the last bit
has beenTeceived from the tag:

b) When the interrogator has sent a QUIET request (which causes no tag response), it shall wait a time T,
before sending a subsequent request. Tap, starts from the end of the QUIET request’s EOF (falling edge
of EOF pulse + 42 Tp.).

The minimum value of Tap is Tapamin = 150 Thc. It ensures that the tags are ready to receive a subsequent
request.

NOTE The interrogator should wait at least 2.5 ms after it has activated the electromagnetic field before sending the
first request, to ensure that the tag(s) are ready to receive a request.

c) When the interrogator has sent an inventory request, it is in an inventory process. See the subsequent
clause 6.1.5.3.

10 © ISO/IEC 2009 — All rights reserved
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6.1.5.3 Interrogator Waiting Time Before Switching to Next Inventory Slot

An inventory process is started when the interrogator sends an inventory request.

0-2:2009(E)

To switch to the next slot, the interrogator sends an EOF after waiting a time specified in the following sub-

clauses.

6.1.5.4 Interrogator Started to Receive One or More FDX Tag Responses

During an inventory process, when the interrogator has started to receive one or more tag responses (i.e. it

has detected a tag SOF and/or a collision), it shall

. it for the complete reception of the tag responses (i.e. when a tag’s last bit has beenrecs
tHe tag nominal response time TanrT has elapsed),
. it an additional time Ty, and then send an EOF to switch to the next slotifrd 16 slof

rgquest is processed, or send a subsequent request (which could be again an.inventory requ
Tap2 Starts from the time the last bit has been received from the tag.
The minimum value of Tapz iS Tapomin = 150 Tac.

Tanrtlis dependant on the anti-collisions current mask value and on the setting of the CRCT flag.

6.1.5,6 Interrogator Receives no FDX Tag Response
During an inventory process, when the interrogator has‘received no tag response, it shall wa
beforé sending a subsequent EOF to switch to the next'slot, if a 16 slot anti-collision request is
sendipg a subsequent request (which could be again an inventory request).

Taps Starts from the time the interrogator has generated the falling edge of the last sent EOF.

The minimum value of Tapz iS Tapsmin = Fapimax + Tapsor

Tapsof is the time duration for a tagto transmit an SOF to the interrogator.

Caffrier on Request Reques

Transceiver
Carrieroff 1L JIL I

A
\ 4

ived or when

anti-collision
est).

t a time Taps
brocessed, or

| (or EOF)

toadoff

Transponder

loadon - ———————"—""—"—"—"—"————————————————— —————— — -

No Response

Figure 8 — FDX - Protocol Timing Diagram without Tag Response

© ISO/IEC 2009 — All rights reserved
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Table 3 — Overview timing parameters FDX

Symbol Minimum Maximum
TApSOF 3* TAd 3 TAd
Tap1 204 Tac 213 Tac
Tap2 150 Tac

Taps Taptmax + TapsoF

6.2 Type B (HDX)

6.2.1

HDX tags have to be charged before operation which is done by switching on the interrogator’s field
Charge time). This charge phase is executed at the beginning of every’request and the duration
time depends on the system parameters and distance to the interregator.

defined time
of the Chargg

During the e
defined abov
the amount o

6.2.1.1

The carrier fr
6.2.2 Comr

6.2.21 Mg

Power transfer

Table 4 — HDX, Charge and Re-charge Times

for a

kecution of the INVENTORY request, the tags shall be charged at the beginning as afready
b. Between the inventory slots the tags shall be re-charged- \This re-charge time is depending on
F additional data requested in an inventory request and the physical parameters.

Meaning Symbol min max
Charge time Tty [ms] 20
Re-charge time Tren [MS] 5

Frequency

dulation

nunication signal interface interrogator to tag

bquency of the RE/operating field is fz; =125 kHz £0,1 kHz or 134,2 £0,1 kHz.

Communication between interrogator and tag takes place using ASK modulation with a modulation index of

100%.

12
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TB1 or B4

TBS

/4 |

I

\% / \
/ ‘

\ \

Envelope of Transceiver Field

V

Figure 9 — Modulation details ‘of data transmission from interrogator to tag

Table 5 — Modulation coding times

Min nom max
Te4 14 * Tge 20* Tge 26 * Tge
Ts 2*Tge 7*Tge 10 * Tge
Tss 5* Tge 13*Tge | 20 * Tge
Taqg 34*Tg. | 40* T | 46 * Tge
X 0 n/a 0,05*a
Y 0 n/a 0,05*a

© ISO/IEC 2009 — All rights reserved
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6.2.2.2 Data rate and data coding

The interrogator-to-tag communication uses Pulse interval encoding. The interrogator creates pulses by
switching the carrier as described in Figure 9. The time between the falling edges of the pulses determines
either the value of the data bit "0" and "1", a Code violation or a Stop condition.

Assuming equal distribution of data bits “0” and “1”, the data rates are:

e Data rate: 2,83 kbps (nominal)

Carrier ON ! !
Data “0”
Carrier OFF
!<TB1>;
| |
:<7T5d14>:
Carrier ON
Data “1”
Carrier OFF
!<TB1>;
| |
:<7TBCVEOF4P:
Code Carrier ON
Violation
EOF Carrier OFF L
LTen
RS
| |
:< TBCvSoF >:
_COd_e Carrier ON-=~—"1
Violation
SOF Carrier OFF L
:<—TB4—>:
Figure 10 — Interrogator to tag: modulation and coding
Table 6 — Data coding times

Symbol min Nom Max

Tedao 40 * T¢ 43 * T¢ 46 * T¢

Tga 50 * T¢ 52* T¢ 54* T¢

Tecveor 70* T¢

Tecvsor | 100 * T | 107 * T¢ | 114 * T¢

NOTE Tee =1/fac = 7,452 s

14 © ISO/IEC 2009 — All rights reserved
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6.2.2.3  Start of frame pattern

The interrogator request starts always with a Start of frame (SOF) pattern (Figure 9). The SOF consists of a
“Code violation a Data “1” and a Data “0” pattern that defines a clear start of frame.

| | |
:<7TBCVSOF4>:<—TBdo—>:<7TBd1—>:
Carrier ON u U |
Carrier OFF L
|
I
;l

I« . TBdSOF

Figure 11 — HDX - Start of frame pattern (SOF) Pattern

6.2.2.4 End of frame

~

For EPF of the HDX-ADV interrogator request the code violation pattern'T,_ .- is used (Figure 10

| |
HTBCVEOF":
Carrier ON —

Carrier OFF L
:<TB1

-, /-

Figure 12— HDX - End of Frame (EOF) Pattern

For the 16 slots inventory sequence, the EOF that instructs the tags to switch to the next slot is defined as the
rising|edge of the interrogator field followed by a time trcp.

In both cases, the tag,shall receive this sequence before transmitting its response SOF.
6.2.3| Communication Signal Interface tag to interrogator

6.2.3. Data rate and data coding

y the power is

swﬂched off and the data are FSK modulated using the frequenmes

- fgo = 134,2 £3 kHz for the data bit “0” encoding
- fg1=123,7 £3 kHz for the data bit “1” encoding
The data coding is based on the NRZ method.

The average data rate is 8 kbit/s.
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Data Element

International Standard
command

Comment

Data bit "0"

Tsdo

T, = 16/f,,

Data bit "1"

1 e

T, = 16/f,,

6.2.3.2

The tag response starts always with a Start of frame (SOF) pattern. The SOF pattern is coded with

pattern of "01[1101".

Start of frame pattern

Figure 13 — Tag to interrogator: modulation and coding

fg4 representg the frequency for data bit “1” (Tgq1) and fg. for data bit “0” (Tggp):

a bit

NE\

[t

W

N
&f&c

22

1
Data Bits
0
Bit Coding
6.2.3.3

The tag response ends_always with an End of frame (EOF) pattern. The EOF pattern is coded with

pattern of "1Q1110".

BUSOF

Figure 14 — HDX - Start of frame pattern

End of frame pattéern

fg1 representg the frequency for data bit “1” (Tgy¢) and fg. for data bit “0” (Tgqo).

A

a bit

1
Data Bits
o —
I I T I NN
o f f f f f NN
Bit Coding u ||||E|;|1 & < |||E|;|1 |||l?|1 Il ||||E|;|1 & \BQ\\_
4 BUEOF ;

16

Figure 15 — HDX - End of frame pattern
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6.2.4 General protocol Timing Specification

For write like requests where an erase and or programming operation is required a programming time of
< 20ms shall be used. The tag shall return its response after switching off the transmitter field.

6.2.4.1 Waiting Time Before Transmitting its Response After Receipt of an EOF from the
Interrogator

After the transmission of the request frame the interrogator switches off the field. When the tag has detected
the falling edge of the field after a valid interrogator request, it shall wait for a time Tg,¢ before transmitting its
response to an interrogator request.

Tgp1 Starts from the detection of the falling edge of the field by the tag.

Charge Request Charge
) Carrier on
Transceiver

Carrier off
«——>«——T »
TCH TB ] BNRT TB ,
Trangsponder P """""""""""l P

Response

<
<

\4

\ 4

Figure 16 — Protocol Timing Diagramdncluding Charge-Up Phase

The minimum and maximum values of Tg,¢ are given inxTable 7.
If the HDX-ADV tag detects a carrier modulation dasing this time T4, it shall reset its Ty, timer pnd wait for a

furthgr time Ty, before starting to transmit its response to an interrogator request or to switch tg the next slot
whenlin an inventory process.

6.2.42 Interrogator Waiting Time Before Sending a Subsequent Request

When the interrogator has received,the last bit of a tag response to a previous request, the interrogator can
switch on the carrier signal to ré-charge the tag, timing according to Table 7.

6.2.43 Interrogator Waiting Time Before Switching to Next Inventory Slot
An inyentory process is‘started when the interrogator sends an inventory request.

To switch to the ‘next slot, the interrogator switches on the field to re-charge the tags in the figld. The rising
edge pf the field followed by the time Tgrcy triggers the tag to switch to the next slot.

6.2.4.4 Interrogator Started to Receive One or More Tag Responses

During an inventory process, when the interrogator has started to receive one or more tag responses (i.e. it
has detected a tag SOF and/or a collision), it may:

e wait for the complete reception of the tag responses (i.e. when a tag last bit has been received or when
the tag nominal response time TgnrT has elapsed), or

e switch on the field to re-charge the tags and switch to the next slot (choice selection if NOS flag was set to
0), or

e send a subsequent request.

TenrT depends on the current mask value and of the CRCT flag setting.

© ISO/IEC 2009 — Al rights reserved 17
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6.2.4.5 Interrogator Received no Tag Response

During an inventory process, when the interrogator has received no tag response (empty slot), it shall wait at
least a time of Tgy3 before starting to recharge the tag and switch to the next slot (during a 16 slot anti-collision
request) or sending a subsequent request (which could be again an inventory request).

Tgps starts from the time the interrogator has switched off the field and has generated the falling edge of the
last sent EOF. See Figure 17 and Table 7 for an overview.

Charge Request Re-Charge

Carrieron I
Transceiver ||

Cafrier off — — —

Y Lol Y T Lan) >
ou < > 22 2 Tren
Transpondef TBp1 TBUSOF
SOF 'Response

Figure 17 — Protocol Timing Diagram Including Charge and Re-Charge Time Period

The minimun| value of TBp3 is TBpSmin = TBp1max + TBUSOF

Tsusor is the fime duration for a HDX tag to transmit a SOF to the interrogator (see clause 6.2.2.3).

Table 7 — Overview timing parameters HDX

Symbol Minimum Nominal Maximum
Tausor 0.75 ms
TBp1 1,9 ms 3ms
Tap2 2,2 ms
Tap3 Tagimax + Teusor
Tonar Depends on the

requested data and

options. Must be

calculated in the

intarraaatar for avary

interrogatorforevery

request and flag setting

combination.
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6.3 Physical and Media Access Control (MAC) Parameters

6.3.1

Interrogator to tag link

Table 8 — Interrogator to tag link

Ref.

Parameter

Description Type A

Description Type B

Options/Comments

M1-INT:

Operating Frequency
Range

One interrogator to tag link
channel at 125 kHz

One interrogator to tag link
channel at 134,2 kHz

M1-INT:

1a

DefauttOperatimg
Frequency

125 kHz

134,2 kHz

M1-INT:

1b

Operating Channels
(for Spread Spectrum
systems)

Not appropriate for this MODE

M1-INT:

1c

Operating Frequency
Accuracy

Within = 0,1 kHz

M1-INT:

1d

Frequency Hop Rate
(for Frequency
Hopping [FHSS]
systems)

Not appropriate for this MODE

M1-INT:

1e

Frequency Hop
Sequence

(for Frequency
Hopping [FHSS]
systems)

Not appropriate for this MODE

M1-INT:

Occupied Channel
Bandwidth

+ 8 kHz

t4kHz

3 dB Ban

dwidth

M1-INT:

2a

Minimum Receiver
Bandwidth

+ 10 kHz

3 dB Ban

dwidth

M1-INT:

Interrogator Transmit
Maximum EIRP
Power Limits within
Communication Zone

65,5 dBuA/m

atd =10

see ITUR

012E-WB9

M1-INT:

3a

Interrogator Transmit
Spurious Emissions

27 dBuA/m

at 9 kHz
3dB/octa

escending
e, until 10 MHz

M1-INT:

4a

Interrogator Transmit
Spurious Emissions,
In-Band

(for Spread-Spectrum
systems)

Not appropriate for this MODE

M1-INT:

4b

Interrégator Transmit
Spurious Emissions,
Qut-of-Band

See M1-INT-3

M1-INT:

thterrogator
Transmitter Spectrum
Mask

Emissions below 135 kHz

65.5 dBUA/m @ f<135kHz

65.5 dBUA/m @ f<135kHz

50 dBUA/m @ f<135-140kHz

30 dBUA/m @ f<140-148,5kHz

© ISO/IEC 2009 — All rights reserved
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Ref. Parameter Description Type A | Description Type B Options/Comments
M1-INT: 6 Timing
M1-INT: 6a Transmit to Receive Interrogator has to wait
Turn Around Time min. before receiving the
1,6 ms 1,9 ms tag response (Txp1)
M1-INT: 6b Receive to Transmit Interrogator has to wait the
Turn Around Time min time after tag response
2o 2.2 o baf 2H
L] AR —=T WUITVTV UUTIATTTy <
subsequent command
(Txp2).
M1-INT: 6¢ Dwell Time or
Interrogator Transmit
Power On Ramp <2ms <ims
M1-INT: 6d Decay Time or
Interrogator Transmit . .
Power Down Ramp Not appropriate for this MODE
M1-INT: 7 Modulation OOK (100% ASK)
M1-INT: 7a Spreading Sequence
(for Frequency Not appropriate for this MODE
Hopping [FHSS]
systems)
M1-INT: 7b Chip Rate : i
(for Spread Spectrum Not appropriate for this MODE
systems)
M1-INT: 7¢ Chip Rate Accuracy : :
(for Spread Spectrum Not-appropriate for this MODE
systems)
M1-INT: 7d Modulation Index 100%
M1-INT: 7e Duty Cycle Not appropriate for this MODE
M1-INT: 7f FM Deviation Not appropriate for this MODE
M1-INT: 8 Data Coding Pulse interval encoding (PIE)
-INT: Bit Rate Average
M1-INT: 9 5,2 kbps 2,8 kbps
M1-INT: 9a Bit Rate Accuracy Synchronous to the carrier frequency
M1-INT: 10 Interrogator Transmit Not appropriate for this MODE
Modulation Accuracy
20 © ISO/IEC 2009 — All rights reserved
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Ref. Parameter Description Type A | Description Type B Options/Comments
M1-INT: 11 Preamble No Preamble
M1-INT: 11a Preamble Length Not appropriate for this MODE
M1-INT: 11b Preamble Waveform Not appropriate for this MODE
M1-INT: 11¢ Bit Sync Sequence Not appropriate for this MODE
M1-INT: 11d Frame Sync Start Of Frame pattern (SOF)
Sequence
M1-INT:[TTe Post amble hone © bits End Of Frame pattern
(EOF)
Ref. Parameter Description Type A | Description Type B Options/Comments
M1-INT:[12 Scrambling ; i
(for Spread Spectrum Not appropriate for this MODE
systems)
M1-INT:|13 Bit Transmission Least significant bit (LSB) first.
Order
M1-INT:|14 Wake-up process The dialogue between the Interrogator and the’RF tag (one or
more RF tags may be present at the same time) is conducted
through the following consecutive opérations:
- activation of the RF tag by'the RF operating field of the
interrogator,
- RFID tag waits silently for a command from the interrogator,
- transmission.of.a-command by the interrogator,
- transmissijon of a response by the RFID tag.
M1-INT:|15 Polarization Not Applicable (near field)
6.3.2| Tag to interrogator.link
Table 9 —Tag to interrogator link
Ref. Parameter Name Description Type A Description Type B Options/Comments
M1-TAG: 1 Operating Frequency See M1-INT: 1
Range See M1-INT: 1 ee
Sub-carrier ]
Frequencies No sub-carrier 134,2 £3/123,7 i?.a kHz using
FSK technique
M1-TAG: 1a Default Operating See M1-INT: 1a
Frequency
M1-TAG: 1b Operating Channels : :
(for Spread Spectrum Not appropriate for this MODE
systems)
M1-TAG: 1c Operating Frequency see M1-INT: 1c

Accuracy

© ISO/IEC 2009 — All rights reserved
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Ref. Parameter Description Type A Description Type B Options/Comments
M1-TAG: 1d Frequency Hop Rate
(for Frequency Not appropriate for this MODE
Hopping [FHSS]
systems)
M1-TAG: 1e grequency Hop
equence . .
(for Frequency Not appropriate for this MODE
Hopping [FHSS]
systems)
M1-TAG: 2 Occupied Channel
Bandwidth
+ 10 kHz + 15 kHz
M1-TAG: 3 E;r;)smit Maximum Not appropriate for this MODE
M1-TAG: 4 Transmit Spurious Not appropriate for this MODE
Emissions
M1-TAG: 4a Transmit Spurious
Emissions, In-Band Not appropriate for this MODE
(for Spread Spectrum
systems)
M1-TAG: 4b Transmit Spurious : :
Emissions, Out-of- Not appropriate for this MODE
Band
M1-TAG: 5 Transmit Spectrum Not appropriate for this MODE
Mask
Ref. Parameter Description Type A Description Type B Options/Comments
M1-TAG: 6a Transmit to Receive \
Turn Around Time see M1<INT: 6b
M1-TAG: 6b Receive to Transmit see M1-INT: 6a
Turn Around Time
M1-TAG: 6¢ Dwell Time or : :
Transmit Power On Neot appropriate for this MODE
Ramp
M1-TAG: 6d Decay Time or : :
Transmit Power Not appropriate for this MODE
Down Ramp
M1-TAG: 7 Modulation (on the The carrier frequency is The tag generates a field Resolution:
carrier) fodulated by switching a load | through its antenna. The level | WG3/SG1N01%9
in the RF tag. The level of the of the tag response signal is
tag response signal is defined defined by the average value
by the difference of the of the magnetic dipole moment
magnetic dipole moment for values measured for the bit q
the bit 1 and the bit 0. and the bit 0.
The level of the tag response The level of the tag response

signal shall be declared by the
tag manufacturer

signal shall be declared by the
tag manufacturer

22
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Ref. Parameter Description Type A Description Type B Options/Comments
M1-TAG: 7a Spreading
Sequence . .
(for Frequency Not appropriate for this MODE
Hopping [FHSS]
systems)
M1-TAG: 7b Chip Rate ; i
(for Spread Not appropriate for this MODE
Spectrum systems)
M1-TAG: 7¢c Chip Rate Accuracy : ;
(for Spread Not appropriate for this MODE
Spectrum systems)
M1-TAG: 7d On-Off Ratio Not appropriate for this MODE
M1-TAG: 7e Sub-carrier _ _ 134,2 +3/123,7 +3 kHz usin
Frequency Not appropriate for this MODE FSK technique 9
M1-TAG: 7f Sub-carrier
Frequency
Accurac . .
ToIerange of Direct Not appropriate for this MODE see M1-TAG: 7e!
Generated tag to
interrogator Link
Carrier
M1-TAG: 79 Sub-Carrier Not appropriate for this MODE
Modulation
Ref. Parameter Description Type A Description Type B Optiong/Comments
M1-TAG{7h Duty Cycle Not appropiiate for this MODE
M1-TAG]7 | FM Deviation Nota@ppropriate for this MODE
M1-TAG{8 Data Coding Manchester Code or
NRZ
Dual-Pattern Code
Ref. Parameter Description Type A Description Type B Options/
Comments
M1-TAG:|o Bit Rate Manchester Code : =4 kbps NRZ “0” : 8,2 kbps
(fac/32) NRZ “1”: 7,7 kbps
Dual Pattern Code: =2 kbps
(fac/64) during inventory
M1-TAG:|9a Bit Rate Accuracy Derived from the carrier see M1-TAG: 7f
M1-TAG: 10 Tag Transmit
Modulation Accuracy Not applicable for this MODE
(for Frequency
Hopping [FHSS]
systems)
M1-TAG: 11 Preamble No Preamble
Ref. Parameter Description Type A Description Type B Options/
Comments
M1-TAG: 11a Preamble Length
M1-TAG: 11b Preamble Waveform

© ISO/IEC 2009 — All rights reserved
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Ref. Parameter Description Type A Description Type B Options/Comments
M1-TAG: 11¢c Bit Sync Sequence Start Of Frame pattern (SOF), | Start Of Frame pattern (SOF),
3 bits 6 bits
End Of Frame pattern (EOF), 6
bits
M1-TAG: 12 Scrambling ; i
(for Spread Spectrum Not appropriate for this MODE
systems)
M1-TAG: 13 Bit Transmission Least Significant bit (LSB) first
Order
M1-TAG: 14 Reserved
M1-TAG: 15 Polarization Not Applicable(Near Field)
M1-TAG: 16 Minimum tag + 10 kHz + 15 kHz

Receiver Bandwidth

6.3.3 Protocol parameters

Table 10 — Protocol parameters

Ref. Parameter Description Comment/Option
M1-P:1 Who talks first Interrogator talks first
M1-P:2 Tag addressing Yes
capability
M1-P:3 Tag ID Yes
Ref. Parameter Description Comment/Option
M1-P:3a Ull Length IC Identifier of 64 bits
The Ull cansists of 48 bits
M1-P:3b Ull Format 8 bit Manufacturer Code
40 bit Manufacturer Serial Number
Ref. Parameter Description Type A Description Type B Comment/Option
M1-P:4 Read size Minimum read size is 4 bytes
Maximum read size is 1Kbyte (in multiple of 4 bytes)
M1-P:5 Write,Size Same as above M1A-P:4
M1-P:6 Read Transaction 4 byte: about 32 ms Assumptions: tag Ull is
Time 8 byte: about 40 ms known and transmitted, tag
12 byte: about 48 ms block size corresponds to
16 byte: about 56 ms the respective data size
(one READ SINGLE
BLOCK request), medium
PWM times, tag CRC used
24 © ISO/IEC 2009 — All rights reserved
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M1-P:7 Write Transaction 4 byte: about 29 ms Assumptions: tag Ull is
Time 8 byte: about 36 ms known and transmitted, tag
12 byte: about 42 ms block size corresponds to
16 byte: about 48 ms the respective data size
(one WRITE SINGLE
BLOCK request), medium
PWM times, interrogator
CRC used, EEPROM
programming time not
considered
M1-P:8 Error detection Tag to interrogator: CRC Tag to interrogator: CRC
with length 16 (dependent on with length 16 (dependent on
request flag CRCT setting) request flag CRCT setting)
Interrogator totag:  CRC Interrogator totag:  CRC
with, Inngfh 16 (a} the. r\pﬁr\n of with, Inngfh 16 (a} the. r\pﬁr\n of
the interrogator) the interrogator)
M1-P:9 Error correction No No
M1-P:1(Q Memory size max 256 Blocks and option for | max 256 Blocks and option for
extended memory. extended memory.
M1-P:11 Command structure The maximum number of The maximum number of
and extensibility commands is 32 (5 bit) commands is 32 (5 hit)
Extensibility using protocol Extensibility using.protocol
extension bit extension bit
6.3.4| Anti-collision parameters
The purpose of the anti-collision sequence is to inventory the(tags present in the interrogator field by their

uniqug ID.
The ipterrogator is the master of the communication with 'one or multiple tags. It initiates tag communication by
issuing the INVENTORY request.
The tag shall send its response in the slot determined or shall not respond.
Table 11 — Anti-collision parameters
Ref. Parameter Description Comment/Options
M1-A Type Deterministic

(Probabilistic or
Deterministic)

M1-A:2 Linearity Yes
M1-A:] Tag inventory Theoretically 2*° (Ul length is 48 bits) The number of tags
capacity

inventoried is limited
by the mutual
detuning of the tags.

that calbe actually
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7 Transmission Protocol

7.1 Basic elements

The transmission protocol defines the mechanism to exchange instructions and data between the interrogator
and the tags, in both directions.

It is based on the following concepts:

e "Reader Talks First" (RTF). This means that any tag does not start responding, unless it has received and

properly decoded an instruction sent by the interrogator.

e The Tagp are uniquely identified by a 48 bit Ull, part of the 64 bit IC Identifier, programm
manufacfuring of the integrated circuit. The Ull coding is defined in clause 7.2.

e The protqcol consists of an exchange of

- aR

uest from the interrogator to the tag

- aRepponse from the tag(s) to the interrogator

e The protpcol is bit-oriented. The number of bits transmitted after a SOE<depends on the resp

request gnd response.

Flags are us
response var
when the flag

RFU flags sh
7.2 IClIde

The tags are
described in

The IC identifier shall be set permanently by the)IC manufacturer.

The Ull is use

MSB

bll be set to zero (0).

Figure 18.

d for the control of request and response. The setting of the flags indicates either reques
ants (e.g. number of slots) or the presence of optional fields (e.g. AFI). In case of optional
is set to one (1), the field is present. When the flag is reset to zero (0), the field is absent.

ntifier and Unique Item Identifier (Ull)

uniquely identified by a 64 bit IC identifier. The IC Identifier consists of the data ele

d for addressing each tag uniquely and individually.

LSB

ed at

Ective

5t and
fields

ments

ull

64

57

56

49

48 41

40

RA

ICR code

IC Mfg code

IC manufacturer serial number (MSN)

Figure 18 — IC Identifier format

The IC Identifier comprises:

e The MSN, a unique serial number of 40 bits assigned by the IC manufacture

e The MFC (IC manufacturer code) on 8 bits according to ISO/IEC 7816-6,

e Bit 49-56 ICR (Integrated Circuit Reference Number)

e Bit57-64: RFU

26
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7.3 Request format
A request consists of

Start of frame pattern (SOF)

Flags

Command

Parameters (depending on the command)

Data (depending on the command)

CRC (optional)
End of frame pattern (EOF)

SOF | Flags | Command | Parameters | Data | CRC-{\EOF

Figure 19 — General request format

Each [request starts with a SOF. The subsequent fields are transmitted successively from the firg
to the| last field (e.g. CRC). All fields are transmitted LSB first. At the) end of a request, an EOF
Thesg fields are shown in Figure 19.

The dllocation of the least significant bit (LSB) and the mostisignificant bit (MSB) for each field
format is shown in Figure 20.

t field (Flags)
is appended.

bf the request

LSB MSB LSB MSB  LSB MSB LSB MSB LSB MSB
5 bits 6 bits 16 bits
SOF Field 1 Field 2 Field 3 Field 4 Field 5 EOF
(Flags 1..5) (Command) (Parameters) (Data) (CRC
Figure 20.<<Allocation of LSB and MSB to the request fields
7.4 |Response format
A Regponse consists of
Start:of frame pattern (SOF)
Error Flag
Error Code
Data (depending on the command)
CRC (optional depending on command and flag settings)
End of frame pattern (EOF)
SOF Error flag Data | CRC | EOF
IOI
Figure 21 — General response format if no error
© ISO/IEC 2009 — Al rights reserved 27



https://iecnorm.com/api/?name=2c964ac9e56a2393240908c3272cc68f

ISO/IEC 18000-2:2009(E)

SOF

Error flag
l1 1

Error code

CRC

EOF

Figure 22 — General response format if error

Each response begins with a SOF. The subsequent fields are transmitted successively from the first field
(Flag) to the last field (e.g. CRC). All fields are transmitted LSB first. At the end of a response, an EOF is

appended. Therespense-fieldsareshewninFgures2tard 22—

The allocation of the least significant bit (LSB) and the most significant bit (MSB) for each field of the response

format is sho

vn in Figure 23.

LSB MSB LSB MSB LSB MSB
1 bit 2 3 bits 16 bits
SOF Field 1 Field 2 Field'3 EOF
(Flag) (Error code or Data) (ERC)

Figure 23 — Allocation of LSB and MSB to the response fields

7.5 Requgst flags
In each requpst, five flags are used with flag b1 to be transmitted first. The specific meaning of the| flags
depends on the context.
Table 12 — Meaning of the request flags 1 to 3
Bit Flag name Value | Description
b1 PEXT (Protoca 0 No protocol format extension
Extension) flag 1 Protocol format is extended. Reserved for future use
b2 INV (Ifventory) 0 Flags 4 to 5 meaning is according to Table 13
flag 1 Flags 4 to 5 meaning is according to Table 14
0 CRC shall NOT be appended to the tag response
b3 GRCF
1 CRC shall be appended to the tag response

28
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Table 13 — Request flags 4 to 5 definition when Inventory flag is NOT set

Bit Flag name Value | Description
0 Request shall be executed by any tag according to the setting of

Address_flag
b4 SEL (Select) flag 1 Request shall be executed only by tag in selected state. The

Address_flag shall be set to 0 and the Ull field shall not be included
in the request.

0 Request is not addressed. Ull field is not included. It shall be
executed by any tag.
b5 ADR (Q(idress) 1 Request is addressed. Ull field is included. It shall be executed only
= by the tag who's Ull matches the Ull specified in the requegt.
The SEL_Flag shall be set to “0”
Table 14 — Request flags 4 to 5 definition when inventory flag-is set
Bit Flag name Value | Description
0 AFI field is not present
b4 AFI flag
1 AFI field is present
0 16 slots
b5 NOS flag
1 1 slot

A further description of these flags is given in the following)subclauses.

7.5.1| AFlflag
The AFI flag is used by the INVENTORY command to differentiate between a general request [[AFI = 0) and

an ARl request (AFI = 1). If the AFI flag is set'to 1, the AFI of the application family shall be aftached to the
request. AFI operation is explained in clause’7.12.

7.5.2| NOS flag

The NOS flag is used by the INVENTORY command or any other command when the Inventory flag is set to
seleci the number of slots while performing the anti-collision sequence.

7.5.3| SEL flag and‘ADR flag
The JEL flag and"ADR flag are used by all commands except the INVENTORY and READ Ull cdmmand.

When both the ADR flag and the SEL flag are set to 0, the request shall not contain a Ull. Any tag in the
Ready . state receiving such a Request shall execute it (if possible) and shall return a Response to the

When the ADR flag is set to 1 (addressed mode), the request shall contain the Ull of the addressed tag.
Independent of the state, any tag receiving such a request shall compare the received Ull (address) to its own
UII. If it matches, it shall execute it (if possible) and return a response to the interrogator as specified by the
command description. If it does not match, it shall not execute the Request, shall remain silent and keep its
current State.

When the SEL flag is set to 1 (selected mode), the request shall not contain a tag Ull. Only the tag in the
Selected state receiving such a request shall execute it (if possible) and shall return a response to the
interrogator as specified by the command description. Other tags not in the selected state, shall not execute the
Request, shall keep its current state and be silent.

The combination of ADR and SEL flag to 1 is not supported.
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Table 15 — Meaning of the SEL flag and ADR flag

SEL | ADR | Meaning for all commands except INVENTORY and READ Ull
0 0 No Ull is attached. All tags in the Ready state shall execute this command
0 1 The Ull is attached. Only the tag with corresponding Ul shall execute this command
1 0 No Ull is attached. Only a tag in the Selected state shall execute this command
1 1 RFU
7.5.4 CRCT flag
The CRCT flag specifies whether the tag shall attach a CRC in its response or not. The CRE implemertation

on the tag is mandatory.
Table 16 — Meaning of the CRCT flag
CRCT | | Meaning for all commands
0 No CRC shall be attached to the response
1 A CRC shall be attached to the response
7.5.5 PEXT|flag
The PEXT flag is reserved for future protocol extension by ISO. It shall be set to 0.

7.6 Errort

The error flag
shall be retur

If the tag dogs not support spegific error codes (as listed in Table 18) it shall answer with the error ¢

‘unknown err

lag

indicates whether the tag’has detected an error or not. If it is set to 1, the response errg
hed according to Table 17.

DI

Table 17 — Error flag

r field

bde 7

30

Error flag Meaning
0 No error
1 Error detected
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The d

Code | Description
0 RFU
1 RFU
2 RFU
3 The specified block is not available (doesn’t exist)
4 The specified block is secured and its content cannot be accessed
5 The specified block was not successfully programmed / locked
6 RFU
7 Unknown error

error fesponses are excluded.

In cas

1.7

In cag

e of an unsupported command there will be no responhse.

SOF Error Ecror CRC EOF
flag code
1 (optional)
1.bit 3 bits 16 bits

Figure 24— General response format (with error)

Error handling

e of the following errors case there will be no response:

An unsupported command

If therinventory flag is set to ‘1’

eneral response format in case of an error shall be according-1o the figure 7. Commands rjot supporting

falnYal
I\ CTTTUI

A
LY

RFU bit # ‘0’

Request format error

A wrong manufacturer code in a customer command

© ISO/IEC 2009 — All rights reserved
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7.8 Block security status

The block security status (BSS) is sent back by the tag as a parameter in the response to an interrogator
request as specified in 11.5.3 (e.g. READ SINGLE BLOCK WITH SECURITY STATUS). It is coded in 4 bits
for each existing block.

It is an element of the protocol. There is no implicit or explicit assumption that the 4 bits are actually

implemented

in the physical memory structure of the tag.

Table 19 — Block security status

7.9 Start ¢

7.9.1 Interr

The interrogdtor request shall start always with a SOF pattern. The SOF pattern is defined in clauses 6.

(Type A) and

7.9.2 Tagresponse

The tag resp
A) and 6.2.3.

7.10 End o

7.10.1 Interr|

The interroggtor request shall end always with an EOF pattern. The EOF pattern is defined in clauses 6.

(Type A) and
7.10.2 Tagr

The tag resp
A) and 6.2.3.

Bit Meaning Value | Description
0 Not locked
Bit 1 Block lock bit
1 Locked
Bit 2 to Bit 4 RFU 0

pf frame pattern (SOF)

pgator request

6.2.2.3 (Type B).

bnse shall start always with a SOF pattern{The SOF pattern is defined in clauses 6.1.4.2
P (Type B).

f frame pattern (EOF)

pgator request

0 (Type B).

psponse

bnse shall end always with an EOF pattern. The EOF pattern is defined in clauses 6.1.4.3
B (TypeB).

7.11 CRC

1.3.3

Type

1.34

Type

The CRC ensures the integrity of transmitted and received data packets. This International Standard uses the
reverse CRC specified by the CCITT (Consultative Committee for International Telegraph and Telephone) for

error detectio

n.

The 16-bit cyclic redundancy code (CRC) is calculated using the following polynomial:

32

P(X) =x"® + x"2 +x° + x°

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=2c964ac9e56a2393240908c3272cc68f

ISO/IEC 18000-2:2009(E)

The initial register content shall be all zeros: "0000".

The CRC length is 16 bit.

The Request CRC is calculated on all bits of the Request after the SOF up to the CRC field. The tag shall
detect the presence of the request CRC by the number of transmitted bits.

The Response CRC is calculated on all bits of the response after the SOF up to the CRC field. If the CRCT
flag is set in the Request, the tag shall generate and include the CRC in its Response.

Upon reception of a Request from the interrogator containing CRC, the tag shall verify the CRC value. If it is
invalig, TTshatrdiscard the frame and remamn sient. ... |

Upon
itis in

Exam

7.12

AFI (4
extraq

It may
AFl is

code
least

reception of a Response from the tag containing the CRC, the interrogator shall verify the
valid, actions to be performed are left to the responsibility of the interrogator designer:

ples of possible implementations are given in Annex A.

Application family identifier (AFI)

t from all the tags present only the tags meeting the required @pplication criteria.
be programmed and locked by the respective commands:

coded on 1 byte, which constitutes 2 nibbles of 4 bits each. The most significant nibble of
pne specific or all application families, as defined:in Table 20 (see also ISO/IEC 15961 ang
significant nibble of AFI is used to code one ‘specific or all application sub-families. Sub

differ¢nt from O are proprietary.

CRC value. If

\pplication Family Identifier) represents the type of application targeted by the interrogator and is used to

AFl is used to
15962). The
family codes

© ISO/IEC 2009 — All rights reserved
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Table 20 — AFI coding

AFl most AFI least Meaning
significant significant Examples / note
nibble nibble Tags respond from
‘0’ ‘0’ All families and sub-families No applicative pre-selection
X '0' All sub-families of family X Wide applicative pre-selection
Only the Yth sub-family of
X Y )
family X
‘0’ Y Proprietary sub-family Y only
T ‘0,Y Transport Mass transit, Bus, Airline
P ‘0, Y Financial IEP, Banking, Retalil
B ‘0, Y Identification Access control
'n ‘0, Y Telecommunication Public telephony, GSM
‘P’ ‘0,Y Medical
B ‘0,Y Multimedia Internet services
18 ‘0,Y Gaming
B’ ‘0, Y Data storage Portablesfiles
b 0. Y GS1 The sub-family shall be registered by
GST.
X .Y Data Identifiers as defined/in
’ ISO/IEC 15418
B 0. Y UPU The sub-family shall be registered by
UPU.
S ‘y The sub-family shall be registered by
C 0,Y IATA IATA.
‘D' ‘0,Y Reserved for future use
= ‘0,Y Reserved for future use
‘F ‘0, Y Reserved for future use
NOTE XF1TtoF,Y="1T1t0F
The support ¢f AFI by thetag is optional.
If AFlis not gupported by the tag and if the AFI flag in the Request is set, the tag shall not answer whatever
the AFI valug|is.

If AFl is supported by the tag, it shall answer according to the matching rules described in Figure 25.
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INVENTORY
Request
Received
No
AFI Flag =1 > Respond
AF| supported by NOResponse

tag

No
Stored AFI Value
=0
Yes
Respond AF| val
value
NORespor|
= Stored AFI P

Yes

Respond
NOTE “Answer” means that the tag shall respond to the INVENTORY request.

© ISO/IEC 2009 — All rights reserved
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7.13 Data storage format identifier (DSFID)

The Data storage format identifier indicates how the data is structured in the tag memory.

It may be programmed and locked by the respective commands. It is coded on one byte. It allows for instant

knowledge on the logical organisation of the data.

If the programming and locking commands are not supported by the tag, the tag shall not Respond to these

commands.

If it is not supported or has not been programmed, the tag shall return the default value "00" in answer to the

commands reguesting-s-vatte:

8 User memory organisation

8.1 User memory organisation (Page 0)

The user memory is accessed in blocks of 32 bits.

Up to 256 blocks can be addressed. This leads to a maximum user data memery capacity of up to 1 kB.

Table 21 — User data memory organization

Block Size Description
Address
0 32 bits User data
255 32 bits User data

8.2 Extended User memory organisation (Page 2 1)

In case of tag having means to(handle sensor data, the blocks in upper user memory are reserved for densor
data. The semsor hardware_ information is defined in highest block (NOB). The size of the sensor data afea (i)
is defined thrpugh the DSEID. In that case, the user data memory organisation is described in Table 22. This

memory can pe addressed by extended memory commands.

36
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Table 22 — User data memory organization (page 1 to NOP)

Block Size Description
Address
0 32 bits User data
NOB-i-1 32 bits User Data
NOR-i 32 hits lser Data [Qpnan dn’rn]
NOB-1 32 bits User Data [sensor data]
NOB 32 bits User Data [sensor hardware-information]

9 Tag states
A tag|can be in one of the four following states:

-| RF-Off

-| Ready

-| Selected

-l Quiet

The support of RF-Off, Ready and Quiet states is mandatory.

The support of the Selected state is.optional.

After powering up, the tag enters the Ready state. When the tag cannot process an interrogator] request (e.g.
CRC prror etc.), it shall stay.in-its current state.

9.1 |RF-Off State

The tag is in the‘Power-off state when it is not activated by the interrogator.

9.2 |Ready State

The t g IS Inthe Ready State when IU IS actlivated DY tne Interrogator.

9.3 Quiet State

A tag enters the Quiet state after receiving the STAY QUIET command issued to the tag. In the Quiet state,
the tag shall process any request where the ADR flag is set.

The tags shall enter the Quiet state if it is in Selected state and receives a SELECT command addressed to
another tag.
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9.4 Selected state

A tag enters the Selected State after receiving the SELECT command with matching Ull. In the Selected state,
the respective commands with SEL flag = 1 are valid only for the selected tag.

Only one tag should be in the Selected State at a time. If a first tag is in the Selected State and a second tag
will be selected by the SELECT command (different Ull), the first tag shall enter automatically the Quiet state.

9.5 State diagram

In each state, the tag accepts only dedicated commands. All other commands are ignored.

Tag in field and
above activation
field strength

Inventory

Read UID or
any other command
with SEL flag not set

o qulo PRY 10
3

Select (UID)

Selected

Stay Quiet

“Select” (non matching
uID)

Any other command
with ADR flag set
or SEL flag set

Any other command
with ADR flag set

Figure 26 — Tag state diagram
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The purpose of the anti-collision sequence is to make an inventory of the tags present in the interrogator field

by their UL

The interrogator is the master of the communication with one or multiple tags. It starts the anti-collision
sequence by issuing the INVENTORY request.

The tag shall send its response in the slot determined or shall not respond, according to the algorithm
described in clause 10.2.

10.1

Wher

Request parameters

issuing the INVENTORY request, the interrogator shall set the NOS flag to the desired sgtting (1 or 16
slots)|and add after the command field the mask length and the mask value.

The mask length n indicates the number of significant bits of the mask value. It can.have any value between 0

and 44 when 16 slots are used and any value between 0 and 48 when 1 slot is tsed.

AFI Mask length(n), Mask CRC EOF
SOF Flags Command . | ]
(Optional) 1slot: 0 <=n<48 value (optional)
5 bits 6 bits 8 bits 6 bits n bits 16 bits
AFI Mask length(n), CRC EOF
SOF | Flags | Command gth(n) M?Sk '
(Optional) 16'slots: 0 <=n < 44 value (optional)
5 bits 6 bits 8 bits 6 bits n bits 16 bits

The A
To sw

10.2

Upon
follow

Figure 27 — Inventory request format

Fl field shall be present if the-AFI flag is set.

itch to the next slot, the-interrogator sends an EOF or Re-Charge (for HDX).

Request processing by the tag

reception ofiavalid request, the tag shall process it by executing the operation sequence specified in the
ing text initalics. The step sequence is also graphically represented.

NbS is the total number of slots (1 or 16)

SN is the current slot number (0 to 15)

SN_length is set to 0 when 1 slot is used and set to 4 when 16 slots are used

LSB (value, n) function returns the n least significant bits of value

"&" is the concatenation operator

Slot_Frame is either a SOF or an EOF
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SN=0

if NOS flag then

NbS =1 SN_length=0

Else NbS =16  SN_length = 4

endif

label1: if LSB(UIl, SN_length + Mask_length) = LSB(SN, SN_length) & LSB(Mask, Mask_length) then

40

tra
endif
wait (S|
if Slot_#

S

~

(¢

Ex

Endif

if SN<N

SN

Go

Ex

Endif

exit

hsmit response to inventory request

Dt Frame)
Frame= SOF then
p anti-collision and decode/process request

t

bS-1 then
= SN +1
fo label1

t

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=2c964ac9e56a2393240908c3272cc68f

ISO/IEC 18000-2:2009(E)

The INVENTORY request
contains the mask value
and its length.

Therraskvalueistoaded \ Mask value received in

fo the comparator. o~ INVENTORY request

g )

N

Mask length

5

Upon reception of the

INVENTORY request, the
tag resets its slot counter
tq 0.

The tag increments its
slpt counter and loads it
into the comparator, Slot countetr
concatenated with the
miask value.

The concatenated result
islcompared with the
lepst significant bits of the

tag Ull. If it matches, the

tag shall transmit its Slot number Mask value
rgsponse, according to \

thie other criteria (e.g. 4

AFI1, Quiet state). Y

Ignore Compare

A N

Unique identifier (Ull)

When the number of slots is 1 (NOS flag is set to 1), the comparison is made only on the mask.

Figure 28 — Principle of comparison between the mask value, slot number and Ull
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10.3 Explanation of anti-collision sequences

FDX tags transmit the remaining section of the Ull in dual pattern code. The following data (Error Flag,

optional CRC

) is transmitted in Manchester Code.

10.3.1 Anti-collision sequence with 1 slot

The following

description explains a typical anti-collision sequence where the number of slots is 1.

a) The interrogator sends an INVENTORY request.

If the UII ¢
omitted. A

If the leas
length n 3
least sign
simultane

b) The inter
If there is

If there is
interrogatg

If there a
expands t
position o

number bifanch should be selected. Continue at a).

c) Theinter
interroga

10.3.2 Anti-g

Figure 29 sur
number of sld

The different

a) theinterr
16.

b) Tag 1 tra

t significant part of the tag Ull is partly known, the attached parameters consist of the
nd of the Mask value. After a precisely defined time, all tags in the Ready state“that ha
ficant part of their Ull equal to the mask value sent in the INVENTORY)request tre
pusly their responses.

ogator checks the tag responses bitwise.

no tag responding, continue at a).

r. Continue at c).
e more than one tags responding, the interrogater reads additional Ull bits of the tag

he Mask value with these bits, until the first collision occurs. The interrogator recognizes f{
[ this collision and expands the Mask value, t0~0 or 1, respectively, dependent on which

ogator can communicate with the respective tag by sending requests issued to that tag. If t
or sends another INVENTORY request, continue at a).

ollision sequence with 16 slots

nmarises the main cases that can occur during a typical anti-collision sequence where the
ts is 16.

steps are:

bgator sendsan INVENTORY request, in a frame, terminated by an EOF. The number of sl

nsmits its response in slot 0. It is the only one to do so, therefore no collision occurs and its

€ tag IS completely unknown, the value of the VIask lengih Is set to U and the Mask value is
fter a precisely defined time, all tags in the Ready state transmit simultaneously their responses.

Mask
e the
nsmit

only one tag responding, no collision occurs and the tag-Ull is received and registered by the

5 and
he bit
serial

Dts is

Ull is

nal racictarad hay tha intarea oty

received

~
o ToygroStCTroc U oy trhCImtCImTogator

c) the interrogator sends an EOF, meaning to switch to the next slot.

d) inslot 1, two tags 2 and 3 transmits their response, this generates a collision. The interrogator detects it
and remembers that a collision was detected in slot 1.

e) the interrogator sends an EOF, meaning to switch to the next slot.
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f) inslot 2, no tag transmits a response. Therefore the interrogator does not detect a tag SOF and decides
to send an addressed request (for instance a Read Block) to tag 1, which Ull was already correctly

received.

g) all tags detect a SOF and exit the anti-collision sequence. They process this request and since the
request is addressed to tag 1, only tag 1 transmit its response.

h) all tags are ready to receive another request. If it is an INVENTORY command, the slot numbering

sequence restarts from 0.

NOTE The decision to interrupt the anti-collision sequence is up to the interrogator. It could have continued to send
EOF’s {ill slot 16 and then send the request o tag 1
Slot 0
<>
Interrogator |SOF INVENTORY EOF EOF
Reguest
Tags
Response 1
<> <> <>
Timing Typt Txp2 Txp1
Comment No collision
Time >
| |
Continued. .. | ‘
Slot 1 Slot 2
Interrogator EOF| ‘
) Response 2 | ‘
ags
Response 3 | --------------- ‘
> >
Timing Typ2 Tps
Comment Collision rel\slgct)?wge
Time »
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Continued...

Interrogator SOF| Requesttotag 1 EOF

Tags Respons<1a from tag

Timing Tp1

Comment

Time

v

NOTE Txdr, Txp2and Txps are specified in the timing specifications.

Figure 29 — Description of a possible anti-collision sequence

10.3.3 Mixed population with tags of type A and B

The following|description explains a typical anti-collision sequence when-tags of both type A and type B gre in
the interrogatpr field (or expected to be).

a) the interrpgator switches on the RF field with fa. and waits.the.power up time of approximately 2.5 ms.

b) the interrpgator performs an anti-collision sequence ageording to clause 10.3.1 (1 slot) or clause 10.3.2
(16 slots

c) the interrpgator switches off the RF field.
d) the interrpgator switches on the RF field with fz;. and charges the tag during min 20ms.

e) the interrpgator performs an anti-collision sequence according to clause 10.3.1 (1 slot) or clause 10.3.2
(16 slots

f) the interrpgator switches off the RF field.
NOTE The order can be:swapped from a), b), ¢), d), e), f) to d), e), ), a), b), c).

A more detailed example of a mixed population is given in Annex C.

11 Commands

11.1 Command classification

11.1.1 General

In order to ensure tags interoperability, the International Standardized functions (e.g. Read, Write) shall be
implemented in the tags using mandatory and optional commands as defined in this part of ISO/IEC 18000.
Custom and Proprietary commands should be used only to perform functions that are not defined in this part
of ISO/IEC 18000. If a custom or proprietary command solely duplicates the functionality of a mandatory or
optional command specified in this part of ISO/IEC 18000, the corresponding mandatory or optional command
shall be supported by the tag.
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11.1.2 Mandatory commands
Mandatory commands shall be supported by all tags and interrogators.

Mandatory commands shall be implemented as specified in this part of ISO/IEC 18000.

11.1.3 Optional commands

Tags may support them at their option. If not supported the tag shall not execute and remain silent and
keep its current State. If supported Request and Response formats shall comply with the definition
given in this part of ISO/IEC 18000.

11.1.4 Custom commands
Tags |may support Custom commands. The implementation and functionality is up to_the mandfacturer. The
functipn of flags (including reserved bits) shall not be modified. The only fields that can be custopized are the
parameters and the data fields.

Any gustom command contains as its first parameter the IC manufacturer code.*This allows IC manufacturers
to implement custom commands without risking duplication of command codes and thus misinterpretation.

If the tag does not support a custom command, it shall not execute the"Request, remain silent anjd not change
the cyrrent State.

11.1.% Proprietary commands

Propr|etary commands are not specified in this InternationahStandard.

11.2 [Command code structure

The command code is on 6 bits.

Table 23 — Command classes

Code Class
'00'="27" Mandatory and
Optional
'28' - '37" Customer
'38' — "3F' Proprietary

All tags'with the same IC Manufacturer code and same IC reference code (ICR) shall behave the|same.

Tags that do not support the Multi-Read command specified in informative annex C shall remain silent on
receiving the Multi-read command.

NOTE 1) This is required to ensure interoperability by avoiding collisions between tags of type A or B with tags
specified in informative annex C.

2) The attention of interrogator designers is drawn on the possibility that tag manufacturers may implement
Proprietary Commands, if not disabled, in quite different ways for the same Command Code, which may lead to errors
whose consequences cannot be predicted. It is therefore recommended that Proprietary Commands, if not disabled, are
performed only after having requested from the tags the IC Manufacturer Code and the IC Reference number. These two
parameters, linked with the IC manufacturer information, will inform the interrogator on the supported commands and their
syntax.
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11.3 Command list

Table 24 — Command list

Command Code Type Function Valid in state
Inventory '00' Mandatory Anti-collision loop Ready
Stay quiet '01' Mandatory Forces a tag into the Quiet state Ready, Selected,Quiet
Read Ull 02’ Mandatory Fagt readlng of .the tags Ull without Ready
collision protection
RFU '03-0F’
Read single blogk “10° Optional Reads a single user memory block Ready, Quiet, Selected
Read single blogk with . Ay . Reads a single user memory block Ready, Quiet, Selected
. 11 Optional . .
security status with security status
Read multiple blpcks "12' Mandatory Reads multiple user memory blocks Ready, Quiet, Selected
Read multiple blpcks . . Reads multiple user memory blocks Ready, Quiet, Selected
. . 13 Optional . X
with security stajus with security status
Write single blogk '"14' Mandatory | Writes a single user memory,block Ready, Quiet, Se|ected
Write multiple blpcks "15' Optional Writes multiple user memoryblocks Ready, Quiet, Selected
Lock block '"16' Mandatory | Locks a single user memory block Ready, Quiet, Se|ected
Get system infofmation "7 Optional Reads specified §ystem memory Ready, Quiet, Se|ected
data
Select '18' Optional Forces a tagyinto the Selected state Ready, Quiet, Selected
Reset to ready 9 Optional Forces @selected tag into the Ready Quiet, Selected,Ready
state
Write system daja YA Optional Writes specified system data (e.g. Ready, Quiet, Selected
DSFID)
Lock system dafa B Optional Locks specified system data (e.g. Ready, Quiet, Selected
DSFID)
Multi Read Command “1C Onptional Annex C
Read extended multiple . . Reads multiple user memory blocks Ready, Quiet, Selected
1D Optional .
blocks in pages 1 to 255
Write extended multiple v = . Write multiple user memory blocks Ready, Quiet, Selected
1E Optional .
blocks in pages 1 to 255
Lock extended Hlock F Optional Lock user memory block in pages 1 Ready, Quiet, Selected
to 255
Login 20 Optional RFU
Change Password 21’ ﬂpfinnnl REU
Lock Password 22 Optional RFU
Reserved for ISO14223 inn Reserved Inventory command for
23 Reserved 1SO 14223
RFU 24’ - 27 Optional
'28'-'37" Custom IC Manufacturer specific commands
'38' - '3F' Proprietary IC Manufacturer specific commands
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11.4 Mandatory commands

11.4.1 INVENTORY

For the execution of this command, the INV flag shall be set to 1.

Upon reception of this command without error,

ISO/IEC 18000-2:2009(E)

o |If the AFI flag is set to 0, all tags in the Ready state shall perform the anti-collision sequence (see

Clause10).
o Ifithe AFI flag is set to 1, only the tag(s) with matching AFI (parameter 1) shall perform thq anti-collision
s¢quence (see clause 7.12).
The NOS flag determines whether 1 or 16 slots are used.
If a tag detects an error, it shall remain silent.
SOF | [Flags Command Parameter 1 Parameter 2 Parameter 3 CRC EOF
INVENTORY | AFI (optional) Mask length(n) Mask value (optional)
n
5 bits 6 bits 8 bits 6 bits n bits 16 bits

Figure 30 — INVENTORY request-format when inventory flag is set

SOF | Errorflag Data CRC EOF
0 Remaining section of the UlI (optional)
(Ull without Mask value)
1 it 48 - n bits 16 bits

The dllowed values.of n are depending on the number of slots and are defined in clause 10.1.

11.4.2 READ.UII

Upon|reception of this command without error all tags in the Ready state shall send their Ull.

Figure 31 — INVENTORY response format when inventory flag was set in the requiest

The inventory (INV), the addressed (ADR) and the select (SEL) flags shall be set to ‘0’.

SOF | Flags Command CRC EOF
READ Ul (optional)
5 bits 6 bits 16 bits

Figure 32 — READ Ull Request format

© ISO/IEC 2009 — All rights reserved
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SOF | Error Data CRC EOF
flag
0 ull (optional)
1 bit | 48 bits 16 bits

Figure 33 — READ Ull Response format

11.4.3 READ MULTIPLE BLOCKS

Upon receptipn of this command without error, the tag shall read the requested block(s) and send back their
value in the résponse. The blocks are numbered from 0 to 255.
The number |of blocks in the request is one less than the number of blocks that the tag shall.'feturn|in its
response. E.¢. a value of 6 in the "Number of blocks" field requests to read 7 blocks. A value of 0 requgsts to
read a single|block.
SOF | Flags Command Parameter 1 Parameter 2 Parameter 3 CRC EOF
READ MULTIPLE | Ull (optional) | First block number | Number of blocks | (optional
BLOCKS
5 bits 6 bits 48 bits 8 bits 8 bits 16 bits
Figure 34 — READ MULTIPLE BLOCKS request format
SPF | Error Data CRC EOF
flag
0 User memory block data (not present on error) (optional)
1 bit 32 bits 16 bits
Repeated as needed
Figure 35— READ MULTIPLE BLOCKS response format
11.4.4 STAY|QUIET
Upon receptipn of this=Command without error, a tag in either Ready state or Selected state shall enter the

Quiet state and shall'NOT send back a response.
A STAY QUIlwmmﬂmmmmW

There is NO response to the STAY QUIET request, even if the tag detects an error.

48

SOF | Flags Command Parameter CRC EOF
STAY QUIET | Ul (optional) | (optional)
5 bits 6 bits 48 bits 16 bits

Figure 36 — STAY QUIET request format
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Upon reception of this command without error, the tag shall write the requested block with the data contained
in the request and report the success of the operation in the Response.

The tag shall return its response when it has completed the write operation and latest either after 20ms upon
detection of the last falling edge of the interrogator request (Type A) or after the interrogator has switched off

the field (Type B).

SOF | [Ftags commrand Parameter +—Parameter2 Data CRC EOF
WRITE Ull (optional) | Block number Block data (dptional)
SINGLE BLOCK
5 bits 6 bits 48 bits 8 bits 32 bits, 16 bits

11.4.6 LOCK BLOCK

Upon

Figure 37 — WRITE SINGLE BLOCK request format

SOF

Error CRC

flag

EQOF

0 (optional)

1 bit 16 bits

Figure 38 — WRITE SINGLE BLOCK response format

reception of this command without error, the tag shall lock permanently the requested block.

The tag shall return its response when it has completed the lock operation and latest either aft¢gr 20ms upon

detec
the figld (Type B).

© ISO/IEC 2009 — All rights reserved

ion of the last falling edge of the interrogator request (Type A) or after the interrogator has switched off
SOF /) Flags Command Parameter 1 Parameter 2 CRC EDF
LOCK BLOCK | Ull (optional) | Block number | (gptional)
5 bits 6 bits 48 bits 8 bits 16 bits
Figure 39 — LOCK BLOCK request format
SOF Error CRC EOF
flag
0 (optional)
1 bit 16 bits
Figure 40 — LOCK BLOCK response format
49
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11.5 Optional commands

11.5.1 READ SINGLE BLOCK

Upon reception of this command without error, a tag shall respond with the content of the respective user

memory block.

SOF | Flags Command Parameter 1 Parameter 2 CRC EOF
READSINGLEBLOCK Ott(optionat) Biockaddress— | (optionat)
5 bits 6 bits 48 bits 8 bits 16 bits
Figure 41 — READ SINGLE BLOCK request format
3OF | Error Data CRC EOF
flag
0 User memory block data (optional)
1 bit 32 bits 16 bits
Figure 42 — READ SINGLE BLOCK response format
11.5.2 READ SINGLE BLOCK WITH SECURITY STATUS

Upon receptipn of this command without error, the tag<shall read the requested block and the block sq
status and send back their value in the response.

curity

SOF || Flags Command Parameter 1 Parameter 2 CRC EOF
READ SINGLEBLOCK | Ull (optional) Block address | (optional)
WITH.SECURITY
STATUS
5 bits 6 bits 48 bits 8 bits 16 bits
Figure 43— READ SINGLE BLOCK WITH SECURITY STATUS request format
SOF | 'Error Datat Data2 €ERE =y
flag
0 Security status User memory block data (optional)
1 bit 4 bits 32 bits 16 bits

Figure 44 — READ SINGLE BLOCK WITH SECURITY STATUS response format

50
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11.5.3 READ MULTIPLE BLOCKS WITH SECURITY STATUS

Upon reception of this command without error, the tag shall read the requested block(s) and the block(s)
security status and send back their value in the response sequentially block by block. The blocks are
numbered from 0 to 255.

The number of blocks in the request is one less than the number of blocks that the tag shall return in its
response. E.g. a value of 6 in the "Number of blocks" field requests to read 7 blocks. A value of 0 requests to
read a single block.

SOF | [Flags Command Parameter 1 Parameter 2 Parameter 3 CRC EOF
READ MULTIPLE Ul (optional) | First block number | Number of blocks”| (dptional)
BLOCK WITH
SECURITY
STATUS
5 bits 6 bits 48 bits 8 bits 8 bits 16 bits

Figure 45 — READ MULTIPLE BLOCKS WITH SECURITY.SFATUS request format

SOH Error Data 1 Data 2 CRLC EOF
flag
0 Security status User memory block data (optiohal)
1 bit 4 bits 32 bits 16 bjts
Repeated as needed

Figure 46 — READ MULTIPLE BLOCKS WITH SECURITY STATUS response format

11.5.4 WRITE MULTIPLE BLOCKS

Upon| reception of this command without error, the tag shall write the requested block(s) yith the data
contalned in the request and‘report the success of the operation in the response.

The tag shall return,its-response when it has completed the write operation and latest either aftér 20ms upon
detection of the lastfalling edge of the interrogator request (Type A) or after the interrogator has switched off
the figld (TypeB).

If the tag, ¢annot perform the requested operation, it shall return an error code as specified in clayse 7.6.

NOTE For-Type Btagsthe-interrogator stattkeepthefieldomafter the EOFforatmetongenoughr to perform the
memory programming so that the tag is powered. This time depends of the type of memory used by the tag and may be
determined from the IC reference code. Switching off the field triggers the tag response.

The blocks are numbered from 0 to 255. The number of blocks in the request is one less than the number of
blocks that the tag shall write. E.g. a value of 6 in the "Number of blocks" field requests to write 7 blocks. The
"Data" field shall contain 7 blocks. A value of 0 in the "Number of blocks" field requests to write 1 block. The
"Data" field shall contain 1 block.
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SOF | Flags | Command | Parameter | Parameter 2 | Parameter 3 Data CRC EOF
1
WRITE ull First block | Number of Block data (optional)
MULTIPLE (optional) number blocks
BLOCKS
5 bits 6 bits 48 bits 8 bits 8 bits 32 bits 16 bits
Repeated as needed
Figure 47 — WRITE MULTIPLE BLOCKS request format
SOF | Error CRC EOF
flag
0 (optional)
1 bit 16 bits
Figure 48 — WRITE MULTIPLE BLOCKS response format
11.5.5 GET $YSTEM INFORMATION
Upon receptipn of this command without error, the tag shall read the‘requested system memory block($) and
send back their value in the response.
SOF | Flags Command Parameter 1 CRC EOF
GET SYSTEM Ull (optional) (optional)
INFORMATION
5 bits 6 pits 48 bits 16 bits
Figure 49 — GET SYSTEM INFORMATION request format
SOF | Error Data CRC EOF
flag
0 System memory block data (optional)
1 bit| [<40Dits | 8 bits 8 bits 8 bits 8 bits 8bits | 8bits | 8bits | 8bits | 16 bits
MSN MFC TCR Thfo NSS NOB | NOP | DSFID | AFI
Figure 50 — GET SYSTEM INFORMATION response format
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Table 25 — System data description

If an q

System data Size Type Description
MSN 40 bits Mandatory Manufacturer Serial Number
MFC 8 bits Mandatory IC Manufacturer Code
ICR 8 bits Optional IC Reference Number
Info 8 bits Mandatory IC configuration:
b0=0" 1ISO14223
bo=4+45648600-2
b1-b3: RFU
b4-b7: xxxx Manufagturer
specific data
NSS 8 bits Optional Number of/sensors
NOB 8 bits Optional Number of blocks per page
NOP 8 bits Optional Number of pages - (i
DSFID 8 bits Optional Data Storage Format
Identifier
AFI 8 bits Optional Application Family Iderftifier

11.5.¢ SELECT

The §
this ¢

°
=

°
=

it is different,

ptional System Data element is not supported,

elect command shall always be executed with SEL flag set to 0 and ADR flag set to 1. Upo
bmmand without error

‘0”value has to be included in the responsg.

the Ull is equal to its own Ull, the:tag shall enter the Selected state and shall send a respor

h reception of

Se.

A tag in a non Selected state (Quiet or Ready) shall keep its state and shall not send a rgsponse.

The tag inthe-Selected state shall enter the Quiet state and shall not send a response.

© ISO/IEC 2009 — All rights reserved

SOF | Flags | Command | Parameter CRC EOF
SELECT Ott {optionat)
5 bits 6 bits 48 bits 16 bits

Figure 51 — SELECT request format

SOF | Error CRC EOF
flag
0 (optional)
1 bit 16 bits

Figure 52 — SELECT response format
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11.5.7 RESET TO READY

Upon reception of this command without error, a tag in the Quiet or Selected state shall enter the Ready state.

If the command is executed in addressed mode, it shall send a response as defined in Figure 54. If it is
executed in NON Addressed mode no response shall be sent.

In Quiet state,

- if the Ull is attached in the command, only one tag moves from Quiet to Ready state, and transmits a

response.
- If no Ull is|attached to the command, all tags move from Quiet state to Ready state without sénding a
response.
SOF | Flags Command Parameter CRC EOF
RESET TO READY UlI (optional) (optional)
5 bits 6 bits 48 bits 16, bits
Figure 53 — RESET TO READY
SOF Error CRC EOF
flag
0 (optional)
1 bit 16 bits
Figure 54 — RESET TO READY response format
11.5.8 WRITE SYSTEM DATA
Upon receptipn of this command without error, the tag shall write the AFI or DSFID value (dependgnt on
System data gelector, see“Table 26) into its memory and report the success of the operation in the response.
The tag shall|return.its fesponse when it has completed the write operation and latest either after 20ms upon
detection of the Jastfalling edge of the interrogator request (Type A) or after the interrogator has switched off
the field (Typge B).
SOF | Flags Command Parameter 1 Parameter 2 Parameter 3 CRC EOF
WRITE SYSTEM DATA | UlII (optional) System data System data | (gptional)
(see Table 26) 14)
5 bits 6 bits 48 bits 2 bits 8 bits 16 bits

54

Figure 55 — WRITE SYSTEM DATA request format
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Table 26 — System data selector

System data selector System data
00 AFI
01 DSFID
10 RFU
11 RFU

ISO/IEC 18000-2:2009(E)

SOF Error CRC EOF
flag

0 (optional)
1 bit 16 bits

Figure 56 — WRITE SYSTEM DATA response format

11.5.9 LOCK SYSTEM DATA

Upon|reception of this command without error, the tag.shall lock the AFI or DSFID value (g

ependent on
system memory selector, see Table 26) permanently intovits memory.

The tag shall return its response when it has completed the lock operation and latest either aft¢gr 20ms upon
detection of the last falling edge of the interrogatorrequest (Type A) or after the interrogator has switched off
the figld (Type B).
SOF Flags Command Parameter 1 Parameter 2 CRG EOF
LOCK SYSTEM DATA Ull (optional) System data (optiongl)
selector (see
Table 26)
5 bits 6 bits 48 bits 2 bits 16 bits

Figure 57 — LOCK SYSTEM DATA request format

SQF Error CRC EQE
flag

0 (optional)
1 bit 16 bits

Figure 58 — LOCK SYSTEM DATA response format
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11.5.10 READ EXTENDED MULTIPLE BLOCKS

Upon reception of this command without error, the tag shall read the Requested block(s) from the page
specified in parameter 2 of the Request and send back their data in the Response. The blocks and pages are
numbered from 0O to 255.

The number of blocks in the Request is one less than the number of blocks that the tag shall return in its
Response. E.g. a value of 6 in the "Number of blocks" field Requests to read 7 blocks. A value of 0 Requests

to read a single block.

SOF | Flags Command Parameter | Parameter | Parameter 3 | Parameter 4 CRC EOF
1 2
READ EXT ull Page First block Number of | (Optional)
MULTIPLE (optional) number number blocks
BLOCKS
5 bits 6 bits 48 bits 8 bits 8 bits 8 bits 16 bits

Figure 59 — READ EXTENDED MULTIPLE BLOCKS Request format

SOF Error Data CRC EOF
flag
0 User memory block data from page number (optional)
specified in paraméter 2
1 bits 32 bits 16 bits
Repeated-as needed

Figure 60 — READ EXTENDED MULTIPLE BLOCKS Response format

11.5.11 WRITE EXTENDED MULTIPLE BLOCK

Upon receptipn of this command without error, the tag shall write the Requested blocks within the|page
specified in pprameter 2 with the data contained in the Request and report the success of the operation|in the
Response.

The blocks and pages.are numbered from 0 to 255.
The blocks afe numpered from 0 to 255. The number of blocks in the Request is one less than the numper of
blocks that the.tag shall write. E.g. a value of 6 in the "Number of blocks" field Requests to write 7 blocks. The
"Data" field s i ; i q ] . The
"Data" field shall contain 1 block.

The tag shall return its response when it has completed the lock operation and latest either after 20ms upon
detection of the last falling edge of the interrogator request (Type A) or after the interrogator has switched off
the field (Type B).
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SOF | Flags | Command | Parameter | Parameter | Parameter | Parameter Data CRC EOF
1 2
3 4
WRITE ull Page | Firstblock | Numberof | Biock | (optional)
EXT (optional) number number blocks data
MULTIPLE
BLOCKS
5 bits 6 bits 48 bits 8 bits 8 bits 8 bits 32 bits 16 bits
Repeated
as
Figure 61 — WRITE EXTENDED MULTIPLE BLOCK Request format
SOF Error CRC EOF
flag
0 (optional)
1 bit 16 bits
Figure 62 — WRITE EXTENDED MULTIPLE BLOCK Response format
NOTE] The number of blocks may be implementation dependent.
11.5.12 LOCK EXTENDED BLOCK
Upon| reception of this command without errar;the tag shall lock the Requested block within the page

specified in parameter 2 and report the success of the operation in the Response.

The t
detec
the fig

The blocks and pages are numbered from 0 to 255.

hg shall return its response when it has completed the lock operation and latest either aft¢gr 20ms upon
ion of the last falling edge of the interrogator request (Type A) or after the interrogator ha
Id (Type B).

b switched off
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SOF | Flags Command Parameter 1 | Parameter 2 Parameter 3 CRC EOF
LOCK EXT ull Page number block number (optignal)
BLOCK (optional)
5 bits 6 bits 48 bits 8 bits 8 bits 16 Rits
Figure 63 — LOCK EXTENDED BLOCK Request format
SOF | Error CRC EOF
flag
0 (optional)

1 bit 16 bits

Figure 64 — LOCK EXTENDED BLOCK Response format
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11.5.13 Optional command execution in Inventory mode

Some commands may be executed in Inventory mode by setting the Inventory flag to 1. The support of this
mechanism by the tag is optional.

The list of command codes that can be executed in Inventory Mode is specified in Table 27.

When receiving a request with the Inventory flag set to "1", the tag shall perform the inventory sequence. The
inventory mode related fields that are "Mask Length" and "Mask Value" followed by the Requested Command
related parameters (in non addressed mode) shall be contained in the Request. See Figure 65.

If the tag detects an error during the inventory sequence, it shall remain silent.

The syntax of the returned data in the Response will be according to the command code. See Figure 66.
The AFI mechanism, if supported by the tag, shall be implemented as specified in clause 7.12.
FDX tags trapsmit the remaining section of the Ull in dual pattern code. The following data\(Error Flag, Data 2,

optional CRQ in no error case; Error Flag, Error Code, optional CRC in error case) is transmitfed in
Manchester Code.

Table 27 — Commands executable in Inventory,mode

Command Code Function
Read single block “10° Reads a single user memory block
Read single block with 1 Reads aysingle user memory block
security status with security status
Read multiple blocks "12' Reads multiple user memory blocks
Read multiple blocks with 3 Reads multiple user memory blocks
security status with security status
Get system information o Reads specified system memory data

SOF | Flags| | Command | Parameter Parameter 2 Parameter | Parameter4 | CRC EOF
1 3
See Table AF| Mask length(n) Mask Command (optio
27 (optional) n value Parameter nal)
01xxx
5 bits 6.bits 8 bits 6 bits n bits see relevant | 16 bits
command

The allowed values of n are depending on the number of slots and are defined in clause 10.1.

SOF Error flag Data Data CRC EOF
0 Remaining section of the UlI Response Data as (optional)
. defined in the
(Ull without Mask value) executed command
1 bit 48 - n bits xx bits 16 bits

58

Figure 66 — Response format to command in inventory mode
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11.6 Custom commands

ISO/IEC 18000-2:2009(E)

The format of custom command is generic and allows unambiguous attribution of custom command codes to
each tag manufacturer.

The custom command code is the combination of a custom command code and of the IC manufacturer code.

The custom request parameters definition is the responsibility of the IC manufacturer and is the IC
manufacturer code according to ISO/IEC 7816-6.

SOF | Flags | Command IC MFC Custom request parameters CRC EOF
See Table Custom defined (optional)
24
5 bits 6 bits 8 bits Custom defined 16 bits
Figure 67 — Custom request format
CRC16
SOF | Flags Error EOF
code (Optierial)
1 bit 8 bits 16 bits
Figure 68 — Custom response format when Error_flag is set
CRC16
SOF Flags Custom response parameters EOF
(Optional)
1 bit Custom defined 16 bits
Figure 69 — Custom response format when Error_flag is NOT set
11.7 |Proprietary commands
This InternationalStandard does not specify proprietary commands by definition.
59
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Annex A
(informative)

CRC Check for Error Detection

A.1 Description

The CRC err
data packets

Telephone) for error detection. The 16-bit cyclic redundancy code is calculated using the following jpolyrn

with an initial

The CRC chs

Reverse CR(
The CRC 16
The incoming
After all data

Reversibility
will regenerat

br checking circuitry generates a 16 bits CRC to ensure the integrity of transmitted and (e
The tag uses the reverse CRC-CCITT (Consultative Committee for International Telegrap|

value of 0x0000:

P(X) =x"® + x"2 +x° + x°

ck has the following characteristics:

-CCITT 16 as used in ISO/IEC 11784/11785

bit shift register is initialised to all zeros at the beginning of@a'‘command
data bits are XOR-ed with the MSB of the CRC registerand is shifted into the register’'s LS
bits have been processed, the CRC register contains the CRC-16 code.

The original data together with associated CRC; when fed back into the same CRC gen
e the initial value (all zeros).

eived
h and
omial

erator

P(X= x1 x2 x3 x4 xs X6.(X7 X8 X9X10 X11 X12 X13 X14 X15 X16 X
MSB LSB
Dat LSB
—
Data
LSB
Figure A.1 — Schematic diagram of the CRC check.
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A.2 CRC check source code example

; BCCH and BCCL contain the 16 bit CRC. Both must be initialized to O.

; GPR is a general purpose register for temporary storage (scratch register)
; A = Accumulator

; BTJZ Bit Test Jump Zero

; SETC Set Carry Flag

CLR& cleaxr—Caxr

; RRC Rotate Right Through Carry

; lopp start

; tept databit for high or low

BTJZz $RXDAT, DALOW ; RXDAT=LOW
SETC ; RXDAT=HIGH
JMP BCCGEN
DALOW CLRC
BCCGEN RRC BCCH yvehift
RRC BCCL
JNC Q1L ; C=0
XOR %$?10000000, BCCH ; C=1 --> Toggle Q16
QlL MOV BCCH, GPR ; 016=0 7
AND %$?10000000..GPR
Jz DleL
XOR %$200001000, BCCL ; Toggle Q4
XOR %$200000100, BCCH ; Toggle Q11

D16L| continue wifth~Program

; repeat léop for n bits
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Description of a typical anti-collision sequence with tags of

Annex B
(informative)

types A and B

Table B.1 shows an example of a mixed population with 2 tags of Type A (A1, A2) and 2 tags of Type B (B1,

B2). The intepragator perfarms the anti-collision sequence row by row _whereby the decision to starf wit

type

A or type B i with the interrogator.

In the example, the interrogator chooses the slot number to 1. The interrogator detects a collision and dg
to proceed with the tags having a 0 at the Ull collision position. After recognizing the complete] Ull of th

tag (A1, B1) the interrogator proceeds with the tags having a 1 at the UlI collision position (A2) B2).

The timings gre specified in clause 6.1.5.

Table B.1 — Anti-collision sequence example of a mixed population with

2 tags of Type A (A1, A2) and 2 tags of Type B (B1),'B2)

Pefformer Type A Type B
Intefrogator | Field ON (125 kHz) Field ON/(134.2 kHz)
Intefrogator | Wait for power on time (min 2.5 | Charge’tag for max. 50 ms
ms)
Intefrogator | INVENTORY request INVENTORY request
(NOS=1, no mask value) (NOS=1, no mask value)
Intefrogator | - Field OFF
Tag Wait t1 (max. 1.704 ms) Wait for max 2 ms
Tag Response of Ull (with collision) Response of Ull (with collision)
Intefrogator | Wait t2 (min 1.2 ms) Field ON with recharge for max. 10 ms
Intefrogator | INVENTORY request INVENTORY request
(NOS=1, mask value + 0) (NOS=1, mask value + 0)
Intefrogator | - Field OFF
Tag Wait t1 (max. 1.704 ms) Wait for max 2 ms
Tag Response of remaining Ull [A1] Response of remaining Ull [B1]
Intefragator | Wait t2 (min 1.2 ms) Field ON with recharge for max. 10 ms

cides
e first

Interrogator

INVENTORY Tequest
(NOS=1, mask value + 1)

INVENTORY Tequest
(NOS=1, mask value + 1)

Interrogator | - Field OFF

Tag Wait t1 (max. 1.704 ms) Wait for max 2 ms

Tag Response of remaining Ull [A2] Response of remaining Ull [B2]
Interrogator | Field OFF Field OFF

NOTE All times are worst case times.

62

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=2c964ac9e56a2393240908c3272cc68f

	Scope
	Conformance
	RF emissions general population
	RF emissions and susceptibility health care setting

	Normative references
	Terms and definitions
	Symbols and abbreviated terms
	Symbols
	Abbreviated terms

	Physical layer
	Type A (FDX)
	Power transfer
	Frequency
	Communication signal interface interrogator to tag
	Modulation
	Data rate and data coding
	Start of frame pattern
	End of frame pattern

	Communication signal interface tag to interrogator
	Data rate and data coding
	Start of frame pattern
	End of frame pattern

	General Protocol Timing Specifications
	Waiting Time before Transmitting its Response after an EOF f
	Interrogator Waiting Time before Sending a Subsequent Reques
	Interrogator Waiting Time Before Switching to Next Inventory
	Interrogator Started to Receive One or More FDX Tag Response
	Interrogator Receives no FDX Tag Response


	Type B (HDX)
	Power transfer
	Frequency

	Communication signal interface interrogator to tag
	Modulation
	Data rate and data coding
	Start of frame pattern
	End of frame

	Communication Signal Interface tag to interrogator
	Data rate and data coding
	Start of frame pattern
	End of frame pattern

	General protocol Timing Specification
	Waiting Time Before Transmitting its Response After Receipt 
	Interrogator Waiting Time Before Sending a Subsequent Reques
	Interrogator Waiting Time Before Switching to Next Inventory
	Interrogator Started to Receive One or More Tag Responses
	Interrogator Received no Tag Response


	Physical and Media Access Control (MAC) Parameters
	Interrogator to tag link
	Tag to interrogator link
	Protocol parameters
	Anti-collision parameters


	Transmission Protocol
	Basic elements
	IC Identifier and Unique Item Identifier (UII)
	Request format
	Response format
	Request flags
	AFI flag
	NOS flag
	SEL flag and ADR flag
	CRCT flag
	PEXT flag

	Error flag
	Error handling
	Block security status
	Start of frame pattern (SOF)
	Interrogator request
	Tag response

	End of frame pattern (EOF)
	Interrogator request
	Tag response

	CRC
	Application family identifier (AFI)
	Data storage format identifier (DSFID)

	User memory organisation
	User memory organisation (Page 0)
	Extended User memory organisation (Page ≥ 1)

	Tag states
	RF-Off State
	Ready State
	Quiet State
	Selected state
	State diagram

	Anti-collision
	Request parameters
	Request processing by the tag
	Explanation of anti-collision sequences
	Anti-collision sequence with 1 slot
	Anti-collision sequence with 16 slots
	Mixed population with tags of type A and B


	Commands
	Command classification
	General
	Mandatory commands
	Optional commands
	Custom commands
	Proprietary commands

	Command code structure
	Command list
	Mandatory commands
	INVENTORY
	READ UII
	READ MULTIPLE BLOCKS
	STAY QUIET
	WRITE SINGLE BLOCK
	LOCK BLOCK

	Optional commands
	READ SINGLE BLOCK
	READ SINGLE BLOCK WITH SECURITY STATUS
	READ MULTIPLE BLOCKS WITH SECURITY STATUS
	WRITE MULTIPLE BLOCKS
	GET SYSTEM INFORMATION
	SELECT
	RESET TO READY
	WRITE SYSTEM DATA
	LOCK SYSTEM DATA
	READ EXTENDED MULTIPLE BLOCKS
	WRITE EXTENDED MULTIPLE BLOCK
	LOCK EXTENDED BLOCK
	Optional command execution in Inventory mode

	Custom commands
	Proprietary commands
	Interrogator acknowledgement
	Slot number
	Acknowledge (3 bits)
	ACK00
	Slot 00
	100(608us)
	ACK01
	Slot 01
	101
	ACK10
	Slot 10
	110
	ACK11
	Slot 11
	111









