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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-interestOther international nrgnni79ﬁnnc, govern ental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of informiation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

InternationallStandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of the joint technical committee is to prepare International Standards. \Draft Internafional
Standards aglopted by the joint technical committee are circulated to national bodies for\voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

ISO/IEC 18(J00-62 was prepared by Joint Technical Committee ISO/IEC JT.€1, Information technglogy,
Subcommittee SC 31, Automatic identification and data capture techniques.

ISO/IEC 18000 consists of the following parts, under the general ditle Information technology — Radio
frequency identification for item management:

— Part 1: Reference architecture and definition of parameters to be standardized

— Part 2: Parameters for air interface communications below 135 kHz

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

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

— Part 6: Parameters for air interface communications at 860 MHz to 960 MHz General
— Part 61:|Parameters for air interface communications at 860 MHz to 960 MHz Type A
— Part 62:|Parameters for air.interface communications at 860 MHz to 960 MHz Type B
— Part 63:|Parameters,for air interface communications at 860 MHz to 960 MHz Type C

— Part 64:|Parameters for air interface communications at 860 MHz to 960 MHz Type D

— Part 7: Parameters for active air interface communications at 433 MHz

iv © ISO/IEC 2012 — All rights reserved
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This part of ISO/IEC 18000 describes a passive backscatter radio frequency identification (RFID) system that
supports the following system capabilities:

e identification and communication with multiple tags in the field;
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election of a subgroup of tags for identification or with which to communicate;
pading from and writing to or rewriting data many times to individual tags;
ser-controlled permanently lockable memory;

ata integrity protection;

hterrogator-to-tag communications link with error detection;

hg-to-Interrogator communications link with error detection;

upport for both passive back-scatter tags with or without batteries.

part of ISO/IEC 18000 specifies the physical and fogical requirements for a passive-backs
m operating in the 860 MHz to 960 MHz frequency range. The system comprises Interrg
n as readers, and tags, also known as labels.

terrogator transmits information to a.ag by modulating an RF signal in the 860 MHz
ency range. The tag receives both information and operating energy from this RF signal.
hose which receive all of their operating energy from the Interrogator's RF waveform. If tag
ry then they may operate using:some passive principles; however, they do not necessarily
bting energy from the Interrogater's RF waveform.

terrogator receives information from a tag by transmitting a continuous-wave (CW) RF sign
hg responds by modulating the reflection coefficient of its antenna, thereby backscattering a
| to the Interrogator: The system is Interrogator-Talks-First (ITF), meaning that a tag

na reflection coefficient with an information signal only after being directed to do so by an In

ogators and-tags are not required to talk simultaneously; rather, communications are
ning that'Interrogators talk and tags listen, or vice versa.

ntérnational Organization for Standardization (ISO) and International Electrotechnical Comn

catter, RFID
gators, also

to 960 MHz
Passive tags
s maintain a
get all their

al to the tag;
h information
odulates its
rrogator.

half-duplex,

nission (IEC)

draw
conc

attention to the fact that it is claimed that compliance with this document may involve the u

be of patents

erning radio frequency identification technology.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,

the s

tatements of the holders of these patent rights are registered with ISO and IEC.
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Information on the declared patents may be obtained from:

Contact details
Patent Holder Contact for license application

Legal Name: Impinj, Inc. Name & Department: Chris Diorio, CTO

Address: 701 N 34th St Suite 300, Seattle,
WA 98103, USA

Tel.: +1 206 834 1115
Fax: +1 206 517 5262
E-mail: diorio@impinj.com

URL (optional): www.impinj.com

Patent Holder Contact for license application

Legal Name: NXP B.V. Name & Department:-Aaron Waxler,
Intellectual Property & Licensing

Address: 444 East Plumeria, San José, CA
95134-1924, USA

Telix+1 914 860 4296

E-mail: Aaron.Waxler@nxp.com

Attention is drawn to the possibility that some of the elements of this document may be the subject of pptent
rights other fhan those identified above. (SO and IEC shall not be held responsible for identifying any pr all
such patent fights.

The latest Information on IP_that may be applicable to this part of ISO/IEC 18000 can be found at
www.iso.org[patents
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Information technology — Radio frequency identification for
item management —

Part 62:
Parameters for air interface communications at 860 MHz to

960 MHz Type B
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part of ISO/IEC 18000 defines the air interface for radio frequency identification (RFID) devid

Cations. It provides a common technical specification for RFID devices that can be used by 1SQ
oping RFID application standards. This part of ISO/IEC 18000 is\intended to allow for com
courage inter-operability of products for the growing RFID market in the international ma
es the forward and return link parameters for technical attributes including, but not limited
ency, operating channel accuracy, occupied channel bandwidth, maximum effective isotrq
r (EIRP), spurious emissions, modulation, duty cycleé, data coding, bit rate, bit rate 2
mission order, and, where appropriate, operating channels, frequency hop rate, hop sequend
ence, and chip rate. It further defines the communications protocol used in the air interface.

part of ISO/IEC 18000 specifies the physical and logical requirements for a passive
ogator-Talks-First (ITF) systems. The system comprises Interrogators, also known as reade
known as labels. An Interrogator receives information from a tag by transmitting a continuou
ignal to the tag; the tag responds(y modulating the reflection coefficient of its ant
5cattering an information signal to_the Interrogator. The system is ITF, meaning that a tag
hna reflection coefficient with an‘information signal only after being directed to do so by an In

tail, this part of ISO/IEC 18000 contains Type B.

part of ISO/IEC #8000 specifies
bhysical interactions (the signalling layer of the communication link) between Interrogators an
nterrogator and tag operating procedures and commands,

hécollision arbitration scheme used to identify a specific tag in a multiple-tag environment.

es operating

e 860 MHz to 960 MHz Industrial, Scientific, and Medical (ISM)/band used in item management

D committees
patibility and
rketplace. It
to, operating
pic radiated
ccuracy, bit
e, spreading

backscatter,
rs, and tags,
5-wave (CW)

odulates its
rrogator.

eﬂv;na, thereby

B uses Manchester in.the forward link and an adaptive binary-tree collision-arbitration algorithm.

d tags,

2 Conformance

2.1

Claiming conformance

To claim conformance with this part of ISO/IEC 18000, an Interrogator or tag shall comply with all relevant
clauses of this part of ISO/IEC 18000, except those marked as “optional”. The Interrogator or tag shall also
operate within local radio regulations, which can further restrict operation.

Relevant conformance test methods are provided in ISO/IEC TR 18047-6.

Conformance can also require a license from the owner of any intellectual property utilized by said device.

© IS0

/IEC 2012 — All rights reserved
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2.2 Interrogator conformance and obligations

To conform to this part of ISO/IEC 18000, an Interrogator shall

— support Type B

— implement the mandatory commands defined in this part of ISO/IEC 18000;

— modulate/transmit and receive/demodulate a sufficient set of the electrical signals defined in the signalling
layer of this part of ISO/IEC 18000 to communicate with conformant tags; and

— operate|within the applicable local regulations.

To conform fo this part of ISO/IEC 18000, an Interrogator may

— implement any subset of the optional commands defined in this part of ISO/IEC 18000, and

— implemeént any proprietary and/or custom commands in conformance with this part-0f ISO/IEC 18000
To conform fo this part of ISO/IEC 18000, the Interrogator shall not

— implemgnt any command that conflicts with this part of ISO/IEC 18000 or @ny of the parts 61, 63 and 64, or

— require the use of an optional, proprietary, or custom command to‘meet the requirements of this part of
ISO/IEQ 18000.

2.3 Tag conformance and obligations

To conform fo this part of ISO/IEC 18000, a tag shall:

— support|Type B;

— operate|over the frequency range from 866 MHz to 960 MHz, inclusive;

— implement the mandatory commands_defined in this part of ISO/IEC 18000 for the supported types;
— modulate a backscatter signal.only after receiving the requisite command from an Interrogator; and
— conform to local radio regulations.

To conform fo this part.of ISO/IEC 18000, a tag may

— implemeént any:subset of the optional commands defined in this part of ISO/IEC 18000; and

— implemgntany proprietary and/or custom commands as defined in 6.2.7.4 and 6.2.7.5.

To conform to this part of ISO/IEC 18000, a tag shall not:
— implement any command that conflicts with this part of ISO/IEC 18000 or any of the parts 61, 63 and 64;

— require the use of an optional, proprietary, or custom command to meet the requirements of this part of
ISO/IEC 18000; or

— modulate a backscatter signal unless commanded to do so by an Interrogator using the signalling layer
defined in this part of ISO/IEC 18000.

2 © ISO/IEC 2012 — All rights reserved
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3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

docu

ment (including any amendments) applies.

ISO/IEC 7816-6, Identification cards — Integrated circuit cards — Part 6: Interindustry data elements for
interchange

ISO/IEC 15961, Information technology — Radio frequency identification (RFID) for item management — Data
protocol: application interface

ISO/
protd

ISO/
Refe

ISO/

techmiques — Harmonized vocabulary
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colli

algorithm used to prepare for and handle a dialogue between an Interrogator and a tag

NOTH

4.1.2

physical layer

data

4.2

Cht
Clt
D

EC 15962, Information technology — Radio frequency identification (RFID) for item manage!
col: data encoding rules and logical memory functions

EC 18000-1, Information technology — Radio frequency identification for item manageme
rence architecture and definition of parameters to be standardized

EC 19762 (all parts), Information technology — Automatic identificationyand data caf

Ferms, definitions, symbols and abbreviated terms

Terms and definitions

he purposes of this document, the terms and definitions given in ISO/IEC 19762 (all pa
ving apply.

s5ion arbitration loop

3 This is also known as collision arbitration.

coding and modulation waveforms used in Interrogator-to-tag and tag-to-Interrogator signallir

Symbols

carrier high-level tolerance
carrier low-level tolerance

modulation depth of data coding pulse

nent — Data

nt — Part 1:

ture (AIDC)

rts) and the

g

fo

M
Mi
Mb
Mh
M
Tsor

The

© IS0

frequency of operating fietd{carmer frequercy)
number of subcarrier cycles per symbol
modulation index

modulation lower tolerance Type B

RF signal envelope ripple (overshoot)

RF signal envelope ripple (undershoot)

Tt 10-00% RF signal envelope fall time

FHSS signal envelope fall time

/IEC 2012 — All rights reserved
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Thr
Ths
Tror Tr10-90%
Tbmf
Tbmr
Tcf
Ter
Tcs
Tf
Tthf
Tthr
Tfhs
Tr
Trlb
XXXX

XXXXp,

FHSS signal envelope rise time

time for an FHSS signal to settle to within a specified percentage of its final value
RF signal envelope rise time

Manchester fall time

Manchester rise time

carrier fall time

carrier rise time

carrier steady state time
fall time

carrier FHSS fall time
carrier FHSS rise time
carrier FHSS steady time
rise time

return link bit time

binary notation

hexadecimal notation

4.3 Abbreviated terms

AFI
ASIC
ASK
CRC
CRC-16
DSSS
FHSS
ITF

LSB
MSB
NRZ
ppm
RFU
SOF
Word

application family identifier
application specific integrated circuit
Amplitude Shit Keying

cyclic redundancy check

sixteen bit CRC

direct sequencespread spectrum
frequency hopping spread spectrum
Interregator-talks-first

NOTE The common usage is RTF (Reader-talks-first) but the more precise term is ITF, wh
used throughout this part of ISO/IEC 18000.

least significant bit
most significant bit
non return to zero
parts per million
reserved for future use
start of frame

16 bits

ch is

© ISO/IEC 2012 — All rights reserved
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5 Overview

5.1 Parameter tables

Table 1, Table 2, Table 3 and Table 4 contain the parameters for Type B in accordance with ISO/IEC 18000-1.
Detailed description of the operating modes and parameters are specified in the subsequent clauses.

Table 1 — Interrogator to tag link parameters

Ref. Parameter Name Description
i - 860 MHZz — 960 MHZ, as required by the loca
Int:1 Operating Frequency Range regulations
Int:1a Default Operating Frequency In accordance with the local radio regulations.

Operating Channels

Int:1b In accordance with the local radig.regulations.
(spread-spectrum systems)
Int:1c Operating Frequency Accuracy In accordance with the logalyradio regulations.
Int:1d Frequency Hop Rate Where FHSS is permitted, the hop rate shall pe
' (frequency-hopping [FHSS] systems) | in accordance with,the local radio regulations|
In accordancewith the local radio regulations.
Where notpecified by such regulations a
. Frequency Hop Sequence :
Int:1e " hopping [FHSS ¢ pseudosrandom hopping sequence shall be
(frequency-hopping [ ] systems) used thiat'ensures an even distribution of
transmissions over available channels.
Int:2 Occupied Channel Bandwidth In"accordance with the local radio regulationq.
Int:2a Minimum Receiver Bandwidth In accordance with the local radio regulations.
Int:3 :;tsgogator Transmit Maxiniesy In accordance with the local radio regulations.
. Interrogator Transmit-Spurious . . .
Int:4 Emissions In accordance with the local radio regulations.

Interrogator Transmit Spurious
Int:4a Emissions, In-Band (spread- In accordance with the local radio regulations.
spectrum’systems)

Interrogator Transmit Spurious

Int:4b Emissions, Out-of-Band In accordance with the local radio regulations.
Int:5 :\;ll;ir;ogator Transmitter Spectrum In accordance with the local radio regulations.
Int:6 Timing See below Int: 6x.
Transmit-to-Receive Turn-Around The Interrogator transmit/receive settling time
Int:6a .
Time shall not exceed 85 ps.
Receive-to-Transmit Turn-Around As determined by the communication protocd| —
ntob )
Time refer Tag: 6a.
Int:6c Dwell Time or Interrogator Transmit 1500 ps, maximum settling time
Power-On Ramp
Int:6d Decay Time or Interrogator Transmit Maximum 1 ms.
Power-Down Ramp
Int:7 Modulation Amplitude Modulation.
. Spreading Sequence .
Int:7a (direct-sequence [DSSS] systems) Not applicable.
Int:7b Chip Rate Not applicable.

(spread-spectrum systems)

© ISO/IEC 2012 — All rights reserved 5
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Ref. Parameter Name Description
Int:7¢c Chip Rate Accuracy Not applicable.
(spread-spectrum systems)
Int:7d Modulation Depth Nominal 18% or 100% .
Int:7e Duty Cycle In accordance with the local radio regulations.
Int:7f FM Deviation Not applicable.
Int:8 Data Coding Manchester bi-phase
Int:9 Bit Rate 10 kblt/s or 4.0 kbit/s as constrained by the local
radio regulations.
Int:Pa Bit Rate Accuracy 100 ppm
intho Interrogator Transmit Modulation Not applicable..
Accuracy
Int:f11 Preamble Yes, See clause 6.1.7.3
Int:fl1a Preamble Length 9 bits. See clause 6.1.7.3
Int:fl1b Preamble Waveform(s) See clause 6.1.7.3
Int:fi1c Bit Sync Sequence See clause 6.1.7.3
Int:fi 1d Frame Sync Sequence Not Applicable.
inth2 Scrambling (spread-spectrum Not Applicable.
systems)
Int:13 Bit Transmission Order MSB is transmitted first
Presence-of an appropriate RF signal at the tag
Int:f14 Wake-up process followed by’a wake-up command as required by
the tag.type. See relevant clauses.
. L Interrogator dependent.
Int15 Polarization Kot defined in this part of ISO/IEC 18000.
Table 2 — Tag to\Interrogator link parameters
Ref. Parameter Name Description
Tag:1 Operating Frequeney.Range 860 MHz — 960 MHz, inclusive
. . The tag shall respond to an Interrogator signal
Ta:J;.1a Default Operg{ing Frequency within the frequency range specified in Tag: 1.
Tad-1b Operating:Channels The tag shall respond to an Interrogator signal
ag- (spread=spectrum systems) within the frequency range specified in Tag: 1.
. . The tag shall respond to an Interrogator signal
Tag:1c Qusrating Frequency Accuracy within the frequency range specified in Tag: 1.
Frequency Hop Rate .
: Not licable.
Tagf.1d (frequency-hopping [FHSS] systems) ot appiicable
I — Ll o
- TequenCyTop—oStUuthnie .
Tag:1e (frequency-hopping [FHSS] systems) Not applicable.
Tag:2 Occupied Channel Bandwidth In accordance with the local regulations
Tag:3 Transmit Maximum EIRP In accordance with the local regulations
Tag:4 Transmit Spurious Emissions In accordance with the local regulations
Transmit Spurious Emissions, In-
Tag:4a Band In accordance with the local regulations
(spread spectrum systems)
Tag:4b Transmit Spurious Emissions, Out- In accordance with the local regulations
of-Band
Tag:5 Transmit Spectrum Mask In accordance with the local regulations

© ISO/IEC 2012 — All rights reserved
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Ref. Parameter Name Description
Tag:6a Transmlt-to-Recelve Turn-Around 400 ps
Time
Tag:6b $ifrt1::|ve-to-Transmlt Tum-Around Range 85 to 460 us (see clause 6.1.8.2)
Tag:6c Dwell Time or Transmit Power-On Not applicable.
Ramp
) Decay Time or Transmit Power- .
Tag:6d Down Ramp Not applicable.
Fagr Modutation Bi=stateamptitodemodutatedbackscatter:
) Spreading Sequence .
Tag:7a (direct sequence [DSSS] systems) Not applicable.
) Chip Rate .
Tag:7b (spread spectrum systems) Not applicable-
. Chip Rate Accuracy .
Tag:7c (spread spectrum systems) Not applicable-
The tag Delta RCS((Varying Radar Cross
Tag:7d On-Off Ratio Sectional area) affects system performance. A
typical value is\greater than 0.005 m?.
Tag:7e Subcarrier Frequency Not applicable.
Tag:7f Subcarrier Frequency Accuracy Not applicable.
Tag:7g Subcarrier Modulation Notapplicable.

. The tag shall transmit its response when
Tag:7h Duty Cycle commanded to do so by the Interrogator.
Tag:7i FM Deviation Not applicable.

Tag:8 Data Coding Bi-phase space (FMO0)
Typical 40 kbit/s or 160 kbit/s (subject to tag
Taq:9 Bit Rat clock tolerance see Table 8), The return bit rate
ag: it Rate selection for 160 kbit/s is defined in
clause 6.1.7.4.5
Tag:9a Bit Rate Accuracy +/- 15% (refer to Table 8)
) Tag_Transmit Modulation Accuracy .
Tag:10 (frequency-hopping [FHSS] systems Not applicable.
Tag:11 Preamble The preamble is defined in clause 6.1.4.6
16 bits made up of a quiet period, followed by
Tagilta Preamble Length sync, followed by a code violation followed by
an orthogonal code.
Tag:11b Preamble Waveform Bi-phase encoded data ‘1°.
Tag:11c Bit-Sync Sequence Included in the preamble.
Tag:11d Frame-Sync Sequence Included in the preamble.
. Scrambling .
Tag:12 (spread-spectrum systems) Not applicable.
Tag:13 Bit Transmission Order MSB is transmitted first
Tag:14 Reserved Deliberately left blank.

. o Product design feature.

Tag:15 Polarization Not defined in this part of ISO/IEC 18000.
Tag:16 Minimum Tag Receiver Bandwidth 860 — 960 MHz

© ISO/IEC 2012 — All rights reserved
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Table 3 — Protocol parameters

Ref. Parameter Name Description
P:1 Who talks first Interrogator
P:2 Tag addressing capability See clause 6.2.2
p3 Tag ID qur;t:singfdair; (t)ig];mn;ir:.ory and accessible by
P:3a Tag ID Length 64 bits.
P:3b Tag ID Format See clause B.1.2
P:4 Read-size Addressable in byte blacks

Addressable in byte blocks. Writing in blocks of

P:5 Write Size 1, 2, 3 or 4 bytes. See details in relevant

clauses.

A single tag can typically be identified and-have
its first 128 bits of user memory read-in.less
P:g Read Transaction Time than 10 ms. This time may vary depending on
the data rate used as constrainedby the local
radio regulations.

Once a tag has been identified and selected, a
32-bit data block can typically be written in less
P:7 Write Transaction Time than 20 ms. This timémay vary depending on
the data rate uséd as constrained by the local
radio regulations!

Interrogatorto tag: CRC-16

P8 Error detection Tag te_Interrogator: CRC-16
Noforward error correction code used. Errors
P9 Error correction are handled by signalling an error to the

Interrogator that then repeats its last
transmission.

No minimum user memory size is specified, but
P:10 Memory size if user memory is provided it shall be an integer
multiples of 4 bytes.

Several command codes are reserved for future

P:1[1 Command structure/and extensibility Use

Table 4 — Anti-collision parameters

Ref. Parameter Name Description

A:1 Type (Probabilistic or Deterministic) Probabilistic

Essentially linear up to 2%% tags depending

A:2 | inearity i
on size of data content.

The algorithm permits the reading of not
A:3 Tag inventory capacity less than 250 tags in the reading zone of
the Interrogator.

8 © ISO/IEC 2012 — All rights reserved
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6 TypeB

6.1 Physical layer and data coding

6.1.1 Interrogator power-up waveform

The Interrogator power-up waveform shall comply with the mask specified in Figure 1 and Table 5.

V
A
TO0% + Cht
/ \\ 100%
~ 77 100% --Cht
Clt
7y /' % 9 >z 7 * 0%
<« Tcr
< » Tcs
> T

Figure 1 — Interrogator power-up waveform

Table 5 — Interrogator power-up waveform parameter values

Parameter Min Max
Tes 1500us
Ter 1 s 500 ps
Cht 10%

Clt 1%

6.1.2 <nterrogator power-down

Once the carrier level has dropped below the ripple limit Cht, power down shall be monotonic and of duration
Tcf, as specified in Figure 2 and Table 6.

© ISO/IEC 2012 — All rights reserved 9
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//////////////////////////////////////////////////////////////////////////////////////////////////
//////////////// c
///////////////////////////////////////////////////////// A 100%+ ht
///// 100% - Cht
Ve Yl °
///////////////////////////////////// o 0%
////////////////////////////////////////////////////////////////////////////////////////

Figure 2 — Interrogator power-down waveform

Table 6 — Interrogator power-down timings

Parameter Min Max
Tcf 1 us 500 ps
Cht + 5%¢0f\steady state
(100/%) level
Clt %

6.1.3 Frequency hopping carrier rise and fall times

When the Inferrogator operates in the frequency operating hopping spread spectrum mode (FHSS), the carrier
rise and fall times shall conform to the chanacteristics specified in Figure 3 and Table 7. The Interrogator|shall
complete a frequency hop in a time not.€xceeding 30 ps (to ensure that the tag is not reset by the frequency
hop). The frgquency hop is measured(from the beginning of Tthf to the end of Tthr.

V
A 100%
90%
10%
0%
<4< P> <>
Tfhr | Tfhs Tfhf
> T

NOTE Ripple is £ 5 % of 100 % of steady state level

Figure 3 — FHSS carrier rise and fall characteristics

10 © ISO/IEC 2012 — All rights reserved
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Table 7 — FHSS carrier rise and fall parameters

Parameter Min Max
Tthr 30 us
Tfths 400 s
Tthf 30 ps

FMO return link

14

The fag transmits information to the Interrogator by modulating the incident energy and reflecting
Interfogator (backscatter).

6.1.4.2 Modulation

The fag switches its reflectivity between two states. The “space” state is/the’normal condition in
is pgwered by the Interrogator and able to receive and decode the\forward link. The “mark”
alterpative condition created by changing the antenna configuration.ar termination.

6.1.4.3 Data rate

1 FMO return link general

62:2012(E)

t back to the

vhich the tag
state” is the

The feturn link datarate shall be 40 or 160 kbit/s, which-may be selected at the time of tag configuration. The
Interfogator shall be able to read and decode the tag.reply at either datarate without the need {o have prior
knowledge of the tag configuration in order to handle.mixed populations.
6.1.4.4 Data coding
Datalis coded using the FMO technique, also known as Bi-Phase Space.
One |symbol period Trlb, as specified”in Table 8, is allocated to each bit to be sent. In FMO encoding, data
trangitions occur at all bit boundaries. In addition, data transitions occur at the mid-bit of logic 0 befing sent.
Table 8 — Return link parameters
Data rate Trlb Tolerance Note

40kbit/s 25 ps +/-15% Chip set to 40kbit/s Return Link Data Rate

160kbit/s 6.25 us +/-15% Chip set to 160kbit/s Return Link Data Rate
Coding of data is MSB first. Figure 4 illustrates the coding for the 8 bits of 'B1".
© ISO/IEC 2012 - All rights reserved 11
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FMO Data Coding
MSB first encoding of Byte 10110001 = 'B1'

- | L l | L1 LJ L L
Alternative
dependipng on
prior conditions _I 1 | | | L 1T L1 LT 1 r
I I T T N I NG N N
«—> 4
Trib
Figure 4 — Tag to Interrogator data coding
6.1.4.5 Message format
A return LinH Message consists of n data bits preceded by,the Preamble. The data bits are sent MSB first
The Preamble enables the Interrogator to lock to the tag data clock and begin decoding of the message. It
consists of 16 bits as shown in Figure 5. There arezmultiple code violations (sequences not conforming to|FMO
rules) that ag¢t as a frame marker for the transition: from Preamble to Data.
6.1.4.6 Return preamble
The return preamble is a sequence of backscatter modulation specified in Figure 5.

e

15 | 16

—

NOTE TTe high jstate represents high reflectivity and the low state represents low reflectivity.

Figure 5 — Preamble waveform

Changing the tag’s modulator switch from the high impedance state to the low impedance state causes a
change in the incident energy to be back-scattered, see Figure 6.

12
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The tag shall execute backscatter, a half-low and half-high sent by the tag defined as follows:

high reflectivity

low reflectivity

-62:2012(E)

i 6—R tmrk-bitcotig

6.1.4.7 Cyclic redundancy check (CRC)

6.1.4.7.1 CRC General

Onr
valid

bceiving a command from the Interrogator, the tag shall verify that the, checksum or the (
If it is invalid, it shall discard the frame, shall not respond and shall not take any other action

6.1.4.7.2 Interrogator to tag 16-bit CRC-16

RC value is

he first CRC

eloaded with
Bd.

6.1.4.7.2.1 Interrogator to tag CRC-16 general

The [|6-bit CRC shall be calculated on all the command bits after the SOF up to but not including

bit.

The polynomial used to calculate the CRC is x16_+x12 + x5 + 1. The 16-bit register shall be pr

'FFFF’. The resulting CRC value shall be inverted,-attached to the end of the packet and transmitt

The most significant byte shall be transmitted first. The most significant bit of each byte shall b¢ transmitted
first.

NOTE A schematic of a possible irnplementation is provided in Annex A.

The CRC may be implemented-in one of two ways:

6.1.4.7.2.2 Inversion'of incoming CRC bits by the tag

At th
clocK

e tag, the ineoming CRC bits are inverted and then clocked into the register. After the LS
ed into theregister the 16-bit CRC register should contain all zero’s.

6.1.4.7.2(3 Non-inversion of incoming CRC bits by the tag

B CRC bit is

clocked into the reglster the 16- b|t CRC register will have the value 1DOFh

6.1.4.7.3 Tag to Interrogator 16-bit CRC-16

6.1.4.7.3.1 Tag to Interrogator CRC-16 general

The 16-bit CRC shall be calculated on all data bits up to, but not including, the first CRC bit.

© IS0

/IEC 2012 — All rights reserved
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The polynomial used to calculate the CRC is x'6 + x12 + x5 + 1. The 16-bit register shall be preloaded with
FFFF. The resulting CRC value shall be inverted, attached to the end of the packet and transmitted.

The most significant byte shall be transmitted first, see Table 9. The most significant bit of each byte shall be
transmitted first.

On receiving of a response from the tag, it is recommended that the Interrogator verifies that the CRC value is
valid. If it is invalid, appropriate remedial action is the responsibility of the Interrogator designer.

NOTE A

schematic of a possible implementation is provided in Annex A.

Table 9 — CRC-16 bits and bytes transmission rules

MSByte LSByte

MSB LSB
CRC-16 (8 bits)

MSB LSB
CRC-16 (8 bits)

7 first transmitted bit of the inverted CRC

The CRC may be implemented in one of two ways.

6.1.4.7.3.2

At the Interr
LSB CRC bi

6.1.4.7.3.3

If the receive
6.1.5 Mang

6.1.51 C
The data trg
data coding
Figure 7, Fig

Inversion of incoming CRC bits by the Interrogator,

bgator receiver, the incoming CRC bits are invertedyand then clocked into the register. Aftg
is clocked into the register the 16-bit CRC register should contain all zero’s.

Non-inversion of incoming CRC bits by the Interrogator
d CRC bits are not inverted before clogking, the CRC register will have the value 1DOF;..
thester forward link

arrier modulation

nsmission from the_lnterrogator to the tag is achieved by modulation of the carrier (ASK)
is performed by,~generating pulses that create a Manchester coding, as show
ure 8, Table 10 @nd Table 11.

14

r the

The
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Table 10 — Parameter for 100% modulation

Parameter Minimum | Nominal | Maximum
Mi = (A-B)/(A+B) 90 100 100
Ma 0 0.03 (A-B)
Mb 0 0.03 (A-B)
Tr 0 us 1.8 us 0.1/ fpatarate
SN O us 1.8 us 0.1/ fpatarate
NOTE Tr and Tfimgasured from 10% (A-B) to 90% (A-B)

4+ wm

Ma

Figure 7 — 100 % modulation (example of 40 kbit/s signal)

© ISO/IEC 2012 — All rights reserved
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Figure 8 — 18% modulation (example of 8 kbit/s signal)

Table 11 — Parameter for 18% modulation

Parameter Minimum ~{ Nominal | Maximum
Mi = (A-B)/(A+B) 15% 18%  |20%
Ma 0 0.05 (A-B)
Mb 0 0.05 (A-B)
Tr O us 0.17 / fpatarate
Tf 0 s 0.17 / fpatarate

NOTE T and Tf measured from 10% (A-B) to 90% (A-B)

6.1.5.2  Bit coding of.forward link fields

Data is Man¢hester.encoded as per Figure 9.

16 © ISO/IEC 2012 — All rights reserved
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field not modulated

field modulated

Logic 0 = Manchester 0 ... 01

field not modulated

62:2012(E)

6.1.6

Data

communication (forward link), data is sent using an on-off key‘format. The radio frequency fi

corre
spec
a Mg

For {
that

tag, the tag shall change alternately the effective impedance of the tag front end and thus changin

radio
mod
also

meclanism to exchange instructionsand data between the Interrogator and the tag, in both direct

Itis |

This
anin

The
tag(s

The

field modulated

Logic 1 = Manchester 1 ... 10

Figure 9 — Forward link bit coding

Protocol concept
is encoded and presented in slightly different ways in the-constituent fields. For Interr
sponds to 1, while the radio frequency field being off\ corresponds to 0. The modd
fication is defined in 6.1.5.1. In the case of Manchester.coding a Manchester 1isa 1to 0 tra

nchester 0 is a 0 to 1 transition.

ag-to-Interrogator communication (return link), data is sent using backscatter techniques. T
he Interrogator provide steady power to the tag during the return link. While the Interrogato

frequency reflectivity of the tag as seen by the Interrogator. During this time, the Interroga
Llate the carrier. During the WAIT field (when tags write data into their memory), the Inten
provide steady power to the tag, andishall not modulate the carrier. The transmission protocq

ased on the concept of “Interrogator-Talks-First”.

means that any tag_shall not start transmitting (modulating) unless it has received and prop
struction sent by the)Interrogator.

brotocol is based on an exchange of a command from the Interrogator to the tag and a respg
) to the Interrogator.

conditions under which the tag sends a response are defined in 6.2.7

Dgator-to-tag
bld being on
lation index
hsition, while

[his requires
I powers the
g the overall
tor shall not
rogator shall
| defines the
ons.

erly decoded

nse from the

Each

command and each response are contained in a frame_The rpclnpr‘fi\/p frames are spec

fied in 6.1.7

and 6.1.8. Each command consists of the following fields:

© IS0

Preamble Detect (no modulation of the RF carrier),
Preamble,
Delimiter,

Command code,
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o Parameter fields (depending on the command),
e Application data fields (depending on the command), and
e CRC-16.
Each response consists of the following fields:
e Quiet (no modulation of the RF carrier),

e Return Preamble,

e Apqlication data fields, and
¢ CRC-16.
The protocol is bit-oriented. The number of bits transmitted in a frame is a multiple of eight(8), i.e. an infeger
number of bytes. However, the frame itself is not based on an integer number of bytes;.to support the frame

detection.

In all byte figlds, the MSB shall be transmitted first, proceeding to the LSB. In alkword (8-byte) data fields, the
MSByte shall be transmitted first.

The MSByte| shall be the byte at the specified address. The LSByte shall be the byte at the specified adgress
plus 7 (i.e., Qytes are transmitted in incrementing address order).

The byte sigpificance is relevant to data transmission and to the/.GROUP_SELECT and GROUP_UNSELECT
greater than|and less than comparisons.

The MSBytq of the byte mask shall correspond to the~most significant data byte, the byte at the spegified
address.

Word (8-byte) addresses are not required to be on*an 8-word boundary and may be on any byte boundary.

RFU bits and bytes shall be set to zero (0).

6.1.7 Command format

6.1.7.1 Cpommand format general

The command frame, as.shown in Figure 10, consist of the following fields:
e Preamble Detect,

e Pregmble,

e Delimiter,
e Command,
e Parameter (and data fields), and

e CRC-16.

18 © ISO/IEC 2012 — All rights reserved
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Preamble Detect | Preamble Delimiter Command | Parameter | Data | CRC-16

Figure 10 — General command format

6.1.7.2 PREAMBLE DETECT field

The preamble detect field consist of a steady carrier (no modulation) during a time of at least 400 us. This
corresponds to 16 bits for a communication rate of 40 kbit/s.

6.1.7.3 PREAMBLE
The preamble is equivalent to 9 bits of Manchester 0 in NRZ format.

010101010101010101
6.1.7.4 Delimiters

6.1.7.4.1 Delimiters general

Four|delimiters are defined.

6.1.7.4.2 Start delimiter 1
In NRZ format; includes Manchester errors; spaces ignored

1100111010 -  Delimiter 1

6.1.7.4.3  Start delimiter 2

In NRZ format; includes Manchester errors; spaces ignored
0101110011 -  Delimiter 2

Reserved for future use

6.1.7.4.4 Start delimiter 3

In NRZ format; includes Manchester errors; spaces ignored

00.14~0 01 01 - Delimiter 3

Réserved for future use

6.1.7.4.5 Start delimiter 4
In NRZ format; includes Manchester errors; spaces ignored
11011100101 -  Delimiter 4

Delimiter 4 supports all commands as delimiter 1, however the return data rate is 4 times the forward
link data rate. The supported data rates are defined in Clause 5.

6.1.7.5 CRC-16

See Annex A.
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6.1.8 Response format

6.1.81 R

esponse format general

The response, as shown in Figure 11, consists of the following fields:

e Quiet,

e Return Preamble,

e Data fields, and

¢ CRC-16.

Quiet Return Preamble Data | CRC-16
Figure 11 — General response format

The tag shall use a backscatter technique to communicate data to the Interrogator. The Interrogator shall be
steadily powering the tag as well as listening to the tag response“throughout the tag-to-Interrogator
(backscatter) communication. This applies to all fields in the return link!
6.1.8.2 QUIET
The tag shall not backscatter for 16 * Tieturn data rate — 0- 75 Ttorward data rate- 1he duration of the quiet tifne is
determined by the communication speed of the return link<
6.1.8.3 CRC-16
See Annex A.
6.1.9 WAIT
When a tag receives a write command, it shall execute a write operation. (The details of the conditions ynder
which a writ¢ will occur are described in 6.2.7.9.11. If a write operation is executed, the final field in the oyerall
field sequenc¢e shall always be/WAIT.
During the WAIT field-When the tag is writing data into the EEPROM, the Interrogator must steadily powgr the
tag. On-off key data'shall not be sent during this time.
6.1.10 Examples of a command packet
Examples of command packets are given in Figure 12 and Figure 13.
20 © ISO/IEC 2012 — All rights reserved
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FIELD | PREAMBLE_DETECT |rreawsie [soet] cMD | ADDR | BM | WORD_DATA | CRC-16 |

READER OUTPUT WAVEFORM XXX DIXIIXIXDXIXIXIXIX

TAG MODULATION

REMARKS | 400 ps minimum |nine01‘s| | | Manchester | Manchester | Manchester |

1100111010

FIELD | QUIET |RET PREAMBLE| RETURN DATA/ACK/ERR |  CRC-16 |

READER OUTPUT WAVEFORM

TAG MODULATION (I XXX XXX

REMARKS | | FMO | FMO | intercommand|time or
| field‘on,for wrife

00000101 01010101 01010001 10110001

Figure 12 — Sample command/response packets for GROUP_SELECT
(40 kbit/s on forward and return link)

FIELD [ PREAMBLE_DETECT [rreawsLe [soe] CMD | ID [ADDR] DAT | CRC-16 |
READER OUTPUT WAVEFORM XXX XXX XX XX XX XX XX IXXIXIXIY

TAG MODULATION

REMARKS | 400 ps minimum |nine01's| | | Manchester | Manchester |

4100111010

WAIT I
FIELD QUIET _ [RETPREAMBLE] RETURN ACK/ERR | CRC-16 |
READER OUTPUT WAVEFORM
TAG MODULATION (L XXX
REMARKS | field on to power tag during write

Figure 13 — Sample command/response packets for WRITE
(40 kbit/s on forward and return link)

6.1.11 Communication sequences at packet level

Figure 14 and Figure 15 show examples of communication sequences at the packet level. Figure 14 depicts a
packet sequence that includes a write command. The sequence includes a wait for write time, which provides
the necessary time for the chip to complete its write operation. In addition, following the wait for write time, the
Interrogator issues a tag resync signal. This signal is composed of 10 consecutive 01 signals. The purpose of
the tag resync signal is to initialise the tag data recovery circuitry. It is required after a write because the
Interrogator may output spurious edges during the wait for write time. Without the tag resync, tags may mis-
calibrate as a result of the spurious signals that may be generated.

Figure 15 depicts a packet sequence in which a frequency hop between commands is included. The tag
resync signal is again required after the hop because spurious signals may be generated during the hop time.
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In order to ensure that tags do not get confused, frequency hops between command and response should be
avoided.

Action COMMAND | RESPONSE | WAIT FOR WRITE | TAG RESYNC | COMMAND | RESPONSE
Component Interrogator Tag Interrogator Interrogator Interrogator Tag
execution action

— — 15 ms minimum ten 01's — —
Notes
Figure 14 — Command sequence (including a write) with no hopping
Action COMMAND | RESPONSE HOP TAG RESYNC | COMMAND | RESPONSE
Compohent Interrogator Tag Interrogator Interrogator Interrogator Tag
executipn action

Notes <26 ps ten 01's

Figure 15 — Command sequence with a hop between response and next command

6.2 Btree|protocol and'collision arbitration
6.2.1 Definition of data elements, bit and byte ordering

6.2.1.1 Unique-ID

See Annex B and Annex C.

6.21.2 CRC-16

See Annex A.
6.2.1.3 FLAGS

6.2.1.3.1 FLAGS general

The tag shall support a field of 8 flags. This field is called FLAGS, and is shown in Table 12.
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Table 12 — FLAGS

Bit Name
FLAG1 (LSB) DE_SB (Data_Exchange Status Bit)
FLAG2 WRITE_OK
FLAG3 BATTERY_POWERED
FLAG4 BATTERY_OK
FLAG5 0 (RFU)
FLAG6 0 (RFU)
FLAG7 0 (RFU)
FLAGS8 (MSB) 0 (RFU)

6.2.1.3.2 Data exchange status bit (DE_SB)

The fag shall set this bit when the tag goes into the DATA_EXCHANGE state"and keeps it set unless it moves
into the POWER-OFF state.

Whep the DE_SB is set and the tag comes into the POWER-OFF state, then the tag shall triggef a timer that
will reset the DE_SB bit after tpe_sg.

toe_sg shall be at least 2 seconds in the temperature range —30 *C to 60 °C.
toe_sg shall be at least 4 seconds in the temperature range 0 °C to 50 °C.

Whep the tag receives the INITIALIZE command, then it shall reset the DE_SB immediately.

6.2.1.3.3 WRITE_OK
The WRITE_OK bit shall be set after a successful write access to the memory. (e.g., WRITE, LOGK)

The WRITE_OK bit is cleared after.exécution of the command following the write command.

6.2.1.3.4 BATTERY_POWERED

The BATTERY_POWERED bit shall be set when the tag should have a battery. It shall be clearef for passive
tags,

6.2.1.3.5 BATTERY_OK

The BATFERY_OK bit shall be set when the battery has enough power to support the tag. It shdll be cleared
for passive-tags.

NOTE BATTERY_POWERED indicates whether the tag should have a battery, while BATTERY_OK reports the
status of the battery. BATTERY_POWERED could be hardwired.

6.2.2 Tag memory organisation

The functional memory shall be organised in blocks of one byte.
Up to 256 blocks of one byte can be addressed.
This leads to a maximum memory capacity of up to 2 kbits.

NOTE This structure allows future extensions of the maximum memory capacity, by the use of additional commands
to be defined, when required.
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6.2.3 Block security status
Each byte shall have a corresponding lock bit. The lock bits may be locked by use of the LOCK command.
The status of the lock bit may be read by the QUERY_LOCK command. The tag shall not be allowed to reset

any lock bit after leaving the final production site. In most cases this is the production site that defines the
unique ID.

6.2.4 Overall protocol description, Btree protocol

6.2.4.1 Tag states

The tag has ffour major states, as shown in Figure 16:

POWER-OFF The tag is in the POWER-OFF state when the Interrogator cannot activate it.| (For
battery-assisted tags, it means that the level of RF excitation is insufficient to tufn on
the tag circuits.)

READY The tag is in the READY state when the Interrogator first powers it'up.
ID The tag is in the ID state when it is trying to identify itself to the Interrogator.

DATA_EXCHANGE The tag is in the DATA_EXCHANGE state, when it is\known to the Interrogator and
was selected.

POWER-OFF

Power On

Select

Unselect

Collision Arbitration

Initialize

Data Read

DATA
EXCHANGE

Read

Figure 16 — State diagram
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This diagram does not show that the tag goes into POWER-OFF, state from all other states when the
Interrogator field is off and the tag operation is no longer supported by the tag power buffer.

The state diagram only shows an overview of the possible transitions. Details are specified in Table 14.

Power-On:

State

change when Interrogator field is turned on.

Select:

State

change due to selection of tag by GROUP SEIECT or READ commands

Unse¢lect:

Statd

change due to deselection of tag by GROUP_UNSELECT commands or INITIALIZE commg

Collision_Arbitration:

No sjate change during collision arbitration until a single tag is identified.

Data Read:

Statg change due to first read access in collision arbitration process

Readq:

State change due to read access independent of collision-arbitration process.
Initiglize:

State change due to deselection of tag by INFFIALIZE command

The fransition between these states is specified in Table 14.

6.2.4.2 Detailed command processing

As shown in Table 13, commands shall be active in states marked with “X” and neither causes a s
nor gause a response in-the other states.

nd

tate change,
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Table 13 — Detailed command processing

COMMAND States
READY ID DATA
EXCHANGE

GROUP_SELECT_EQ
GROUP_SELECT NE
GROUP_SELECT GT
GROUP_JELECT LT
GROUP_SELECT EQ_FLAGS
GROUP_SELECT NE_FLAGS
GROUP_UNSELECT EQ
GROUP_UNSELECT NE
GROUP_UNSELECT GT
GROUP_UNSELECT LT
GROUP_UNSELECT_EQ_FLAGS
GROUP_UNSELECT_NE_FLAGS
MULTIPLH_UNSELECT

FAIL
SUCCESS
RESEND
INITIALIZE X
READ
DATA_READ
READ_VERIFY
READ_VERIFY_4BYTE
WRITE
WRITE4BYTE
WRITE4BYTE_MULTIPLE
WRITE_MULTIPLE

LOCK
QUERY_LPCK X
FAIL_O

SUCCESS_O
DATA_READ_O
READ_FLAGS
READ_VARIABLE
READ_PORT
READ_UNADDRESSED
RESEND_O

XX | X[ XXX

X | X | XX

XIX XXX IX]IXIX|IX]XIX]XPX]XACRKEX | X[ X | X[ X | X[ X[ X|X]|X

X|IX|X|IX|X[X]|X[X]|X][|X]|X

XX | X|[X
XX | X[X]|X

XX | X|X|X|X]|X]|X]|X
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Table 14 — State transition table

Current state Command Condition New state
POWER-OFF ANY COMMAND POWER OFF
POWER-OFF “Power up” READY
READY GROUP_SELECT_EQ #* READY
READY GROUP_SELECT_NE = READY
READY GROUP_SELECT_GT < READY
READY GROUP_SELECT_EQ_FLAGS flag not set READY
READY GROUP_SELECT_NE_FLAGS flag set READY
READY GROUP_SELECT_LT > READY
READY GROUP_SELECT_EQ = ID
READY GROUP_SELECT_NE # ID
READY GROUP_SELECT_GT > ID
READY GROUP_SELECT_LT < ID
READY GROUP_SELECT_EQ_FLAGS flag set ID
READY GROUP_SELECT_NE_FLAGS flag not'set ID
READY INITIALIZE READY
READY READ ID no match READY
READY READ ID match DATA_EKCHANGE
READY READ_VERIFY ID no match or not WRITE_OK | READY
READY READ_VERIFY ID match and WRITE_OK DATA_EKCHANGE
READY READ_VERIFY_4BYTE ID no match or not WRITE_OK | READY
READY READ_VERIRY_4BYTE ID match and WRITE_OK DATA_EKCHANGE
READY WRITE ID no match READY
READY WRITE ID match DATA_EKCHANGE
READY WRITE4BYTE ID no match READY
READY WRITE4BYTE ID match DATA_EKCHANGE
READY QUERY_LOCK ID no match READY
READY QUERY_LOCK ID match DATA_EKCHANGE
READY READ_FLAGS ID no match READY
READY, READ_FLAGS ID match DATA_EKCHANGE
READY READ_VARIABLE ID no match READY
READY READ_VARIABLE ID match DATA_EXCHANGE
READY READ_PORT ID no match READY
READY READ_PORT ID match DATA_EXCHANGE
READY READ_UNADDRESSED DATA_EXCHANGE
ID GROUP_UNSELECT_EQ # ID
ID GROUP_UNSELECT_NE = ID
ID GROUP_UNSELECT_GT < ID

© ISO/IEC 2012 — All rights reserved
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Table 14 (continued)

Current state Command Condition New state

ID GROUP_UNSELECT_LT > ID

ID GROUP_UNSELECT_EQ_FLAGS |flag not set ID

ID GROUP_UNSELECT_NE_FLAGS flag set ID

ID GROUP_UNSELECT_EQ = READY

ID GROUP_UNSELECT_NE # READY

ID GROUP_UNSELECT_GT > READY

ID GROUP_UNSELECT_LT < READY

ID GROUP_UNSELECT_EQ_FLAGS |[flag set READY!

ID GROUP_UNSELECT_NE_FLAGS flag not set READY

ID MULTIPLE_UNSELECT # or not WRITE_OK ID

ID MULTIPLE_UNSELECT =and WRITE_OK READY

ID GROUP_SELECT_EQ ID

ID GROUP_SELECT_NE ID

ID GROUP_SELECT_GT ID

ID GROUP_SELECT_LT ID

ID GROUP_SELECT_EQ_FLAGS ID

ID GROUP_SELECT_NE_FLAGS ID

ID FAIL ID

ID SUCCESS ID

ID RESEND ID

ID INITIALIZE READY

ID READ ID no match ID

ID READ ID match DATA_EXCHANGE
ID DATA_READ ID no match ID

ID DATA READ ID match DATA_EXCHANGE
ID READ_VERIFY ID no match or not WRITE_OK | ID

ID READ_VERIFY ID match and WRITE_OK DATA_EXCHANGE
ID READ_VERIFY_4BYTE ID no match or not WRITE_OK | ID

ID READ_VERIFY_4BYTE ID match and WRITE_OK DATA_EXCHANGE
ID WRITE ID no match ID

ID WRITE ID match DATA_EXCHANGE
ID WRITE4BYTE ID no match ID

ID WRITE4BYTE ID match DATA_EXCHANGE
ID WRITE_MULTIPLE ID

ID WRITE4BYTE_MULTIPLE ID

ID QUERY_LOCK ID no match ID

ID QUERY_LOCK ID match DATA_EXCHANGE
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Current state Command Condition New state
ID RESEND_O ID
ID READ_FLAGS ID no match ID
ID READ_FLAGS ID match DATA_EXCHANGE
ID READ_VARIABLE ID no match ID
ID READ_VARIABLE ID match DATA_EXCHANGE
ID READ—RORT {D-ro-mateh B
ID READ_PORT ID match DATA_EXCHANGE
ID FAIL_O ID
ID SUCCESS_O ID
ID DATA_READ_O ID no match ID
ID DATA_READ_O ID match DATA_EKCHANGE
ID READ_UNADDRESSED DATA_EKCHANGE

DATA_EXCHANGE

INITIALIZE

DATA_EXCHANGE READ DATA_EKCHANGE
DATA_EXCHANGE DATA_READ DATA_EKCHANGE
DATA_EXCHANGE READ_VERIFY DATA_EKCHANGE
DATA_EXCHANGE READ_VERIFY_4BYTE DATA_EKCHANGE
DATA_EXCHANGE WRITE DATA_EKCHANGE
DATA_EXCHANGE WRITE4BYTE DATA_EKCHANGE

DATA_EXCHANGE

WRITE4BYTE_MULTIPLE

DATA_EKCHANGE

DATA_EXCHANGE

WRITE_MULTIPLE

DATA_EKCHANGE

DATA_EXCHANGE LOCK DATA_EKCHANGE
DATA_EXCHANGE QUERY_LOCK DATA_EKCHANGE
DATA_EXCHANGE READUNADDRESSED DATA_EKCHANGE
DATA_EXCHANGE DATA_READ_O DATA_EKCHANGE
DATA_EXCHANGE READ_FLAGS DATA_EKCHANGE
DATA_EXCHANGE READ_VARIABLE DATA_EKCHANGE
DATA_EXCHANGE READ_PORT DATA_EKCHANGE

6.2.5 .<Collision arbitration

6.2.5.1  Collision arbitration general

The Interrogator may use the GROUP_SELECT and GROUP_UNSELECT commands to define all or a
subset of tags in the field to participate in the collision arbitration. It then may use the identification commands
to run the collision arbitration algorithm.

For the collision arbitration the tag shall support two pieces of hardware on the tag:

e An 8-bit counter COUNT, and

e Arandom generator (with two possible values 0 or 1).

© ISO/IEC 2012 — All rights reserved
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In the beginning, a group of tags are moved to the ID state by GROUP_SELECT commands and shall set
their internal counters to 0. Subsets of the group may be unselected by GROUP_UNSELECT commands back
to the READY state. Other groups can be selected before the identification process begins. Simulation results
show no advantage in identifying one large group or a few smaller groups.

After above described selection, the following loop should be performed:

1) All tags in the ID state with the counter COUNT at 0 shall transmit their ID. This set initially includes all the
selected tags.

2) If more than one tag transmitted, the Interrogator receives an erroneous response. The FAIL command
shall befsent:

3) All tags|receiving a FAIL command with COUNT not equal to 0 shall increment COUNT. That is,|they
move further away from being able to transmit.

All tags|receiving FAIL command with a count of 0 (those that just transmitted) shall genherate a random
number| Those that roll a 1 shall increment COUNT and shall not transmit. Those-that roll a zero|shall
keep COQUNT at zero and shall send their Tag ID again.

One of four Tossibilities NOW OCCUrS:
4) If more than one tag transmits, the FAIL step 2 repeats. (Possibility 1)
5) If all tags roll a 1, none transmits. The Interrogator receives nothing. It sends the SUCCESS comnpand.
All the gounters decrement, and the tags with a count of Q_fransmit. Typically, this returns to step 2.
(Possibifity 2)
6) If only gne tag transmits and the ID is received correcily, the Interrogator shall send the DATA_READ
command with the ID. If the DATA_READ command is received correctly, that tag shall move tp the
DATA EXCHANGE state and shall transmit its data,
The Intgrrogator shall sends SUCCESS. All tags in the ID state shall decrement COUNT.

7) If only one tag has a count of 1 and transmits, step 5 or 6 repeats. If more than one tag transmits, step 2
repeats| (Possibility 3)

8) If only gne tag transmits and the™ID is received with an error, the Interrogator shall send the RESEND
commad. If the ID is received\correctly, step 5 repeats. If the ID is received again some variable number
of timeg (this number cah be set based on the level of error handling desired for the system), it is
assumed that more than.ohe tag is transmitting, and step 2 repeats. (Possibility 4)

6.2.5.2 Special collision arbitration

In the case that parts of the user data are unique, or the probability of duplicated information is sufficien{ low,
the commands FAIL O SUCCESS O and DATA READ_O may be used for coII|S|on arb|trat|on Wh|I= the
algorithm is &q j F pit ID
beginning at memory address 14

Additionally to the already mentioned use of GROUP_SELECT and GROUP_UNSELECT these commands
may be used in combination with the 32-bit ID option of the _O command. This means in the case that a
GROUP_SELECT only selects those tags that have all zeros in the upper 32 bits of a 64 bit Tag ID and after
handling those checks whether no tags with having not all zeros in the upper 32 bits of a 64 bit Tag ID are still
left.
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6.2.6 Commands

Commands are divided into four functional groups:
e Selection commands,
e |dentification commands,
¢ Data transfer commands, and

e  Multiple commands.

Further, commands, as shown in Table 15, have one of the following types:

Mandatory,
4 Optional,

¢ Custom, and

Proprietary.

Table 15 — Command classes

Code Class Nu_mber of
possible codes
'00’ - '0A, ‘0C’, Mandatory 47
15’, “1E’ - ‘3F".
'0B’, ‘0D’ - ‘OF, Optional 110
“11°-13, 17 -
“1D’, '40' - ‘OF’
'A0' - 'DF' Custom 64
107, 14, 16’ Proprietary 35
'EQ" - (FF*

6.2.7 Command types

6.2.7.1 Command types general

All tags with'the same IC manufacturer code and same IC version number shall behave the same

6.2.7.2— Nandatory
The command codes range from '00’ to '0A’, ‘0C’, ‘15’ and ‘“1E’ to ‘3F’.
A Mandatory command shall be supported by all tags that claim to be compliant. Interrogators which claim

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

6.2.7.3  Optional

The command codes range from '0B’, ‘OD’ to ‘OF’, “11’ to ‘“13’, ‘17’ to “1D’ and from '40' to ‘OF .
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Optional commands are commands that are specified within this part of ISO/IEC 18000. Interrogators shall be
technically capable of performing all optional commands that are specified this part of ISO/IEC 18000
(although need not be set up to do so). Tags may or may not support optional commands.

If an optional command is used, it shall be implemented in the manner specified in this part of ISO/IEC 18000.

If the tag does not support an optional command, it shall remain silent.

NOTE

The command whose code ranges from ‘0B, 0D to 13 and '17' to '1D' are optional and not essential to operate

the tag. However, their support by the tag is recommended for appropriate performance. To reflect this, they are reported
as “recommended” in Table 16.

6.2.74 C

The command codes range from 'AQ' to 'DF'.

Tags suppo
customized

Any custom

to implemen

Listom

them, at their option, to implement manufacturer specific functions. The only fields that c3
re the parameters and the data fields.

command contains as its first parameter the IC manufacturer code. This allows IC manufact

n be

urers

t custom commands without risking duplication of command codes ‘and thus misinterpretation.

Custom commands may be enabled by this part of ISO/IEC 18000, but they.shall not be specified in thig part
of ISO/IEC 1)8000.

Custom confmands may be enabled by this part of ISO/IEC 18000, butythey shall not be specified in thig part
of ISO/IEC 18000. A custom command shall not solely duplicate théfunctionality of any mandatory or opfional
command de¢fined in this part of ISO/IEC 18000 by a different method.

If the tag dogs not support a custom command it shall remain'silent.

6.2.7.5 Proprietary

The command codes are “10’, ’14’, ‘16’ and the range from 'EQ' to 'FF".

These commands are used by IC and tag. manufacturers for various purposes such as tests, programming of
system inforfnation, etc. They are not spécified in this part of ISO/IEC 18000. The IC manufacturer may fat its
option document them or not. It is jallowed that these commands are disabled after IC and/of tag

manufacturir

Proprietary (
part of ISO/I

A proprietan

defined in th
6.2.7.6 C
6.2.7.6.1

g.

=C 18000.

command- shall not solely duplicate the functionality of any mandatory or optional com
s part:ofiISO/IEC 18000 by a different method.

ommands may be.enabled by this part of ISO/IEC 18000, but they shall not be specified in this

nand

bmmand codes and format

Command codes and format general

Command codes and formats are shown in Table 16.
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Table 16 — Command codes and format

Command Type Command name Parameters
code
'00' Mandatory GROUP_SELECT_EQ ADDRESS |BYTE_MASK WORD_DATA
'01' Mandatory GROUP_SELECT_NE ADDRESS |BYTE_MASK WORD_DATA
'02' Mandatory GROUP_SELECT_GT ADDRESS |BYTE_MASK WORD_DATA
'03' Mandatory GROUP_SELECT_LT ADDRESS |BYTE_MASK WORD_DATA
'04' Mandatory GROUR _UNSELECT EQ ADDRESS 1BYTE MASK WORD DATA
'05' Mandatory GROUP_UNSELECT_NE ADDRESS |BYTE_MASK WORD_DATA
'06' Mandatory GROUP_UNSELECT_GT ADDRESS |BYTE_MASK WORD_DATA
‘07’ Mandatory GROUP_UNSELECT_LT ADDRESS |BYTE_MASK WORD_DATA
'08' Mandatory FAIL none none nong
'09' Mandatory SUCCESS none none nonsg
'0A' Mandatory INITIALIZE none none nong
'0B' Recommended |DATA_READ ID ADDRESS nong
'0C' Mandatory READ ID ADDRESS nong
‘0D Recommended |WRITE ID ADDRESS BYTE_DATA
'OE' Recommended |WRITE_MULTIPLE none ADDRESS BYTE_DATA
'OF' Recommended [LOCK ID ADDRESS nong
10’ Proprietary IC manufacturer dependant
"11' Recommended |QUERY_LOCK ID ADDRESS nong
12' Recommended |READ_VERIEY: ID ADDRESS nonsg
"13' Recommended |MULTIPLE-UNSELECT ADDRESS |BYTE_DATA nong
14 Proprietary IC manufacturer dependant
"15' Mandatory RESEND none none nong
"16' Proprietary IC manufacturer dependant
"7 Recomménded |GROUP_SELECT_EQ_FLAGS |none BYTE_MASK BYTE_DATA
18’ Recomméended | GROUP_SELECT_NE_FLAGS |none BYTE_MASK BYTE_DATA
19’ Reecommended |GROUP_UNSELECT_EQ_FLAGS [none BYTE_MASK BYTE_DATA
A Recommended |GROUP_UNSELECT_NE_FLAGS |[none BYTE_MASK BYTE_DATA
"1B' Recommended [WRITE4BYTE ID ADDRESS BYTE_ |4BYTE_
MASK |DATA
"1C' Recommended |WRITE4BYTE_MULTIPLE ADDRESS |BYTE_MASK 4BYTE_DATA
1D’ Recommended |READ_VERIFY 4BYTE ID ADDRESS none
“1E-3F Mandatory RFU
‘40, ‘41 Optional FAIL_O none none none
‘42', ‘43 Optional SUCCESS_O none none none
‘44’ ‘45’ Optional DATA_READ_O ID ADDRESS none
‘46°, ‘4T Optional RESEND_O none none none
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Table 16 (continued)

Command Type Command name Parameters
code

‘48’ — ‘4F’ Optional RFU

‘50° Optional READ_FLAGS ID ADDRESS none
‘51 Optional READ_VARIABLE ID ADDRESS LENGTH
‘52’ Optional READ_PORT ID ADDRESS none
‘53’ Optional READUNADDRESSED ADDRESS Rone.
‘54’ — '9F’ Optional RFU

‘A0’ - ‘DF’ Custom IC Manufacturer dependent

‘EO0’ — ‘FF’ Proprietary IC Manufacturer dependent
6.2.7.6.2 Command Fields

Command fi

6.2.7.6.3

Tag respons

lag responses

plds are shown in Table 17.

Table 17 — Command fields

Field name Fieldsize
COMMAND 1 byte
ADDRESS 1 byte
BYTE_MASK 1 byte
ID 8 bytes
WORD_DATA 8 bytes
BYTE_DATA 1 byte
4BYTE-DATA 4 bytes
LENGTH 1 byte
CRC-16 2 bytes

es are)shown in Table 18.
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Response code Response name Response size

'00' ACKNOWLEDGE 1 byte
ACKNOWLEDGE_NOK 1byte

'01' ACKNOWLEDGE_OK 1byte

'FE' ERROR_NOK 1byte

'FF' ERROR 1byte
ERROR_OK TOyte

n/a WORD_DATA 8 bytes

N/a VARIABLE DATA LENGTH bytes

n/a BYTE_DATA 1byte
CRC-16 2 bytes
ID 8 bytes

6.2.7.7 Selection commands

6.2.7.7.1 Selection commands general

Sele

of the collision arbitration.

6.2.7.7.2 Data comparison for selection command on memory

Each

GROUP_SELECT EQ,
GROUP_SELECT_NE,
GROUP_SELECT GT;
GROUP_SELECTLT,
GROUP_UNSELECT_EQ,

GROUP: UNSELECT_NE,

Select command of the commands

ction commands define a subset of tags in the fieldio be identified or written to and may be

GRUUFP_UNSELECUT _GT,0r

GROUP_UNSELECT_LT,

has 3 arguments (parameter and data)

ADDRESS,
BYTE_MASK, and

WORD_DATA,
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and the tag shall make one of 4 possible comparisons:

e EQ
e NE
o GT
o LT

M EQUAL D,

M NOT EQUAL D,

M GREATER THAN D, or

M LOWER THAN D.

The arguments of the comparison are shown in Table 19.

Table 19 — Comparison arguments

M7 (MSB) M6 M5 M4 M3 M2 M1 MO (LSB)
Tag memory| | Tag memory |Tag memory |Tag memory |Tag memory |Tag memory |Tag mémoty |Tag memory
content at content at content at content at content at content at content at content gt
ADDRESS+( | ADDRESS+1 | ADDRESS+2 | ADDRESS+3 | ADDRESS+4 | ADDRESS+5 | ADDRESS+6 | ADDREYS+7
M=MO + MJ * 2% + M2 * 2'® + M3 * 2% + M4 * 2% + M5 * 2*° + M6 * 2*® + M7 %2*°
and the arguments of the command, are shown in Table 20.

Table 20 — Command arguments

D7 (MSB) D6 D5 D4 D3 D2 D1 DO (LSB)
First byte Last byte
after after
command command

D =DO0 + D1

The argume

36

*28+ D2* 216+ D3 * 224 + D4 * 232 + D5 * 240 + D6 * 248 + D7 * 256

nt BYTE_MASK defings what bytes to be considered for comparison, and are shown in Table,

21.
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Table 21 — Data masking for Group_Select and Group_Unselect commands

BYTE_MASK WORD_DATA
Bit 7 (MSB) is set Consider D7 and M7 for comparison
Bit 6 is set Consider D6 and M6 for comparison
Bit 5 is set Consider D5 and M5 for comparison
Bit 4 is set Consider D4 and M4 for comparison
Bit 3 is set Consider D3 and M3 for comparison
Bt Z1s set Consider DZ and MZ for comparison
Bit 1 is set Consider D1 and M1 for comparison
Bit 0 (LSB) is set Consider DO and MO for comparison
Bit 7 (MSB) is cleared Ignore D7 and M7 for comparison
Bit 6 is cleared Ignore D6 and M6 for comparison
Bit 5 is cleared Ignore D5 and M5 for comparison
Bit 4 is cleared Ignore D4 and M4 for comparison
Bit 3 is cleared Ignore D3 and M3 for gomparison
Bit 2 is cleared Ignore D2 and M2 fof.comparison
Bit 1 is cleared Ignore D1 and M) for comparison
Bit 0 (LSB) is cleared Ignore DQand"MO for comparison

6.2.7.7.3 Data comparison for selection command on flags

Each Select command of the following comniands have two arguments (parameter and data):
o GROUP_SELECT_EQ_FLAGS,

¢ GROUP_SELECT_NE_FLAGS,

¢ GROUP_UNSELECT«EQ_FLAGS, or

e GROUP_UNSELECT_NE_FLAGS.

The fwo arguments (parameter and data) are:

o BYTE-MASK, or

o BYTE DATA.

The tag shall make two possible comparisons:
e EQ FLAGS EQUAL D, or
e NE FLAGS NOT EQUAL D.

The arguments of the comparison are FLAGS, as defined in 6.2.1.3 and the argument of the command D,
consisting of the bits D7 (MSB) to DO (LSB).

The argument BYTE_MASK defines what bits to be considered for comparison, as shown in Table 22.
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Table 22 — Data masking for Group_Select_Flags and Group_Unselect_Flags

BYTE_MASK BYTE_DATA

Bit 7 (MSB) is set Consider D7 and FLAG7 for comparison

Bit 6 is set Consider D6 and FLAG6 for comparison
Bit 5 is set Consider D5 and FLAG5 for comparison
Bit 4 is set Consider D4 and FLAG4 for comparison
Bit 3 is set Consider D3 and FLAG3 for comparison
Bt Z1s set Consider DZ and FLAGZ for comparison
Bit 1 is set Consider D1 and FLAG1 for comparison

Bit 0 (LSB) is set
Bit 7 (MSB) is cleared

Consider DO and FLAGO for comparison

Ignore D7 and FLAG?Y for comparison

Bit 6 is cleared Ignore D6 and FLAG6 for comparison

Bit 5 is cleared Ignore D5 and FLAGS5 for comparison

Bit 4 is cleared Ignore D4 and FLAGA4 for comparison

Bit 3 is cleared Ignore D3 and FLAGS3 for comparison

Bit 2 is cleared Ignore D2 and FLAG2 for comparison

Bit 1 is cleared
Bit 0 (LSB) is cleared

Ignore D1 and FLAG1 for comparison

Ignore DO and FLAGQ for comparison

NOTE In|the formulae below the following symbols are used, = .... is equal to, != ... is not equal to, ! ... Boolean|not
Formula destribing the EQUAL function:

The EQUAL comparison passes, if (IB7+(D7=FLAG7)) * (IB6+(D6=FLAG6)) * (!B5+(D5=FLAG))) *
SE:*—(D4:FLAG4)) * (IB3+(D3=FLAG3)) * (B2+(D2=FLAG2)) * (\B1+(D1=FLAG1)) * (IBO+(DO=FLAG0)) is
Formula desgribing the UNEQUAL funetion:

The UNEQUAL comparison( passes, if B7*(D7!=FLAG7) + B6*(D6!=FLAG6) + B5*(D5!=FLAGH) +
B4*(D4!=FLAG4) + B3*(D3!=FLAG3) + B2*(D2!=FLAG2) + B1*(D1!=FLAG1) + BO*(D0O!=FLAGO) is true.
6.2.7.7.4 (GROUP_SELECT_EQ

Command cpde £ ‘00’

On receivinga GROUP—_SELECTEQ—command;asshownminTabte 23, atagthatisimthe READY-state shall

read the 8-byte memory content beginning at the specified address and compare it with the WORD_DATA
sent by the Interrogator. In the case that the memory content is equal to WORD_DATA the tag shall set its
internal counter COUNT to 0, read its Tag ID and send back the Tag ID, as shown in Table 24, and go into the

state ID.

On receiving a GROUP_SELECT_EQ command, a tag that is in the ID state shall set its internal counter

COUNT to O

, read its Tag ID and send back the Tag ID and stay in the ID state.

In all other cases the tag shall not send a reply.

38
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Preamble Delimiter | Command | Address Mask WORD_DATA CRC-16

8 bits 8 bits 8 bits 64 bits 16

bits

Table 24 — GROUP_SELECT_EQ response in the case of NO error

Preamble ID CRC-16

NOTE

6.2.7

Com

Onr
read
sent
inter
state

On 1

COUNT to 0, read its Tag ID and send back the Tag.D-and stay in the ID state.

In all

64 bits 16 bits

If the byte mask is zero, GROUP_SELECT_EQ selects all tags.

.7.5 GROUP_SELECT_NE
mand code = ‘01’

bceiving a GROUP_SELECT_NE command, as shown in Table 25\a’tag that is in the READ
the 8-byte memory content beginning at the specified address_and compare it with the W
by the Interrogator. In the case that the memory content is not.equal to WORD_DATA the ta
nal counter COUNT to 0, read its Tag ID and send back the<Fag ID, as shown in Table 26, an
ID.

pceiving a GROUP_SELECT_NE command, a tagithat is in the ID state shall set its intq

other cases the tag shall not send a reply.

Table 25 ~-"GROUP_SELECT_NE command

Y state shall
ORD_DATA
j shall set its
d go into the

rnal counter

Preamble Delimiter | Command | Address Mask WORD_DATA CRC-16

8 bits 8 bits 8 bits 64 bits 16

bits

Table 26 — GROUP_SELECT_NE response in the case of NO error

Preamble ID CRC-16

64 bits 16 bits

6.2.7.7.6—GROUP_SELECT_GT

Com

mand code = ‘02’

On receiving a GROUP_SELECT_GT command, as shown in Table 27, a tag that is in the READY state shall
read the 8-byte memory content beginning at the specified address and compare it with the WORD_DATA
sent by the Interrogator. In the case that the memory content is greater than WORD_DATA the tag shall set its
internal counter COUNT to 0, read its Tag ID and send back the Tag ID, as shown in Table 28, and go into the
state ID.

On receiving a GROUP_SELECT_GT command, a tag that is in the ID state shall set its internal counter
COUNT to 0, read its Tag ID and send back the Tag ID and stay in the ID state.

In all other cases the tag shall not send a reply.
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Table 27 — GROUP_SELECT_GT command

Preamble Delimiter | Command | Address Mask WORD_DATA CRC-16
8 bits 8 bits 8 bits 64 bits 16 bits
Table 28 — GROUP_SELECT_GT response in the case of NO error
Preamble ID CRC-16
64 bits 16 bits
6.2.7.7.7 GROUP_SELECT_LT
Command cpde = ‘03’
On receivind a GROUP_SELECT_LT command, as shown in Table 29, a tag that.is in the READY state

shall
ATA
et its
o the

unter

read the 8-Hyte memory content beginning at the specified address and compare’it with the WORD _[I
sent by the Interrogator. In the case that the memory content is lower than WORD_DATA the tag shall s
internal counjter COUNT to 0O, read its Tag ID and send back the Tag ID, as-shown in Table 30, and go inf
state ID.
On receiving a GROUP_SELECT_LT command, a tag that is inthe ID state shall set its internal co
COUNT to 0f read its Tag ID and send back the Tag ID and stay-in the ID state.
In all other cases the tag shall not send a reply.
Table 29 — GROUP_.SELECT_LT command
Preamble Delimiter | Command |.Address Mask WORD_DATA CRC-16
8 bits 8 bits 8 bits 64 bits 16 bits
Table 30 — GROUP_SELECT_LT response in the case of NO error
Preamble ID CRC-16
64 bits 16 bits

6.2.7.7.8 (GROUP_UNSELECT_EQ

Command code = ‘04’

On receiving a GROUP_UNSELECT_EQ command, as shown in Table 31, a tag that is in the ID state shall
read the 8-byte memory content beginning at the specified address and compare it with the WORD_DATA
sent by the Interrogator. In the case that the memory content is equal to WORD_DATA the tag shall go into
the state READY and not send any reply. In the case that the comparison fails, the tag shall set its internal
counter COUNT to 0, read its Tag ID and send back the Tag ID, as shown in Table 32.

In all other cases the tag shall not send a reply.

40
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Table 31 — GROUP_UNSELECT_EQ command

Preamble Delimiter | Command

Address

Mask

WORD_DATA

CRC-16

8 bits

8 bits

8 bits

64 bits

16 bits

Table 32 — GROUP_UNSELECT_EQ response in the case of NO error and comparison fails

Preamble

ID

CRC-16

Y

ol lo
U Ullo

4.0 loit
U JUilo

NOTE

6.2.7.7.9 GROUP_UNSELECT_NE
Command code = ‘05’

Onr

read

sent

If the byte mask is zero, GROUP_UNSELECT_EQ unselects all tags.

bceiving a GROUP_UNSELECT_NE command, as shown in Table 33; a tag that is in the ID state shall
the 8-byte memory content beginning at the specified address-and compare it with the WORD_DATA
by the Interrogator. In the case that the memory content is not-equal to WORD_DATA the|tag shall go

into the state READY and not send any reply. In the case thecomparison fails, the tag shall s¢t its internal

coun

In all

6.2.7

Com

other cases the tag shall not send a reply.

ter COUNT to O, read its Tag ID and send back the Tag |DZas shown in Table 34.

Table 33 — GROUP_UNSELECT_NE command

Preamble Delimiter | Command

Address

Mask

WORD_DATA

CRCA16

8 bits

8 bits

8 bits

64 bits

16 bits

Preamble

ID

CRC-16

64 bits

16 bits

.7.10 _GROUP_UNSELECT_GT

mand code = ‘06’

Table 34 — GROUP_UNSELECT_NE response in the case of NO error and comparison fails

On receiving a GROUP_UNSELECT_GT command, as shown in Table 35, a tag that is in the ID state shall
read the 8-byte memory content beginning at the specified address and compare it with the WORD_DATA
sent by the Interrogator. In the case that the memory content is greater than to WORD_DATA the tag shall go
into the state READY and not send any reply. In the case that the comparison fails, the tag shall set its

internal counter COUNT to 0, read its Tag ID and send back the Tag ID, as shown in Table 36.

In all

other cases the tag shall not send a reply.
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Table 35 — GROUP_UNSELECT_GT command

Preamble Delimiter | Command | Address | Mask | WORD_DATA CRC-16

8 bits 8 bits 8 bits 64 bits 16 bits

Table 36 — GROUP_UNSELECT_GT response in the case of NO error and comparison fails

Preamble ID CRC-16

64 bits 16 bits

6.2.7.7.11 GROUP_UNSELECT_LT
Command cpde = ‘07’

On receiving a GROUP_UNSELECT_LT command, as shown in Table 37, a tag-that is in the ID state|shall
read the 8-Hyte memory content beginning at the specified address and compare’it with the WORD_DATA
sent by the Interrogator. In the case that the memory content is lower than to\WORD_DATA the tag shall go
into the state READY and not send any reply. In the case that the comparison fails, the tag shall sgt its
internal courjter COUNT to 0, read its Tag ID and send back the Tag ID, as-shown in Table 38.

In all other cases the tag shall not send a reply.

Table 37 — GROUP_UNSELECT_LT command

Preamble Delimiter | Command | Address | Mask | WORD_DATA CRC-16

8 bits 8 bits 8 bits 64 bits 16 bits

Table|38 — GROUP_UNSELECT (LT response in the case of NO error and comparison fails

Preamble ID CRC-16

64 bits 16 bits

6.2.7.7.12 MULTIPLE UNSELECT

Command cpde =13’

On receiving a MULTIPLE_UNSELECT command, as shown in Table 39, a tag that is in the ID state shall
read the 1-byte memory content beginning at the specified address and compare it with the BYTE_DATA sent
by the Interrogator. In the case that the memory content is equal to BYTE_DATA and the flag WRITE_OK is
set, then the tag shall go into the state READY and not send any reply. In the case that the comparison fails,
the tag shall set its internal counter COUNT to 0, read its Tag ID and send back the Tag ID, as shown
in Table 40.

In all other cases the tag shall not send a reply.
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Table 39 — MULTIPLE_UNSELECT command

Preamble Delimiter | Command | ADDRESS | BYTE_DATA CRC-16

8 bits 8 bits 8 bits 16 bits

Table 40 — MULTIPLE_UNSELECT response in the case that WRITE_OK is reset

or BYTE_DATA is not equal to memory content at ADDRESS

Preamble 1D CRC-16

This
or wi

6.2.7

64 bits 16 bits

command may be used to unselect all tags that had a successful write, while tags’that had
ite problems stay selected.

713 GROUP_SELECT_EQ_FLAGS

Command code = ‘17’
On receiving a GROUP_SELECT_EQ_FLAGS command, as shown in Table 41, a tag that is in
state| shall compare the FLAGS with the BYTE_DATA sent by-the Interrogator. In the case tha
are gqual to BYTE_DATA the tag shall set its internal countér COUNT to 0, read its Tag ID and s
Tag |D, as shown in Table 42, and go into the state ID.
On receiving a GROUP_SELECT_EQ_FLAGS command, a tag that is in the ID state shall se
counter COUNT to 0, read its Tag ID and send bagk the Tag ID and stay in the ID state.
In alllother cases the tag shall not send a reply.
Table 41 .= GROUP_SELECT_EQ_FLAGS command
Preamble Delimiter | Command | Mask | BYTE_DATA CRC-16
8 bits 8 bits 8 bits 16 bits
Table 42 — GROUP_SELECT_EQ_FLAGS response in the case of NO error
Preamble ID CRC-16
64 bits 16 bits

NOTE If the byte mask is zero, GROUP_SELECT_EQ_FLAGS selects all tags.
6.2.7.7.14 GROUP_SELECT_NE_FLAGS
Command code = ‘18’

A weak write

the READY
the FLAGS

end back the

t its internal

On receiving a GROUP_SELECT_NE_FLAGS command, as shown in Table 43, a tag that is in the READY
state shall compare the FLAGS with the BYTE_DATA sent by the Interrogator. In the case that the FLAGS
are not equal to BYTE_DATA the tag shall set its internal counter COUNT to 0, read its Tag ID and send back
the Tag ID, as shown in Table 44, and go into the state ID.
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On receiving a GROUP_SELECT_NE_FLAGS command, a tag that is in the ID state shall set its internal
counter COUNT to 0, read its Tag ID and send back the Tag ID and stay in the ID state.

In all other cases the tag shall not send a reply.

Table 43 — GROUP_SELECT_NE_FLAGS command

Preamble Delimiter | Command Mask BYTE_DATA CRC-16

8 bits 8 bits 8 bits 16 bits

Table 44 — GROUP_SELECT_NE_FLAGS response in the case of NO error

Preamble ID CRC-16

64 bits 16 bits

6.2.7.7.15 GROUP_UNSELECT_EQ_FLAGS
Command cpde = 19’

On receiving a GROUP_UNSELECT_EQ_FLAGS command, as shown in Table 45, a tag that is in the ID
state shall compare the FLAGS with the BYTE_DATA sent by the\dnterrogator. In the case that the FUAGS
are equal to|BYTE_DATA the tag shall go into the state READY,and not send any reply. In the case that the
comparison fails, the tag shall set its internal counter COUNT-t0%0, read its Tag ID and send back the Tgg ID,
as shown in[Table 46.

In all other cases the tag shall not send a reply.

Table 45 — GROUP_UNSELECT_EQ_FLAGS command

Preamble Delimiter Command | Mask | BYTE_DATA CRC-16

8 bits 8 bits 8 bits 16 bits

Table 46 + GROUP_UNSELECT_EQ_FLAGS response in the case of NO error and comparison fails

Preamble ID CRC-16

64 bits 16 bits

NOTE If the.byte mask is zero, GROUP _UNSELECT EQ FLAGS unselects all tags.

6.2.7.7.16 GROUP_UNSELECT_NE_FLAGS

Command code = “1A’

On receiving a GROUP_UNSELECT_NE_FLAGS command, as shown in Table 47, a tag that is in the ID
state shall compare the FLAGS with the BYTE_DATA sent by the Interrogator. In the case that the FLAGS
are not equal to BYTE_DATA the tag shall go into the state READY and not send any reply. In the case that

the comparison fails, the tag shall set its internal counter COUNT to 0, read its Tag ID and send back the Tag
ID, as shown in Table 48.

In all other cases the tag shall not send a reply.
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Table 47 — GROUP_UNSELECT_NE_FLAGS command

Preamble

Delimiter

Command

Mask

BYTE_DATA

CRC-16

8 bits

8 bits

8 bits

16 bits

Table 48 — GROUP_UNSELECT_NE_FLAGS response in the case of NO error and comparison fails

Preamble

CRC-16

4.0 loit
U JUilo

6.2.7.8 Identification commands

6.2.7.8.1.1

Identification commands general

Identfification commands are used to perform the multiple tag identification protocol.

6.2.7.8.1.2 FAIL

Command code = ‘08’

The |dentification algorithm uses FAIL when more than one tag'tried to identify itself at the samg time. Some
tags pack off and some tags retransmit.

A tag shall only accept a FAIL command, as shown.in Table 49, if it is in the ID state. In the

case that its

internal counter COUNT is not zero or the random generator result is 1, then COUNT shall be indreased by 1,

unless it is FF. If the count is at FF, then the countremains unchanged for further FAIL commands.

If the resulting COUNT value is O, then thertag shall read its Tag ID and sent back it in the fesponse, as

shown in Table 50.

Table 49 — FAIL command

Preamble

Delimiter

Command

CRC-16

8 bits

16 bits

Table 50 — FAIL response in the case that COUNT stays zero

Preamble

CRC-16

64 bits

16 bits

6.2.7.8.1.3 SUCCESS

Command code = ‘09’

SUCCESS initiates identification of the next set of tags. It is used in two cases:

e When all tags receiving FAIL backed off and did not transmit, SUCCESS causes those same tags to

transmit again, and

o After a DATA_READ moves an identified tag to DATA_EXCHANGE, SUCCESS causes the next
subset of selected but unidentified tags to transmit.

© ISO/IEC 2012 — All rights reserved

45


https://iecnorm.com/api/?name=56d8ce7cfe1a1559324ee73d212b04b9

ISO/IEC 18000-62:2012(E)

A tag shall only accept a SUCCESS command, as shown in Table 51, if it is in the ID state. In the case that
the tag's internal counter COUNT is not zero, the internal counter shall be decreased by 1.

If the resulting COUNT value is 0, then the tag shall read its Tag ID and sent back it in the response, as
shown in Table 52.

Table 51 — SUCCESS command

Preamble

Delimiter

Command

CRC-16

8 bits

16 bits

Table 52 — SUCCESS response in the case that COUNT is zero

6.2.7.8.1.4

Command ¢

RESEND

pde = ‘15’

Preamble

ID

CRC-16

64 bits

16 bits

The identification algorithm uses RESEND when only one tag transmitted but the Tag ID was received in|error.
The tag that ftransmitted resends its Tag ID.

A tag shall only accept a RESEND command, as shown in Table 53, if it is in the ID state. If the COUNT Yalue
is 0, then thg tag shall read its Tag ID and sent back it in-the response, as shown in Table 54.

Table 53 —<RESEND command

Preamble

Delimiter

Command

CRC-16

8 bits

16 bits

Table 54 = RESEND response in the case that COUNT is zero

Preamble

ID

CRC-16

64 bits

16 bits

6.2.7.8.1.5 INITIALIZE
Command code = ‘0A’

On receiving a INITIALIZE command, as shown in Table 55 a tag shall go into the READY state and reset the
Data_Exchange_Status_Bit.

It shall not send any response.
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Table 55 — INITIALIZE command

Preamble Delimiter | Command CRC-16

8 bits 16 bits

.8.1.6 FAIL_O

Command code = ‘40’ or 41’

The
Som

A tag
tag's
incre

If the
(for g

6.2.7
Com

SUC

dentification algorithm uses FAIL_O when more than one tag tried to identify itself at the
b tags back off and some tags retransmit.

shall only accept a FAIL_O command, as shown in Table 56, if it is in the ID state. In the
internal counter COUNT is not zero, or the random generator result is 1, the internal cou
ased by 1, unless COUNT is FF.

resulting COUNT value is 0, then the tag shall read the memory at address ‘14’ sent back
ommand code ‘40’) or 64 bit (for command code ‘41’) in the response{ as shown in Table 57.

Table 56 — FAIL_O command

Preamble Delimiter | Command CRC-16

8 bits 16 bits

Table 57 — FAIL_O response in the case that COUNT stays zero

Preamble ~| WORD_DATA CRC-16

32 or 64 bits 16 bits

.8.1.7 SUCCESS_O
mand code = ‘42’ ory43’
CESS_O initiates identification of the next set of tags. It is used in two cases:

When.all tags receiving FAIL_O backed off and did not transmit, SUCCESS_O causes
tags.to transmit again, and

same time.

tase that the
hter shall be

either 32 bit

those same

Aftar 4 DATA PEAD O movoc an idantifiad o~ +~ NATA E){C!_II\

causes the

7t N O THovo o o IO tmot—ag—tO— o7 v 17¢ X 17X\

X

next subset of selected but unidentified tags to transmit.

A tag shall only accept a SUCCESS_O command, as shown in Table 58 if it is in the ID state. In the case that
the tag's internal counter COUNT is not zero it shall be decreased by 1.

If the resulting COUNT value is 0, then the tag shall read the memory at address ‘14’ sent back either 32 bit
(for command code ‘40’) or 64 bit (for command code ‘41’) in the response, as shown in Table 59.
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Table 58 — SUCCESS_O command

Preamble Delimiter | Command CRC-16

8 bits 16 bits

Table 59 — SUCCESS_O response in the case that COUNT is zero

Preamble | WORD_DATA CRC-16

40 Lot
T

foYo) LAtk lo
Jo Ul U5 U U JIto

6.2.7.8.1.8 | RESEND_O
Command cpde =46’ or ‘47

The identification algorithm uses RESEND_O when only one tag transmitted but thelD-was received in grror.
The tag thattransmitted resends its ID.

A tag shall gnly accept a RESEND_O command, as shown in Table 60, if it7is in the ID state. If the CQUNT

value is 0, then the tag shall read the memory at address ‘10’ sent back gither 32 bit (for command code| ‘46’)
or 64 bit (forjlcommand code ‘47’) in the response, as shown in Table 61%

Table 60 — RESEND_O command

Preamble Delimiter | Command CRC-16

8 bits 16 bits

Table 61 — RESEND_O(response in the case that COUNT is zero

Preamble ID CRC-16

32 or 64 bits 16 bits

6.2.7.9 Data transfer commands

6.2.7.9.1 Data transfer commands general

Data Transfercommands are used to read or write data from or to the memory.

For memory lock functionality a tag shall provide the opportunity to mark an address lockable. An ADDRESS
is marked lockable by commands as described in this clause. No ADDRESS shall be marked lockable after
the tag has been in the POWER-OFF state. A tag shall not support more than one ADDRESS to be marked
lockable at the same time.

6.2.7.9.2 READ
Command code = ‘0C’
On receiving the READ command, as shown in Table 62, the tag shall compare the sent ID with its Tag ID. In

the case that the ID is equal to the Tag ID, the tag shall from any state move to the DATA_EXCHANGE state,
read the 8 byte memory content beginning at the specified address and send back its content in the response,
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as shown in Table 63. Further, the tag shall mark the byte at ADDRESS lockable. In the case that ID is not
equal to Tag ID or any other error the tag shall not send a reply.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 62 — Read command

Preamble Delimiter | Command ID Address CRC-16

8 bits 64 bits 8 bits 16 bits

Table 63 — Read response in the case of NO error

Preamble WORD_DATA CRC-16

64 bits 16 bits

6.2.7.9.3 DATA_READ
Command code = ‘OB’

On receiving the DATA_READ command, as shown in Table 64, the tag shall only if it is in either the state ID
or the state DATA_EXCHANGE compare the sent ID withhits Tag ID. In the case that the ID is|equal to the
Tag ID, the tag shall from any state except READY mave to the DATA_EXCHANGE state, read the 8 byte
memory content beginning at the specified address:and send back its content in the responsg, as shown
in Tdble 65. Further, the tag shall mark the byte at*ADDRESS lockable. In the case that the tag|is not in the
state READY, or ID is not equal to Tag ID or any-6ther error the tag shall not send a reply.

The address is numbered from ‘00’ to ‘FF’ (0-{0 255).

Table 64 — DATA_READ command

Preamble Delimiter | Command ID Address CRC-16

8 bits 64 bits 8 bits 16 bits

Table 65 — DATA_READ response in the case of NO error

Preamble | WORD_DATA CRC-16

64 bits 16 bits

6.2.7.9.4 DATA_READ O
Command code = ‘44’ or ‘45’

On receiving the DATA_READ_O command, as shown in Table 66, the tag shall compare the sent DATA with
its memory contents starting at address ‘14’ if the tag is in either the ID state or the DATA_EXCHANGE state.
The amount of data compared shall be determined by the command code. If the received command code is
'44', the tag shall logically compare the 32 bits. If command code is '45', the tag shall logically compare 64 bits.
If the data strings (32 or 64 bits) are equal, then the tag shall transition from any state except READY to the
DATA_EXCHANGE state, read the 8 byte memory content beginning at the specified address and send back
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its contents in the response, as shown in Table 67. Further, the tag shall mark the byte at ADDRESS lockable.
If the tag is in the READY state, or the data strings are not equal, or any other error the tag shall not send a

reply.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 66 — DATA_READ_O command

Preamble Delimiter | Command DATA Address CRC-16
8 bits 32 or 64 bits 8 bits 16 bits
Table 67 — DATA_READ_O response in the case of NO error
Preamble | WORD_DATA CRC-16
64 bits 16 bits
6.2.7.9.5 READ_FLAGS
Command cpde = ‘50’
On receiving the READ_FLAGS command, as shown in Table 68;the tag shall from any state move t
DATA EXCIHANGE state, read the FLAGS and send back its céntent in the response, as shown in Table
Table 68 — READ_FLAGS command
Preamble Delimiter | Command ID CRC-16
8 bits 64 bits 16 bits
Table 69'— READ_FLAGS in the case of NO error
Preamble BYTE_DATA CRC-16
8 bits 16 bits
6.2.7.9.6 READ_.VARIABLE
Command cede—56+

b the
69.

On receiving the READ_VARIABLE command, as shown in Table 70, the tag shall compare the sent ID with
its Tag ID. In the case that the ID is equal to the Tag ID, the tag shall from any state move to the
DATA_EXCHANGE state, read the specified length of the memory content beginning at the specified address
and send back its content in the response, as shown in Table 71. In the case that ID is not equal to Tag ID or
any other error the tag shall not send a reply.

The address is numbered from ‘00’ to ‘FF’ (0 to 255). Length is numbered from ‘00’ to ‘FF’.

50
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Table 70 — READ_VARIABLE command

Preamble Delimiter | Command ID Address Length CRC-16

8 bits 64 bits 8 bits 8 bits 16 bits

Table 71 — READ_VARIABLE response in the case of NO error

Preamble | (Length + 1) * BYTE_DATA | CRC-16
(Length + 1) * 8 bits 16 bits

6.2.7.9.7 READ_PORT
Command code = ‘52’

On receiving the READ_PORT command, as shown in Table 72, the tag shalbcompare the sent ID with its
Tag [ID. In the case that the ID is equal to the Tag ID, the tag shall ‘from any state move to the
DATA_EXCHANGE, read the 8 bit memory content beginning at the specified port address and s¢nd back the

memory content in the response, as shown in Table 73. In the case that\D is not equal to Tag ID|or any other
error|the tag shall not send a reply.

The fddress is numbered from ‘00’ to ‘FF’ (0 to 255). Length'is numbered from ‘00’ to ‘FF’

Table 72 — READ_PORT command

Preamble Delimiter | Command ID Address CRC-16

8 bits 64 bits 8 bits 16 bits

Table73-— READ_PORT response in the case of NO error

Preamble | BYTE_DATA CRC-16

8 bits 16 bits

Selecting port 0 shall select the flags as specified in 6.2.1.3, and Table 12.

Portg 4,2 ... to ‘FF’ are reserved for future use.

6.2.7.9.8 READ_UNADDRESSED

Command code = ‘53’

On receiving the READ_UNADDRESSED command, as shown in Table 74, the tag shall from any state move
to the DATA_EXCHANGE state, read the 16-byte memory content beginning at the specified address and

send back its content in the response, as shown in Table 75.

The address is numbered from ‘00’ to ‘FF’ (0 to 255).
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Table 74 — READ_UNADDRESSED command

Preamble Delimiter | Command Address CRC-16

8 bits 8 bits 16 bits

Table 75 — READ_UNADDRESSED response in the case of NO error

Preamble WORD_DATA WORD_DATA CRC-16

LAtk LAtk 4.0 loit
US VIO US VIS U JUllo

6.2.7.9.9 READ_VERIFY
Command cpde = ‘12’

On receiving the READ_VERIFY command, as shown in Table 76 the tag shall compare the sent ID with its
Tag ID. In the case that the ID is equal to the Tag ID and the WRITE_OK flag is set, the tag shall fronp any
state move [to the DATA_EXCHANGE state, read the 1-byte memory content beginning at the spetified
address and|send back its content in the response, as shown in Table 77. Further, the tag shall mark thel byte
at ADDRESS lockable. In the case that ID is not equal to Tag ID, WRITE_©K is not set, or any other errqr the
tag shall notf{send a reply.

The address|is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 76 — READ_VERIFY command

Preamble Delimiter | Command ID Address CRC-16

8-bits 64 bits 8 bits 16 bits

Table 77 — READ-VERIFY response in the case of NO error

Preamble | BYTE_DATA CRC-16

8 bits 16 bits

6.2.7.9.10 READ_VERIFY_4BYTE

Command cpde~="1D’

On receiving the READ_VERIFY_4BYTE command, as shown in Table 78, the tag shall compare the sent ID
with its Tag ID. In the case that the ID is equal to the Tag ID and the WRITE_OK flag is set, the tag shall from
any state move to the DATA_EXCHANGE state, read the 4-byte memory content beginning at the specified
address and send back its content in the response, as shown in Table 79. Further, the tag shall mark the byte
at ADDRESS lockable. Bytes at ADDRESS+1, ADDRESS+2 and ADDRESS+3 shall not be marked lockable.

In the case that ID is not equal to Tag ID, WRITE_OK is not set, or any other error the tag shall not send a
reply.

BYTE_MASK of the command

ADDRESS bit of BYTE_MASK to select whether byte should be written
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[ADDR+0] B7

[ADDR+1] B6

[ADDR+2] B5

[ADDR+3] B4

The address is numbered from ‘00’ to ‘FF’ (0 to 255).

Table 78 — READ_VERIFY_4BYTE command

6.2.7

Com

On r¢
the G
read
the g
the t

Preamble Delimiter | Command ID Address BYTE_MASK CRC-
16
8 bits 64 bits 8 bits 8 bits 16 pits

Table 79 — READ_VERIFY_4BYTE response in the case of NO error

Preamble BYTE_DATA CRC-16

8 bits 16 bits

.9.11 WRITE
mand code = ‘0D’

bceiving the WRITE command, as shown invTable 80, the tag shall compare the sent ID with
ase that the ID is equal to the Tag ID, the tag shall from any state move to the DATA_EXCH
the lock information for the byte on the specified memory content beginning at the specifieq
ase that the memory is locked, it-shall send back the ERROR response, as shown in Table

ts Tag ID. In
ANGE state,
| address. In
82. Further,

hg shall mark the byte at ADDRESS lockable. In the case that the memory is unlocked, it shall send back

the ACKNOWLEDGE, as shown.iny"Table 81, and program the data into the specified memory agldress. In all
other cases the tag shall not send a reply.
In the case that the writetaccess was successful, the tag shall set the WRITE_OK bit. Otherwiselit shall reset
it.
The address is numbered from ‘00’ to ‘FF’ (0 to 255).
Table 80 — Write command
Preamble | Delimiter | Command 1D Address BYTE | CRC-1
DATA
8 bits 64 bits 8 bits 8 bits 16 bits
Table 81 — WRITE response in the case of NO error
Preamble ACKNOWLEDGE CRC-16
8 bits 16 bits
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Table 82 — WRITE response in the case of locked memory

Preamble ERROR CRC-16

8 bits 16 bits

6.2.7.9.12 WRITE4BYTE

Command code = ‘1B’

On receiving
Tag ID. In
DATA_EXCI

at the specified address. In the case that one of the memory bytes is locked, it shall send bagk the ER

response, 3
ACKNOWLE
the tag shall

Executing W
means that |

In the case f{
it.

BYTE_MAS
ADDRESS
[ADDR+0]
[ADDR+1]
[ADDR+2]
[ADDR+3]

The address
must be on 4

the WRITEZBYTE command, as shown in_Table 83, the tag shall compare the sent 1D
the case that the ID is equal to the Tag ID, the tag shall from any state move i

s shown in Table 85. In the case that all bytes are unlocked, it shall (send back
DGE, as shown in Table 84, and program the data into the specified memory. in all other g
not send a reply.

RITE4BYTE a tags shall only write those bytes that are selected by the BYTE_MASK, V
brite could be done to 1 to 4 bytes(using the mask bits in the BYTE dMASK field).

hat the write access was successful, the tag shall set the WRITE/ OK bit. Otherwise it shall

K of the command

bit of BYTE_MASK to select whether byte should.be written
B7

B6

B5

B4

4-byte page boundary:

Table 83 — WRITE4BYTE command

with its

!

HANGE state, read the lock information for the 4 bytes on the specified memory content.begifning

the

ROR
the
ases

vhich

reset

is numbered from ‘00’:to ‘FF’ (0 to 255). The starting address for the WRITE4BYTE command

Preamble Delimiter Command ID Address Byte_Mask Data CRC-16
8 bits 64 bits 8 bits 8 bits 32 bits 16 bitg
Table 84 — WRITE4BYTE response in the case of NO error
Preamble | ACKNOWLEDGE CRC-16
8 bits 16 bits
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