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Foreword

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

ISO/IEC JTC

1.

The procedy
described in
the different
editorial rul

Attention is
of patent ri
rights. Deta
Introduction

Any trade nj

res used to develop this document and those intended for its further maintendng
the ISO/IEC Directives, Part 1. In particular the different approval criteria neede
types of document should be noted. This document was drafted in accordance wit
s of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document|may be the st
bhts. ISO and IEC shall not be held responsible for identifying any* or all such p
ils of any patent rights identified during the development of the"”document will be i
and/or on the ISO list of patent declarations received (see wwW/iso.org/patents).

ime used in this document is information given for the cenyenience of users and dog

constitute ap endorsement.

For an expl
assessment,
Barriers to 1

The commit
SC 17, Cards

This third e
technically 1

It also
ISO/IEC 144

ISO/IEC 144
integrated ci

— Part1:H

Part 2: R
Part 3: 1

hnation on the meaning of ISO specific terms and expressions related to confo
as well as information about ISO’s adherence~te/the WTO principles in the Tec}
rade (TBT) see the following URL: Foreword&Supplementary information

ind personal identification.

dition cancels and replaces the second edition (ISO/IEC 14443-2:2010), which has
evised.

incorporates the Amendments ISO/IEC 14443-2:2010/Amd 1:

13-2:2010/Amd 2:2012,and1SO/IEC 14443-2:2010/Amd 3:2012.

13 consists of the following parts, under the general title Identification cards — Conta
rcuit cards — Proximity cards:

hysical characsteristics
adio frequéncy power and signal interface

hitialization and anticollision

e are
d for
h the

ibject
atent
n the

S not

rmity
inical

fee responsible for this document is ISO/HEC JTC 1, Information technology, Subcomnpittee

been

2011,

ctless

Part4: T

UB-aa-a—a-g.

© ISO/IEC 2016 - All rights re

served


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://iecnorm.com/api/?name=bda32c0b94ca23d606530e9a50d66c0e

ISO/IEC 14443-2:2016(E)

Introduction

ISO/IEC 14443 is one of a series of International Standards describing the parameters for identification
cards as defined in ISO/IEC 7810 and the use of such cards for international interchange.

This part of ISO/IEC 14443 describes the electrical characteristics of two types of contactless interface
between a proximity card and a proximity coupling device. The interface includes both power and bi-
directional communication. It is intended to be used in conjunction with other parts of ISO/IEC 14443.

Contactless card standards cover a variety of types as embodied in ISO/IEC 10536 (close-coupled cards),
ISO/IEC 14443 (proximity cards) and ISO/IEC 15693 (vicinity cards). These are intended for operation
whern very near, nearby and at a longer distance from associated coupling devices, respectively.

© ISO/IEC 2016 - All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 14443

-2:2016(E)

Identification cards — Contactless integrated circuit cards

— Proximity cards —

Part 2:
Radio frequency power and signal interface

1 Scope

This part of ISO/IEC 14443 specifies the characteristics of the fields to be provided‘for p
directional communication between proximity coupling devices (PCDs) and proximity car
(PIC(s).

This part of ISO/IEC 14443 does not specify the means of generating coupling fields, nor 1

pwer and bi-
ds or objects

he means of

complliance with electromagnetic radiation and human exposure regulations, which can vary according

to colintry.

ormative references

The following documents, in whole or in part, are nofmatively referenced in this docun|
indispensable for its application. For dated references, only the edition cited applies.

nent and are
For undated

refergnces, the latest edition of the referenced document (including any amendments) appliies.

ISO/IEC 10373-6, Identification cards — Test methods — Part 6: Proximity cards

[SO/IEC 14443-1:2016, Identification cards=— Contactless integrated circuit cards — Proxil
Part 1: Physical characteristics

ISO/IEC 14443-3:2016, Identification-cards — Contactless integrated circuit cards — Proxif
Part §: Initialization and anticolliSion

erms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
bit dyration
time fHuringwhich a logic level is defined, at the end of which a new bit starts

nity cards —

nity cards —

3.2

binary phase shift keying

phase shift keying where the phase shift is 180 degrees, resulting in two phase state possibilities

3.3
modified Miller

method of bit coding whereby a logic level during a bit duration is represented by the position of a pulse

within the bit frame

3.4

modulation index

m

[1 -b] /[1+ b], where b is the ratio between the modulated amplitude and the initial signa

Note 1 to entry: The value of the index may be expressed as a percentage.

© ISO/IEC 2016 - All rights reserved
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3.5
NRZ-L

method of bit coding whereby a logic level during a bit duration is represented by one of two defined
physical states of a communication medium

3.6

operating volume
for each PICC class, the positions where the corresponding Reference PICC shows PCD compliance with
all requirements of this part of ISO/IEC 14443 for this class

3.7
subcarrier

signal of fretlluency,fs, used to modulate a carrier of frequency, fc

3.8

Manchester
method of b
defined phys{
defining the

3.9
TRO
guard time h

3.10
TR1

synchronizz[

subcarrier

t coding whereby a logic level during a bit duration is represented by a Sequence o
ical states of a communication medium, the order of the physical states within the seq
logical state

etween the end of a PCD transmission and the start of the’P}€C subcarrier generatior

ion time between the start of the PICC subcaryier generation and the start of the
odulation

4 Symbals and abbreviated terms

a
ACP
AP
ASK

BPSK

EMD

pulse shape factor, Type A

actual constellation point

actual phase value

amplitude shift keying

ratio between.the modulated and initial signal amplitude, Type B
binary phase shift keying

electromagnetic disturbance, parasitically generated by the PICC

f two
lence

PICC

EPI

elémentary phase interval

etu

fc

fs

H
HINITIAL

hOVS

hg

elementary time unit

frequency of operating field (carrier frequency)

frequency of subcarrier

equivalent homogenous magnetic field strength

field strength of the unmodulated RF field

envelope overshoot for bit rates of fc/64, fc/32 and fc/16, Type A

envelope undershoot, Type B

© ISO/IEC 2016 - All rights re
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hy envelope overshoot, Type B

ISI inter symbol interference

ISIgq inter symbol interference angle

ISIy inter symbol interference magnitude

NP nominal phase value

NRZ-L non-return to zero, (L for level)

OOK on/off keying

Paus¢A PCD modulation pulse, Type A

20 initial phase of the subcarrier

Py complex constellation point of the maximum NP
Py complex constellation point of the minimum NP
PNP previous nominal phase

PR phase range

PSK phase shift keying

PCD proximity coupling device

PICC proximity card or object

RF radio frequency

t1 PauseA length

t2 PauseA “Low” time for a bit rate of fc/128

t3 PauseA rise time for a bit rate of fc/128

ta PauseA fise time section for a bit rate of fc/128
ts PauseA “Low” time for bit rates of fc/64, fc/32 and fc/16
to PauseA rise time for bit rates of fc/64, fc/32 and fc/16
te, mar, gep” maximum value of tg for PCD transmission

te, max, Picc maximum value of t¢ for PICC reception

tb bit duration, Type A

tr envelope fall time, Type B

tf, max, PCD maximum fall time for PCD transmission, Type B
tf max,picc ~ maximum fall time for PICC reception, Type B

tr envelope rise time, Type B

tr, max, PCD maximum rise time for PCD transmission, Type B

© ISO/IEC 2016 - All rights reserved
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tr, max, PICC
tx

VE, pcD

VE, picc
ViLmaA

VL.MA, PCD

443-2:2016(E)

maximum rise time for PICC reception, Type B
pulse position, Type A

EMD limit, PCD

EMD limit, PICC

load modulation amplitude

minimum load modulation amplitude for PCD reception

V1L.MA, PICC

#

5 Geners3

5.1 Initia

The initial di
operations:

— activati
the PICA
transmi
transmi

These opera

minimum load modulation amplitude for PICC transmission

number

1l considerations

| dialogue

alogue between the PCD and the PICC shall be conducted through the following consed

n of the PICC by the RF operating field of the PCD;
shall wait silently for a command from the PCD;
5sion of a command by the PCD;

5sion of a response by the PICC.

Fions shall use the RF power and signial interface specified in the following clauses.

5.2 Compliance

5.2.1 PIC(

The PICC sh4d
optional req
class in orde

5.2.2 PCD

compliance

11 comply with all mandatory requirements of this part of ISO/IEC 14443 and may su
1irements (bit rate/class, etc.). The PICC should fulfill all the requirements of one part
I to improve interoperability.

compliance

The PCD sh

Il comply with all mandatory requirements of this part of ISO/IEC 14443 and may su

utive

bport
cular

bport

optional reqpirements (bit rate, support of PICCs of optional classes, etc.).

The PCD

may opt

may opt

shall support PICCs of “Class 17, “Class 2” and “Class 3”,

may optionally support PICCs of “Class 4",

ionally support PICCs of “Class 5” and
ionally support PICCs of “Class 6”.

PCD requirements measured with Reference PICCs 1, 2, and 3 are mandatory for all PCDs.

PCD requirements measured with Reference PICC 4 are only mandatory for PCDs supporting operation
with “Class 4” PICCs.

© ISO/IEC 2016 - All rights re
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PCD requirements measured with Reference PICC 5 are only mandatory for PCDs supporting operation
with “Class 5” PICCs.

PCD requirements measured with Reference PICC 6 are only mandatory for PCDs supporting operation
with “Class 6” PICCs.

For each supported PICC class, the PCD manufacturer shall indicate the operating volume within which
the PCD fulfills all requirements of this part of [ISO/IEC 14443.

NOTE As an indication of each operating volume, the manufacturer may give the operating range (e.g. 0 to
X cm with PCD and PICC relative positions, e.g. PCD and PICC antennas parallel and concentric).

5.2.2{1 PCD supporting PICCs of particular class(es)

If a PCD is expected to operate with PICCs of only particular class(es), it is not mandatory|{for this PCD
to support PICCs of other classes. This PCD shall comply with all other relevant clauses of this part of
ISO/IEC 14443. The PCD manufacturer shall clearly state which class(es) are supported.

NOTH A PCD which does not support one of the mandatory classes 1, 2 and 3 is not fully compliant with this
part df ISO/IEC 14443. It may be advertised as “supporting “Class X” PICCs only™ or “compliant with Class(es) X
requirements only”.

6 PRower transfer

The BCD shall produce a high frequency alternating magnetic field. This field inductively cpuples to the
PICC fo transfer power and is modulated for communication.

6.1 |Frequency
The frequency, fc, of the RF operating field shall be 13,56 MHz + 7 kHz.

6.2 |Operating field strength

With|n the manufacturer specified operating volumes (see 3.6), the PCD shall generate a fleld strength
of at Jeast Hpyjn and not exceeding@Hpmax under unmodulated conditions, see Table 1.

The HCD
— shall support PIC(s of “Class 1”, “Class 2” and “Class 3",

|
=

hay optionallysupport PICCs of “Class 4”,

|
=

nay optionally support PICCs of “Class 5” and

=

hay optionally support PICCs of “Class 6”.

PCD requirements measured with Reference FILUS 1, Z, and 5 are mandatory Ior all FLDs.

PCD requirements measured with Reference PICC 4 are only mandatory for PCDs supporting operation
with “Class 4” PICCs.

PCD requirements measured with Reference PICC 5 are only mandatory for PCDs supporting operation
with “Class 5” PICCs.

PCD requirements measured with Reference PICC 6 are only mandatory for PCDs supporting operation
with “Class 6” PICCs.

© ISO/IEC 2016 - All rights reserved 5
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Table 1 — PCD field strength

PCD
Hmin Hmax
A/m (rms) A/m (rms)

Measured with Reference PICC 1 1,5 7,5

Measured with Reference PICC 2 1,5 8,5

Measured with Reference PICC 3 1,5 8,5

Measured with Reference PICC 4 (optional) 2,0 12

Measured with Reference PICC 5 (optional) 2,5 14

Measured with Reference PICC 6 (optional) 4,5 18
The PCD shdll not generate a field strength higher than the average and maximum levels §pecifi¢d for
all mandatoly and optional classes in ISO/IEC 14443-1:2016, 4.4 (alternating magnetic field) in any
possible PIC( position and orientation, measured with the associated Reference PICCs.
Test methodk for the PCD operating field are defined in ISO/IEC 10373-6 and use a’dedicated Refefence
PICC for each class.
NOTE1  Although field measurements with some Reference PICCs may show values higher than 7,5 A/m [rms),
the Hpax limi§s specified in Table 1 do not allow PCDs to produce higher field strength than with first and second
edition of ISOfIEC 14443-2. This is because PCD field distribution is usually nothomogenous within the opefating

volumes and

If the PICC mleets the requirements of one particular class as spécified in ISO/IEC 14443-1, then thg

shall operat
includes all
specified sef]

If the PICC d¢es not claim to meet the requirements,of-one particular class as specified in ISO/IEC 14

1, then:

if the B
ISO/IEC

the
see

References PICCs have different measurement areas.

e as intended continuously between Hpyin and Hgax defined for its class, see Table 2
ICCrequirements defined in this part of ISO/IEC 14443 and processing of the manufad
of commands.

ICC antenna fits within the external rectangle defined in “Class 2” as specifi
14443-1, then

PICC shall operate as infended continuously between Hpy,ijn and Hpyax defined for “Cla
able 2,

the

specifie

the
see

if the PICC antennafits within the external rectangle or external circle defined in “Class

PICC shall pass the loading effect test defined for “Class 2”;

1 in ISO/IEC14443-1, then

PICC-shall operate as intended continuously between Hpin and Hpax defined for “Cla
Fable-2,

PICC
; this
turer

1443-

bd in

”

ss 27,

”

ss 3”,

— the PICC shall pass the loading effect test defined for “Class 3”;

“Class 2” or “Class 3” as specified in ISO/IEC 14443-1, then

if the PICC antenna does not claim to fit within the external rectangle or external circle defined in

— the PICC shall operate as intended continuously between Hpjn and Hyax defined for “Class 17,
see Table 2,

— the PICC shall pass the loading effect test defined for “Class 1”.

NOTE 2

defined above may not be sufficient to guarantee proper operation and interoperability with PCDs.

© ISO/IEC 2016 - All rights re
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PICC
Iksmim Hmax
A/m (rms) A/m (rms)

"Class 1” PICC 1,5 7,5

"Class 2” PICC 1,5 8,5

"Class 3” PICC 1,5 8,5

"Class 4” PICC 2,0 12

"Class 5” PICC 2,5 14

”"Class 6” PICC 4,5 18
NOTH3  Margins of field strength are effectively included by the test methods as specified)in' SO
7 Signal interface
The BCD modulates the amplitude of the alternating magnetic field strength with modula]
orderf to transmit data from the PCD to the PICC.
The RICC loads the alternating magnetic field with a modulated. §ubcarrier signal (load m
orderf to transmit data from the PICC to the PCD.

With
pulse
modu

NOTE
X cm)

n the manufacturer specified operating volumes fsee’3.6), the PCD shall generats
s as described in the following clauses and shdll‘be capable of receiving the mi
lation amplitude.

1  As an indication of the operating volume,the manufacturer may give the operating rz
within which all ISO/IEC 14443-2 requirements are fulfilled.

Test methods for the PCD communicationsignal interface are defined in ISO/IEC 10373-6.

Two

fommunication signal interfaces, Type A and Type B, are described in the following

IEC10373-6.

ion pulses in

bdulation) in

modulation
nimum load

nge (e.g. 0 to

clauses. The

hce of a PICC

ession until
| with either

PCD shall alternate between modulation methods when idling before detecting the prese
of Type A or Type B.
Only|one communication -sighal interface may be active during a communication §
deactivation by the PCD.or removal of the PICC. Subsequent session(s) may then proceed
modylation method.
Figune 1 and Figure 2 illustrate the concepts described in the following clauses.
Type A Type B
ASK ~ 100 % ASK~ 10 %
Modifited-Mitet NRZ—E
bit rates of fc/128,
fc/64, fc/32 and fc/16 J 0 1 o | o 1 J 0 1 0 | 0
lqg
ASK~ 10 %
bit rates of fc/8, fc/4 NRZ - L
and fc/2 0 [ 1] 0|01

S8

Figure 1 — Example PCD to PICC communication signals for Type A and Type B interfaces

© ISO/IEC 2016 - All rights reserved
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NOTE 2  For the coding of modified Miller, see 8.1.3.1.

Type A Type B
Load modulation Load modulation
Subcarrier equals the bit rate Subcarrier equals the bit rate
00k BPSK
bit rate of fc/128 Manchester NRZ-L

Load modulation (b
Subcarrier equals the bit rate Q’\
BPSK q/
i NRZ- L .
bit rate of fc/64 Q,

elollelelalals] o

Load modulation Q/C)

Subcarrier equals the bitb\s}

BPSK %
bit rate of fc/32 NRZ-L $\\

o

L@uodulation
Subc caprier equals the bit rate

bit rates of f¢/16, fc/8, \\'0 N};PZS K L
fc/4 and fc/2 S )$
LA JIIIIIIIIII ookl
RS i1
A M
\0

Figure 1 — Example PICC to Pﬁ) communication signals for Type A and Type B interfaces

8 Commpnication 'gﬂal interface Type A

8.1 Communic§®Qn~PCD to PICC

8.1.1 Bit xla@'/o

The bit rate for the transmission during initialization and anticollision shall be fc/128 (~106 kbit/s).

The bit rate for the transmission after initialization and anticollision shall be one of the following:
— fc/128 (~106 kbit/s);

—  fc/64 (~212 kbit/s);

—  fc/32 (~424 kbit/s);

— fc/16 (~848 kbit/s);

— fc/8 (~1,70 Mbit/s);

— fc/4 (~3,39 Mbit/s);

8 © ISO/IEC 2016 - All rights reserved
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— fc/2 (~6,78 Mbit/s);

—  3fc/4 (~10,17 Mbit/s);

_ fc (~13,56 Mbit/S)}
— 3fc/2 (~20,34 Mbit/s);

—  2fc (~27,12 Mbit/s).

8.1.2

Modulation

8.1.2

Comtpunication from PCD to PICC for a bit rate of fc/128 shall use the modulation principle

of the

The gnvelope of the PCD field shall decrease monotonically to less than 5 %fof'its initial v
and remain less than 5 % for more than ¢;. This envelope shall comply with’Figure 3.

If the

and the time of passing the same value before the local maximum shall not exceed 0,5 ps. TI

apply

1 Modulation for a bit rate of fc/128

RF operating field to create a PauseA as shown in Figure 3.

envelope of the PCD field does not decrease monotonically, the'time between a loc

if the local maximum is greater than 5 % of HINITIAL.

fASK 100 %

hlue HINITIAL

al maximum
his shall only

The RauseA length t1 is the time between 90 % of the falling edge and 5 % of the rising edge of the
H-field signal envelope.
In cage of an overshoot, the field shall remain within 90 % of HiniTiaL and 110 % of HiNITIAL.
H/HnymiaL
110%
100% 1 2,
90%
{ 3
60% P
S0s 4 5]|
0% \ t
L,
ty
t L3
Key
1 startofty
2 endofts
3 endofty
4  startofty
5 end of t] and tp, start of t3 and t4
Figure 3 — PauseA for a bit rate of fc/128
The PCD shall generate a PauseA with timing parameters defined in Table 3.
9
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Table 3 — PCD transmission: PauseA timing parameters for a bit rate of fc/128

Parameter Condition Min Max
t1 28/fc 40,5/fc
t1>34/fc 7/fc
tr t1
t1 < 34/fc 10/fc
t3 1,5 x ty 16/fc
tg 0 6/fc

NOTE1 PCD implementations may be restricted to generate a PauseA with values of t1 = n/fc (n = integer).

. i 1 111 1 e ol 1 . . =l bl L
Therefore, MEasUTTIITIIC U1 T SIToult DT Toulraet to e CIUSTS T IT T CIIe UIIIc 1/ C:

NOTE 2 The maximum value of t3 is a function of the measured value of t1.
NOTE 3  The minimum value of t3 is a function of the measured value of t3.

The PICC shall be able to receive a PauseA with timing parameters defined in Table 4.

Tlable 4 — PICC reception: PauseA timing parameters for a bit rate of fc/128

Parameter Condition Min A\\V Max
t1 27,5/fc 41/fc
t1 > 34/fc 6/fc
tr t1
t1 < 34/fc 9/fc
t3 1,5 x4 17/fc
tq 0 7/fc

NOTE4 The maximum value of t3 is a function of the set¥alue of t1.

NOTES5 THe minimum value of t3 is a function of theset value of t4.

For a bit ratq of fc/128, the PCD shall generate @ PauseA with a rise time t3

— greater than both 0/fc and (t1 - t2) ~'24,5/fc, and

— less thap both (¢1 - t2) + 7/fc and-16/fc.

For a bit ratq of fc/128, the PIGE shall be able to receive a PauseA with a rise time t3

— greater than both 0/fe.and (¢1 - t2) - 26/fc, and

— less thaIboth (tr=°t2) + 8/fcand 17/fc.

NOTE6  Minimum'and maximum values of (t1 — t2) are derived from minimum and maximum values of 1 and
t2 defined in Tablé.3 and Table 4.

The timing parameters for PCD and PICC are illustrated in Figure 4.

10 © ISO/IEC 2016 - All rights reserved
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ts/[1/fc] PICC PCD
16
14
12 /
10 ]

SO N B O ®

L

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 & -&,/[1/fc]

Figure 4 — PauseA timing parameters for a bit rate offc/128

The RICC shall detect the end of PauseA after the field exceeds 5 % of HinyriaL, and before it gxceeds 60 %
of HyytiaL- Figure 5 shows the definition of the end of PauseA. This'definition applies to all modulation
envelope timings.

H/HnymiaL
100%

60%

5%
0% \
5% t

60%

100%

ty

Figure 5 — End of PauseA for a bit rate of fc/128

8.1.2|2 , \Modulation for bit rates of fc/64, fc/32 and fc/16

Communication from PCD to PICC for DIt rates of j¢/64 (~212Z Rbit/s], j¢/3Z (~424 Kbit/s) and fc/16
(~848 kbit/s) shall use the modulation principle of ASK (with different values for “a”) of the operating
field strength to create a PauseA as shown in Figure 6.

“«_n

The envelope of the PCD field shall decrease monotonically to the maximum value of parameter “a
as defined in Table 5. Then, if the envelope evolution becomes non-monotonic, the difference between
any local maximum and the lowest previous minimum (within the same PauseA) shall not exceed 0,09
times the difference between the initial amplitude and the previous lowest minimum.

The parameter “a” is the lowest minimum within PauseA.
Figure 6 is an illustration of PauseA for bit rates of fc/64, fc/32 and fc/16.

In case of an overshoot, the field shall remain within HiniT1AL * (1 = hovs) and HiniTiAL % (1 + hovs).

© ISO/IEC 2016 - All rights reserved 11
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B W N =

The PCD shalll generate a PauseA with timing and amplitude parameters defined in Table 5.

NOTE 1

NOTE 2

1
a+0,9x(1-a)

a+0,1x(1-a)
a

H/HINITIAL

(1+a) /2

start if t1
end of tg
start of tq

end of t1 pnd ts, start of tg

Table p — PCD transmission: PauseA parameters for bit rates of fc/64, fc/32 and fc/16

Figure 6 — PauseA for bit rates of fc/64, fc/32 and fc/16

Pprameter Bit @tev Min Max
fe[64 0 0,18
a fc/32 0 0,38
fc/16 0,22 0,58
fc/64 16,5/fc 20/fc
ty fc/32 8,0/fc 10/fc
fc/16 4,0/fc 5/fc
Jc/6% RVWVELE 1
ts fc/32 t1/2 +1/fc t1
fc/16 t1/2 t1
fc/64 see requirements above Figure 7
te fec/32 see requirements above Figure 8
fc/16 see requirements above Figure 9
hovs | PORIEE L 0 | [1-t6/ (2% to,max pe)] x 0,10 X (1-)

The minimum and maximum values of t5 are functions of the measured value of ¢1.

The maximum value of hgys for PCD transmission is a function of the measured value of tg and of tg,

max, PCD (see requirements above Figure 7, Figure 8, or Figure 9).

12
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3  PCD implementations may be restricted to generate a PauseA with values of t1 = n/fc
fore, measurement of t1 should be rounded to the closest n in the unit 1/fc.

(n = integer).

The PICC shall be able to receive a PauseA with timing and amplitude parameters defined in Table 6.

Table 6 — PICC reception: PauseA parameters for bit rates of fc/64, fc/32 and fc/16

NOTE

NOTE
(seer

NOTH
edge 3

For a

NOTEH

Parameter Bit rate Min Max
fc/64 0 0,2
a fc/32 0 0,4
fc/16 0.2 0.6
fc/64 16/fc 20/fc
t1 fc/32 8/fc 10/fc
fc/16 4/fc 5/fc
fc/64 t1/2 +3/fc t1
ts fc/32 t1/2 +1/fc t1
fc/16 t1/2 t1
fc/64 see requirementsiabove Figure 7
te fc/32 see requireménts above Figure 8
fc/16 see requirements above Figure 9
hovs fC/64}£;/13;2 and 0 [15 t&"/ (2 % te, max, Picc)] x 0,11 x (1 - )

4 The minimum and maximum values of t5 arefunctions of the set value of t1.

5 The maximum value of hgys for PICC reception is a function of the set value of t5 and of
bquirements above Figure 7, Figure 8, or Figuxe 9).

6  The PauseA length t; is the time/between an envelope amplitude of [a + 0,9 x (1 - a)]
nd [a + 0,1 x (1 - a)] on the rising edge:

bit rate of fc/64, the PCD shall generate a PauseA with a rise time tg

reater than both 0/fc and (t1 - t5) - 3/fc, and

pss than both (¢1 - ts)+ 8/fc and te, max, pcp = 11/fc.

bit rate of fc/64, the PICC shall be able to receive a PauseA with a rise time tg
reater thaftboth 0/fc and (t1 - t5) — 4/fc, and

pss thamsboth (€1 - t5) + 9/fc and te, max, Picc = 12/fc.

te, max, PICC

on the falling

lues of t1 and

7.X/Minimum and maximum values of (t1 - t5) are derived from minimum and maximum v3

ts def

The t

Ted 1T Tabte 5 and Tabie 6.

iming parameters for PCD and PICC are illustrated in Figure 7.

© ISO/IEC 2016 - All rights reserved
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te/[1/fcl PICC PCD
12

11

[EEN
(=]

.\

S R N W H» U1l O N 0 ©

01 2 3 4 5 6 7 8 9 t,-ts/[X/fe]

Figure 7 — PauseA timing parameters for a bitrate of fc/64

For a bit ratq of fc/32, the PCD shall generate a PauseA with a risg time t¢

— greater than 0/fc, and

— less thanp both (t1 - t5) + 8/fc and te, max, PcD = 9/fc:

For a bit ratq of fc/32, the PICC shall be able to receivé a PauseA with a rise time ¢¢
— greater than 0/fc, and

— less than both (t1 - t5) + 8/fc and t6 wax, picc = 10/fc.

The timing garameters for PCD and PICC are illustrated in Figure 8.

NOTE8  Minimum and maximum\values of (t1 - t5) are derived from minimum and maximum values of 1 and
ts defined in Table 5 and Table 6/

14 © ISO/IEC 2016 - All rights reserved
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te/[1/fc] PICC PCD
10
9
8
7
6
5
%
3
2
1
0
0 2 4 5 t-ts/[1/fc]

Figure 8 — PauseA timing parameters for abit rate of fc/32

For a|bit rate of fc/16, the PCD shall generate a PauseA with @yrise time tg

— greater than 0/fc, and

— less than both (t1 - t5) + 4/fc and te, max, PcD =.5,5/fc.

For a|bit rate of fc/16 the PICC shall be able tor&éeive a PauseA with a rise time ¢¢

— greater than 0/fc, and

— lgss than both (¢1 - t5) + 4,5/fc and 6, max, Picc = 6/fc.

NOTH9 Minimum and maximum-values of (t1 - t5) are derived from minimum and maximum v3

ts deflned in Table 5 and Table 6

The timing parameters for PCD and PICC are illustrated in Figure 9.

te/[1/fc]» PICC  PCD
o
ol
5
4
3
2
1
0

1

3 ty-ts/[1/fc]

Figure 9 — PauseA timing parameters for a bit rate of fc/16
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8.1.2.3 Modulation for bit rates of fc/8, fc/4 and fc/2

See 9.1.2.1.

8.1.2.4 Modulation for bit rates of 3fc/4, fc, 3fc/2 and 2fc

See A.1.

8.1.3 Bitrepresentation and coding

8.1.3.1 Bi

— sequenc
— sequenc

— sequenc

Figure 10, to

Logical
(0 = modulat

1

modulation signal

0

Ex 4

ty

bequence X

) tati 1 coding for bi
The followinjg sequences are defined:

e X: after a time of half the bit duration (tx), a PauseA shall occur;

e Y: for the full bit duration (t,), no modulation shall occur;

e 7: at the beginning of the bit duration (tp), a PauseA shall occur.

gether with the timing parameters in Table 7, illustrates sequefices X, Y and Z.

Figure 10 — Sequences for Type A communication PCD to PICC

Logical modulation signal Logical modulation signall

ion, 1 = no modulation) (0 =modulation, 1 = no modulation}\*(0 = modulation, 1 = no moduldtion)

1
1
0

tp

ty

Sequence Y Sequence Z

Table 7 — Parameters for sequences

p . O Bit rate

arameter, .
n@ fc/128 fc/64 fc/32 fc/16
to 128/fc 64/fc 32/fc 16/fc
T 64/fc 32/fc 16/fc 8/fc
t1 see t1 of Table 3 see t1 of Table 5

The above sequences shall be used to code the following information:

— logic “1”:

— logic “0™:

16

sequence X;
sequence Y with the following two exceptions:

i) if there are two or more contiguous “0”s, sequence Z shall be used
from the second “0” on;

ii) if the first bit after a “start of communication” is “0”, sequence Z
shall be used to represent this and any “0”s which follow directly
thereafter.

© ISO/IEC 2016 - All rights reserved
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— start of communication: sequence Z;
— end of communication: logic “0” followed by sequence Y;
— no information: at least two sequences Y.

8.1.3.2 Bitrepresentation and coding for bit rates of fc/8, fc/4 and fc/2
Bit representation and coding is defined in 9.1.3.1.

Start of communication is defined in ISO/IEC 14443-3:2016, 7.1.4.

End qf communication is defined in ISO/IEC 14443-3:2016, 7.1.5.

8.1.3|3 Bitrepresentation and coding for bit rates of 3fc/4, fc, 3fc/2 and 2fc

See A.2.
8.2 |Communication PICC to PCD

8.2.1] Bitrate
The Hit rate for the transmission during initialization and anticellision shall be fc/128 (~1(6 kbit/s).
The Qit rate for the transmission after initialization and-anticollision shall be one of the following:
—  f£/128 (~106 kbit/s);
£/64 (~212 kbit/s);
£/32 (~424 kbit/s);

/8 (~1,70 Mbit/s);
/4 (~3,39 Mbit/s);
— ft/2 (~6,78 Mbit/s).

f
£
—  ft/16 (~848 kbit/s);
f
f

8.2.2| Load modulation

The HICC shall-beé capable of communication to the PCD via an inductive coupling area where the carrier
frequency is\loaded to generate a subcarrier with frequency, fs. The subcarrier shall be generated by
switdhing ajload in the PICC.

If the he-regairementso 59 Har-elass-assp —then the load
modulation amplitude Vma of the PICC shall be at least Vima, picc specified for its class when measured
as described in ISO/IEC 10373-6, using the test PCD assembly defined for its class, where H is the value
of magnetic field strength in A/m (rms).

If the PICC does not claim to meet the requirements of one particular class as specified in ISO/IEC 14443-
1, then the load modulation amplitude V;ma of the PICC shall be at least Vima, picc specified for “Class 1”
when measured as described in ISO/IEC 10373-6, using the test PCD assembly defined for “Class 17,
where H is the value of magnetic field strength in A/m (rms).

Table 8 specifies for each PICC class both the load modulation amplitude limit Vi,ma, picc and the relevant
test PCD assembly to measure the PICC load modulation amplitude Vima.

© ISO/IEC 2016 - All rights reserved 17
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Table 8 — PICC load modulation amplitude limit

PICC
VLMa, PICC Test PCD assembly
[mV (peak)]
”"Class 1” PICC 22/H0,5 Test PCD assembly 1
”Class 2” PICC Min(14 ; 22/H0.5) Test PCD assembly 1
"Class 3” PICC Min(14 ; 22/HO0,5) Test PCD assembly 1
"Class 4” PICC Min(18 ; 40/H0.5) Test PCD assembly 2
"Class 5” PICC Min(14 ; 34/H0.5) Test PCD assembly 2
”Class 6” PICC Min(7 ; 26/H0,5) Test PCD assembly 2

The PCD sh
ISO/IEC 103
magnetic fie

If the PCD su
when measu

where H is the value of magnetic field strength in A/m (rms).

If the PCD sy
when measy

where H is the value of magnetic field strength in A/m (rms).

If the PCD sy
when measy

where H is the value of magnetic field strength in A/m (gnis).

Table 9 sped
test PCD ass

all be able to receive a Vima of at least Vima, pcp when measured as describ
/3-6, using test PCD assembly 1, with Reference PICCs 1, 2 and 3, where H'is the va
d strength in A/m (rms).

pports operation with “Class 4” PICCs, it shall be able to receive a Vj<of at least Vv
red as described in ISO/IEC 10373-6, using test PCD assembly 2, with Reference P

pports operation with “Class 5” PICCs, it shall be able to reeeive a /1,y of at least Vv
red as described in ISO/IEC 10373-6, using test PCD assembly 2, with Reference P

pports operation with “Class 6” PICCs, it shall be-able to receive a V1,va of at least Vim
red as described in ISO/IEC 10373-6, using test PCD assembly 2, with Reference P

Table 9 — PCD load modulation reception limit

PCD
VLMA, PCD Test PCD assembly
[mV (peak)]
Measyired with Referenqe{@i\c 1 20/H0,5 Test PCD assembly 1
Meas{lred with Refe}'e@ge\'f’lcc 2 Min(12,5 ; 20/H0.5) Test PCD assembly 1
Meastred with Reference PICC 3 Min(12,5 ; 20/H0.5) Test PCD assembly 1
Measilred wig@\gf;rence PICC 4 (optional) Min(16 ; 36/H0.,5) Test PCD assembly 2
Measﬁred@‘ﬁeference PICC 5 (optional) Min(13; 31/H0.5) Test PCD assembly 2
Meas‘lg@\\'fith Reference PICC 6 (optional) Min(6 ; 23/H0,5) Test PCD assembly 2
1

ed in
ue of

iA, PCD
CC 4,

jA, PCD
CC 5,

fA, PCD
CC 6,

ifies for each Reference PICC both the oad modulation reception limit Vima, pcp and the
embly to use to measure the PCD sensitivity.

NOTE 1

NOTE 2

values of load modulation by a factor of approximately 2 compared with test PCD assembly 1.

The PICC load modulation amplitude limits of classes 2 to 6 are less strict than the previous PICC limit
in the second edition of ISO/IEC 14443-2.

For “Class 4”, “Class 5” and “Class 6” PICCs, the use of test PCD assembly 2 increases the measured

Figure 11, Figure 12, Figure 13, Figure 14 and Figure 15 are illustrations of the PCD and PICC load

modulation amplitude limits for each class.

18
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Figure 11 — Load modulation amplitude‘limits for “Class 1”
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Figure 12 — Load modulation amplitude limits for “Class 2” and “Class 3”
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Figure 13 — Load modulation amplitude limits for*Class 4”
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. Load modulati litude limits for “Class.5”
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Figure 15 — Load modulation amplitude limits for “Class 6”

Subcarrier

ICC shall generate a subcarrier only when data is to be transmitted.

1 Subcarrier for bit rates of fc/128, fc/64, fc/32 and fc/16
requency, fs, of the subcaxtier shall be fc/16 (~848 kHz). Consequently, during initiz

bllision, one bit duratien is equivalent to 8 periods of the subcarrier. After initia
pllision, the number«f subcarrier periods is determined by the bit rate.

2 Subcarrier for bit rates of fc/8, fc/4 and fc/2

The firequency{fs, of the subcarrier shall be fc/8 (~1,70 MHz), fc/4 (~3,39 MHz) or fc/2

depel

nding on.the bit rate as specified in Table 10.

Table 10 — Subcarrier frequency vs bit rate

1lization and
lization and

(~6,78 MHz)

8.2.4

Bit rate Subcarrier frequency
fc/8 (~1,70 Mbit/s) fc/8
fec/4 (~3,39 Mbit/s) fc/4
fc/2 (~6,78 Mbit/s) fc/2

Subcarrier modulation

Every bit period shall start with a defined phase relation to the subcarrier. The bit period shall start
with the loaded state of the subcarrier (the unloaded state of the subcarrier is the stable state when the
PICC is not sending bits).

© ISO/IEC 2016 - All rights reserved
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At the bit rate of fc/128, the subcarrier is modulated using OOK with the sequences defined in 8.2.5.1.
At bit rates of fc/64, fc/32, fc/16, fc/8, fc/4 and fc/2, the subcarrier is modulated using BPSK with the
sequences defined in 8.2.5.2.

8.2.5 Bitrepresentation and coding

8.2.5.1 Bitrepresentation and coding for a bit rate of fc/128

The following sequences are defined:

— sequence [ the carrier shall he modulated with the subcarrier for the first half
(50 %) of the bit duration;

— sequence [E: the carrier shall be modulated with the subcarrier for thé secong half
(50 %) of the bit duration;

— sequencelF: the carrier is not modulated with the subcarrier for‘one bit durafion.

Bit coding shall be Manchester with the following definitions:

— logic “1™: sequence D;

— logic “0™: sequence E;

— start of cgmmunication: sequence D;

— end of cotnmunication: sequence F;

— no information: no subcarrier.

8.2.5.2 Bifrepresentation and coding for bit.rates of fc/64, fc/32, fc/16, fc/8, fc/4 and fc/2

Bit coding sHall be NRZ-L with the following.definitions:

— logic “1™: the catrier shall be modulated with the subcarrier for one bit duration;

— logic “0™: the carrier shall be modulated with the inverted subcarrier for gne
bit duration;

— start of cgmmunication: burst of 32 subcarrier cycles (phase as logic “1”) followed by inverted
subcarrier for one bit duration (phase as logic “0”);

— end of conmunication: the carrier is not modulated with the subcarrier for one bit durakion;

— no information: the carrier is not modulated with the subcarrier.

9 Communication signal interface Type B

9.1 Communication PCD to PICC

9.1.1 Bitrate

The bit rate for the transmission during initialization and anticollision shall be nominally fc/128
(~106 kbit/s).

The bit rate for the transmission after initialization and anticollision shall be one of the following:

—  fc/128 (~106 kbit/s);

22
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—  fc/64 (~212 kbit/s);

—  fc/32 (~424 kbit/s);

—  fc/16 (~848 kbit/s);
—  fc/8 (~1,70 Mbit/s);
—  fc/4 (~3,39 Mbit/s);
— fc/2 (~6,78 Mbit/s);

feld (10 17 Mbit/s):
A G A 1

|
(SO~

DD

Bitb
respe

9.1.2

9.1.2
Comr

The 1
shall
actug

F (~13,56 Mbit/s);
fc/2 (~20,34 Mbit/s);
fc (~27,12 Mbit/s).

undary tolerances and character separation are defined in ISO/IEC 14443-3:2016, 7.
ctively.

Modulation

1 Modulation for bit rates of fc/128, fc/64, fc/32,f¢c/16, fc/8, fc/4 and fc/2

be monotonic. The rise and fall times (tg2tf) shall be measured between 10 % and
1 modulation step.

tr tr
H/HINITIAL <
1 1 2 -
b+0,9x (1-b) ] & -
b+0,1x (1-b) v & <
b 3 4 -

hunication from PCD to PICC shall use the modulation principle of ASK 10 % of the RF op
hodulation waveform shall comply with Figure 16. The rising and falling edges of the

1.1 and 7.1.2,

erating field.

modulation
90 % of the

Key

1 startoftf
2 endoft,
3 endofts
4 startoft,

Figure 16 — Type B modulation waveform
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The PCD shall generate for any bit combination a modulation waveform with a modulation index, m
— greater than 8 % for all supported bit rates, and
— less than

— 14 % for bit rates of fc/128, fc/64, fc/32 and fc/16,

— 20 % for bit rates of fc/8, fc/4 and fc/2.

The PICC shall be able to receive for any bit combination a modulation waveform with a modulation
index, m

— greater than
— both (9,5 - 1,5H/Hmin) % and 7 % for bit rates of fc/128, fc/64, fc/32 and fc/16,
— 8 %|for bit rates of fc/8, fc/4 and fc/2;
— and less|than
— 15 9% for bit rates of fc/128, fc/64, fc/32 and fc/16,
— 21 9% for bit rates of fc/8, fc/4, and fc/2.

NOTE 1 Minimum and maximum values of H are defined in Table 1 and Table 2.

The limits fqr the modulation index, m, for bit rates of fc/128,¢/64, fc/32 and fc/16 are illustrated in
Figure 17.

PICC PED

15
14
13
12
11
10

7
oL
0 Hpin 5/3 Hoin Hmax H

Key
m  [%]
H [A/m (rms)]

Figure 17 — Type B modulation index m for bit rates of fc/128, fc/64, fc/32 and fc/16

The overshoot and undershoot of the PCD modulation waveform shall remain within limits specified in
Table 11.
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NOTE

ISO/IEC 14443

Table 11 — PCD transmission: Overshoot and undershoot for all supported bit
Parameter Min Max
h¢ 0 [1 -t/ (2 % tf, max, PcD)] x 0,10 x (1 - b)
hy 0 [1-¢/ (2 x tr, max, pcp)] x 0,10 x (1 - b)

-2:2016(E)

rates

2 The maximum value of hf / hy is a function of the measured value of t¢ / ¢ and of tf max, PcD / tr, max, PCD
(see requirements above Figure 18, Figure 19, Figure 20, or Figure 21).

The PICC shall be able to receive a modulation waveform with overshoot and undershoot defined in
Table 12.

NOTH
requi

For a
— a

— d

For a

The t

Table 12 — PICC reception: Overshoot and undershoot for all supported bity
Parameter Min Max n"
he 0 [1 - tf / (2 % tf, max, Picc)]* 0,11 x (1 <b)
he 0 [1 -t/ (2 % tr, max, picc)] x 0,11 x (k= b)

3 The maximum value of h¢ / hy is a function of the set value of tf / trand of tf max, Picc / t
‘ements above Figure 18, Figure 19, Figure 20, or Figure 21).

bit rate of fc/128, the PCD shall generate a modulation wayveéform with

fall time, tg, between 0/fc and tg, max, PCD = 16/fc, and

rise time, t

- greater than both 0/fc and ¢tf - 8/fc, and

- less than both tf + 8/fc and ¢, max, PCDzz 16/fc.

bit rate of fc/128, the PICC shall be able to receive a modulation waveform with
fall time, tf, between 0/fc and ¢, max, picc = 17/fc, and

rise time, ¢t

- greater than both 0/fciand tr - 9/fc, and

- less than both tg+9/fc and tr, max, picc = 17/fc.

jming parameters for PCD and PICC are illustrated in Figure 18.

ates

| max, PICC (see

© ISO/IEC 2016 - All rights reserved
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te/[1/fc] PICC PCD
18 / /

16
14 /
12

10

Figur

For a bit ratg

— afall tir:Le, tr, between 0/fc and tf max, pcp = 14/fc, and

— arise ti
—  greg
— less

For a bit ratg

SN

012 4 6 8 10 12 14 16 18 t/[0/fc]

e 18 — Type B modulation waveform timing parameters for a bit rate of fc/128

of fc/64, the PCD shall generate a modulation waveform with

e, tr
ter than both 0/fc and t¢ - 6/fc, and
than both tf + 6/fc and tr, max, pcp =.&4/fc.

of fc/64, the PICC shall be able to receive a modulation waveform with

— afall tir:Le, tr, between 0/fc and tf i« Picc = 14/fc, and

— arise ti
—  greg
— less

The timing g

e, tr
ter than both 0/fc and tf - 7/fc, and
than both tg+7/fc and t;, max, picc = 14/fc.

arameters for PCD and PICC are illustrated in Figure 19.

26
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tr/[1/fc]

PICC PCD
15 f
14
13 /
12 /
11 /
10 i

O R N WH UTON O O

0123456 7 8 9101112134415 t;/[1/fc]

Figure 19 — Type B modulation waveform timing parameters for a bit rate of fc/64

For a|bit rate of fc/32, the PCD shall generate a modulatiod waveform with
— dfall time, tr, between 0/fc and tf max, pcp = 11/fc,'and

— 4drise time,

- greater than both 0/fc and ¢f - 4,5/fc,"and

— less than both tf + 4,5/fc and t; \niax, cp = 11/fc.
For a|bit rate of fc/32. the PICC shall'be able to receive a modulation waveform with
— dfall time, tr, between 0/fc,and tf max, picc = 11/fc, and

— 4drise time,

- greater than both 0/fc and ¢¢ - 5,5/fc, and

— less thanboth tr+ 5,5/fc and t, max, picc = 11/fc.

The timingsparameters for PCD and PICC are illustrated in Figure 20.
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te/[1/fc]

Figui

For a bit ratg

a fall ti

gre:
less

For a bit ratg

T:Le
arise time, tr
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8 /
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of fc/16, the PCD shall generate a modulation wavefoerm with

, tr, between 0/fc and ¢tf max, pcp = 8/fc, and

ter than both 0/fc and tf - 4/fc, and
than both tf + 4/fc and t;, max, pcp =8/fc.

of fc/16, the PICC shall be ablé.to receive a modulation waveform with

a fall ti
— gre:

less

The timing g

T:Le
arise time, tr

, tr, between 0/fc and trmax, picc = 8/fc, and

ter than both Q/fe-and tf - 4/fc, and
than both&+'4/fc and t;, max, picc = 8/fc.

arameters for PCD and PICC are illustrated in Figure 21.
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Fora

The t

tr/[1/fc] PICC PCD
9 / /
8 7
7 /
6
i /
4
3
2
1
0

0 1 2 3 4 5 6 7 8 9 t/[1/fc]

Figure 21 — Type B modulation waveform timing parameters for a bit rate of

bit rate of fc/8, the PCD shall generate for any bit combination a modulation waveforn
fall time, tr, between 0/fc and tf, max, pcp = 6/fc, and

rise time, t;

- greater than both 0/fc and ¢tf - 3/fc, and

— less than both t¢ + 3/fc and ¢, max $cD = 6/fc.

bit rate of fc/8, the PICC shall be able to receive for any bit combination a modulation wz
fall time, tf, between 0/fc and-tf max, Picc = 6/fc, and

rise time, t;

— greater than beth*0/fc and ¢tf - 3/fc, and

— less than both tf + 3/fc and &, max, Picc = 6/fc.

jming parameters for PCD and PICC are illustrated in Figure 22.

fc/16

h with

\veform with

© ISO/IEC 2016 - All rights reserved
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For a bit ratg
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gre:
less

For a bit rate
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‘igure 22 — Modulation waveform timing parameters for a bit rate‘of fc/8

of fc/4, the PCD shall generate for any bit combination a modulation waveform with

afall tir:[le, tr, between 0/fc and ¢tf, max, pcp = 4/fc, and

e tr
ter than both 0/fc and tr - 2/fc, and
than both tf+ 2/fc and t;, max, pcp = 4/fc.

of fc/4, the PICC shall be able to receive forlany bit combination a modulation waveforni

arise ti

gred
less

The timing g

afall tir:[le, tr, between 0/fc and ¢tf, max, picc = 4/fc, and

et
ter than both 0/fc and tf - 2/fc, and
than both tf + 2/fc and trmax, Picc = 4/fc.

arameters for PCB\and PICC are illustrated in Figure 23.

tr/[1/fc] PICC PCD
5 / /

4
3

0 1 2 3 4

5 te/[1/fc]

Figure 23 — Modulation waveform timing parameters for a bit rate of fc/4

For a bit rate of fc/2, the PCD shall generate for any bit combination a modulation waveform with

— afall time, tf, less than tf max, pcp = 3/fc, and

30
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— arise time, ¢ less than ¢y, max, pcp = 3/fc.

-2:2016(E)

For a bit rate of fc/2, the PICC shall be able to receive for any bit combination a modulation waveform with

— afall time, tf, less than tf max, Picc = 3/fc, and

— arise time, t;, less than ¢, max, picc = 3/fc.

9.1.2

.2 Modulation for bit rates of 3fc/4, fc, 3fc/2 and 2fc

See A.1.

9.1.3

9.1.3

Bit representation and coding

L1 Bit representation and coding for bit rates of fc/128, fc/64, fc/32fc/16, fc

and fc/2

Bit cd
logic

logic

9.1.3

See Al

9.2

9.2.1
See 8

ding format shall be NRZ-L with logic levels defined as follows:

1" carrier high field amplitude (no modulation applied);

‘0™ carrier low field amplitude.

2 Bitrepresentation and coding for bit rates of 3fc/4, fc, 3fc/2 and 2fc
2.

Communication PICC to PCD

Bit rate

2.1.

9.2.2
See 8

Load modulation

2.2.

9.2.3
See 8

Subcarrier

2.3.

9.2.4
The s

Subearrier modulation

ubcarrier shall be BPSK modulated. Phase shifts shall only occur at nominal position

/8, fc/4

s of rising or

falling edges of the subcarrier.

9.2.5

Bit representation and coding

Bit coding shall be NRZ-L where a change of logic level shall be denoted by a phase shift (180 degrees)
of the subcarrier.

The initial logic level for NRZ-L at the start of a PICC frame shall be established by the following
sequence.

— After any command from the PCD, a guard time TRO shall apply in which the PICC shall not generate
a subcarrier. TRO shall be greater than 1024/fc (~75,5 ps).

© ISO/IEC 2016 - All rights reserved
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This establishes an initial subcarrier phase reference g0. TR1 shall be greater than 80/fs.

transition represents a change from logic “1” to logic “0”.

70:
70 + 180°:

Subsequently, the logic level is defined according to the initial phase of the subcarrier.

represents logic “1”

represents logic “0”

The PICC shall then generate a subcarrier with no phase transition for a synchronization time TR1.

This initial phase state 0 of the subcarrier shall be defined as logic “1” so that the first phase

10 Electrd

10.1 PCD I

ymagnetic disturbance levels

Imits

The PCD sh
when meas

VE, pcp is as

2/3+3

0,81 mV
WARNING

with PICCs ¢f the other classes. Values for other classes will be specified in the future.

10.2 PICC limits

This EMD re

WARNING -+
However, th

The EMD ley

for at least the duration of the low EMD time tg, picc, when measured as specified in ISO/IEC 1037

VE, picc for “

2/3+3

0,81 mV

During this

I not detect any load modulation amplitude below Vg pcp at a field stgength H [A/m (3
red as specified in [SO/IEC 10373-6.

ollows:
H? [mV (peak)] for Hyin < H < 4,5 A/m (rms);
(peak) for 4,5 A/m (rms) < H < Hpax.

- This limit is referenced to “Class 1” only and.may be detrimental to communic

gquirement is applicable for “Class 1” PICC only.

— Requirements for the classes‘other than “Class 1” will be specified in the fu
e PICC limit for “Class 1” may.ultimately be applied to “Class 2” and “Class 3” PIC

el before PICC data trapsmission shall be below VE, picc at a field strength H [A/m (3

[lass 1” PICC is asfollows:
H? [mV (peak)] for Hmin < H < 4,5 A/m (rms);
(peak) for4,5 A/m (rms) < H < Hpax

ow (EMD time, the EMD level may exceed VE, picc for no more than two short perig

ms],

ation

ture.
Cs.

ms)],
B-6.

ds of

16/fc if

— it never exceeds 4 x Vg, picc, and

— in case of two periods, the time between the two periods is greater than 1 etu.

Figure 24 shows an illustration of such allowed EMD spikes.

NOTE

The low EMD time tg, picc is defined in ISO/IEC 14443-3.

WARNING — This limit is referenced to “Class 1” only and values for the other classes may be

specified in

32
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Figure 24 — Illustration of allowed EMD spikes
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Annex A
(normative)

Bit rates of 3fc/4, fc, 3fc/2 and 2fc from PCD to PICC

A.1 Modulation for bit rates of 3fc/4, fc, 3fc/2 and 2fc

For communiication from PCD to PICC using bit rates of 3fc/4, fc, 3fc/2 and 2fc, information is.en¢oded
by PSK modtlation of RF carrier of the operating field.

For bit rates|of 3fc/4, fc, 3fc/2 and 2fc, information is encoded by PSK modulation of the RF carrief. The

RF carrier i phase modulated with an NP at each etu. For each bit rate, the lengthtof’an etu and the
number of NPs are specified in Table A.1.

Table A.1 — etu and number of NPs

Bit rate etu number of NPs
3fc/4 (~10,17 Mbit/s) 4/fc 8
fc (~13,56 Mbit/s) 4/fc 16
3fc/2 (~20,34 Mbit/s) 2/fc 8
2fc (~27,12 Mbit/s) 2/fc 16

The differenjce between 2 consecutive NPs is defined,as'EPI, specified in Table A.2 and illustrated in
Figure A.1.

Table’A.2 — EPI

Bit rate EPI

3fc/4 (~10;17 Mbit/s) 8°
fc (=13,56 Mbit/s) 4°
3fc/2 (~20,34 Mbit/s) 8°
2fc (~27,12 Mbit/s) 4°

The difference betweenthe angle of Py and the angle of P, defines the phase range PR as illustrated in
Figure A.1.

The PCD and PICC shall respect the PR limits as specified in Table A.3 and Table A.4.

Table A-3— PR for PCD transmission

Bit rate Minimum PR Maximum PR
3fc/4, 3fc/2 54° 58°
fc, 2fc 58° 62°

Table A.4 — PR for PICC reception

34

Bit rate Minimum PR Maximum PR
3fc/4, 3fc/2 52° 60°
fc, 2fc 56° 64°
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A.1.1 NP Tolerances

Due to the limited bandwidth channel, the intended NP phase modulation is affected by inter symbol
interference (ISI) resulting in an ACP at the end of each etu. The angle of the ACP is defined as AP. This is
described in a constellation diagram with ISI;, and ISlq as specified below and illustrated in Figure A.2.

Y

ud
r—/

P,
Key
X real
Y imaginary

Figure A.1 — Nominalconstellation points
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