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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
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Introduction

-2:2020(E)

ISO/IEC 14443 (all parts) is one of a group 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 document 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 the ISO/IEC 14443 series.

Contactless card standards cover a variety of types as embodied in ISO/IEC 10536 (all parts) (close-
coupled cards), ISO/IEC 14443 (all parts) (proximity cards), and ISO/IEC 15693 (all parts) (vicinity

cards
assod

). These are intended for operation when very near, nearby and at a longer (di
iated coupling devices, respectively.

stance from
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INTERNATIONAL STANDARD ISO/IEC 14443

-2:2020(E)

Cards and security devices for personal identification —

Contactless proximity objects —

Part 2:
Radio frequency power and signal interface

1 Scope

This document specifies the characteristics of the fields to be provided for power."and bji-directional

comrmphunication between proximity coupling devices (PCDs) and proximity cards;or object

This focument does not specify the means of generating coupling fields, nior the means o

5 (PICCs).

f compliance

with [electromagnetic radiation and human exposure regulations, which-can vary depending on the

country.

ormative references

The following documents are referred to in the text inssuch a way that some or all of t
constlitutes requirements of this document. For dated neferences, only the edition cited
undated references, the latest edition of the referencéd document (including any amendme

ISO/IEC 10373-6, Cards and security devices for.personal identification — Test method
Contqctless proximity objects

ISO/IEC 14443-1:2018, Cards and security~devices for personal identification — Contactld
objects — Part 1: Physical characteristics

ISO/IEC 14443-3:2018, Cards and, security devices for personal identification — Contactld
objects — Part 3: Initialization and anticollision

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

[SO apd [EC maintain terminological databases for use in standardization at the following

— IBO Onlinte browsing platform: available at https://www.iso.org/obp

heir content
applies. For
nts) applies.
s — Part 6:

SS proximity

SS proximity

hddresses:

— [EGElectropedia: available at http://www.electropedia.org/

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

3.2
BPSK
phase shift keying where the phase shift is 180°, resulting in two phase state possibilities

3.3

modified Miller

method of bit coding whereby a logic level during a bit duration (3.1) is represented by the
pulse within the bit frame

© ISO/IEC 2020 - All rights reserved
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3.4
modulation
m

[1-b]/[1+

index

b], where b is the ratio between the modulated amplitude and the initial signal amplitude

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

3.5
NRZ-L

method of bit coding whereby a logic level during a bit duration (3.1) is represented by one of two
defined physical states of a communication medium

3.6

operating v
positions, fo
PCD complig

3.7
subcarrier

signal of frequency, f;, used to modulate a carrier of frequency, f,

3.8

Manchester
method of b
two defined
sequence de

3.9
TRO
guard time K

3.10
TR1

plume
" each PICC class, where the corresponding Reference PICC and Active Referenée PICC|show
nce with all requirements of this document for this class

t coding whereby a logic level during a bit duration (3.1).is represented by a seque:llce of
physical states of a communication medium, the order of the physical states within the
fining the logical state

etween the end of a PCD transmission angthe start of the PICC subcarrier (3.7) generjation

synchronizz{ion time between the start of thé"PICC subcarrier (3.7) generation and the start of thg PICC

subcarrier

4 Symbals and abbreviated'terms

a
ACP
AP

ASK

odulation

pulse shape factor, Type A
actualconstellation point
actual phase value

amplitude shift keying

BPSK
EMD
EPI
etu
fe

Js

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

electromagnetic disturbance, parasitically generated by the PICC
elementary phase interval

elementary time unit

frequency of operating field (carrier frequency)

frequency of subcarrier

© ISO/IEC 2020 - All rights reserved
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H equivalent homogenous magnetic field strength
HiNiTIAL field strength of the unmodulated RF field

hyys envelope overshoot for bit rates of /64, f./32, and f./16, Type A
h¢ envelope undershoot, Type B

h, envelope overshoot, Type B

ISI inter symbol interference

ISI4 inter symbol interference angle

ISI, inter symbol interference magnitude

MS1 first modulated state

MS2 second modulated state

NP nominal phase value

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

(0]0)1¢ on/off keying

Paus¢A PCD modulation pulse, Type A

9, initial phase of the subcarrier

Dy m load modulation phase

Iim INIT initial value of 2y wgaAN

1M INTER load modulationdinterstate phase drift

2\, INTER, PCD limit of &)y Gyrgg for PCD reception

1M, INTER, PICC limit of Jy yTgr for PICC transmission

M INTRA load modulation intrastate phase drift

9.\, INTRA, PCD limit of &}y ;TR for PCD reception

M, INTRA, PIEE limit of &y \NTRraA for PICC transmission

ym, YEAS interstate phase

PCD proximity coupling device

PICC proximity card or object

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

PR phase range

PSK phase shift keying

© ISO/IEC 2020 - All rights reserved 3
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radio frequency

PauseA length

PauseA "Low" time for a bit rate of f./128
PauseA rise time for a bit rate of f.,/128
PauseA rise time section for a bit rate of f,/128

PauseA "Low" time for bit rates of f./64, f./32, and f_/16

t6, max, PCD
t6, max, PICC
tp

L

tf, max, PCD

&t max, PICC

t

r
tr, max, PCD
tr, max, PICC
t

X

[N
Vims1-us
VE, pcp
VE, picc
Vima

VLMA, min, PC

VLMA, min, PICC

PauseA rise time for bit rates of f./64, f./32, and f_/16
maximum value of t5 for PCD transmission
maximum value of ¢, for PICC reception

bit duration, Type A

envelope fall time, Type B

maximum fall time for PCD transmission, Type B
maximum fall time for PICC reception, Type B
envelope rise time, Type B

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

unmodulated state

modulus of the difference between US and any MS1
EMD limit, PCD

EMD limit, PICC

loaduneodulation amplitude

minimum limit of V|, for PCD reception

minimum limit of V}; for PICC transmission

VLMA, max, PCD

ViMA, max, PICC

#

maximum limit of V} 5 for PCD reception
maximum limit of V| y;, for PICC transmission

Number

© ISO/IEC 2020 - All rights reserved
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5 General considerations

5.1

Initial dialogue

-2:2020(E)

The initial dialogue between the PCD and the PICC shall be conducted through the following consecutive
operations:

— activation of the PICC by the RF operating field of the PCD;

— the PICC shall wait silently for a command from the PCD;

5.2.1

T ST TS O ToO T O o C oo o

ancraiccinn Af 2 cosaand oy tha DCNY.
Yyt

Fansmission of a response by the PICC.

e operations shall use the RF power and signal interface specified in Clauses( to 10.
Compliance

PICC compliance

The
requi
ordef

5.2.2

5.2.2

The
requi

The H

—

|
=

I
=

=

PCD i
mang

PCD

ICC shall comply with all mandatory requirements of this.document and may supp
rements (bit rate, class, etc.). The PICC should fulfill all theZrequirements of one parti
to improve interoperability.

PCD compliance

1 General

CD shall comply with all mandatory,requirements of this document and may supy
rements (bit rate, support of PICCs pf-optional classes, etc.).

CD

hall support PICCs of "Class1", "Class 2", and "Class 3",
hay optionally support PICCs of "Class 4",

hay optionally support PICCs of "Class 5", and

hay optionalljrsupport PICCs of "Class 6".

equirenments measured with Reference PICCs 1, 2, and 3 and Active Reference PICCs 1
atory<fer all PCDs.

ort optional
tular class in

ort optional

2,and 3 are

‘equirements measured with Reference PICC 4 and Active Reference PICC 4 are onl)

y mandatory

for P

DS supporting operation with "Class 4" PICCS.

PCD requirements measured with Reference PICC 5 and Active Reference PICC 5 are only mandatory
for PCDs supporting operation with "Class 5" PICCs.

PCD requirements measured with Reference PICC 6 and Active 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 document.

© ISO/IEC 2020 - All rights reserved
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D 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 requirements of this document non-
specific to one class. The PCD manufacturer shall clearly state which class(es) are supported.

NOTE

It can be advertised as "supporting 'Class X' PICCs only" or "compliant with Class(es) X requirements only".

6 Power

transfer

A PCD which does not support all mandatory classes 1, 2, and 3 is not fully compliant with this document.

6.1 General

1

The PCD sh
PICC to tran

6.2 Frequ
The frequen
6.3 Operz

Within the mhanufacturer specified operating volumes (see 3.6), the"PCD shall generate a field str

of atleast H,
The PCD

may opt|
may opt|
— may opt
PCD require

PCD require
with "Class 4

PCD require
with "Class |

PCD require
with "Class 6

shall support PICCs of "Class 1", "Class 2", and "Class 3",

| produce a high frequency alternating magnetic field. This field inductively couples 1
sfer power and is modulated for communication.

ency

'y, /., of the RF operating field shall be 13,56 MHz + 7 kHz.

iting field strength

i, and not exceeding H,,,, under unmodulated conditions, see Table 1.

max

jonally support PICCs of "Class 4",

jonally support PICCs of "Class 5", and

jonally support PICCs of "Class'6".

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

ments measured with Reference PICC 4 are only mandatory for PCDs supporting oper
" PICCs.

ments measuted with Reference PICC 5 are only mandatory for PCDs supporting oper
" PICCs.

mentssmeasured with Reference PICC 6 are only mandatory for PCDs supporting oper
" PIECs.

o the

bngth

ation

ation

ation

Table 1 — PCD field strength

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

© ISO/IEC 2020 - All rights re

served
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The PCD shall not generate a field strength higher than the average and maximum levels specified for
all mandatory and optional classes in ISO/IEC 14443-1:2018, 4.4 (alternating magnetic field) in any
possible PICC position and orientation, measured with the associated Reference PICCs.

Test methods for the PCD operating field are defined in ISO/IEC 10373-6 and use a dedicated Reference
PICC for each class.

If the PICC meets the requirements of one particular class as specified in ISO/IEC 14443-1, then the PICC
shall operate as intended continuously between H,;, and H,,, defined for its class, see Table 2; this
includes all PICC requirements defined in this document and processing of the manufacturer specified

set of commands.

If the PICC does not claim to meet the requirements of one particular class as,[specified in
ISO/IEC 14443-1, then:

— if the PICC antenna fits within the external rectangle defined in "Class 2" as |specified in
50/1EC 14443-1, then

et

andH

— the PICC shall operate as intended continuously between H max

min defined for "Class 2",
see Table 2,

- the PICC shall pass the loading effect test defined for "Class 2%

— if the PICC antenna fits within the external rectangle or“external circle defined in|"Class 3" as
pecified in ISO/IEC 14443-1, then

(%)

— the PICC shall operate as intended continuously.between H,;, and H,,, defined for "Class 3",
see Table 2,

— the PICC shall pass the loading effect testdefined for "Class 3";

—e

Fthe PICC antenna does not claim to fitwithin the external rectangle or external cirdle defined in
"Class 2" or "Class 3" as specified in ISOYIEC 14443-1, then

-+ the PICC shall operate as intended continuously between H_;, and H, ., defined for['Class 1", see
Table 2,

—+ the PICC shall pass the\loading effect test defined for "Class 1".

NOTH1 If the PICC doestnot claim to meet the requirements of one particular class, then the requirements
defingd above are sufficientto guarantee proper operation and interoperability with PCDs.

Table 2 — PICC operating field strength

Hmin Hmax
A/m (rms) A/m (rms)
"Class 1" PICC 1,5 7,5
Class 2~ PICC I,5 09,0
"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

NOTE 2  Margins of field strength are effectively included by the test methods as specified in ISO/IEC 10373-6.
7 Signal interface

In order to transmit data to the PICC, the PCD modulates the amplitude of its alternating magnetic field
strength with modulation pulses.

© ISO/IEC 2020 - All rights reserved 7
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In order to transmit data to the PCD, the PICC passively loads the PCD alternating magnetic field and/or
actively contributes with its own alternating magnetic field. This is called load modulation.

Within the manufacturer specified operating volumes (see 3.6), the PCD shall generate modulation
pulses as described in Clauses 8 and 9 and shall be capable of receiving the minimum load modulation
amplitude.

NOTE1 As an indication of the operating volume, the manufacturer can give the operating range (e.g. 0 to
X cm) within which all requirements of this document are fulfilled.

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

Two commufiication signal intertaces, Type A and Type B, are described in Clauses 8 and 9. PCD

shall alterndte between modulation methods when idling before detecting the presence of@'PICC of
Type A or Type B.

Only one communication signal interface may be active during a communicatipn Session |until
deactivation| by the PCD or removal of the PICC. Subsequent session(s) may then prioceed with ¢ither
modulation method.

Table 3 and Table 4 illustrate the concepts described in Clauses 8 and 9.

Table 3|— Example PCD to PICC communication signals for Type A and Type B interfaces

Type A -\ "TypeB
_ ASK ~ 100 % ASK ~ 10 %
fI;llt ngt;s/ gi modified Miller NRZ-L
£./32,and £./16 Jo |1 |0 0 1J 0 | 1 \o | 0 |1
ASK ~ 10 %
bit rates of f_/8, NRZ-L

fe/4, and f/2 I ¢ 1]o]o | 1

bit rates of
3f./4 fo PSK, see 8.1.2.5.
3f./2, and 2f

NOTE 2  Fof the coding of modified Miller, see 8.1.3.1.

Table 4|— Example PIEC to PCD communication signals for Type A and Type B interfaces

Type A Type B
%\J Load modulation Load modulation
C) Subcarrier f./16 Subcarrier f./16
\%{t rate of OOK BPSK
f./128 NManchester NRZ-TC
[ o [ 1 [ o [ o N[ 1t T o [T o T 1 7]
A |

Load modulation
Subcarrier f./16
BPSK
NRZ-L

L1 ] 1]of1]ofo]o]?1]

bit rate of /64

8 © ISO/IEC 2020 - All rights reserved
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Table 4 (continued)
Type A | Type B
Load modulation
Subcarrier f,/16
BPSK
NRZ-L

bit rate of /32

[1{1]of1jojooj1]ofofofof1[1]1]1]

Load-modulation

Subcarrier equals the bit rate

bit rates of l\llsfligli
f/16,1./8, f./4,
and /2 ATOMTTolopofolTololT ool FORIOT

8 C(ommunication signal interface Type A

8.1 |Communication PCD to PICC

8.1.1] Bitrate
The Hit rate for the transmission during initialization and anticollision shall be f_/128 (~106 kbit/s).
The Hit rate for the transmission after initializdation and anticollision shall be one of the following:
— f1/128 (~106 kbit/s);
f1/64 (~212 kbit/s);
fl/32 (~424 kbit/s);
fl/16 (~848 kbit/s);
— f1/8 (~1,70 Mbit/s);
fl/4 (~3,39 Mbit/s);
fl/2 (~6,78Mbit/s);
3f./4(~10,17 Mbit/s);

— f( 13 56 Mbit/s):
cC =7 * 7>77

— 3f./2 (~20,34 Mbit/s);
—  2f.(~2712 Mbit/s).

8.1.2 Modulation

8.1.2.1 General

8.1.2.2 to 8.1.2.5 describe the modulation waveform requirements for all bit rates.

NOTE Filtering of the PCD modulation is defined in ISO/IEC 10373-6. Some extreme values can be filtered
out. This can affect the relevant timing parameter associated with the fall and rise timings as well as overshoot
and undershoot values.

© ISO/IEC 2020 - All rights reserved 9
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8.1.2.2 Modulation for a bit rate of f./128

Communication from PCD to PICC for a bit rate of f./128 shall use the modulation principle of ASK 100 %
of the RF operating field to create a PauseA as shown in Figure 1.

The envelope of the PCD field shall decrease monotonically to less than 5 % of its initial value Hyyryar,
and remain less than 5 % for t,. This envelope shall comply with Figure 1.

If the envelope of the PCD field does not decrease monotonically, the time between a local maximum
and the time of passing the same value before the local maximum shall not exceed 0,5 ps. This shall only

apply if thel

The PauseA [length t; is the time between 90 % of the falling edge and 5 % of the rising edge

ocal maximum is greater than 5 % of Hyy;riaL-

H-field signdl envelope.

In case of an

overshoot, the field shall remain within 90 % of Hyy;r1a;, and 110 % of Hjyrrar.-

H/HINITIAL

110 %
100 % 1 2
90 % i

60 %

5% -
0 % :

Key
1 startofty
2 endoft,
3 endoft,
4  startof t;
5 endoft; pnd t,, start©f t; and ¢,
Figure 1 — PauseA for a bit rate of /128
The PCD shall generate a PauseA with timing parameters defined in Table 5.
Table 5 — PCD transmission: PauseA timing parameters for a bit rate of f,/128
Parameter Condition Minimum Maximum
ty 28/f. 40,5/f.
t; > 34/f, 7/f-
& ty
t1 < 34/f, 10/f.
ts 1,5xt, 16/f,
ty 0 6/f.
10

f the
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PCD implementations may be restricted to generate a PauseA with values of t; = n/f. (n = integer).
Therefore, measurement of t; should be rounded to the closest n in the unit 1/f_.

NOTE 1

NOTE 2

The maximum value of t, is a function of the measured value of ¢;.

The minimum value of t5 is a function of the measured value of ¢,.

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

Table 6 — PICC reception: PauseA timing parameters for a bit rate of f,/128

NOTH 3

NOTE 4

For a|bit rate of f./128, the PCD shall generate a PauseA with a'rise time t5

— greater than both 0/f. and (¢4 - t,) - 24,5/f,, and

— lgss than both (¢; - t;) + 7/f.and 16/f..

For a|bit rate of /128, the PICC shall be able to réceive a PauseA with a rise time t5
— greater than both 0/f, and (t; - t,) - 26/f;and

— less than both (t; - t,) + 8/f. and 17/£

NOTHS5
t, def

The timing parameters for PED and PICC are illustrated in Figure 2.

ned in Table 5 and Table 6.

Parameter Condition Minimum Maximum
ty 27,5/f. 41/f.
ty > 34/f, 6/
t, t
t; < 34/f, 9/f.
t3 1,5x¢, /f.
ty 0 7/fe

The maximum value of ¢, is a function of the set value of ¢;.

The minimum value of t5 is a function of the set value of t,.

Minimum and maximum values of (¢; - t,) are derived from minimum and maximum v4

t3/[1/fc]
18
16
14
12 ]

PICC PCD
/ /

\lues of t; and

10 i

8

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 t{-t,/[1/f]

Figure 2 — PauseA timing parameters for a bit rate of f.,/128

© ISO/IEC 2020 - All rights reserved
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8.1.2.3 Modulation for bit rates of f./64, f./32,and f_/16

Communication from PCD to PICC for bit rates of f./64 (~212 kbit/s), f./32 (~424 kbit/s), and f./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 3.

H/HINITIAL

h ovs

1
a+0,9x(1-a)
(L+a) /2
n+n’1 x(1 —n)

N
J}hovs

Key

1  startof t{
2 endoftg

3 startof £
4 endoft

The envelop
defined in T4

a

hnd ¢, start of ¢
Figure 3 — PauseA for bit rates of f_/64, f./32, and f./16

e of the PCD fieldshall decrease monotonically to the maximum value of parameter
ible 7. Then, if the €nvelope evolution becomes non-monotonic, the difference betwee

local maxim
the differend

The paramef

lm and the lowest previous minimum (within the same PauseA) shall not exceed 0,09
e betweenthe initial amplitude and the previous lowest minimum.

"

er "a*~is*the lowest minimum within PauseA.

In case of an

la" as
n any
fimes

The PCD sha

1l generate a PauseA with timing and amplitude parameters defined in Table 7.

Table 7 — PCD transmission: PauseA parameters for bit rates of /64, f./32, and f_/16

Parameter Bit rate Minimum Maximum
f./64 0 0,18
a f/32 0 0,38
f/16 0,22 0,58
f./64 16,5/f, 20/f.
f f/32 8,0/f. 10/f,
f/16 4,0/f. 5/,

12
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e of t; and of

n = integer).

Table 7 (continued)
Parameter Bit rate Minimum Maximum
£./64 t,/2+ 4/f, f
ts f./32 t/2 + 1/f, f
£./16 tr/2 t
f./64 See requirements above Figure 4
te f/32 See requirements above Figure 5
fJ/16 See requirements above Figure 6
f /64 f /32 and
Noys i fc716 Y L=t/ (&% t6, max, pcpJ] X U,1U X (1 = (
NOTH1 The minimum and maximum values of t; are functions of the measured value of().
NOTH2 The maximum value of hyyg for PCD transmission is a function of the measured valu
t6, may pcp (S€€ requirements above Figure 4, Figure 5, or Figure 6).
PCD |mplementations may be restricted to generate a PauseA with values of t; = n/f,
Therg¢fore, measurement of ¢; should be rounded to the closest n in théunit 1/f,.
The RICC shall be able to receive a PauseA with timing and amplitude parameters defined in Table 8.
Table 8 — PICC reception: PauseA parameters for-bit rates of f./64, f./32, and f_./16
Parameter Bit rate Min AO‘ Max
f./64 0 0,2
a f./32 0 0,4
f/16 02 0,6
f./64 16/f. 20/f,
ty fe/32 8/fc 10/f,
fe/16 4/fe S/fe
f./64 t1/2 + 3/f, t
ts fe 32 t1/2+1/f t
f/16 t,/2 f
f./64 See requirements above Figure 4
te f/32 See requirements above Figure 5
f/16 See requirements above Figure 6
64, f./32,and
bess I/ 1{7/16 0 [1 -t/ (2 % t6, max, picc)] * 0,11 x (1 - 4)
NOTH 3.%/The minimum and maximum values of t; are functions of the set value of ¢;.
NOTE4  The maximum value of hgyg for PICC reception is a function of the set value of t; and of tg ..y picc (S€€

requirements above Figure 4, Figure 5, or Figure 6).

NOTE 5

For a bit rate of f./64, the PCD shall generate a PauseA with a rise time ¢,

— greater than both 0/f.and (t; - t5) - 3/f., and

— less than both (¢; - t5) + 8/f.and &g 1.y pcp = 11/fc

For a bit rate of f./64, the PICC shall be able to receive a PauseA with a rise time ¢

— greater than both 0/f, and (¢; - t5) - 4/f., and

© ISO/IEC 2020 - All rights reserved

The PauseA length t; is the time between an envelope amplitude of [a + 0,9 x (1 - a)] on the falling
edge and [a + 0,1 x (1 - d)] on the rising edge.
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— less than both (¢; - t5) + 9/f. and tg .y picc = 12/fe

NOTE6  Minimum and maximum values of (t; - t5) are derived from minimum and maximum values of t; and
ts defined in Table 7 and Table 8.

The timing parameters for PCD and PICC are illustrated in Figure 4.
te/[1/fc] PICC PCD

12

11

—_
o

L
]

S R N W » U1 O N 0 ©

0 1 2 3 4 5 6 78Y9 t-t;/[1/f]

Figure 4 — PauseA timing parameters for a bit rate of /64

For a bit ratg of f./32, the PCD shall generate a PauseA with a rise time ¢,

— greater than 0/f,, and

— less thap both (t; - t5) + 8/f, and &, Giax pcp = 9/fe-

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

— less thap both (t; - ts)+ 8/f. and tg 1ax prcc = 10/fe-

The timing garameters for PCD and PICC are illustrated in Figure 5.

NOTE7  Minimtm and maximum values of (t; - t5) are derived from minimum and maximum values of f; and
ts defined in |able 7 and Table 8.

14 © ISO/IEC 2020 - 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 ty-ts/[1/f]

Figure 5 — PauseA timing parameters for@bit rate of /32

For a|bit rate of f./16, the PCD shall generate a PauseA with ayise time ¢4

— greater than 0/f,, and

— l¢ss than both (t; - t5) + 4/f and tg .. pep =59/

For a|bit rate of f./16 the PICC shall be able tore€eive a PauseA with a rise time ¢

— greater than 0/f,, and

— lgssthan both (¢ - t5) + 4,5/f. and &g 1.4 picc = 6/fc-

NOTH8  Minimum and maximum-values of (t; - t5) are derived from minimum and maximum vz

ts deflned in Table 7 and Table 8-

The timing parameters for PCD and PICC are illustrated in Figure 6.

1lues of t; and

te/[1/fc] PICC PCD
I
Al
5
4
3
2
1
0

1

3 ti-ts/[1/fe]

Figure 6 — PauseA timing parameters for a bit rate of f,/16

© ISO/IEC 2020 - All rights reserved
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8.1.2.4 Modulation for bit rates of f./8, f./4, and f_/2

See 9.1.2.

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

For communication from PCD to PICC using bit rates of 3f./4, f_, 3f./2, and 2f_, information is encoded by
PSK modulation of RF carrier of the operating field.

For bit rates of 3f./4, f., 3f./2, and 2f_, information is encoded by PSK modulation of the RF carrier. The
RF carrier is phase modulated with an NP at each etu. For each bit rate, the length of an etu and the

cavacnncifind 10 To1o Q
TTCCT—TaoTrc—>os

number of N

The differen
Figure 7.

Key

~ 0 < X

16

real

imaging

ST T

ry

SPTCTTT

Table 9 — etu and number of NPs

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

Y A

Pu < gpy

ce between two consecutive NPs is defined as EPI, specifiéd in Table 10 and illustrated in

nomindl constellation point

the sigr]

P

alamplitude

Table 10 — EPI

Figure 7 — Nominal constellation points

Bit rate EPI

3f./4 (~10,17 Mbit/s) 8°
fe (~13,56 Mbit/s) 4°
3f./2 (~20,34 Mbit/s) 8°
2f. (~27,12 Mbit/s) 4°

© ISO/IEC 2020 - All rights reserved
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The difference between the angle of Py and the angle of P; defines the phase range PR as illustrated in
Figure 7. The PCD and PICC shall respect the PR limits as specified in Table 11 and Table 12.

Table 11 — PR for PCD transmission

Bit rate Minimum PR Maximum PR
3f./4, 3f./2 54° 58°
fo 2f; 58° 62°

Table 12 — PR for PICC reception

Due f{
symb
AP. T
Table

Bit rate Minimum PR Maximum PR
3f./4, 3f./2 52° 60°
fo 212 56° 64°

o @& < X

YA

o the limited bandwidth channel, the intended nominal phase modulation is affed
ol interference (ISI) resulting in an ACP at the end of each etu. The ahgle of the ACP
his is described in a constellation diagram with ISI , and ISI; as specified below in ]
14 and illustrated in Figure 8.

nominal constellation point

actual constellation point

<V

Figure 8 — Actual constellation points

ted by inter
is defined as
[able 13 and

NOTE

L

The maximum distance of any two ACPs related to the same NP.

See Annex A for explanation on constellation diagrams. See Annex B for explanation on ISI.

ISI; The rotation of all ACPs modulations related to one NP. It is defined as the angle between the line

ISI

m

© ISO/IEC 2020 - All rights reserved

through Py, P; and the line through any 2 ACPs with maximum distance related to the same NP.

The ISI magnitude normalized to the EPI. ISI | = arcsin(L/R)/EPI. The PCD and PICC shall respect
ISI,,, limits for all ACPs as a function of ISI; as specified in Table 13 and Table 14, and illustrated in
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Table 13 — ISI, limits for PCD transmission

Condition Minimum Maximum
IS] abs(ISIy) <90° 0 1,5 - abs(ISI;)/90°
m abs(ISIy) > 90° 0 0,5

Table 14 — ISI,, limits for PICC reception

Condition Minimum Maximum
IS] abs(ISI) <90° 0 1,6 — abs(ISI,)/90°
= abstisty="9°0 Y 076
Y
16 I
/A\\-PICC
/\‘\ f

1,4 £
71N
1,2 / \

7R\
1 7/ \\
i \
0,6 / \
0,4
-150-100 -50 O 50 100 150 X
Key
X IS, [°]
Y ISI [EPI

Figure 9 — Maximum ISI , limits for PCD and PICC

APs may varly randomly due to phasenoise. The instantaneous phase error caused by noise is defined as
the differende between the AP and the'NP of 0° of an unmodulated signal sampled at the end of each etu.
The differential phase error is defined as the difference of two consecutive instantaneous phase egrors.

The normalifed differential phase noise is the rms value of the differential phase error divided by EPI.

The normaliged differential phase noise shall be lower than 0,033 for PCD transmission and lowei than
0,035 for PIQC reception.

8.1.3 Bit llepresentation and coding

8.1.3.1 Bitrepresentation and coding for bit rates of f./128, f./64, f./32,and f_/16
The following sequences are defined:

— sequence X: after a time of half the bit duration (t,), a PauseA shall occur;

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

— sequence Z: at the beginning of the bit duration (t,), a PauseA shall occur.

Figure 10, together with the timing parameters in Table 15, illustrates sequences X, Y, and Z.

18 © ISO/IEC 2020 - All rights reserved
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tx t;

ty ty

a) Sequence X b) Sequence Y c) Sequence Z

Key
0 modulation

1 0 modulation

Figure 10 — Sequences for Type A communication PCD to PICC (logical modulation signal)

Table 15 — Parameters for sequences

Bit rate (/U
Parameter z
f./128 f./64 ~Y32 f./16
ty, 128/f. 64/f. 32/f. 16/f.
ty 64/f, 32/f. 16/f, 8/f.
t see t; of Table 5 see t; of Table 7

The gbove sequences shall be used to code the followinhg information:

— lpgic "1™ sequence X;

— lpgic"0™ sequence Yawith the following two exceptions:
i) ifthere are two or more contiguous "0"s, sequence Z $hall 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.

— sftart of communication: sequence Z;

— ¢gnd of comiunication: logic "0" followed by sequence Y;

— 1o infermation: at least two sequences Y.

Bit representation and coding is defined in 9.1.3.

Start of communication shall be as defined in ISO/IEC 14443-3:2018, 7.1.4.
End of communication shall be as defined in ISO/IEC 14443-3:2018, 7.1.5.

8.1.3.3 Bitrepresentation and coding for bit rates of 3f./4 and 3f_./2

For start of communication, the PCD shall generate a sequence of 140 NPs starting with NP of etu #1 as
specified in Table 16. The phase of the unmodulated RF carrier is defined as NP = 0°.

© ISO/IEC 2020 - All rights reserved 19
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Table 16 — Start of communication for bit rates of 3f./4 and 3f_/2

etu#| NP |etu#| NP |etu#| NP |etu#| NP |etu#| NP |etu#| NP |etu#| NP
1 24° 21 24° 41 24° 61 | -24°| 81 | -16°| 101 8° 121 | -24°
2 24° 22 24° 42 24° 62 24° 82 24° | 102 | 32° | 122 | 32°
3 -24° | 23 | -24°| 43 | -24°| 63 32° 83 | -16° | 103 8° 123 | -24°
4 =24° | 24 | -24°| 44 | -24°| 64 8° 84 -8° | 104 | -16° | 124 | 32°
5 24° 25 24° 45 24° 65 -8° | 85 16° | 105 | -16° | 125 | -24°
6 24° 26 24° | 46 | -24°| 66 16° 86 | -16° | 106 | 24° | 126 8°
7 24°1 27 | 2401 47 240 67 g° g7 24° | 107 | 240 | 127 | 240
8 -24°| 28 | -24°| 48 | -24°| 68 -8° | 88 8° 108 | 32° | 128 | 167
9 24° 29 24° 49 32° 69 16° 89 0° 109 | -16° | 129 02
10 24° 30 24° 50 32° 70 8° 90 32° | 110 0° 130°|,16°
11| -24°| 31 |-24°| 51 |-24°| 71 | -16°| 91 16° | 111 | 32° | 13¥ | 24°
12 || -24°| 32 | -24°| 52 8° 72 32° 92 32° | 112 | -169}"132 | -8°
13 24° 33 24° 53 | -16° | 73 | -24°| 93 | -16° | 113 8° 133 | -24°
14 24° 34 24° 54 24° 74 16° 94 | -16° | 114°{-8° | 134 0°
15| -24°| 35 | -24°| 55 -8° 75 8° 95 | -24° [ Q15 | -16° | 135 | 32°
16 || -24°| 36 | -24°]| 56 8° 76 8° 96 32° 116 | 24° | 136 8°
17 24° 37 24° 57 | -16° | 77 | -24°| 97 -8% | 117 | 24° | 137 8°
18 24° 38 24° 58 16° 78 | -16° | 98 ) -24°| 118 | 24° | 138 | 16°
19 || -24°| 39 |-24°| 59 16° 79 0° 99 8° 119 | 16° | 139 8°
20| -24°| 40 | -24°| 60 16° 80 -8% 100 | -24° | 120 | -16° | 140 0°

For transmigsion of each binary information symbol;the PCD shall generate a NP as specified in Table 17
as a functior] of the symbol to be sent and the PNP;

For encoding the first symbol the PCD shall use PNP = 0° (last NP of Table 16).

Table 17 — NP €ncoding for bit rates of 3f./4 and 3f_/2

Symbol |\, ’3\2/° 24° | 16° | 8° | 0° | -8° | -16° | -24°

MSBLSB | <.
000 320 | 24° | 16° | 8° | 0° | -8° | -16° | -24°
001 24° | 16° | 8° | 0° | -8° | -16° | —24° | 320
010 go | 0° | -8° | -16° | -24° | 320 | 24° | 16°
011 16° | 8 | 0° | -8° | -16° | -24° | 320 | 24°
100 NP e 3 [ 220 | 160 | & | 0° | -8° | -16°
101 —16° =24° 32° 24° 16° Qo0 Q° =°
110 0° | -8° | -16° | -24° | 320 | 24° | 16° | 8&°
111 -8° | -16° | —24° | 32° | 24° | 16° | 8° | o°

For reception of binary information symbols, the PICC shall decode the information symbol as specified
in Table 18 as a function of the received NP and the PNP.

For decoding the first symbol, the PICC shall use PNP = 0°.

20 © ISO/IEC 2020 - All rights reserved
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Table 18 — NP decoding for bit rates of 3f./4 and 3f_/2

NP PNP 32° | 24° | 16° | 8° 0° | -8° | -16° | -24°
32° 000 | 100 | 101 | 111 | 110 | 010 | 011 | 001
24° 001 | 000 | 100 | 101 | 111 | 110 | 010 | O11
16° 011 | 001 | 000 | 100 | 101 | 111 | 110 | 010
8° 010 | 011 | 001 | 000 | 100 | 101 | 111 110
Symbol
0° 110 | 010 | 011 | 001 | 000 | 100 | 101 111
-8° 111 | 110 | 010 | 011 | 001 | 000 | 100 101
=16° 101 111 110 010 011 001 000 100
-24° 100 | 101 | 111 | 110 | 010 | 011 | 001 | 000
8.1.3{4 Bitrepresentation and coding for bit rates of f. and 2f,
For start of communication, the PCD shall generate a sequence of 140 NPs, starting with NR of etu #1 as
specified in Table 19. The phase of the unmodulated RF carrier is defined asNP = 0°.
Table 19 — Start of communication for bit rates of f. and 2f,
etu#| NP |(etu#| NP [etu#| NP |etu#| NP |etu M etu#| NP (etu#||NP
1 28° 21 28° 41 28° 61 —-4° 81 32° 1 101 | -20° | 121 | -28°
2 28° 22 28° 42 28° 62 | -20°%], 82 8° 102 4° 122 | [32°
3 -28°| 23 | -28°| 43 |-28°| 63 | -12°)| 83 | -28°| 103 | -16° | 123 | [-28°
4 -28°| 24 | -28°| 44 |-28°| 64 28° 84 | -16° | 104 | 28° | 124 | |32°
5 28° | 25 28° | 45 28° | 65 16° 85 12° | 105 | 32° | 125 | |-28°
6 28° 26 28° 46 | -28°(66 | -20°| 86 | -16°| 106 8° 126 4°
7 -28°| 27 | -28°| 47 28¢ 67 | -24° | 87 28° | 107 | 12° | 127 | |24°
8 -28°| 28 | -28°| 48 [\=28°| 68 24° | 88 16° | 108 | 20° | 128 | |16°
9 28° | 29 28° | 49 32° | 69 | -12°| 89 8° 109 | -24° | 129 0°
10 28° | 30 28° ;50 32° 70 | -20°| 90 | -20°| 110 | -4° | 130 | |20°
11 | -28°| 31 |-28%] 51 |-28°| 71 20° 91 32° | 111 | 32° | 131 | [32°
12 | -28°| 32 %.-28°| 52 8° 72 4° 92 | -12°] 112 | -16° | 132 4°
13 28° 83 28° 53 | -12°| 73 16° 93 4° 113 8° 133 | j-12°
14 28° 34 28° 54 32° 74 -8° 94 4° 114 | -8° | 134 | [12°
15 | #28°| 35 | -28°| 55 0° 75 | -16° | 95 -4° | 115 | -12° | 135 | |-20°
164.528°| 36 | -28°| 56 16° 76 | -16° | 96 | -12°| 116 | 32° | 136 | |24°
17 28° 37 28° 57 -8° 77 16° 97 16° | 117 | -28°| 137 | |28°
18 28° | 38 | 28° | 58 | 28° | 78 | 28° | 98 4° 118 | -24° | 138 | [-24°
19 |-28°| 39 |-28°| 59 32° 79 | -20°| 99 | -28°| 119 | -28°| 139 | -28°
20 | -28°| 40 | -28°| 60 |-28°| 80 |-28°( 100 8° 120 8° 140 | 32°

For transmission of each binary information symbol, the PCD shall generate an NP as specified in
Table 20 as a function of the symbol to be sent and the PNP.

For encoding of the first symbol, the PCD shall use PNP = 32° (last NP of Table 19).
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Table 20 — NP encoding for bit rates of f. and 2f,

l\flggﬂlj,(s)]la PNP | 32° | 28° | 24° | 20° | 16° | 12°| 8° | 4° | 0° | -4° | -8° [-12°|-16°|-20°|-24°|-28°
0000 32° | 28° | 24° | 20° | 16° | 12°| 8° | 4° | 0° | -4° | -8° |-12°|-16°|-20°|-24°|-28°
0001 28° | 24° | 20° | 16° | 12° | 8° 4° 0° | -4° | -8° |-12°|-16°|-20° | -24°|-28°| 32°
0010 20° | 16° | 12° 8° 4° 0° | -4° | -8° |-12°|-16°|-20°|-24°|-28°| 32° | 28° | 24°
0011 24° | 20° | 16° | 12° 8° 4° 0° | -4° | -8° |-12°|-16° |-20°|-24°|-28°| 32° | 28°
0100 4° 0° -4° | -8° | -12° | -16° [-20°|-24°|-28°| 32° | 28° | 24° | 20° | 16° | 12° | 8°
0101 8° 4° 0° -4° | -8° [-12°|-16°|-20°|-24°|-28°| 32° | 28° | 24° | 20° | 16° | 12°
0110 T6° | 12° [ 8° | &° | 0° | —4° | —8° [-1Z°[-16°|-20°|-24°|-28°] 32° | 28° | 2&° ] 20°
0111 NP 12° 8° 4° 0° -4° | -8° |-12°|-16°|-20°|-24°|-28°| 32° | 28° | 24° |(20*| 16°
1000 -28° | 32° | 28° | 24° | 20° | 16° | 12° | 8° 4° 0° | -4° | -8° | -12°|-169 [=20°] -24°
1001 —-24° | -28°| 32° | 28° | 24° | 20° | 16° | 12° | 8° | 4° | 0° | -4° | -8° |-12°|-16°|-20°
1010 -16° | -20° | -24° | -28° | 32° | 28° | 24° | 20° | 16° | 12° | 8° 4° 0% -4° | -8° | -12°
1011 -20° | =24° | -28° | 32° | 28° | 24° | 20° | 16° | 12° | 8° 4° 0° \pe—4° | -8° |-12°] -16°
1100 0° -4° | -8° | -12° | -16° |-20°|-24°|-28°| 32° | 28° | 24° [720° | 16° | 12° | 8° 4°
1101 -4° | -8° | -12° | -16° | -20° |-24°|-28°| 32° | 28° | 24° | 20% )y 16° | 12° | 8° 4° 0°
1110 =12° | -16° | =20° | -24° | -28° | 32° | 28° | 24° | 20° | 16°(| 12° | 8° 4° 0° | -4°| -8°
1111 -8° | -12° | -16° | -20° | -24° |-28°| 32° | 28° | 24° |, 20> 16° | 12° | 8° 4° 0° | -4°
For receptioh of binary information symbols, the PICC shall decade the information symbol as sperfified
in Table 21 as a function of the received nominal phase value NP and the previous received nominal
phase PNP.
To decode the first symbol after the start of communication, PNP = 32° shall be used.
Table 21 — NP decoding for bit rates of f_ and 2f_
NP | PNP | 32° | 28° | 24° | 20° | 16° | 12° .'g° 4° 0° | -4° | -8° |-12°|-16°|-20°| -24° |[-28°
32° 0000|1000{1001{1011|1010|{1™N0|1111(1101|1100|{0100({0101|0111|0110|0010(0011 (0001
28° 0001|0000{1000{1001|10231010{1110(1111|1101|{1100{0100(0101|0111|0110 0010"0011
24° 0011|{0001|0000(1000/1001{1011{1010{1110{1111|1101|{1100|0100|0101|0111|0110 |[0010
20° 0010|{0011|0001|00006(1000{1001{1011{1010{1110{1111|1101|1100|{0100|0101|0111 (0110
16° 0110/0010|001%0001|{0000({1000|1001|{1011{1010(1110|1111|1101{1100(0100|0101||0111
12° 0111|0110|0010|0011{0001({0000|1000{1001{1011|1010|1110|1111{1101|1100|0100[0101
8° 0101|011346110|0010{0011{0001|0000{1000{1001|1011|1010{1110{1111|1101|11000100
4° | Sym- |010040101/0111/0110{0010{00110001|0000/1000{1001|1011}1010/1110|1111|1101 1100
0° bol 11100/0100/0101[0111{0110|0010{0011{0001|0000{1000|1001|1011|1010{1110|1111 ||1101
—40° 11071 11100101001010110111101101001010011000110000110001100111011110101111001111
-8° 1111|1101|1100{0100(0101|0111{0110{0010|0011|0001{0000{1000|1001|1011{1010|1110
-12° 1110|1111(1101{1100{0100{0101|{0111|{0110{0010|0011|0001(0000(1000{1001{1011|1010
-16° 1010(1110{1111{1101|{1100/0100{0101|0111|0110(0010(0011{0001{0000|1000|{1001|1011
-20° 1011|1010|1110{1111(1101|1100{0100{0101|0111|0110{0010{0011|0001|0000{1000|1001
-24° 1001|1011|1010{1110(1111|1101{1100{0100|0101|0111{0110{0010|0011|0001{0000{1000
-28° 1000|1001|1011|1010{1110(1111|1101|{1100{0100{0101|0111|{0110{0010({0011|0001{0000
22 © ISO/IEC 2020 - All rights reserved
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8.2 Communication PICC to PCD

8.2.1 Bitrate
The bit rate for the transmission during initialization and anticollision shall be f_./128 (~106 kbit/s).
The bit rate for the transmission after initialization and anticollision shall be one of the following:

£./128 (~106 kbit/s);
f./64 (~212 kbit/s);

/32 (~424 kbit/s);
/16 (~848 kbit/s);
/8 (~1,70 Mbit/s);
/4 (~3,39 Mbit/s);
/2 (~6,78 Mbit/s).

8.2.2| PICCload modulation transmission

8.2.2|1 General

The RICC shall be capable to communicate to the PCDjia2/inductive coupling. The field gengrated by the
PCD ghall be passively and/or actively modified by thé PICC with a subcarrier signal of frequency f..

The modification of the PCD field by the PICC is called load modulation.

The PICC transmits data by generating different states corresponding to different modifications of
the PCD field. Within the instantaneousdoad modulation signal over time, three dedicat¢d states are
defingd:
— US: unmodulated state, just before the first modulated state MS1,

:ESl: first modulated statejto produce the load modulation,

S2: second modulated state to produce the load modulation (may be equal to US).

The HICC starts load\modulation transmission by producing MS1.

Figune 11 depiets exemplarily the complex constellation plot with respect to the PCI

occul
thesd
and

arenot taken into account in this document. MS1 and MS2 persist during a certain tim
startls SR e heiramplitudeand-phaseme
in ISO/IEC 10373-6.

© ISO/IEC 2020 - All rights reserved

rences.ofall three generated states US, MS1, and MS2, as well as transition paths bety
statess Transition paths are parts of the instantaneous load modulation that occur be

[

D field, with
veen some of
tween states
e period. The

5 are defined
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8.2.2.2 An
If the PICC 1

11 section of the instantaneous load modulation during an occurrence of MS1 or MS2

unmodiilated state US

bns paths
urrence of MS1
nces of MS1
nce of MS2

ure
P (Hpcp)

— Constellation plot during part of the PICC response, depicting US, MS1, and M

hplitude Requirements

heets the requirements of one particular class as specified in ISO/IEC 14443-1, the

load modulaftion amplitude of the PICC shalDbe between V| ya min picc @a0d Vima max, picc SPecifig

its class whg
class, where

If the PICC
ISO/IEC 144

VLMA, max, PI(
PCD assemb

Table 22 spsd

H is the value of magneticfield strength in A/m (rms).

does not claim te. meet the requirements of one particular class as specifi
A3-1, then the load modulation amplitude of the PICC shall be between V| ya wmin piq
¢ specified for("Glass 1" when measured as described in ISO/IEC 10373-6, using thq
y defined for\'Class 1", where H is the value of magnetic field strength in A/m (rms).

cifies for each PICC class both the load modulation amplitude limits and the relevan

S2

n the
ed for

n measured as described inISO/IEC 10373-6, using the Test PCD assembly defined flor its

bd in
- and
b Test

[ Test

PCD assembly to measure the load modulation amplitude.
Table 22 — Load modulation nmp]ihldn limits for PICC transmission
ViMA, min, PICC ViMA, max, PicC Test PCD assembly
mV (peak) mV (peak)

"Class 1" PICC 22/H05 100 mV Test PCD assembly 1
"Class 2" PICC Min(14 ; 22/H%5) 90 mV Test PCD assembly 1
"Class 3" PICC Min(14 ; 22/H%5) 80 mV Test PCD assembly 1
"Class 4" PICC Min(18 ; 40/H0.5) 100 mV Test PCD assembly 2
"Class 5" PICC Min(14 ; 34/HO-) 90 mV Test PCD assembly 2
"Class 6" PICC Min(7 ; 26/H0.5) 80 mV Test PCD assembly 2

NOTE 1

24

Vi.MA, min, picc Was named Vy ya picc in all previous editions of this document.
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The modulus of the difference between US and any instantaneous value of any occurrence of MS1 is
named V|ys1.ys) and shall be atleast Vi ya min, picc @s defined in Table 22 and illustrated in Figure 12.

= N

Figure 12 — Constellation plot during part of the PICC response, depicting VLMA, mi

NOTHZ  Vima, min, picc IS the limit for two requirements, ¥y 5 and Vjys;.yg), as respectively defin
and illustrated in Figure 12.

8.2.2|3 Phase requirements

For efch subcarrier period:

Figuile 14 is an jllustration of &, &'1y, 2"y and A9, .

The iptrastate phase drift is the maximum of & ; variation and is defined as:

-~

s N

one small section of an occurrence of MS1 or MS2
VLMA, min, picc limit
unmodulated state US

occurrences of MS1
occurrence of MS2

D

v is defined as the argument’efall differences between sections in the occurrence of]

eulle)]

igure 13,

there is an absolutegiaximum and an absolute minimum of & ; &’ is defined as t}
ccurs first in time, J”|  is the one which occurs secondly, then

AgLM = g”LM S g’LM'

o

n, PICC limit

ed in Table 22

MS1 and the

orresponding sections in.thg occurrence of MS2 in the same subcarrier period, as illustrated in

1e one which

LM, INTRA — Max{max{4dgy y J; U) - min{min{agy v J; V),

where max(44;,) and min(44,;)) are the maximum and minimum of A4,y computed over all
occurrences of all subcarrier periods, respectively.

© ISO/IEC 2020 - All rights reserved
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Key
one small section of an occurrence of MS1 or MS2

start of ohe occurrence of MS1

end of th¢ same occurrence of MS1

end of the MS2 occurence in the same subcarrier period
start of the MS2 occurrence in the same subcarrier period
the first glement of @, ; for this subcarrier period

— m oM mg e

the last element of @, for this subcarrier period

Figure 13 — Constellation plot during part of the PICC response, depicting g, y

Ya P

X subcarfier cyeles (transitions between modulated states are not considered)
Y @, v (onedotrepresents one value derived from ISO/IEC 10373-6)

@, D dukinsthedSisubearrierperiod

P1  first element of the occurrence of MS1 and MS2

P2 lastelement of the occurrence of MS1 and MS2

@ m  15textreme value of @ for each subcarrier period
@" v 2" extreme value of @, for each subcarrier period
AD\y D1 m — Py for each subcarrier period

Figure 14 — Time domain plot during part of the PICC response, depicting @,

For PICC to PCD bit rates using a subcarrier of f./16, &\ |yTra Shall be less than &y \NTRA, max, picc = 40°
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For PICC to PCD bit rates using a subcarrier higher than f/16, ;) |ytra Should be less than
DM, INTRA, max, PICC:

For each subcarrier period, 4}y ygay is defined as the argument of the difference between

— the average complex value of the occurrence of MS1, and

— the average complex value of the occurrence of MS2,

as illustrated in Figure 15.

The interstate phase drift is the maximum @ \gay variation and is defined as:

— 4
NOTE

For P

LM, INTER = MaX (P, mean) — Min(&yy, Mean)-
There is no requirement on the initial value, i.e. first element, of &} \ ygan-
n™ MS2

‘—"‘

e N
‘ _______________ - .‘-_«."5—' -----
i Sy
»
n™ MS1

ne averaged MS1 or MS2 (averaging is defined in ISO/IEC 10373-6)
ne small section of the instantaneous load modulation during a defined state

b1m, mEaN for the nth subcarrier period
Figure 15 — Constellation plotduring part of the PICC response, depicting g y,

CC to PCD bit rates using-asubcarrier of f./16, 4} \ |yTgr Shall be less than &) |NTgR o

, MEAN

p— o
ax, PICC — 30°.

For FICC to PCD bit rates.using a subcarrier higher than f./16, &)\ |yrgr should be less than

2%
8.2.3

8.2.3
The H

NTER, max, PICC*

Subcarrier

1 General

IGC shall generate a load modulation signal only when data is to be transmitted.

8.2.3

.2 Subcarrier for bit rates of f./128, f./64, f./32,and f./16

The frequency, f,, of the subcarrier shall be f./16 (~848 kHz). Consequently, during initialization and
anticollision, one bit duration is equivalent to 8 subcarrier periods. After initialization and anticollision,
the number of subcarrier periods is determined by the bit rate.

8.2.3

.3 Subcarrier for bit rates of f./8, f./4, and f_/2

The frequency, f;, of the subcarrier shall be f./8 (~1,70 MHz), f./4 (~3,39 MHz), or f./2 (~6,78 MHz)
depending on the bit rate as specified in Table 23.

© ISO/IEC 2020 - All rights reserved
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Table 23 — Subcarrier frequency vs. bit rate

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

8.2.4 Subcarrier modulation

At the bit rate of f./128, the subcarrier is modulated using OOK with the sequences defined in 8.2.6.1.

of £ /e A /27 /16 [Q £ JA and £ /9 +ha cubhoarpinge 3 dulatad

At bit rates
sequences d

8.2.5 PCD

8.2.5.1 Anm

The PCD sh
VLMA, max, PCI

with Active Reference PICCs 1, 2, and 3, where H is the value of magnetic field Strength in A/m (rms

If the PCD st
amplitude b
using the te
magnetic fie

If the PCD sy
amplitude b
using the te
magnetic fie

If the PCD st
amplitude b
using the te
magnetic fie

Table 24 spe
and the Test

Aol 22 Wal yay
coT T ICT o rrrotraroce T

£ £ £ /
D7 O o 5 ol O ol O Jol 5 ottty = ere-Sto

efined in 8.2.6.2.
load modulation reception

hplitude requirements

hll be able to receive at least a load modulation amplitude between Vi ya wmin pcj
when measured as described in ISO/IEC 10373-6, using the testSetup as defined in Tah

pports operation with "Class 4" PICCs, it shall be able to‘receive at least a load modu
ptween Viya min, pcp @0d Vima, max, pcp When measuredtas described in ISO/IEC 103
st setup as defined in Table 24, with Active Reference PICC 4, where H is the val
d strength in A/m (rms).

pports operation with "Class 5" PICCs, it shallibe able to receive at least a load modu
ptween Viya min, pcp @04 Vima, max, pcp WHeN measured as described in ISO/IEC 103
st setup as defined in Table 24, withyActive Reference PICC 5, where H is the val
d strength in A/m (rms).

pports operation with "Class 6" PICCs, it shall be able to receive at least a load modu
etween Viya min, pcp @0d Vi yA max, pcp When measured as described in ISO/IEC 103
st setup as defined in Table—24, with Active Reference PICC 6, where H is the val
d strength in A/m (rms):

Cifies for each Active'Reference PICC the load modulation amplitude limits for PCD rece
PCD assembly to(tse to measure the PCD sensitivity.

Table 24— Load modulation amplitude limits for PCD reception

noeinag RDCK (a7t
OIS DT OTY vV T

th the

and
le 24,

).
ation

73-6,
ue of

ation
73-6,
ue of

ation
73-6,
ue of

ption

PICC Class

Subcarrier
frequency

ViMa, max, PcD
mV (peak)

PCD

Vi,
(?n,%gr‘;)eak)

Reference PICC

Test PCD assenjbly

f/16 Active Reference PICC 1

70[/[-]0,5 110 mV

>f./16 Reference PICC 1

Test PCD nccpmb]y 1

Active Reference PICC 2
Reference PICC 1

f./16
>f./16

Min(12,5; 20/H05) | 100 mV

Test PCD assembly 1

Active Reference PICC 3
Reference PICC 1

f/16
>f./16

Min(12,5 ; 20/H0.5) 90 mV

Test PCD assembly 1

4
(optional)

Active Reference PICC 4
Reference PICC 1

fJ/16
>f./16

Min(16 ; 36/H05) 110 mvV

Test PCD assembly 2

5
(optional)

Active Reference PICC 5
Reference PICC 1

f./16
>f./16

Min(13 ; 31/H05) 100 mV

Test PCD assembly 2

28
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Table 24 (continued)
PICC Class Vima, min, PcD Vima, max, pcp | Subcarrier Reference PICC Test PCD assembly
mV (peak) mV (peak) | frequency
6 ) f/16 Active Reference PICC 6
. Min(6 ; 23/H05) 90 mV Test PCD assembly 2
(optional) >f./16 Reference PICC 1
NOTE ViMA, min, pcp Was named V4 pcp in all previous editions of this document.

Figure 16, Figure 17, Figure 18, Figure 19, and Figure 20 are illustrations of the PCD and PICC minimum
load modulation amplitude limits for each class.

Y
20

18 \

16 \

14 S
O\PICC

12 N
NN PCD
10 \

/

SO N B O ®

0 1 2 3 4 S 6 7 8 9 10 X
Key

>
—

eld strength [A/m (rms)]
Y l¢ad modulation amplitude [mV (peak)]

Figure 16 — Minimum load modulation amplitude for "Class 1"
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X  field strepgth [A/m (rms)]
Y load modulation amplitude [mV (peak)]

Figure 17 — Minimum load modulation amplitude for"Class 2" and "Class 3"

Y
20 |
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16 NS RCD
14 \~\2&\
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0N 2 3 45 6 7 8 9101112131415 X

Key
X  field strepgth [Ay/m (rms)]
Y load moc1ulation amplitude [mV (peak)]

Figure 18 — Minimum load modulation amplitude for "Class 4"
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Figure 19 — Minimum load modulation amplitude for "Class 5"
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Key
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Y load modulation amplitude [mV (peak)]

Figure 20 — Minimum load modulation amplitude for "Class 6"

8.2.5.2 Phase requirements

The PCD shall be able to receive a PICC response with the following characteristics,

—_ o
gLM, INTRA UP to gLM, INTRA, max, PCD — 45°,

_ [e]
gLM, INTER UPp tO gLM, INTER, max, PCD ~ 35°,
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— any initial value of 2\ ; ;ni7-

The PCD shall provide f_ with a phase drift that does not vary more than +5° during any supported PICC
frame duration with respect to its initial phase at the very beginning.

8.2.6 Bitrepresentation and coding

8.2.6.1 Bitrepresentation and coding for a bit rate of f./128

The following sequences are defined:

— sequencg D: the carrier shall be modulated with the subcarrier for the firsft half
(50 %) of the bit duration, starting with MS1;

— sequenck E: the carrier shall be modulated with the subcarrier for the:secon half
(50 %) of the bit duration, starting with MS1;

— sequencg F: 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 fommunication: sequence D;
— end of communication: sequence F;
— no information: no subcarrier.

8.2.6.2 Bifrepresentation and coding for bitrates of f./64, f./32, f./16, f_./8, f./4,and f./2

Bit coding shall be NRZ-L with the following-definitions:

— logic "1" thecarrier shall be modulated with the subcarrier for one bit duration;

— logic"0'} the carrier shall be modulated with the inverted subcarrier for ope bit
duration;

— start of fommunication: burst of 32 subcarrier cycles (phase as logic "1") followed by inverted

subcarrier for one bit duration (phase as logic "0");

— end of communication: the carrier is not modulated with the subcarrier for one bit duration;

— no informafion: 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 f./128
(~106 kbit/s).

32 © ISO/IEC 2020 - All rights reserved
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The bit rate for the transmission after initialization and anticollision shall be one of the following:
—  f./128 (~106 kbit/s);

—  f./64 (~212 kbit/s);

—  f./32 (~424 kbit/s);

—  f./16 (~848 kbit/s);

— f./8 (~1,70 Mbit/s);

— f /4 (~3 20 MBit/S):
7 C BElaGh A

— f1/2 (~6,78 Mbit/s).

Bit bpundary tolerances and character separation shall be as defined in ISO/IEG 144433:2018, 7.1.1
and 71.2, respectively.

9.1.2 Modulation for bit rates of f./128, f_/64, f./32, f./16, f./8, f./4;and f_/2
Comrpunication from PCD to PICC shall use the modulation principle 0fASK 10 % of the RF oplerating field.

The modulation waveform shall comply with Figure 21. The riging’and falling edges of thé modulation
shall [be monotonic. The rise and fall times (t, t;) shall be measured between 10 % and[90 % of the
actudl modulation step.

ts tr
H/HINITIAL =
1 1 2 -
b+0,9 x (1-b) S 4 “
b+0,1x(1-b) \v & <
b 3 4 %

Key

1 startoft;
2 endoft,
3 endoft
4 startoft,

Figure 21 — Type B modulation waveform

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
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— less than

— 14 % for bit rates of f./128, f./64, f./32, and f_/16,

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

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

index, m

— greater than

— both (9,5-1,5 H/H,,;,,) % and 7 % for bit rates of f_/128, f./64, f./32, and f_/16,

— 8%
— and less
— 1509
J— 21 (V)
NOTE1 Th

The limits fq
Figure 22.

Key
m  [%]

for bit rates of f./8, f./4, and f_/2;

than

o for bit rates of f./128, f./64, f./32, and f./16,

o for bit rates of f./8, f./4, and f_/2.

e minimum and maximum values of H are defined in Table 1 and Table 2.

r the modulation index, m, for bit rates of f./128, f./64, f./32,and f_/16 are illustrated in

15
14
13
12
11
10

PICC PCD

7
ol
0 Hmin 5/3 Hmin

H [A/m (rms)]

H max H

Figure 22 — Type B modulation index m for bit rates of f./128, f_/64, [ /32, and J /16

The overshoot and undershoot of the PCD modulation waveform shall remain within limits specified in

Table 25.

34
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Table 25 — PCD transmission: overshoot and undershoot for all supported bit rates

Parameter | “umi Maximum
mum
hy 0 [1- ¢/ (2 * ¢t ymay pep)] * 0,10 x (1 - D)
hr 0 [1 - tr/ (2 x tr,max, PCD)] x 0,10 x (1 - b]

NOTE2  The maximum value of h¢ / h, is a function of the measured value of ¢ / t. and of t; ..« pcp / &, max, PcD
(see requirements above Figure 23, Figure 24, Figure 25, or Figure 26).

The PICC shall be able to receive a modulation waveform with overshoot and undershoot defined in
Tablez6-

Table 26 — PICC reception: overshoot and undershoot for all supported bit rates

= - .
Parameter . Maximum 0y v
mum N b‘
hf 0 [1 B tf/ (2 x tf, max, PICC)]X 0,11 X (1 - b)
hr 0 [1 - tr/ (2 X tr' max, PICC)] X 0,11 X (1 - b)

NOTH3  The maximum value of h¢ / h is a function of the set value of £/t and of ¢; .y picc / & max, picc (S€€
requifements above Figure 23, Figure 24, Figure 25, or Figure 26).

For a|bit rate of f./128, the PCD shall generate a modulation Mraveform with
— 4fall time, ¢, between 0/f. and ¢; .y pep = 16/f,, and

— 4grise time, ¢,

- greater than both 0/f. and t; - 8/f, and

— less than both ¢t + 8/f and ¢, ..., pgp = 16/f..

For a|bit rate of f./128, the PICC shall be‘able to receive a modulation waveform with
— 4fall time, ¢, between 0/f. apd-t; .y picc = 17/f., and

— 4grisetime, ¢,

- greater than both*0/f. and t; - 9/f., and

— less than hoth't; + 9/f. and ¢, .y picc = 17/

The timing parammeters for PCD and PICC are illustrated in Figure 23.
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Figure 24 — Type B modulation waveform timing parameters for a bit rate of f_/64

For a|bit rate of f./32, the PCD shall generate a modulatjex{ waveform with
— Qfall time, t, between 0/f. and t; .y pep = 11/fp.and

— 4drise time, ¢,

— greater than both 0/f_and t; - 4,5/f,, and

— less than both ¢+ 4,5/f. and ¢4 pep = 11/fc

For a|bit rate of f./32, the PICC shall be able to receive a modulation waveform with
— Qfall time, t, between O/f. ahd t¢ oy picc = 11/f, and

— 4drise time, ¢,

— greater than both 0/f.and t; - 5,5/f,, and

— less thanboth ¢+ 5,5/f. and ¢, 1oy picc = 11/f.-

The timingsparameters for PCD and PICC are illustrated in Figure 25.
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