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Foreword

ISO (the
Commis

International Organization for Standardization) and IEC (the International Electrotechnical
sion) 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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rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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etails of any patent rights identified during the development of the décument will be in thie
tion and/or on the ISO list of patent declarations received (see www.ise:0rg/patents) or the [EC
tent declarations received (see http://patents.iec.ch).

e name used in this document is information given for the convenience of users and does ndt
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rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org|/
jvord.html.
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rument was prepared by Joint Technical.@ommittee ISO/IEC JTC 1, Information technolog]
mittee SC 17, Cards and security devices for-pérsonal identification.

rth edition cancels and replaces thé-third edition (ISO/IEC 14443-2:2016), which has beeh
lly revised.

h changes compared to the previous edition are as follows:
ndment of active and passive PICC transmissions;
ndment of electromagnetic disturbance levels for all PICC classes.

hll parts in the ISO/IEC 14443 series can be found on the ISO website.

=

|back or questions on this document should be directed to the user’s national standards body.
e listing @f these bodies can be found at www.iso.org/members.html.
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Introduction

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.

(Jontactless card standards COVer a variety of types as embodied in all party) (close-
doupled cards), ISO/IEC 14443 (all parts) (proximity cards), and ISO/IEC 15693 (all parts)’[vicinity
dards). These are intended for operation when very near, nearby and at a longer distance from
a

ssociated coupling devices, respectively.

© ISO/IEC 2020 - All rights reserved v
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Cards and security devices for personal identification —

Contactless proximity objects —

Part 2:

Radic £ | sienal inters

1 Scope

—

his document specifies the characteristics of the fields to be provided for power-and bi-dir
ommunication between proximity coupling devices (PCDs) and proximity cards-or objects (PI

Q

his document does not specify the means of generating coupling fields, nor the means of cor
Uith electromagnetic radiation and human exposure regulations, whichcan vary dependin
ountry.

Q <

Normative references

[ NS

—

he following documents are referred to in the text in§uch a way that some or all of their
onstitutes requirements of this document. For dated\references, only the edition cited app
undated references, the latest edition of the referenced-document (including any amendments)

(@)

]

50/1EC 10373-6, Cards and security devices for>personal identification — Test methods —
ontactless proximity objects

—_ N

50/IEC 14443-1:2018, Cards and security devices for personal identification — Contactless p
bjects — Part 1: Physical characteristics

(@)

et

5O/1EC 14443-3:2018, Cards and security devices for personal identification — Contactless p
bjects — Part 3: Initialization and-anticollision

(@)

3 Terms and definitions

v w]

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

I50 and IEC maintain terminological databases for use in standardization at the following add

- ISO Online browsing platform: available at https://www.iso.org/obp

1+ [EGElectropedia: available at http://www.electropedia.org/

ectional
CCs).

npliance
b on the

content
lies. For
applies.

Part 6:

roximity

roximity

eSSes:

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 position of a

pulse within the bit frame

© ISO/IEC 2020 - All rights reserved
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34

modulation index

m

[1-b] /[1+ D], 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

operatihg volume

positionfs, for each PICC class, where the corresponding Reference PICC and Active Reference/PICC shoy
PCD conppliance with all requirements of this document for this class

3.7

subcarifier

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

3.8

Manchester

method |of bit coding whereby a logic level during a bit duration (34) 1s represented by a sequence of
two deflned physical states of a communication medium, the order of the physical states within the
sequencg defining the logical state

3.9

TRO

guard time between the end of a PCD transmission and\the start of the PICC subcarrier (3.7) generation
3.10

TR1

synchropization time between the start of thé -PICC subcarrier (3.7) generation and the start of the PICC
subcarr]er modulation

4 Symbols and abbreviatedterms

a pulse shape‘factor, Type A

ACP actuahconstellation point

AP actual phase value

ASK amplitude shift keying

b ratio between the modulated and initial signal amplitude, Type B

BPSK binary phase shift keying

EMD electromagnetic disturbance, parasitically generated by the PICC

EPI elementary phase interval

etu elementary time unit

fe frequency of operating field (carrier frequency)

fs frequency of subcarrier

2 © 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

Ipl inter symbol interference

814 inter symbol interference angle

ISL inter symbol interference magnitude

NIS1 first modulated state

NIS2 second modulated state

NP nominal phase value

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

QoK on/off keying

HauseA PCD modulation pulse, Type A

4o initial phase of the subcarrier

Aim load modulation phase

4im INT initial value of 7y \ ygaAN

LM, INTER load modulationdnterstate phase drift

1M, INTER, PCD limit of & ;. \NTgr for PCD reception

ALM, INTER, PICC limit of #; \; (nTgR for PICC transmission

LM, INTRA load modulation intrastate phase drift

A1LM, INTRA, PCD limit of & \NyTrA for PCD reception

LM, INTRA, PIEC limit of &y \NTRraA for PICC transmission

41M, MEAN interstate phase

3(05) 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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RF radio frequency

t PauseA length

ty PauseA "Low" time for a bit rate of f./128

ts PauseA rise time for a bit rate of f.,/128

ty PauseA rise time section for a bit rate of f,/128

ts PauseA "Low" time for bit rates of f_/64, f./32, and f_/16
te PauseA rise time for bit rates of f./64, f./32, and f./16
t6 max, PD maximum value of t; for PCD transmission

t6, max, PICC maximum value of ¢, for PICC reception

ty, bit duration, Type A

te envelope fall time, Type B

t¢ max, PD maximum fall time for PCD transmission, Type B

tf max, PI{C maximum fall time for PICC reception, Type B

t. envelope rise time, Type B

t: max, PQD maximum rise time for PCD transmission, Type B
t: max, PIEC maximum rise time for PICC reception, Type B

ty pulse position, Type A

Us unmodulated state

Vims1-us| modulus of the difference between US and any MS1
Vg pcp EMD limit, PGD

VE picc EMD limit)PICC

ViMa loadimodulation amplitude

VLMA, mid, PCD minimum limit of V|, for PCD reception

ViMA, mid, PICC minimum limit of V} y; for PICC transmission

Vi.MA, mak Bep maximum limit of V| y;, for PCD reception

VL.MA, max, PICC maximum limit of V| y, for PICC transmission

# Number

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

5.1 Initial dialogue

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

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

— the PICC shall wait ci]nnﬂy foracommand from the D(‘n;

secutive

- transmission of a command by the PCD;

- transmission of a response by the PICC.

These operations shall use the RF power and signal interface specified in Clauses &t0 10.
3.2 Compliance

5.2.1 PICC compliance

The PICC shall comply with all mandatory requirements of this<document and may support
equirements (bit rate, class, etc.). The PICC should fulfill all the'requirements of one particulat
rder to improve interoperability.

o =

5.2.2 PCD compliance

5.2.2.1 General

The PCD shall comply with all mandatory réquirements of this document and may support
requirements (bit rate, support of PICCs of optional classes, etc.).

The PCD

-+ shall support PICCs of "Class 1, "Class 2", and "Class 3",
-+ may optionally support-PICCs of "Class 4",

-+ may optionally support PICCs of "Class 5", and

-+ may optionally'support PICCs of "Class 6".

HCD requirenients measured with Reference PICCs 1, 2, and 3 and Active Reference PICCs 1, 2, 4
nandatory fer-all PCDs.

=

HCD requirements measured with Reference PICC 4 and Active Reference PICC 4 are only m4
br P€Ds supporting operation with "Class 4" PICCs.

-

optional
" class in

optional

nd 3 are

ndatory

for PCDs supporting operation with "Class 5" PICCs.

CD requirements measured with Reference PICC 5 and Active Reference PICC 5 are only mandatory

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


https://standardsiso.com/api/?name=b6175e36cdab8cf6b9810c67353218b6

ISO/IEC 14443-2:2020(E)

5.2.2.2 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 requirements of this document non-
specific to one class. The PCD manufacturer shall clearly state which class(es) are supported.

NOTE A PCD which does not support all mandatory classes 1, 2, and 3 is not fully compliant with this document.
It can be advertised as "supporting 'Class X' PICCs only" or "compliant with Class(es) X requirements only".

6 Powertramsfer

6.1 General

The PCI shall produce a high frequency alternating magnetic field. This field inductively couples to thie
PICC to fransfer power and is modulated for communication.

6.2 Frequency
The freduency, f,, of the RF operating field shall be 13,56 MHz + 7 kHz.

6.3 Operating field strength

-

Within the manufacturer specified operating volumes (see 3.6), thie PCD shall generate a field strengt
of atlea$t H_;, and not exceeding H,,, under unmodulated conditions, see Table 1.

The PCD
— shall support PICCs of "Class 1", "Class 2", and "Class'3",
— may optionally support PICCs of "Class 4",

— mayf optionally support PICCs of "Class 5", and

— mayf optionally support PICCs of "Class6".

PCD rquirements 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 operatio
with "Clpss 4" PICCs.

PCD requirements measured with Reference PICC 5 are only mandatory for PCDs supporting operatio
with "Clpss 5" PICCs.

-

PCD requirements.nieasured with Reference PICC 6 are only mandatory for PCDs supporting operatio
with "Clpss 6" PICCs.

-

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

6 © ISO/IEC 2020 - All rights reserved
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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\spe¢ified in
50/1EC 14443-1, then:

p—

—+ if the PICC antenna fits within the external rectangle defined in "Classx2" as spegified in
ISO/IEC 14443-1, then

and H

max

— the PICC shall operate as intended continuously between H defined for "Class 2",

min
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
specified 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 test'defined for "Class 3";

-+ if the PICC antenna does not claim to fit @ithin the external rectangle or external circle d¢fined in
"Class 2" or "Class 3" as specified in ISO/IEC 14443-1, then

— the PICC shall operate as intended continuously between H_;, and H, ., defined for "Clags 1", see
Table 2,

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

OTE1 If the PICC doesmnet claim to meet the requirements of one particular class, then the requjirements
efined above are sufficientto guarantee proper operation and interoperability with PCDs.

Q=

Table 2 — PICC operating field strength

Hmin Hmax
A/m (rms) A/m (rms)
"Class 1" PICC 1,5 7,5
"Class 2" PICC 1,5 8,5
"Class 3" PICC 15 85
"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 mefgtodsfortiie PCDTommumication sigmatimterface are defimed i ISO/EC 10373=6———— ]

Two communication signal interfaces, Type A and Type B, are described in Clauses 8 and 9. Tle, PC
shall alternate between modulation methods when idling before detecting the presence of.a PICC ¢
Type A qr Type B.

=

—_—

Only orle communication signal interface may be active during a communicatipnxsession unt
deactivdtion by the PCD or removal of the PICC. Subsequent session(s) may then proceed with eithe
modulation method.

—

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

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

Type A A TypeB
_ ASK ~ 100 % ASK ~ 10 %
fI;llt ngt;s/ gi modified Miller NRZ-L
ﬁ/“gz,am;fc/16Jo|1|o 0 1J 0 1\o|0|1
ASK ~ 10 %
NRZ-L

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

Io 1 o|o|1

PSK, see 8.1.2.5.

bit rates of

3fe/4 fo
3f./2, and 2f

NOTE 2 | For the coding of modified Miller, see 8.1.3.1.

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

bit rate of /64

Type A Type B
?b Load modulation Load modulation
Q Subcarrier f./16 Subcarrier f./16
K ?ﬁ rate of 00K BPSK
N f./128 Manchester NRZ-L
[ o T 1 T o [ o N[ 1 o [ o [ 1 1]
M | el
Load modulation
Subcarrier f./16
BPSK
NRZ-L

|1 ]of1]0]ofo]1]

© ISO/IEC 2020 - All rights reserved
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bit rate of /32

Table 4 (continued)
Type A | Type B
Load modulation
Subcarrier f,/16
BPSK
NRZ-L

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

bit rates of

fe/16,f/8, fc/4,
and f./2

Load modulation
Subcarrier equals the bit rate
BPSK
NRZ-L

[1[xtjojrfxir[tiojofojoftjofoftiojojoft{tojojofttioftiof 1]

8.1.1 Bitrate

1 f./128 (~106 kbit/s);
1 f./64 (~212 kbit/s);
+ f./32 (~424 kbit/s);
+ f./16 (~848 kbit/s);
+ f./8(~1,70 Mbit/s);
+ f./4 (~3,39 Mbit/s);
+ £./2 (~6,78 Mbit/s);
+ 3f./44(310,17 Mbit/s);
+ £ [F13,56 Mbit/s);

2£ /D
zZ

8§ Communication signal interface Type A

8.1 Communication PCD to PICC

The bit rate for the transmission during initializatién and anticollision shall be f_/128 (~106 kHit/s).

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

L
“Jc/ =L g

—  2f.(~27,12 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
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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 Hyy;riaL

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 fhe Tocal maximum is greater than 5 % of Hjy;raL-

The Pau
H-field s

In case

Key

Ul s W N =

The PCD

10

star{ of t;
end pf ¢,
end pf ¢,
star{ of t,

H/HimiaL
110 %
100 %

90 %

60 %

5%
0%

end pft; and t,, stastof t; and ¢,

seA length t; is the time between 90 % of the falling edge and 5 % of the rising edge\of"the
ignal envelope.

fan overshoot, the field shall remain within 90 % of Hyya;, and 110 % of HyyypyAye

Figure 1 — PauseA for a bit rate of /128

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
t 28/f. 40,5/f.
t; > 34/f, 7/f-
ty tq
t1 < 34/f. 10/f,
ts 1,5xt, 16/f.
ty 0 6/f.
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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

Parameter Condition Minimum Maximum (]
t 27,5/f. 41/f.
ty > 34/fc 6/fc
t, t
t1 < 34/f. 9/f.
t3 1,5x¢t, 17/f.
ty 0 7/fe
NOTE3  The maximum value of t, is a function of the set value of ¢;.
NOTE4  The minimum value of t; is a function of the set value of ¢,.

v w]

or a bit rate of f_/128, the PCD shall generate a PauseA with &riSe time ¢,

— greater than both 0/f.and (t; - t;) - 24,5/f., and
— less than both (t; - t,) + 7/f. and 16/f..

vl

or a bit rate of f,/128, the PICC shall be able to receive 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/f=

=z

OTES5  Minimum and maximum yalues of (t; - t;) are derived from minimum and maximum values|of t; and
th defined in Table 5 and Table 6.

—

he timing parameters for,RED and PICC are illustrated in Figure 2.

t3/[1/fc] PICC PCD
16
14
12 /
10 ]

NN

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
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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/HiriaL § g
Sy <
1 1 /‘T;
a+0,9x(1-a) 3 5 e

1  start
2 end
3 starf
4 end

The env
defined
local ma
the diffd

The par

In case (

L+a)/ <4 4
a+0,1x(1-a)
a

of t;

Df tg

of tg

bf t; and tg, start of ¢4

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

n_n

blope of the PCD field-shall decrease monotonically to the maximum value of parameter "a" 4
in Table 7. Then, if the-envelope evolution becomes non-monotonic, the difference between an|
ximum and the lowest previous minimum (within the same PauseA) shall not exceed 0,09 time
rence between the initial amplitude and the previous lowest minimum.

wn < n

n_n

hmeter "g*Js the lowest minimum within PauseA.

The PCO

shall 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

12

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/,

© ISO/IEC 2020 - All rights reserved
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Therefore, measurement of ¢; should be rounded to the closest n in thewunit 1/f,.

Table 8 — PICC reception: PauseA parameters forbit rates of f./64, f./32, and f_/1

Table 7 (continued)
Parameter Bit rate Minimum Maximum
f./64 t1/2 + 4/f. ty
ts £./32 t/2 + 1/f, f
f/16 t1/2 t
f./64 See requirements above Figure 4
te f/32 See requirements above Figure 5
7716 See TeqUITEMents above FIZUIE 6
64,f./32,and
hovs fC/ ][C//16 0 [1 - t6 / (2 x t6, max, PCD)] x 0,10 x (1 - a)
C.
NOTE1 The minimum and maximum values of t; are functions of the measured value of;¢
NOTE2  The maximum value of hyyg for PCD transmission is a function of the meastired value of |t; and of
t} max, pcp (See requirements above Figure 4, Figure 5, or Figure 6).
HCD implementations may be restricted to generate a PauseA with valdes of t; = n/f. (n = jnteger).

The PICC shall be able to receive a PauseA with timing and amplitudé parameters defined in Taple 8.

1=A)

Parameter Bit rate Min \\\\ Max
f./64 0 0,2
a f/32 0 0,4
f/16 0;2 0,6
f./64 16/f. 20/f,
ty fe/32 8/f. 10/f.
fo/16 4/fc S5/fe
f./64 t1/2 + 3/f, t
ts f32 t1/2 +1/f, t
fi./16 t1/2 t
f./64 See requirements above Figure 4
te f/32 See requirements above Figure 5
f/16 See requirements above Figure 6
Hovs fc/64'fj:c//1362' and 0 [1 -t/ (2 % t6, max, picc)] * 0,11 x (1 - a)
NOTE 3, The minimum and maximum values of t5 are functions of the set value of ;.
NOTE 4 The maximum value of hyys for PICC reception is a function of the set value of t; and of ¢ ..,

, PICC (see

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

.-\

S R N W » U1 O N 0 ©

0 1 2 3 4 5 6 7«9 t-ts/[1/f]

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

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

— gregter than 0/f,, and

— less|than both (¢, - t5) + 8/f. and tg 3% pep = 9/

For a bitfrate of f./32, the PICC shathbe able to receive a PauseA with a rise time ¢
— gregter than 0/f,, and

— less|than both (¢; - tg)+8/f. and &g 14y picc = 10/fc-

The timng parametéps-for PCD and PICC are illustrated in Figure 5.

NOTE 7 | Minimiw'and maximum values of (t; - t5) are derived from minimum and maximum values of t; and
ts definefl in Table 7 and Table 8.

14 © ISO/IEC 2020 - All rights reserved
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te/[1/fc] PICC PCD
10

AN N 0 ©

o [ N w B U

0 1 2 3 4 5 t-t;/[1/fe]

Figure 5 — PauseA timing parameters fora bit rate of /32

v wl

or a bit rate of f./16, the PCD shall generate a PauseA with< rise time ¢

- greater than 0/f,, and

— less than both (t; - t5) + 4/f, and tg .. pep =5.5/f;-

1

or a bit rate of f./16 the PICC shall be able to r&ceive a PauseA with a rise time ¢

— greater than 0/f,, and

— less than both (¢ - t5) + 4,5/f, andits 1oy prcc = 6/fc-

o

OTE8  Minimum and maximum ‘values of (t; - t5) are derived from minimum and maximum values|of t; and
L defined in Table 7 and Table 8!

o~

The timing parameters for,PCD and PICC are illustrated in Figure 6.
te/[1/fc] PICC PCD

7///

S Bk N W s T O

0 1 2 3 t-ts/[1/fc]

Figure 6 — PauseA timing parameters for a bit rate of f,/16
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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 carrijer is phase modulated with an NP at each etu. For each bit rate, the length of an etu andt

number|of NPs are specified in Table 9.

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

The difference between two consecutive NPs is defined as EPI, specified in Table 10 and illustrated in

Figure 7

Key
redl

impginary

~ 0 < X

Y A

Pu < Epy

nominal constellation point

th¢ signalamplitude

Figure 7 — Nominal constellation points

P

16

Table 10 — EPI

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

= s U =

O @ < ¢ =

N

Bit rate Minimum PR Maximum PR
3f./4, 3f./2 54° 58°
fo 2f; 58° 62°
Table 12 — PR for PICC reception
Bit rate Minimum PR Maximum PR
3f./4, 3f./2 52° 60°
fo 212 56° 64°

ue to the limited bandwidth channel, the intended nominal phase modulation is affected
ymbol interference (ISI) resulting in an ACP at the end of each etu. The angle of the ACP is dg
P. This is described in a constellation diagram with ISI , and ISI; as specified below in Tabl{
able 14 and illustrated in Figure 8.

YA

ey
real
imaginary
nominal consfellation point

actual constellation point

<V

Figure 8 — Actual constellation points

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

by inter
fined as
e 13 and

L

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

ISI; The rotation of all ACPs modulations related to one NP. It is defined as the angle between the line
through Py, P; and the line through any 2 ACPs with maximum distance related to the same NP.

ISI

m

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

Figure 9.

© ISO/IEC 2020 - All rights reserved
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Key
X ISl
Y ISI

m

APs may
the diffd
The diff

The nor

The nor
0,035 fo

8.1.3

Table 13 — ISI, limits for PCD transmission

[EPI]

I PICC reception.

8.1.3.1

1,4 £
71N
1,2 / \

\

\

0,8 // \\
0,6 /// \\\
0,4

-150-100 -50 O

Bit representation and coding

50 1000150 X

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°
m abs(ISIy) > 90° 0 0,6
Y
16 I
/A\\-PICC
/ \‘\ f

Figure 9 — Maximum ISI , limits for PCD and PICC

vary randomly due to phasetoise. The instantaneous phase error caused by noise is defined 4
rence between the AP andthe NP of 0° of an unmodulated signal sampled at the end of each eti.
erential phase error is defified as the difference of two consecutive instantaneous phase errorg.

malized differential’phase noise is the rms value of the differential phase error divided by EPI

malized differential phase noise shall be lower than 0,033 for PCD transmission and lower tha

Bit representation and coding for bit rates of f./128, f./64, f./32,and f_./16

S

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
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tx t;

ty ty

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

<y
modulation

o

1  no modulation

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

Table 15 — Parameters for sequences

Bit rate O\\
Parameter -
f./128 f/64 | /32 f./16
ty, 128/f. 64/f. 32/f. 16/f.
t 64/f 32/f. 16/f 8/f.
t see t; of Table 5 see t; of Table 7
The above sequences shall be used to code the following information:
+ logic "1™ sequence X;
+ logic"0™ sequence Y*with the following two exceptions:

i) ifithere 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.

-+ start of commu#fication: sequence Z;

—+ end of commiuinication: logic "0" followed by sequence Y;

-+ no information: at least two sequences Y.

§.1.3.2° Bitrepresentation and coding for bit rates of f./8, f./4, and f_/2

BitTepresentation and coding {3 defimed im 91-3:
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°
[§) 247 pAS) 247 46 -4~ 66 16~ [$19) -16" | 106 24" 126 o
7 =24° | 27 | -24°| 47 24° 67 8° 87 24° | 107 | 24° | 127 | 24°
8 -24°| 28 | -24°| 48 | -24°| 68 -8° | 88 8° 108 | 32° | 128 | 16°
9 24° 29 24° 49 32° 69 16° 89 0° 109 | -16° | 129 0°
10 24° 30 24° 50 32° 70 8° 90 32° | 110 0° 130 p*16°
11 | -24°| 31 |-24°| 51 |-24°| 71 | -16°| 91 16° | 111 | 32° | 431 | 24°
12 | -24°| 32 | -24°| 52 8° 72 32° 92 32° | 112 | -16% |p132 | -8°
13 24° 33 24° 53 | -16° | 73 | -24°| 93 | -16° | 113 82 133 | -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° | 415 | -16° | 135 | 32°
16 | -24°| 36 | -24°]| 56 8° 76 8° 96 328, 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° | 98:3 -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%4 100 | -24° | 120 | -16° | 140 0°

N

For trangmission of each binary information symbolfthe PCD shall generate a NP as specified in Table 1
as a fungtion of the symbol to be sent and the PNP:

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

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

)

ﬁgg‘kg}s PN )Q\z 24° | 16° | 8 | 0° | -8° | -16° | -24°
000 320 | 24° | 16° | 8° | 0° | -8° | -16° | -24°
001 24° | 16° | 8° | 0° | -8° | -16° | —24° | 320
010 8o | 0° | -8° | -16° | -24° | 32° | 24° | 16°
011 16° | 8 | 0° | -8° | -16° | -24° | 320 | 24°
100 NP e 3 [ 220 | 160 | & | 0° | -8° | -16°
101 —16° | -24° | 320 | 24° | 16° | 8 | 0° | -g°
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°.
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Table 18 — NP decoding for bit rates of 3f./4 and 3f_/2

tu #1 as

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
—3g° TIT | 110 | 010 | OIT | 00T | 000 | 100 | 10T
-16° 101 | 111 | 110 | 010 | 011 | 001 | 000 | 100
-24° 100 | 101 | 111 | 110 | 010 | 011 | 001 | 000
§.1.3.4 Bitrepresentation and coding for bit rates of f. and 2f,
Hor start of communication, the PCD shall generate a sequence of 140 NPs, starting with NP of ¢
specified in Table 19. The phase of the unmodulated RF carrier is defined.ds NP = 0°.
Table 19 — Start of communication for bit rates.of f. and 2f,
etu#| NP |etu#| NP [etu#| NP [etu#| NP [etu#| NP [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°4) 82 8° 102 4° 122 | 32°
3 -28°| 23 | -28°| 43 |-28°| 63 | -12%y 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 | <8%*| 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° 33 28° 53 | -12°| 73 16° 93 4° 113 8° 133 | -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°
16..]<-28°| 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 [ -26°[ 40 [-28°] 60 |-28°] 60 [ -26°| 100 8° 120 (S5 140 | 52°

For transmission of each binary information symbol, the PCD

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).

© ISO/IEC 2020 - All rights reserved
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Table 20 — NP encoding for bit rates of f. and 2f,

l\?lggﬂlj,(s)]g 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 16° | 12° 8° 4° 0° | -4° | -8° |-12°|-16°|-20°|-24°|-28°| 32° | 28° | 2497}, 20°
0111 12° 8° 4° 0° -4° | -8° |-12°|-16°|-20°|-24°|-28°| 32° | 28° | 24° (~20°"| 16°
1000 NP -28° | 32° | 28° | 24° | 20° | 16° | 12° | 8° | 4° | 0° | -4° | -8° |-12°| -16%]-20° | -24
1001 -24° | -28° | 32° | 28° | 24° | 20° | 16° | 12° | 8° | 4° | 0° | -4° | -8° |\x12°|-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° | 02 \| »4° | -8° |-12°|-16
1100 0° -4° | -8° | -12° | -16° |-20°|-24°|-28°| 32° | 28° | 24° | \2Q% | 16° | 12° | 8° | 4°
1101 -4° | -8° | -12° | -16° | -20° |-24°|-28°| 32° | 28° | 24° | 20°24716° | 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 reception of binary information symbols, the PICC shall decode the information symbol as specifie
in Table| 21 as a function of the received nominal phase value-NP and the previous received noming

phase PNP.

To decodle 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&.\B° 4° 0° | -4° | -8° [-12°|-16°|-20°|-24°|-28

32° 0000{1000{1001|1011|101041410|1111{1101|1100|0100|0101|0111{0110{0010{0011|0001
28° 0001/0000|1000|1001|1011|{1010{1110{1111|1101|1100|{0100{0101{0111|{0110{0010 {0011
24° 0011/0001{0000|100043001|1011|{1010|1110{1111|{1101|1100{0100{0101|0111|{0110|001

20° 0010|0011{0001|0000(1000|{1001|1011|{1010|1110{1111|1101{1100{0100|0101{0111|011d
16° 0110|{0010(001140001|0000|{1000|1001|{1011|1010{1110|1111|1101{1100|0100({0101|0111
12° 0111{0110{p01070011(0001|0000|1000|1001|{1011|{1010|{1110|1111|1101({1100|0100|0101
8° 0101|01114(0110{0010|0011{0001{0000|1000(1001|1011|{1010(1110{1111|1101|1100{010

4° | Sym- |0100]0#01/0111|0110/0010|{0011|0001|0000|1000|{1001|1011|1010|1110|1111|1101|110

0° Hol 1110040100(0101|0111|0110|0010{0011{0001|0000|1000|1001|1011|1010|1110|1111|110]
-4° 1401{1100|0100{0101|0111{0110|{0010(0011{0001|0000{1000|1001|1011|1010|1110|1111
-8° 1111|1101|1100{0100{0101|0111|{0110{0010|0011{0001{0000|1000|1001|1011|{1010|111(¢
-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 kb

020(E)

it/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);

L £./32 (~424 kbit/s);

L £./16 (~848 kbit/s);

L £./8 (~1,70 Mbit/s);
L f./4 (~3,39 Mbit/s);

- f./2 (~6,78 Mbit/s).
§.2.2 PICCload modulation transmission

§.2.2.1 General

The PICC shall be capable to communicate to the PCD, viatinductive coupling. The field generate
HCD shall be passively and/or actively modified by the-PICC with a subcarrier signal of frequen

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

The PICC transmits data by generating different states corresponding to different modifica
the PCD field. Within the instantaneousdoad modulation signal over time, three dedicated st
defined:

-+ US:unmodulated state, just efore the first modulated state MS1,

— MS1: first modulated state'to produce the load modulation,
-+ MS2: second moduldted state to produce the load modulation (may be equal to US).
The PICC starts load-modulation transmission by producing MS1.

Higure 11 depicts exemplarily the complex constellation plot with respect to the PCD fie
dccurrences.of all three generated states US, MS1, and MS2, as well as transition paths between
these stat€s,'Transition paths are parts of the instantaneous load modulation that occur betwe

startand end of each occurrence of all states, and their amplitude and phase measurements are

d by the
Cy fe-

tions of
ates are

1d, with
some of
bn states
iod. The
defined

?d arewmot taken into account in this document. MS1 and MS2 persist during a certain time per

ih 180/IEC 10373-6.

© ISO/IEC 2020 - All rights reserved
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8.2.2.2

trajsitions paths

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

modulated state US

t occurrence of MS1
urrences of MS1
urrence of MS2
hdrature

bhase (Hpcp)

e 11 — Constellation plot during part of the PICCresponse, depicting US, MS1, and MS2

Amplitude Requirements

If the PI
load mo
its class

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

If the IICC does not claim te‘meet the requirements of one particular class as specified i

ISO/IEC

ViMa, mak, picc specified for“Glass 1" when measured as described in ISO/IEC 10373-6, using the Tes

PCD ass

Table 27
PCD ass

CC meets the requirements of one particular class as specified in ISO/IEC 14443-1, then thee
dulation amplitude of the PICC shallbe between Vja nin picc @0d Viva, max, picc SPecified fqr
when measured as described in ISO/IEC 10373-6, using the Test PCD assembly defined for itfs

[e )

14443-1, then the load modulation amplitude of the PICC shall be between V| yz min picc @n

[

bmbly defined for"Class 1", where H is the value of magnetic field strength in A/m (rms).

(i

| specifies fot/edch PICC class both the load modulation amplitude limits and the relevant Teg
embly to measure the load modulation amplitude.

Table 22 — Load modulation amplitude limits for PICC transmission

Vs mm,pice Vv maxpice FestPCh-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
NOTE1 = Vima min picc Was named Vyya 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.

-~

s N

Key

o one small section of an occurrence of MS1 or MS2
- = Vima, min, picc limit

B unmodulated state US

B occurrences of MS1

d occurrence of MS2

NOTE2  Vima, min, picc IS the limit for two requirements, ¥y, and Vys;.ys), as respectively defined in
and illustrated in Figure 12.

§8.2.2.3 Phase requirements

1

or each subcarrier period:

+ Oy is defined as the argumentofall differences between sections in the occurrence of MS]
corresponding sections in the‘occurrence of MS2 in the same subcarrier period, as illust

Figure 13,

—+ there is an absolute(maximum and an absolute minimum of &, \; &’ is defined as the o]
occurs first in timeyd”| ; is the one which occurs secondly, then

T AgLM = g”LM & WLm-

wl

igure 14 is an'illustration of &\, &'1 \, 2"\ and 4G, .

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

P 1, inTrA = Max(max (44, y); 0) - min(min(44,y); 0),

Higure 12 — Constellation plot during part of the PICGresponse, depicting VLMA, min, PICC limit

Table 22

and the
rated in

e which

where max(4¢;y) and min(44;)) are the maximum and minimum of 4@, computed
occurrences of all subcarrier periods, respectively.

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

star{ of one occurrence of MS1

end pf the same occurrence of MS1

end pf the MS2 occurence in the same subcarrier period
starf of the MS2 occurrence in the same subcarrier period
the first element of @, ; for this subcarrier period

— m oM mg e

the lpst element of @, for this subcarrier period

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

Ya P

X supcarrier cycles-(transitions between modulated states are not considered)
Y @[y (onedotfepresents one value derived from ISO/IEC 10373-6)

@, Dy ddring the 15t subcarrier period

P1  firpt€lement 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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https://standardsiso.com/api/?name=b6175e36cdab8cf6b9810c67353218b6

ISO/IEC 14443-2:2020(E)

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.

T

=

8

he interstate phase drift is the maximum @ \; ygay variation and is defined as:

Iy, inTER = MaX(Fy Mean) — MIin(@yy, mean)-

OTE There is no requirement on the initial value, i.e. first element, of &} \ ygan-
n™ MS2
.-"A
L N
‘ --------------- . _‘__’,.:'-'- """""
»
n®™ MS1
ey
one averaged MS1 or MS2 (averaging is defined in [SO/IEC 10373-6)
one small section of the instantaneous load moduldtion during a defined state
@1, mean for the nth subcarrier period
Figure 15 — Constellation plot during part of the PICC response, depicting g, y; vgA
or PICC to PCD bit rates using a subcarrier of f/16, @ \; |yt Shall be less than Z) y \NTER max, p

or

PICC to PCD bit ratés)using a subcarrier higher than f/16, &y yTer Should be lg

LM, INTER, max, PICC-

.2.3 Subcarrier

.2.3.1 General

he PICE-shall generate a load modulation signal only when data is to be transmitted.

AN
cc =30°.
ss than

.22.3.2  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 b
At bit rd
sequenc

8.2.5

8.2.5.1

The PCI
VLMA, ma
with Act

If the P(
amplitu
using tH

magnetifc field strength in A/m (rms).

If the P(
amplitu
using tH

magnetic field strength in A/m (rms).

If the P(
amplitu
using tH

magnetifc field strength in A/m (rms)t

Table 24
and the

t rate of f_/128, the subcarrier is modulated using OOK with the sequences defined in 8.2¢6.].
tes offc/64 f/32, f./16, f./8, f./4, and f_./2, the subcarrier is modulated using BPSK with| the
es defined in 8.2.6.2.

PCD load modulation reception

Amplitude requirements

jom

shall be able to receive at least a load modulation amplitude betWeén V| ya min pcp AN
| pcp When measured as described in [ISO/IEC 10373-6, using the test setup as defined in Table 24,
ive Reference PICCs 1, 2, and 3, where H is the value of magnetic field’strength in A/m (rms).

D supports operation with "Class 4" PICCs, it shall be able te’receive at least a load modulatiop
le between Vi ya min, pcp @0d Vima max, pcp When measured as described in ISO/IEC 10373-6,
e test setup as defined in Table 24, with Active Reference PICC 4, where H is the value qf

D supports operation with "Class 5" PICCs, it shallBe able to receive at least a load modulation
le between Vi ya min pcp @0d Vima max, pcp When measured as described in ISO/IEC 10373-6,
e test setup as defined in Table 24, with Active Reference PICC 5, where H is the value qf

D supports operation with "Class 6"PICCs, it shall be able to receive at least a load modulation
le between Vi ya min pcp a0 Viatisiax, pcp When measured as described in ISO/IEC 10373-6,
e test setup as defined in Table 24, with Active Reference PICC 6, where H is the value qf

specifies for each ActiveReference PICC the load modulation amplitude limits for PCD receptio
[est PCD assembly to-us€ to measure the PCD sensitivity.

=}

Table 24— Load modulation amplitude limits for PCD reception

PICC Clgss " Ui, 1D Vima,max pep| Subcarrier Reference PICC Test PCD assembly
R (peak) mV (peak) | frequency
f/16 Active Reference PICC 1
1 20/H0.5 110 mV Test PCD assembly 1
>f./16 Reference PICC 1
2 Min(12,5; 20/H%5) | 100 mV o e e st PCD assembly 1
>f./16 Reference PICC 1
) f/16 Active Reference PICC 3
3 Min(12,5 ; 20/H0.5) 90 mV Test PCD assembly 1
>f./16 Reference PICC 1
4 i fJ/16 Active Reference PICC 4
. Min(16 ; 36/H0.5) 110 mV Test PCD assembly 2
(optional) >f./16 Reference PICC 1
5 ) f/16 Active Reference PICC 5
; Min(13; 31/H05) 100 mV Test PCD assembly 2
(optional) >f./16 Reference PICC 1

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
lpad 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 5 6 7 8 9 10 X
Hey

>

field strength [A/m (rms)]
Y load modulation amplitude [mV (peak)]

Figure 16 — Minimum load modulation amplitude for "Class 1"
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20
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10 R

oSO N B O @©
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Key
X  field|strength [A/m (rms)]
Y load|modulation amplitude [mV (peak)]

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

Y
20 |
18

16 NS JPep
14 \~\2&\
12 -
10 =

S N B O

001 2 3 45 6 7 8 9101112131415 X

Key
X  field|strength JA/m (rms)]
Y load|modulationh 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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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°,

© ISO/IEC 2020 - All rights reserved
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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 foll vviug SCUUTIICES dI T defitred:

-

— seqiience D: the carrier shall be modulated with the subcarrier for the firsb ha
(50 %) of the bit duration, starting with MS1;

— sequience E: the carrier shall be modulated with the subcarrier for,thesecond ha|f
(50 %) of the bit duration, starting with MS1;

— seqiience F: the carrier is not modulated with the subcarrier‘for one bit duration
Bit codi]:g shall be Manchester with the following definitions:

— logig "1™ sequence D;

— logig "0": sequence E;

— stant of communication: sequence D;

— end|of communication: sequence F;

— no ipformation: no subcarrier.

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

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

— logig "1™ the'earrier shall be modulated with the subcarrier for one bit duration;

— logig"0™: the carrier shall be modulated with the inverted subcarrier for one bjt
duration;

— starift of communicatien: burst of 32 subcarrier cycles (phase as logic "1") followed by invertefd

subcarrier for one bit duration (phase as logic "0");
— end|of commtnication: the carrier is not modulated with the subcarrier for one bit duration|

— no ipformation: 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).
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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);

— £/8(~170 Mhit/s);

4+ f./4 (~3,39 Mbit/s);
+ f./2 (~6,78 Mbit/s).

Hit boundary tolerances and character separation shall be as defined in ISO/IECx14443-3:20{18, 7.1.1
and 7.1.2, respectively.

9.1.2 Modulation for bit rates of f./128, f_/64, f./32, f./16, f./8, f./4,and f_/2

(Jommunication from PCD to PICC shall use the modulation principle of'ASK 10 % of the RF operatfing field.

—

he modulation waveform shall comply with Figure 21. The rising and falling edges of the modulation
hall be monotonic. The rise and fall times (t, t;) shall be measured between 10 % and 90 o of the
ctual modulation step.

D 0

ts tr

St
=
H/HINITIAL

1 1 2 -
b+0,9x(1-b) X P
b+0,1x(1-b) R b

b 3V 4 -

hg

Key

1| Cstartoft;
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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— lessthan
— 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 % for bit rates of f_/8, f./4, and f./2;
— and|less than
— |15 % for bit rates of f./128, f./64, f./32, and f_/ 16,
— |21 % for bit rates of /8, f./4, and f./2.

NOTE 1 | The minimum and maximum values of H are defined in Table 1 and Table™2\

The limjts for the modulation index, m, for bit rates of f./128, f./64, f./32yand f_/16 are illustrated ip
Figure 22.
PICC PCD

15
14
13
12
11
10

7
ol
0 Hyt 5/3 Hin Hmax  H

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

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

The overshoot and undershoot of the PCD modulation waveform shall remain within limits specified in
Table 25.
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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 undershootcdg
Table 26.

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

P W
Parameter — Maximum b‘b‘
mum '\
hf 0 [1 B tf/ (2 x tf, max, PICC)]X 0'11 A (1 - b)
hr 0 [1 - tr/ (2 X tr' max, PICC)] X 0,11 X (1 - b)

=z

OTE3  The maximum value of h¢ / h, is a function of the set value ofitz/ t. and of &; .y picc / t may
bquirements above Figure 23, Figure 24, Figure 25, or Figure 26).

—

1

or a bit rate of f_/128, the PCD shall generate a modulationr'waveform with

- afall time, t; between 0/f, and t; .y pcp = 16/f,, and
1 arisetime, ¢,

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

— lessthanboth t¢+ 8/f and ¢, ;.. pep = 16/f..

1

or a bit rate of f_/128, the PICC shall be able to receive a modulation waveform with

— afall time, t; between 0/f, and t; .y picc = 17/f,, and
- arisetime, ¢,

— greater than both/0/f_ and t; - 9/f,, and

— less than both t¢+ 9/f. and ¢, 1.y picc = 17//-

—

he timing pasameters for PCD and PICC are illustrated in Figure 23.
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Fjgure 23 — Type B modulation waveform timing parameters.for a bit rate of f./128

For a bifrate of f./64, the PCD shall generate a modulation waveform with
— afall time, ¢, between 0/f, and ¢ ..« pcp = 14/f., and
— arige time, t,
— |greater than both 0/f.and ;- 6/f., and
— [less than both t¢ + 6/f. and ¢, ;.. pcp =34/f-
For a bitrate of f./64, the PICC shall be able.fo'receive a modulation waveform with
— afall time, ¢, between 0/f; and t¢, .5« picc = 14/f,, and
— arige time, t,
— |greater than both 0/f_‘and ¢; - 7/f,, and
— |less than both t&+7/f and ¢, .y picc = 14/f-

The timIng parametersfor PCD and PICC are illustrated in Figure 24.
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Figure 24 — Type B modulation waveform timing parameters for a bit rate of f_/6

vl

or a bit rate of f./32, the PCD shall generate a modulation‘waveform with

— afall time, t;, between 0/f, and t; ... pcp = 11/f,,,and

— arise time, t.
— greater than both 0/f. and ¢; - 4,5/f,-and
— less than both ¢¢+ 4,5/f. and t; .5y pep = 11/f;.

vl

or a bit rate of f./32, the PICC shall'\be able to receive a modulation waveform with

- afall time, t; between 0/fyand t¢ .y picc = 11/f, and

— arise time, t.
— greater thag-both 0/f.and t; - 5,5/f,, and
— less thanyboth ¢¢+ 5,5/f. and ¢, 1oy picc = 11/f.-

—

he timing parameters for PCD and PICC are illustrated in Figure 25.
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