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Identification and Data Capture Techniques, Cards and Security Devices Sectional Committee, LITD 16

NATIONAL FOREWORD

This Indian Standard (Part 2) which is identical with ISO/IEC 14443-2 : 2020 ‘Cards and security devices for personal
identification Contactless proximity objects Part 2: Radio frequency power and signal interface’ issued by the
International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC) jointly was
adopted by the Bureau of Indian Standards on the recommendation of the Identification & Data Capture Techniques,
Cards and Security Devices Sectional Committee and approval of the Electronics and Information Technology Division
Council.
Other parts in this series are:

Part 1 Physical characteristics

Part 3 Initialization and anticollision

Part 4 Transmission protocol

Amendment 1: Dynamic power level management (Published in 2021) is necessary adjunct to this standard and is given at
the end of this standard.

The text of ISO/IEC Standard has been approved as suitable for publication as an Indian Standard without deviations.
Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the
following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be read as ‘Indian

Standard’.
by Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is to use a point (.)

as thedecimal maker.

In this adopted standard, reference appears to certain International Standards for which the Indian Standard also exists. The
corresponding Indian Standard which is to be substituted in its respective place is listed below along with its degree of
equivalence for the edition indicated:

International Standard Corresponding Indian Standard Degree of Equivalence

ISO/IEC 10373-6  IS/ISO/IEC 10373-6 : 2016 Cards and Identical with
Cards and security devices for  security devices for personal identification — ISO/IEC 10373-6 - 2016

personal identification — Test  Tegt methods: Part 6 Contactless proximity
methods — Part 6: Contactless

proximity objects objects

ISO/IEC 14443-1 : 2018 IS/ISO/IEC 14443-1 : 2018 Cards and Identical with
Cards and security devices for  security devices for personal identification ISO/IEC 14443-1: 2018
personal identification = — Contactless proximity objects: Part 1

Contactless proximity objects  Physical characteristics
Part 1: Physical characteristics

ISO/IEC 14443-3 : 2018 IS/ISO/IEC 14443-3 : 2018 Cards and Identical with

Cards and security devices security devices for .pe'rsonal. identification ISO/IEC 1444323 - 2018
for personal identification — Contactless proximity objects: Part 3

contactless proximity objects Initialization and  anticollision  (under
Part 3: Initialization and  development)
anticollision

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed
or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 2022 ‘Rules for
rounding off numerical values (second revision)’. The number of significant places retained in the rounded off value
should be the same as that of the specified value in this standard.
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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.

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). These are intended for operation when very near, nearby and at a longer distance from
associated coupling devices, respectively.



IS/ISO/IEC 14443-2 : 2020

Indian Standard

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 bi-directional
communication between proximity coupling devices (PCDs) and proximity cards or objects (PICCs).

This document does not specify the means of generating coupling fields, nor the means of compliance
with electromagnetic radiation and human exposure regulations, which can vary depending on the
country.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 10373-6, Cards and security devices for personal identification — Test methods — Part 6:
Contactless proximity objects

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

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

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: 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 position of a
pulse within the bit frame


https://www.iso.org/obp/ui
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3.4

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

operating volume

positions, for each PICC class, where the corresponding Reference PICC and Active Reference PICC show
PCD compliance with all requirements of this document for this class

3.7
subcarrier
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 (3.1) is represented by a sequence of
two defined physical states of a communication medium, the order of the physical states within the
sequence 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

synchronization time between the start of the PICC subcarrier (3.7) generation and the start of the PICC
subcarrier modulation

4 Symbols and abbreviated terms

a pulse shape factor, Type A

ACP actual constellation 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
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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

PauseA PCD modulation pulse, Type A

9, initial phase of the subcarrier

Dy m load modulation phase

Dim INIT initial value of 2y mgan

M, INTER load modulation interstate phase drift

9.\, INTER, PCD limit of &y |yTgg for PCD reception

M, INTER, PICC limit of &y yTgg for PICC transmission

9\ INTRA load modulation intrastate phase drift

M, INTRA, PCD limit of &}y ;TR for PCD reception

DM, INTRA, PICC limit of &y \NTRraA for PICC transmission

9\ M, MEAN 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
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RF

t6, max, PCD
t6, max, PICC
tp

L

tf, max, PCD

&t max, PICC

t

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

X
US

V|MSl-US|

VE, PCD

VE, PICC

VLMA

VLMA, min, PCD
VLMA, min, PICC
VLMA, max, PCD

ViMA, max, PICC

#

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
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

load modulation amplitude

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

Number
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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 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;
— 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 6 to 10.
5.2 Compliance

5.2.1 PICC compliance

The PICC shall comply with all mandatory requirements of this document and may support optional
requirements (bit rate, class, etc.). The PICC should fulfill all the requirements of one particular class in
order to improve interoperability.

5.2.2 PCD compliance

5.2.2.1 General

The PCD shall comply with all mandatory requirements of this document and may support optional
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".

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

PCD requirements measured with Reference PICC 4 and Active Reference PICC 4 are only mandatory
for PCDs 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.
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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 Power transfer

6.1 General

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

6.2 Frequency
The frequency, 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), the PCD shall generate a field strength

of atleast 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",

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

— may optionally support PICCs of "Class 6".

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

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

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

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

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
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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
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 within the external rectangle or external circle defined 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 "Class 1", see
Table 2,

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

NOTE 1 If the PICC does not claim to meet the requirements of one particular class, then the requirements
defined above are sufficient to 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 1,5 8,5
"Class 3" PICC 1,5 8,5
"Class 4" PICC 2,0 12
"Class 5" PICC 2,5 14
"Class 6" PICC 4,5 18

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.
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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 communication signal interfaces, Type A and Type B, are described in Clauses 8 and 9. The PCD
shall alternate between modulation methods when idling before detecting the presence of a PICC of
Type A or Type B.

Only one communication signal interface may be active during a communication session until
deactivation by the PCD or removal of the PICC. Subsequent session(s) may then proceed with either
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 Type B
_ 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 o[ 1]o]o | 1

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

Type A Type B
Load modulation Load modulation
Subcarrier f./16 Subcarrier f./16
bit rate of 00K BPSK
f./128 Manchester NRZ-L
[ o [ 1 [ o [ o JI[_1 [ o [ 0 [ 1 ]
e ] SRR ]

Load modulation
Subcarrier f./16
BPSK
NRZ-L

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

bit rate of /64
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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[xtjofrfxir[tiojofojoftjofoftiojojoft{tjojojofttioftiofiii]

8 Communication signal interface Type A

8.1 Communication PCD to PICC

8.1.1 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);
—  f./4 (~3,39 Mbit/s);

— f./2 (~6,78 Mbit/s);

—  3f./4 (~10,17 Mbit/s);

—  f.(~13,56 Mbit/s);
— 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.
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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 Hyyyar,
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 the local maximum is greater than 5 % of Hyy;riaL-

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

H-field signal envelope.

In case of an overshoot, the field shall remain within 90 % of Hjy;r1a;, and 110 % of HyyypiaL-

Key

Ul s W N =

The PCD shall generate a PauseA with timing parameters defined in Table 5.

10

H/HINITIAL

start of t;
end of t;
end of ¢,
start of ¢,

Table 5 — PCD transmission: PauseA timing parameters for a bit rate of f,/128

110 %
100 %
90 %

60 %

5%
0%

end of t; and t,, start of t; and ¢,

Figure 1 — PauseA for a bit rate of /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_.
NOTE1 The maximum value of ¢, is a function of the measured value of ¢;.
NOTE2 The minimum value of ¢5 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
ty 27,5/f. 41/f.
ty > 34/f, 6/
t, ty
t; < 34/f, 9/f.
t3 1,5x¢, 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 t5 is a function of the set value of ¢,.

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

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

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

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

NOTE5  Minimum and maximum values of (¢; - t,) are derived from minimum and maximum values of £; and

t, defined in Table 5 and Table 6.

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

t3/[1/f] PICC PCD
18 / /
16
14
12
10 /
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

11
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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
~
1 1—
a+0,9x(1-a) 3 7 G
(L+a) /2 4 2

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

Key

1 startoft

2 endoftg

3  startoftg

4 end of ¢; and tg, start of ¢4

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

n_n

The envelope of the PCD field shall decrease monotonically to the maximum value of parameter "a" as
defined in Table 7. Then, if the envelope evolution becomes non-monotonic, the difference between any
local maximum and the lowest previous minimum (within the same PauseA) shall not exceed 0,09 times
the difference between the initial amplitude and the previous lowest minimum.

The parameter "a" is the lowest minimum within PauseA.
In case of an overshoot, the field shall remain within Hjypiar * (1 = hyyg) and Hyypppa, X (1 + A

OVS) '

The PCD 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

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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Table 7 (continued)
Parameter Bit rate Minimum Maximum
f./64 t1/2 + 4/f. t1
ts £./32 6/2+ 1f, f
f/16 t1/2 t
f./64 See requirements above Figure 4
te f/32 See requirements above Figure 5
fJ/16 See requirements above Figure 6
64,f./32,and
hovs fC/ ]{C//16 0 [1 - t6 / (2 x t6, max, PCD)] x 0,10 x (1 - a)
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 measured value of ¢, and of

t6, max, pcp (S€e requirements above Figure 4, Figure 5, or Figure 6).

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

The PICC 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 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 f/32 t1/2 +1/f, t
f/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}//1362' and 0 [1-t6/ (2% ts, max, picc)] x 0,11 x (1 - a)
NOTE3  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).

NOTES5 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.

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 10y 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

13
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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 8 9 t-ts/[1/f]

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

For a bit rate of f./32, the PCD shall generate a PauseA with a rise time t;

— greater than 0/f,, and

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

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

— less than both (¢; - t5) + 8/f. and &g 14y picc = 10/fc-

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

NOTE7  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.
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te/[1/fc] PICC PCD
10

S R N W H U1l O N 00 VO

0 1 2 3 4 5 t-t5/[1/fd]

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

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

— greater than 0/f,, and

— lessthanboth (¢t; - t5) + 4/f. and tg 1ax pcp = 5,5/f

For a bit rate of f./16 the PICC shall be able to receive a PauseA with a rise time t;
— greater than 0/f,, and

— lessthan both (¢; - t5) + 4,5/f. and tg .4 picc = 6/fc-

NOTE8  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 6.
te/[1/fc] PICC PCD

7///

S B N W S U1 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 carrier is phase modulated with an NP at each etu. For each bit rate, the length of an etu and the

number of NPs are specified in Table 9.

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

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

Figure 7.

Key

~ 0 < X

16

real

imaginary

nominal constellation point

the signal amplitude

Y A

Py

— EPI

PR—

Table 10 — EPI

P

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

Due to the limited bandwidth channel, the intended nominal phase modulation is affected by inter
symbol interference (ISI) resulting in an ACP at the end of each etu. The angle of the ACP is defined as
AP. This is described in a constellation diagram with ISI,, and ISI; as specified below in Table 13 and
Table 14 and illustrated in Figure 8.

YA

<V

Key
X real
Y imaginary
° nominal constellation point
o actual constellation point
Figure 8 — Actual constellation points
NOTE See Annex A for explanation on constellation diagrams. See Annex B for explanation on ISI.

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, 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.

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

1,4 £
71N
1,2 / \

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

Y IS, [EPI]
Figure 9 — Maximum ISI , limits for PCD and PICC

APs may vary randomly due to phase noise. The instantaneous phase error caused by noise is defined as
the difference 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 errors.

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

The normalized differential phase noise shall be lower than 0,033 for PCD transmission and lower than
0,035 for PICC reception.

8.1.3 Bitrepresentation 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.
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tx t;

ty ty

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

Key
0 modulation

1  no modulation

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

Table 15 — Parameters for sequences

Bit rate
Parameter
f/128 f/64 fe/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) if there are two or more contiguous "0"s, sequence Z shall be used
from the second "0" on;

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

— start of communication: sequence Z;
— end of communication: logic "0" followed by sequence Y;

— no information: at least two sequences Y.

8.1.3.2 Bitrepresentation and coding for bit rates of f./8, f./4, and f_./2
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°.
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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° | 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 | 16°
11 | -24°| 31 |-24°| 51 |-24°| 71 | -16°| 91 16° | 111 | 32° | 131 | 24°
12 | -24°| 32 | -24°| 52 8° 72 32° 92 32° | 112 | -16° | 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°| 115 | -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 transmission of each binary information symbol, the PCD shall generate a NP as specified in Table 17
as a function 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 encoding for bit rates of 3f./4 and 3f_/2

ﬁgg‘kg}s PNP | 32° | 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 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° | 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

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 | 011
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 NP of etu #1 as
specified in Table 19. The phase of the unmodulated RF carrier is defined as 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° | 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° 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 | -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\%gﬂfso}; 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° | 24° | 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° |-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° | -4° | -8° |-12°|-16°
1100 0° -4° | -8° | -12° | -16° |-20°|-24°|-28°| 32° | 28° | 24° | 20° | 16° | 12° | 8° | 4°
1101 -4° | -8° | -12° | -16° | -20° |-24°|-28°| 32° | 28° | 24° | 20° | 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 reception of binary information symbols, the PICC shall decode the information symbol as specified
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° | 8° | 4° | 0° | -4° | -8° |-12°|-16° | -20°|-24°|-28°

32° 0000{1000|1001{1011|1010{1110|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{1000{1001|1011|1010(1110{1111|1101{1100|0100{0101|0111{0110|0010
20° 0010|{0011|0001(0000(1000{1001{1011|1010{1110|{1111|{1101|1100|{0100|0101|0111|0110
16° 0110{0010|0011|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|0111{0110(0010{0011/0001{0000/1000{1001|1011{1010|1110{1111|1101|1100|0100

4° | Sym- |0100/0101|0111/0110{0010{00110001|0000/1000{1001|1011}1010/1110|1111|1101|1100
0° | bol {1100[0100{0101|0111|0110(0010/0011|0001{0000|{1000|1001|1011|1010(1110|1111|1101

-4° 1101|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|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
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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:
— 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 (~3,39 Mbit/s);

—  f./2 (~6,78 Mbit/s).

8.2.2 PICCload modulation transmission

8.2.2.1 General

The PICC shall be capable to communicate to the PCD via inductive coupling. The field generated by the
PCD shall be passively and/or actively modified by the 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 instantaneous load modulation signal over time, three dedicated states are
defined:

— US:unmodulated state, just before the first modulated state MS1,

— MST1: first modulated state to produce the load modulation,

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

Figure 11 depicts exemplarily the complex constellation plot with respect to the PCD field, with
occurrences of all three generated states US, MS1, and MS2, as well as transition paths between some of
these states. Transition paths are parts of the instantaneous load modulation that occur between states
and are not taken into account in this document. MS1 and MS2 persist during a certain time period. The
start and end of each occurrence of all states, and their amplitude and phase measurements are defined
in ISO/IEC 10373-6.
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Figure 11 — Constellation plot during part of the PICC response, depicting US, MS1, and MS2
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8.2.2.2 Amplitude Requirements

If the PICC meets the requirements of one particular class as specified in ISO/IEC 14443-1, then the
load modulation amplitude of the PICC shall be between V| ya wmin picc @0d Vima max, picc SPecified for
its class when measured as described in ISO/IEC 10373-6, using the Test PCD assembly defined for its

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

If the PICC does not claim to meet the requirements of one particular class as specified in
ISO/IEC 14443-1, then the load modulation amplitude of the PICC shall be between V| iz min picc and
ViMaA, max, picc Specified for "Class 1" when measured as described in ISO/IEC 10373-6, using the Test

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

Table 22 specifies for each PICC class both the load modulation amplitude limits and the relevant Test

PCD assembly to measure the load modulation amplitude.

Table 22 — Load modulation amplitude 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/HO.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|ysq.ys) and shall be atleast Vi ya min, picc @s defined in Table 22 and illustrated in Figure 12.

-~

s N

Key

° one small section of an occurrence of MS1 or MS2

— ..~ ViLMA, min, PICC limit

Bl unmodulated state US
B occurrences of MS1

C occurrence of MS2

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

NOTE2  Vima, min, picc IS the limit for two requirements, Vy v, and Vjys;.ys), as respectively defined in Table 22
and illustrated in Figure 12.

8.2.2.3 Phase requirements
For each subcarrier period:

— Py is defined as the argument of all differences between sections in the occurrence of MS1 and the
corresponding sections in the occurrence of MS2 in the same subcarrier period, as illustrated in

Figure 13,

— there is an absolute maximum and an absolute minimum of &, y; &’ is defined as the one which
occurs firstin time, 4"}, is the one which occurs secondly, then

— My =0" -

Figure 14 is an illustration of &, '; y, @” .\ and A9, .

The intrastate phase drift is the maximum of & ; variation and is defined as:
Oim, inTra = Max(max(44,y); 0) - min(min(44); 0),

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

one small section of an occurrence of MS1 or MS2

start of one occurrence of MS1

end of the 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 element 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 subcarrier cycles (transitions between modulated states are not considered)
Y @, \ (one dot represents one value derived from ISO/IEC 10373-6)

@, &\ during the 15t subcarrier period

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:

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

NOTE There is no requirement on the initial value, i.e. first element, of 7] \ ygan-
nt" MS2
L
e [N
‘ ............... - .‘._,.-:’.'. .......
e S
X
nt" MS1
Key

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

] @py, meay for the nth subcarrier period
Figure 15 — Constellation plot during part of the PICC response, depicting g, ;; mpan

For PICC to PCD bit rates using a subcarrier of f./16, 4} \y |y7gg Shall be less than 7y |NTER max, picc = 30°

For PICC to PCD bit rates using a subcarrier higher than f./16, @)\ |yrgr should be less than
DM, INTER, max, PICC:

8.2.3 Subcarrier

8.2.3.1 General

The PICC 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.
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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.
At bit rates of f./64, f./32, f./16, f./8, f./4, and f_/2, the subcarrier is modulated using BPSK with the
sequences defined in 8.2.6.2.

8.2.5 PCD load modulation reception

8.2.5.1 Amplitude requirements

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

If the PCD supports operation with "Class 4" PICCs, it shall be able to receive at least a load modulation
amplitude between Vs min pcp @0d Viyma may, pcp When measured as described in ISO/IEC 10373-6,
using the test setup as defined in Table 24, with Active Reference PICC 4, where H is the value of
magnetic field strength in A/m (rms).

If the PCD supports operation with "Class 5" PICCs, it shall be able to receive at least a load modulation
amplitude between Vs min pcp @0d Viyma mayx, pcp When measured as described in ISO/IEC 10373-6,
using the test setup as defined in Table 24, with Active Reference PICC 5, where H is the value of
magnetic field strength in A/m (rms).

If the PCD supports operation with "Class 6" PICCs, it shall be able to receive at least a load modulation
amplitude between Vs min pcp @0d Viyma mayx, pcp When measured as described in ISO/IEC 10373-6,
using the test setup as defined in Table 24, with Active Reference PICC 6, where H is the value of
magnetic field strength in A/m (rms).

Table 24 specifies for each Active Reference PICC the load modulation amplitude limits for PCD reception
and the Test PCD assembly to use to measure the PCD sensitivity.

Table 24 — Load modulation amplitude limits for PCD reception

PICC Class Vima, min, pcD Vima,max,pcp| Subcarrier Reference PICC Test PCD assembly
mV (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
) f/16 Active Reference PICC 2
2 Min(12,5 ; 20/H0.5) 100 mV Test 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
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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.
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Figure 16 — Minimum load modulation amplitude for "Class 1"
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Figure 17 — Minimum load modulation amplitude for "Class 2" and "Class 3"
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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°,
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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:

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

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

— sequence F: the carrier is not modulated with the subcarrier for one bit duration.

Bit coding shall be Manchester with the following definitions:

— logic "1™ sequence D;
— logic"0" sequence E;
— start of communication: sequence D;
— end of communication: sequence F;
— no information: no subcarrier.

8.2.6.2 Bitrepresentation and coding for bit rates 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™ the carrier shall be modulated with the subcarrier for one bit duration;

— logic"0": the carrier shall be modulated with the inverted subcarrier for one bit
duration;

— start of communication: 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 information: the carrier is not modulated with the subcarrier.
9 Communication signal interface Type B
9.1 Communication PCD to PICC

9.1.1 Bitrate

The bit rate for the transmission during initialization and anticollision shall be nominally 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);

— f./8 (~1,70 Mbit/s);

—  f./4 (~3,39 Mbit/s);

—  f/2 (~6,78 Mbit/s).

Bit boundary tolerances and character separation shall be as defined in ISO/IEC 14443-3:2018, 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
Communication from PCD to PICC shall use the modulation principle of ASK 10 % of the RF operating field.

The modulation waveform shall comply with Figure 21. The rising and falling edges of the modulation
shall be monotonic. The rise and fall times (t, t;) shall be measured between 10 % and 90 % of the
actual 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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— 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 bitrates 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.

NOTE1 The minimum and maximum values of H are defined in Table 1 and Table 2.

The limits for the modulation index, m, for bit rates of f./128, f./64, f./32, and f./16 are illustrated in
Figure 22.
PICC PCD

15
14
13
12
11
10

7
ol
0 Hyin 5/3 Hoin Hmax H
Key
m  [%]
H [A/m (rms)]
Figure 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 undershoot defined in
Table 26.

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

Parameter | Mk Maximum
mum
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)

NOTE3  The maximum value of h¢ / h is a function of the set value of ¢ / t. and of ¢; 0y picc / & max, picc (S€€
requirements above Figure 23, Figure 24, Figure 25, or Figure 26).

For a bit rate of f./128, the PCD shall generate a modulation waveform with
— afall time, ¢, between 0/f. and ¢; .y pcp = 16/f,, and
— arisetime, ¢,
— greater than both 0/f. and ¢; - 8/f,, and
— lessthan both t¢+ 8/f and ¢, ;.. pcp = 16/f..
For a bit rate of f./128, the PICC shall be able to receive a modulation waveform with
— afall time, ¢, between 0/f. and ¢; .y picc = 17/f., and
— arisetime, ¢,
— greater than both 0/f_ and t; - 9/f,, and
— less than both t¢+ 9/f. and ¢, 1y picc = 17//-

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

For a bit rate of f./64, the PCD shall generate a modulation waveform with
— afall time, ¢, between 0/f, and ¢ .« pcp = 14/f., and
— arise time, t,
— greater than both 0/f.and ;- 6/f., and
— lessthanboth ¢+ 6/f and ¢, ;. pcp = 14/f.-
For a bit rate of f./64, the PICC shall be able to receive a modulation waveform with
— afall time, ¢, between 0/f; and ¢ ..« picc = 14/f,, and
— arise time, t,
— greater than both 0/f_.and ¢, - 7/f,, and
— lessthan both t¢+ 7/f and ¢, .y picc = 14/f-

The timing parameters for PCD and PICC are illustrated in Figure 24.

36



IS/ISO/IEC 14443-2 : 2020

tr/[1/fc]
15

14

13 |

12 /
|

PICC PCD

11

[EEN
(=]
-

O R N WH U1 OVJ 0O

0123456 7 8 9101112131415 t;/[1/fc]
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 modulation waveform with
— afall time, t, between 0/f. and t; .y pcp = 11/f,, and
— arisetime, ¢,
— greater than both 0/f. and ¢; - 4,5/f., and
— lessthan both ¢+ 4,5/f.and ¢, . pcp = 11/f;.
For a bit rate of f./32, the PICC shall be able to receive a modulation waveform with
— afall time, t, between 0/f. and t¢ .y picc = 11/f, and
— arisetime, ¢,
— greater than both 0/f_and t; - 5,5/f,, and
— lessthan both ¢¢+ 5,5/f. and ¢, 1oy picc = 11/f.-

The timing parameters for PCD and PICC are illustrated in Figure 25.
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Figure 25 — Type B modulation waveform timing parameters for a bit rate of f./32

For a bit rate of f./16, the PCD shall generate a modulation waveform with
— afall time, ¢, between 0/f; and ¢ ..« pcp = 8/f,, and
— arise time, t,
— greater than both 0/f.and ;- 4/f., and
— lessthanboth ¢+ 4/f and ¢, ;.. pcp = 8/f-
For a bit rate of f./16, the PICC shall be able to receive a modulation waveform with
— afall time, ¢, between 0/f, and ¢ ..« picc = 8/f,, and
— arise time, t,
— greater than both 0/f.and ¢ - 4/f., and
— lessthanboth ¢t + 4/f and ¢, |, .« picc = 8/fc

The timing parameters for PCD and PICC are illustrated in Figure 26.
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Figure 26 — Type B modulation waveform timing parameters for a bit rate of f./16

For a bit rate of f_/8, the PCD shall generate for any bit combination a modulation waveform with
— afall time, t, between 0/f. and & oy pcp = 6/f, and
— arisetime, ¢,
— greater than both 0/f.and ;- 3/f_, and
— less than both t¢+ 3/f. and ¢, .y pcp = 6/fc
For a bitrate of f_/8, the PICC shall be able to receive for any bit combination a modulation waveform with
— afall time, t, between 0/f. and ¢ oy picc = 6/f and
— arisetime, ¢,
— greater than both 0/f.and ;- 3/f_, and
— lessthanboth t¢+ 3/f.and t,. .., picc = 6/fc

The timing parameters for PCD and PICC are illustrated in Figure 27.
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te/[1/f] PICC  PCD
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Figure 27 — Modulation waveform timing parameters for a bit rate of /8

For a bit rate of f./4, the PCD shall generate for any bit combination a modulation waveform with
— afall time, ¢, between 0/f, and ¢ ... pcp = 4/f,, and
— arise time, t,
— greater than both 0/f.and ¢; - 2/f,, and
— lessthanboth t¢+ 2/f and ¢, ;. pcp = 4/f-
For a bit rate of f_/4, the PICC shall be able to receive for any bit combination a modulation waveform with
— afall time, ¢, between 0/f, and t; .., picc = 4/f, and
— arise time, ¢t
— greater than both 0/f.and ¢; - 2/f,, and
— lessthanboth t;+ 2/f and ¢, .« picc = 4/fe

The timing parameters for PCD and PICC are illustrated in Figure 28.

te/[1/fcl PICC PCD
5 / /

w
o
]

0 1 2 3 4 5 t/[1/f]

Figure 28 — Modulation waveform timing parameters for a bit rate of f_./4

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

— afall time, ¢ less than ¢; . pcp = 3/f, and
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— arise time, t.lessthan ¢, ;.. pcp = 3/fc-
For a bitrate of f./2, the PICC shall be able to receive for any bit combination a modulation waveform with
— afall time, t;, less than t¢ .y picc = 3/f and

— arise time, t, less than ¢, .y picc = 3/fc:

9.1.3 Bitrepresentation and coding

9.1.3.1 Bitrepresentation and coding for bit rates of f./128, f_/64, f./32, f./16, f./8, f./4, and f_/2
Bit coding format shall be NRZ-L with logic levels defined as follows:

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

— logic"0™ carrier low field amplitude.

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

For bit rates of 3f./4 and 3f./2, binary information shall be transmitted from PCD to PICC in units of
8 logic levels, building an information symbol of 3 bits. The 8 logic levels are represented by 8 NPs. The
formation of 3 bit symbols from bytes is illustrated in Figure 29.

Byte 3 Byte 2 Byte 1

lb24[b23]b22]b21[b20[b19 [b18[b17]  [b16[b15[bte [b13[b12|bt1[b10[ b9 | [b8 |7 [b6 b5 b4 |03 b2 | 1]

L—Symbol 8—L—Symbol 7—1 Symbol 6 L Symbol 5—L—Symbol 4—L Symbol 3 L_Symbol 2—L—Symbol 1—
MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB

Figure 29 — Binary information from PCD to PICC transmission for bit rates of 3f./4 and 3f_/2

For bit rates of f. and 2f_, binary information shall be transmitted from PCD to PICC in units of 16 logic
levels, building an information symbol of 4 bits. The 16 logic levels are represented by 16 NPs. The
formation of 4 bit symbols from bytes is illustrated in Figure 30.

Byte 3 Byte 2 Byte 1
|b24[b23]b22]b21[b20[b19[b18[617]  [b16[b15[b10 |13 [D02|BT1[D10[ B | |8 |7 |6 b5 b4 b3 ]b2 | 1]
L—— Symbol 6—L——Symbol 5——! L——Symbol 4 —L——Symbol 3——! L— Symbol 2 —L— Symbol 1——!
MSB LSB MS| LSB MSB L LSB MSB L LSB

Figure 30 — Binary information from PCD to PICC transmission for bit rates of f. and 2f,

If the last transmitted symbol is incomplete, it shall be stuffed with one or two (0)b.

For end of communication, the PCD shall generate a sequence of 8 NPs of -180°. After the end of
communication, the PCD shall generate an unmodulated RF carrier with a NP of 0°.

9.2 Communication PICC to PCD

9.2.1 Bitrate
See 8.2.1.
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9.2.2 PICCload modulation transmission

See 8.2.2.

9.2.3 Subcarrier

See 8.2.3.

9.2.4 Subcarrier modulation

The subcarrier shall be BPSK modulated. Phase shifts shall only occur at nominal positions of rising or
falling edges of the subcarrier.

9.2.5 PCD load modulation reception

See 8.2.5.

9.2.6 Bitrepresentation and coding

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

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

— After any command from the PCD, a guard time TRO shall apply in which the PICC shall not generate
a load modulation signal. TRO shall be greater than 1024/f_ (~75,5 us).

— The PICC shall then generate aload modulation signal with no phase transition for a synchronization
time TR1. This establishes an initial subcarrier phase reference g,. TR1 shall be greater than 80/f,.

— This initial phase state g, of the subcarrier shall be defined as logic "1" so that the first phase
transition represents a change from logic "1" to logic "0".

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

9y represents logic "1",

g, + 180°: represents logic "0".

10 Electromagnetic disturbance levels

10.1 PCD limits

The PCD shall not detect any load modulation amplitude below Vg pcp at a field strength H [A/m (rms)],
when measured as specified in ISO/IEC 10373-6.

For all PICC classes, Vg pcp is as follows:
— 2/3 +3/H?% [mV (peak)] for H

min

<H<4,5A/m (rms);
— 0,81 mV (peak) for 4,5A/m (rms) <H< H

max-*

10.2 PICC limits

The EMD level before PICC data transmission shall be less than Vg p ¢ ata field strength H [A/m (rms)],
for at least the duration of the low EMD time tg picc, when measured as specified in ISO/IEC 10373-6.
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For all PICC classes, Vg pjcc is as follows:

— 2/3+3/H? [mV (peak)] for H,;, < H< 4,5 A/m (rms);

— 0,81 mV (peak) for 4,5 A/m (rms) <H< H_,,.

NOTE1 H.;,and H,,, values are defined in 6.3.

During this low EMD time, the EMD level may exceed Vg pjc for no more than two periods of 16/f. if
— it never exceeds 4 x Vg picc, and

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

Figure 31 shows an illustration of such allowed EMD spikes.

NOTE2  The low EMD time ¢y, picc is defined in ISO/IEC 14443-3.

Y #1 42
4%V picc
I\
EMD — I
1 2 |\
Vepice [ & N \ \/J o
B AVAY Vi i
16/f >1/etu 16/fe t

1  end of spike period #1
2 start of spike period #2
Y amplitude [mV peak]

t time

Figure 31 — Illustration of allowed EMD spikes
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Annex A
(informative)

Complex envelope and constellation diagram

In carrier-based transmission systems, the information-carrying component of the symbol x(t) may be
represented by the complex envelope v(¢):

x(t) = v(t)-exp(j-2-mf-t) + v¥(£): exp(—j-2-mft)
where

v¥() isthe complex conjugate of v(t);
j is the imaginary unit;
fe is the carrier frequency.

For a purely ASK modulated signal, the argument (angle) of v(£) would be constant over time and the
information is coded in the magnitude of v(t).

For a purely PSK modulated signal, the magnitude of v(t) would be constant over time and the
information is coded in the argument of v(t).

Note that passing the signal x(t) through a band-limited channel would affect the complex envelope of
v(t). In some cases, a purely amplitude modulated signal might exhibit a varying phase component after
the channel. Similarly, a purely phase-modulated signal generally exhibits some amplitude variations
after passing through a band limited channel.

The complex envelope v(t) is often plotted in the complex plane at the symbol sampling instants only,
in what is called a constellation diagram. So, the complex values of v(k-etu) are plotted (imaginary
component versus real component), where k is a set of integer numbers and etu is the symbol time.
All samples are plotted in the same diagram, without explicit time information. An example of such a
diagram is found in Figure B.2.
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Annex B
(informative)

Inter symbol interference

The bandpass characteristic of the PCD antenna resonator affects the complex envelope of the
transmitted signal and, thus, gives rise to inter symbol interference (ISI). The effect of such ISI can
be seen when observing the constellation diagram of the transmitted signal. The ISI spreads every
constellation point into an ISI cloud (the spreading of ACPs), which has the same shape as the original
constellation, a size depending on the channel bandwidth, and a rotation depending on the PCD tuning.
These effects are depicted in Figure B.1 and Figure B.2.

Figure B.1 shows intervals of ISI around the nominal (transmitted) phase values NPs. Such intervals are
a simplified view of the actual interference patterns which are visible two-dimensionally in Figure B.2
(the constellation diagram). The rotation of these clouds is caused by detuning of the PCD. In such
detuned case, the line joining the extremes of these clouds form an angle ISI; with respect to the line
joining P1 and P4 (which corresponds to the original transmitted constellation points before channel
filtering).

PICC
YA YA
40 o o 0 4 P4

30 |

20 w6 gREEAa |aa || a[qa<d]@]]| a4 1 < <4< ||[49w <« Hp3 ¥,
[0} [o] (o} [0}
Q

210 ]

o o o @© @+ P1

o
20F ° 9 L 1 1 1 1 1 1 1 1 1 1 1 1 1 >

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 ¥

Key

>

etu

Y complex envelope phase (°)
o AP

< NP

EPI x ISI

time continuous

Figure B.1 — Example of inter symbol interference due to a band-limited channel as a
function of time
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Key

X real

Y imaginary

° actual constellation point

< nominal constellation point
Z EPI x ISI |

time continuous

Figure B.2 — Example of inter symbol interference due to a band-limited channel, the
corresponding constellation diagram showing both amplitude and phase of the modulated
carrier in continuous time
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