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Foreword

ISO (the

International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also

take pa
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World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.isp
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cedures used to develop this document and those intended for its further maintenance.ate
d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
rent types of document should be noted. This document was drafted in accordance) with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying any or all such patert
etails of any patent rights identified during the development of the document will be in thie
tion and/or on the ISO list of patent declarations received (see www.iso:0Tg/patents) or the IEC

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.
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The maipn changes compared to the previous edition are as follows:
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Any feedback or questientSlon this document should be directed to the user’s national standards body.
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fument was prepared by Joint Technical Gommittee ISO/IEC JTC1, Information technology,
mittee SC 17, Cards and security devices for-pérsonal identification.

rd edition cancels and replaces thexsecond edition (ISO/IEC 15693-2:2006), which has bee

—

response data rates in 8:4.3 and Annex B have been added.

hll parts in the ISO/IEC 15693 series can be found on the ISO website.

—

e listing of these’bodies can be found at www.iso.org/members.html.
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Introduction

ISO/IEC 15693 (all parts) is one of a series of International Standards defining the parameters for
identification cards as defined in ISO/IEC 7810 and the use of such cards for international interchange.

This document defines the electrical characteristics of the contactless interface between a vicinity card
and a vicinity coupling device. The interface includes power and bi-directional communications.

Contactless card standards cover a variety of types as embodied in ISO/IEC 10536 (close-coupled cards),
IFO/TET 1424243 (proximity cards) and ISO/IEC 15693 (Vicinity cards). I hese are intended for_operation
when very near, nearby and at a longer distance from associated coupling devices, respectively

© ISO/IEC 2019 - All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 15693-2:2019(E)

Cards and security devices for personal identification —
Contactless vicinity objects —

Part 2:
Nir : Linitialization

1 Scope

—

his document specifies the nature and characteristics of the fields to be provided’for power and bi-
directional communications between vicinity coupling devices (VCDs) and vicinity cards (VIC(s).

This document is intended to be used in conjunction with other parts of the ISO/IEC 15693 serfes.

—

his document does not preclude the incorporation of other standard technologies on the|card as
escribed in Annex A.

Q.

2 Normative references

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

Q

et

BO/IEC 10373-71), Cards and security devices:for personal identification — Test methods — Part 7:
ontactless vicinity objects

O

50/1EC 15693-1, Cards and security deviges for personal identification — Contactless vicinity opjects —
art 1: Physical characteristics

— Ny

50/1EC 15693-3, Cards and security devices for personal identification — Contactless vicinity opjects —
Hart 3: Anticollision and trangmission protocol

Terms and definitions

L)

vl

or the purposes-of this document, the terms and definitions given in ISO/IEC 15693-1 [and the
bllowing apply.

-

IF0 and [E€ maintain terminological databases for use in standardization at the following addrjesses:

~ [SO-Online browsing platform: available at https://www.iso.org/obp

—+ “JEC Electropedia: available at http://www.electropedia.org/

31
modulation index
index equal to [a-b]/[a+b] where a and b are the peak and minimum signal amplitudes, respectively

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

3.2
subcarrier
signal of frequency fs used to modulate the carrier of frequency f;

1) Under preparation.

© ISO/IEC 2019 - All rights reserved 1
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3.3
byte

string that consists of 8 bits of data designated b1 to b8, from the most significant bit (MSB,b8) to the

least significant bit (LSB,b1)

4 Symbols and abbreviated terms

4.1 Abbreviated terms

ASK amplitude shift keying

EOF end of frame

LSB least significant bit

MSB most significant bit

PPM pulse position modulation

RF radio frequency

SOF start of frame

VCD vicinity coupling device

VICC vicinity integrated circuit card

4.2 Symbols

a carrier amplitude without modulation

b carrier amplitude when modulated

fe frequency of the operating field/(carrier frequency)
fs frequency of the subcarrier

Hmax maximum operating, field

Huin minimum operating field

5 Initial dialegue for vicinity cards

The dialoguetbetween the VCD and the VICC (one or more VICCs may be present at the same time) i
conductpd-through the following consecutive operations:

— activation of the VICC by the RF operating field of the VCD;
— VICC waits silently for a command from the VCD;
— transmission of a command by the VCD;

— transmission of a response by the VICC.

v

These operations use the RF power transfer and communication signal interface specified in the

following clauses and shall be performed according to the protocol defined in ISO/IEC 15693-3.

© ISO/IEC 2019 - All rights reserved
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6 Power transfer

6.1 General

019(E)

Power transfer to the VICC is accomplished by radio frequency via coupling antennas in the VCD and
in the VICC. The RF operating field that supplies power to the VICC from the VCD is modulated for
communication from the VCD to the VICC, as described in Clause 7.

6

.2 __Frequency

—

]

=

A

/

(
1
i

7 Communications signal interface VCD to VICC

he frequency f; of the RF operating field is 13,56 MHz *+ 7 kHz.

.3 Operating field

VICC shall operate as intended continuously between Hp,jn and Hpax.
he minimum operating field is Hyjn and has a value of 150 mA/m rms.
he maximum operating field is Hpax and has a value of 5 A/m rms.

VCD shall generate a field of at least Hpin and not exceeding Hyak at the manufacturer’s
ositions (operating volume).

he VCD shall not generate a field higher than the*value specified in ISO/IEC 15693-1 (alt
hagnetic field) in any possible VICC position.

est methods for determining the VCD operating field are defined in ISO/IEC 10373-7.

.1 General

or some parameters several modes have been defined in order to meet different internatior
egulations and differentapplication requirements.

rom the modes specified any data coding can be combined with any modulation.

.2 Modulation

ommunications between the VCD and the VICC take place using the modulation principle of A
nodulation indexes are used, 10 % and 100 %. The VICC shall decode both. The VCD determin
hdex is used.

pecified

h addition, the VCD shall be capable of powering any singledéference VICC (defined in the test methods)
at the manufacturer’s specified positions (within the opetrating volume).

brnating

al radio

SK. Two
bs which

Figure 2.
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t t3
Y A t4—
105 %
a —
95 %—
60 %—
5 %—
b T »
X
Key
X  time in seconds
Y carr]er amplitude
Figure 1 —Modulation of the carrier for 100 % ASK
The VCI shall generate the "pause” with timing parameters defined in Table 1.
Table 1 —=VC€D transmission: "pause” timing parameters for 100 % ASK
Parameter Minimum Maximum
t1 6,0 us 9,44 ps
to 2,1 us t1
t3 0 us 4,5 us
ta 0 us 0,8 us
4 © ISO/IEC 2019 - All rights reserved
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ey
time, in seconds

>

Y| carrier amplitude
Figure 2 — Modulation of the carrier for 10 % ASK

The VCD shall generate the "pause” with timing and amplitude parameters defined in Table 2.

Table 2 — VCD transmission: "pause” timing parameters for 10 % ASK

Parameter Condition Minimum Maximum
t1 6,0 us 9,44 ps
) y=0,05x%(a-b) 3,0 us t1
t3 0 us 4,5 us
Moldulation 10 % 30 %
index
hg, hy 0 0,1x (a-b)

The'VICC shall be operational for any value of modulation index between 10 % and 30 %.

The digital generation of the pause by the VCD, shown approximately in 7.3 and 7.4 as tpayse, shall not
cause t1max as defined in Figures 1 and 2 to be exceeded.

7.3 Datarate and data coding

7.3.1 General
Data coding shall be implemented using pulse position modulation.

Two data coding modes shall be supported by the VICC. The selection shall be made by the VCD and
indicated to the VICC within the SOF, as defined in 7.4.

© ISO/IEC 2019 - All rights reserved 5
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7.3.2 Data coding mode: 1 out of 256

The value of one single byte shall be represented by the position of one pause. The position of the pause
on 1 of 256 successive time periods of 256/f; (~18,88 us), determines the value of the byte. In this case
the transmission of one byte takes ~4,833 ms and the resulting data rate is 1,66 kbits/s (f./8 192). The
last byte of the frame shall be completely transmitted before the EOF is sent by the VCD.

Figure 3 illustrates this pulse position modulation technique.

Key
Y

In Figur

The pau
value, aj

Key
Y
t

o

. S

puls

s
Tpalse

I
I
128/f || i
(~9,44 ps) I
< 256/f. (~18,88 ps) |

|

oy "

Q ,

O T I T Y I IIIIIIIIII!
|

.2 . . 2222,
2 5555
I

> 65536/ (~4,833 ms) 2345,
ll

b modulated carrier

Figure 3 — 1 out of 256-coding mode

P 3 data 'E1' = (11100001)b = (225) is sent by the VCD to the VICC.

se shall occur during the second half of the position of the time period that determines the
shown in Figure 4.

Ll l tpause

12875,
(=944 ps) ” b
—»

— 256/fc (~18,88 ps)

BN
[ LI NSRS
P NN

pulse modulated carrier
time period one of 256

Figure 4 — Detail of one time period

© ISO/IEC 2019 - All rights reserved
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7.3.3 Data coding mode: 1 out of 4

Pulse position modulation for 1 out of 4 mode shall be used, in this case the position determines
two bits at a time. Four successive pairs of bits form a byte, where the least significant pair of bits is
transmitted first.

The resulting data rate is 26,48 kbits/s (fc/512).

Figure 5 illustrates the 1 out of 4 pulse position technique and coding.

A
128/f.
(~9,44 ps) tpause
P 1024/f. (~75,52 ps) R
B
< 384/fc (~28,32 ps) > Lpause }
P 1024/f. (~75:52 ps) R
C
P 640/fc (~47,20 HS) P lpause
: 10%4)f. (~7552 us) g N
D
P 896/fc ("‘66,08 l,lS) ‘ll tpause
- 1024/, (~75,52 pis) i -
Key
A  pulse position for "00"
B pulse poSition for "01" (1 = LSB)
d pulseypesition for "10" (0 = LSB)
0} pulse position for "11"

Figure 5 — 1 out of 4 coding mode

For example, Figure 6 shows the transmission of 'E1' = (11100001)b = 225 by the VCD.

© ISO/IEC 2019 - All rights reserved 7


https://standardsiso.com/api/?name=722ad62ee34bb0370a634f8c872eede1

ISO/IEC 15693-2:2019(E)

~75,52 us ~75,52 us ~75,52 us ~75,52 us

< > < > < < >
b2b1="01" b4b3 ="00" b6b5 ="10" b8b7 ="11"

Figure 6 — 1 out of 4 coding example

7.4 VCD to VICC frames

7.4.1 [General
Framing has been chosen for ease of synchronization and independence of protocol.

Frames [shall be delimited by an SOF and an EOF and are implemented using code violation. Unused
options pre reserved for future use by ISO/IEC.

The VICC shall be ready to receive a frame from the VCD within 300 ps after having sent a frame tp
the VCD

The VICC shall be ready to receive a frame within 1 ms of activation by the powering field.

7.4.2 BOF to select 1 out of 256 code

The SOF sequence described in Figure 7 selects the I“out of 256 data coding mode.

384/f. (~28,32 ps)
512/f. (~37,16 J13) 512/f. (~37,76 ps)

t ause tpause

y
2
N
A

A
\4

Figure 7 — Start of frame of the 1 out of 256 mode

7.4.3 BOF to select 1 out of 4 code

The SOF sequence described in Figure 8 selects the 1 out of 4 data coding mode.

128/fc
< tpause > l(~ 9,44 HS) tpause
P 512/fc (~37,76 ps) - 512/fc (~37,76 ps)
e »

Figure 8 — Start of frame of the 1 out of 4 mode

8 © ISO/IEC 2019 - All rights reserved
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7.4.4 EOF for either data coding mode

The EOF sequence for either coding mode is described in Figure 9.

[eMl¢)

v o —

=

—

1

2567/ (=~ 18,88 T3] >i‘ Tpause
512/fc (~37,76 ps)

Figure 9 — End of frame for either mode

}  Communications signal interface VICC to VCD

.1 General

or some parameters several modes have been defined in<rder to allow for use in differe
nvironments and application requirements. Higher respdngse data rates, especially the fast 1
ata rates may be more sensitive to the noise environment and may result in reduced operatin

.2 Load modulation

he VICC shall be capable of communication-to the VCD via an inductive coupling area whe
arrier is loaded to generate a subcarrierywith frequency fs. The subcarrier shall be gene
witching a load in the VICC.

he load modulation amplitude shall be at least 10 mV when measured according to the test
br VICC load modulation definedin\ISO/IEC 10373-7.

.3 Subcarrier

or low or high data ratesone or two subcarriers may be used as selected by the VCD using the
h the protocol headeras defined in ISO/IEC 15693-3. The VICC shall support both modes.

or fast responseydata rates only one subcarrier shall be used.

Vhen one subcarrier is used, the frequency fs1 of the subcarrier load modulation shall
123,75 kHz).

Vhen two subcarriers are used, the frequency fs1 shall be f./32 (423,75 kHz), and the freqy

019(E)

nt noise
esponse
b range.

reby the
rated by

methods

first bit

be f./32

ency fs2

V
(
V
S

hall be f./28 (484,28 kHz).

If two subcarriers are present, there shall be a continuous phase relationship between them.

8.4 Datarates

8.4.1 General

In addition to the low and high data rates defined here, fast response data rates have been introduced

a

s defined in Annex B.

© ISO/IEC 2019 - All rights reserved
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8.4.2

Low and high data rates

Alow or high data rate may be used. The selection of the data rate shall be made by the VCD using the
second bit in the protocol header as defined in ISO/IEC 15693-3. The VICC shall support the data rates
shown in Table 3.

8.4.3

Fast redponse data rates as defined in Annex B shall only be used for some optional command
as definfd in ISO/IEC 15693-3. The fast response data rate X2, X4 and X8 shall only_be used with

single s
in the p

commards shall support the data rates shown in Table 4.

8.5 Bitrepresentation and coding

8.5.1

Data shgll be encoded using Manchesterycoding according to the following schemes. All timings show

refer to
or frequ

For a fa
number

respectively (see Annex B).

8.5.2

A logic
(~18,88

10

Table 3 — Data rates

Data rate Single subcarrier Dual subcarrier
LUVV U,(JZ }\b;tb/b (_I[C/IZG48) U,U7 }\:Jitb/b (J%/IZGSZ)
High 26,48 kbits/s (fc/512) 26,69 kbits/s (fc/508)

Fast response data rates

bcarrier. The selection of the data rate shall be made by the VCD using-the 2nd and 8th bit
Fotocol header as defined in ISO/IEC 15693-3. The VICC supporting thése particular optiona

— W D wm

Table 4 — Fast response data rates

Fast data rate Single subcarrier Duwal‘'subcarrier
X2 52,97 kbits/s (fc/256) Not supported
X4 105,94 kbits/s (f;/128) Not supported
X8 211,88 kbits/s (f./64) Not supported

General

=

he high data rate from the VICC to the VCD. For the low data rate the same subcarrier frequencly
encies are used, in this caseithe number of pulses and the timing shall be multiplied by 4.

5t response data rate X2,)X4 and X8, the same single subcarrier frequency shall be used. Thie
of pulses and timings)dre divided by 2 (X2 data rate), 4 (X4 data rate) and 8 (X8 data rate)

Bit coding when using one subcarrier

D starts.with 8 pulses of f./32 (~423,75 kHz) followed by an unmodulated time of 256/f
us), see’Figure 10.

o

© ISO/IEC 2019 - All rights reserved
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~18,88 us
< J

~37,76 15

Figure 10 — Logic 0 when using one subcarrier

logic 1 starts with an unmodulated time of 256/f; (~18,88 us) followed by 8 pulses
~423,75 kHz), see Figure 11.

—

~18,88 us

~37,76 ps

of f./32

Figure 11 ~=Logic 1 when using one subcarrier

o0

.5.3 Bit coding when using two subcarriers

v i S

igure 12.

~18,88 ps

logic 0 starts with 8 pulses of f./32 (~423,75 kHz) followed by 9 pulses of f./28 (~484,28 kHz), see

~37,46 ps

Figure 12 — Logic 0 when using two subcarriers

A logic 1 starts with 9 pulses of f./28 (~484,28 kHz) followed by 8 pulses of f./32 (~423,75 kHz), see

Figure 13.

© ISO/IEC 2019 - All rights reserved
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~18,58 us

~37,46 us

8.6 Vi

8.6.1
Framing

Frames
arerese

All timings shown below refer to the high data rate from the'VICC to the VCD.

Figure 13 — Logic 1 when using two subcarriers

CC to VCD frames

General

has been chosen for ease of synchronization and independence-of protocol.

[72)

hre delimited by an SOF and an EOF and are implemented4iSing code violation. Unused option
ved for future use by the ISO/IEC.

For the low data rate the same subcarrier frequency or, frequencies are used, in this case the number qf
pulses apd the timing shall be multiplied by 4.
The VCID shall be ready to receive a frame fromthe VICC within 300 ps after having sent a frame tp
the VIC(.
8.6.2 SOF when using one subcarrier
The SOF comprises 3 parts:
— an ynmodulated time of 768/f. (~56,64 ps);
— 24 gulses of fc/32 (~423,;75 kHz);
— alogic 1 which starts with an unmodulated time of 256/f. (~18,88 us), followed by 8 pulses of f./3P
(~4L3,75 kHz):
The SOF for ongésubcarrier is illustrated in Figure 14.
~56,64 ps ~56,64 ps ~37,76 us
< >«
Figure 14 — Start of frame when using one subcarrier

12 © ISO/IEC 2019 - All rights reserved
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8.6.3 SOF when using two subcarriers

The SOF comprises 3 parts:

— 27 pulses of f/28 (~484,28 kHz);

— 24 pulses of f¢/32 (~423,75 kHz);

— alogic1whichstarts with 9 pulses of f./28 (~484,28 kHz) followed by 8 pulses of f-/32 (~423,75 kHz).

I
;

The SQE for 2 subcarriersisillustrated in Ficure 15
e

~55,75 ps ~56,64 ps ~37,46 ps
< >« >«

Figure 15 — Start of frame when using twé-subcarriers

§8.6.4 EOF when using one subcarrier

The EOF comprises 3 parts:

- alogic 0 which starts with 8 pulses of f/32 (~423,75 kHz), followed by an unmodulated tim¢ of 256/
fc (~18,88 us);

— 24 pulses of f./32 (~423,75 kHz);

- an unmodulated time of 768/f. (~56,64 us).

The EOF for 1 subcarrier is illustrated in Figure 16.

~37 46 s ~56,64 s ~56,64 us

Figure 16 — End of frame when using one subcarrier

6.5 EOF when using two subcarriers

The EOF comprises 3 parts:

— alogicO0whichstarts with 8 pulses of f./32 (~423,75 kHz) followed by 9 pulses of f./ 28 (~484,28 kHz);
— 24 pulses of f/32 (~423,75 kHz);

— 27 pulses of f;/28 (~484,28 kHz).

The EOF for 2 subcarriers is illustrated in Figure 17.

© ISO/IEC 2019 - All rights reserved 13
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~37,46 ps

~56,64 pus

>«

Fignrp 17 — End of frame when llcing two subcarriers

> <

~55,75 ps "
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Annex A
(informative)

Standards compatibility

Thicdacmant-daac nat nraclada tha s ddbion f b ay Aot g coed oo dade A +ha VVICC SUCh as
1 g tatra—StattaaraS—o—+tnt—rctT

TITS— OO TCTOTIIICIIc o TS~ T11IO0T ettt T OO troT OT Ot T CXTSTITT

those listed as follows:

-+ ISO/IEC 7811 (all parts), on recording technique;

-+ ISO/IEC 7812 (all parts), on Identification of issuers;

—+ ISO/IEC 7813, on financial transaction cards;

-+ ISO/IEC 7816 (all parts), on integrated circuit cards;

-+ ISO/IEC 10536 (all parts), on contactless integrated circuit(s) cards;

1+ ISO/IEC 14443 (all parts), on contactless proximity objects.
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Annex B
(normative)

Bit coding and frames for a fast response data

B.1 B

B.1.1

Fastres

B.1.2

A logic

(~9,44 |

A logic
(~423,7

t representation and coding

General

bonse data shall be encoded using Manchester coding according to the following Sehemes.

Bit coding for X2

(o]

D starts with 4 pulses of f./32 (~423,75 kHz) followed by an unmoedulated time of 128/f
s), see Figure B.1.

P ~9,44 us

~18,884s

FigureB.1'— Logic 0 for X2

o

1 starts with an unmodulated time of 128/f. (~9,44 us) followed by 4 pulses of f./3
b kHz), see Figure B.2.

B.1.3

< ~9,44 ps >
< ~18,88 us
Figure B.2 — Logic 1 for X2
Bit coding for X4

Alogic 0 starts with 2 pulses of f./32 (~423,75 kHz) followed by an unmodulated time of 64/f. (~4,72 us),
see Figure B.3.

16
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