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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 I1ISO 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
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Introduction

ISO/IEC 15693-2:2000(E)

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

This part of ISO/IEC 15693 describes the electrical characteristics of the contactless interface between a vicinity

card and a vicinity coupling device. The interface includes power and bi-directional communications.

This part of ISO/IEC 15693 does not preclude the incorporation of other standard technologies on'the

Contactlesp card standards cover a variety of types as embodied in ISO/IEC 10536 {Close-co
ISO/IEC 14443 (Proximity cards), ISO/IEC 15693 (Vicinity cards). These are intended’ for operatig
near, nearlpy and at a longer distance from associated coupling devices respectively.

The Intern

attention t the fact that it is claimed that compliance with this part of ISQ/IE€ 15693 may invol

patents.

ISO and IHC take no position concerning the evidence, validity and scope-of these patent rights.

The holders of these patent rights have assured 1SO and IEC-that they are willing to negotiate li
reasonablg and non-discriminatory terms and conditions with-applicants throughout the world. In thi
statementq of the holders of patent rights are registered withrthe ISO and IEC. Information may be obt

Subclause|7.2 Data rate and data coding

Subclause|82’Subcarrier

InfineonyTechnologies AG
P O ‘Bex 800949
D-81609 Munich
Germany

Koninklijke Philips Electronics N.V.
Prof. Holstlaan 6

6566 AA Eindhoven

The Netherlands

Omron Corporation
Intellectual Property Group
20 lgadera, Shimokaiinji,
Nagaokakyo-City

Kyoto, 617-8510 Japan

Texas Instruments

card.

Lipled cards),
n when very

tional Organization for Standardization (ISO) and International Electrotechnical Commission (IEC) draw

e the use of

cences under
b respect, the
nined from:

Dnoytenhland (eahl)

Subclausel8s3-bata+ates

DCcOtoerirarta SOTToT 1

D-85350 Freising
Germany

Attention is drawn to the possibility that some of the elements of this part of ISO/IEC 15693 may be the subject of
patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying any or all

such patent rights.
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Identification cards — Contactless integrated circuit(s) cards —
Vicinity cards —

Part 2:

Air interface and initialization

1 Scop

This part d
directional

This part o

This part 0
with electr
and/or stal

2 Norm

The follow
this part g
publication
investigate
undated r¢
maintain rg

ISO/IEC 1(

3 Term

For the pu
following al

e

communications between vicinity coupling devices (VCDs) and vicinitycards (VICCSs).
f ISO/IEC 15693 shall be used in conjunction with other parts of /ISO/IEC 15693.

f ISO/IEC 15693 does not specify the means of generating«coupling fields, nor the means
bmagnetic radiation and human exposure regulations which can vary according to count
dards.

ative reference

ng normative document contains provisians which, through reference in this text, constitute
f ISO/IEC 15693. For dated referenges, subsequent amendments to, or revision of,
5 do not apply. However, parties to-agreements based on this part of ISO/IEC 15693 are §
the possibility of applying the,most recent edition of the normative document indicate
ferences, the latest edition of(the normative document referred to applies. Members of
gisters of currently valid International Standards.

373-7:—Y, Identification cards — Test methods — Vicinity cards.

s and definitions

rposes of’ this part of ISO/IEC 15693, the terms and definitions given in ISO/IEC 156
pply:

f ISO/IEC 15693 specifies the nature and characteristics of the fields to be provided for power and bi-

pf compliance
y regulations

provisions of
any of these
ncouraged to
d below. For
ISO and IEC

D3-1 and the

3.1

modulation index
index equal to [a-b]/[a+b] where a and b are the peak and minimum signal amplitude respectively.

NOTE The value of the index may be expressed as a percentage.

3.2
subcarrier
a signal of

frequency £, used to modulate the carrier of frequency f,

D To be published.
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3.3
byte

a byte consists of 8 bits of data designated bl to b8, from the most significant bit (MSB,b8) to the least significant

bit (LSB,b1)

4 Symbol

s and abbreviated terms

For the purposes of this part of ISO/IEC 15693, the following abbreviations and symbols apply.

4.1 Abbreviations

ASK
EOF
LSB
MSB
PPM
RF
SOF
VCD
VICC

4.2 Symbd

a

o+

max

min

Amplitude shift keying
End of frame

L east significant bit

Most significant bit

Pulse position modulation
Radio frequency

btart of frame

icinity coupling device

icinity integrated circuit card

Is

Carrier amplitude without modulation
Carrier amplitude when modulatéd

Frequency of operating field\(carrier frequency)
Frequency of subcarrier.
Maximum operating field

Minimum, eperating field

5 Initial d

alogue for vicinity cards

The dialogue between the VCD and the VICC (one or more VICCs may be present at the same time) is conducted
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.

© ISO/IEC 2000 — All rights reserved
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These operations use the RF power transfer and communication signal interface specified in the following
paragraphs and shall be performed according to the protocol defined in ISO/IEC 15693-3.

6 Power transfer

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.

6.1 Freog

uency

The frequg

6.2 Ope

A VICC sh
The minim
The maxim

A VCD sh
(operating

In addition
manufactu

The VCD {
in any pos

Test methg

7 Com

For some
and differe

From the nhodes spegified any data coding can be combined with any modulation.

7.1 Mod

ncy f, of the RF operating field is 13,56 MHz +7 kHz.Operating field
rating field

il operate as intended continuously between H,,;,, and H, 5.

im operating field is H,;;, and has a value of 150 mA/m rms.
um operating field is H,,,, and has a value of 5 A/m rms.

all generate a field of at least H,y,, at manufacturer’s speci

volume).

and not exceeding)H, .

, the VCD shall be capable of powering any single reference VICC (defined in the test
rer’'s specified positions (within the operating volume).

Sible VICC position.

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

munications signal interface VCD to VICC

parameters several modes have been defined in order to meet different international rad
ht application requirements.

ulation

ied positions

methods) at

hall not generate a field higher than the,value specified in ISO/IEC 15693-1 (alternating njagnetic field)

0 regulations

Communications between the VCD and the VICT 1akes place using the moduiaton principle of ASK. Two
modulation indexes are used, 10% and 100%. The VICC shall decode both. The VCD determines which index is

used.

Depending on the choice made by the VCD, a "pause” will be created as described in Figure 1 and Figure 2.

© ISO/IEC 2000 — All rights reserved
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t1 t3
Carrier < He—>
Amplitude
A t4
105% o
QA —— =—
95% -
i |
IS=Hain
+—p
I A 1 O o
"o L[] VT
Min (us) [Max (us)
t1 6,0 9,44
t2 21 t1
{3 0 4,5
ta 0 0,8
The clock recovery must be operational aftert, max
Figure 1 — Modulation of the carrier for 100% ASK
Carrier
Amplitude

A

t2 t3
« » 2
Y
a
b

—

v

V
Min Max
t1 6,0 us 9,44 yus
t2 3,0us tl
13 0 4,5 ps 0,05 (a-b)
Modulation Y : *
[uodutation |1 g4 30% hf,hr | 0.1 (a-b) max

The VICC shall be operational for any value of modulation index between10% and 30%.

Figure 2 — Modulation of the carrier for 10% ASK

4 © ISO/IEC 2000 — All rights reserved
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7.2 Data rate and data coding

Data coding shall be implemented using pulse position modulation.

ISO/IEC 15693-2:2000(E)

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 start of frame (SOF), as defined in 7.3.

7.2.1 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 ps), determines the value of the byte. In this case the transmission

of one bytg¢ takes ~4,833 ms and the resulting data rate is 1,65 kbits/s (£./8192). The last byte of the.

completely transmitted before the EOF is sent by the VCD.

Figure 3 illpistrates this pulse position modulation technique.

Pulsg >4 TO44ns
Mod_ulated _>| <« ~18,88 us
Carrigr

NEREN EEEEREREREE
01234 / /... ... 2 ... P, R

A

N O1
w o
H O
yoaa

rame shall be

Figure 3 —1 out of 256 coding mode

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

The pause|shall occur during thé.second half of the position of the time period that determines the va

ue, as shown

in Figure 4
~9,44 us
_> 4_
‘ 18,88 us
Pulse
Modulated
..... | [ | ... ..
2 2 2
2 2 2
4 5 6

> Time period| <
one of 256

Figure 4 — Detail of one time period

© ISO/IEC 2000 — All rights reserved
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7.2.2 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 (f./512).
Figure 5 illustrates the 1 out of 4 pulse position technique and coding.

Pulse position for “00”

«[2241S, | ~944ps |
) ! ! ~75,52 us
Pulse position for “01” (1=LSB)
~28,32 us | ~9,44 us
< P ——p
P ~75,52 us
Pulse position for “10” (0 = LSB)
~47,20 us o, ~9.44pus.
l V|‘ »
P ~75,52 us
Pulse position for “11”
P ~66,08 us |, ~944us
P ~75,52 s !
Figure 5 — 1 out of 4 coding mode
For example Figure 6 shows the transmission of 'E1' = (11100001)b = 225 by the VCD.
~75,52 us ~75,52 us ~75,52 us ~75,52 us
I i< >< e >
b2bl = “01” b4b3 = “00" b6b5 = “10” b8b7 =*11"

Figure 6 — 1 out of 4 coding example

6 © ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=1629fdac1cea892e657594d7a5a5a52d

ISO/IEC 15693-2:2000(E)

7.3 VCD to VICC frames
Framing has been chosen for ease of synchronization and independence of protocol.

Frames shall be delimited by a start of frame (SOF) and an end of frame (EOF) and are implemented using code
violation. Unused options are 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 to the VCD.

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

7.3.1 SOF to select 1 out of 256 code

The SOF gequence described in Figure 7 selects the 1 out of 256 data coding mode.

19,44 us 944 usy

q
|

A

~37,76 us ~37%,76/us

A A

v
A

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

7.3.2 SOF to select 1 out of 4 code

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

~9,44 p ‘l | ~9,44 us ~9,44 us
>

~37,76.us ~37,76 us

d
|

A A

\4

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

7.3.3 EOF foreither data coding mode

Th EOF aarianen far aithay ~aadina maadA 1o Aacorihad tn Fia v O
e JuUCTCCTOT CitmC T oot g TouUC IS U SUTmoC U T T IgurC—JIT

~9,44 us

~9,44 us

~37,76 us

Figure 9 — End of frame for either mode

© ISO/IEC 2000 — All rights reserved 7
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8 Communications signal interface VICC to VCD

For some parameters several modes have been defined in order to allow for use in different noise environments
and application requirements.

8.1 Load modulation

The VICC shall be capable of communication to the VCD via an inductive coupling area whereby the carrier is
loaded to generate a subcarrier with frequency f,. The subcarrier shall be generated by switching a load in the

VICC.

The load mod

Test methods

8.2 Subca

Oneortwo s
ISO/IEC 1564

When one su

When two su

ulation amplitude shall be at least 10 mV when measured as described in the test methads
for VICC load modulation are defined in International Standard ISO/IEC 10373-7.
rier

Ibcarriers may be used as selected by the VCD using the first bit in the protocol header as
3-3. The VICC shall support both modes.

bearrier is used, the frequency £, of the subcarrier load modulation shall be £./32 (423,75 k

bcarriers are used, the frequency £, shall be /32 (423,75'kHz), and the frequency f, sh

defined in

Hz).

all be £./28

(484,28 kHz)

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

8.3 Data rates

A low or high
in the protocg

data rate may be used. The selection efithe data rate shall be made by the VCD using thelsecond bit
| header as defined in ISO/IEC 15693:3. The VICC shall support the data rates shown in taple 1.

Table 1 — Data rates

Data Rate Single Subcarrier Dual Subcarrier
Low 6,62 kbits/s (£./2048) 6,67 kbits/s (£./2032)
High 26,48 kbits/s (f./512) 26,69 kbits/s (f./508)

8.4 Bit repyesentation and coding

Data shall be encoded using Manchester coding, according to the following schemes. All timings shown refer to the
high data rate from the VICC to the VCD. For the low data rate the same subcarrier frequency or frequencies are
used, in this case the number of pulses and the timing shall be multiplied by 4.

8.4.1 Bit coding when using one subcarrier

A logic 0 starts with 8 pulses of £./32 (~423,75 kHz) followed by an unmodulated time of 256/f, (~18,88 us), see
Figure 10.

© ISO/IEC 2000 — All rights reserved
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~18,88 s
) .

~37,76 us

Figure 10 — Logic O

A logic 1 starts with an unmodulated time of 256/f, (~18,88 us) followed by 8 pulses of £432(~42375 kHz), see
Figure 11.

~18,88 s

~37,76. 1S

Figure 11 — Logic 1
8.4.2 Bit poding when using two subcatrtiers

A logic 0 sfarts with 8 pulses of £./32(~423,75 kHz) followed by 9 pulses of 7./28 (~484,28 kHz), see Fjgure 12.

~18,88 us
< >

~37,46 us

Figure 12 — Logic O

A logic 1 starts with 9 pulses of f./28 (~484,28 kHz) followed by 8 pulses of £./32 (~423,75 kHz), see Figure 13.

© ISO/IEC 2000 — All rights reserved 9
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~18,58 s

~37,46 us

Figure 13 — Logic 1

8.5 VICC fo VCD frames

Framing has peen chosen for ease of synchronization and independence of protocol.

Frames are @lelimited by a start of frame (SOF) and an end of frame (EOF) and,are implemented ysing code

violation. Unu

sed options are reserved for future use by the ISO/IEC.

All timings shpwn below refer to the high data rate from the VICC to the VCD:-

For the low dgta rate the same subcarrier frequency or frequencies are ‘used, in this case the number of pulses and
the timing shall be multiplied by 4.

The VCD sh4ll be ready to receive a frame from the VICC within.300 us after having sent a frame to the VICC.

8.5.1 SOF
SOF compris
— anunmo

— 24 pulse

— a logic 1
(~423,75

The SOF for

10

vhen using one subcarrier
bs 3 parts:

dulated time of 768/f, (~56,64 us):

5 of £./32 (~423,75 kHz).

which starts withvan unmodulated time of 256/f, (~18,88 ps), followed by 8 pulsgs of f./32

kHz).

bne subcarfier is illustrated in Figure 14.

AAAAAAEAEARAAAAALR

AR

~56,64 us ~56,64 uis
n »le n

~37,76 us

Figure 14 — Start of frame when using one subcarrier
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