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Introduction

1 Introduction

1.1 Objectives

This document specifies the analog interface of the NFC Forum Devices for all four NFC
technologies (NFC-A, NFC-B, NFC-F and NFC-V) and for all of the NFC Forum specified bit
rates (26 kbps, 106 kbps, 212 kbps and 424 kbps).

This specification addresses the analog characteristics of the RF interface of the NFC Forum
Devices. Its purpose is the characterization and definition of the NFC Forum Devices’ externally
observable signals, without limiting the design of the NFC Forum Devices’ antennas. These
analog characteristics include the Devices’ power requirements (determining operating volume),
transmission requirements, receiver requirements and signal forms (time/frequency/modulation
characteristics).

Specification of the analog characteristics requires the definition of the characteristics of the
signal measurement equipment. This technical specification defines the minimum measurement
equipment necessary to delimit the analog interface. The equipment consists solely of the
components that have direct interaction with the RF field. The various analog signals themselves
still need to be measured by separate measurement equipment that is not defined in this
specification.

This specification assumes that the same requirements apply, independent of the mode in which
an NFC Forum Device is operating. For example: devices that are self-powered might still be
capable of operation once that power has been depleted.

This document is intended for use by manufacturers planning to implement an NFC Forum
Device.

1.2 Purpose

This document’s purpose is the specification of the NFC Forum Devices’ RF characteristics
sufficiently for radio link interoperability issues to be minimized. The overall goal is to use the
expertise of the NFC Forum members to develop a specification that can be used as the basis for
NFC Forum Device testing and approvals.

1.3 Applicable Documents or References

The following documents contain provisions that are referenced in this specification. Unless a
publication date is explicitly stated, the latest version of each document, including all published
amendments, applies.

[ACTIVITY] Activity Technical Specification,
NFC Forum

[ANALOG_TC] Test Specification/Cases for Analog Technical Specification,
NFC Forum

[DIGITAL] Digital Protocol Technical Specification,
NFC Forum

[EMV_CLESS] EMYV Contactless Communication Protocol Specification,
EMVCo

Analog Page 1
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[ISO/IEC_14443]

[ISO/IEC_15693]

[ISO/IEC_18092]

[RFC2119]
[T2T]

[T3T]
[T4T]

[T5T]

Introduction

Identification cards — Contactless integrated circuit cards — Proximity

cards

Includes:

e [ISO/IEC 14443-1], Identification cards — Contactless integrated
circuit cards — Proximity cards — Part 1: Physical characteristics

e [ISO/IEC 14443-2], Identification cards — Contactless integrated
circuit cards — Proximity cards — Part 2: Radio frequency power and
signal balance

e [ISO/IEC 14443-3], Identification cards — Contactless integrated
circuit cards — Proximity cards — Part 3: Initialization and
anticollision

e [ISO/IEC 14443-4], Identification cards — Contactless integrated
circuit cards — Proximity cards — Part 4: Transmission protocol

Identification cards — Contactless integrated circuit cards — Vicinity cards

Includes:

e [ISO/IEC 15693-2], Identification cards — Contactless integrated
circuit cards — Vicinity cards — Part 2: Air interface and initialization

e [ISO/IEC 15693-3], Identification cards — Contactless integrated
circuit cards — Vicinity cards — Part 3: Anticollision and transmission
protocol

Information technology — Telecommunications and information
exchange between systems — Near Field Communication — Interface and
Protocol (NFCIP-1)

ISO/IEC

Key words for use in RFCs to Indicate Requirement Levels, March 1997

Type 2 Tag Specification,
NFC Forum
Type 3 Tag Specification,
NFC Forum
Type 4 Tag Specification,
NFC Forum
Type 5 Tag Specification,
NFC Forum

1.4 Administration

The NFC Analog Specification is an open specification supported by the Near Field
Communication Forum, Inc., located at:

401 Edgewater Place, Suite 600
Wakefield, MA, 01880

Tel.: +1 781-876-8955
Fax: +1 781-610-9864

http://www.nfc-forum.org/

The NFC Forum, Inc. maintains this specification.

Analog
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1.5 Name and Logo Usage

Introduction

The Near Field Communication Forum’s policy regarding the use of the trademarks NFC Forum
and the NFC Forum logo is as follows:

e Any company MAY claim compatibility with NFC Forum specifications, whether a member
of the NFC Forum or not.

e Permission to use the NFC Forum logos is automatically granted to designated members only
as stipulated on the most recent Membership Privileges document, during the period of time
for which their membership dues are paid.

e Member’s distributors and sales representatives MAY use the NFC Forum logo in promoting
member’s products sold under the name of the member.

e The logo SHALL be printed in black or in color as illustrated on the Logo Page that is
available from the NFC Forum at the address above. The aspect ratio of the logo SHALL be
maintained, but the size MAY be varied. Nothing MAY be added to or deleted from the
logos.

e Since the NFC Forum name is a trademark of the Near Field Communication Forum, the
following statement SHALL be included in all published literature and advertising material in
which the name or logo appears:

NFC Forum and the NFC Forum logo are trademarks of the Near Field Communication
Forum.

1.6 Intellectual Property

The NFC Forum Analog Technical Specification conforms to the Intellectual Property guidelines
specified in the NFC Forum's Intellectual Property Rights Policy, as outlined in the NFC Forum
Rules of Procedure. These documents are available on the NFC Forum website.

1.7 Acknowledgements

Some information has been derived from [ISO/IEC_14443], [ISO/IEC_15693] and
[ISO/IEC_18092].

British Standards can be obtained in PDF or hardcopy formats from the BSI online shop at
www.bsigroup.com/Shop or by contacting BSI Customer Services (for hardcopies only) at
+44 (0)20 8996 9001; email: cservices@bsigroup.com.

1.8 Special Word Usage

The key words “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT” and “MAY” in this
document are to be interpreted as described in [RFC2119].

1.9 Requirement Numbering

Requirements in this document are uniquely numbered with the number appearing next to each
requirement. Table 1 shows an example.

Analog Page 3
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Table 1: Sample Requirement

1.9.1.1 A car SHALL have four wheels.

A requirement can have different numbers in different versions of the specifications. Hence, all
references to a requirement SHALL include the version of the document as well as the
requirement’s number.

1.10 Notational Conventions
The notational conventions defined in Table 2 apply to this document.

Table 2: Notational Conventions

Notation Description

Hexadecimal notation.

Hexadecimal numbers are represented using the numbers 0 - 9 and the

XYh characters A — F. An “h” is added at the end. The most significant byte (MSB)
is shown on the left; the least significant byte (LSB) on the right.

Example: F5h

Binary notation.
Values expressed in binary form are followed by a lower case “b”.
For example, 82h hexadecimal is expressed in binary as 10000010b.

xyb Binary numbers are represented by strings of the digits 0 and 1, shown with the
most significant bit (msb) on the left and the least significant bit (Isb) on the
right. A “b” is added at the end.

Example: 11110101b

[...] Optional part
XX More than one value possible
STATE Names of defined States are written in bold all-capital COURIER FONT letters.

COMMAND The defined Command and Response hames are written in non-bold all-capital
and RESPONSE | letters.

Analog Page 4
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1.11 Abbreviations
Table 3 contains the definitions of the abbreviations and acronyms used in this specification.

Table 3: Abbreviations

Abbreviation | Description

AM Amplitude Modulation

ASK Amplitude Shift Keying

BPSK Binary Phase Shift Keying

CMR Common Mode Rejection

DC Direct Current

DVR Delta Vov Ratio

fc Carrier Frequency

fres Resonance frequency

fs Subcarrier frequency

IEC International Electrotechnical Commission

ISO International Organization for Standardization

JIS Japanese Industrial Standard

NFC Near Field Communication

NFC-A Near Field Communication — Type A Technology

NEC-ACM H'eiag_lze;(ri 'E:”(:)grg)unication — Active Communication Mode (based on either

NFC-B Near Field Communication — Type B Technology

NFC-F Near Field Communication — Type F Technology

NFC-V Near Field Communication — Type V Technology

NECIP-1 Near Field Communicatiqn Interface and Protocol as specified in
[ISO/IEC_18092]. Specific protocol of the NFC Peer Mode.

NRZ-L Non-Return to Zero, (L for Level)

n.a. Not Applicable

OOK On-Off Keying

OSL Open, Short, Load

PCB Printed Circuit Board

PCD Proximity Coupling Device [ISO/IEC_14443]

PICC Proximity Integrated Circuit Card [ISO/IEC_14443]

POS Point of Sale

RF Radio Frequency

SMA Subminiature version A (plug)

VNA Vector Network Analyzer

Analog
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1.12 Glossary
8-Shaped Coil

A single winding coil consisting of two similar loops that together form a figure 8 shape.
This coil is employed to capture signals that are used to analyze, for instance, waveform
characteristics of Pollers.

Active Communication Mode

A communication mode in which each device generates an Operating Field when it has to
send a frame to a peer device.

Activity
A process within an NFC Forum Device.
Card Emulator

Role of an NFC Forum Device, reached when an NFC Forum Device in Listen Mode has
gone through a number of States. In this mode the NFC Forum Device behaves as one of
the Technology Subsets.

Command

An instruction from one device to another device in order to move the other device
through a state machine.

Correct Frame
A frame without Transmission Error.
Initiator

Role of a Poller when it has gone through a number of Activities. In this mode, the NFC
Forum Device communicates using the NFC-DEP Protocol.

Listen Frame
A frame sent by a Listener.
Listen Mode
The mode of an NFC Forum Device where it receives Commands and sends Responses.
Listener
An NFC Forum Device in Listen Mode.
Lower Level
Term used in DIGITAL to mean V, for NFC-A.

Analog Page 6
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Modulation Index

Introduction

The modulation index of an amplitude modulated signal.
NFC Forum Device

A device that supports at least one communication protocol for at least one
communication mode defined by the NFC Forum specifications. Currently the following
NFC Forum Devices are defined:

NFC Universal Device, NFC Tag Device and NFC Reader Device.

NFC Forum Reference Equipment

A set of NFC Forum Reference Poller and NFC Forum Reference Listener devices in
conjunction with which the radio frequency (RF) characteristics of this specification are
valid.

NFC Forum Tag
A contactless tag or (smart) card supporting NDEF.
NFC-DEP Protocol
Half-duplex block transmission protocol defined in [DIGITAL].
No Remote Field Sensed
A condition that indicates the absence of the Remote Field for a certain time.
Operating Field
The radio frequency field created by the NFC Forum Device.
Operating Field Off

A condition of the Operating Field when the field strength is below a well-defined
threshold.

Operating Field On

A condition of the Operating Field when the field strength is equal to or higher than a
well-defined threshold for a minimum period of time.

Operating Volume

The three-dimensional space, as defined by the NFC Forum, in which an NFC Forum
Device in Poll Mode can communicate with an NFC Forum Device in Listen Mode.

Passive Communication Mode

A communication mode in which one device generates an Operating Field and sends
Commands to a second device. To respond, the second device uses load modulation,
which means that it does not generate an Operating Field, but draws power from a
Remote Field.

Poll Command

A Command to probe for Listeners

e ALL REQ Command or SENS REQ Command for NFC-A

e ALLB REQ Command or SENSB_REQ Command for NFC-B
e SENSF REQ Command for NFC-F

e INVENTORY_REQ Command for NFC-V

Analog Page 7
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FORUM
e ATR_REQ Command for NFC-ACM.

Poll Mode

The mode of an NFC Forum Device in which it sends Commands and receives
Responses.

Introduction

Poller

An NFC Forum Device in Poll Mode.
Protocol Error

A Semantic Error or Syntax Error.
Reader/Writer

Role of a Poller when it has gone through a number of Activities. In this mode, the Poller
communicates with Type 2 Tags, Type 3 Tags, Type 4 Tags or Type 5 Tags.

Reference Listener

Part of the NFC Forum Reference Equipment employed to evaluate the RF characteristics
of Pollers.

Reference Poller

Part of the NFC Forum Reference Equipment employed to evaluate the RF characteristics
of Listeners.

Remote Field

The radio frequency field generated by a remote device and sensed by the NFC Forum
Device.

Resonance Frequency

The frequency where the imaginary part of the impedance is zero is defined as resonance
frequency. At this frequency the phase angle of the impedance is zero.

Response

Information sent from one device to another device upon receipt of a Command. The
information received by the other device allows it to continue the data exchange.

Semantic Error

A Correct Frame with no Syntax Error is received when it is not expected.
State

A state of the Listener.
Syntax Error

A Correct Frame is received with invalid content. In this case either the coding of the
Command or the block in the frame is not consistent with DIGITAL.

Target

Role of a Listener when it has gone through a number of States. In this mode the NFC
Forum Device communicates using the NFC-DEP Protocol.
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Technology

Introduction

A group of transmission parameters defined by the NFC Forum specifications that make
a complete communication protocol. A non-exhaustive list of transmission parameters is:
RF carrier, communication mode, bit rate, modulation scheme, bit-level coding, frame
format, protocol, and command set. The NFC Forum defines four groups of transmission
parameters and therefore four Technologies: NFC-A, NFC-B, NFC-F and NFC-V. These
four Technologies use the same RF carrier (13.56 MHz) and might have the same
protocol and Command set. Each Technology uses its own modulation scheme, bit-level
coding and frame format, but can have the same protocol and Command set.

Technology Subset

A legacy platform supporting a subset of a Technology. A Technology Subset supports at

least the Poll Command of the Technology. The Technology Subsets are:

e Type 2 Tag platform, which uses a particular subset of NFC-A, including anti-
collision.

e Type 3 Tag platform, which uses a particular subset of NFC-F, including anti-
collision.

e Type 4 Tag platform, which uses a particular subset of NFC-A or NFC-B, including
anti-collision.

e Type 5 Tag platform, which uses a particular subset of NFC-V, including anti-
collision.

Timeout Error

No Response has been received within the Response Waiting Time (RWT). See
DIGITAL.

Transmission Error

An incorrect frame is received. In this case, the signal modulation, the bit coding, the
frame format, the timing, or the checksum is not as specified with DIGITAL.

Unmodulated Carrier

A condition of the Operating Field with no modulation present. For the purposes of this
specification an unmodulated carrier is defined as one that has no discernible, detectable
or measurable modulation.

Valid Block, Valid PDU
A block or protocol data unit (PDU) without Protocol Error within a Correct Frame.
Valid Command, Valid Response

A Command or Response without Protocol Error within a Correct Frame.
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2 Overview

Overview

2.1 NFC Forum Devices

An NFC Forum Device is assumed to be equipped with an antenna connected to an electronic
circuit. During operation the combination of two NFC Forum Devices (Poller and Listener)
behaves like a transformer. An alternating current passes through a primary coil (Poller antenna)
and creates an electromagnetic field that induces a current in the secondary coil (Listener
antenna). The Listener might use the electromagnetic field (or radio frequency field) transmitted
by the Poller to power itself. The configuration and tuning of both antennas determines the
coupling efficiency from one device to the other.

Figure 1 shows a Poller and Listener configuration.

Poller FIELD ;
—_——» Listener
@ ELECTROMAGNETIC
ELE?RTS&IF“C FIELD ELECTRONIC
CIRCUIT
DATA
-

Figure 1: Poller and Listener Configuration

The addition of information to a signal carrier is called modulation. A signal carrier is
characterized by means of its amplitude, phase, and frequency. Therefore, information can be
added to the carrier by means of changing one or more of these characteristics. Modulation
methods used in this document are:

e Amplitude modulation: the level of the signal carrier is varied over time.

e Phase modulation: the flow of the signal carrier is either advanced or delayed temporarily,
giving a change in phase.

The radio frequency (RF) energy transmitted by the Poller and received by the Listener activates
or wakes up the Listener and is also used to transport the data through the modulation of the
carrier. The Listener decodes and processes the data and responds to the Poller by means of load
modulation.

Load modulation is based on the electromagnetic coupling (i.e., mutual inductance) between the
Listener and the Poller and is similar to the power transfer and communication from the Poller to
the Listener. The Listener changes the current in its antenna.

The variation of the current in the Listener antenna is sensed by the Poller as a small change in
the current in its antenna. This is typically sensed as a small increase in voltage across a resistor
in series with the Poller antenna.
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2.2 NFC Forum Reference Equipment

The RF power and signal interface part of the specification is specified in terms of the NFC
Forum Reference Equipment. The NFC Forum Reference Equipment consists of two categories
of devices: Reference Pollers and Reference Listeners. The purpose of the NFC Forum
Reference Equipment is to act as Pollers and Listeners that cover the variations (for example, at
the extremes of parameters) in NFC contactless technology. A Poller can therefore be
characterized in operation with a Reference Listener, and a Listener can be characterized in
operation with a Reference Poller.

Overview

In addition, an 8-Shaped Coil is specified in order to capture signals for parameter evaluation
during the characterization of the Pollers and Listeners.

NFC Forum Devices, Legacy Reader/Writers, and PICCs will all utilize a range of different
antenna sizes and characteristics. It is unrealistic to adopt just one size of antenna for the NFC
Forum Reference Equipment for the RF Analog specification to cover all modes of operation.

During interoperation there will likely be “worst case” combinations of the Initiator device
antenna relative to the Target device or tag antenna:

e Large relative to small (e.g., POS terminal to small handset, or large handset to small tag)
o Small relative to large (e.g., small to large handset or small handset to large tag)
e Same relative to same (mobile to mobile, due to interaction at close ranges)

There is no requirement to create NFC Forum Devices using the architecture, antenna layout and
resonance frequency used for the Reference Pollers or the Reference Listeners. The NFC Forum
Reference Equipment is put in place only to specify an externally observable behavior.

The aim is that sufficient documentation will be available to allow users to construct and calibrate
their NFC Forum Reference Equipment or to purchase it from vendors.

The designs of the NFC Forum Reference Equipment and the 8-Shaped Coil are specified in
Appendix C.

2.2.1 Reference Poller

When it is connected to a suitable signal generator and power amplifier, a Reference Poller allows
commands to be sent to a Listener. The response from a Listener might then be captured and
analyzed by means of associated measurement equipment.

The Reference Pollers with three different antenna coil designs are based on the standard
[EMV_CLESS] PCD (for Poller-0) and compensated versions of two of the ISO standardized
PICC antenna coil designs (Poller-3 and 6).

Figure 2 shows the Reference Pollers (Poller-0, Poller-3, and Poller-6), presented in left to right
order. Appendices C.1, C.2 and C.3 give the full design details. Appendix C.8 describes the
mechanical dimensions.

x

s POLLER-0 i e g
= LK [l ~rc Forum [f = ‘ I mm
fl roLLER-3
[ POLLER-6

Figure 2: Reference Pollers
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2.2.2 Reference Listener

Overview

The Reference Listeners are specified with three forms of antenna coil design geometry.

The coil geometries of Listener-1, Listener-3 and Listener-6 are based on the outside envelope
measurements of the ISO referenced PICC-1, PICC-3 and PICC-6 antenna designations,
respectively.

The PCB coil designs are not necessarily identical and revisions might be required for
synchronization.

The Reference Listener can also send information back to a Poller, using various levels of load
modulation generated using a suitable signal source.

Two resonance frequencies, 13.56 MHz and 16 MHz, are defined for the Reference Listener.
There is no requirement to create one Reference Listener PCB configurable for the two resonance
frequencies or two Reference Listener PCBs each configured to one resonance frequency.

The Reference Listener can be configured to use a number of fixed resistive loads. These resistive
load settings can be used to represent both the typical and the worst-case scenarios to be
encountered by a Poller.

Figure 3 shows the Reference Listeners (Listener-1, Listener-3 and Listener-6), presented in left-
to-right order. Appendices C.5, C.6 and C.7 give the full design details. Appendix C.9 describes
the mechanical dimensions.

NFC_FORUM r NFC FORUM | : NFC FORUM

LISTENER-1 { ¢ * LISTENER-3 b LISTENER-6

Figure 3: Reference Listeners

2.2.3 8-Shaped Coil

The 8-Shaped Coil is a single winding coil, consisting of two similar loops that form a figure 8
shape. There is no component other than a connector towards a high impedance measurement
device.

The 8-Shaped Coil enables capture of the signal sent by the Poller when the Listener is present in
the Operating Volume.

The 8-Shaped Coil is used to analyze the waveforms of the captured signals.

The 8-Shaped Coil is constructed on flexible PCB to optimize its positioning on the surface of the
Poller.

The resonance frequency of the 8-Shaped Coil SHALL be higher than 80MHz in order to
minimize any influences on the measured signals of the Poller.

Annex C.11describes in more detail the construction requirements for the 8-Shaped Coil.

2.3 Positioning Convention

The specification is based on the existence of Reference Marks presumed to be on the casing of
the NFC Forum Devices and against which parameters in the specifications are defined.

This specification assumes planar devices oriented in a parallel configuration.
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2.4 Operating Volume

The Operating Volume of a Poller is the 3-dimensional space for which this specification imposes
requirements with the aim of ensuring interoperability between NFC devices over at least this
volume.

Overview

Figure 4 shows the geometry of the Operating VVolume.

The Operating Volume is measured from the Reference Mark, along an axis perpendicular to the
device. Requirements on this geometry suppose that the Poller is stationary and that the Listener
moves slowly (less than 1 m/s) through the Operating VVolume, or vice versa.

The position of a Listener within the Operating Volume is represented by the quadruplet (z,r,o,
0). Positioning conventions for this are not defined in this technical specification; please refer to
[ANALOG_TC].

Appendix B.1 defines the values of the symbols used in Figure 4.

’ e )

Iq. Operating Volmn?'“'m;i Reference
‘ Marker
5
fﬂ'
i i Landing
i D, :i Plane

Figure 4: Operating Volume

The Poller uses the Reference Marker as the point to indicate the origin of the Operating Volume
(z=0, r=0, ¢=0, 6=0).
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3 Principles (Informative)

Principles (Informative)

3.1 General

This section describes the principles by which the requirements included in this document are
specified with respect to the NFC Forum Reference Equipment (as defined by the NFC Forum
and presented in Appendix C).

Each Requirement statement is preceded by a description of the conditions under which the NFC
Forum Reference Equipment is used and the conditions under which the specification
requirement is valid.

The remainder of this section explains the approach used for writing the requirements.

3.2

An NFC Forum Device, which can be a Poller or a Listener, is either transmitting or receiving at
one time.

Configurations for Transmission and Reception

A Poller transmits power and data to a Listener and receives data from this Listener. A Listener
might receive power as well as data from a Poller and can transmit data to the Poller. The
configurations for transmitting and receiving for a Poller and a Listener are illustrated in Table 4.

Table 4: Configurations Transmit and Receive

Poller Listener
Transmit | Receive | Transmit | Receive
Power \ n.a. n.a. \
Data V \ \ V

For each device the requirements related to transmission are such that the value of a transmit
parameter (X) will fall within a defined range R , from Xy min to X max. The requirements on
reception are such that the receiver will work properly with the values of the different parameters
varying over a range R from X, min to X,x max, as are relevant for each parameter. For
interoperability the ranges for the corresponding transmission and reception parameters are
defined so that the range of X is contained within the range for Xx.

3.3

The transmission requirements and characteristics of an NFC Forum Device are valid in the
presence of the receiving antenna of the appropriate NFC Forum Reference Equipment. For
example, whether the transmitter of a Poller meets the requirements is characterized by means of
the Reference Listener. Similarly, the quality of the transmitter of a Listener is characterized via
the Reference Poller.

Purpose of the NFC Forum Reference Equipment
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Principles (Informative)

Example:

To enable operation, a Poller needs to provide a certain level of field strength (power) to a
Listener. The field strength delivered by the Poller is characterized by the voltage output from J1
of a Reference Listener. The value of the field level characterized via a Reference Listener
SHALL fall within the min to max range of R power-

Whether a device meets the reception requirements, or not, is characterized by setting up the
transmitter of the appropriate NFC Forum — Reference Equipment to create a range of values for
a number of parameters. For example, whether the receiver of a Poller meets the requirements is
measured by having the Reference Listener send out different levels of load modulation. The
quality of the receiver of a Listener is verified by having the Reference Poller send out levels of
modulation that are slightly beyond the level of acceptability.

To set up the transmitter of the NFC Forum — Reference Equipment, the receiver of the matching
NFC Forum — Reference Equipment is used. For example, the load modulation level of the
Reference Listener is set up by means of and with respect to the Reference Poller. The
modulation level of the Reference Poller is set up by means of and with respect to the Reference
Listener.

Example:

A Listener needs to operate with a certain power level provided by a Poller. The Reference Poller
generates different power levels, varying over a min to max range of Rixpower. The power level of
the Reference Poller is set up with respect to the Reference Listener. This means that Rrx power IS @
value measured on the Reference Listener and that the power level of the signal generator feeding
the Reference Poller is increased/decreased until the correct (voltage) level is reached on the
Reference Listener.

Since each of the parameters is specified separately, the intention is that their specifications allow
them to be observed independently, as much as possible. For example, in order to measure a
Listener’s ability to respond to commands sent with a wide range of modulation indices, these
commands are sent using a ‘nominal’ power level. This power level first needs to be established
as described in Appendix B.7 .
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Principles (Informative)
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Figure 5: NFC Forum Reference Equipment Generic Configuration

3.4 Using the Reference Equipment

It is impractical to characterize an NFC Forum Device’s operation with all possible combinations
of NFC Forum Reference Equipment. The testing technique proposed, therefore, is to always use
the worst case counterpart for a parameter that might either be the “best-coupling” or “worst-
coupling” device, depending on the specific parameter.

For example, when the minimum operating field power of a Poller is being considered, the “worst
coupling” device would be used, as all other devices would give better results than this. Of
course, for the maximum operating field power, the “best coupling” device would be used, as this
represents the most stringent case for a listener, because the power level received for all other
Reference Listener would be lower than this.

The procedure for determining the “best coupling” and “worst coupling” devices, as well as
which to use for testing each parameter, is specified in the Analog Test Specification.

3.5 Functions Properly

For both a Poller and a Listener, checking the data reception characteristics depends on some kind
of acknowledgement by the device that the data were received. For a Poller the operation of
sending the next command (i.e., data transmission) in the overall flow implies that the response
from the Reference Listener was understood. For a Listener the operation of responding to the
command or a change in internal state implies that the command from the Reference Poller was
understood.

For the remainder of this technical specification the term “function properly” is applied to a
Poller that, following a response created by the Reference Listener, sends the next command.

For the remainder of this specification the term “function properly” is applied to a Listener that
receives a command generated by the Reference Poller and that the received command results in
the Listener sending the expected response or changing its internal state in a way that corresponds
to the command. A change in internal state is observed when the Listener processes the next
command, as anticipated.
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3.6

Principles (Informative)

Summary

The approach explained above leads to the following with regard to power and data transfer:

Power provided by a Poller is specified as that power received on the Reference Listener.

Data transmission by a Poller (e.g., modulation depth) is specified as that received on the
Reference Listener.

Data reception by a Poller (load modulation sensitivity) is specified as that generated by
different signals from the Reference Listener. To determine the levels and characteristics of
the signal generated by the Reference Listener, the signal is first set up with respect to the
Reference Poller.

Data transmission by a Listener is specified as that observed on the Reference Poller, with the
Reference Poller providing a ‘nominal’ and ‘maximal’ power level to the Listener. Both the
power level and the command characteristics produced by the Reference Poller are set up
with respect to the Reference Listener.

Power and data reception sensitivity of a Listener are specified as those observed by means of
the Reference Poller, with the Reference Poller sending commands with power levels and
modulation characteristics at the border of the tolerance interval R.. Again, for setting these
extreme values the power and command characteristics produced by the Reference Poller are
set up with respect to the Reference Listener.
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4 Radio Frequency Power and Signal Interface

This section specifies the requirements for the power transfer from Poller to Listener through the
electromagnetic field that is created by the Poller and that has the parameter values listed in
Appendix B.2.

All specifications described in this section are only applicable in conjunction with the Reference
Poller and the Reference Listener configured and set up as specified in the particular specification
context listed for the requirement. The setup parameters and calibration procedures are described
in Appendices B.3, B.5 and B.6.

The position of a Listener within the Operating Volume is indicated according to the convention
specified in sections 2.2.3 and 2.4, using the parameter values given in Appendix B.1.

4.1 Poller Requirements for Power Transfer from Poller to Listener

This section specifies the Poller requirement for power transfer from the Poller to the Listener.

4.1.1 Specification Purpose

The purpose of this requirement is to ensure that the Poller provides an Operating Field with RF
field strength within the minimum and maximum limits for powering a Listener.

4.1.2 Specification Context

e A Poller is set to emit an Operating Field without any modulation — Operating Field On.

e A Reference Listener is configured with a selected resistive load and resonance frequency
(see RL and fres for Vov in Appendix B.2). See Appendix C.4 for design details.

e The Reference Listener is placed in the Operating Volume of the Poller.

e The load modulation transmit signal is not applied to J2 of the Reference Listener.

Requirements 4.1 — Power Transfer from Poller to Listener (Poller Transmission)

Poller

4.1.2.1 When the Reference Listener is located within the Operating Volume of the Poller,
under the conditions described in the specification context above, it SHALL generate
an output voltage Vov at J1 of the Reference Listener. The average value over a small
period of time (> 10 ps) at a fixed location of the voltage Vov SHALL be
characterized.

Refer to Appendix B.2 for the minimum and maximum values of the range of Vov.

4.2 Listener Requirements for Power Transfer from Poller to
Listener

This section specifies the Listener requirements for power transfer from Poller to Listener.
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4.2.1 Specification Purpose

Radio Frequency Power and Signal Interface

The purpose of these requirements is to ensure that the Listener functions properly in the
Operating Field of the Reference Poller with a defined range of field strength.
4.2.2 Specification Context

e A Reference Poller is generating an Operating Field, with no AM modulation applied, with
frequency fs,c (nominal value).

e A Reference Listener is configured with a fixed resistive load and resonance frequency (see
Rs,. and fsgres in Appendix B.3) and with no load modulation transmit signal applied to J2.

e The carrier level of the Reference Poller, with no AM modulation applied, is set up such that
the Reference Listener in position (z=Zs,ov, r=0, =0, 6=0) of the Operating Volume has a
voltage Vsov at J1, (between min and max), as specified in Appendix B.3.

e The Reference Poller is then set up to modulate the carrier with nominal modulation
characteristics, as detected from the sense coil via J4 of the Reference Listener, as specified in
Appendix B.3.

e The Listener is then placed into the operating volume of the Reference Poller.

Requirements 4.2 — Power Transfer from Poller to Listener (Listener Reception)

Listener

4.2.2.1 A Listener SHALL function properly within the Operating Volume of the Reference
Poller when the operating conditions have been established as described in the
specification context above for NFC-A.

See Section 3.5 for the definition of “function properly”.

4.2.2.2 A Listener SHALL function properly within the Operating Volume of the Reference
Poller when the operating conditions have been established as described in the
specification context above for NFC-B.

4.2.2.3 A Listener SHALL function properly within the Operating Volume of the Reference
Poller when the operating conditions have been established as described in the
specification context above for NFC-F.

4.2.2.4 A Listener SHALL function properly within the Operating Volume of the Reference
Poller when the operating conditions have been established as described in the
specification context above for NFC-V.

4.3 Influence of the Listener on the Operating Field

Due to the electromagnetic coupling (i.e., mutual inductance) between the Listener and Poller
antennas, the Listener changes the Operating Field created by the Poller when brought into its
Operating Volume. The magnetic field strength within the Operating Volume will decrease due to
the extra load caused by the Listener. This section specifies the Listener requirement that limits
the maximum load a Listener is allowed to present to a Poller.
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4.3.1 Specification Purpose

Radio Frequency Power and Signal Interface

The purpose of these requirements is to specify a limit on the loading that a Listener can place on
a Poller. If no limit was to be imposed, a Listener might cause so much influence on the operating
field that attempting to measure the other analog parameters would be meaningless.

4.3.2 Specification Context

e A Reference Poller is generating an Operating Field, with no AM modulation applied, with
frequency fs.c (nominal value).

e A Reference Listener is configured with a fixed resistive load and resonance frequency (see
R. and fsres for DVR in Appendix B.2) and with no load modulation transmit signal applied
to J2.

e The Reference Poller carrier level without modulation is set up with the Reference Listener in
position (z= Zs,ov, =0, ¢=0, 6=0) of its Operating VVolume, such that the minimum voltage
defined by Vs, ov (as specified in Appendix B.3 is detected at J1 of the Reference Listener.

Requirements 4.3 — Influence of the Listener on the Operating Field

Listener

4.3.2.1 When the Listener is placed in the Operating Volume of the Reference Poller, the
loading caused by the Listener SHALL be equal to or less than the loading caused by
the Reference Listeners.

The associated parameter DVR is defined as the ratio between the loading of the
Listener under test and the loading of the Reference Listener.

The Listener loading is defined as the maximum voltage drop, AVov, that is detected
across the sense resistor via J2 of the Reference Poller.

The AVoy is the difference in the peak to peak voltage level before (Vov, Free aR)
and after (Vov, Listener) the Listener is placed in the Operating VVolume of the
Reference Poller.

AVov put = Vovrree ar — Vov,put detected at J2 of the Reference Poller.
DVR polier-0 =AVov,put /AVov,pro-L1(0, 0, 0, 0)

DVR polier-3 = AVov,put /AVov,p3-L3(0, 0, 0, 0)

DVR polier-6 = AVov,put /AVov pe-L6(0, 0, 0,0) ,

where AVov px-Lx IS measured with the respective Reference Poller and Listener
Equipment, and (0,0,0,0) indicates the origin of the Operating Volume (z=0, r=0,
¢=0, 6=0).

Refer to Appendix B.2 for the value of DVR.

NOTE Here the loading effect of the Listener applies irrespective of power conditions, e.g.
whether the device is battery powered or not.

4.4  Poller Requirements for the Carrier Frequency fc

This section specifies the Poller requirement for the frequency of the Operating Field (i.e., the
carrier frequency fc) created by the Poller.
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4.4.1 Specification Purpose

Radio Frequency Power and Signal Interface

The purpose of these requirements is to specify the limits on the carrier frequency of a Poller, to
ensure that it remains within the limits expected by a Listener.
4.4.2 Specification Context

e A Reference Listener is configured with fixed resistive load and resonance frequency (see R.
and fsres for fc in Appendix B.2) and with no load modulation signal applied to J2.

e A Poller is set to emit a carrier.

e The Reference Listener is placed in the Operating VVolume of the Poller, and the sense coil of
Reference Listener is used to recover the carrier for frequency measurement on J4.

Requirements 4.4— Carrier Frequency fc (Poller Transmission)

Poller

4.4.2.1 The frequency of the Operating Field (carrier frequency) generated by the Poller
SHALL be within the range of min to max values of fc.

Refer to Appendix B.2 for the min and max range values of fc.

4.5 Listener Requirements for the Carrier Frequency fc

This section specifies the Listener requirement for the frequency of the Operating Field (i.e., the

carrier frequency fc).

4.5.1 Specification Purpose

The purpose of this requirement is to verify that a Listener is able to function properly when it is

in an Operating Field whose carrier frequency is set between the minimum and maximum values.
4.5.2 Specification Context

o Reference Poller is generating a carrier signal with frequency fsc, where the range of fsc is
defined in Appendix B.3.

o Reference Poller is set up to send a polling command with nominal power transfer and
modulation characteristics, as specified in Appendix B.3.

Requirements 4.5 — Carrier Frequency fc (Listener Reception)

Listener

4.5.2.1 When placed in the Operating Volume of the Reference Poller, the Listener SHALL
function properly with a carrier frequency that is generated by the Reference Poller
and that stays between the minimum and maximum values of fs ¢ (as defined in
Appendix B.3).
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4.6 Poller Requirements for Resetting Listeners

This section specifies how the Poller uses the Operating Field to reset the Listener in order to
ensure that the Listener is correctly reset.

Radio Frequency Power and Signal Interface

4.6.1 Specification Purpose

The purpose of these requirements is to specify how the Operating Field is correctly managed by
the Poller to induce a reset of the Listener. This entails both that any residual carrier emitted by
the Poller during the reset is sufficiently low that the Listener correctly recognizes it as a reset
and that the level is maintained at this low state for a sufficient duration to induce a reset.

4.6.2 Specification Context

e Poller is set to emit a carrier without any modulation.

e The Reference Listener-6 is configured with a fixed resistive load and resonance frequency
(see Re and fres for maximum Vov in Appendix B.2) and with no modulation applied to J2.

e The Reference Listener-6 is placed in the Operating Volume of the Poller and is used to
capture the Poller signal on its sense coil on J4.

e Poller is induced to perform a reset.

Requirements 4.6 — Listener Reset (Poller Transmission)

Poller

4.6.2.1 When the NFC Forum - Reference Listener-6 is within the Operating Volume of the
Poller and the Poller resets the Operating Field, it SHALL NOT generate any field
for a time treLp_orr defined by [ACTIVITY], characterized at the output of the sense
coil on J4 of the NFC Forum - Reference Listener-6.

4.7 Listener Requirements for Being Reset

This section specifies the reset requirements for the Listener such that it can be ensured that a
Listener can be correctly reset by a Poller that is emitting the worst case residual carrier level.

4.7.1 Specification Purpose

The purpose of these requirements is to ensure that a Listener will be correctly reset by a Poller
operating according to this specification.

4.7.2 Specification Context

e The Reference Listener-6 is configured with a fixed resistive load and resonance frequency
(see Rs and fsres for Vsov.reser and Vs ov.reser,tst in Appendix B.3) and with no
modulation applied to J2.

e The Reference Poller-0 is emitting a carrier signal with frequency fsc (nominal value).
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e The Reference Poller-0 carrier level is set up such that, when the Reference Listener-6 is
placed in the Operating Volume at position (z=Zs,ov, r=0, ¢=0, 6=0), it generates the
maximum residual level of voltage Vs ovreser (rms) at the output of the sense coil, J4 of the
Reference Listener-6. If the Listener under test is a T5T, the generated voltage SHALL be
the maximum value of Vs ovreser 15T, as measured on J4 of the Reference Listener-6.
Measure and record the according J2 voltage value of the Reference Poller-0.

Radio Frequency Power and Signal Interface

The resulting voltage measured at J2 of the Reference Poller-0 is referenced below as
VGEN,JZ,RESET-

Refer to Appendix B.3 for the value of Vs ovreser and Vs ov,reser 75T

e With the Listener in the Operating VVolume at position (z=Zsov, r=0, ¢=0, 6=0) of the
Reference Poller-0, the following sequence SHALL cause the Listener to finish in the IDLE
state:

The Reference Poller-0 is generating an Operating Field, with no modulation applied,
with frequency fs.c (nominal value).

The Reference Listener-1 is configured with a fixed resistive load and resonance
frequency (see Rs,. and fsres for Vs .ov minimum level in Appendix B.3) and with no
load modulation transmit signal applied to J2.

The carrier level of the Reference Poller-0, with no AM modulation applied and the
signal generator set up such that the Reference Listener-1 in position (z=Zs ov, r=0, ¢=0,
06=0) of the Operating Volume, now has the voltage according to the minimum level of
Vs.ov in Appendix B.3 at its output J1. The settings of the signal generator creating this
voltage are referenced below as Vgen minimum.

Reference Poller-0 sends the appropriate commands to put a Listener of NFC-A, NFC-B
or NFC-F into an appropriate state higher than the IDLE state or a Listener of NFC-V
into an appropriate state higher than the READY state, and these commands are sent to
the Listener from the Reference Poller-0.

The signal generator level is reduced from Veen,minimum Such that the signal observed at
J2 of the Reference Poller-0 reaches Veen,i2,reser for a time trecp orr Specified in
[ACTIVITY], before reapplying the level that was called Veen minimum above.

Requirements 4.7 — Listener Reset (Listener Reception)

4.7.2.1 When the Operating Field is switched off (as simulated by the signal generator level

Listener

being reduced from Veenminimum t0 a value leading to Veen,a2,reset at J2 of the
Reference Poller-0 for a time treo_orr defined by [ACTIVITY]), a Listener SHALL
enter the NO_REMOTE_FIELD state, as defined in [ACTIVITY]. After the signal
level is restored back to Veen minimum, the Listener SHALL be in the IDLE state after
atime GTa, GTg, GTeand GTy.

Refer to DIGITAL for the values of GTa, GTg, GTrand GTy.

NOTE This requirement assumes that the NFC Forum Devices is configured to Listen

Analog

mode only.
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4.8 Poller Requirements for Field Activation
This section specifies the field activation timing requirements.

4.8.1 Specification Purpose

The purpose of these requirements is to specify how a Poller has to switch on its operating RF
field.

4.8.2 Specification Context

e A Reference Listener is configured with a fixed resistive load and resonance frequency (see
R and fsres for trieLp,act in Appendix B.2) and with no modulation transmit signal applied
to J2.

e A Poller is set to emit a constant unmodulated carrier field to the Reference Listener
e The Reference Listener is placed in the NFC Forum setup position (Zs ov) of the Poller.
e The output voltage Vov at J1 of the Reference Listener is measured as Vov,mMeasURED.

e The signal transmitted by the Poller before and after the field activation is received and
characterized at the output of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal monitored at the output of the 8-
Shaped Coil (described in Appendix C) with the Reference Listener placed in the setup position
(Zs,ov) of the Poller.

Figure 6 shows a representation of the activation of the Operating field. V1, and V- are introduced
in section 5.1.2. Vrr coliision Avoidance IS defined as follows:

VRE coliision Avoidance =(Vov,mn/Vov,measuren) *0.6*V1

NOTE At the position where Vov,min is measured, 15% V/V1 corresponds to
Vov RF collision Avoidance, When measured with the Reference Listener-1.
Consequently, in each position where Vovm is exceeded, 15% V/V1 results in
a larger field than the Vgrr coliision Avoidance l€vel, assuming a homogenous field
in the area of the Listener’s main coil. The Vge coliision Avoidance according field
levels always exceeds the Vov rr coliision Avoidance 1€Vel.

Requirements 4.8 — Activation of the operating field (Poller Transmission)

Poller

4.8.2.1 When measured as described in the specification context above, the Poller SHALL
switch ON the Operating Field in the Operating Volume in such a way that the signal
monitored at the output of the 8-Shaped Coil (described in Appendix C) meets the
following conditions:

The time between V- of the rising edge and the time when the signal exceeds
V/RF collision Avoidance SHALL be trigLp,acT.

Refer to Appendix B.2 for the values of treLp,acr.
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Figure 6: Activation of the operating field (Poller)

4.9 Poller Requirements for Field Deactivation (Power Off
Transition)

This section specifies field deactivation timing requirements.

4.9.1 Specification Purpose

The purpose of these requirements is to specify how a Poller has to switch off its operating RF
field for the Active Communication Mode.

4.9.2 Specification Context

e A Reference Listener is configured with a fixed resistive load and resonance frequency (see
R and fsres for treLp,peact in Appendix B.2) and with no modulation applied to J2.

e A Poller is set to emit a constant unmodulated carrier field to the Reference Listener.
e The Reference Listener is placed in the NFC Forum setup position of the Poller (Zs,ov).

e The signal transmitted by the Poller before and after the field deactivation is received and
characterized at the output of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal monitored at the output of the 8-
Shaped Coil (described in Appendix C) with the Reference Listener placed in the setup position
(Zs,0v) of the Poller.
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Figure 7 shows

Radio Frequency Power and Signal Interface
a representation of the deactivation (Power OFF transition) of the Operating

Field. V1, V2 and V4 are introduced in section 5.1.2.

NOTE

At the position where Vov,win IS measured, approximately 15% of V/Vy
corresponds to Vov rr coliision Avoidance , When measured with the Reference
Listener-1. V- is defined as 5% V/V: and therefore is significantly below this
value, assuming a homogenous field in the area of the Listener’s main coil.

Requirements 4.9 — Deactivation of the operating field (Poller Transmission)

Poller
4.9.2.1 When measured as described in the specification context above, the Poller SHALL
switch OFF its Operating Field in the Operating VVolume in such a way that the signal
monitored at the output of the 8-Shaped Coil (described in Appendix C) meets the
following conditions:
The time between V. of the falling edge and the time when the signal remains below
V2 SHALL be trieLp,peacT.
Refer to Appendix B.2 for the values of treLp,peacT.
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Figure 7: Deactivation of the Operating Field (Poller)
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4.10 Listener Requirements for Power-On

Radio Frequency Power and Signal Interface

This section specifies the Power-On requirements for the Listener.

4.10.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener will be able to respond to a Poll
Command that is issued after a Power On condition, within the limits of the Operating Field that
might be applied by a Poller.

4.10.2 Specification Context

e A Reference Poller is generating an Operating Field, with no modulation applied, with
frequency fs,c (nominal value).

e The Reference Poller is set to a power level between the minimum and maximum, as
specified in Appendix B.3.

e The Reference Poller is set to send a polling command with nominal modulation
characteristics, as specified in Appendix B.3, after a delay of GTa, GTg, GTrand GTy,
following activation of the carrier.

Requirements 4.10 — Power On (Listener Reception)

Listener

4.10.2.1 If a Listener in NO_REMOTE_FIELD state is placed in the Operating VVolume of the
Reference Poller set up to be between the Min and Max power levels of Operating
Field that might be provided by a Poller, it SHALL enter the IDLE state within a time
GTA, GTB, GTF and GTv.

Refer to DIGITAL for the values of GTa, GTg, GTr and GTy.
Refer to [ACTIVITY] for details on the NO_REMOTE_FIELD and IDLE states.

4.11 Poller Requirements for RF Collision Avoidance

This section specifies the listen before carrier generation “RF Collision Avoidance” requirement
for a Poller.

4.11.1 Specification Purpose

The purpose of these requirements is to ensure that an NFC Device will be prevented from
generating a carrier while it is in the presence of another Poller that is already generating a carrier
— so that it will not cause interference to another Poller operating in close proximity.

4.11.2 Specification Context

e A Reference Poller is emitting a carrier signal with frequency fsc (nominal value).

e The carrier level of a Reference Poller is set such that, when a Reference Listener that is
configured with a fixed resistive load and resonance frequency (see Rs. and fsges for
Vs thresh RF Collision Avoidance 1IN Appendix B.3) is placed at position (z=Zs ov, =0, ¢=0, 6=0), it
generates a voltage of Vs thresh RF collision Avoidance at the output J1 of the Reference Listener.

o Refer to AppendIX 83 fOF the Va|ueS Of RS,L ’ ZS,OV and stthresh RF Collision Avoidance.
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Requirements 4.11 — Poller RF Collision Avoidance before Carrier Generation

Radio Frequency Power and Signal Interface

Poller

4.11.2.1 With the Reference Poller preset to generate an Operating Field level determined by
Vs thresh RF Collision Avoidance, S given in Appendix B.3, and placed in the Operating
Volume of the Poller at position (z= Zs,ov, r=0, ¢=0, 6=0), then, when the Poller is
instructed to switch on its Operating Field, it SHALL not generate an Operating Field.

4.12 Listener Requirements for Exposure to an Excessive Field
Strength
This section specifies the “sustainability” requirements for the Listener such that it can be ensured

that a Listener SHALL continue to operate as intended after continuous exposure to an excessive
magnetic field.

4.12.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener functions properly after excessive
Operating Field exposure of the Reference Poller.

NOTE This definition is adopted from the definition in ISO/IEC 14443-1.

4.12.2 Specification Context

e The Reference Listener-1 is configured with a fixed resistive load and resonance frequency
(see Rs, and fsres for Vs,ovmaxio in Appendix B.3) and with no modulation applied to J2.

e The Reference Poller-0 is emitting a carrier signal with frequency fs,c (nominal value).

e The carrier level of the Reference Poller-0, with no AM modulation applied, is set up such
that, when the Reference Listener-1 is placed at position (z=Zs ov, r=0, ¢=0, 6=0) of the
Operating Volume, it generates a voltage of Vs ovmaxio at the output J1 of the Reference
Listener-1. Measure and record the according J2 voltage value of the Reference Poller-0. The
voltage measured at J2 of the Reference Poller-0 is referenced below as Veen,i2,maxio.

Refer to Appendix B.3 for the value of Vs ov,maxio.

e The carrier level of the Reference Poller-0, with no AM modulation applied, is set up such
that, when the Reference Listener-1 is placed at position (z=Zs ov, r=0, ¢=0, 6=0) of the
Operating Volume, it generates a voltage of Vs ov,maxi2 at the output J1 of the Reference
Listener-1. Measure and record the according J2 voltage value of the Reference Poller-0. The
voltage measured at J2 of the Reference Poller-0 is referenced below as Veen,i2maxiz.

Refer to Appendix B.3 for the value of Vs ovmaxiz.

e With the Listener in the Operating VVolume at position (z=Zsov, r=0, ¢=0, 6=0) of the
Reference Poller-0, the following sequence SHALL be applied:

o Reference Poller-0 is generating an Operating Field, with no modulation applied, with
frequency fs.c (nominal value). The signal generator level is set so that the voltage
Veeng2maxio IS observed at the J2 output of the Reference Poller-0 for a time tumax.

e The signal generator level is switched off (0 V observed at the J2) of the Reference
Poller-0 for a time torr.
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e The following two steps are repeated continuously for the duration of tmax:

Radio Frequency Power and Signal Interface

The signal generator level is adjusted to reach Vgen,j2,max12 . Observed at the J2 output
of the Reference Poller-0 for a time tmaxiz.

The signal generator level is switched off (0 V, observed at the J2 output of the
Reference Poller-0) for a time torr.

e A cool down guard time equal to tet SHALL be observed before checking the requirement

below.

e Refer to Appendix B.3 for the values of tuaxi2, torr , tet and tmax.

Requirements 4.12 —Excessive field strength Exposure (Listener Sustainability)

Listener
4.12.2.1 A Listener SHALL function properly within the Operating Volume of the Reference
Poller after the Excessive field strength exposure conditions have been established as
described in the specification context above for all supported technologies.
See Section 3.5 for the definition of “function properly”.
Analog
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5 Signal Interface Poller to Listener

This section specifies the modulation methods used by NFC-A, NFC-B, NFC-F and NFC-V for
communication from the Poller to the Listener. It deals with:

e The data transmission characteristics of the Poller, given as requirements listed in Sections
5.1,5.3,5.5and 5.7.

e The reception capabilities of the Listener to interpret the data transmission of the Poller,
given as requirements listed in Section 5.2, 5.4 and 5.6.

The DIGITAL specification defines four possible modulation types, called NFC-A, NFC-B,
NFC-F and NFC-V, for communication from Poller to Listener. All four types use Amplitude
Shift Keying (ASK).

The amplitude of the carrier is switched between V1 and Vz, creating a lower level when the field
is at value V2. The requirements of the lower level, V>, as well as the envelope or wave shape of
the carrier for the four modulation types, are defined in the following sections.

All specifications described in this section are characterized in conjunction with the Reference
Poller and the Reference Listeners being set up and calibrated as specified in the appendices of
this document.

The following requirements SHALL apply within the whole Operating VVolume.

5.1 Poller Requirements for Modulation Poller to Listener — NFC-A

NFC-A communication from Poller to Listener uses the modulation principle of ASK, nominally
100%. The carrier is turned on and off, creating a lower level when turned off. In practice, it will
result in a modulation depth of 95% or higher. The lower level for NFC-A modulation is referred
to as “pause” by [ISO/IEC_14443] and NFCIP-1.

5.1.1 Specification Purpose

The purpose of these requirements is to ensure that a Poller produces NFC-A modulation
characteristics that are within a Listener’s receiver capability so that the Poller’s transmission can
be reliably received by any Listener.

5.1.2 Specification Context

e The Reference Listener is configured with the settings for the fixed resistive load and
resonance frequency (see Ry and fres for “Modulation Poller—Listener (NFC-A)” in
Appendix B.2) and no modulation transmit signal is applied to J2.

e The Poller is configured to send an ALL_REQ or SENS_REQ command.
e The Reference Listener is placed in the Operating Volume of the Poller.

e AnALL REQ or SENS_REQ signal transmitted by the Poller is received and characterized
at the output of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal monitored at the output of the 8-
Shaped Coil (described in Appendix C) when the Reference Listener is placed in the Operating
VVolume of the Poller.
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V1 is the initial value measured immediately before the first modulation is applied by the Poller.
V>, V3 and V4 are defined as follows:

V2 =0.05V,
V3 = 06V1
V4 = 09V1 .

The falling edge is that part of the envelope V in which V decreases from V4 to V. The rising
edge is that part of the envelope V in which V increases from V, to Va.

Signal Interface Poller to Listener

Figure 8 shows a representation of the wave shape and position of parameters.

Requirements 5.1 — Modulation Poller to Listener — NFC-A (Poller Transmission)

Poller

When measured as described in the specification context above, the Poller SHALL
modulate the Operating Field in the Operating Volume in such a way that the signal
monitored at the output of the 8-Shaped Coil (described in Appendix C) has the
following characteristics:

5.1.2.1 The time between V4 of the falling edge and V2 of the rising edge SHALL be ty,a.

5.1.2.2 If V does not decrease monotonically with time from V4 to V2, the time between a
local maximum and the time of passing the same value before the local maximum
SHALL be ts,a. This SHALL only apply if the local maximum is greater than Va.

5.1.2.3 Ringing following the falling edge SHALL remain below Vou,a X V1.
5.1.2.4 V SHALL remain less than V- for a time tz,a.

5.1.2.5 V SHALL increase monotonically with time from V2to V3 in a time t4,a.
5.1.2.6 V SHALL increase monotonically with time from V3 to V4 in a time ts,a.
5.1.2.7 Overshoots immediately following the rising edge SHALL remain within the range

(1iVou,A) X V1.

Refer to Appendix B.2 for the values of t1,a , t2,a, t3,A | ta,a, ts.4 and Vou,a.
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Figure 8: Modulation Poller to Listener for NFC-A
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5.2 Listener Requirements for Modulation Poller to Listener — NFC-
A

This section lists the requirements for the reception capabilities of a Listener of NFC-A.

Signal Interface Poller to Listener

5.2.1 Specification Purpose

The purpose of these requirements is to ensure that a Listener functions properly with a Reference
Poller that applies NFC-A modulation characteristics at the border of the tolerance interval.

5.2.2 Specification Context

e A Reference Poller is set for nominal power, as specified in Appendix B.7.

e A Reference Listener is configured with fixed resistive load and resonance frequency (see
Rs,. and fs res for “Modulation Poller—Listener (NFC-A)” in Appendix B.3) and no
modulation transmit signal is applied to J2."

e A Polleris configured to send an ALL_REQ or SENS_REQ command.

e With the Reference Listener placed in the Operating Volume of the Reference Poller, the
modulation characteristics of the ALL_REQ or SENS_REQ signal transmitted by the Poller
are adjusted to obtain modulation characteristics ts.a, ts2a, ts3a, tsaa and Vsoua. The
modulation characteristics are monitored at the output of the 8-Shaped Coil. Refer to
Appendix B.3 for the setup values of ts1.a, ts2a, ts3a, tsaa and Vsoua.

e The Listener is placed in Operating Volume of the Reference Poller.

Requirements 5.2 — Modulation Poller to Listener — NFC-A (Listener Reception)

Listener

5.2.2.1 When it is placed in the Operating Volume of the Reference Poller, a Listener of
NFC-A SHALL function properly when the Reference Poller has been set up as
described in the specification context above.
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5.3 Poller Requirements for Modulation Poller to Listener — NFC-B

Signal Interface Poller to Listener

NFC-B communication from Poller to Listener uses the modulation principle of ASK, nominally
10%.

The amplitude of the carrier is reduced to create a lower level with a modulation index m;.
The requirements on the lower level as well as on the envelope of the carrier are defined below.
When analog levels are used to derive digital timing characteristics:

e The rise time is considered to be part of the unmodulated section and is excluded from the
period when the modulation is applied.

e The fall time is considered to be part of the modulated section and is excluded from the
period when the modulation is not applied.

5.3.1 Specification Purpose

The purpose of these requirements is to ensure that a Poller produces NFC-B modulation
characteristics that are within a Listener’s receiver capability, so that the Poller’s transmission can
be reliably received by the Listener.

It is not the purpose of this section to define requirements on bit boundaries; those are defined in
DIGITAL.

5.3.2 Specification Context

e A Reference Listener is configured with the settings for the fixed resistive load and resonance
frequency (see R, and fres for “Modulation Poller—Listener (NFC-B)” in Appendix B.2),
and no modulation transmit signal is applied to J2.

e A Poller is configured to send either an ALLB_REQ command or a SENSB_REQ command.
e The Reference Listener is placed in the Operating VVolume of the Poller.

e The ALLB_REQ or SENSB_REQ signal transmitted by the Poller is received and
characterized at the output of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal measured at the output of the 8-
Shaped Coil (described in Appendix C), with the Reference Listener placed in the Operating
Volume of the Poller.

V., is the initial value measured immediately before the first modulation is applied by the Poller.
V) is the lower level. The modulation index (m;), V3 and V4 are defined as follows:

V.-V,
V, +V,

mj

V3 = Va - Ol(Va'Vb)
V4s=Vp+ 0.1(Va-Vb) .

Figure 9 is a representation of the wave shape and position of parameters.

Analog Page 34



NS

Requirements 5.3 — Modulation Poller to Listener — NFC-B (Poller Transmission)

Signal Interface Poller to Listener

Poller

When measured as described in the specification context above, the Poller SHALL
modulate the Operating Field in the Operating Volume in such a way that the signal
measured at the output of the 8-Shaped Coil (described in Appendix C) has the following
characteristics:

53.2.1 'he modulation index (mi) of the signal SHALL be modig.

5322 V SHALL decrease from Vs to V4 (i.e., the falling edge) in a time t .

5323 VSHALL increase from V4 to Vs (i.e., the rising edge) in a time t; g.

5.32.4 Therising and falling edges of the modulation SHALL be monotonic with time.

5.3.2.5 Overshoots and undershoots following the falling edge (hr) SHALL be less than Vou,e x
(Va'vb).

5.32.6 Overshootsand undershoots following the rising edge (hr) SHALL be less than Vou,s X
(Va'vb).

Refer to Appendix B.2 for the values of modg, ti s, trz and Vous.

Figure 9: Modulation Poller to Listener for NFC-B
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5.4 Listener Requirements for Modulation Poller to Listener — NFC-
B

This section lists the requirements for the reception capabilities of a Listener of NFC-B.

Signal Interface Poller to Listener

When analog levels are used to derive digital timing characteristics:

e The rise time is considered to be part of the unmodulated section and is excluded from the
period when the modulation is applied.

e The fall time is considered to be part of the modulated section and is excluded from the
period when the modulation is not applied.
5.4.1 Specification Purpose

The purpose of these requirements is to ensure that a Listener functions properly with the
Reference Poller that applies NFC-B modulation characteristics at the border of the tolerance
interval.

5.4.2 Specification Context

e A Reference Poller is set for nominal power, as specified in Appendix B.7.

e A Reference Listener is configured with fixed resistive load and resonance frequency (see
Rs, and fsges for “Modulation Poller—Listener (NFC-B)” in Appendix B.3) and no
modulation transmit signal is applied to J2.

e A Polleris configured to send an ALLB_REQ or SENSB_REQ command.

e With the Reference Listener placed in the Operating Volume of the Reference Poller, the
modulation characteristics of the ALLB_REQ or SENSB_REQ signal transmitted by the
Poller are adjusted to obtain modulation characteristics ms;ig, tssg, tsrgs and Vsougs. The
modulation characteristics are monitored at the output of the 8-Shaped Coil. Refer to
Appendix B.3 or the setup values of ms;g, tssg, tsrs and Vsou,s.

e The Listener is placed in the Operating VVolume of the Reference Poller.

Requirements 5.4 — Modulation Poller to Listener — NFC-B (Listener Reception)

Listener

54.2.1 When it is placed in the Operating Volume of the Reference Poller, a Listener of
NFC-B SHALL function properly when the Reference Poller has been set up as
described in the specification context above.
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Signal Interface Poller to Listener

5.5 Poller Requirements for Modulation Poller to Listener — NFC-F

NFC-F communication from Poller to Listener uses the modulation principle of ASK, nominally
10%.

The amplitude of the carrier is reduced to create a lower level with a modulation index m;. The
requirements on the lower level, as well as on the envelope of the carrier, are defined below.

When analog levels are used to derive digital timing characteristics:

e The rise time is considered to be part of the unmodulated section and is excluded from the
period when the modulation is applied.

e The fall time is considered to be part of the modulated section and is excluded from the
period when the modulation is not applied.
5.5.1 Specification Purpose

The purpose of these requirements is to ensure that a Poller produces NFC-F modulation
characteristics that are within a Listener’s receiver capability, so that the Poller’s transmission can
be reliably received by the Listener.

It is not the purpose of this section to define requirements on bit boundaries; those are defined in
DIGITAL.
5.5.2 Specification Context

e A Reference Listener is configured with the settings for the fixed resistive load and resonance
frequency (see R, and fres for “Modulation Poller—Listener (NFC-F)” in Appendix B.2) and
no modulation transmit signal is applied to J2.

e The Poller is configured to send a SENSF_REQ command.
e The Reference Listener is placed in the Operating VVolume of the Poller.

e A SENSF_REQ signal transmitted by the Poller is received and characterized at the output of
the sense coil of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal measured at the output of the 8-
Shaped Coil (described in Appendix C) with the Reference Listener placed in the Operating
Volume of the Poller.

V. is the initial value measured immediately before any modulation is applied by the Poller. Vy, is
the lower level. The modulation index (m;), V3 and V4 are defined as follows:

Va_Vb
mi =
V, +V,

V3 = Va - Ol(Va'Vb)
V4s=Vp + 0.1(Va-Vb)
Figure 10 shows a representation of the wave shape and position of parameters.
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Requirements 5.5 — Modulation Poller to Listener — NFC-F (Poller Transmission)

Signal Interface Poller to Listener

Poller

When measured as described in the specification context above, the Poller SHALL
modulate the Operating Field in the Operating Volume in such a way that the signal
measured at the output of the 8-Shaped Coil (described in Appendix C) has the
following characteristics:

5.5.2.1 The modulation index (m;) of the signal SHALL be modi .

5.5.2.2 V SHALL decrease from V3 to V4 (i.e., the falling edge) in a time tsf.

5.5.2.3 V SHALL increase from Va4 to Vs (i.e., the rising edge) in a time t,r.

5.5.2.4 The rising and falling edges of the modulation SHALL be monotonic with time.

5.5.2.5 Overshoots and undershoots following the falling edge (hr) SHALL be less than
Vour X (Va-Vb).

5.5.2.6 Overshoots and undershoots following the rising edge (h;) SHALL be less than Vour
X (Va'vb)

Refer to Appendix B.2 for the values of modir, ttF, trr and Vou .

1y hrl
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¥ TN i
1 '
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Figure 10: Modulation Poller to Listener for NFC-F
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5.6 Listener Requirements for Modulation Poller to Listener — NFC-
F

This section lists the requirements for the reception capabilities of a Listener of NFC-F.

Signal Interface Poller to Listener

5.6.1 Specification Purpose

The purpose of these requirements is to ensure that a Listener functions properly with a Reference
Poller that applies NFC-F modulation characteristics at the border of the tolerance interval.

When analog levels are used to derive digital timing characteristics:

e The rise time is considered to be part of the unmodulated section and is excluded from the
period when the modulation is applied.

e The fall time is considered to be part of the modulated section and is excluded from the
period when the modulation is not applied.

5.6.2 Specification Context

e A Reference Poller is set for nominal power as specified in Appendix B.7.

e A Reference Listener is configured with fixed resistive load resonance frequency (see Rs,
and fs, res for “Modulation Poller—Listener (NFC-F)” in Appendix B.3), and no modulation
transmit signal is applied to J2.

e The Poller is configured to send an SENSF_REQ command.

e With the Reference Listener placed in the Operating Volume of the Reference Poller, the
modulation characteristics of the SENSF_REQ signal transmitted by the Poller are adjusted
to obtain modulation characteristics ms; r, tstr, tsr.r and Vsour. The modulation
characteristics are monitored at the output of the 8-Shaped Coil. Refer to Appendix B.3 for
the setup values of ms;ir, tstr, tsrr and Vs,our.

e The Listener is placed in the Operating VVolume of the Reference Poller.

Requirements 5.6 — Modulation Poller to Listener — NFC-F (Listener Reception)

Listener

5.6.2.1 When placed in the Operating Volume of the Reference Poller, a Listener of NFC-F
SHALL function properly for each bit rate supported by the device when the
Reference Poller has been set up as described in the specification context above.

5.7 Poller Requirements for Modulation Poller to Listener — NFC-V

NFC-V communication from Poller to Listener uses the modulation principle of ASK, nominally
100%. The carrier is turned on and off, creating a lower level when turned off. In practice, it will
result in a modulation depth of 95% or higher. The lower level for NFC-V modulation is referred
to as “pause” by [ISO/IEC_15693]
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Signal Interface Poller to Listener

5.7.1 Specification Purpose

The purpose of these requirements is to ensure that a Poller produces NFC-V modulation
characteristics that are within a Listener’s receiver capability, so that the Poller’s transmission can
be reliably received by any NFC Forum Tag Type 5.

5.7.2 Specification Context

A Reference Listener is configured with the settings for the fixed resistive load and resonance
frequency (see Ry and fres for “Modulation Poller—Listener (NFC-V)” in Appendix B.2),
and no modulation transmit signal is applied to J2.

A Poller is configured to send an INVENTORY_REQ command.
The Reference Listener is placed in the Operating VVolume of the Poller.

An INVENTORY_REQ signal transmitted by the Poller is received and characterized at the
output of the 8-Shaped Coil, as described in Appendix C.

In this section the symbol V represents the envelope of the signal monitored at the output of the 8-
Shaped Coil(described in Appendix C) with the Reference Listener placed in the Operating
Volume of the Poller.

V1 is the initial value measured immediately before the first modulation is applied by the Poller.
V2, Vs and V4 are defined as follows:

V2 =0.05V1
V3=0.6V;
V4 = 0.95V1 .

The falling edge is that part of the envelope V, where V decreases from V4 to V2. The rising edge
is that part of the envelope V, where V increases from V- to V..

Figure 11 shows a representation of the wave shape and position of parameters.
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Requirements 5.7 — Modulation Poller to Listener — NFC-V (Poller Transmission)

Signal Interface Poller to Listener

Poller

When it is measured as described in the specification context above, the Poller SHALL
modulate the Operating Field in the Operating Volume in such a way that the signal
monitored at the output of the 8-Shaped Coil (described in Appendix C) has the
following characteristics:

5.7.2.1  The time between V4 of the falling edge and V2 of the rising edge SHALL be t1,v.

5.7.2.2 If V does not decrease monotonically with time from V4 to V2, the time between a local
maximum and the time of passing the same value before the local maximum SHALL be
ts. This SHALL only apply if the local maximum is greater than V.

5.7.2.3  Ringing following the falling edge SHALL remain below Vouv X V1.

5.7.2.4 V SHALL remain less than V2 for the length of time to.

5.7.2.5 V SHALL increase monotonically with time from V2 to Vs in the time period t4v.

5.7.2.6 V SHALL increase monotonically with time from V2 to V4 in the time period tsv.

5.7.2.7  Overshoots immediately following the rising edge SHALL remain within (1£Vou,v) X
V1.

Refer to Appendix B.2 for the values of t1 v, tov, tay, tayv, tsv and Vou,v.
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Signal Interface Poller to Listener
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Figure 11: Modulation Poller to Listener for NFC-V

5.8 Listener Requirements for Modulation Poller to Listener — NFC-
\Y

This section lists the requirements for the reception capabilities of a Listener of NFC-V.

5.8.1 Specification Purpose

The purpose of these requirements is to ensure that a Listener functions properly with a Reference
Poller that applies NFC-V modulation characteristics at the border of the tolerance interval.

5.8.2 Specification Context
e The Reference Poller is set for nominal power as specified in Appendix B.7.

e The Reference Listener is configured with fixed resistive load (see Rs, for “Modulation
Poller—Listener (NFC-V)” in Appendix B.3) and no modulation transmit signal is applied to
Jo.

e Poller configured to send an INVENTORY_REQ command.

Analog Page 42



m NFC
FORUM Signal Interface Poller to Listener

e With the Reference Listener placed in the Operating Volume of the Reference Poller, the
modulation characteristics of the INVENTORY _REQ signal transmitted by the Poller are
adeSted to obtain modulation characteristics ts 1 v, ts2v, tsav, ts4v and Vs,ou,v. The

modulation characteristics are monitored at the output of 8-Shaped Coil. Refer to Appendix
B.3 for the setup values of ts v, tsav, tsav, tsav and Vsouv.

e The Listener is placed in Operating Volume of the Reference Poller.

Requirements 5.8 — Modulation Poller to Listener — NFC-V (Listener Reception)

Listener

5.82.1 When placed in the Operating Volume of the Reference Poller, a Listener of NFC-V
SHALL function properly when the Reference Poller has been set up as described in the
specification context above.

Analog Page 43



FFFFF

6 Signal Interface Listener to Poller

aaaaaaaaaaaaaaa
......................

modulation is not switched on.

OOOOOOOOO

t
H\HHHHHHIIHW\HW

oooooooooooooooooooooooooooooooooooooo

IIIIIII

AAAAAA



m NFC
FORUM
NFC-B modulates a subcarrier using Binary Phase Shift Keying (BPSK). Symbols are described

in DIGITAL.

For NFC-F the load modulation scheme is the same as the one used for the communications from
the Poller to the Listener. Refer to Section 5.5 for details. Symbols are described in DIGITAL.

NFC-V modulates a subcarrier using On-Off Keying (OOK). Symbols are described in
DIGITAL.

All requirements described in this section SHALL be evaluated with the Reference Poller and the
Reference Listener, each calibrated as specified in the specification context of the requirement.

Signal Interface Listener to Poller

6.1 Listener Requirements for Load Modulation Generic

This section lists for the Listener the load modulation generation requirements that are the same
for all NFC-A, NFC-B, NFC-F and NFC-V.

6.1.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener produces load modulation that is
compatible with the modulation expected by the Poller’s receiver and has sufficient amplitude to
ensure that it can be received successfully.

6.1.2 Specification Context

e A Reference Poller is set up for nominal and maximum power, as specified in Appendix B.7.

e The Reference Poller is set up for nominal modulation characteristics, as specified in
Appendix B.7.

e The Reference Poller sends an ALL_REQ or SENS_REQ command to a Listener for NFC-A,
oran ALLB_REQ or SENSB_REQ command to a Listener for NFC-B, or an SENSF_REQ
command to a Listener for NFC-F, or an INVENTORY_REQ command to a Listener for
NFC-V.

e A Listener is placed in the Operating VVolume of the Reference Poller.

Analog Page 45



NS

Requirements 6.1 — Load Modulation Characteristics - Generic (Listener
Transmission)

Signal Interface Listener to Poller

Listener

When it is placed in the Operating Volume of the Reference Poller that has been set
up as described in the specification context above, the Listener SHALL modulate the
Operating Field in such a way that the signal monitored at J2 of the Reference Poller
has the following characteristics:

6.1.2.1 The subcarrier frequency fs of the modulation sighal SHALL be fc /16 for NFC-A
and NFC-B.

6.1.2.2 For NFC-F the frequency fs of the modulation signal during the preamble SHALL be
fc /32 or fc /64.

6.1.2.3 The subcarrier frequency fs of the modulation signal SHALL be fc /32 for NFC-V

6.1.2.4 The average amplitude of the two sidebands (fc + fs and fc - fs), calculated from the
modulation signal at J2 of the Reference Poller using the DFT method, SHALL be

VLMA-

(Choosing a measurement position that avoids all transient effects, e.g., the first
change from 0 to 1 for NFC-A, the TR1 zone for NFC-B and NFC-F, and the pattern
I for NFC-V, as defined in DIGITAL.)

Refer to Appendix B.2 for the value of ViLmaand to Appendix B.4 for the definition
of antenna category.

6.2 Listener Requirements for Subcarrier Load Modulation NFC-A

This section lists the Listener requirements for the modulation of the subcarrier for
communication from the Listener to the Poller for NFC-A.

6.2.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener produces load modulation that is
compatible with the modulation expected by the Poller’s receiver.

Requirements 6.2 — Load Modulation Characteristics — NFC-A (Listener
Transmission)

Listener
6.2.1.1 A Listener of NFC-A SHALL modulate the subcarrier using On-Off Keying (OOK).

6.2.1.2 When it is modulating the subcarrier, the Listener of NFC-A SHALL only start the bit
period on the rising or falling edge of the subcarrier, so that the modulation starts with
a defined phase relationship to the subcarrier.
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Signal Interface Listener to Poller

Modulating Signal

| I

Modulated Subcarrier /
Start of Subcarrier

Modulation

Modulating Signal

| i

Modulated Subcarrier

Start of Subcarrier
Modulation

Figure 13: Start of Subcarrier Modulation — NFC-A

6.3 Listener Requirements for Subcarrier Load Modulation NFC-B

A Listener of NFC-B modulates the subcarrier using BPSK. Before the Listener sends
information to the Poller by means of phase shifts, the Listener and Poller first establish a
reference phase @0. Then the Listener can start modulating the subcarrier: a change of logic level
is denoted by a phase shift of 180° of the subcarrier.

6.3.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener produces load modulation that is
compatible with the modulation expected by the Poller’s receiver.

Requirements 6.3 — Load Modulation Characteristics — NFC-B (Listener
Transmission)

Listener
6.3.1.1 A Listener of NFC-B SHALL modulate the subcarrier using BPSK.

6.3.1.2 The Listener of NFC-B SHALL generate a subcarrier only when data are to be
transmitted.

6.3.1.3 Phase shifts SHALL only occur at nominal positions of the rising or falling edges of
the subcarrier.
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Signal Interface Listener to Poller

| ]

Phase change at nominal
position of the subcarrier

Figure 14: Allowed Phase Shifts — NFC-B

6.4 Listener Requirements for Load Modulation NFC-F
A Listener of NFC-F modulates the carrier using ASK.

6.4.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener produces load modulation that is
compatible with the modulation expected by the Poller’s receiver.

It is not the purpose of this section to define requirements on bit boundaries; those are defined in
DIGITAL.

Requirements 6.4 — Load Modulation Characteristics — NFC-F (Listener
Transmission)

Listener

6.4.1.1 A Listener of NFC-F SHALL load modulate the carrier using Amplitude Shift
Keying (ASK).

6.5 Listener Requirements for Subcarrier Load Modulation NFC-V
This section lists the Listener requirements for the modulation of the subcarrier for the
communication from the Listener to the Poller for NFC-V.

6.5.1 Specification Purpose

The purpose of these requirements is to ensure that the Listener produces load modulation that is
compatible with the modulation expected by the Poller’s receiver.
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Requirements 6.5 — Load Modulation Characteristics — NFC-V (Listener
Transmission)

Listener
6.5.1.1 A Listener of NFC-V SHALL modulate the subcarrier using On-Off Keying (OOK).

6.5.1.2 When it is modulating the subcarrier, the Listener of NFC-V SHALL only start the
bit period on the rising or falling edge of the subcarrier, so that the modulation starts
with a defined phase relationship to the subcarrier.

Modulating Signal

Modulated Subcarrier /
Start of Subcarrier

Modulation

Modulating Signal

] i

Modulated Subcarrier

Start of Subcarrier
Modulation

Figure 15: Start of Subcarrier Modulation — NFC-V

6.6 Poller Requirements for Load Modulation Listener to Poller
This section lists the requirements for the reception capabilities of a Poller to interpret the
modulation applied by the Listener at the border of the tolerance interval.

6.6.1 Specification Purpose

The purpose of these requirements is to ensure that the receiver in the Poller is able to receive the
load modulation amplitude range produced by a Listener.
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Signal Interface Listener to Poller

6.6.2 Specification Context

Power Setup:

A Poller is set to emit an Operating Field with no modulation — Operating Field On.

A Reference Listener is configured with a resistive load (see Rs, for “Power transfer:
Poller—Listener Vs ovmin” in Appendix B.3). See Appendix C.4 for design details.

Measure Vov with the Reference Listener placed in the operating volume of the Poller.

A Reference Poller is set to the minimum Vov for Vs mamn and to the maximum Voy for
Vs.Lma,max, @S measured in the previous step, with the respective Reference Listener (used in
the next steps) in position (z=Zs,.m, r=0, ¢=0, 6=0) of the Operating Volume of the Reference
Poller.

Load Modulation Setup:

A Reference Listener is configured with the settings for the fixed resistive load and resonance
frequency (see Rs, and fsres for “Load Modulation (NFC-A, NFC-B, NFC-F, NFC-V)” in
Appendix B.3).

A Reference Listener is set to produce an appropriate response with load modulation of an
amplitude Vsma (peak), calculated as the average of the two sidebands (fc + fs and fc - fs)
obtained by applying the DFT method on the modulation signal.

The response is captured at J2 of the Reference Poller, when it is placed in the position
(z=Zs,.m, r=0, =0, 6=0) of the Operating Volume of the Reference Poller. Refer to Appendix
B.3 for the values of Zs m and Vs ma.

Test Procedure:

Set the Poller to send a valid command to the Reference Listener.

Requirements 6.6 — Modulation Listener to Poller (Poller Reception)

Poller

6.6.2.1 For NFC-A, NFC-B, NFC-F and NFC-V, the Poller SHALL function properly with
the Reference Listener placed in its Operating VVolume, provided the Reference
Listener has been set up as described in the specification context above.
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A. Exhibit A

Exhibit A includes:
o C. Design Information for NFC Forum Reference Equipment and 8-Shaped Coil.

Analog Page 51



NS

B. Parameter Values

Parameter Values

Throughout the main body of this technical specification, symbols are used to identify the values

of parameters. The actual values of the parameters are listed in these appendices.

B.1

This section lists the values of the parameters to define the Operating Volume.

Analog

Operating Volume

Table 5: Parameters for Operating Volume

Topic Parameter Value Units
_ D1 10 mm
Operating D2 20 o
Volume
S1 5 mm
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B.2 RF Power and Signal Interface

Parameter Values

This section lists the values of the parameters that define the RF power and signal interface
requirements. For each of the parameters a minimum and a maximum value are defined.

Unless stated otherwise, the Reference Listener is tuned to 13.56 MHz.

Table 6: Parameters for RF Power and Modulation

| | value Unit | Ru | fres
Topic Parameter Coil S
Min Max Q MHz
Listener-1 4.98 \%
Vov Listener-3 468 V | 820 | 1356
Power transfer: 0<z=SlI Listener-6 Y v
Poller—Listener -
Listener-1 2.85 \Y%
Vov Listener-3 2.30 Y, 82 | 1356
0<z<S1 -
Listener-6 2.23 \Y
Poller-0 0 1
Influence of
Listener DVR Poller-3 0 1 820 13.56
Poller-6 0 1
Carrier Frequency fc 13.553 13.567 MHz 820 13.56
Field ¢i(r:1t1|g/at|0n tFELD ACT 0 4 x t4,A Max us 820 13.56
Field Deactivation
Time triELD,DEACT 0 t1,A Max Hs 820 | 1356
t1,A (106 Kbps) 2.06 2.99 us
Modulation t2,n (106 kbps) 052 t1a Hs 1356 &
Poller—Listener | t3 a (106 kbps) 15xtan 118 HS 820 16 00
NFC-A
( ) t4,A (106 kbps) 0 0.44 us
t5,A (106 kbps) 0 0.50 us
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Parameter Values
Value i RL fres
Topic Parameter Coil Unit
Min Max s Q MHz
3
o<t <
3 fc
t3
=|1- -0.39
2 tB max
3 <t < 5
fC fC
+
e
Vou,a (106 0 S ot<t, . g0 |1356&
kbps) fe 16.00
= [1— b J-O.l
2't37max
with
3/f
y,=|1- / fe 0.39
2 I:3_max
6/ f.
0.1
yz [ 2 : t3_max ]
mod; g (106 8 15 %
kbps)
Modulation
Poller—Listener L1, (106 kbps) 0 118 s 820 1?,658(;&
(NFC-B) t 5 (106 kb I\/(I)axn;l;m of Minimum of 1.18 and S
rB (1 ps) and Ut - 059+t 5 ¥l
0.59
3
0<t, < T
e
= [1- : -0.39
2'tr,E,max
3 6
y T <tp < T
ou,s (106 ot i 13.56 &
Kbps) 0 = ;;f Yt g +2y,-y, 820171600
(o}
fi < tr‘B < tr,Bimax
:[1— ts ] 0.1
2'tr,B_max
or

Analog
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Parameter Values

] ) Value Unit RL fres
Topic Parameter Coil
Min Max s Q MHz
3
0<t, g <—
< 8 < fc
tf B
—|1-— : 0.39
[ 2'tf,s maxJ
ERR
£ ;/};-yz tig+2Y,—Y,
6
T Stf‘B Stf B_max
:[1— te ] 0.1
2't1,e,max
with
y, = 1_L .0.39
Z'tr/f‘Bimax
y, = l—L -0.1
z'trH‘Bimax
modir 8 15 %
tf,F (212 kbps) 0 1.18 s
tt F (424 kbps) 0 0.8 s 1356 &
- 820 )
¢ 219 kb l\/(l)axn;u;m of Minimum of 1.18 and s 16.00
rF (21 ps) and tf,F- 0_59+tf’|: W
0.59
Maximum of |
tr F (424 kbps) 0and t £-0.4 Minimum of 0.8 and 0.4+tfF| Us
3
0<t,, < T
= [17 > tt’-F ] 0.39
"L F_max
3 6
0 <t < T
Modulation = g}: Yo Le+2y-Y,
Poller—Listener 6 ¢
(NFC'F) TgtrF <t F_max
:[1— b ] 0.1
2'tr,>=,max
or 1356 &
VOU,F 0 - 820
o<t, . si 16.00
f(:
tr
= |1- : -0.39
[ 2‘tr.F,max]
6
FSte s
— ;}: Y2 e t2y -y,
c
Tgtu: Stu:,max
1 tee 0.1
'tf,F,max
with
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Parameter Values
Value i RL fres
Topic Parameter Coil Unit
Min Max s Q MHz
3/f
=|1-—2 ¢ 1.0.39
h [ 2‘tr/f‘F7max]
6/ fc
=[1-—~Z>< |01
: [ Z'tr/f‘Fimaxj
t1,v (26 kbps) 6.03 9.41 us
t21V (26 kbpS) 2.13 tl,V us
Greater of
15x1tav
' 13.
t3,v (26 kbps) or minimum 4.43 s 820 31,65((5)(;2‘
achievable
value
ta,v (26 kbps) 0 0.73 us
ts,v (26 kbps) 0 0.50 s
3
0<t, < T
Modulation I PR J'O'39
Poller—Listener 215 pax
(NFC-V) 3, .6
[
EN ;/;:yz t+2y, - Y,
[}
6
Vou,v (26 T StSt 13.56 &
, 0 2 - 820
Kbps) fe 16.00
:(1— b ]-O.l
2't37ma><
with
y1=[1 23t/f° J 0.39
"3 _max
yzf(l 26t/fc J 0.1
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Parameter Values
Min Max
Topi P t Coil RL Unit
opic arameter (o]] Nom Max Nom Max o nits
Power | Power | Power Power
Load Modulation Poller-0 5.8 52.2 mVp
NFC Forum Tag Devices Vima Poller-3 2.8 320 mVp
Poller«—Listener Poller-6 2 36.0 mVp
Load Modulation Poller-0 12 8 52.2
NFC Forum Devices in
Listen Mode CAT C, Vima Poller-3 13 8 32,0 mVp
Default Category
Poller«Listener Poller-6 15 12 36.0
Load Modulation Poller-0 12 8 52.2
NFC Forum Devices in Vv v
Listen Mode CAT B: LMA Poller-3 8 5 32.0 p
Poller—Listener Poller-6 8 6.5 36.0
Load Modulation Poller-0 9 7 522
NFC Forum Devices in
Listen Mode CAT A: Vima Poller-3 5 3 27.7 mVp
Poller«Listener Poller-6 4 35 26.0
NOTE In the above table the terms tr,B_max, tr,F_max, and tf,F_max refer to the absolute

maximum values according to the max column of the associated rise/fall time
definition, without tr versus tf symmetry limitations.

NOTE Refer to Appendix B.4 for the antenna category definition.
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B.3 Setup Values for NFC Forum Reference Equipment

Parameter Values

Table 7 lists the setup parameters for the NFC Forum Reference Equipment. For each of the
parameters, when applicable, the minimum value, a nominal value and the maximum value are
defined.

Table 7: Parameters for Setting Up Reference Equipment

Setup Values to establish... R fsres
. . . S,L
Topic Parameter Coil i Units '
Min NOET'” Max Q | mHz
Carrier fsc 1355 | 1356 1357 MHz 1356
Frequency
. tmaxi2 25
Maximum
Field ter 30
Strength tore 5 sec
exposure
tmax 300
Zsov 5 5 5 mm
Poller-0 4.70 5.22
Vs,ov
Set up using Poller-3 4.24 4,72 \Y 820 13.56
Listener-1
Poller-6 3.73 4.15
Poller-0 with
Listener-1 2.84
Poller-3 with
Vsov Listener-3 2.22 \Y 82 13.56
Poller-6 with
Listener-6 2.05
Poller-0 with
Vs,0v,MAX10 Listener-1 3.83 \Y% 82 13.56
Poller-0 with
V's,ov,MAx12 Listener-1 4.62 \Y 82 13.56
Power
transfer:
Poller— Poller 0 0 2.16
Listener
V's,0v,RESET
. mVv 82
using Poller 3 0 1,27 ms 13.56
Listener-6
Poller 6 0 1,30
Poller 0 0
VSOVRESETTST | pyjjer 3 0 mvrms| 82 | 13.56
Poller 6 0
Zs 5 5 5 mm
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Parameter Values
Setup Values to establish... R fsres
. . . S,L
Topic Parameter Coil i Units '
Min No;“'” Max Q | MHz
Vs,thresh RF
Collision
Avoidance
Poller RF using
:ol_l(ljsmn Listener-1 Any Poller 0.573 \Y 820 13.56
voidance (PICC-1)
Based on
0.1875 A/m
on ID-1
Zs 5 5 5 mm
ts1a 2.03 2.85 3.02 s
(106 kbps)
ts2a
- 0.44 t S
(106 kbps) st "
Greater of
15xts 4 820 1?(3586?‘
ts3.a or 1.25 us '
(106 kbps) minimum
achievable
value
t Minimum
S4A achievable 0.52 ps
(106 kbps) value
0<t, < 3
Modulation f.
Poller— t
Listener —|1-— >t 3 0.4
(NFC-A) “l3_max
3 6
— <t,<—
f. f.
i+t Y,
— t,+2
3/1, 3 Yi— V.
6
Vs, ou,a 0 O <t <ty ) g0 |1356&
(106 kbps) f, 16.00
t3
= | 1- -0.11
2 'tsimax
with
3/ f
y, = 1_# .04
2 't37max
6/ f
y, = 1- 8 |01
2 't3_max
Ms.i8 75 11 19 %
(106 kbps)
Modulation .
tsis Minimum 1356 &
Poller— o achievable 1.25 s 820 :
Listener (106 kbps) value 16.00
(NFC-B) -
tsrs Maximum Minimum of 1.25 and
i of us
(106 kbps) minimum 0.66+tsip
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Parameter Values
Setup Values to establish... R fsres
. . . S,L
Topic Parameter Coil i Units '
Min No;“'” Max Q | MHz
achievable
value and
tsB-
0.66
<t <>
fC
t
= |1-—" 0.4
2¢r,Bfmax
3 6
— <t ,<—
£ f
YitY,
= t s +2y,—
31, re T2y~ VY4
g S tr B S tr B_max
f, '
tr B
= (1- : -0.11
2'tr.B_max
or
0<t,, < 3
Vs,ous 0 fe ) a0 |1356&
t 16.00
(106 kbps) N f.B 0.4
2'tf,B_max
6
£ <tig gf—c
ity
toa+2
— 3/ fc B Y1~ Y3
6
TStLB Stf B_max
tf,B
=1 0.11
Z'tf,Bfmax
with
Y, =[1_2 t3/ fe J.o.4
“Lr/f,B_max
f
y, = 1,6/76 .0.11
2'tr/f‘B_max
MsiF 75 11 19 %
t Minimum
SfF achievable 1.25 us
(212 kbps) value
tsir Minimum
) " achievable 0.9 s 13.56 &
Modulation :
Poller— (424 kopo) value 16.00
Listener Maximum 820
of
(NFC-F) tsrF minimum Minimum of 1.25 and .
(212 kbps) achievable 0.66+ts tF H
value and
ts,f,F-0.66
tsrk Maximum Minimum of 0.9 and s
(424 kbps) of 0.44+ts 1 F
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Setup Values to establish... R fsres
. . . S,L
Topic Parameter Coil i Units '
Min No;“'” Max Q | MHz
minimum
achievable
value and
ts,F-0.44
3
0<t . <—
rF fc
ES [1— r.F 0.40
2'tr F _max
3 6
— <t . <—
£
+
= ;;f Yot 2y, -y)
C
fE Str,F < tr F _max
tr F
= |1- : -0.11
2'tr,l=7ma\><
or
0<t,, < fi
¢ 1356 &
Vs,ouF 0 t - 820
:[1_2 L J 04 16.00
“LfF_max
3 6
fc <tie gf—c
ity
= 3;f 2ot e +2Y, - Y,
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2'tf,F7max
with
Y, = ]rL -0.4
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2'tr/f‘F_max
Zs 5 5 5 mm
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Listener Greater of 820 13.56 &
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. . . S.L
Topic Parameter Coil i Units '
Min No;?m Max Q MHz
t Minimum
SV achievable 0.8 Hs
(26 kbps) value
0<t, < 3
fC
=|1- L -0.4
2 tSimax
N}
fC f()
Vit Ve
= t,+2
31, 3t 2y,
Vsouv 0 fﬂ <ty <ty .. ) a0 |1356&
(26 kbps) c 16.00
= l—ti3 0.11
2 'ts_max
with
3/ f
y, = 1- / fe -0.1
2’t3 max
6/ f
, = 1_# .0.
2 t3 max
Load Zsim 5 5 5 mm
Modulation -
(NFC-A, Listener-1 5.6 7
NFCB, | Vsima | Listener3 | 75 9 mvp | 330 | 1600
NFC- with Poller-0 -
F,NFC-V) Listener-6 6.9 9
Load PEI'Ietr-O WiIh 54.4
Modulation Istener-
(NFC-A, Poller-3 with
NFC-B, Vs.ima Listener-3 33.0 mvp | 820 | 13.56
NFC- :
Poller-6 with
F.NFC-V) Listener-6 380
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B.4 NFC Forum Listeners Antenna Category Definitions

Parameter Values

To ensure interoperability of an NFC Forum Listener with systems that are based on

ISO/IEC 14443, the NFC Forum defines different load modulation amplitude limit values,
depending on the antenna size of the NFC Forum Listener. Only the active antenna size used for
load modulation is affected by this definition. This section defines the rules for selecting the
correct antenna size category. If none of the category selection criteria apply for the Listener
antenna size, the default category SHALL be used. The category selection is based on the outer
and inner area enclosed by the antenna:

e The outer area is defined as the area enclosed by the outermost conductor of the antenna.

e The inner area is defined as the area enclosed by the innermost conductor of the antenna
(enclosed by the antenna).

The 3 categories are defined below and are summarized in Table 8:

e Category A (CAT A): The Antenna encloses at least an inner area of 2180 mm?. If not
designed as a circle, an aspect ratio of 19:10 for the inner area SHALL not be exceeded.

e Category B (CAT B): The Antenna encloses at least an inner area of 840 mm? but does not
exceed an outer area of 2180 mm?, except for connections. If not designed as a circle, an
aspect ratio of 3:2 for the inner area SHALL not be exceeded.

e Category C (CAT C), default category: The antenna area does not exceed an outer area of
840 mm?, except for connections, or does not fit into Category A or Category B.

Table 8: NFC Forum Listener antenna size definition

Antenna size Category A  Category B Category C,
default category
Outer area (maximum) - 2180 mm? 840 mm?
Inner area (minimum) 2180 mm? 840 mm? -

Examples for Antenna Size to Category Assignment
This section provides examples for antenna size categorization.

Example for Antenna Category A:

This example shows the Category A antenna of the NFC Forum Device. The inner area is
implemented as a rectangle, respecting the minimum area and aspect ratio for Category A. Since
there are no limitations for the outer area, the antenna can be aligned with non-antenna areas in
the NFC Forum Device.
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Figure 16: Example of an antenna for Category A

Table 9: Category A example dimensions and limits

Parameter Values

Example - antenna CAT A CAT A limit
Units a b aspect ratio area aspect ratio area
(mm) | (mm) (mm2) (mm2)
Inner | 61.00 | 36.40 1.67 2224.04 | max 19/10 min 2180
Outer - - - - -

Example for Antenna Category B:

In this example the NFC Forum Device uses a complex antenna arrangement consisting of two
individual antennas. In Poll Mode the NFC Forum Device uses both antennas, the solid and the
dashed antennas shown in Figure 17. In Listen Mode the NFC Forum Device uses the antenna

indicated by solid lines in Figure 17.

Analog
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Figure 17: Example of an antenna for Category B

Table 10: Category B example dimensions and limits

Example for Antenna Category C:

Example - antenna CAT B CAT B limit
Units a b aspect ratio area aspect ratio area
(mm) | (mm) (mm?) (mm?)
Inner | 45.40 | 35.80 1.27 1625.32 max 3/2 min 840
Outer | 49.20 | 40.00 1.23 1968 - max 2180

In this example the NFC Forum Device uses a Category C Antenna.

Analog

Outer area
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Figure 18: Example of an antenna for Category C
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Table 11: Category C example dimensions and limits

Example - antenna CAT C, default CAT C limit
Units a b aspect ratio area aspect ratio area
(mm) | (mm) (mm2) (mm2)
Inner - - - - - -
Outer | 29.00 | 28.00 29/28 812.00 - max 840

Example for Antenna Category C, default Category assignment:

In this example the antenna area and aspect ratio do not fit into any of the defined antenna
Categories and therefore this antenna is assigned to the default Category, which is Category C.

-—
[—

Outer area

o
o

Inner area

13.30mm
15.30mm

\
—p]

A

58.00mm

60.00mm

Figure 19: Example of an antenna for default Category which is Category C

Table 12: Default Category C example dimensions and limits

Example - antenna CAT C, default Default CAT C limit
Units a b aspect ratio area aspect ratio area
(mm) | (mm) (mm?) (mm?)
Inner | 58.00 | 13.30 4.36 771.40 - -
Outer | 60.00 | 15.30 3.92 918.00 - max 840

B.5 Calibration Procedure for Reference Pollers

The preferred method for calibration or verification is by using a Vector Network Analyzer
(VNA).

The Reference Poller SHALL be positioned in free air. A short length of semi-rigid RG-402 cable
is ideal for this purpose.

The analyzer is used to perform a reflection measurement (S11) after the VNA is calibrated using
Open, Short, Load (OSL) 1 port calibration. The calibration plane for this corresponds to the

mating surface of the Subminiature version A (SMA) plug on the cable from the VNA that will
be connected to the SMA socket of the Reference Equipment. See Figure 20.

Analog Page 66



NS

Parameter Values

Calibration
Plane

Figure 20: Calibration Plane of SMA Plug and Socket

The VNA is connected to J1, the socket that accepts the carrier from the power amplifier. The
socket that connects to the Sense Resistor (J2) SHALL be terminated with a 50 Q load during
calibration and use.

The VNA SHALL be set to a drive level of 0 dBm and the scan and steps adjusted to ensure
adequate resolution and accuracy for the measurement (for example, scanning from 13 to 14 MHz
with 1000 points in the scan). Set up the VNA in S11 measurement mode, and display the return
loss.

Use a non-metallic tuning tool appropriate for the trimmer capacitors VC1 and VC2, and tune it
in order to achieve maximum return loss at 13.56 MHz and 50 Q matching. A Reference Poller is
correctly tuned when the return loss is greater than 45 dB at 13.56 MHz. Note that VC2 affects
matching and tuning, whereas VC1 primarily affects tuning.

Figure 21 shows an example of a typical VNA display while tuning a Reference Poller.

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr Stal
Trl 511 Lc C.o0 i f 0.000dE [F2 ShiiE mit

‘ =1

Log Mag

Phase

Group Delay

Palar

Lin Mag

SR

Real

Irmaginary

[1 Stant 13.26 MHz TFRIN 30 kHz Stap 13,86 MH: IECEEH =R

Figure 21: Example of VNA Display while Tuning a Reference Poller
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B.6 Calibration Procedure for Reference Listeners

Parameter Values

The preferred method for calibration or verification is by using a Vector Network Analyzer
(VNA).

The Reference Listener SHALL be positioned in free air. A short length of semi-rigid RG-402
cable is ideal for this purpose.

The 820 Q fixed load SHALL be selected.

The analyzer is used to perform a reflection measurement (S11) after calibrating the VNA using
Open, Short, Load (OSL) calibration. The calibration plane for this corresponds to the mating
surface of the SMA plug on the cable from the VNA that will be connected to the SMA socket of
the Reference Equipment. See Figure 20.

The VNA is connected to J5, the SMA socket in parallel with the antenna coil. While the
Reference Listener is being calibrated, there SHALL be no connection made to any of the other
connectors of the device.

The VNA SHALL be set to a drive level of +10 dBm and the scan and steps adjusted to ensure
adequate resolution and accuracy for the measurement (for example, scanning from 10 to 20 MHz
with 1000 points in the scan).

Set up the VNA in S11 measurement mode and display impedance as modulus and phase. At the
resonance frequency of the Reference Listener antenna, note the peak of the impedance and zero
degree phase shift.

Use a non-metallic tuning tool appropriate for the trimmer capacitor VC1, and tune it in order to
achieve close to zero degree phase shift (which is expected to correspond approximately to the
peak |Z|) at the respective resonance frequency (e.g. 13,56MHz or 16MHz depending on the
definition in B2 and B3). A Reference Listener is correctly tuned when its resonance is within 50
kHz of the intended frequency.

Figure 22 shows an example of a typical VNA display while tuning a Reference Listener.
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1 Active Ch{Trace Z Response 3 Stimulus 4 MkrfAnalysis 5 Instr State

Parameter Values

Measurement

511 l

Farmak

Phase l

Scale |

15.00

Cisplay |

Average |

Calibration |

Skimulus

1 Start 10 MHz

IFBIA 30 kHz Stop 20 MHz

Figure 22: Example of VNA Display while Tuning a 13,56MHz Reference Listener
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B.7 Nominal or Maximal Settings for NFC Forum Reference
Equipment

Table 13: Setup for Nominal or Maximal Field Strength

Step Action

1 Place the Reference Listener in position (z= Zs,ov, =0, ¢=0, 6=0) of the Operating
Volume of the Reference Poller.

Apply no modulation transmit signal to J2 of the Reference Listener.

Configure the Reference Listener with resistive load Rs for Vs,ov (Nominal or Maximal
value).

Refer to Appendix B.3 for the values of Zsov and Rs,...

2 Connect input J1 of the Reference Poller with a signal generator V generating a carrier
signal with frequency fsc (nominal value). Regulate the signal generator V in such a way
that it generates an average voltage Vs,ov (hominal or maximal value) at J1 of the
Reference Listener.

Refer to Appendix B.3 for the values of Vs ov and fsc.

3 Remove the Reference Listener from the Operating Volume of the Reference Poller.
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Table 14: Setup for Nominal Modulation

Step Action

1 Place the Reference Listener (z= Zs,ov, r=0, ¢=0, 6= 0) of the Operating Volume of the
Reference Poller.

Apply no modulation transmit signal to J2 of the Reference Listener.

Configure the Reference Listener with resistive load Rs . for “Modulation
Poller—Listener” for NFC-A, NFC-B, NFC-F or NFC-V as appropriate.

Refer to Appendix B.3 for the values of Zsov and Rs.

2 Modulate the carrier to obtain the following modulation characteristics:

For NFC-A:

e Nominal value of ts1

o g, ts3, tss, and Vsou,a are within Min-Max range

For NFC-B:

e Nominal value of mS,i,B

e tsip, tsrp, and Vsou,s are within Min-Max range

For NFC-F:

e Nominal value of ms; r

o tsiF, tsrr and Vs our are within Min-Max range

The modulation characteristics are measured at the output of the 8-Shaped Coil, as
described in Appendix C. Refer to Appendix B.3 for the nominal values of ts1, ms; g, and
Ms,iF and for the ranges for ts2, ts 3, ts 4, VS,OU,A, tsip, tsrB, VS,OU,B, tsir tsrF, and
Vs,ouF.

For NFC-V

¢ Nominal value of ts 1 v

o tsov,ts3v, tsay, , tssv, and Vsouyv are within Min-Max range

3 Remove the Reference Listener from the Operating VVolume of the Reference Poller.

B.8 Orientation and Alignment of NFC Forum Reference
Equipment

Each Reference Poller has an alignment legend that consists of an arrow and a cross mark that are
centered on the geometrical center of the antenna. The arrow points away from the components.

Each NFC Forum — Reference Listener Device has an alignment legend that consists of an arrow
and a cross mark that are centered on the geometrical center of the antenna. The arrow points
toward the components.

Both devices are intended to be presented to the Poller or Listener to be characterized in an
orientation in which the components are uppermost. In this orientation the thickness of the PCB
and stack-up of the layers are used to generate a consistent z=0 separation. Therefore, it is
important that the construction details given in Appendix C.10 be adopted.
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NFC Forum —

Reference
Antenna Components

I

Figure 23: Orientation of NFC Forum Reference Equipment Used To Characterize a Polling

or Listener
NFC Forum - NFC Forum —
Reference Reference
Listener Listener
L 1

NFC Forum -
Reference NFC Forum -
D Reference

oller
Poller

(z000)
Figure 24: Relative Orientation of NFC Forum Reference Equipment During Setup
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C. Design Information for NFC Forum Reference
Equipment and 8-Shaped Caoil

Design Information for NFC Forum Reference Equipment

This appendix provides design information essential for defining the Reference Poller and the
Reference Listeners.

Fixed components used in these circuits SHALL have tolerance < 2 %. High stability capacitors,
e.g., NPO/COG with 50 V DC rating, SHOULD be used.

C.1 Reference Poller-0

SMA SOCKET

I C\ \'(:;LF
J A [0.5-10pF
voH PR . .
AovF ,;. 1A voig |, @
> iy Ao 1T T
(,\HﬁpS 0.8-10pF 7| DNF 68pF 9pF
c4|
BTG
NFC COIL,
\—
GND
5c

SMA SOCKET

Figure 25: Circuit for Reference Poller-0

NFC FORUM
POLLER-O

s
INNoOVISION

@IRT, APR 2010, E5010-1132-01

Figure 26: PCB Layout for Reference Poller-0
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C.2 Reference Poller-3

A SOCKET

Y oz
AT A 0107
veze e
Ao | V14 _,3'('5 = -
. E ) . T
) 08107 | DHF - -
—{ =1 S L 150gF | 47
o4
|TogF
L
GND
B e
X
A SOCKET

Figure 27: Circuit for Reference Poller-3

NFC FORUM
POLLER-3

T
(( INNovisioN

©IRT, APR 2010, ESC10-1142-01

Figure 28: PCB Layout for Reference Poller-3
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C.3 Reference Poller-6
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L) A [
_|a|| =
T
o
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POLLER-6

7
il
A
RS R6

Rl R2
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Figure 30: PCB Layout for Reference Poller-6
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C.4 Reference Poller - Bill Of Material

Design Information for NFC Forum Reference Equipment

. . . Value/ Dielectric
Description Designator | Quantity Manufacturer Rating Tolerance Package
39 pF (Poller-0)
. NPO/COG-
47 pF (Poller-3 9
Capacitor C1 1 pF ( ) 50 VDG <2% CAP_0603

470 pF (Poller-6)

68 pF (Poller-0)
Capacitor c2 1 | 150pF (Poller3) | Moaoe | <2% CAP_0603
10 pF (Poller-6)

6.8 pF (Poller-0) NPO/COG
Capacitor C3 1 56 pF (Poller-3) ) <2% CAP_0603

50 VDC
10 pF (Poller-6)

56 pF (Poller-0)
Capacitor ca 1 10 pF (Poller-3) | eIUO0 | <2% CAP_0603
100 pF (Poller-6)

. . AIR CAP-
Capacitor - Variable VC1A 1 0.8-10pF 250 VDC Johanson PTH

. . AIR CAP-
Capacitor - Variable VC2A 1 0.8-10pF 250 VDC Johanson PTH
Capacitor - Variable VC1B 1 Do not Populate TZB4 Type B SMT
Capacitor - Variable VC2B 1 Do not Populate TZB4 Type B SMT

2.7 Q (Poller-0) THICK
Resistor R1 1 1 Q (Poller-3) FILM- 1% RES_ 1206
1 Q (Poller-6) 125 mwW

2.7 Q (Poller-0) THICK
Resistor R2 1 1 Q (Poller-3) FILM- 1% RES_ 1206
1 Q (Poller-6) 125 mwW

2.7 Q (Poller-0) THICK

Resistor R3 1 1 Q (Poller-3) FILM- 1% RES_ 1206
1 Q (Poller-6) 125 mW
2.7 Q (Poller-0) THICK

Resistor R4 1 1 Q (Poller-3) FILM- 1% RES_ 1206
1 Q (Poller-6) 125 mw
2.7 Q (Poller-0) THICK

Resistor R5 1 1 Q (Poller-3) FILM- 1% RES_1206

0 Q (Poller-6) 125 mw
2.7 Q (Poller-0) THICK

Resistor R6 1 1 Q (Poller-3) FILM- 1% RES_1206
0 Q (Poller-6) 125 mW
2.7 Q (Poller-0) THICK
Resistor R7 1 1 Q (Poller-3) FILM- 1% RES_1206
0 Q (Poller-6) 125 mW
2.7 Q (Poller-0) THICK
Resistor R8 1 1 Q (Poller-3) FILM- 1% RES_1206
0 Q (Poller-6) 125 mW
SMA_SOCKET
Connector - SMA J1,J2 2 _END_LAUNC
H

NOTE The capacitor and resistor values are to be selected according to the Reference Poller number (0, 3 or 6).
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C.5 Reference Listener-1

P2
W [ N [ TESTPOINT
N oo 13
HEADER_4X2
| \;4 < PCB Label
B
=] 51K
BAR43S E
) ; SMA SOCKET 3 i
NFC COIL & _|e | \rmi’;cm ::C r %g — L
e 75_\_1__7*';: Z one l?pF‘m 5; g HDNF
= S ol
< o
TPL
0
BAR435 TESTPOINT
SMA SOCKET
i TX2 VCC (DC) OUT
SMA SOCKET
R13 n pA-AA | n
—LTXI Sense Y
ACM3225-102-2P-T
Sense Cail % =
J-\CMJJZS- 102-2P-T
SMA SOCKET
TX3 MODULATOR INPUT
AAAS S
DNF ~ :
Solder Link
f ACM3225-102-2P-T .
Figure 31: Circuit for Reference Listener-1
NOTE D3 is BZV55-C27.
NOTE During assembly be sure to crop the legs of J5 and VC1A flush with the

Analog

underside of the PCB prior to soldering, so that z=0 can be reliably achieved in

operation.
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Design Information for NFC Forum Reference Equipment

NFC FORUM
LISTENER-1

Figure 32: PCB Layout for Reference Listener-1

C.6 Reference Listener-

3

TP2

s
v

BAR43S

SMA SOCKET

VCIB
NFC COIL

| DNE

Cover With Thermal Glob

BCV6IC

Q1

2

4

R3
200R

R4
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RS
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c4
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3
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[
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R10
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[TNAAAS]
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4 Y\
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SMA SOCKET
14
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DNF
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Figure 33: Circuit for Reference Listener-3

NOTE D3 is BZV55-C27

Analog

TESTPOINT
SMA SOCKET
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A 1\
1
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_— e
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ACMB3225-102-2P-T

Page 78



m NFC
FORUM
and 8-Shaped Coil

NOTE During assembly be sure to crop the legs of J5 and VC1A flush with the
underside of the PCB prior to soldering, so that z=0 can be reliably achieved in
operation.

Design Information for NFC Forum Reference Equipment

MOD IN

NFC FORUM
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Figure 34: PCB Layout for Reference Listener-3

C.7 Reference Listener-6

™
Q
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Figure 35: Circuit for Reference Listener-6
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NOTE D3 is BZV55-C27

Design Information for NFC Forum Reference Equipment

NOTE During assembly be sure to crop the legs of J5 and VC1A flush with the
underside of the PCB prior to soldering, so that z=0 can be reliably achieved in
operation.

NFC FORUM
LISTENER-6
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(=]
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SENSE

Figure 36: PCB Layout for Reference Listener-6
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Design Information for NFC Forum Reference Equipment

C.8 Reference Listener - Bill Of Material

Designa | Qua Dielectric Tole
Description g : Value/Manufacturer . ranc Package
tor ntity Rating e
Choke TX_1I_,X'I'3X2, 3 TDK ACP3225-102-2P-T IND_ACM3225
* 33 pF (Listeners 1&3)
. fres: 13.56 MHz | * 100 pF (Listener 6 )
Capacitor c1 1| P (_ ) NPO/COG-50 | <oy | AP 0805
£ 16 MHz |15 PF (Listeners 1&3) VvDhC
RES: * 82 pF (Listener 6)
* Do not Populate
fres: 13.56 MHz | (Listeners 1&3)
* 39 pF (Listener 6
Capacitor c2 1 P ) NPO/COG-50 | o5 | AP 0805
* Do not Populate VvDC
fres: 16 MHz | (Listeners 1&3)
* 8.2 pF (Listener 6)
Capacitor c3 1 27 pF NP°§§§'5° <2% | CAP_0805
Capacitor c4 1 1nF NPO(;:SCG 50 | <206 CAP_0805
Capacitor - AIR CAP- 250
Variable VC1A 1 0.8-10pF VDC Johanson 5201
Capacitor - CAP_TRIM_S
Variable VC1B 1 Do not Populate MT TZB4
Diode Pair | D1,D2 | 2 BARA3S (End of Life) soT-23
BAT54SLT1G (Alternative)

Diode - Zener D3 1 BZ\V55C27 MINI-MELF
Resistor RLR9 | 2 00 TH'125an\'/bM' 1% | RES 0805
Resistor R3 1 200 Q TH'125an\'/bM' 1% | RES 0805
Resistor R4 1 68Q TH'lgE)an\'/'\;M' 1% | RES_0805
Resistor R6 1 820 Q THégoan\'/'\;M' 1% | RES_0805
Resistor R7 1 820 THégoan\'/'\;M' 1% | RES_0805
Resistor R5 1 51 kQ TH'lgE)an\'/'\;M' 1% | RES_0805
Resistor R8 1 3300 THégoKnF“'/bM‘ 1% | RES_0805
Resistor R13 1 510 TH'125K;\'/bM' 1% | RES 0805
Resistor Rzl’?lelo’ 3 Do not Populate RES_0805

Resistor - VR_SMT_3214

Potentiometer R11 1 Do not Populate W

Current Mirror Q1 1 BCV61C SOT-143

Test Point TP1, TP2 2 TESTPOINT
Connector J3 1 HEADER_4X2
Connector - SMA | J1,J2,J4 3 SMA_SOCKET_END_LAUNCH
Connector - SMA J5 1 SMA_SOCKET
Single Blob Link J6 1 Do not Populate
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NOTE The C1 and C2 values are to be selected according to the Reference Listener.

Design Information for NFC Forum Reference Equipment

C.9 Mechanical Dimensions of Pollers and Listeners

TRACK WIDTH = 1.0mm

® s ®

POLLER-0

TOP LAYER

Figure 37: Reference Poller-0 Top Layer

POLLER-0

MID LAYER 1

Figure 38: Reference Poller-0 Mid Layer 1
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Figure 39: Reference Poller-0 Mid Layer 2
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Figure 40: Reference Poller-0 Bottom Layer
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POLLER-3

TOP LAYER

Figure 41: Reference Poller-3 Top Layer

TRACK WIDTH = 0.5mm

POLLER-3
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Figure 42: Reference Poller-3 Mid Layer 1
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Figure 43: Reference Poller-3 Mid Layer 2
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POLLER-3
BOTTOM LAYER

Figure 44: Reference Poller-3 Bottom Layer

POLLER-6
TOP LAYER

Figure 45: Reference Poller-6 Top Layer
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Figure 46: Reference Poller-6 Mid Layer 1
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Figure 47: Reference Poller-6 Mid Layer 2
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Figure 48: Reference Poller-6 Bottom Layer
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Figure 49: Reference Listener-1 Top Layer
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Figure 50: Reference Listener-1 Bottom Layer
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Figure 51: Reference Listener-3 Top Layer
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Figure 52: Reference Listener-3 Bottom Layer
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Figure 53: Reference Listener-6 Top Layer
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Figure 54: Reference Listener-6 Bottom Layer
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C.10 Printed Circuit Board (PCB) Construction of Pollers and
Listeners

Design Information for NFC Forum Reference Equipment

To maintain consistency, all Reference Pollers are constructed as nominally 1.6 mm thick, 4-layer
PCBs in order to maintain the uniform characteristics specified in Appendix B.4:

Overall thickness tolerance +/-10%.

Dielectric constant (Dk) of FR4 cores: 4.55

Dielectric constant (Dk) of FR4 prepregs: 4.2

Outer Layer (1 oz Cu weight): 18 microns (before plating) and 35 microns (after plating)
Layer 1-2 spacing of copper layer: 0.22 mm

Inner Layer copper weight: 35 microns

Layer 2-3 spacing of copper layer: 0.99 mm

Inner Layer copper weight: 35 microns

Layer 3-4 spacing of copper layer: 0.22 mm

Outer Layer (1 oz Cu weight): 18 microns (before plating) and 35 microns (after plating)

All Reference Listeners are constructed as nominally 0.8 mm thick, 2-layer PCBs in order to
maintain the uniform characteristics specified in Appendix B.6:

Overall thickness tolerance: +/-10%.

Dielectric constant (Dk) of FR4 cores: 4.55

Dielectric constant (Dk) of FR4 prepregs: 4.2

Outer Layers (1 oz Cu weight): 18 microns (before plating) and 35 microns (after plating)

Example PCB Control Drawings for the Reference Poller-0 and the Reference Listener-1 are
given in Figure 55 and Figure 56.

The other Reference Pollers and Reference Listeners are consistent.
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Figure 55: PCB Control Drawing for Reference Poller-0

Page 91

Analog



NS

DRIMYET SIHL QU QIHIVLIY 35 TTI0HE SHIANT 7TV 20 SLOCUMES TILV.LIONNY

T U LG5 L0053 el =k Fl LT N AT ATDIS W OLNI JESSIHSAN0D NIZE S 3EIHL 2AH
bR OSSR S FELE3dY BN | 102 ) - OHEES AW QYOG
YR RS BRSSO M0ET IO bR 0SS DR oD THHA

LD L) 0T L QLD 5533430 THed

G LA OB - 000ED HAZZIE WS MOLLCE SED LR L0251 DL LE353H H3070E MOLLCS
TEEY b EEEET LOTE e OES HIddDD MHOLLCS

W Zh HIAYT HIJS0D 1N T E b HALNT 4340 0N

N Qb HIAY T HI4E0D 01N T & HAAYT HIdS0D 0NN

L] BHIAYTHISS0T Q1N W £ BIANTHISS0T QN

L] SHIAVTHILE0D 0N L] § HIAVTHIHa00 OnN

M FHIANTHILS00 OIN WM E HIANT 43400 0mN

L] Z AN 534333 QIl L] L HIAWT Bl O

WL | -rErY L0251 0L H3dd0D d L

QLD L) LR 0T MIAFHIE AWEJ0L FUDY b-RUED LOTF L bR L3330 3003 d0OL

BRI 0SS -GS

ELy

BAEUS Wiy

ISVENLYD T3L0dd

= 330 IBEIT DHNIMOTI0d FHL NOH D DILONELSNCD 3 50d FHL

L{TITT =g R ETTTTTRTTE AR

El

Wi

JLIHM
53015 HLE
O

Wy
OAFET

s34

530S TIE0 INIEIIAKD 40 HITNNN

SN 40 HIENNN

SHIAANT HIMA SEINCTIHL H3dd 00

WOLLCE HMD00 NE3HDSE IS

151534 430703

HILYT WOLLOE MO SLMNINOER0D

SEINENHL I 09 Lea0S

ALINEVIRY 1

{gHewl 334 a3

Hld

(54

SHOH LR LY IS

O5To)

JAHM

WNIAIHD

S3A

o

Ted

W G X P

S3AL IT0H WIA

5370H 30 HIBWIN TYLOL

HEiMa A Jve

SHIANTHILND SEIRCENHL 300

SO HME 0D MA3HDE A0S

HNOHOD L3153 430705

HIAY T 0L MO S IMNINOEROD

SHIART JO 3NN

THAHILYN 3 LW LEHE

05 0dv0E

OHIRvED TOEINDT B4

Figure 56: PCB Control Drawing for Reference Listener-1

C.11 Mechanical Dimensions and PCB Construction of 8-Shaped

Coil

The 8-Shaped Coil SHALL capture the signal from the Poller. The coil is constructed of two

turns: one is arranged clockwise and the other counterclockwise. When measured from the center

of the tracks, the diameter of each turn SHALL be 15 mm (see Figure 57).

The 8-Shaped Coil SHALL be mounted on a FR4 epoxy substrate (prepreg) of 18 mm x 33 mm.
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The 8-Shaped Coil including the FR4 prepreg SHALL be constructed as nominally 0.4 mm thick,

2-layer PCBs in order to maintain uniform characteristics.

The length of the feeding network (distance between the 8-Shaped Coil and the termination
connector) SHALL be 200 mm.

The feeding network thickness SHALL be 0.25 mm and the track routing SHALL be as
illustrated in Figure 57.

The termination connector SHALL be mounted on an FR4 prepreg with a thickness >= 0.4 mm.
Overall thickness tolerance: +/-10%.

e Track width: 0.4 mm (coil and feeding tracks)

e Dielectric constant (DK) of FR4 cores: 4.55

e Dielectric constant (DK) of FR4 prepregs: 4.2

e Outer Layers (1 oz Cu weight): 18 microns (before plating) and 35 microns (after plating)

The signal across the two ends (available on the termination connector) is measured by means of
an oscilloscope probe that has a capacitive loading < 12 pF , so as to make the self-resonant

frequency > 80 MHz.

rz.oomm

14.999mm

‘
— h 2.00mm
S
&-Shaped-Coil
i(?.m

Figure 57: 8-Shaped Caoil

This 8-Shaped Coil is positioned on the outside surface of the poller device, where the maximum
field is induced (the most likely position will be above the actual turns of antenna or coupler coil
of the poller device; see Figure 58).
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Figure 58: Principle of Operation of 8-Shaped Caoil
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D. Alternative Method for Measuring V., Levels

This appendix is informative and is only intended to give advice on the use of this specification
during testing in ambient temperatures.

The Reference Listener specified in this document has many useful functions for NFC
characterization, including Vov. It has been designed to be used in a lab environment in the
temperature range of 23 + 3 °C.

Chip manufacturers will need to characterize their NFC components for adequate drive level.
The best way is with a Reference Listener. However, the temperature range over which the
components need to be operated is much wider than this, typically -40 to +120 °C (the usual
design goal for all chips) during evaluation in an environmental chamber.

Many components in the Reference Listener board were not designed for operation over this wide
temperature range. If, for example, the Reference Listener is subjected to temperature variation,
then the forward voltages across the rectifying diodes will vary by about 1 mV/°C , so that the
observed Voy that is developed across two diodes will vary by about 2 mV/°C. Over a narrow
temperature variation this change can be ignored, but over a range of 160 °C, for instance, it will
produce a variation of about 320 mV, which is an unacceptably large variation.

This appendix, therefore, proposes an additional circuit block for the present Reference Listener.
This circuit block will switch out all the temperature sensitive components during a Vov
evaluation and will switch in a less temperature sensitive potential divider that, in conjunction
with an oscilloscope, will allow Voy to be measured more accurately.

D.1 New V., Monitor Circuit Description

The aim of the suggested circuit is to allow, while using as few components as possible, a
calibrated test instrument to measure the voltage developed across the defined load while
harvesting power from a local magnetic field.

In any design the addition of a large number of components in any circuit affects the nodal
voltages due to component tolerance. If the component tolerance is also temperature sensitive,
then large variations in level are possible. The new monitor circuit, with the aid of links, allows
the standard functionality of the Reference Listener to be temporarily disconnected and a
potential divider to be inserted.

The parallel resistance of the divider is aimed to produce a load resistance of 820 Q when a 50 Q
load is connected to the new SMA SK1 connector, as shown in Figure 59.

A 50 Q RF cable is connected from the SK1 to the 50 Q input of an oscilloscope that can then be
used to measure the peak voltage across the 820 Q load. The benefit of this type of connection is
that the normal capacitance associated with a cable is effectively neutralized and does not affect
the tuning of the resonant circuit. This enables the Voy level to be measured at a remote location
using a long (enough) 50 Q cable, so that measurements within a temperature chamber can be
made.

The variable capacitor used in the Reference Listener is temperature stable enough for it to have a
negligible effect on accuracy. This is also true of the printed 2.4 uH inductor that is resident on
the Reference Listener-1 and the Reference Listener-3.

The Reference Listener-6 has a differently valued inductor, but the required load resistance for a
Vov measurement is still 820 Q, so the new monitor circuit is still applicable.
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Figure 59 also shows the waveforms that would be expected to be seen in the new circuit.
Although the drawn waveforms do not appear sinusoidal, they are intended to be so. The present
Vov Vvalue is approximately the full wave rectified version (lower trace) of the Tag harvested
voltage (upper trace). The forward diode drop of two diodes in the full-wave rectifier will be 0.6
V, so that for a specified Vov level of 4.1 V the required specified peak voltage level is 4.7 V.

Standard Listener Circuit Additional Listener Monitor Standard Listener Circuit

Rest of

-

N -—
1 l Listener
: : Circuitry
I I ] vov
. . Detected
| | Level
2.4uH | |
e . Z =
57pF : . Switched
I I Resistor
I I
. . N~
: . =
I I
: : !
<
| | l
I I
Position A — Normal Listener Operation
Position B — Higher Accuracy VOV
Vpeak j|— — — —
Vpeak = VOV + 2*Vdiode
Vdiode = 0.3V
Vpeak = VOV + 0.6
VOV, |[— — — —

Full Wave Rectified 13.56MHz Carrier, VOV Level Detector

Figure 59: Suggested Additional Circuit Arrangement

The value of the voltage reduction due to the potential divider is (25/820), or an attenuation of
30.3 dB. This will need to be measured for each device, due to the tolerance of the resistors used.
It is recommended that a calibration sticker be attached to the PCB with the attenuation value.

For levels of voltage around 4V peak, this produces at an oscilloscope measured voltages of 122
mV peak.

Analog Page 96



NEES

The following procedure can be used to implement the alternative Voy measurement procedure
that will prevent temperature variations from generating excessive measurement error. Due also
to the reduction in the number of components between the input antenna and the Vov
measurement node, the accuracy of a basic Vov measurement will also be improved. The
fundamental usefulness of the Reference Listener is not affected by the presence of the additional
monitor, as it is switched out when it is not required.

Alternative Method for Measuring VOV Levels

D.2 Alternative Vo Measurement Procedure

1. Reconnect the links at position A/B from position A to position B.
2. Connect a 50 Q oscilloscope to SK1 using a 50 Q cable.

3. Refer to the standard Listener documentation and follow the procedure to adjust the variable
capacitor CV1.

4. Place the device in the magnetic field to be characterized and monitor the peak voltage
detected on the oscilloscope.

5. To comply with the specifications of the NFC Forum that are detailed in the specification
shown in Table 6, the measured peak voltage SHALL be (Vov + 0.6) V.

6. After the Vov measurements have been completed, ensure that the link positions are moved
back from position B to position A.

7. It might be necessary to readjust CV1 in accordance with the Reference Listener
documentation.
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E.

Revision History

Table 15 outlines the revision history of the Analog Technical Specification.

Table 15: Revision History

Revision History

Document Revision |Status Change Notice Supersedes
Name and Release
Date
Analog Version 1.0, | Final
July 2012
Analog Version 1.1, | Final [AVOV replaced by DVR (aka AVOVratio) in Analog V1.0
February 2015 Appendix B.2. July 2012
Requirement 4.3.2.1 modified.
Replace obsolete component in Figures 23, 25,
and 27.
NFC Analog | Version2.0 | Final |Inclusion of NFC-V technology Analog V1.1
Specification | July 2016 Inclusion of Vs ovmaxioand Vs ovmaxiz February 2015
Field activation and deactivation Vov reser
Aligned Viwma values for Listeners
Aligned Vov,min values for Pollers
Inclusion of Antenna Categories A, B, C
Changed BoM for Reference Listeners (BZV55C27
instead of BZV55C15)
NFC Analog | Version2.1 | Final |Alignment of modig and modir Analog V2.0
Specification | June 2017 Alignment of Vov reset and Vs ovreset July 2016
Inclusion of T5T Platform Listen side requirements
Inclusion of fres for Reference Listener 1,3 and 6
Inclusion of Vs ovRreseT 15T
Alignment of Terms and Definition to TC Glossary
Editorial update.
NFC Analo Version 2.1 | Final - - - - Analog V2.1
Specificatio% January 2018 Correction of mS,i,B and mS,i,F min values June92017
NFC Analog | Version2.1 | Final |Correction of Modulation Poller-> Listener NFC-V Analog V2.1
Specification | August 2018 Correction of 8-Shaped Coil and Vs,ov for Poller 6 January 2018
NFC Analog | Version2.1 | Final |VS,OV,RESET for P3 and P6 Version 2.1
Specification | August 2018 TS,1,V. Editorial updates August 2018
NFC Analog | Version2.2 | Final |[Inclusion of VsovreserTst; Inclusion of Vsovreset; Version 2.1
Specification | July 2021 Note to Requirement 4.7; nominal value for ts1y ; August 2018
Editorial Changes; T1T removal
NFC Analog | Version 2.3 Figure 1 update. Inclusion of 8-Shaped Coil in Version 2.2
Specification | February 2023 Glossary. 8-Shaped Coil as mandatory part of July 2021
Reference Equipment. Editorial update.
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