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External NFC antennas with VTAP25 and VTAP50

VTAP reader modules (VTAP25-MOD and VTAP50-MOD) have no built-in antenna, so you
will need to choose or design and then integrate an external NFC antenna for any
application.

If you incorporate a VTAP50-OEM reader board into a new or existing product, you may
decide to use an external antenna, in scenarios such as:

* A VTAP50 reader module embedded inside other equipment, beyond standard antenna
range, for instance within a turnstile;

 Design preference for a custom antenna, for example an antenna that loops around a
kiosk or vending machine touchscreen;

If your application requires an external antenna there are several things to consider
including antenna design and tuning, reader environment, potential interference with
other components in your product, certifications needed for the region where the product
will be deployed, and user experience.

This Application Note discusses these issues and includes practical tips for using external
antennas with a VTAP reader board or module.

Note: Only VTAP50-OEM, VTAP50-MOD and VTAP25-MOD can use an external antenna.

The VTAP50-OEM reader board is designed so that you can carefully break the integrated
antenna from the board, if you decide to replace it with an external antenna. Alternatively,
you can buy the VTAP50-OEM without its antenna, which is sold as the VTAP50-MOD reader
module, that requires an external NFC antenna to function.

In the same way, a VTAP25-MOD surface-mount reader module does not have an
integrated NFC antenna and requires an external antenna to function.

Note: The VTAP50-OEM reader board has been RF/EMC tested with its integrated loop
antenna, printed on the PCB. The VTAP25-MOD is RF/EMC tested with a reference host
board.

When a new external antenna is attached to a VTAP50 reader, or a VTAP25 is embedded
in a host board with a new antenna design, the new arrangement will require
corresponding matching circuits and EMC approvals.
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External antenna choices

Your choice of external antenna will be affected by the type of enclosure you are using, the

read range and performance required, and by the way that you plan to approach radio
testing and certification of your end product.

There are two main approaches when selecting an external antenna. You could either
(A) choose an off-the-shelf antenna and make a custom tuning board or (B) design a
custom board which includes an antenna and tuning circuit. Each option then leads to
other size - range - performance trade-offs.

(A) Use an off-the-shelf NFC antenna with a custom tuning board

An off-the-shelf NFC antenna can be used with the VTAP50-MOD, VTAP25-MOD, and
VTAP50-OEM with its integrated antenna removed. Since these antennas do not typically

come with a tuning circuit, a tuning circuit adaptor board will have to be installed
between the VTAP reader and the antenna.

These antennas come in various sizes and form factors, offering integrators a range from
which to select the best fit for their application. In space-constrained scenarios, where a
PCB antenna cannot be mounted near the surface of the outer housing, flexible thin
antennas can be used which are pasted directly behind the front surface of the housing.
This ensures there is no loss of range due to clearance between the outer housing and
the NFC antenna, which is often needed for ventilation around a PCB antenna.

For VTAP50-MOD and VTAP50-OEM without its integrated antenna, the optional
VTAP50-M2 antenna tuning board can be tuned to the off-the-shelf antenna of your
choice. This header is fitted to the VTAP50 12-way J1 header. You can refer to section 3
Connect an external antenna to VTAP50-OEM for how to remove the integrated
antenna. And see section 4.2 Matching circuit examples for tuning component values

for some off-the-shelf antennas, if you want to take a blank VTAP50-M2 tuning board
and fit tuning components yourself.
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Figure 2-1 VTAP50-MOD reader board with a Molex antenna and VTAP50-M2
tuning board
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Figure 2-2 VTAP50-M2 tuning board, without tuning components

For a VTAP25 module an off-the-shelf antenna could be chosen, with the tuning
components mounted on the VTAP25 host board.

Figure 2-3 VTAP25-MOD reader module on a development board, with Molex
antenna connected on J9
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Dot Origin offers design support, to help you select the optimum off-the-shelf antenna
for your application and/or antenna tuning. Dot Origin could design a VTAP50-M2 tuning
board, populated with the right tuning components for your selected antenna and host
environment.

(B) Design a custom board including NFC antenna and tuning circuit

You could design and use a custom-made assembly that combines the VTAP reader
with an NFC antenna and tuning components on a single board. This allows greater
flexibility in antenna form factor, size, range and performance. This could be your only
option if, for example, you need an antenna which will fit behind a housing with multiple
cutouts, and off-the-shelf antenna options do not align with your size and shape
constraints.

Dot Origin can offer a custom antenna design service for VTAP50 and VTAP25. This would
include designing a suitable antenna for your application and performance
requirements, along with a tuning circuit, together with limited compliance testing of the
reader with its new antenna to support a permissive change approval.

Dot Origin can also provide design consultancy, if you prefer to design the antenna and
tuning circuit yourself. This would include providing design information, then testing the
custom antenna with the VTAP reader to support a permissive change approval.

2.1 Antenna size - range - performance trade-offs

In both off-the-shelf or custom antenna scenarios, size is an important factor when
choosing the right antenna for your application. There are trade-offs between the antenna
size, range and performance.

NFC interaction works when the NFC fields of the VTAP reader and the mobile phone or
card have a good intersection. Deviating from the standard 40x40mm antenna size can
reduce performance, in a variety of different ways. For example, using a smaller 15x25mm
antenna might reduce NFC range to 35-40mm, and using a much larger 80x80mm
antenna could produce a field with a ‘dead zone' in the centre, with poor field strength.

Range becomes important when custom antennas or non-stickable, off-the-shelf
antennas are fitted behind a front panel. You will lose some usable NFC range when you
introduce a clearance, say 5-10mm, between the front surface of the device and the
antenna. We normally recommend you design for at least 40mm NFC range, from front
surface of your final product, which is in line with the Apple ECP2/Access range
requirement.

It is important to consider all these aspects when choosing your antenna. Please consult
VTAP support at an early stage, to discuss your plans and requirements.
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3 Connect an external antenna to VTAP50-OEM

1. Snap off the VTAP50-OEM on-board antenna. We recommend that you break the snap
off points by applying pressure with a screwdriver, when the PCB is lying on a flat
surface. (Note: This action is not reversible.)

Snap-off
points for
on-board PCB
antenna
on VTAP50 U
\(\
N

Figure 3-1Points on VTAP50 to snap off the on-board antenna.

2. Connect the external antenna to the VTAP reader using the optional J2 expansion
header via a matching or tuning circuit. The pins 1 and 2 on this expansion header are
used for external antenna connection.

You can select one of the off-the-shelf external antennas from section 4 which have
been tested with VTAP50 readers, and can be readily used with the tuning components
and cable lengths listed. If these tested options do not suit, then please contact us so
we can support you with your application.

(U= U]

J2 expansion header

ANT1 ANT2

10/12 pin expansion header
to connect external NFC
antenna

ov ov
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Figure 3-2 Expansion header to connect external antenna

If the J2 expansion header is not already fitted, you can solder a 12-way 2mm pitch DIL
header (10075024-G01-06ULF Amphenol CC) in place.

Note: This user modification on a VTAP50-OEM is recommended for proof-of-concept
only. For large quantities, or production, we recommend the VTAP50-MOD variant,
which has the J2 header in place and the on-board antenna removed as standard.
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Antenna matching or tuning

A matching or tuning circuit ensures that there is maximum power transmitted between
the antenna and the RF transmitter device, with the antenna working only in the desired
frequency band (13.56MHz), and minimum signal loss between the transmitter and
antenna (return loss/VSWR). Tuning is essential to NFC transmission, since imperfect
antenna matching or tuning can cause high power loss and poor antenna performance,
and in some cases lead to circuit failure.

Multiple factors such as length of conductor, metal surfaces in close proximity, ferrite
sheets, or other emitters within 20cm of the NFC antenna, can also alter the tuning of the
antenna. LCD screens or keypads can also affect the tuning of an antenna mounted
behind the screen, due to the associated metalwork.

Please consult VTAP support at an early stage, to discuss your plans and resolve any
antenna tuning issues. It is always advisable to tune the antenna in the final housing,
mounted in a manner representative of normal use, so that all factors are taken into
account.

Here are main steps involved in antenna matching circuit design and verification:

1. Find the characteristics for your antenna. This involves measuring DC resistance, self
resonant frequency and inductance of the antenna. These measurements are carried
out with the antenna disconnected from the matching circuit, which may involve
removing matching circuit components.

2. Calculate the series and parallel capacitor values required.

3. Test circuit performance by measuring Sl impedance into the antenna circuits
(including filters, matching circuit and antenna). When antenna tuning for VTAP25, use
the test pads on the bottom of the module to access these nodes. Equivalent tuning
points on VTAP50 are not accessible.

For more detailed information with calculations you may find it useful, refer to NXP
Application Note AN13219.
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4.1 Antenna matching circuit for VTAP50
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Figure 4-1 Example board schematic for antenna matching or tuning for VTAP50

We have designed matching circuits for various off-the-shelf NFC antennas, which could
be readily used with the VTAP50 in indoor, office environments. (These tuning circuits are
not off-the-shelf accessories, only examples of the type of design required. You will need to
make design decisions about where best to accommodate the tuning circuit, refer to
section 2 _External antenna choices. You will need to test achieved performance in your
actual range of application scenarios and environments, before selecting any of these
examples for production.) The example antennas are:

« Pulse Antennas W7002- NFC Wire Loop Antenna (ANT-7)

« Pulse Antennas W7013- Small Planar NFC Antenna with Ferrite (ANT-8)

« Molex Antennas 146236-2131 NFC Coil 45x55mm (ANT-9)

« Molex Antennas 146236-2122 NFC Coil 34.39x46.Imm (ANT-10)

« Molex Antennas 146236-0121 NFC Coil 34.39x46.1mm (ANT-4)

« Molex Antennas 146236-2102 NFC Coil 15x25mm (ANT-11)

(The ANT-x numbers are Dot Origin identifiers for particular tested antenna, cable and
tuning circuit combinations. Refer to Annex A Tested external antennas for a list with any
certifications obtained.) Component values provided in the following tables to integrate
the example antennas, all relate to the tuning circuit Figure 4-1above.

Note: If you need matching circuit calculations for another NFC antenna, or other support
in custom NFC antenna design, please contact vtap-support@dotorigin.com with your
requirement to explore how we can support you.
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4.2 Matching circuit examples for off-the-shelf antennas

The read ranges mentioned for these example were measured with an NFC Type2 card,
and with no metal or transmitters within 30cm. These ranges should be used as a

reference point only. Range will vary depending on the environment, enclosure, and the
phone or type of card from which the data is being read.

CAUTION: All values are calculated using the standard out-of-the-box cable
arrangements (100mm/400mm where mentioned) and a VTAP50-M2 matching header
PCB, as shown in the photographs. If you are designing your own matching board it needs
to be designed and mounted on the expansion header in similar fashion. Changes in

component values, matching board style or cable length will change the characteristic
and result in a mismatch.

Pulse Antennas W7002- NFC Wire Loop Antenna (ANT-7)
There are two sets of matching circuit components for this antenna model:
« antenna without a cable (standard out-of-the-box crrqngement); and

» antenna with a pair of 24AWG, 100mm long cable.
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a. Without cable (Out-of-the-box arrangement):

Matching circuit component values for Figure 4-1.

Component Value Remarks

Cl - -

C2 56pF Cseries
C3 68pF Cshunt
C4 - -

Cb 10pF Cshunt
C6 68pF Cshunt
Cc7 10pF Cshunt
(O}] 56pF Cseries
R1 3.3Q Rseries
R2 3.3Q Rseries

This arrangement provides an NFC read range of up to 90mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on
their own antenna shape and size, while the operating distance for mobile phones
and NFC Wallets/apps will also vary depending on multiple factors including the
shape, size and position of the phone’s NFC antenna. Performance is also affected by
the presence of metal in the vicinity and the distance between the antenna and the
front surface of the chosen enclosure.

b. With 100mm, 24AWG cable pair:
Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 33pF Cseries
Cc2 10pF Cseries
C3 75pF Cshunt
c4 33pF Cseries
C5 - -

C6 75pF Cshunt
C7 - -

Ccs8 10pF Cseries
R1 270 Rseries
R2 270 Rseries

This arrangement provides an NFC read range of up to 95mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on
their own antenna shape and size, while the operating distance for mobile phones
and NFC Wallets/apps will also vary depending on multiple factors including the
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shape, size and position of the phone’s NFC antenna. Performance is also affected by
the presence of metal in the vicinity and the distance between the antenna and the
front surface of the chosen enclosure.

EXTERNAL ANTENNA : APPLICATION NOTE © DOT ORIGIN PAGE 10



VTAP MOBILE WALLET READERS

Pulse Antennas W7013- Small Planar NFC Antenna with Ferrite (ANT-8)

This antenna comes without a connecting cable. We have calculated the matching
circuit for this NFC antenna with a pair of 24AWG, 102mm long cable.

Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 68pF Cseries
C2 - -

C3 150pF Cshunt
C4 68pF Cseries
C5 - -
C6 150pF Cshunt
C7 - -
c8 - -
R1 1.0Q Rseries
R2 1.0Q Rseries

This arrangement provides an NFC read range of up to 50mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on their
own antenna shape and size, while the operating distance for mobile phones and NFC
Wallets/apps will also vary depending on multiple factors including the shape, size and
position of the phone’s NFC antenna. Performance is also affected by the presence of
metal in the vicinity and the distance between the antenna and the front surface of the

chosen enclosure.

EXTERNAL ANTENNA : APPLICATION NOTE

© DOT ORIGIN

PAGE 11



Molex Antennas 146236-2131 NFC Coil 45x55mm (ANT-9)

VTAP MOBILE WALLET READERS

This 45x55mm antenna comes with a 102mm long, 28AWG cable and a Micro-Lock Plus
connector. It has a ferrite sheet on one side and adhesive mounting on the other side.

Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 33pF Cseries
C2 - -

C3 33pF Cshunt
C4 33pF Cseries
Cb 4.7pF Cshunt
C6 33pF Cshunt
C7 4.7pF Cshunt
c8 - -

R1 1.5Q Rseries
R2 1.5Q Rseries

This arrangement provides an NFC read range of up to 75mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on their
own antenna shape and size, while the operating distance for mobile phones and NFC
Wallets/apps will also vary depending on multiple factors including the shape, size and
position of the phone’s NFC antenna. Performance is also affected by the presence of
metal in the vicinity and the distance between the antenna and the front surface of the

chosen enclosure.
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Molex Antennas 146236-2122 NFC Coil 34.39x46.Imm (ANT-10)

VTAP MOBILE WALLET READERS

This 34.39x46.1mm antenna comes with a 102mm long, 28AWG cable and a Micro-Lock
Plus connector. It has a ferrite sheet on one side and adhesive mounting on the other

side.

Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 33pF Cseries
C2 - -

C3 27pF Cshunt
c4 33pF Cseries
Cb - -
C6 27pF Cshunt
C7 - -
C8 - -
Rl 1.50 Rseries
R2 1.50 Rseries

This arrangement provides an NFC read range of up to 70mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on their
own antenna shape and size, while the operating distance for mobile phones and NFC
Wallets/apps will also vary depending on multiple factors including the shape, size and
position of the phone’s NFC antenna. Performance is also affected by the presence of
metal in the vicinity and the distance between the antenna and the front surface of the

chosen enclosure.
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Molex Antennas 146236-0121 NFC Coil 34.39x46.Imm (ANT-4)

VTAP MOBILE WALLET READERS

This 34.39x46.Imm antenna comes without a cable. We have tuned it with a 400mm long,
28AWG cable and a Micro-Lock Plus connector. It has a ferrite sheet on one side and
adhesive mounting on the other side.

Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 33pF Cseries
C2 - -

C3 10pF Cshunt
c4 33pF Cseries
Cb 4.7pF Cshunt
C6 10pF Cshunt
Cc7 4.7pF Cshunt
c8 - -

R1 1.50Q Rseries
R2 1.50Q Rseries

This arrangement provides an NFC read range of up to 65mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on their
own antenna shape and size, while the operating distance for mobile phones and NFC
Wallets/apps will also vary depending on multiple factors including the shape, size and
position of the phone’s NFC antenna. Performance is also affected by the presence of
metal in the vicinity and the distance between the antenna and the front surface of the

chosen enclosure.
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Molex Antennas 146236-2102 NFC Coil 15x25mm (ANT-11)

This 15x25mm antenna comes with a 102mm long, 28AWG cable and a Micro-Lock Plus

connector. It has a ferrite sheet on one side and adhesive mounting on the other side.

Matching circuit component values for Figure 4-1.

Component Value Remarks
Cl 33pF Cseries
C2 10pF Cseries
C3 33pF Cshunt
C4 33pF Cseries
Cb 4.7pF Cshunt
C6 33pF Cshunt
C7 4.7pF Cshunt
C8 10pF Cseries
R1 1.5Q Rseries
R2 1.5Q Rseries

This arrangement provides an NFC read range of up to 35mm with a typical
NFC/contactless card. The range with other physical cards and tags will depend on their
own antenna shape and size, while the operating distance for mobile phones and NFC
Wallets/apps will also vary depending on multiple factors including the shape, size and
position of the phone’s NFC antenna. Performance is also affected by the presence of
metal in the vicinity and the distance between the antenna and the front surface of the
chosen enclosure. It is at the lower size/performance limit to support the Apple

ECP2/Access minimum 40mm range requirement with all models of iPhone and Apple
Watch, depending on the enclosure.
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4.3 Antenna matching circuit for VTAP25-MOD

A VTAP25 reader module requires a matching circuit in the same way as VTAP50.

fuc:]
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ANT_2

c4

C3 7 3
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ANT_1
Antenna
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Figure 4-2 Example board schematic for antenna matching or tuning for VTAP25

Please refer to the VTAP25 Integration guide for details about antenna pins and design.

Antenna connection and placement of the tuning circuit is a particular consideration for
VTAP25.

If the antenna is part of the PCB copper, tracks from the VTAP25 to the antenna should not
exceed 100mm per track. The tracks should be routed as close together as possible to
minimise loop area.

The antenna matching circuit may be placed near the VTAP25 or near the antennai. It
should not be placed at a midpoint.

It is recommended that any circuits are at least 5mm from antenna tracks. If circuits are
placed within the antenna areaq, a ground plane should be used in the component areq,
but should be kept as far from the antenna wiring as possible. Circuit connections may
cross antenna tracks, but crossings should be perpendicular.

CAUTION: Placing connected circuits inside and outside the antenna areaq, such that
tracks cross the antennaq, is likely to increase unwanted radiated emissions.

Where the antenna is connected by wires, it is recommended that tracking between the
VTAP25 and connection point of wiring should be as short as possible and not exceed
40mm. Wiring should be twisted pair. It is recommended that you avoid bundling antenna
connections with other product wiring. Connectors for wiring do not need to be specialised
- simple pin header parts will usually suffice. It is recommended that you avoid connectors
where the conductors are more than 3mm apart.
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4.4 Ferrite shielding of metal surfaces

Metal surfaces nearby can significantly degrade antenna performance by inducing eddy
currents that oppose the antenna’s magnetic field, reducing efficiency and read range.
Ferrite shielding is a proven and effective method to mitigate these effects and enhance
system reliability in 13.56 MHz NFC and RFID systems.

The degree to which metal interferes with antenna operation depends on several factors,
including the size and conductivity of the metal, the antenna Q factor, system sensitivity,
and target read range. However, as a general rule, if metal is located within approximately
15-20mm of the antenna coil in any direction, ferrite shielding is strongly recommended.
For larger clearances, shielding may not be required, but system-level testing should
always be carried out to confirm that.

Many off-the-shelf antennas, including some mentioned in this document, are supplied
with integrated ferrite, but this should be verified before installation. Proper shielding
placement and validation are essential to minimise losses from nearby metal and ensure
a stable magnetic field.

For systems using the integrated antenna on the VTAP50-OEM, VTAP100-OEM or
VTAP100-OEM assemblies, ferrite shielding can be equally helpful if metal is nearby, when
applied externally behind or around the VTAP reader. However, since integrated antennas
are fixed in layout and tuning, the addition of ferrite requires careful system-level testing,
to ensure it does not detune or degrade the performance of the reader.

4.4.1 Choose the right type of ferrite

Use ferrite sheets specifically rated for operation around 13.56 MHz, with a high magnetic Q
factor (meaning high u’ and low p") to minimise energy losses and optimise magnetic
coupling, such as Wurth ferrite sheet 364 002.

4.4.2 Choose the correct position for ferrite

Ferrite shielding is typically applied directly behind the antenna coil, particularly when
mounted on or near metal surfaces, but can also be positioned beside or around the coil
where lateral or surrounding metal is present. This guidance applies whether you are
designing a new NFC antenna coil for VTAP50-MOD or VTAP25-MOD, or adding shielding to
the integrated antenna on a reader board such as the VTAP50-OEM.

Modern ferrite sheets are thin, lightweight, and flexible, adding minimal thickness to the
assembly, which can be important for compact or space-constrained installations. The
ferrite can be applied directly onto metal surfaces, with the antenna coil mounted directly
on the ferrite to maximise magnetic coupling. Avoid introducing any air gap between the
antenna and ferrite, as this can degrade shielding effectiveness and detune the system.

We can provide custom antenna design services for VTAP50-MOD and VTAP25-MOD
tailored to your application, ensuring the antenna is optimised and tuned for its final
environment. For off-the-shelf antennas not listed in this document, we can also offer
tuning support to help you achieve reliable system-level performance.
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4.4.3 Test effectiveness after shielding

Regardless of antenna type or shielding approach, it is essential to test the performance of
the final assembly with a representative sample of devices (phones/watches) and the
card/tag types and sizes which will be used in your application. This should confirm that
the system meets all operational requirements in real-world environmental conditions,
including shielding effectiveness, optimum power dissipation from the VTAP reader, and
read range.

For more information on ferrite shielding, you might want to refer to the following
documents from other manufacturers in this field:

+ NXP Application Note AN13219 — PN7160 Antenna Design and Matching Guide

- Wirth Application Note — Going Wireless with Magnetic Shielding

» Molex Application Note — Design Guide for NFC Antennas and Ferrite Sheet Application
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Certification with external antennas

The antenna is the RF emitter of the VTAP reader, so a change of antenna will always
require some re-testing of radio emissions, EMC and application performance.

 The VTAP50-OEM reader board has been tested for EMC and radio emissions, and
approved for modular certification for various regions with its integrated loop antenna.
So if you are using a VTAP50-OEM after removing the built-in antenna, or a VTAP50-MOD,
with an external NFC antenna, then that new arrangement will require some testing to
retain certifications.

» The VTAP25-MOD is approved on a host board with a reference antenna, and every new
use will require some testing to retain certifications.

Here we only summarise key certification and compliance considerations related to a
simple antenna change. Refer to the VTAP Application Note on Compliance for more
detailed information.

5.1 Radio emissions and EMC

In all cases there will need to be confidence testing with all emitters running, and EMC
testing of the complete equipment.

Always design with at least 20cm clearance between the VTAP antenna and any other RF
transmitters in nearby devices, to avoid electromagnetic interference between equipment,
and to comply with the FCC/ISED certification for the VTAP50. Be aware that more
clearance may be required if the external antenna is particularly sensitive.

If there are other RF transmitters within the same host equipment, then confidence testing
for maximum permissible exposure (MPE) and co-location will also be required. This is to
ensure that the emissions of both VTAP reader and the other transmitter(s) remain within
the range of their original test reports, and that there is no interference between the VTAP
reader and the other transmitter(s).

For FCC and ISED, there is a simplified process called a Class Il permissive change
application, which would be sufficient to extend FCC/ISED certification when the change to
a product has minimal impact on RF performance. The permissive change application
would need to be made through Dot Origin, as the original grant holder. We have already
taken a number of customers through this process and are familiar with what is required.

In many other regions, even when it is only the antenna that has changed, the integrator
will need to follow the appropriate certification process in full. For UKCA or CE certification
that will mean testing and collating a technical file, albeit a relatively simple one. If you
contact vtap-support@dotorigin.com we can supply a Declaration of Conformity and
original test reports (under NDA) for the VTAP reader component, as input to your technical
file.
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5.2 Apple VAS

For VAS applications Apple reserves the right to review the final form factor of the reader, to
ensure that satisfactory performance and user experience is maintained.

5.3 Apple ECP2/Access

For ECP2 applications it is essential that the new equipment hosting a VTAP reader board
or module is tested and certified against Apple Access specifications. This includes
ensuring that the read range meets their minimum distance requirements (40mm at 0
degrees in both Express and CDCVM modes) and reads successfully, without a minimum
distance requirement, at various presentation angles of the phone. The reader needs to be
tested against all the different categories of iPhone and Apple Watch, as required by Apple.
Apple may also require on-site functional testing as part of the end-to-end certification of
an Apple Access deployment, which is usually conducted by the Credential Manager.

5.4 Google Smart Tap

We recommended that you test the complete equipment with several different makes and
models of Android phone that are common in your region, as the antennas in these
phones are variable and in a variety of positions in the handset. These factors will affect
the user experience.
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User experience with external antennas

The user experience when someone taps a phone or card, is the ultimate test of system
performance. Even a well-designed antenna may yield poor results if end users are not led
to present a phone or card at the optimal location or orientation for the antenna field.

The location of the NFC antenna in smartphones varies by device type and manufacturer,
and this directly affects how users should position their phone relative to the external
antenna.

» iPhones typically have the NFC antenna located near the top edge on the back of the
phone. For reliable and fast detection, users should be guided to tap the top of the
iPhone against the reader. Apple has strict requirements for marking the tap location at
the strongest field areq, to ensure good user experience.

» Android phones can vary significantly. Many models have the NFC antenna located
around the central area of the back panel, though this is not standardised. We
recommend that customers test with several Android makes and models popular in
their region, to determine the most responsive contact zone.

For cards and tags, it is recommended that you test the system in its final housing with all
of the different types of cards and tags that will be used in your application.

The physical orientation of the external antenna has a significant effect on performance:

e For desktop mountings, we find a horizontal antenna orientation often works best for
card placement and a flat tap interactions with phones.

» For vertical mountings, we recommend that you align the antenna face with the typical
approach angle of a phone or card.

Taking these user experience factors into account will not only optimise technical
performance, but the resulting faster, more consistent reads, create a more intuitive and
reliable system in real-world operation.

EXTERNAL ANTENNA : APPLICATION NOTE © DOT ORIGIN PAGE 21



VTAP MOBILE WALLET READERS

About Application Notes

Application Notes address topics of interest to small groups of customers, or topics around
the use of a VTAP reader with third-party systems.

An Installation or Integration Guide for your VTAP reader model, together with the VTAP
Configuration Guide, are the key documents to support the use of your VTAP reader. You
will find the latest versions of these, and other useful information at https://vtapnfc.com.

If you need further help do contact us by email to vtap-support@dotorigin.com, or by
phone +44 (0) 1428 685861 from Europe and Asiqg, or +1 (562) 262-9642 from Northern and
Latin America.
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The antenna types listed below have all been tested by Dot Origin, in place of the
VTAP50-OEM integrated loop antenna, and found to be compatible.

Custom
antenna
reference

Table A-1 Tested external custom antennas

Antenna description/dimensions

Certification status

ANT-1 40mm x 40mm FCC/ISED tested/certified,
CE tested
ANT-2 82mm x 22mm FCC/ISED/MIC certified, CE
tested (VTAP50)
ANT-3 Prototype only No certification
ANT-4 Molex 146236-0121 34x46mm with 40cm twisted cable No certification
ANT-5 40mm x 40mm No certification
ANT-6 40mm x 40mm FCC/ISED tested/certified,
CE tested (VTAP25)
ANT-7 Pulse Antennas W7002 wire loop with 100mm twisted No certification
cable and VTAP50M2 tuning board
ANT-8 Pulse Antennas W7013 wire loop with 102mm twisted No certification
cable and VTAP50M2 tuning board
ANT-9 Molex 146236-2131 45x55mm with 102mm twisted cable | No certification
and VTAP50M2 tuning board
ANT-10 Molex 146236-2122 34x46mm with 102mm twisted cable | No certification
and VTAP50M2 tuning board
ANT-T1 Molex 146236-2102 15x25mm with 102mm twisted cable | No certification
and VTAP50M2 tuning board

Some of these are custom antennas developed for third-parties which are not available

for sale.

Note: When an external antenna is attached to a VTAP reader, that new arrangement will
require a corresponding tuning circuit and EMC approvals. Contact
vtap-support@dotorigin.com for details about tuning circuits and EMC approvals for the
tested external antennas.
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