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1. Introduction

The antenna design for the CLRC663 is not much different than the antenna designs for
most of the other NXP reader ICs in general. However, some CLRC663 specific details
need to be considered to get an optimum performance.

This document describes the generic NFC and RFID antenna design rules in section 3 as
simple as possible, considering the different requirements due to ISO/IEC 14443, NFC or
EMVCo as introduced in section 2.

The section 4 describes the antenna design for the CLRC663 in detail.

In the Annex in section 5 some basics about the antenna impedance measurement and
the related tools can be found.

2. NFC Reader antenna design
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2.1

ISO/IEC 14443 specifics

The ISO/IEC 14443 (called “ISO” in the following, details see [2]) specifies the
contactless interface as widely being used with contactless smartcards like e.g. MIFARE
product-based cards.

The ISO/IEC 14443 defines the communication between a reader (“proximity coupling
device” = PCD) and a contactless smartcard (“proximity chip card” = PICC). In four parts
it describes the physical characteristics (i.e. the size of the PICC antennas), the analog
parameters like e.g. modulation and coding schemes, the card activation sequences
(“Anti-collision”) and the digital protocol. The ISO/IEC 10373-6 (see [3]) describes the
test setup as well as all the related tests for cards and the reader.

The ISO/IEC 14443 reader antenna consists of an antenna coil, which is matched to the
reader IC. This antenna coil, as shown in Fig 1,

1. generates the magnetic field to provide the power to operate a card (PICC),
2. transmits the data from the reader (PCD) to the card (PICC), and
3. receives the data from the card (PICC) to the reader (PCD).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.
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(1) k = coupling coefficient
(2) @ = magnetic flux

Fig 1. Magnetic coupling between reader (PCD) and card (PICC)

According to ISO the PICC antenna coils can be categorized into the classes 1 to 6, as
shown in Fig 2.

The PCD antenna is not defined as such, but the PCD must support the classes 1, 2, and
3. The support of the classes 4, 5, and 6 is optional.

&4 mm

‘4] Class1

LEL )

Class 5

le 25 mm | 225 mm
R

~Class 6 =

PICC antenns 1ore

(1) A PCD must always support the classes 1, 2, and 3.

Fig 2. PICC classes according to ISO/IEC 14443

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.

Application note
COMPANY PUBLIC

Rev. 1.5 — 25 June 2018 4 of 64
205815



NXP Semiconductors ANllOlg

CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide

The PCD antenna coil sizes are not specified. So for ISO/IEC 14443 compliant readers
all different sizes of antenna coils from a few 10 mm?2 up to 20 cm diameter can be found
in various shapes.

ISO/IEC 14443 does not specify an operating volume. The reader manufacturer needs to
guarantee that within the operating volume - that he himself defines - all related ISO/IEC
10373-6 tests can be passed.

The compliance tests require calibrated reference PICCs, as defined in ISO/IEC10373-6.
The schematic of such reference PICC is shown in Fig 3. For each PICC Class there is
one reference PICC, which needs to be calibrated according to the required
measurement. Practically it makes sense to use one calibrated reference PICC for each
measurement case.

PCD Pulses
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|_2 CON4 Measure DC
(Pick up - CMF4 =7 ”/\ ril | R2 R8 Ca= o |::> voltage
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— ’ Q2:R$|D cwz CON2
- . R n AI—‘—D ’ Calibrate:
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L © - Oem Adjust Load
L1 ¢ —T—

Mainf |c1 coof
coll) & T /J _ | it CMF1  CONf
) Y | %F ST o LS g L02¢
“'“'“‘T modulation

(1) Details see [3].

Fig 3. ISO/IEC 10373-6 reference PICC

Some reference PICCs, which are commercially available (e.g. Fig 4), are pre-calibrated
and equipped with several jumper options to address the most relevant tests with a
single reference PICC.
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CETECOM ICT Services GmbH

BAETE

(1) The jumper settings allow different pre-calibrations.

Fig 4. ISO/IEC 10373-6 reference PICC Class 1

Still for each PICC Class a separated reference PICC is required.
The most relevant analog tests for PCDs are:

1. Field strength tests (min and max)

2. Wave shape tests (for all bit rates)

3. Load modulation amplitude tests

Note: This application note does not replace the detailed test description in ISO/IEC
10373-6.

There is no common certification process for ISO/IEC14443 compliance in place, even
though many national bodies use ISO/IEC 14443 to operate the electronic passports and
electronic ID cards. For these programs, some nations have established a certification
process to guarantee interoperability. An example is given in [5].

Field strength tests

For the field strength tests, it is preferred to have the PCD send a continuous carrier, i.e.
it performs no modulation.

The field strength tests simply require the calibrated reference PICC and a dc voltage
measurement device (volt meter or oscilloscope). The field strength is equivalent to the
calibrated (and required) voltage level. ISO/IEC 10373-6 defines minimum voltage levels,
corresponding to the minimum required field strength, and maximum voltage levels,
corresponding to the maximum allowed field strength. The measured voltage levels must
stay in between these limits.

Wave shape tests

The PCD needs to send the related pulse(s): It may send an ISO/IEC 14443 REQA and /
or REQB with the required bit rate, as e.g. specified in [5]. Any other command fits the
purpose, too.

Note: For the test of higher bit rates it makes sense to implement some specific test
commands, which send artificial commands, e.g. REQA and / or REQB, using the coding
and modulation of the corresponding higher bit rates. The standard way of activating

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.
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higher bitrates cannot be applied, since the reference PICC for ISO/IEC 14443-2 tests
does not allow the protocol layer, which is normally required to switch to higher bit rates.

The wave shape tests require:

1. a calibrated reference PICC, which is placed at the position of the calibrated field
strength (corresponding to the dc voltage as measured in section 2.1.1),

2. adigital oscilloscope with a measurement bandwidth of 500 M samples or higher,
and

3. atool that filters and transforms the oscilloscope data into the envelope signal
according to ISO/IEC 10373-6.

The tool normally returns the filtered and transformed envelop as well as the
corresponding values of rise and fall times, residual carrier levels and over- and
undershoots, which must be kept within the given limits.

Load modulation tests

The PCD needs to send a test command, which allows to check a response from the
reference PICC.

The load modulation tests require:

1. a calibrated reference PICC, which is placed at the position of the calibrated field
strength (corresponding to the dc voltage as measured in section 2.1.1) and

2. a signal generator with a pattern generator, that provides the load modulation signal
as a response to the PCD test commands.

The response must be triggered by the PCD test command, i.e. the signal generator
needs a delayed trigger input either from the field or from the PCD itself. The voltage
level of the load modulation input signal for each test case must be (pre-) calibrated in
the Test PCD set up.

The PCD must be able to receive all the responses with the given minimum load
modulation signal level.

EMVCo specifics

EMVCo specifies a contactless interface for point of sales (POS) terminals (= PCD) and
the corresponding contactless payment cards in [6]. This interface is very similar to the
one defined ISO/IEC 14443, but it uses its own set of requirements and specification
details. The EMVCo test equipment and way of testing is quite different from the test
specification as defined in ISO/IEC 10373-6.

For the reader tests a calibrated EMVCo reference PICC is required. This reference
PICC can be bought only from one of the accredited laboratories.

Some of the antenna design parameters also need to be adapted towards EMVCo
requirements.

The most relevant analog tests for PCDs are:
1. PCD power test (field strength),
2. Modulation PCD - PICC tests (wave shape tests) and
3. Load modulation tests.

EMVCo specifies and requires only the bit rate of 106kbit/s for both type A and B, but no
higher bit rates.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.
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Note: This application note does not replace the detailed test description in ISO/IEC
10373-6.

2.2.1 EMVCo Operating volume

One main difference for the tests is the definition of an operating volume, as shown in Fig
5. This volume is tested with the EMV-Test-PICC.

Z Axls
F
Operating Volume
50 mm /
10 mm
y
_‘___-_—-_—.—‘—'_—/
20 mm
r
.
N E—
10 mm
pat |

xq__’r‘xmndmg Plans

Centre of Landing Plane
30 mm

(1) Details see [6].

Fig 5. EMVCo POS operating volume requirement

Within this volume, the given parameters need to be fulfilled.
2.2.2 EMVCo Field strength

For the field strength test, it is preferred to have the PCD send a continuous carrier, i.e. it
performs no modulation.

The voltage level, which can be measured in all of the given positions, needs to be
between the minimum and maximum limit, as given in [6].

Due to the operating volume, it can become challenging to meet the EMVCo
requirements with small antennas.

Fig 6 shows the required power versus antenna size. The curve is based on an antenna
simulation, which uses a few simplifications, so it does not take the loading effect of the
EMVCo reference PICC into account. On the other hand, the simulation was done under
ideal environmental conditions, i.e. no metal environment influences the antenna. The
simulation results can be taken as reference to estimate the design effort especially for
small antennas compared to “normal” antenna sizes.
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(1) Side length of a square antenna.
(2) These simulation results do neither take any specific environment nor loading effects into account.

Fig 6. EMVCo POS Reader antenna size

EMVCo Wave shapes

The PCD needs to send the related pulse(s): It may send an EMVCo REQA and / or
REQB.

The wave shape tests require:

1. acalibrated EMVCo reference PICC, which is placed at each of the given position
(see Fig 5),

2. adigital oscilloscope with a measurement bandwidth of 500Msamples or higher, and

3. atool that filters and transforms the oscilloscope data into the envelope signal
according to the EMVCo test requirement.

The tool normally returns the filtered and transformed envelop as well as the
corresponding values of rise and fall times, residual carrier levels and over- and
undershoots, which must be kept within the given limits.

EMVCo Load modulation

The PCD needs to send a test command, which allows to check a response from the
reference PICC. Typically, the EMVCo loop back command sequence is used for this.

Note: Since these tests do not replace the certification tests as required by EMVCo,
simple tests commands might be even more useful than the full EMVCo test sequence.
Such a simple test command can be easily debugged and typically allows an easier
triggering.

The load modulation tests require:
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1. a calibrated reference PICC, which is placed at each of the given position (see Fig 5)
and

2. a signal generator with a pattern generator, that provides the load modulation signal
as a response to the PCD test commands.

The response must be triggered by the PCD test command, i.e. the signal generator
needs a delayed trigger input either from the field or from the PCD itself. The voltage
level of the load modulation input signal for each test case must be set according to [6].

The PCD must be able to receive all the responses with the given minimum load
modulation signal level.

2.3 NFC specifics

The standard NFC device needs to fulfill the reader mode (PCD), the passive target and
the passive initiator. The passive target from an antenna point of view is very similar to
the optional card mode (PICC).

2.3.1 NFC Operating volume

The NFC Forum specifies an operating volume as shown in Fig 7.

(1) Details see NFC Analog Technical Specification, [4]

Fig 7. NFC Forum operating volume

3. Generic PCD antenna design rules

AN11019

Application note

Some of the design rules are very common for NXP NFC Reader designs, i.e. they do
neither specifically depend on the used standard (ISO, NFC or EMVCo) nor depend on
the NXP Reader IC but rather on physical or technical basics.

3.1 Optimum Antenna Coil

The optimum antenna coil size for a standard PCD can be derived from the Biot-Savart
law. The major prerequisites are some simplifications like the assumption that the
antenna system is optimized based on the parallel operation of smart cards on top of the
PCD antenna. The optimization is derived for the operating distance, i.e. the target is to
show the optimum PCD antenna size for a given required operating distance.

The principle and simplified electrical circuit is shown in Fig 8.
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k
PCD Coil »— PICC Coil

(1) Index 1: PCD
(2) Index 2: PICC

Fig 8. PCD Antenna coil

The index 2 indicates the parameters of the PICC. Here the PICC is taken as given, i.e.
the parameters with the index 2 cannot be modified. This is another simplification, but
also refers to the reality, where the reader antenna optimization does not allow to change
card parameters.

The PCD antenna is taken as a circular antenna to allow a simple calculation. The impact
of different form factors is discussed later.

Out of this law the coupling coefficient k between PCD and PICC antenna can be
described as following:

r’ A, @)
k=, - .
" 2(r* + XZ)% \/L01' Lo

A, = Card antenna coil area, fixed

Loz = Card antenna coil single turn inductance, fixed

Lo1 = Reader coil single turn inductance

r = Reader Antenna coil radius

x = Operating distance in the center of the Reader antenna

Ho = relative permeability

The single turn inductance can be described like this:

7
Ly,= 2[10] 27-r-In @)
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d = coil wire diameter with d <<r

Note: The formula to calculate the inductance of the antenna coil can only be taken as
reference. In real life, many details influence the result, which are not considered
in this simple formula. So, a measurement of the coil parameters as described
below is required anyway.

3.1.1 Number of turns

Changing the number of turns does not change the coupling, since the inductance itself
has no influence on the coupling. So, in principle antenna coils with a single turn can be
used as well as antenna coils with many turns.

The only remaining parameter to optimize the coupling is the antenna radius r (i.e. the
antenna size), and will be discussed in section 3.1.2.

However, the number of turns changes the inductance which on one hand changes the
matching circuit.

Out of experience it turns out to be optimum to have an inductance around L ~ 1 pH for a
proper matching, but a wide range of L ~ 300 nH up to L= 4 pH still can be matched
properly, so typically 1 up to 4 turns in the normal range of antenna sizes are used.

The Fig 9 shows the typical inductance values versus the antenna coil radius for 1, 2, 3
and 4 turns. These values are just examples, since the environment, the track width or
wire thickness and some other parameters may influence the inductance.

Furthermore, the typical PCD antenna coil does not use the circular shape, but rather a
rectangular form factor. The given calculated values show the wide range that can be
used, and shall be used as reference only. The antenna coil inductance must be
measured anyway later to do the antenna matching.
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(1) Green area: target area for standard antenna matching.

Fig 9. Inductance examples versus coil radius

On the other hand, the number of turns defines the relationship of voltage level versus
current level. Especially for the load modulation (see Fig 10) it might be helpful to
increase the number of turns on the PCD antenna coil.

¥ w lload modulation

ULMA

(1) Index1 =PCD
(2) Index 2 = PICC antenna caoil

Fig 10. Load modulation

3.1.2 Optimum antenna coil size

Fig 11 shows the coupling coefficient versus antenna radius for three different operating
distances. The scaling of the coupling coefficient does not necessarily show the correct
absolute value, since some of the fixed parameters are estimated only for this graph.
However, the relative value is important to indicate the optimum antenna size.

AN11019 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.

Application note Rev. 1.5 — 25 June 2018 13 of 64
COMPANY PUBLIC 205815



NXP Semiconductors ANllOlg

CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide

+ K/ [%]

4500 /# |

L000 x=4cm
3.500 //

3.000 /
2500

@ 4cm: Couplingwith larger antenna decreases

/ X =.6 ey
2000 / : "~ @ 8cm: Coupling with larger antennaincreases
1

1

1.500 } . ! x=28 CI’"‘.\-...

/ I 5’.-—_._____\ '\\
1.000 l / ‘/Ef : \‘“‘*é"‘“—-‘
// " | I ""'---.....-"'h‘:

1

0.500 - T t >

00 20 40 6.0 80 100 120 14.0 16.0 180 200 rf[cm]

(1) Green: at a distance of x =4 cm

(2) Blue: at a distance of x =6 cm

(3) Black: at a distance of x =8 cm

(4) The coupling coefficient scaling in this diagram is relative only. The absolute value might differ.

Fig 11. Coupling coefficient vs PCD antenna radius

The maximum coupling can be achieved, when
r=X ©)

r = Reader Antenna coil radius

x = Operating distance in the center of the Reader antenna

The maximum coupling at an operating distance of 4 cm can be achieved with an
antenna coil of approximately 4 cm radius (i.e. 8 cm diameter). Increasing the antenna
radius from 4 cm to 8 cm decreases the coupling at 4 cm distance (green curve), but
increases the coupling at 8 cm distance (black curve).

However, the optimum antenna size as such does not guarantee that the coupling is
strong enough.

The maximum coupling coefficient versus the operating distance can be estimated as
shown in Fig 12. This maximum coupling is related to the optimum antenna size.
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Fig 12. Maximum coupling vs antenna size

Theoretical example:

The Fig 13 shows the field strength versus operating distance of two different antenna
sizes. For both antennas, the antenna current is tuned to deliver the maximum allowed
field strength of 7.5 A/m at the minimum operating distance of 2 mm.

The small antenna with 4 cm diameter achieves an operating distance of almost 3 cm,
the large antenna with 10 cm diameter achieves an operating distance of almost 7 cm.

Hl[A!m] 7.000

™
AN
] A\
ol N\

3.000
\

2.000 \

1.000 \

0.000

Xaem X10cm x/[cm]

(1) Minimum required field strength Hmin = 1.5 A/m
(2) Both antennas scaled to deliver Hmax = 7.5 A/m at maximum

Fig 13. Operating distance x versus antenna size
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Note: The large antenna is driven with a current liargeantenna ~ 4 X Ismallantenna.

Note: This graph does not include the detuning and loading effect of the reader
antenna.

The Fig 14 shows the simulation result of three different square antennas. The
magnitude of the field strength is shown versus the distance from the center of the
antenna area in either X or Y direction. The curves indicate the zero points, which are
areas around the antenna slightly outside the antenna area, where no field can be
measured (i.e. where the coupling is zero).

At a zero point no tag device can be operated, even if the required field strength is very
low. This needs to be considered, if there is a requirement to read tags within a certain

given operating volume, which might touch the zero points, especially if the antenna is

too small.

H/[A/m]
3

25 —— 45mmx 45mm

T5mmx 75mm

100mm x 100mm

0.5 —\

0 0.02 0.04 0.08 0.08 01 012 0.1

14
XorY/[m]
Zero points

(1) Operating distance = 1cm, X and Y = horizontal distance from antenna center.
(2) These simulation results do neither take any specific environment nor loading effects into account

Fig 14. Magnitude of field strength in 1 cm distance

Note: The field strength is not the same for all three antennas, but has been adjusted
individually to achieve the maximum allowed field strength for each antenna.
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3.2 Layout recommendations

AN11019

The connection between the Tx output pins (Tx1 and Tx2) and the EMC low pass filter
has to be as short as possible. The GND connection especially between TVSS and the
CO (see Fig 17) capacitors must be as short as possible. The demo board layout is using
the middle layer as GND plane, so TVSS and the CO capacitors are shortly connected to
GND. In case of a two-layer design the GND plane should be done properly.

The connection between the block capacitors and the VDD pins need to be as short as
possible. This holds especially for the TVDD and its block capacitor.

The CLRC663 evaluation board and its related description can be taken as a reference.

The Fig 15 and Fig 16 show a part of the top and bottom as well as the middle layer
structure around the CLRC663 as reference. The GND layer is one of the middle layers
to have a proper GND plane.

W

\=
:rm?\,.

Fig 15. CLRC663 Layout Demo board Top layer

l

i
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(blue: middle layer GND)

Fig 16. CLRC663 Layout Demo board Bottom and Middle layer
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4. CLRC663 hardware design

The CLRC663 is optimized to support the NFC, ISO and EMVCo with a minimum of
additional components. The CLRC663 simply requires the antenna matching circuitry,
some block capacitors and the crystal.

However, the calculation and tuning of the matching components need to be done
carefully to provide the full performance as well as to meet CE and FCC regulations.

The Fig 17 shows a typical analog circuitry using the CLRC663.

vMiD RV!
1k
C3A
RXP | RIA
! 12k
InF
X1 oA
L f
F70nH COA
120...200pF |
GND to TVSS .
ND COB
GND 120....200pF
. LOB p
L |
F70nH
C3B
RXN _ ﬂﬂ RIB
—

InF 12k
vMID RV2

Fig 17. Typical CLRC663 analog circuit
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The antenna is typically a part of the PCB design (see section 3.2). All capacitors are
typical ceramic capacitors (e.g. X7R). The capacitors used in the matching circuitry are
NPO.

The inductor LOx must be capable of driving the required power: In case the maximum
output power is needed, the LOx must be able to drive the 300 mA without going into
saturation.

Note: Be aware of tolerances! The most critical tolerance in the antenna circuits
appears at the antenna coil itself, but even for the matching circuitry tolerances
of < 1% are recommended.
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4.1 CLRC663 requirements

The CLRC663 is optimized to support the EMVCo operating volume. Therefore, the Tx
output can drive up to ltvoo = 250 mA, the CLRC663 Plus even can drive up to Itvop =

350mA. Based on a power supply voltage of TVDD =5 V a power consumption for the
total antenna circuit of up to Pwt > 1.5 W is possible.

The power supply must be designed properly to be able to deliver a clean supply voltage.

Note: Every noise level on top of the supply voltage can disturb the performance of the
CLRC663. Therefore, sometimes higher values of the block capacitors in the
range of up to 10 pF might help to improve the performance and also stabilizes
the power supply. For that reason, the blocking capacitors for TVDD should be
as close as possible to the IC.

4.1.1 Target impedance

The CLRC663 provides an NMOS/NMOS Push-Pull output stage to drive the antenna
circuit. The output impedance of each Tx output is approximately 1-3 Ohm, so basically
the antenna impedance itself controls the Irvop, and therefor the field strength.

Fig 18 shows the driver current Itvop versus the antenna impedance. The target
impedance to get a maximum field strength and power transfer should be close to 20 Q.

'TVPR/ImAl ITVDD @ TVDD = 5V
in mA
200.0
180.0
160.0
140.0 \Q
1200
100.0
800
60.0
400
200
0-010.0 200 300 40.0 50.0 60.0 70.0 so0 Z/ [Q]

(1) Antenna impedance tuned and measured between TX1 and TX2

Fig 18. Irtvpbp versus antennaimpedance

Note: The CLRC663 plus allows an impedance of < 20Q with the limit of Itvop = 350 mA.
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4.2 Antenna for card reader

42.1
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The CLRC663 supports only pure reader mode. That means for NFC, only P2P passive
initiator is supported.

Antenna matching

For proper antenna design the antenna impedance must be measured using an
impedance analyzer or VNA (vector network analyzer). Such a VNA can be a high end
tool from Agilent or Rohde & Schwarz (like the R&S ZVL (see [7], [10]), as normally used
in this document), but might be a cheap alternative with less accuracy like e.g. the
miniVNA Pro (see[8], [11], [12]). In any case the analyzer needs to be able to measure
the impedance in magnitude and phase (vector).

Such VNA can be used to measure the antenna coil as well as the antenna impedance
including the matching circuit.

The antenna matching is done with the following steps:
1. Measure the antenna coil

Define target impedance and Q-factor

Define the EMC filter

Calculate the matching components

Simulate the matching

Assembly and measurement

N o ok~ wDd

Adaptation of simulation
8. Correction and assembly

The details of those steps are described with an example of the CLRC663 demo board.
The blocks and components are used as shown in Fig 19.

|
/Tx‘l Ly \ | HC1 Ro 7" Reoi \
- — ] : I —
_|Go | | Ca |G
TVSS :
 E—— —
NFCIC END 1 e
B I G [Cm
f— | = —
™ Lo | I Ry
- t | \ L
I -
\ EMC Filter / | \Matching / Antenna Coil

(1) This circuit only covers the Tx part.

Fig 19. CLRC663 Reader only antenna matching circuit
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4.2.1.1 Measure the antenna coil

The antenna coil must be designed as described in section 3 and be measured. The
measurement is required to derive the inductance L, the resistance Rcoi and the
capacitance Cpa as accurate as possible.

The easiest even though not most accurate way is to use the VNA to measure the
impedance Z of the antenna coil at 13.56 MHz and to calculate L and R out of it:

Z=R+ jol, 4)

Typically, the VNA can directly show the L and R, as shown in Fig 20 and Fig 21.

{ E,;

Trel Smith Ref1U CalSmo 1
Mem2[Tre1] Smith Ref1U Inwisible L -— 1 25 ”H
s11 —
Reoii =24 Q
C..=7
pa = ¢
Ch1  Center 13.56 MHz Pwr 0dBm Span 12 MHz
(1) Measurement with R&S ZVL
Fig 20. Measurement 1: Antenna coil of CLRC663 demo board
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— L=1.25 yH
== Reon = 3.2 Q
Cp =7

L wna/3 3.1.6 © piZsma 2018 T

TF A0 0w
" 0, 2348
B 34,2%°
2 91,60

Start 10,000, 0008z
€ Ref=50.0+0.01 Stop 19,906, 19702

(1) Measurement with miniVNA Pro and VNA/J

Fig 21. Measurement 2: Antenna coil of CLRC663 demo board

In this example the antenna coil is measured with these values:
L =1.25pH

Rcoil =2.4-3.2Q

Cpa = not measured, can be estimated

The inductance can be measured quite accurate, but the resistance is not very accurate
due to the relationship between R and jwL. And the capacitance is not measured at all
with this simple measurement.

There are several ways to improve the accuracy and even further derive the capacitance,
but these simple results are enough to start the tuning procedure. This tuning procedure
needs to be done anyway, so there is no real need to spend more effort in measuring the
antenna coil parameters more accurate.

Define target impedance and Q-factor

The target impedance must be defined. For the maximum power transfer, it should be
20 Q (as indicated in section 4.1.1). In such case the driver current Irvoo gets close to the
maximum allowed limit of Itvbomax = 250 mA.

For the CLRC663 Plus the target impedance might go down to 15Q to increase the driver
current. In such case the driver current Itvop gets close to the maximum allowed limit of
Itvobmax = 350 mA under loading conditions.

The impedance target might be different for different applications. An impedance target
of Rmatch = 50...80 Q might be better in battery powered devices, where the current
consumption must be minimum, while at the same time the required maximum operating
distance can be lower.
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Note: The following examples show the design for a maximum power transfer, e.g. for
an EMVCo POS design.

The quality factor Q depends on the overall system requirements and frame conditions.
The overall system requires the Q to be in a range, which allows us to meet the timing
and pulse shape requirements of the corresponding standard (ISO, NFC or EMV). These
requirements are mainly the same, but with some differences:

While ISO allows data rates of up 848 kbit/s, NFC allows the data rates of up to
424 kbit/s. EMV systems are limited to 106 kbit/s. So typically, the Q of EMV reader
systems can be higher than the Q of ISO or NFC reader systems.

The Q is an indirect value, since the measurement of the Q in the overall antenna
system, which includes the antenna driver as well as the contactless card, is complex —
and not required. The wave shape and timing measurements, as required according to
the standards, are the relevant measurements, and the corresponding Q value is not of
any importance.

Here in a first step the Q is chosen for the passive and linear antenna circuit only. So, it
can be seen as start value to calculate the damping resistors Ro.

Good starting values as entry for the calculation of the matching calculation are shown in
Table 1.

Table 1. Q-factor
Values for the passive linear antenna circuit only.

Q Condition

10 Start value for the matching calculation for NFC Reader design, supporting higher bit
rates (212, 424, 848 kbhit/s).

15 Start value for the matching calculation for NFC Reader design, supporting higher bit
rates (212, 424 kbit/s).

20 Start value for the matching calculation for typical NFC Reader design.

25 Start value for the matching calculation for typical NFC Reader design, limited to
106 kbit/s.

30 Nominal value for MIFARE Classic communication.

Note: The lower the Q, the better the stability and robustness of the antenna is.
Antennas with lower Q show less detuning. The higher the Q, the higher the field
strength is.

Note: The final Q must be tuned with the pulse shape measurements, if the antenna
shall be fully optimized.

Note: It might be helpful to slightly adapt the Q in the given Excel sheet calculation [13]
in such a way that the resulting damping resistor Ro is calculated to be within an
E-series of values (i.e. 2.7 Q or 3.3 Q, but not 2.845 Q). In such case the
following calculation is more accurate, i.e. the calculation result gets closer to the
measured result.
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4.2.1.3 Define the EMC filter

4214
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The EMC filter can be a second order low pass filter as shown in Fig 17, and contains an
inductor (LO) and a capacitor (C0). The cut off frequency defines the overall detuning
behavior as well as the transfer function of the antenna circuit.

The inductor LO needs to be capable to drive the full power into the antenna without
going into saturation. The Q-factor of this inductor should be as high as possible.

Typically, the inductance is in range of:
LO =330 nH ... 560 nH

The cut off frequency typically should be far above the carrier frequency but far below the
second harmonic:

Fcutof = 14.5 MHz ... 22 MHz

Based on this the following EMC filter values are chosen:
LO = LOA =LOB =470 nH

CO = COA = COB =56 pF + 68 pF!

Fcutot = 20.9 MHz

Note: The chosen values of the inductance, the cut off frequency and the
corresponding capacitance have shown to be a reasonable trade-off between the
transfer function for the transmit signal as well as for the receive signal on one
hand and the filter function to suppress the higher harmonics on the other hand.

Calculate the matching components

The next step is to calculate the values of the matching circuit. The input for the Excel
sheet as shown in Fig 22 needs to be:

“Measured” values:

La =L = 1253 nH (measured antenna coil inductance)
Ca = Cpa = 0.1 pF (estimated parallel capacitance of the antenna coil)

Ra = Rcoil = 2.7Q (measured antenna coil resistance)

Preset values:

Q =10 (defined Q-factor, see section 4.2.1.2)

Rmatch = 25 Q (defined target impedance, see section 4.2.1.2)

LO = LOA = LOB = 470 nH (EMC filter inductance, see section 4.2.1.3)

CO0 = COA = COB =56 pF + 68 pF (EMC filter capacitance, see section 4.2.1.3)

Calculated Values (see Fig 22):
Rg=Rqo=4.24Q

1. ! Two capacitors are chosen, because they are already assembled on the evaluation board. A single
capacitor of 120 pF can be taken alternatively. The matching calculation should be done with the real
value.
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measured

required

calulated

Hilfswert
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@
Fig 22.

omega

La
Ca
Ra

aQ
Rmatch (Tx1-Tx2)
fres filter

Qa
Rq

Rpa

L0
C0 calculated

co1
Cco2

Rtr
Ktr

c1
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provigional results:
13.56 MHz

8519999277 1/s

3 Rmnrda “ ) Rwa h ol \
(_l‘(f’:"’-o'(‘n) (l—(alvlo-(})’ [(f)- 5 ‘(0] {(o- 2rr .(QJ

1963 nH 0.576943221 0.33286348 0.132059989 0.017439841
01| pF
2.2|0hm

measured B—

10 ~
25/ Ohm R,
21.000° MHz real: 20.848 MHz
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49
4.24 Ohm

1068 Ohm
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<A 68 pF

56 pF

(9]
a

I
e

71 Ohm
122 Ohm

]
=

TX2

58.9 pF Lo

134.6 pF EMC Filter Matching Circuit Antenna

Excel sheet, see [13]

Antenna matching calculation
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The matching capacitors are calculated:
Cl=(C1A+Cl1B) =(C1C + C1D) =58.9 pF = 47 pF + 12 pF (0.1 pF more)
C2 = (C2A + C2B) = (C2C + C2D) = 134.6 pF - 100 pF + 33 pF + 1.5 pF (0.1 pF less)

Simulate the matching

The measurement of the antenna coil itself typically is not very accurate. Therefore a
(fine) tuning of the antenna normally is required, which might become easier in
combination together with a simulation.

A simple matching simulation tool like e.g. RFSIM99 (refer to [8]) can be used to support
the antenna tuning. This is just an example; other simulation tools can be used as well.
The simulation input and the result based on the above given start values for the antenna
matching is shown in Fig 23 and Fig 24.

With these values the assembly can be done, even though the result is not yet optimum,
as shown in Fig 24. The overall impedance is slightly below 25 Q and capacitive (-j4 Q).

Note: The resultis not as calculated, since not the exact calculated values of the
capacitors are taken for assembly.
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(1) The “measurement GND” is not the CLRC663 and evaluation board GND!

Fig 23. RFSIM99 Schematic

File Graph Type Graph LimitSetup Telerances Teols Options  Help

S H S DE| M b b DB & AutoMatch

Series
Equivalent
« 511
ol 23.75R
i 2.4nF
~
Parallel
Equivalent
Chart Zo=
50R 24.76R
97.72pF
Impedance
23.75R
-4.89R
Admittance
0.045
+8.32mS

Start: |10MHz 500 paints Stop:

f=13.555MHz ®04 @ -165.6Dey ﬂ

(1) Simulation based on the first calculated start values.

Fig 24. RFSIM99 Simulation result
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4.2.1.6 Assembly and measurement

After the first assembly, the impedance measurement must be done, as shown in an
example in Fig 25.

Measurement
beee Tx1 anTx2

(1) A simple connector is soldered between TX1 and TX2 to simplify the impedance measurement.

Fig 25. Impedance measurement example

The measurement result is shown in Fig 26. The circuit does not meet the requirements,
i.e. it needs to be re-tuned.

The measurement result is typically slightly different than the simulation result, since the
accuracy of the original antenna coil measurement is limited.
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Ch1 Center 13.56 MHz

Pwr 0dBm
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(1) This matching does not meet the requirements. It must be corrected and retuned.

Fig 26. Measurement result of first assembly

4.2.1.7

Impedance adaptation in simulation

The easiest and fastest way to (fine) tune the antenna is to first of all adapt the simulation
in such a way that it shows the same result as the reality. The parameters of the antenna
coil are the parameters to be changed, since these parameters are not measured (or
estimated) correctly.

So with the values of L, Cpa, and Rcoil the simulation is tuned from Fig 27a to Fig 27b.
The changed values can be seen in Fig 28b.
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b. Impedance after adaptation

Fig 27. Impedance adaptation in the simulation (result)
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a. Circuit first step b. Circuit after adaptation
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Fig 28. Impedance adaptation in the simulation (circuit)

With these adapted values of the antenna coil the last step of the final tuning can be
done:

La=L=1253nH
Ca=Cpa=1pF
Ra = Rcoil =2.5 Q

4.2.1.8 Impedance correction and assembly

The tuning of the impedance is nhow corrected with the values of C1 and C2, as shown in
Fig 29.

N 1-25uk

a. Final simulation circuit b. Final Simulation result

Fig 29. Final tuning simulation

These values are assembled, and the impedance is measured. The result is shown in Fig
30.
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(1) This impedance is measured unloaded.

Fig 30. Final tuning measurement result

4.2.2 Loading effect
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The target impedance of the antenna design defines the Irvoo (driver current of the
CLRC663) and the output power (i.e. operating distance for a given antenna coil) as
shown in section 3.

The lower the impedance gets, the higher the Irvoo becomes. Especially for high power
reader design, where the impedance is quite low to achieve a maximum of field strength
(as e.g. shown in Fig 6), the Itvbo might get close to its limit. In worst case loading
conditions, the lrvoo might even exceed the specification limits and therefor reduce the
life time of the CLRC663.

So, in any case it is strongly recommended to check the loading and detuning of the
antenna.

The first step is to check two typical and extreme use cases:
1. Loading with reference PICCs
2. Loading with a metal plate

Both cases must be tested under real operating conditions to ensure the Irvpp limit
(“active” loading, see 4.2.2.3), but it is very helpful to check the “passive” loading and
understand its behavior.
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“Passive” loading with reference PICCs

The loading with reference PICCs being calibrated for the Hmin test show a kind of worst
case loading with typical PICCs, since this is the purpose of calibrated reference PICCs.

Fig 31 shows the unloaded impedance curve (blue) as well as the loaded curve (green),
when the antenna is loaded with a reference PICC. In this case the reference PICC is

placed closely to the antenna to achieve the maximum possible coupling between PCD
and PICC.

IS

T

Tre1 Smith Ref1U CalSmo 1
Mem2[Trc1] Smith Ref1U Smo
S11

Chl Center 13.56 MHz Pwr 0dBm Span 12 MHz

(1) ITVDDIoaded < ITVDDunIaaded

Fig 31. Antennaimpedance example with reference PICC loading

The change of the impedance curve indicates a lower Itvop under loading conditions.
That implies that with the above shown antenna matching the loading with reference
PICCs (or typical smart cards) does even decrease the field strength and I+vop. This even

sometimes helps to meet the maximum EMVCo limits for power transfer, especially with
small antennas.

This loading must be cross checked under normal operating conditions (see 4.2.2.3).

Note: The loading with the reference PICC typically turns the impedance circle in the
smith chart clockwise. At the same time the overall Q-factor drops, so the circle
gets smaller. Due to the tuning of the antenna, the impedance almost stays
resistive, but moves towards a higher impedance. A new resonance (small loop)
at a frequency above 13.56 MHz can be seen: this is related to the resonance
frequency of the reference PICC itself.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.

Rev. 1.5 — 25 June 2018 32 of 64
205815



NXP Semiconductors ANllOlg

CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide

4.2.2.2 “Passive” loading with metal

The other most critical case typically is the loading with some large metal plate. Such
metal plate e.g. might even be an NFC tablet or a large NFC phone.

Fig 32 shows the unloaded impedance curve (blue) as well as the impedance curve,
when a large smart phone loads the antenna (green), where the battery acts as a
magnetic short cut. In this example, the worst-case loading effect occurs in almost 2 cm

distance.
®
Tred Smith Ref1U CalSmo 1
Mem2[Trc1] Smith Ref1U Smo
S11
Ch1 Center 13.56 MHz Pwr 0dBm Span 12 MHz

(1) ITVDDIoaded > ITVDDunloaded
Fig 32. Antennaimpedance example with smart phone loading

As can be seen, in this case of metal loading the Itvop must increase, since the overall
impedance gets lower:

Z =|z|~ 25Q

unloaded

Zioaed =|Z] #/16.77 +12.9° = 21.1Q

This behavior needs to be checked carefully, directly measuring the Itvop.

4.2.2.3 *“Active” loading

The impedance measurement as shown above is always done with limited power
(typically 0 dBm), so especially the reference PICC shows a slightly different behavior
than in the real test case. Therefore the “passive” loading measurement can only show
the trend of loading and detuning, but does not allow a 1:1 calculation of the related Itvop
out of the impedance.
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So finally, the loading must be tested under real operating conditions, i.e. the CLRC663
must be powered and the carrier must be enabled. Then the Itvoo must be measured
under the different loading conditions (see above). In no case the Irvop is allowed to
exceed the specification limit.

Optimizing the transmitting

In a typical PCD design the output stage of the CLRC663 is used with the maximum
available output power, and the overall power consumption (and field distribution) is
limited with the antenna impedance.

The standard modulation of the Tx signal is either a 100% AM for type A or a 10% AM for
type B. The modulation index for type B must be adjusted due to the antenna tuning with
the set_residual_carrier in the TxAmp register.

On top it might be helpful to adapt the rise and fall times of the Tx envelop signal to
match the pulse shapes to the timing requirements of the according standard (NFC, ISO
or EMVCo).

The optimum register settings might be different from the default values stored in the
EEPROM. So, for the optimization and testing typically the registers can be tuned and
changed directly. As soon as the optimum settings are derived, the new settings might be
changed and stored in the user area of the EEPROM. For writing data in the EEPROM
either the WriteE2 command (08h) or WriteE2Page command (09h) can be used.

For storing the register values in to the EEPROM, page 3 to 95 (address 00COh to
17FFh) are free for customer use.

For loading a set of registers the LoadReg command (0Ch) can be used. In the final
application simply the standard LoadReg command can be used with the optimized
settings.

Example: (using PCSerial with the commands WriteE2Page and LoadReg)

/[> Terminate any running command. Flush_FiFo

SR 00 00
SR 02 b0
/I> Flush Fifo. Read Error Reg
SR 02 BO
GR OA
[ - WriteE2Page command
SR 05 03 /[ write page number into FIFO
/I> 64 bytes to 0 to 63
SR 05 57 /I example values for Register Values to be stored ibn EEPROM
SR0571 /I example values for Register Values to be stored ibn EEPROM
SR 0551
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SR 05 00
SR 05 00

SR 05 00 /] 64 bytes are written into EEPROM

/[> Terminate any running command. Flush_FiFo

SR 00 00

SR 02 BO

[[>------- Load Register (loading 3 registers)

SR 05 00 /l EEPROM addressL

SR 05 CO /I EEPROM addressH

SR 05 29 /I Address of the Register to star with loading
SR 05 03 /I Number of registers that should be loaded
SR 00 0C /I LoadReg command

1 END

In this example a whole EEPROM page is written so in the final application all needed
registers settings can be stored on the chip and can be loaded by using LoadReg. In the
example the LoadReg is setting the Register 29h, 2Ah and 2Bh. So, in total 3 registers
are loaded, that can be extended up to the whole register area.

The default settings in the EEPROM are optimized for the CLRC663 based on the
evaluation board antenna. Some of these settings might be adjusted and optimized for
other antenna designs.

The major parameters for the Tx are:
1. Modulation pulse width (normally not required to be changed)
2. Modulation index (for type B)
3. TxClkMode (for type A, if needed)
4. Tx Shaping (rise and fall time, if needed)
Modulation pulse width type A

The modulation pulse width is adjusted with the TxDataModWidth register (address 2Fh)
(DModWidth). Typical values are:

- 106 kBit/s: 27h
- 212 kBit/s: 10h
- 424 kBit/s: 8h
- 848 kBit/s: 2h

Normally no optimization is needed.
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4.3.2 Type B Modulation index

For type B the modulation index needs to be checked and maybe adjusted, since the
final optimum setting depends on the antenna design. The LoadProtocol provides the
correct settings, which are required for type B, but the modulation index must be set with
set_residual_carrier (TxAmp register (address 29h)), as described in detail in [1].

The modulation index for type B modulation can be set as shown in Fig 33. With
set_residual_carrier the modulation index is set in such a way that with increasing the
value the modulation index also increases.

Type B 106kBil's puls

sal_residual _carmear I

13.56MHz carrier 13.56MHz carrier

(1) set_residual_carrier

Fig 33. Type B modulation index

Fig 34 shows an example that starts with a value F3h for set_residual_carrier and OAh
for tx_set_iLoad. The corresponding modulation index is 14.3. This value exceeds the
ISO limit of 14 for the modulation index. That means the index must be reduced by
decreasing the set_residual_carrier value step by step until the targeted modulation
index is reached. In this example target is an index of around 10 so the value for
set_residual_carrier is decreased until a value of CDh. In this case tx_set_iload is fixed to
O0Ah. With the Value CDh the modulation index decreased to 10.2 so close to the target
value.

After adjusting the modulation index the variation of the index needs to be checked. This
is done under load conditions, which means a reference PICC should be placed in
maximum distance (maximum distance is set by the minimum field strength according
the chosen standard). The modulation index is typical adjusted in this position, so to
check if the value is correct for all position the distance between reader and PICC needs
to be reduced step by step. The most critical positions are maximum distance and
minimum distance. If all positions are within the limits the index is adjusted and can be
used.
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(1) set_residual_carrier = F3h, tx_set_iLoad = OAh
(2) set_residual_carrier = CDh , tx_set_iLoad = OAh

Fig 34. set_residual_carrier example

)

In the case there is no value that fits for all positions, it is possible to fine tune the
modulation index by using the tx_set_iLoad. By increasing this value, the modulation
index will decrease. In Fig 35 an example is given to the effect of changing the
tx_set_iLoad. By changing the value from OAh to OFh the modulation index decreases
from 10.2 to 9.3. This change is dependent to the matching that is used. So, the
difference in the modulation index between the values of tx_set_iLoad will vary with

different matching'’s.
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(1) set_residual_carrier = CDh, tx_set_iLoad = OAh
(2) set_residual_carrier = CDh , tx_set_iLoad = OFh
Fig 35. Tx_set_iLoad
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4.3.3 Tx envelope shape

The CLRC663 provides some registers to adjust the wave shapes. The following
description is based on the default settings from the LoadProtocol of the corresponding
protocol (type A or type B).

4.3.3.1 TxClkMode

For type A the 100% ASK is enabled, so basically no residual carrier needs to be
adjusted. However, the DrvMode register (address 28h) Bit 0-2 (TxClkMode) allows to
change the Tx output stage behavior during the modulation pulses. The Fig 35 shows an
example with the default setting (001b output pulled to 0 in any case) as well as the
setting, where the Tx output stages are open drain (101b), and only the low side MOS
(pull) are actively driven. The green signal shows the field, picked up with the reference
PICC in a few cm distances. The yellow signal shows the Tx output using a standard
probe with a standard GND cable. These signals just indicate the difference between
different register settings in principle.

a. TxClkMode = 001bin (Default) b. TxClkMode = 101bin (low side pull)
Fig 36. TxClkMode

4.3.3.2 Tx overshoot protection

The CLRC663 provides an overshoot protection for 100% ASK to avoid overshoots
during a PCD communication. Therefore, two timers, overshootT1 and overshootT2, can
be used.

During the timer overshootT1 runs, the main amplitude defined by set_cw_amplitude is
provided to the output driver. Followed by an amplitude denoted by set_residual_carrier
with the duration of overshootT2.

Note: If CwMax in TxCon register (address 2Ah) is set to 1 set_cw_amplitude is
overwritten and the Tx output is pulled to maximum voltage.

In Fig 37 the parameter and influence on the pulse is shown. For using the overshoot
protection there are 3 values that need to be adopted. These values are
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1. OvershootT1 in Txl register (address 2Bh)
2. OvershootT2 in TxCon register (address 2Ah)
3. set_residual_carrier in TXAmp register (address 29h)

Note: The tx_set iLoad (Txl register) is setting the value range for the
set_residual_carrier and it should always be >1. This value influences the
amplitude for the time of overshootT2 and the maximum Amplitude difference
between 1h and Fh is around 8% of the carrier amplitude. That means if only
tx_set_iLoad is changed from 1h to Fh the remaining carrier for T2 time is rising
by 8% (around 210 mV). So, the default Value (6h) can typically be used and
does not need to be further adopted.

Type A 106kBit's
puls

sal_residual _camer I

13 56MHz carrier 13.56MHz carmier

overshoot t1

time in number

of carier sycles  overshoot 12
fime in number
of carrier sycles

(1) Type A 106kBit/s pulse showing the parameters of the overshoot protection

Fig 37. Principle and parameter overview of the overshoot protection

For optimizing the rising edge, in case of overshoots, of a type A 106 kBit/s:

First step: Start with only OvershootT2 (T2). That means define a length in carrier cycles
(typical 5) and decrease the amplitude by increasing the set_residual_carrier (see Fig 38

first picture). If this does not improve the shaping then increase or decrease the T2 time
and repeat the first step.

Second step: In case there is no value combination that improves significantly the pulse
shape, OvershootT1 (T1) needs to be set. In this case increase T1 time for the optimized
setting (outcome of the first step). In Fig 38, second picture, 4 clock cycles for T1 have
been added so the pulse shaping becomes smoother on the rising edge.

Depending on the overshoot the values need to be adopted for the target hardware and
in worst case position of the ref. PICC, where the overshoot is maximum.
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The length and the amplitude that typically improves the rising edge in case there is no
combination of OvershootT2 and set_residual_carrier.
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(T, Iy
e e e | r-i

a. OvershootT2 = 5h, set_residual_carrier = 1Ah, a. OvershootT2 = 5h, set_residual_carrier = 07h,
OvershootT1 = Oh OvershootT1 = 4h

b. Green: Field probe b. Green: Field probe

c. Yellow: Tx1 signal c. Yellow: Tx1 signal

Fig 38. Example of Tx overshoot protection (100% ASK envelope)

Note: Check the final register settings and consider that a wrong setting can worsen
the pulse shape (see Fig 39).
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OvershootT2 = Ah, set_residual_carrier = Fh, OvershootT1 = Ah
Green: Field probe
c. Yellow: Tx1 signal

o

Fig 39. Bad settings for Tx Overshoot protection
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4.4 Optimizing the receiving
Fig 40 shows the high-level principle of the Rx blocks for one Rx path. The major register
for the Rx are:
1. Recv (the registers related to the receiver setting),
2. RxAna (sets gain and the high pass corner frequency (HPCF)), and
3. RxThreshold (MinLevel and MinLevelP).

The rcv_gain adjusts the analog gain of the demodulated subcarrier in the | and Q
channel. The HPCF limits the bandwidth of the (modulated) sub carrier signal.

For the optimization of the Rx circuit it is recommended to use the debug and test signals
as described in chapter 4.4.2.

fully/quasi-differential rev_hpef<1:0> |

DAC | AUX 1/2 >

<1:0
rev_gain > :
x_p mixer  Mix_out_i_p out_i_p ADC-1 ADC-IS

~
m_n I_"\XJ mix_out_i_n out_i_n Dig. Filter

2-stage BBA

I-clks

ey 1356 MHz TIMING
o clk_27 MHz —| 1O CLOCK clk_27 MHz —| GENERATION |+ Adc_data_ready
— GENERATION ADC
Q-clks 2.stage BBA
P mix_out g _p oul_q_p
LS ——
n_n X,f mix_out_q_n out_g_n Dig. Filter
mixer
ADC-Q ADC-QS
rev_gain<1:0> ¥ Y
fully/quasi-differential rev_hpef<1:0> | DAC | AUX1/2 >

Fig 40. CLRC663 Rx block diagram

The optimum register settings might be different from the default values stored in the
EEPROM. So, for the optimization and testing typically the registers can be tuned and
changed directly. As soon as the optimum settings are derived, the new settings might be
changed. Then the optimized values must be set in the final application.

The default settings in the EEPROM are optimized for the CLRC663 based on the
evaluation board antenna. Some of these settings might be adjusted and optimized for
other antenna designs.

4.4.1 External Rx components

The RxP and RxN are connected to the antenna circuit. Typically, there is a standard
coupling capacitor used to connect the Rx circuit to the EMC filter (see Fig 17). External
filtering is normally not required.

The voltage level at the RxN and RxP must be high enough to achieve a good sensitivity,
but must not exceed the given limit (see [1]).

Typically, the serial resistor R2A and R2B is in the range of 7...15 kQ. The exact value
can be chosen by measuring the Rx voltage. The measurement can be done in following
steps:

1. Choose R2A and R2B (e.g. start with 11 kQ).
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2. Measure the Voltage (measure with active probe) at RxN and RxP. The Umax and
Upeak to peak < 1.7 V and above 1.2 V (Typical 1,5 V)

a. Measure with active and passive loading (Ref PICC and card in the field) and
check the Voltage at RxN and RxP.

3. Adopt the R2A and R2B value

a. If the voltage at RxN and RxP is > 1.7 V than increase the resistor value. The
resistor must be increased until the voltage is in the limit.

b. If the voltage at RxN and RxP is < 1.2 V than decrease the resistor value. The
resistor must be decreased until the voltage is within the limit.

Note: The voltage measurement at the RxP and RxN pins must be done with low
capacitance probe (active probe) with an input capacitance of < 3 pF.

Note: The relevant value is the peak value, which shall be as large as possible without
exceeding the specified limit (refer to [1]). Typically, a value of Vrxpeak = 1.5 V is
optimum.

Note: Consider antenna loading and detuning effects!

Debugging

In reader design, it is often required to optimize the hardware in terms of performance
and noise. For critical designs, it is necessary to check the receiver path for noise, which
could cause problems in the communication with the card. To do this kind of debugging

or to optimize the reader towards best performance, the CLRC663 has two Pins AUX1
and AUX2 which can be used to measure analog debug signals.

The following part is an overview of how to use these pins for debugging purposes.
Unlock RC663

To use the analog debug pins Aux 1 and Aux 2 3 relevant registers must be configured.
These registers are locked and set to read only as default. To use the registers, they
need to be unlocked. The following unlock procedure shows how to unlock these
registers the RC 663. It is important that you only use the registers as described.

Note: If you configure the registers in a different way than the described one or
you set other undescribed registers, the RC663 can be destroyed.

The unlock procedure must be in this order. It is necessary to exactly follow the order
with every write and read register.

TestMode is Register 0x66. After a power-down or reset the CLRC 663 goes back into
default and locked state.

Following example is using the CLRC663PcSerial.3.6 to unlock the Chip:
(SR = sets the Register (first Value) with the second Value, GR= reads the Register)

SR 66 80
GR 66
SR 66 CO
SR 66 EO
GR 66
SR 66 DO
GR 66
SR 66 C3
GR 66
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Now you can configure register Ox6C, 0x6D and 0x65 as described in chapter 4.4.2.3.
Lock the unlocked RC663

There are two ways to lock the RC663 after unlocking it. First of all, with every reset or
power on reset (POR) the RC663 is locked again. But the IC can also be locked without
reset or POR by writing 0x00 into the TestMode Register (Register 0x66). When register
0x66 is set to 0 the configured values remain in the latest condition and the 663 is
locked. The values are stored in the registers until a reset or POR occurs, which sets the
registers again set to the default values.

Note: Do not use other settings or other undescribed registers in the unlocked
state of the CLRC 663! The IC can be destroyed.

Setting for Aux usage and test signal description

The register 6Ch and 6Dh are set to 09h that allows the use of the DacCon (Digital-
analog converter). The DacCon is a test bus that can be used to set different debug
signals to the analog debug pins (Aux1 and AUX2).

Table 2.  Presetting for Aux1/2 usage
Register Value Description
0x06C 09h Set AnaTbSell to 9 for using DacCon register to configure the Aux pins
0x6D 0%h Set AnaTbSel2 to 9 for using DacCon register to configure the Aux pins
Table 3.  Aux1/2 settings (Register 0x65)
Register Value Aux1 signal Aux2 Signal Description
0x65 0x11 ADC-Q ADC-Q Upper half byte for Aux1 signal
0x22  |ADC _| ADC | setting and
0x33 ADC - QS ADC - QS Lower half. byte for Aux2.
The test Signals can be
Ox44 ADC-1S ADC - 1S combined as shown exemplary in
0x12 ADC-Q ADC - | this table.
0x13 ADC -Q ADC - QS
0x14 ADC - Q ADC - IS
0x99 bpsk_sum bpsk_sum
OxAA dpresent_sum dpresent_sum

The Q and | signal are from the Analog Part before the filter stage. QS and IS are picked
up after the filter (Fig 40).

bpsk_sum

This test signal shows the sum of the bpsk phase jumps. Each peak of this signal

indicates a detected phase jump of the activated receiver.

dpresent_sum

This signal shows the correlation of the sampled ADC signal with the subcarrier, so a
high value is shown if the subcarrier is detected.

All information provided in this document is subject to legal disclaimers.

Rev. 1.5 — 25 June 2018

205815

© NXP B.V. 2018. All rights reserved.

44 of 64



NXP Semiconductors ANllOlg

CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide

4.4.2.4 How to debug with analog test signals examples

The following test examples are done with the RC663 evaluation board V3.0 and a
MIFARE product 1k card. The reader sends an ISO/IEC 14443 REQA command and the
card is answering. This answer (ATQA) is measured at the AUX1 pin.

All different signal types are measured with the same setup.

Fig 41. AUX1 with ADC-I signal AUX2 with ADC-Q signal

In Fig 41 you see a clear card answer directly after the REQA of the reader. After the
answer the “normal” noise level is seen without any disturbance or huge noise spikes on
the receiver path. That means these signals show that there is no additional noise on the
receiver path that requires further investigation.
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The next figure (Fig 42) shows the ADC Q signal at the Aux1 pin. At the beginning of the
screenshot the Request A of the reader is shown, shortly behind the card answer. In
addition to that, a harmonic noise signal with nearly the same amplitude as the card
answer is visible. This noise is disturbing our receiver path that means we cannot get
always a correct answer of the card, even if the response is quite clear and strong. This
noise reduces the receiver performance of the reader.

2014-06-16
12:36:49
—_—

5 T
MRS Diagram1: Chl
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(1) blue :ADCQS
(2) yellow: ADC Q

Fig 42. AUX1 with ADC-Q signal with PICC answer with noise

In this case the hardware needs to be analyzed, to find the source of this noise signal
and reduce the noise level.

With the ADC | and Q signal the unfiltered receiver signal is given to the Aux pins. In
addition to that the filtered | and Q channel can also be shown at these pins (Fig 43
example of ADC IS/QS). With the filtered signals, it is possible to see if the full answer is
detected by the digital path of the CLRC663 receiver. The sampled | and Q signal are
stopped as soon as the card answer is received properly, or if there is an error in the
communication detected.

In comparison to this the un-filtered signals always show the full receiver signal.
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Fig 43. AUX1 with ADC-QS and IS signal

The same procedure can also be used for ISO/IEC 14443 type B or other standards. The
target is to see if there is noise on the receiver and to check if the card answer is strong
enough to be seen by the receiver. These test signals can be used to optimize the
register settings.

Fig 44 shows an ISO/IEC 14443 type B answer which is not received fully, even though
the signal is quite clear and also the phase jumps of the BPSK are much higher than the
background noise level. In this case the failure could have two main reasons. First there
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short and high noise peak that is not visible in this timescale. The other reason

for the failure might be a wrong register setting.

@
@
©)
4)

Fig 44.

green : field from the pickup coll
blue :dpresent_sum

orange: ADC Q

yellow : bpsk:sum

Type B failed reception

4.4.3 Optimization

The following chapter is describing a way to optimize the CLRC663, MFRC630 / 631 and
SLRC610 towards optimum receiver performance. If the transmitter path of the reader is
done as shown before in this document and the expected target for field strength and
pulse shapes as well as the receiver voltage is reached, the last step is to find the
optimum register setting for the receiver. The first point that needs to be done is to check
with some sample tags (for each standard that should be supported also for different tag
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sizes, if

needed), if the card response is seen as soon as the card is answering or if there

is an answer but the reader is not able to see this answer. If the answer is always seen,
the reader is optimized.

Recommendation:

1)

2)

Do not use RectFilter in Register 5Dh (RxMod) for ISO/IEC 14443 type A and B,
NFC and FeliCa communication. This feature is only relevant for ISO/IEC 15693
and will otherwise dramatically reduce the sensitivity and stability of the receiver
path.

Turn of the PreFilter in register 5Dh for the optimization procedure itself. Turn it
on only after optimization, to check if it increases the performance.
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4.4.3.1 Type A optimization

For type A optimization the most usable signals are the dpresent_sum as well as the ADC
I/Q signal. The optimization is always needed. In Fig 45 a fail signal is shown. The
receiver starts decoding the ISO/IEC 14443 type A answer, but due to a low Rx threshold
setting the CLRC663 does not detect the end of the frame, so it does not stop (Chanel 1,
blue Signal) after the card answer is finished (Chanel 2, yellow).

To optimize the settings, it is recommended to disable all optional features (like PreFilter
in Register 5Dh, etc.).

2014-06-16
15:21:28
: : : : - : : : : : : :
T | : | | : | : :

Lk bl

(1) blue :dpresent_sum
(2) yellow: ADC Q

Fig 45. Type A fail to decode the card answer

Following is a short example of one way for optimizing the settings for the CLRC663.

Steps:
e Unlock CLRC663 (as described in chapter 4.4.2.1)
— Route the test signals to the Aux pins

— Connect the probe to the Aux pins with a ground connection that is a close as
possible (ground wounded around the probe), to avoid noise coupling into the test
signal.

¢ Use the sigout as trigger signal (typically: Tx active, falling edge)
e Place a card in the field and decrease the distance to the point where the card starts
to be seen by the reader

e Check the ADC 1/Q signal (chose the stronger one)
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¢ Increase the distance if an answer is stronger than the noise on the ADC signal.

¢ Now change the following registers to see if the reader can be configured to get the
card answer (changing only one value at the time do see the impact)

— XAna (add.: 39h) rcv_hpcf and rcv_gain (always start with max gain and min hpcf)

— RxThreshold (add.: 37h); Adjust Minlevel without a card in the field, starting with
Oh and increase up to the value where no ghost card (reader shows errors and
random data without a card in the field) is seen any more

¢ RxMod (add: 5Dh) PreFilter and RectFilter (Bit 4 and 5) always disable RectFilter!
After optimization enable PreFilter and check if this increases the performance, if not
it can also stay disabled.

After the optimization, the reader should see the full answer as soon as the card starts
responding (Fig 46).

Note: In case the anti-collision is implemented the setting of the collision level also needs
to be optimized after the single card operation is optimized. For this optimization,
the CollLevel in register 38h (RCV) needs to be adopted.

2014-06-16
15:23:19

T : . . : - : . . : . . .
ARl Diagraml: Chi
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F READY
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— Tz my + -

[ Larzmy ) ] . a0 ps . s . 20 ps . 160 b . 200 = . 240 ps . 2001 . | 30447

T T T T T T L T T T T T T T T T
Diagram3: Ch4

(1) Chl(blue) : dpressent_sum
(2) Ch4 (yellow) :ADCQ

Fig 46. Valid Type A answer

AN11019 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2018. All rights reserved.

Application note Rev. 1.5 — 25 June 2018 50 of 64
COMPANY PUBLIC 205815



NXP Semiconductors AN11019

CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide

4.43.2 Type B optimization

For type B the most usable signals are the dpresent_sum, bpsk_sum and ADC I/Q. To
optimize the settings, it is recommended to disable all optional features (like PreFilter in
Register 5Dh, etc.).

The optimization is always required to achieve the best settings for the own hardware to
get the best performance. Fig 47 shows an example of a clear type B answer that is not
fully detected by the reader. The receiver stopped in the middle of the card answer due
to a wrong setting of RectFilter (enabled). The full length of the card answer is shown by
the ADC Q signal on Chanel 4 (yellow), while the Channel 1 (blue) shows the
dpresent_sum signal, indicating the receiver stopping too early.

2014-06-16
15:59:44

e : ; : , : , ; ; , : ‘ : ,
BEd Diagrami: chi : : : : : ‘ :

(1) blue :dpresent_sum
(2) yellow: ADC Q

Fig 47. Type B failed reception

To optimize the performance the following steps are a short example of one way for
optimizing the settings for the CLRC663.
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Steps:
e Unlock CLRC663 (as described in chapter 4.4.2.1).

— Rout the test signals to the AUX pins.

— Connect the probe to the AUX pins with a ground connection, which is as short as
possible (ground wounded around the probe) to avoid noise coupling into the test
signal.

e Use the SIGOUT as trigger signal (typically: Tx active, falling edge).
e Adjust RxThreshold (add.: 37h), step 1:

— Adjust Minlevel without a card in the field, starting with Oh and increase up to the
value where no ghost card (reader shows errors and random data without a card
in the field) is seen any more.

e Place a card in the field and decrease the distance to the point where the receiver
starts to detect the card.

e Check the ADC 1/Q signal (chose the stronger one) and also check the bpsk_sum
signal to ensure that the phase jumps are higher than the noise.

¢ Increase the distance if an answer is stronger than the noise on the ADC signal.

¢ Now change the following registers to see if the reader can be configured to get the
card answer (changing only one value at the time do see the impact):

— RxAna (add.: 39h) rcv_hpcf and rcv_gain
(always start with max gain and min hpcf)

— RxThreshold (add.: 37h), step 2: Adjust MinlevelP: to optimize this value a card
needs to be placed in the field at the maximum reading distance where the card is
starting to answer (it needs to be the border to see if the register change
increases or decreases the reading distance). E.g. increase the value beginning
from Oh and see if it is possible to get a value where which increase the reading
distance (assuming the card is answering always, which can be cross checked on
the ADC I/Q signal).

— RxMod (add: 5Dh) PreFilter and RectFilter (Bit 4 and 5)
always disable RectFilter!
After optimization enable PreFilter and check if this increases the performance (if
not it can also stay disabled).

After the optimization, the reader should see the full answer as soon as the card starts
responding (see Fig 48 a type B answer is shown that is fully detected by the CLRC663).
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2014-06-16
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(1) Chi, blue : dpresent_sum
(2) Ch4, yellow : ADC Q

Fig 48. AUX1 with ADC-Q signal with PICC answer
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5. Annex

5.1 VNA and calibration

This annex describes some basics about impedance measurement and the related
measurement tools.

5.1.1 Vector Network Analyzer

The impedance measurement must be done with a vector network analyzer, e.g. as
shown in Fig 49.

d. Rohde & Schwarz ZVL (refer to [10]) e. MiniVNA Pro (refer to [11])

Fig 49. Examples of Vector Network Analyzers

For the miniVNA Pro the recommendation is to use the VNA/J SW tool (refer to [12]), as
shown in Fig 50.

vnafJ 2.8.6f © DL2SBA 2013
i

Start 10.000.000HzZ
(o} Ref=50.0+0, 01 Stop 19.983.682H=z

a. VNA/J with antenna coil measurement b. VNA/J Smith chart example

Fig 50. VNA/J from DL2SBA (refer to [12])
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In Fig 51 the result of the same measurement is shown for the R&S ZVL as well as for
the VNA/J using the miniVNA Pro. The accuracy of the ZVL is much higher than the one
of the miniVNA Pro. However, for the antenna matching and tuning procedure as
described in this document, both devices can be used.

s11

Mem2[Tre1] Smith Ref1U

Trel Smith Ref1U CalSmo 1 L vnafT 2.8.6f @ DL25BA 2013
Ivisible

Ch1  Center 13.56 MHz

Span 12 MHz Start  10.000.000Hz
c Ref=50.0+0.0i Stop 19.983. 682Hz

a. From R&S zZVL b. From miniVNA Pro

Fig 51. Impedance Measurement result example (Smith chart)

51.2
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Impedance measurement

The impedance measurement, which is needed to tune the antenna circuit correctly, is a
S11 measurement, showing the normalized resistance and reactance of the antenna
circuit impedance in a smith chart:

;:B-ej":R+jX (5)

Z = complex impedance

© = phase between voltage and current
R =real part, resistance

X =imaginary part, reactance

The smith chart shows the normalized impedance, typically normalized to 50 Q. Some
measurement and simulation tools allow a normalization to values different than 50 Q.
However, in this document the normalization is not changed.

The return loss (reflection coefficient), which can be directly derived from the S11
measurement (i.e. from the smith chart), is of no interest for the NFC Reader antenna
tuning, since no 50 Q system is used. This return loss could only be used, if the chosen
target impedance is 50 Q. Anyhow the return loss does not show the phase or whether
the circuit is capacitive or inductive.
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Typically, a frequency sweep from 10 MHz to 20 MHz is enough to do the antenna
tuning.

The standard VNA provides an unbalanced 50 Q measurement port, which is used here
to measure a balanced impedance. The mismatch due to this setup error can be
neglected.

The power level must be low enough (e.g. 0 dBm or less), and the CLRC663 must be
unpowered. Then the CLRC663 can remain in the circuit, while measuring the S11
between Tx1 and Tx2.

Calibration

The major part before the measurement itself is the calibration of the measurement tool
(VNA) and measurement setup (cable and probe). A high end 50 Q calibration kit for the
used connector types (N-connector or SMA) does not help much, since the measurement
itself needs to be done at the Tx pins of the used NFC Reader IC as possible. Therefore,
the calibration must be done as close at these points as possible.

So, the better solution is to create a simple connection, i.e. using a standard 2.54 mm pin
row connector (male and female) to connect the VNA. This can be used to measure the
antenna impedance at the correct points, but also to calibrate the VNA. A very simple but
highly efficient homemade connector and tool is shown in Fig 52.

1 50 Ohm Load
2| (2x SMD 100 Ohm in parallel)

Short

(1) The mismatch due to the unbalanced measurement of a balanced impedance can be ignored.

Fig 52. Measurement connector and calibration kit

After the calibration, the measurement setup should be checked and should show the
results as shown in Fig 53.
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a. Open b. Short c. Load

Fig 53. Calibration result
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Abbr.

A/m

AN

EMC

Hmin / Hmax
IC

ISO/IEC
LMA
mA
MHz
NFC
PCB
PCD
PICC

Q / Q-factor
RF

TBD

\Y%
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Meaning

Ampere per meter (magnetic field strength measurement unit)
Application Note

ElectroMagnetic Compatibility

Minimal and Maximum magnetic field strength

Integrated Circuit

International Standard Organization / International Electrotechnical
Community

Load modulation amplitude

milliampere

Mega Hertz

Near Field Communication

Printed Circuit Board

Proximity Coupling Device (Contactless reader)
Proximity Integrated Circuit Card (Contactless card)
Quality Factor

Radiofrequency

To Be Defined

Voltage
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