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1. Introduction

1.1 Purpose and scope

This application draft is intended to give a practical guide to estimate and tune antenna
components for the PN544 antenna topology. The PN544 is capable of performing
Reader/Writer (R/W) as well as target mode functionalities. This guide is not primarily
based on a strong mathematical background but on a practical approach towards PN544
antenna tuning. Therefore it is recommended to read and use this document as
described in the chapter 3 “Tuning Procedure”.

To get hands-on experience it is recommended to use an antenna which has
approximately the same outlines as the one used throughout this document.

This document will be adapted for upcoming versions and may contain a modification of
the following topology or even contain further antenna topologies.

145715 © NXP B.V. 2006. All rights reserved.
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2. PN544 Topology

The PN544 topology is outlined in Fig 1. It can be seen that only one antenna (Z,) is
used for Reader/Writer-and Card mode. The number of turns for this antenna topology
using the PN544 demo board is six.

CRX

RX | .
R; Ry
Vo | .
Antenna connector
C\-‘MZD [
Matching Circuit

TX | mmm— 3 H—— 1 . { e

L R

PN544 o C “
Co C2a
TVSS || s 4 .
2 II
gy —— c2a
CI

Lo Ra

TX2 | ——— H— 1 . 1 ; T——
ANT1  ANT2 EMC Filter Antenna
C2b
c2b
Fig. 1 PN544 antenna topology

The following component tolerances (maximum values) are required for an appropriate

tuning:
Component | Maximum tolerance | Component | Maximum tolerance
LO 5% Ra 5%
Co 5% Rx 5%
C1 2% R2 5%
C2a 2% CRx 5%
C2b 2% CvmiD 5%

The antenna size used throughout this document is 3 cm x 5 cm. Refer also to Table 1
for more details. Fig 2 shows the PCB-schematic of the antenna which is used in this
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document. The MatchTX1 and MatchTX2 points are connected to the damping resistors
R, as well as to the capacitors C2b for the ANT1 and ANT2 pins (see also Fig 1).

For the sake of simplicity Fig 2 is a sketch of a possible PN544 demo board
antenna.

Connections MatchTX1, MatchTX2 and ANT1, ANT2 on the provided NXP PN544
demo board are routed differently.

This has no impact on the tuning procedure described.

MatchTX1 (@ '

MatchTX2 @—

Fig. 2 6-turn demo board antenna sketch

Antenna outlines
Physical outlines of the antenna board are shown here

description value dimensions
size 3x5 cm

# turns R/W 6

Copper width 0.05 cm
Spacing 0.05 cm

Copper height 35 um

145715
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3. Tuning Procedure

Please follow the steps below for tuning the antenna. The antenna is matched without
powering the PN544 IC. A detailed description of each step will follow after this chapter.

Step 1: At first the antenna has to be matched to the PN544 as described in
chapter 4. In this phase C2b is not assembled.

Outcome: Basic tuning with resonance frequency of 13.56MHz at 800hm

RX

G
RX }—[j
Re R il Tl | NG
Vo . T 13:56MHz at .,
—A|—vau "
Lo

. approximately
Antenna ) M| /
i | s 2 T -

Matching circuitry and smith chart of antenna in step 1

Il
1l
[
EMC  C,=— c
Filter

n
l Matching

Gk Circuit

PN544 ™

—I———

L, ff
T if

Step 2: After tuning the antenna, C2b needs to be assembled to connect to ANT1 and
ANT2 pins. The C2 value is therefore split-up. This means if C2 is calculated and
assembled with 47pF in Step 1, then this values is split up into 20pF for C2a and 27pF
for C2b (see chapter Step 4 — Card mode tuning).

Outcome: C2 splits into C2a and C2b. (By assembling C2b, the matching circuit
is now configured for card mode)

Note: The resonance frequency of the card mode is measured contactless as
described in Appendix B

CRrx
R .
Ry R
Vo .
- Antenna connector
Cowo
Matching Circult
X1 — 1 . .
PNS44 L o Ra
G C2a
TVsS . . ]
=4
(- C2a
C,
La Ry
TRz — + -
ANT1  ANTZ EMG Finer Antenna
czb
Cib

Block diagram with ANT1 and ANT2 connected

145715
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Step 3: This step includes the validation of the Reader/Writer matching, which is
simulated by shortening the two C2b capacitors with a 10 Ohm resistor. An
asymmetric impedance curve with Ryacn=800hm at 13.56Mhz shall be seen on the
network analyzer. Further details on fine-tuning can be found in chapter 6.

Outcome: Asymmetric Reader/Writer tuning at 13.56MHz with R,4c,=800hm

CH1 A/R FSel 1 U 85.674 o -5.8621 o 1.7855 nF
13.56 MHz SELELT

SPRCE

BRCK
SPRCE

ERASE
TITLE

DONE

POLER @ dBEm SWP__2588.4 msec
sThR CANCEL

IF BW 38 kHz
START 1 HHz 28 MHz

Smith chart of the asymmetric Reader/Writer tuning

Step 4: By removing the 100hm resistor, the matching circuit is configured for card
mode. The PN544 has to be powered and configured as card. The resonance
frequency should be in the range of 14.5 to 16Mhz. Further details on tuning can be
found in chapter 7.

Outcome: Card tuning in between 14.5MHz to 16MHz measured with impedance
analyzer.

Attention

Step 3 and Step 4 may be repeated to find a good compromise between
Reader/Writer and card mode tuning. The target of the tuning is to find component
values such that in

e Reader/Writer mode -> R;,.:cn=800hm at 13.56Mhz
e Card mode -> f..s =14.5 — 16 MHz

145715 © NXP B.V. 2006. All rights reserved.
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4. Step 1 - Antenna Matching

The RF block diagram shows the circuitry design with all relevant components required
to connect an antenna to the PN544. It also ensures the transmission of energy and data
to the target device as well as the reception of a target device answer.

Crx
RX | ¥ 1
Rr2 [ gy
|
Vimp——*
Cumip
TX - — | )
PN544 I Ci ; Rq —
1
EMC Co=—— Ca=
Filter Antenna
TVSS| .
J Matching
- Co— Circuit Co—
LD | Eq—
TX2 L T |: - {
Fig. 3 Block diagram of the complete RF part

Fig 6 shows only the RF part. For a proper operation the supplies and the host interface
have to be connected

The EMC filter reduces 13.56MHz harmonics and performs an impedance
transformation.

The Matching Circuit acts as an impedance transformation block and joins the antenna
to the EMC-filter.

The Antenna coil itself generates the magnetic field.

The RX path provides the signal to the PN544 internal receiving stage.

145715 © NXP B.V. 2006. All rights reserved.
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4.1 Equivalent circuit

The following subchapters describe the matching procedure. It starts with the
determination of the antenna parameters and ends with a fine tuning of the antenna
circuitry.

4.1.1 Determination of series equivalent circuit

The antenna loop has to be connected to an impedance or network analyzer to measure
the series equivalent components.

The equivalent circuit (see Fig 7) must be determined under final environmental
conditions especially if the antenna will be operated in metal environment or a
ferrite will be used for shielding.

X— [
Ra
C,= Antenna
La
X— [
Fig. 4 Series equivalent circuit

Typical values:

L, = 0.3...3uH
C, = 3...30pF
R, =0.3...80

f.a = self-resonance frequency of the antenna

The antenna capacitance C, can be calculated with:
B 1 (1)
: (27[ fra)zl‘a

The antenna parasitic capacitance Ca should be kept low to achieve a self-resonance
frequency > 35 MHz.

4.1.2 Calculation of damping resistor RQ

The quality factor of the antenna is calculated with

oL,
R

a

Q.

145715 © NXP B.V. 2006. All rights reserved.
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If the calculated value of Q, is higher than the target value of 35, an external damping
resistor Rq has to be inserted on each antenna side to reduce the Q-factor to a value of

35 (£10%).
The value of Rq (each side of the antenna) is calculated by
o-L,
RQ :O.S-( 35 —Raj

4.1.3 Determination of parallel equivalent circuit

The parallel equivalent circuit of the antenna together with the added external
damping resistor Rq has to be measured. The quality factor should be checked again to
be sure to achieve the required value of Q=35.

The equivalent circuit (Fig 8) must be determined under final environmental conditions
especially if the antenna will be operated in metal environment or a ferrite will be
used for shielding.

RQ
— X
Coa Rpal:l Lpag D4 Antenna
E— I ey ™
RQ
Fig. 5 Parallel equivalent circuit

The following formula applies

L. 2L,
Cpa éca

N (a)-La)2

R, +2-R,

4.2 EMC filter design

The EMC filter circuit for the PN544 fulfills two functions: the filtering of the signal and
impedance transformation block. The main properties of the impedance transformation

are:

145715 © NXP B.V. 2006. All rights reserved.
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Decreasing the amplitude rise time after a modulation phase

Increasing the receiving bandwidth

The EMC filter and the matching circuit must transform the antenna impedance to the
required TX matching resistance Z,acn(f) at the operating frequency of f = 13.56 MHz.

+ - - |
Lo cr Rq
Cor { G
Zmatch(f) T +
Co—r= Coer
Lo Cy | Rq
| — | - == . 4
EMC Filter Matching Circuit

. Rmatch'fg

Zmatch
(13.56MHz) |

) Rmdlch"2

]

Antenna

Fig. 6 Impedance transformation

The measured Znaich) can be remodeled in an equivalent circuit loading each TX pin with

Rmatch/2-

When cutting the circuitry after the EMC filter the precondition Rmatch/2 needs to be
introduced to calculate the remaining components.

Note, that R,aich2 does not reflect the driver resistance!

| Rmaten/2 Co

’—' \ Zy Ztr*é

. R @1’2 _ [B2=

!

EMC Filter

Cy Ra
Co—
e
.
— 24
(ef=—=
Ci Ry
i1 .
Matching Circuit Antenna

Fig. 7 Definition of transformation impedance Ztr

Ztr = Rtr + jxtr

*

Ztr = Rtr - thr

EMC filter general design rules:
Lo =390nH - 1uH
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Filter resonance frequency fo = 15.5MHz ...16MHz, => C,

3 1
’ (2'”' fro)zl—o

The EMC filter resonance frequency f,o has to be higher than the upper sideband
frequency determined by the highest data rate (848 kHz sub carrier) in the system.

Example:
Lo = 560nH
fo = 15.5MHz

C, = 188.3pF — chosen: 180pF

A recommended value of 560nH for Ly is chosen to calculate the capacitance Cy. The
following formulas apply for Z,: = Re(Z.nt)+Im(Z,nt) and are needed to calculate the
matching components.

R

R = match

tr R 2
(1—0)2-L0 -c:(,)2 +(a)-";t°h-C0j

2
R
match
. Co

4

2
(1—(02 L, -CO)Z +(a)-RmZm'Co]

Ly-(1-0? L, -C,)-

Xe =2-0-
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Due to detuning effects in close distance between reader and card antennas a capacitive

tuning is recommended.

CHL A/R FScl 1 U 85.674 o

IF BW 38 kHz POMER @ dBm
START 1 MHz

-6.8821 & 1.7855 nF
13.56 MHz PELEEL

4q msec
0P 'Ze HHz RAMLEL

SELECT

SPRCE

BRCE

SPACE

ERASE
TITLE

DONE

STOR DEW
[oisK]

Fig. 8 Smith diagram for capacitive antenna tuning

It is accomplished by lowering CO compared to the design guidelines given for the first

generation NFC devices.

The reason for the higher cut-off frequency is a higher stability with close coupling
devices in reader mode: less detuning effect. Minimum field strength of 1.5A/m can be

provided also with close coupling devices.

4.3 Matching circuit design

4.3.1 Component calculation

The following formulas apply for the series and parallel matching capacitances:

C = 1
w - Rtr'Rpa+Xtr
4
C,v— L -2-C,,
» Lo R, R,
@ PN B
2 4

145715
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Finally, a fine tuning of the matching circuit is often necessary, since the calculated
values are based on simplified equations and the equivalent circuit values contain some

errors as well.

4.4 Tuning procedure

The matching circuit elements C; and C, must be tuned to get the required matching
resistance Rmatch (Xmaten = 0) at the PN544 TX pins. The matching impedance Zatch =
Rmateh + JXmateh IS measured with an impedance or network analyzer. The Zaich point
between TX1 and TX2 as shown in Fig 12 is the probing point for the network/impedance

145715

analyzer.
@1 (i {
L
0 c Rq
EMC C,—— Co2
Filter
Antenna
PN544 TVSS| é\l r . —
] Matching —
Co=— Circuit C.
| Lo ¢ Ra__
TXZ2F
Fig. 9 Measurement of matching impedance
Fig 13 shows the smith chart simulation for Zn/ 2:
He GuehTyps Graghlmt Sstp [okwances Took Opins el
B & RAeom Sial Lt 208 S A
s P Seom
£ 4D
£ Pastel
ChaiZon Equivalent
npedance 10337
048
16917
Adindance [
s f |
' |
st [l [S0par— sup [z
WIzEHE (@03 O ctr | | O
Fig. 10 Smith chart for matching impedance
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All tuning and measurement of the NFC antenna has to be performed at the final
mounting position to consider all parasitic effects like metal which influences the
quality factor, the inductance and parasitic capacitance.

4.41 Transmitter matching resistance Rnatch

The transmitter (TX) matching resistance R, defines the equivalent resistance at the
operating frequency present between the transmitter output pins TX1 and TX2 of the
PN544. Different equivalent resistive loads lead to different transmitter supply currents.

An optimum tuning Ryatch for PN544 is 800hm

145715 © NXP B.V. 2006. All rights reserved.
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4.5 Impact of the tuning capacitors visualized on Smith chart
4.5.1 EMC capacitance C0O

The following diagrams show the effect to the impedance curve by changing CO.

The smith charts show the matching impedance Zaqn / 2 vs. frequency.

B &asomelal it M & Awkun|
L " —— Seces
- - Equsent

75 Ere
ei5n |
i s
Lt S
[Cht Zom Equvalent
| Er
r - — B TdoF
T /
NRE ]
................ f
oo
IS |

| 1 ]

‘ | I ® 15 s6mmz -“__J‘

A .'; {
Suan: [10MHz 50 points e [z
s (802 [®awe L | 2|

a. CO reference value

Fie Gwh e Geaph it Tehg Feleraoss ek Optiore el P Gt Tape Gkl Setp Tewawross Yool Oyt
B aBsom a4t NN o _snues| RAagsomalzidf N & seues|
J = T i . =y
- e . ot
e F Ean Hw
2 can i Lo
r o _ )
= = ' )
[ () mpadarce BN
= : bt
o | " );::—
.‘é?m -1 s |.
\ — |
= - T e o —
e [ o= T ":‘l'xm L1 oEm (1] | sin |
s (el wiitm 1] | al
b. Co lower than reference value c. Co higher than reference value

Fig. 11 Smith charts for CO0 tuning
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4.5.2 Series capacitance C1

The following diagrams show the effect to the impedance curve by changing C1.

The smith charts in Fig 15 show the matching impedance Z 1/ 2 vs. frequency.

B aseam ol dhdr Bl o s |

I1 Serigs
E quivalent
& 511 23.4R
¢ 521 258nH
1512
522 Parallel
E quivalent
Chart Zo=
50R 2341R
— 29.21uH
Impedance
234R
+0.22R
Admittance
0.045
402 01uS
Stait |10MHz |5['['D°'ntS Stop: |20MHz
[f=12585MHz (@04 [@179.4De0  [4] ml 2l A|

d. Cqreference value

B(&Ee0 || &= L5 268 & o | B &S00 m| Sz & T oo B o s |

Equivalent = o Ecqavalani
& 31 & 51 e .,

9.46R ’ 21R
521 © 54 d 3 — . "

e 35.34nH e 7 P - . 270 7EgF
sz Paralel G v . O Pasdel
’m Equivalent T o ~ Y Equivalent
50R 16.43R ER f P . \ Y -
Impedance 224.86nH T ! { AN . 520008

9.46R B1R | \1

+B.12R 124807 ! ,{’ 4

|Admitiance N, ,f'l

00865 nms 1N /

{0,065 05 W — ;

Start: [10MHz 500 points Stop: ,—ZDMHz Shat ||—m“z w_ms B e I_It«lla
(=13555MHz (@07 [@16080eg  [¢] ] i /A‘ I3MEMH: (B0 [@ugineg | [4] I | s

e. Cqlower than reference value f. C4 higher than reference value

Fig. 12 Smith charts for C1 tuning

C, changes the magnitude of the matching impedance. After changing C, the imaginary
part of Z.icn must be compensated by adjusting C, as well.
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4.5.3 Parallel matching capacitance C2

The following diagrams show the effect to the impedance curve by changing C2.

The smith charts show the matching impedance Zacn / 2 vs. frequency.

B &Eeom el bt 08 o sunu]

I1 Series
E quivalent
S 22.4R
512 2.58nH
e Parallel
E quivalent
Chart Zo=
50R 2341R
29.21uH
Impedance &
234R
+i0.22R
Admittance
0.045
4020105

Start: |10MHz |5DDD°i"'tS Stop: |20tHz

[=12.585MHz @04 [@179.4Deg  [4] ml j4|

g. C2reference value

B & Eeomalm| Lt 2B o bk B & e em 2] Lh T 2B o A |
1 - - —— 1 - _— Gosios
T Equivahrt = . ok
w5 7 > w5 ~ y
o Ty : Parokel o /4 . 1 Pl
— J = 3 — : e o
] /| LR 1,288 |9‘H ' R
i -r,’ \ J e - e S0.03nH i II.: \ 276nF
1417 r A L 1.4R | I
TR L et 2 7R | — ;.._;
anen ance %\ y \ :I
nzs Y WS =Y
Vo
h, N,
N AN
N
Sl [10MHz 500 pointz: Slop: [T0Hz Stat [18E: [60f pera= o T
[Fiasm: | [w0s | [eirioey | L4 = Mz [Fiasnn: | [@0s  [eaveme 4] ol i
h. C; lower than reference value i. C2 higher than reference value

Fig. 13 Smith charts for C2 tuning

C, changes mainly the imaginary part of Zaich-
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4.6 Receiver circuit design

Next step, after matching and tuning the Reader/Writer antenna, is the design and tuning
of the receiver circuit. The investigations need to be carried out for initiator and target
mode.

Fig 17 shows the relevant components for the receiver circuit. Rx and R, form a voltage
divider which has to be adjusted according to the incoming voltage levels at Ugx and Ug,.
Both, Initiator and Target mode of the NFC device have to be investigated, since
detuning effects on the RX path behave differently.

The voltage on RX pin Ugx must be measured with a low capacitance probe (< 2 pF)
for continuous transmitting mode

The voltage Urx must not exceed the maximum value Ugxnax=1.7V even when the
antenna is detuned by a target or passive card

Hence, the RX-point must be checked under following conditions:
1. PN544 antenna not detuned
2. PN544 antenna detuned with a card
3. PN544 in card/target mode and Urx < Urxmax for H <= 7.5 A/m
4,

Receiver Circuit
CRrx

RX| o I .
‘R,
- Rx |
V| [
Urx
Cumip
TXA - — l L
PN544 Lo ‘ Ucq
EMC Co—|—_
Filter !
A
TVSSH = —‘0 2

Fig. 14 RX-path
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4.7 Example

The antenna of the PN544 evaluation board will be matched to the PN544 transmitter
output.

Fig. 15 PN544 evaluation board antenna

Recommended Rpaich ® 800hm

The series equivalent circuit of the antenna results to:

R, = 1.30hm
Ca=11pF
L,= 3.09uH

The calculation for the external damping resistor results to Rq = 2.50hm. The chosen
value for Rq is 2.20hm and results in a Q-factor of about 30.

The parallel equivalent circuit of the antenna including quality factor damping resistors Rq
= 2.20hm is determined with the following values:

Rpa = 20kOhm
Cpa = 11pF
Lpa= 3.09uH

The EMC filter is determined with:

Lo = 560nH
Co = 180pF

Calculation of Z:
Ry = 1120hm
Xy = -950hm

145715 © NXP B.V. 2006. All rights reserved.
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Calculation of the matching parts C,, C,
C,=19.73pF — 18pF normalized value
C, = 52.55pF — 47pF normalized value

Simulation result:

Ble GraphType Graphlimt fstp  Tokewances Tools Options Help
BR&Becm Sl Lt 0 & s
1 T Senet
1 Ecuavaient
= 511 g =5n
(o -
- -lﬂw
s Paalel
Chart Zo= Equivalent
SR 1551/
B8.2030F
S50
VAR
Admitance
EdSas ';
+H A I
|
i
Stat [10MHz 500 powrts Stogr |ZWH;
imiasEt: | @05 CE | | >
Fig. 16 Example: Zmatch Smith chart

It can be seen from Fig 19 that the resonance point (13.56MHz) is in the capacitive part
and would need a fine-tuning of the circuit to bring it to Ry4tcn=800hm.
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5. Step 2 — Connecting ANT1 and ANT2 pins

In step 1 we successfully tuned the matching circuit to a resonance frequency at
13.56 MHz at around 800hm. The circuit of step one is again outlined in Fig 20.

RX

Vo

PNs44 T

TVSS -+

TXZ T

R2 Rx

Fig. 17 Block diagram for Step 1

Cy Ry
Ca—
Antenna |||
-
Matching 1 )
Circuit Co=
Cy Ry
11 g

The goal in step 2 is now to connect the ANT1 and ANT2 pins to the matching circuit.

Therefore, we decouple the signal after the damping resistors R, with two additional
capacitances. Refer also to Fig 21 for connection details.

RX

T® |
PN544

TVSS ||

X2+

ANTT  ANT2

EMC Filter

Fig. 18 Antenna topology with connection to ANT1 and ANT2 by assembling C2b

Antenna connector

Matching Circuit

C2a and C2b are derived from the capacitor C2. The splitting ratio must be calculated.

145715
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Therefore, the resonance formula (11) is used to calculate the required capacitance for
13.56MHz in Reader/Writer and 14.5-16MHz in card mode. The inductance of the
antenna has already been measured in a previous step.

B 1

f o =— -
" 2.74L-C

1
Cfres =75 £ 2
(27[ fres)
L

Example for a given inductance value L=3.09uH:
C13.56mH,=44.66pF

Ciemnz=32pF

CiasemHz - Cremmz = 12.66pF

Cohitt = 12.66pF

In other words, the total parallel capacitance for the reader mode needs to be 12.66pF
higher than in card mode.

With this information, C2a and C2b can be calculated.

C2 is already given from the previous steps and reflects the C13 s6mn, Capacitance.
C2=C2a+C2b

C2b = 2. Cepigt

Cshit = 12.66pF

C2b=25.32pF > 27pF normalized value

C2a =C2 - C2b =47pF — 27pF = 20pF

In Step 3 and 4 the values/circuitry have to be fine-tuned, because different resonance
frequencies are required in Reader/Writer and card mode and available discrete
components.

6. Step 3 — Reader/Writer fine-tuning

All tuning steps for the PN544 need to be done without powering the chip.

Precondition to start measurements

145715 © NXP B.V. 2006. All rights reserved.
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In order to simulate the Reader/Writer behavior of the antenna, C2b capacitors need to
be shortcut with a 10 Ohm resistor. In the final application this will be taken over by
PN544 so do not forget to remove the part after finishing the tuning.

What is the effect?

When shortening C2b with 100hm resistance C2b acts as additional capacitance parallel
to C2a and causes a frequency shift.

Antenna connector

Matching Circuit
TXX1 y
PN544 {-'

C2a

100hm resistor

Fig. 19 Block diagram for Reader/Writer tuning with 100hm short

Measurement of antenna tuning

The probes of the network analyzer are connected to Probe 1 and Probe 2 as indicated
in Fig 23 to verify the matching (Znmatcn)-

© NXP B.V. 2006. All rights reserved.
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CH1 S11 FScl 1 U 45.45 o 21.452 o 251.73 nH

SELECT
13.56 HHz LETTER

DOME

IF B 23 kHz FOWER @ dEm SHP _288.9 msec CANCEL
START 18 MHz STOP 2@ MHz

Fig. 20 Smith chart Reader/Writer mode

Adjustments on antenna

According to the results of the measurement slight modifications on C2a/C2b and C1 are
needed to finally meet the Z,.cn requirements.

See section 4.5 for the impact of the antenna matching components.

7. Step 4 — Card mode tuning

The tuning steps of PN544 circuitry needs to be done without powering the chip.

After accomplishing “Step 3” we need to verify the card mode.

The 100hm resistor has to be removed now!

Card mode tuning is measured with the PN544 being not powered and configured as

card.
5.
The resonance frequency of the card mode is measured contactless as described in
Appendix B
145715 © NXP B.V. 2006. All rights reserved.
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CRrx
RX -
Az R,
WViac 4
Coun Antanna connector
Matching Circuit
T®Y — L —1 ! »
PN544 L c Ra
Co - Ca
TVSS | . - | . L,_I
Co C2a
Cy
Ls Ry
X2 — 4 = . | 1 .
ANTT  ANT2 EMC Filter ienna
Czb
C2b
Fig. 21 Block diagram for card mode tuning with removed 100hm resistor

The measurement shall show a resonance in the range of 14.5MHz to 16Mhz.

Modifications if resonance frequency does not meet the requirements

1. Resonance frequency too low:

Change the split ratio of C2a and C2b. Reducing C2a by the same amount of
capacitance which is added to C2b.

Explanation: C2b is not working in parallel to C2a in card mode. A lower value for C2a
means a higher resonance frequency in card mode. Only C2a is working as parallel
capacitance towards the antenna.

2. Resonance frequency too high:

Decrease the split ratio C2b/C2a by reducing C2b and increasing C2a by the same
capacitance value.

C2a+C2b=constant!

Perform a final check: check Reader/Write and card mode tuning again

145715 © NXP B.V. 2006. All rights reserved.
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8. Appendix

8.1 Antenna design

8.1.1 Antenna inductance

The following two sub-chapters 8.1.2 and 8.1.3 show required formulas to estimate the
antenna inductance in free air.

Sophisticated simulation software is required to calculate the antennas parameters to
estimate antenna values in environments containing metal (such as shielding
planes or batteries in devices).

8.1.2 Circular antennas

Fig 27 shows the profile a typical circular antenna.

Fig. 22 Circular Antenna

The inductance can be estimated using the following formula:
24.6-N_?-D[cm]

s|cm|
D[cm]

L. [nH]=
1+2.75-

D Average antenna diameter
s Antenna width

Nz Number of turns

145715 © NXP B.V. 2006. All rights reserved.
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8.1.3 Rectangular antennas

Fig 28 shows a typical rectangular antenna.

PN544 Antenna Design Guide

a

avg

A

o

Fig. 23 Rectangular antenna

B, | Lo

145715

Variables:

ao, bo Overall dimensions of the caoil

Aavg, Davg Average dimensions of the coil
Track thickness

w Track width

g Gap between tracks

N, Number of turns

d Equivalent diameter of the track

The inductance can be calculated by:

La :ﬂ'[xl + X, — X3+ X4]' NaL8
T
With:
d- 2-(t+w)
V4

© NXP B.V. 2006. All rights reserved.

Application Note

Rev. 1.5 — 28th August 2009

28 of 43



NXP Semiconductors AN 1 4571 5

145715

PN544 Antenna Design Guide

2 2 a,, +b
Xg =2 |:a + bavg 8 T bavg j| X, = ML B §

avg
4

8.1.4 Number of turns

Depending on the antenna size, the number of turns has to be chosen in a way to
achieve an antenna inductance between 300 nH and 3 pH.

The parasitic capacitance should be kept as low as possible to achieve a self-resonance
frequency > 35 MHz.

A typical the number of turns will be in the range
N,=1-6,
which is suitable for various applications and antenna sizes.

Due to the coupling coefficient, a low number of turns is preferred. The lower the
numbers of turns, the lower is the influence of coupled devices (e.g. 2" NFC device,
Card, Reader) to the 1** device. This also means that the detuning effect on the 1 device
is minimized when reducing the distance between the two devices. The overall
performance loss due to low number of turns is negligible.

8.1.5 Antenna symmetry

The symmetry in antenna design is absolutely necessary with respect to tuning and EMC
behavior (see Fig 29). Otherwise common mode currents are generated due to parasitic

capacitances from the antenna to ground. These currents can cause emissions that hurt

the EMV regulations

Fig. 24 Ground current compensation

© NXP B.V. 2006. All rights reserved.
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Fig 30 shows an example of a symmetric 4-turn antenna design. It can be seen that the
center tap of the antenna is connected to ground. Basically, we do not recommend
grounding the center tap, but leaving it floating. This has the advantage of a virtual
ground point which is floating to achieve symmetry of the antenna. Refer also to Fig 29
where center tap is not connected.

TVSS

Fig. 25 Example symmetric 4-turn antenna

8.1.6 Ferrite shielding

The benefit of a ferrite is to shield an antenna against the influence of metal. A metal
plane could be part of the housing of the NFC device or a ground plane of the NFC
device PCB itself, which has to be connected very near to the antenna. If metal is placed
very near to the antenna the alternating magnetic field generates eddy currents in the
metal. These eddy currents absorb power, and lead to detuning of the antenna due to a
decreased inductance and quality factor. Therefore, it is necessary to shield the antenna
with ferrite for proper operation in close metallic environment.

The following examples should give estimation about the influence of ferrite to the
distribution of the magnetic field.

A circular antenna has been used to simplify the simulation. A circular antenna is
rotational symmetric to the x-axis. Therefore, the simulation can be reduced to a two
dimensional mathematical problem. The simulation estimates the field distribution of a
non-disturbed antenna. It has been assumed an antenna radius of 7.5 cm with 1 turn and
a copper wire of 1mm thickness.

Fig 31 shows the two-dimensional magnetic field of the circular antenna.

The right part shows the field distribution. The highest field strength is generated in the
area of the coil.

The left part shows the magnitude of the field strength H over the distance d. The
minimal field strength of Hyy = 1.5 A/m defined by ISO 14443 is marked with doted
vertical line.

The shielding effect of the ferrite strongly depends on the ferrite material and the
distance between antenna and influencing material. The shielding effect may be

© NXP B.V. 2006. All rights reserved.
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negligible if the antenna is very near to interfering material (metal, battery) and the
ferrite has low permeability (foils usually pg<10).

Field strength
color map
]
o4

// a

O

e u

L1 _-_ 1] . — |0

! O

N 0

g

‘\ 0O

[

[

Minimum field strength
Hmin=1.5 A/m
: Il Il
6 4
[H| [A/m]

Fig. 26 Field distribution of a circular antenna

Fig 32 shows the field distribution of the defined antenna but a metal plane near to the
antenna. The magnitude of the field strength has decreased compared to the disturbed
field which leads to a decreased operating distance.

Field strength
color map
|
_ = A
r O
O
/ 0
¥
- = = = - - - |O
= i O
A 0
' =
Minimum field strength ; ]
. metal plane
Hmin=1.5 A/m
< I |
6 4 2
[H| [A/m]

Fig. 27 Field distribution of a circular antenna with a metal plane

© NXP B.V. 2006. All rights reserved.

Application Note

Rev. 1.5 — 28th August 2009 31 0f 43



NXP Semiconductors AN 1 4571 5

PN544 Antenna Design Guide

Fig 33 shows a ferrite plane (ur=40) which is positioned between the metal plane and the
antenna coil itself. The field strength very near to the ferrite increases, but the increasing
magnitude does not necessarily result in an increase of the operating distance at Hyn
value (vertical doted line).

Field strength
color map

= A
e E
/ 0
O
el m
-t — — + - = = O
O
O
O
u
Minimum field strength [

Hmin=1.5 A/m ferrite plane metal plane
Pl | !
6 4 2

Fig. 28 Ferrite shielded field distribution of a circular antenna

The simulation shows that the use of a ferrite reduces the generated eddy currents in a
metal plane. The ferrite generates an additional field component, which results in a fixed
detuning of the antenna itself.

8.1.7 Antenna quality factor

The quality factor is a determining constraint to design and tune an antenna. Fig 34
shows an excerpt of a typical 100% ASK modulation. The maximum timing limit of 3us
(as defined in the 1ISO14443) for a modulation pause is taken to calculate the quality
factor.
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T=3 pus

Fig. 29 Pulse width definition

The bandwidth B —pulse width T product is defined as:
B-T>1

With the bandwidth definition

B=_—
Q

the B-T product results to

Q< f-T
Q <13.56MHz-3ps
Q <40.68

The recommended antenna quality factor is Q, = 35
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8.2 Equivalent circuit measurement

Impedance analyzer with equivalent circuit calculation

Impedance analyzers like Agilent 4294A or 4395A can determine directly the series or
parallel equivalent circuit by measuring the magnitude and the phase of the impedance
of the connected antenna.

The antenna has to be at the final mounting position to consider all parasitic effects like
metal influence on quality factor, inductance and additional capacitance.

The antenna needs to be connected to the analyzer by using an appropriate test fixture
that does not influence any antenna parameters.

The analyzer has to be calibrated (open, short and load compensation at the calibration
plane) and the test fixture needs to be compensated (open, short compensation at the
connection points) before each measurement. Please refer to device manual on how to
carry out these steps.

Settings:|Z|, ®
Start frequency: 1 MHz

Stop frequency: above self-resonance frequency of the antenna (point where
antenna impedance is real: pure resistance)

Advantage:
Fast and simple method

Disadvantages:

Additional equipment required
Low accuracy of the measurement which especially results from the loss resistance for
high quality factor coils (Qp > 60).

8.2.2 Network analyzer

This section briefly describes the determination of the antenna equivalent circuit using a
network analyzer without any equivalent circuit functionality.

The antenna has to be at the final mounting position to consider all parasitic effects like
metal influence on quality factor, inductance and additional capacitance.

The antenna needs to be connected to the analyzer by using an appropriate test fixture
that does not influence the antenna parameters.

The analyzer has to be calibrated (open, short and load compensation at the calibration
plane) and the test fixture needs to be compensated (open, short compensation at the
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connection points) before each measurement. Please refer to device manual on how to

145715

carry out these steps.
Settings:S11

Chart: Smith Z

Start frequency: 1 MHz

Stop frequency: above self-resonance frequency of the antenna

8.2.3 Series equivalent circuit

The following characteristic circuit elements can be determined by measurements at
characteristic points (see also Fig 35 for series equivalent circuit).

R; Equivalent resistance at f = 1MHz

L. Equivalent inductance at f = 1MHz

R, Equivalent resistance at the self-resonance frequency

f.a Self-resonance frequency of the antenna

The antenna capacitance C, can be calculated with:

o
(2'72-. fra)2 La

a

The following Fig 37 shows simulation results to determine the characteristic circuit.

BB o @ 2a]d T 8| & Aubach
Series
Equivalent

0.82R
2.99uH

Parallel
Equivalent

) 431.83R
4 | 3uH

Chart Zo=
B0R

Inpedance

0.82R
staaiR
Admittance

232mS
0055

St [1MH2 500 paints sop |
fi- 1Mz (@1 [®136800g |4 oN

a. Rs=0.820hm, L, =2.99 pH

B(&Eeom klz|dbdt G| o A
1

& 511
{aiR=7oh|
L=
=7k

Chart Zo=
50R

Impedance

17.97kR
H1.44KkR

Admittance

B5.3uS
+j4.45u5

St [IMHz 500 points Stap |'|
fresraem: (@1 [®-0Dey 1] LR |

4 | 18.08KR

Series
Equivalent

17.87kR
376pF

Farallel
Equivalent

4 | 2d.2aF

b. Ry =18kOhm, f.a = 29.14MHz

Fig. 30 Simulation results for characteristic circuit
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The series equivalent resistance of the antenna at the operating frequency f,, =
13.56MHz can be calculated out of the characteristic circuit.

Fig. 31 Series equivalent resistance calculation

R (fres
Rp(13.56MHz) = M
13.56
fres
(-7 f,-Lf

a S +
R, (13.56MHz)

The parallel equivalent circuit always has to be calculated by means of the series
equivalent circuit using equation (19).

The parallel resistance Ry(fres) obtained by measurements has to be calculated to the
parallel equivalent value at 13.56MHz. This is accomplished in equation (21).

Ra in equation (22) is then calculated by using Ry(13.56Mhz).

8.3 PULSE shape check

The following pulse shape checks are a quick way for investigating the shaping of
the generated RF-field. Chapter 8.5 points out the pulse shape timings according
to ISO/IEC18092:2004. Please note that always to the latest version of
ISO/IEC18902 is referenced.

The correct measurement techniques needs to be carried out in ISO/IEC 22536
(NFCIP - RF Interface Test methods) and/or ISO/IEC 10373-6 (Identification cards —
Test methods) and ISO/IEC14443!

The Q-factor can be checked by using the fact that the Q-factor has a direct influence on
the edges of the modulation shape.

An oscilloscope with a bandwidth of at least 50MHz has to be used to carry out the
module shape measurements (Fig 39).
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Antenna

Fig. 32 Setup to check the Q-factor

Reader
Terminal

CH1: Use a loop with the ground line shortcut at the probe to enable inductive signal

coupling. Hold the probe loop closely above the antenna.

CH2: Used as trigger if possible

It is recommended to check the pulse shape according to the values given in Fig 40.

The absolute measured voltage in CH1 depends on the coupling (= distance) between

145715

the probe loop and the reader antenna.

Application Note

Rev. 1.5 — 28th August 2009

The influence of the coupling on the shape can be neglected.

The complete antenna tuning and Q-checking is done without any card.
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8.4 Pulse shape according to ISO 18092

8.4.1 Bit rate 106kbps

Envelope of carrier amplitude
110% 4
100%

90%

60%

5%
5%

60%

90%

100% 4
o — e \/\,—-

110%

Fig. 33 Pulse shape according to ISO 18092, 106 kbps

The time t1-t2 describes the time span, in which the signal falls from 90% down below
5% of the signal amplitude. As the pulse length of PN544 is accurate enough, only the
time t2 has to be checked: the signal has to remain below 5% for the time t2.

The most critical time concerning rising carrier envelope is t4. It must be checked that the
carrier envelope at the end of the pause reaches 60% of the continuous wave amplitude
within 0.4ps.

Pulse shape definitions according to 1ISO18092, 106 kbps

Pulse length t1 [us] t2 [us] t3 [us] t4 [ps]
(Condition) (t1 <2,5) (t1 > 2,5)
Maximum 3,0 t1 1,5 0,4
Minimum 2,0 0,7 0,5 0,0 0,0
145715 © NXP B.V. 2006. All rights reserved.
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8.4.2 Bit rate 212 kbps and 424 kbps

Envelop of carrier amplitude
A
hr
T
_.

H b
a b
»
Fig. 34 Pulse shape according to ISO 18092, 212 and 424 kbps
Table 8-1: Pulse shape definitions according to 1ISO18092, 212 and 424 kbps
212 kbps 424 kbps

tf 2,0 ys max 1,0 ys max

tr 2,0 ys max 1,0 us max

y 0,1 (a-b) 0,1 (a-b)

hf, hr 0,1 (a-b) max 0,1 (a-b) max
145715 © NXP B.V. 2006. All rights reserved.
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9.1 How to measure card mode resonance frequency

The card-mode resonance frequency and quality factor depends on the H-field strength.
As a matter of fact, the chip input resistance and capacitance have a dependency on the
antenna voltage. It is recommended to measure the resonance frequency of the DUT in
an unloaded condition, keeping the applied field strength very low, so that the chip can
not power up. Below an antenna voltage of ~ 0.3Vpp the chip input impedance stays
constant over a wide range and the Q-factor has the highest value allowing accurate
resonance frequency measurements.

Basically, the resonance frequency is measured contact less on an impedance analyzer
with a pickup coil defined in the ISO10373-6. A non-conductive distance holder of 1cm
thickness shall be put in-between DUT and pickup coil.

9.2 Calibration and measurement procedure

The following steps guide through the configuration and calibration setup for the Agilent
4395A:

1. Switch on Agilent 4395A and configure as Impedance Analyzer

2. Choose frequency range from 10MHz to 20MHz

a.
b.

C.

Start — 10MHz
Stop — 20MHz
Number of points — 801

3. Calibrate the instrument

a.

~ 0 oo OT

Cal — Cal Kit — 3.5mm — Return

Cal — Calibrate Menu

Connect the calibration kit and calibrate to Open, Short and Load — Done
Connect the calibration kit with the 500hm Load and check the calibration
Scale Ref — Autoscale

A horizontal run of the curve should be seen now, otherwise repeat the calibration
procedure

4. Fixture compensation

a.
b.
c.
d.

Cal — Fixture Compen — Compen Menu
Connect pickup coil

— Short

Control the horizontal run of the curve again

5. — Source — Power — -10dbm

6. Place DUT on top of pickup coil, search for maximum peak and read resonance
frequency
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10. Abbreviations

EMC Electromagnetic compatibility
R/W Reader/Writer

RX Receiver

PCB Printed Circuit Board

Rmatch Transmitter matching resistance
TX Transmitter

Zmatch Transmitter matching impedance
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11.1 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations
or warranties, expressed or implied, as to the accuracy or completeness of
such information and shall have no liability for the consequences of use of
such information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of a NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of

145715

NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is for the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

11.2 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

MIFARE ® — is a trademark of NXP B.V.
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