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How NTAG I°C plus works




NFC focus products for each application need
Readers/connected tags: for embedded electronics

Specialist
8
= | All round
= Single-chip MCU with
8 integrated NFC tag
5 LPC8NO4
@©
(]
LL

Entry level

[NTAG 12C plus

High-perf full NFC with DPC
PN5180

High-perf multi-protocol reader

CLRC663 plus

Proximity&vicinity readers

MFRC630

(1ISO14443A — Reader for NTAG® and MIFARE® product
families)

SLRC610

(1ISO15693 / 1ISO18000-3M3 - Reader for ICODE® family)

One chip system, programmable NFC
controller with DPC

PN7462 family

Plug&Play NFC for Linux, Android,
WinloT

PN7150

Connected tag solutions
NFC tags with non-volatile memory and host
connection or integrated MCU

= Gbile "
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NFC Frontend solutions
NFC reader with NFC Reader SW Library

NFC controller solutions
NFC reader with integrated
32-bit Cortex MCU and either integrated
firmware or freely programmable memory

v



How NTAG I°C plus works

The NTAG I2C plus needs to be

connected to the antenna coil
with L, and Lg pads
A

NFC-

enabled
device

NFC-enabled mobile device
connects to the MCU via the
NFC interface, using the 12C as
the communication conduit

.
.. ..

P Mobile °.
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Energy Harvesting

Event Detection

The NTAG I2C plus connects to
the microcontroller via the 12C
serial bus interface

12C

101010 __

SRR /N AN T 8

Field Detection

Energy harvesting
SRAM memory

SRAM mirroring

Pass-through mode

Memory access management

Originality signature



NTAG I°C plus support package: Antenna design files

If you do not have constrains about the antenna size or
shape:

— NXP offers the designs files for the Class 4
N and Class 6 antennas included as part of the
NTAG I2C plus Explorer kit (OM5569)

NTAG PC plus features
NTAG 12C plus

Antenna Board

» NFC Forum type 2 tag compliant - easy to use with meoile phones
¥ ISCHIFC 14443 and PC interface - dual interface communication

¥ SRAM memaory - fast data excharge

r Encegy harvesting - power a sonhested micacontraller

b Field celoction - wake up cornectaed cevices

¥ Flexitsls memony managerment - password protect sensitive cata

» CE/REsertifind dormn buardd” and RaH5 eompliant

If you need your custom antenna for your design:

NXP offers an Excel-based coil calculation

itagrc

65.85
i 53.3nm tool to estimate the inductance of rectangular
- your entryeny ta NFCH

byeo8 snnsinA zulg 351 8ATH | and round antennas *

P s Y=t 1SR R RIS o \ 1
= — .S ved
For sdditional Information plesse visit: wwi, axp.comidemoRodrd/ONSS69 B m) :D] g @ * More detalls in Sl|de 18
-5 || ) NTAG I7C plus o
i" Antenna Board 54 x 27 _mm
—R
\

——— \MGbile
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https://www.nxp.com/downloads/en/printed-circuit-boards-reference-designs/SW3639.zip
https://www.nxp.com/downloads/en/printed-circuit-boards-reference-designs/SW3641.zip
https://www.nxp.com/docs/en/application-note/AN11276.zip

Basic antenna theory
for NTAG I°C plus tags




NTAG I°C plus electrical input capacitance

NTAG I2C plus|C
NTAG I2C plus IC connections

 La, Lb = NTAG I2C plus pads to be

— FD | ' La
' connected to the antenna
12C — Vout | | =
101010 — S Lo R. | > , . .
— SDA : c o NTAG I%C plus IC input capacitance
— ' ' e. : :
<:> end : : - « Itis the most important factor for the
to MCU e : L antenna design.
"""""" S * The form factor and the parameters of

the antenna are affected by the input
capacitance

NTAG I?C plus equivalent circuit

C,c= NTAG I2C plus input

capacitance (50pF)
7 wr?gvivlfedée x




Antenna coll electrical equivalent circuit

NTAG I2C plus|C

— FD ' La
— Vout ' :
<:> — scL ! . |
— SDA X -1 vIC R|C E
toMCU | |
— Gnd ! :
— vce | . . Lb
v
NTAG I?C plus equivalent circuit
C,c= NTAG I2C plus input
capacitance (50pF)
3 Méi)i.l:e"'.

Knowledge

100 BUUSIUY

Antenna coil
| Ra |
| C&I —— |
e L, |
.
Antenna coil equivalent
circuit

Each antenna is a resonant circuit
with a specific input impedance.

This input impedance is complex and
consists of an inductance,
capacitance as well as some losses
represented by a resistance.

The actual values depend on
 Antenna material

« Thickness of conductor

« Distance between the windings
 Number of turns

« Shielding layer
 Environment

PR {



Tag with an NTAG I°C plus electrical equivalent circuit

> T

! J Connection / Assembly !

| NTAG I2C plus|C Antenna coil |

— FD | T ' La —] | | . The NTAG I?C plus capacitance

-— vout | : i Rcon A R : | together with the antenna

<:>;_ scL | | i o a . | capacitance and the parasitic

' eon T Cec | [Rc . Cn == | I C == .| connection capacitance forms a
toMCU g | i L L . resonance circuit with the

i en | ! | Rcon o a ' Inductance of the antenna.

,— vcCc | bbb — i — ] oo A

| L T | o IR B

\ v v
NTAG I?C plus equivalent circuit The assembly Antenna c_oil gquivalent
connection of the circurt
C,c= NTAG I2C plus input chip and antenna

capacitance (50pF)

= Gbile "
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Tag with an NTAG I°C plus resonance frequency and Q-factor

’ Connection / Assembly | The resonance frequency of the tag
NTAG I2C plus|C Antenna coil | can be calculated with:
. f 1
T La——:l—"— ] "2.-m-\C-L
I : Rcon ' ' Ra |
—c c L 1 o The Q-factor of the tag can be
T || Re S | Ca = L calculated with:
i E Rcon i i La i E R
! . Lb — i | L Q =
............ S et N R R 2-m-f-L
"""""""" T ¢ — Equivalent capacitance of
v H . the tag (C,., Ccon, Ca)
NS A s SgElen | ol ACIENE (st p — Equivalent resistance of the
circuit connection of the circuit ~ i (R, R.)
, _ chip and antenna 9 Wi R
Cic= NTAG I°C plus inbut L = Antenna coil inductance

capacitance (50pF) x



Antenna design procedure
for NTAG I°C plus tags

N



Antenna design procedure for NTAG I°C plus tags

12

Design the antenna coill
Determine the size and the specs of the antenna
(number of turns, track width, spacing, etc.)

Measure antenna coil
Characterize R,L,C antenna coil parameters

Calculate the resonant capacitor value
Determine the value of resonant capacitor to set
the tag to the target resonant frequency

Assemble & measure resonant frequency
Measure the resonant frequency and adjust the
capacitor value if needed

—Mobile
Knowledge

NTAG I2C plus+ antenna coil= resonance circuit ~ -------------------------;

| NTAG I2C Connection Resonant
: plus / Assembly capacitor

Antenna coil

____________________________________________________________________________________

The precision of the antenna equivalent inductance
computation, the length of the connection between the chip
and its antenna, and the environment (metal surface,
ferromagnetic material) impact the tuning frequency.

NX



Design the antenna coll




Antenna class based on ISO/IEC14443

@32.00
81.00 B 50.00 _
gy 64.00 A ) 81.00 X | 3500__|
»  ISO/IEC 14443-1 defines 6 antenna I J— i il B |
classes, also referred to in ISO/IEC - ST %///’//’//// / e | 2ls | 1/ }7//
15693. g3 // 52 lgt Kl
l J 7///% 77/?./ + * h* : A Rma ! > \‘_ng
& ‘\ \ PICC antenna zone \F'It:c
PICC antenna zone / \_Rg st zone
« The use of ISO/IEC14443 antenna class Class 1 Class 2 Class 3
is optional but it has been established . o0
that the use of a prescribed class may . |
enhance interoperability R . o 1050 e 25,00 a0
- - i
' +
[ o
] Vo o—— =
se | SENN .
Y + Vi R ¥ T i T >
PICC antenna zone / \_R 3 PICC antenna zone / \—R 3 oG anten PICC antenna zone
Class 4 R Class 5 Class 6

m—— ViGbile
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Antenna parameters for rectangular and round antennas

Antenna geometry Material properties

« D, ~> Definition of the antenna diameter (mm) « p > Electric conductivity
« w > Track width in mm, « & —> Permittivity of card
« g > Gap between tracks (mm), material

« t > Track thickness

« N - Number of turns

'S
v

do

8avg Antenna geometry

« g, = Definition of the overall length (mm)
* Db, = Definition of the overall width (mm)

e w = Track width in mm

- g =2 Gap between tracks (mm) Inductance of an antenna depends

« t = Track thickness on the antenna dimensions and
L _ « N = Number of turns material properties

h
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Coil design calculation sheet

This coil design guide calculation sheet uses

antenna dimensions and estimates the

Coil Design Guide - Calculation Sheet

IMPORTANT NOTE:

Fields in this colour have to be Filled out

Fields in this colour contain unchange abel or calculated data and cannot be changes manually

antenna equivalent inductance.

The following steps are a reliable method to
design and fine tune a custom antenna coil:

Estimation of the electrical parameters
Definition of the target inductance
Definition of the dimensions

Definition of the matrix run

Production of samples

Selection of the best coil parameters
Definition of second matrix run (if needed)

Excel calculation sheet tool included in

16

Knowledge

Ideal resonance frequency Y fideal MHz 0 Hz
Chip Capacitance [Threshold] it pF [17pF or 50 pF)
Connection Capacitance _Goon pF [0.5-2 pF]
Coil Capacitance _Gi pF ‘wired: B-7 { Etched: 2-4 { Printed: 2-4
Farallel Cap _epl 0 pF 0F
First Inductance Estimation _la #OI M0 H #Olw0! rH
—n
P e EETETTITE
Fl H 1. 141512654
(3} ki [ (1} ('H
Farmbanalanlr b 1 1 1 1 1
_ald i H ] _ali 15
Cieerall Diameter mim
_oi 1 1 1 1 Im
Track Thickness _t pm 0m
—ud _ul _ud _ub
Track width _wlpm] pm
—ul=l 1 1 1 1 1
-l L1 -1 - it
Gap between Tracks _1a pm
1 1 1 1 =
TS| il Tl —mal
Mumbeer of turns _nc
Eyni- Miamrler aF lraak - 1 1 1 1 1
Turn Exponent _P ‘wired:1,8-13 ! Etched: 1,756-1,85 { Printed: 1,7-1,8
H age D I T -t LI H mensd L1 H - LI H -t LIV H meent oIy
Harragr unil lairminm Frrraar - (1 H [ 1400 H e [ 1V H (11 b H
fumber of layers [u=ually 1) .Lg
—ani —anl —and —and —anl
Harragr Cail Arra - LLIE H L0 H LU H LIU H v -
_lualad Zlnalal _lualad Zlualad _lnalad
Calanlaled lndusl Zluals [1J0 B (100 H [ 100 H [1JV H L1 H =H
LLIE H LU H LU H v v rH
MATRIX i Calculationl Caleulation? Calculation Calculationd Caleulation
=203 103 0% 20
Lo +f-20% #OI 00 #0O0w{0! #0010l #OIW A0 #OIW 0!
Di EDI¥IN ED1¥ ! EDI¥ 1! EDI¥IN 201¥Il
_Leale,i #OI A0 #O1w0! #0001 #OIW A0 #OIW 0!
_acl'ne,l #OI A0 #0010l #0O0w0! #OW A0 H#OIW 0!



https://www.nxp.com/docs/en/application-note/AN11276.zip

Measure the antenna colil parameters




Measuring the antenna coil parameters

The antenna loop has to be connected to a network
analyzer to measure the antenna equivalent circuit (R,
La Ca)

Before each measurement, the network analyzer must NTAG I°C plus High-end or Low-end

' - Antenna coil network analyzer
be calibrated (open, short and load compensation). (e.g. MinVNA PRO)
- Settings: S11

- Chart: Smith Z
- Start frequency: 1 MHz

- Stop frequency: Above self-resonant frequency Ra

Note: 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 Fig. Antenna ?SrieLS eéll;iva@ﬂt circuit
a’ —a’ a

Mcbile -
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Calculate the resonant
capacitor value




Antenna coil

Calculating the parallel resonance capacitor

We measure the current system resonance
frequency (f, ..-en:) @fter connecting the
NTAG I2C plus to the antenna coil.

- Ifitisnot f, e~ 13.56MHz, we calculate the
system capacitance at the current resonance
frequency with this formula:

. e T —— il

C r _ current o 1 : La —:—:I—O—: : aE

- 2 Lo | ¥ E

: (210 fre)* - L L ' . R | i

. | : con L R,

: I : . ! | a V!

E : :: C'C RlC i i CCOI'] :: : i Ca — : E

Note: The inductance of the system is basically Al Lb _ Reon - i
the inductance of the antenna (L=La). B | L [
NTAG I2C p/us|C Connection Antenna coill

Mobile -
20 —JKnowledge

_________________________________________________________________________________________



Resonance Antenna coil

Calculating the parallel resonance capacitor (lI) capacitor

l‘l v
3

If we fix the desired system resonance frequency (f, _ ;4get)s
the capacitance required so that the system resonates at that
target frequency can be calculated with this formula:

1

C —
G (2 "T fr _ target)z L

We can calculate the extra
capacitance that needs to be

_ O I - T OSSOSO Sy O Uy SOy SOy Uy Ry SR Uy SRy SRSy SyROpS
soldered in parallel (Cr.s) by: ! |
- | [ | |
CRes - Ctarget o Cfr _ current L ' ' N R L i
| : e i Ren | R,

. . E | :: CIC RlC i E :: i i CCOI’] :: : E Ca — : E

Note: For single tag operation, a i | i | L ok
tuning slightly above 13.56 MHz would i | | R e L, '
lead to maximum read-/write distance. [ ' L — | il con | | L
Due to manufacturing tolerances, a L ' T _: ___________ b
nominal frequency of 14.5 MHz for | i
single tag operation is recommended. . NTAG I2C plus|C Connection Antenna coil |



Assemble & measure resonant
frequency




Assembling and measuring the tag resonant frequency

Assemble the calculated C,.,, capacitor in your design.

Then, measure the resonant frequency (f,.,) at which the S oo (O] x] =] (0]
resistance impedance (Z) is maximum

If the resonant frequency is not the target resonant frequency,
fine tune the capacitor value. If the frequency is high, increase
the capacitor value; if low, decrease it.

Resonance Antenna coil
capacitor

l , —

0. N
— 0000 11.000 12.000 13.000 14.000 15.000
- gL (dB) RP () 1Z] @) Rs (Q)
[ |
1 13.564.743 -030 005|| 29027 2

Fig. Example of a tag adjusted to f,.., = 13.564 MHz

\r
4\

23



Example:
Tuning for a 54x27mm PCB antenna

N



Measuring the 54x27mm PCB antenna parameters

| £ vna/l - Smith-chart main window
L vnafJ 3.1.8 @ DL2SBA 2015

Measurement setup: %] vna/) - Markermath [1]
Low Marker High
Frequency (Hz) ---| 13 /00,398
Loss (dB) 017
Lmit (@8) | 6|
Bandwidth (Hz) 0 Q: 0.0
C: 15285 pF L: 89594 nH
Re: e 76.540)
Fig 1. miniVNA PRO network analyzer connected to the Rp: Xp: 26580
54x27mm PCB antenna connectors
Mode -
Use: W R oI
Start  12,000,000Hz
In the following steps, we will use the antenna i e
inductance to perform the antenna tuning /

f.~13.6 MHz L,~895 nH

h
P
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Resonant capacitor value for the 54x27mm PCB antenna (I)

Measurement setup:

HF - VHF wireless analyzer

miniVNA

mini RADIO SOLUTIONS

Fig 1. 54x27mm PCB antenna + NTAG I12C plus
connected to miniVNA PRO

B 1
r _ current — (2 T - fres)z L

Cr

26

/¥ vna/) Version 3.1.8

File Tools Calibration Export Analyzer Presets

ZOONEN «F “EDDERE @

~ 23.9 MHz

fr—current

1818.9

67.0
12.500
Freq. (H2) RL (dB) RP () 121 (@) Re (@) Xs () Theta SWR

M
I za,swg,saol 020 -0.03 44229 44213 1181 15 88491 | M ), ™,
A 4,255,680 007 17.07 4090.7 43868 4485 00

2 19,663,940 -0.27 17.03 3322 345 3304 840 65.37:1 | |v! ‘J?,‘ T"N[
3 13,794,648 033 4758 1133 59 1132 870 51921 | 3,
. r

Job 0/1/1 - 100% completed miniVNA-pro/COM11 2000/0 REFL_miniVNA-pro.cal

1
C = C
fr_current = (9 . .23.9MHz)?- 895nH f

BGhm) | @ avtoscale | B || |E2) | @ RR()

r _ current

- ) x
Help
W&
Frequency
Start (Hz) 10,000,000
Stop (Hz) 30,994,688
Presets (Hz)
Start Stop
1.000.000 20,996,704
1.000.000 20.998.016
1.000,000 200,000,000
10.000.000 20.000.000
10.000.000 20,996,704
10,000,000
QO
Mode
Reflection -
Zoom

Freerun Single scan |

Speed:

= 49.5pF

A
4

y
A



Resonant capacitor value for the 54x27mm PCB antenna (l)

Target resonance frequency:

» We want to adjust our tag
fr_ targer ~ 13.6MHz operation around 13.6MHz

1 1
C = ’ C = ‘ C arget — 153pF
2T frrarged)? L ‘arget (2 - - 13.6MHz)? - 895nH e ’

We calculate the C,,. :

Res
CRes - Ctarget - Cfr _ current ‘ CRes - 153pF _49pF ‘ CRes = 104 pF

We adjust it with commercial values and we solder
the C,,. in parallel to the antenna connectors:

Res

We need an extra
~104 pF ’ Cres = 100 pF capacitance of 100pF

C

Res

27 B KSowtedge



Assemble & measure resonant frequency

Measurement setup:

NTAG I2C
plus1C

HF - VHF wireless analyzer

miniVNA

mini RADIO SOLUTIONS

CRes
(100pf)

oHG

Antenna
coil

¥ vna/) Version 3.1.8 - a x
ile Tools Calibration Export Analyzer Presets Help
Bomwn g =m@BE=RR 2 WK E
Z| (Ohm) j Y Autoscale | EB| B (B (@ RP () ~| Frequency
. 4 Start (Hz) 10,000,000
Stop (Hz) 19,998,830
Presets (Hz)
Start Stop ‘
1.000.000 20,996,704
1.000.000 20,998,016
1.000.000 200,000,000
10,000,000][ 20,000,000
10.000.000 20.996.704
10.000,000 30,995,808
10.000 I 14,000 X X - 3| [ I [©
Freq. (Hz) RL (dB) RP () 1Z] () Rs (Q) Xs (Q) Theta SWR
M Mode
Il 13,825,585 l -0.25 -0.08 34906 3486.6 -168.0 -28 69.89:1 | [l Vi e Reflection M|
A | Zoom |
2 1 v Freerun ingle scan
¥
3 N ——
1 Speed:
1 1 8 -4 0 4 8
1
b 0/1/1 - 100% completed miniVNA-pro/COM11 2000/0 REFL_miniVNA-pro.cal

v

Good enough! If required, we can fine tune the
capacitance until we reach the desired f

res

h
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Recap and closure




Recap of the antenna tuning steps followed

1. Design the antenna coil
Determine the size and the specs of the antenna >
(number of turns, track width, spacing, etc.)

We selected 54x27mm PCB antenna
board included in kit

2. Measure antenna coil
Characterize R,L,C antenna coil parameters p”

We separate the NTAG I2C p/us from
the PCB board to characterize the
antenna parameters

3. Calculate the resonant capacitor value
Determine the value of resonant capacitor to set
the tag to the target resonant frequency >

We solder an extra capacitance of
100pF

4. Assemble & measure resonant frequency
Measure the resonant frequency and adjust the

capacitor value if needed » This is the adjusted antenna tuning at

fres=13.8MHz

h
P
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https://www.nxp.com/products/identification-and-security/nfc/nfc-tags-for-electronics/ntag-ic-iplus-i-explorer-kit:OM5569-NT322E

Further information

- NTAG I°C plus:

- NTAG antenna design guide:

- Get your technical NFC guestions answered:

- List of Approved Engineering Consultants (AEC)
for NFC.:

PR {


http://www.nxp.com/products/:NT3H2111_2211
https://www.nxp.com/docs/en/application-note/AN11276.zip
https://community.nxp.com/community/identification-security/nfc
https://nxp.surl.ms/NFC_AEC

Your ultimate guide to designing
antennas for the NTAG 1°C plus

Please remember to fill out our (pop-up)
Check your email for and on-demand
addresses

Please check NXP and MobileKnowledge websites for
and

h
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http://www.nxp.com/support/classroom-training-events:CLASSROOM-TRAINING-EVENTS
http://www.themobileknowledge.com/content/knowledge-catalog-0

MobileKnowledge

MobileKnowledge is a team of HW, SW and system engineers, experts in smart, connected and
secure technologies for the 10T world. We are your ideal engineering consultant for any specific
support in connection with your IoT and NFC developments. We design and develop secure HW
systems, embedded FW, mobile phone and secure cloud applications.

Our services include:

= Secure hardware design

= Embedded software development

= NFC antenna design and evaluation
= NFC Wearable

= EMV L1 pre-certification support

. . . MOBILE
= Mobile and cloud application development E WORLD CAPITAL.
BARCELONA

= Secure e2e system design

secure 1oT revolution
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http://www.themobileknowledge.com/
mailto:mk@themobileknowledge.com

