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NFC Reader Antenna Design 4:
Optimization & Debugging

» How can we guarantee proper functionality?
— Measure the current consumption (ITVDD)
— Measure field strength: ANT#5
— Measure wave shapes: ANT#5 } Part of compliance tests
— Measure & adjust the Rx level

» How can we optimize performance?
— Use a sniffer
— Use test & debug signals
— Test receiver signals to optimize register settings Example
— Show “good” and “bad” signals

» Q&A
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What must be tested?

Power Transmit Data Receive Data
/:,/'—/'
— —— )
EESS —=—= —
) D D [ _/
[ [ [ * ) [ T_D_
PCD =-» PICC PCD <= PICC
MILLER coded DATA LOAD modulated DATA
PCD: Proximity Coupling Device (“reader®)
PICC: Proximity Chip Card (“card®)
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Hardware like in ANT#2 & ANT#3

CLRC663 “red board” PCB ,antenna“ from PNEV512B
(matched in ANT#2)
http://www.nxp.com/demoboard/CLEV663.html http://www.nxp.com/demoboard/PNEV512B.html

——— y

Blueboard PNEUS1I28 fAntenna

NH=

\
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Step #1:. Current measurement
Power supply of Red Board

1 1t
7 T
N o o - A==) 5Vdc
Min 7.5 \>,\ELC;: %% % %s
I

NFC Reader Antenna Design 4 / Renke Bienert March 16, 2015



Step #1:. Current measurement

Power supply of CLRC663
TVDD =VDD =+5V |PNDDIERO

=
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Step #1:. Current measurement

Connect Ampere meter
g TUBD/UDD [

A, UMIZ
— A& (§

TVDD-Jumper

CL RC663
l Red Board
| Top view

A |==] 224

Remove 0 Q jumper ND (G

Assemble 2 pins

Connect ampere
meter

. ] DUDD AUDD"
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Step #1:. Current measurement
Connect Ampere meter

b
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Step #1:. Current measurement
Connect Ampere meter

Tx On (no modulation) Tx Off (no catrrier)

PM2519 automatic multimeter PM 2518 automatic multimeter

Check under all possible loading conditions!
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Step #1:. Current measurement
ITVDD under loading condition (phone)

Worst case loading (for this antenna): %

* Phone in 5mm distance

ITVDD = 180mA < 200mA!
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Step #2 & 3: Field strenght & Wave shapes
ISO / IEC 10373-6 Reference PICC

. e &
Q2 CONYVam

CETECOM ICT Services GmbH

c104) VN
/| Rev 2.0 7 2012

Details will follow in ANT5 “Test & Qualification”
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Step #3: Wave shapes
Type A @ 106 kbit/s in 35mm

CETECOM
P

W Anal | Setti
Capture Signal Save Screen SR l Settings
Manual
1- Measurement

i F'Tl Measure Signal

0,6- I

04- ' Limit Check Selection
4 02- 1 11S0/1EC 2011
g >4
i Modulation Type
£ 02- P— -
& -0, 2 A106

-04-
-0,6-
0,8\

-1

Manual Cursor
__Measurement Results |

Manual High [V]
2,58

s
m
(.}

Manual Low [V]

\ '.H'@g] J ISO/IEC 2011 A-106 ® =

Manual Amplitude [V]

‘I: Lower | Measured WLVJVpper ‘ [ Cursor: X Y ﬁ |4,38m

& Limit | Value Limit B Auto100% 0 0,751442

G tl[1/fc] 28 40,0 40,5 BB Fall Start 4,257265E-6  0,676298 Manual Mod Index (%]
<

21/ 7 252 400 BE Fall End 5,320883E-6  0,0375721 85m
: Bl RiseStart  7179399E-6  0,0375721

21 A .
::3:3 g,o 49(7) 26 Rise60%  7.472257E-6  0,450865 Manual Duration [s]
s 2 B8 Rise End 7,895778E-6  0,676298 12,65u
Quershoot %] |0 Lk 10 Manual Start  7,536705E-7  2,57391 ,
Undershoot [%] |0 06 10 B Manual Stop  3.406199E-6  2,57828 S anilu=ton e
ASK Mod. Depth [%] | 95 994 100 A 36
Detected Modulation Type Monotony Pass 3 .

STOPP

A_106
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Step #3: Wave shapes

Type B @ 106 kbit/s in 35mm

Capture Signal

Save Screen

Waveform Analyzer

0.2

0.1-

Amplitude

-01-

-0.2-

B

Amplitude

Detected Modulation Type
B_106

04-
037 'www !m ===

1 .
-04-!

r

STOPP

1 1
25e-6  SE-6

Bl

mod index [%]
tf[1/fc]
tr[1/fc)
Undersheoot [%]
Overshoot [%]
Monotoy falling
Monotony rising

Settings

8

oo mn o

i
7.5E-6

ISO/IEC 2011 B-106

“Lower
Limit

w

Measured  Upper

Value Limit
113 14
103 16
101 16
14 6.8
0.6 6.8
Pass

Pass

1 1 | 1
1e-5 1.25E-5 1.5E-5 175E-5 2E-5

Cursor:
Il Auto High
B Auto Low
BB Fall Start
BB Fall End
B3 Rise Start
BB Rise End
Manual Start
B Manual Stop

X

0

0
8.918902E-6
9.681922E-6
1.836702E-5
1.911256E-5
9.768352E-6
4.267537E-6

1 1 ] 1
2.25E-5 25E-5 275E-5 3E-5

Y
0.337866
0.269009
0.33008
0.275895
0.33098
0.275895

113131
1.9697

CETECOM
gyt

Manual
Measurement

Measure Signal

Limit Check Selection
“1150/1EC 2011
v,

Modulation Type
21B_106

4

Manual Cursor
Measurement Results

Manual High [V]
197

Manual Low [V]
113

Manual Amplitude [V]
838m

Manual Mod Index [%]
127
Manual Duration [s]

5.5u

Manual Duration [1/fc]
746

|

|
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What must be tested?

/Power Transmit Data\ Recelve Data

/:/_,f/'
— — 1 |
B T~ T~
) D D [ _/
[ [ [ * ) [ T_D_
PCD =-» PICC PCD <= PICC
MILLER coded DATA LOAD modulated DATA
OKI
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Step #4:. Adjust the Recelver
Connecting the Rx

TVDD For both RXN and RXP:
b Cpe = 100nF
= Cry = 1nF
—— Coe R, =1kQ
xp-GND | | Co R, = 12k ...18kQ

See next slide

R1
/ Tx1 Lo \ C, Rs (" Rea N

_ | -
NFC IC C, cu | o
TVSS
| GND Coa
- C0 C21 C22
T*2 Lo c Re
1
_ | -
\ EMC Filter / \Matching / @ntennacob
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Step #4:. Adjust the Recelver
Adjust the Rx level

Ury £ 1.7Vpp (RC663)

« Switch on the Tx (continious carrier)
* Measure Uiy, on RXN pin with a low capacitance probe (< 2 pF)

* IfUgy > 1.6Vpp ->Increase R,
* If Uz <1.0Vpp -> Decrease R,

Check under all loading conditions!
ReferencePICC,

Phone,

different cards,

etc.
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Step #4:. Adjust the Recelver
Measure Rx with Load 1

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek  Stopped 28T hoygs 19 May 14 14:04:38 —
Curs1 Pos
1.38Y
Curs? Pos
2R2.0mYy
vl 138v
Y2 252 0my
v -1.1z8v
......... o
15 27 : : PRPRICH- 4000y : :
PKPKICT) 320.0mY : : WaniCl) © 1200mY : : : _
eanll s . SEGTEMY . L Lol . PR-PRGEE L 1478V L > URX = 113Vpp
Ch3  z00mY © Cha

‘ x PUBLIC 17
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Step #4:. Adjust the Recelver
Measure Rx without Load

File  Edit Horiz/dcg  Trig Measure  Mazks Math
Tek  Stopped 3068 Acos 19 hay 14 14:07:22

Wertical Dizplay  Curzors Utilities

140.0mY
-16.17mY
3200y

-180 .0k
320.0mY
a0 Ot

PE-PIC4) -

Y1
V2.
Ly

MlaniC1)
PE-FEICA)E .

. -B1.08mY JzEEy .

Ch3 200y £ Chd

Help

Curs1 Pos

1.444Y%

Curs? Pos
186.0mY

1.444Y
156 Orr
-1.258Y

> Ugx = 1.29Vpp

NFC Reader Antenna Design 4 / Renke Bienert
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What must be tested?

/ Power

Transmit Data\

/:,—/'/'
. <‘; vy vV-—
— — 1 |
= i e
(-] -] -] * (]
PCD == PICC
MILLER coded DATA
OKI

PCD <= PICC

LOAD modulated DATA

bu

OK!
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Done?
» What, if the Reader does not properly read a card?
» How do we know that we have the optimum performance?

» What are the best register settings?

» We need to look into debug and test signals!
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Step #5a:. Debug a problem
Sniffer

Single turn coil,
connected to high
Impedance scope
probe

e.g. ISO/IEC 10373-6
Calibration coill

R TS TR N
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Step #5a:. Debug a problem
Sniffer with card

MIFARE Standard 1k

Sniffer does not load the reader (much).
Sniffer picks up the field (“unloaded®), i.e. U =k - H.

Coupling between sniffer and card is high, i.e. we “see” the card response.
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Step #5a: Debug a problem
Alternative Sniffer with card

Low cost sniffer:

~ Shortcut the probe.
Place the loop on the card.
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Step #5b: Debug a problem

Unlock the CL RC663

Execute unlock sequence to enable test signals:

b

b

b

Write ADR 0x66, 0x80
Read ADR 0x66
Write ADR 0x66, 0xCO
Write ADR 0x66, OXEO
Read ADR 0x66
Write ADR 0x66, 0xDO
Read ADR 0x66
Write ADR 0x66, 0xC3
Read ADR 0x66

|
P
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Step #5b: Debug a problem
Configure AUX pins

Route the RC663 internal testbus to the AUX1 and AUX2:
» Write ADR 0x6C, 0x09

» Write ADR 0x6D, 0x09

» Write ADR 0x65, OxXY

T

AUX1 AUX?2
Q-Channel Q-Channel
I-Channel I-Channel

Filtered Q-Channel
Filtered I-Channel
dpresent_sum
BPSK sum

Filtered Q-Channel
Filtered I-Channel
dpresent_sum
BPSK sum

> O AWNPR|X

> O D WN R
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Step #5b: Debug a problem
Configure AUX pins: Script example

[[> ----m-- unlock procedure

T T T T v v v W W v

SR 66 80
GR 66
SR 66 CO
SR 66 EO
GR 66
SR 66 DO
GR 66
SR 66 C3
GR 66

SR 6C 09

SR 6D 09
SR 6512

SR 47 05

) ¥ 4
A \

/] route test bus AUX1
/l route test bus AUX2
/] set Aux1/2 to I/Q

/] set SIGOUT register: route Tx active signal to SIGOUT pin

NFC Reader Antenna Design 4 / Renke Bienert
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Step #5c: Debug a problem
Connect Testsignals

AUX1 and AUX 2

* Analog signal

« for debugging purpose

e very short traces

. « configuration via registers

©) \©)

DUDD™ AUDD™

(uﬁi(:’% 5

GND Sigout

I

! SigOut

| * Digital Signal
I

I

I

« for debugging purpose
« for triggering a scope
« configuration via registers

N
SOUT

a
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Step #5: Debug a problem: Debug setup

Sniffer
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Step #5: Debug a problem:
Type A debug signal 1

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek  Run Sample 19 Maf.' 14 16: I]IZI 3h —

| |t Ch3:
Wil Sniffer signal showing Load
! modulation of a MIFARE card

(type A)

j Ch2:
, AUX1 = Q-Channel

..... 1 Ch1l:

Wan(Cd) | 140.0rmY . . TMinicd)  -180.0my . . .
gan(C2) - 5284y : : P-PKC4)- 320 0mY : : : — .
BEEy pric1) G20.0my : : Fan(Cl) © 540.0mY : : : AUX2 = |-Channel
[W=an G . BA9Smy . . s s PE-PRICIYE L SAaEY:
Ch1 00y Chz SO0y
Ch3 1.0¢ Chd
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Step #5: Debug a problem:
Type A debug signal at close distance

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek  Run Sample . 19 hay 14 15: I]IZI 15 —

Snlﬁer signal showing Load
'l modulation of a MIFARE card

(type A)

o *"\"
‘ ‘ ‘ ‘ ||| l ‘ :w M' iﬂzm Q-Channel

1 LERTy | Ch1:
an . 140 0y . -t in I'. . . | —

whiney e R @ | AUX2 = I-Channel
I.J T .In W : : PP F‘kilj‘ﬂ . 5;35'-,-'. T T
Dh1 S00mmY Che S00mY

Ch3 1.0¢ Chd
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Step #5: Debug a problem:
Type A debug signal at medium distance

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek  Run Sample 19Ma 1415I]IJ5I3

Ao
AL FSLE LI | Sniffer signal showing Load
i modulation of a MIFARE card

= (type A)

Ch2:
, AUX1 = Q-Channel

Chl:

WaniCd) 140 0y I'-.I'IIHI:D4:I . =180 0my
ean(Cz] - SEV Gy

-I'-‘H -PR(C4)- 320.0mY : : : —_
NE kF'k(mj 3500 ' gwlaﬁimj C F20.0mY ' ' ’ AUX2 - |-Channe|
Mlaar Tl . BASEETY . . . s . PERRICEE L FARN: L L
Dh1 SO00MY Chz SO0y
Ch3 1.04 Chd
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Step #5: Debu

g a problem:

Type A debug signal, I-Channel =0

File
Tek

Edit  Mertical Horiz/dcg  Trig

Dizplay

LCurzors Measure  Mazks Math

19 hay 14 15:01:60

Utilities

Help

: Ch3:

Sniffer signal showing Load

M modulation of a MIFARE card

an (G4 1400 . . e -220.0mY
ean(2] 527 OrnY : : -%I'-‘H-F‘k(m] - 360 .0mY
N k-F'k(mj 3200 ’ ’ EETTI FO0 QY
s ar S BASANY . . . . s PE-PEICETE &N L L
Chi S00mY Chz S00mY
Chz 1.0 Cha

| (type A)
Ch2:
AUX1 = Q-Channel

| Chl:
1 AUX2 = |-Channel

NFC Reader Antenna Design 4 / Renke Bienert
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Step #5: Debug a problem:

Type A debug signal at large distance

Measure  Mazks Math
19 dMay 14 15:06:17

File
Tek

Edit  Mertical Horzddoqg  Trg  Display Cursors

Utilities

Help

Ch3:

Sniffer signal showing Load
modulation of a MIFARE card

| (type A)

Ch2:
y AUX1 = Q-Channel

1 Chl:

.. aHl:E4 :I - 1 4|:||:|m'.l.' .............. Nm |:|34:| . _22|:||_'|m'.l.' .............. N
an(Cz) - GET. 1MV Pr-PRC4)- 360.0mY - — I
BEEy pric1) 360.0mY Waw(C1) 72006y ; AU X2 - | Chan nel
Pl Tl . SEOOFOY . . . o L. PE-PECTE . 13BN L b
Ch1  SO0mY Ghz  SO0MY
Cha  1.0v Chd
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Step #5: Debug a problem:
Type B debug signal at small distance

File  Edit  “ertical Horzdéog  Trg  Digplay  Cur Measure  Mazks Math Utilities  Help

Tek  Run Sample 20 M ay 14 10: 15 i —
| i | |

Sniffer signal showing Load
modulation of a type B card

',|f flnm fuu;,ﬂl'f“””””f'i”

ML Ly o= eomme

. (c4]. 160.0rY . Bhinizay  -180.0my
aniCz) - 526.0mY : : PRPRIGY)- 320.0mY

_k-F'k(D1:| 50.0riY : : Waw(C1) 200y _ : :
(T . 1RSI L L s PE-RRICSIE L Ay

[ ]

Ch1  200mY Ch2 SO0y

Ch3  SO0mY Cha
’ x PUBLIC 34
H N NFC Reader Antenna Design 4 / Renke Bienert March 16, 2015



Step #5: Debug a problem:

“Good” type B debug signal

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math
Tek 20 hay 14 10:69:2

e s e e e e S RS B s UL LU R g g A g UL UL |

Curs? Pos

1.698ms showing Load
g modulation of a type

AMlin(C4) 0 1800
PE-PR{CE] - S20.0rmbY
Tas(Cl) - 50.0n

Chd

Help

Curs1 Pos Ch3

1749 8ps

Sniffer signal

1.84ms

ezt B card

Ch2:
AUX?2 = filtered Q-Channel

NFC Reader Antenna Design 4 / Renke Bienert
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Step #5: Debug a problem:
“Bad” type B debug signal

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help
Tek  Run  Sample 20 May 14 10:59:36 —

Curs1 Pos .
179.8p5 Ch3 ]
cuszros  ONITEr SIgNA
1.698ms showing Load
0. 1P modulation of a type

12 1.84ms

A 1EE
it Bzt B card

Ch2:
AUX?2 = filtered Q-Channel

CUURincay 0 -180.0my
PR-PRICH)- 9200y
FaniC1) SO0

Chd
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Step #5: Debug a problem:
“Good” type B debug signal

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek Run o sample 20 May 14 110228 —
S g BT IRIER. (A I e e RV g gy Fge i I Ch3:

pursl Pos Sniffer signal
1749 8ps .
_ | cuszres  ShOWING Load
----- s Sk R s b st ke 1.8398ms modulation of atype
: M 179 Eps B card
12 1.84ms
AL 1.66ms

108k BOZ.4Hz

Ch?2:

AUX1 = filtered Q-Channel

mp Chl:
E'EH " el PrPDe) o200y | AUX2 = Q-Channel

Ch1 00y Chz SO0y
Ch3 2o Chd
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Step #5: Debug a problem:
“Bad” type B debug signal

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek [EONLI S S CRNA S L L L SR A LS. | JLIN S S S L_=_=_2=D=M=ahl=1ﬁ=11=:D=2:!]3= g — Ch3
L ' . Curs1 Pos 1 . 1
s Snlffe_r signal
_ | oz ros showmg Load
- S e modulation of a type
: : K ' 1 179.5ps B Card

T - tE . 184m$
T : : : : : ar 1 GEmz
e 602 4Hz

Ch?2:

AUX1 = filtered Q-Channel

! el %
it PPRGH) | sz0omy | AUX2 = Q-Channel

Ch1 00y Chz SO0y
Ch3 2o Chd
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Step #5: Debug a problem:
Small type A response, “clean” reader

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help
Tek  Run Sample 20 May 14 12:02:20
N @ cha
: : : Curs1 Pos . —_ .
12 0y T_x Active = trigger
signal

Curs? Pos
404 . 0m¥

Y1 B9Z.0mY
V2o 404 .0mY
&y o 285 .0mY

Chi:
AUX2 = Q-Channel

wlaicd) o FAD.OmY . . AMiniC4) . -220.0mY

-16.08mY : : PE-PEICE] - 960 .0mY

1.208% ’ ’ lanic1) - 1.14a8%

FESEY . . . . . PEPREICEYE L ASTOmY . . . . ..

Chd 1.0 o Chd
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Step #5: Debug a problem:
no response, “clean” reader

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek:%unSample2DMay1412D15? — Ch4

L —————  6%211¥ TXx Active = trigger
] cumees SiGNA
’ ...................... | e

Y1 B9Z.0mY

! | ................... LB oo e e e l.l,lz . 4|:|4|:|m|.l.|
:| : : : : - : : : : 1 &Y -2850mY

Chi:
AUX2 = Q-Channel

4y 7E0.0mY . . Minicd) | -Z220 Omy

: -16.13mY : : AR-PRIC4] - 1.0% -
7 1248 Manit1y 11448 ) ) )
CLOBIEOEY . . . i IPE-RRICIYE L OASZOMY . . . i
Ch1 200y
Ch4 1.0% Q Ch4
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Step #5: Debug a problem:
Strong type A response, “clean” reader

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help
Tek  Run Sample 20 May 14 12:02:43
T @ cha
: : : : Curs1 Pos . —_ .
‘_u —
12 0y T_x Active = trigger
signal

A
Curs? Pos

i .... o AATQA e

w @ Z b Z Z Z Z 1wt emzomy
AU CHIIEIIN e . - e V2 A0d Oy
: &Y o -285 .0mY

Chi:
AUX2 = Q-Channel

AMiniC4) . -220.0mY
PE-PEICE] - 1.0 -
’ lanic1) - 1144
L PESRRICEYE L ASE0mY . ..

Chd 1.0 o Chd
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Step #5: Debug a problem:
no response, “clean” reader

File  Edit  “ertical Horzddoqg  Trg  Display Cursors Measure  Mazks Math Utilities  Help

Tek:%unSample2DMay1412D15? — Ch4

L —————  6%211¥ TXx Active = trigger
] cumees SiGNA
’ ...................... | e

Y1 B9Z.0mY

! | ................... LB oo e e e l.l,lz . 4|:|4|:|m|.l.|
:| : : : : - : : : : 1 &Y -2850mY

Chi:
AUX2 = Q-Channel

4y 7E0.0mY . . Minicd) | -Z220 Omy

: -16.13mY : : AR-PRIC4] - 1.0% -
7 1248 Manit1y 11448 ) ) )
CLOBIEOEY . . . i IPE-RRICIYE L OASZOMY . . . i
Ch1 200y
Ch4 1.0% Q Ch4
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Step #5: Debug a problem:
no response, “noisy” reader

File  Edt  “ertical Horzddog  Trg  Display Cursors Meazure  Mazks Math Utilities  Help

Tes R Sampe 20 May 14 130105 -
e e Ty Active = trigger

o GA2.0mY .
' Curs2 Pos Slgnal
R Sp|kes 404 0y

Z ) Z Z i ; Z Z Z 1 w1 smzomy

................... Ll oL "|"2 : 4I:I4I:Ir‘|'|'-.-'

|| . . . i . . . . - Y 285 .0mY
| Z ) Z I ) Z Z Z Z

Chi:
AUX2 = Q-Channel

- : : ; Noise example:
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Step #5: Debug a problem:
Small type A response, “noisy” reader

File  Edt  “ertical Horzddog  Trg  Display Cursors Meazure  Mazks Math Utilities  Help
Tek  Run Sample 20 hay 14 13:02:59
o | BRRNFSRNAS EREAS A ARENE R &&®  Ch4.
42 0 Tx Active = trigger
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L Still proper Rx function!
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Step #5: Debug a problem:
Small type A response, “noisy” reader

File  Edt  “ertical Horzddog  Trg  Display Cursors Meazure  Mazks Math Utilities  Help

Curs1 Pos . — -
420y T_x Active = trigger
signal

Tek

Curs? Pos

Start of ATQA  susomy

i : : : : Y1 B9Z.0mY
e N N V2 404 Oy
i : ‘ ‘ &y o -285.0mY

Chi:
AUX2 = Q-Channel

e R [ TR SV I | Still proper Rx function!
Sz smy - PrPRC4)- 104y - - -
124 - : : “Mlaric1y 1.084%
(o . 447 ey . oo il TPR-PRICE)E L BEOWNY. . oo¢ o
Ch1 200rmY
Cha i.0% o Ch4

" x PUBLIC 45
NFC Reader Antenna Design 4 / Renke Bienert March 16, 2015



Conclusion

» Check ITVDD
— Under all loading conditions

» Power & Data transfer to the PICC

— Field strength: ANT#5

o Part of compliance tests
— Pulse shapes & modulation index: ANT#5 } P

» Data transfer from the PICC
— Adjust the Rx Level (Low capacitance probe!)
— Test and reduce noise level

— Optimize receiver settings
» Use a sniffer to control the RF
« Unlock test bus & route test signal to test pins
» Check the relevant test signals & optimize registers
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Anything else?

Please do not hesitate to contact NXP.

nfc.readers@nxp.com
WWW.NXP.com

Thank you!
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