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Le systeme NFC,
c’'est quoi ?

Near-Field Communication

Communication sans contact

Utilisation simple

De nombreux usages

Plusieurs supports
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Le systeme NFC,

comment ¢a marche ?

& Champ magnétique

Transpondeur

€

Energie

€

Données

Lecteur

IUTTA

Grenoble
Distance : ~ 3cm
Frequence : 13.56 MHz
Débits : 106, 212,424 ou 848 kbits/s

Plusieurs normes

Le transpondeur utilise I'énergie du lecteur
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GNU RadiO' Logiciel open-source
et ¢cac’est quoi ?

Codé en C++ et Python

AI Pour I'implémentation de radio logicielle et de traitement de signaux

Notre utilisation: « GNU Radio Companion
e Pour de la simulation

e Comprendre les systemes NFC
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Diagrammes : Trame REQA

Options Variable Variable Tag Object
Title: REQA ID: samp_rate ID: clock ID: SO
Pathor cortesan Valwe: 135.6M Valwe: 7.8k LiEzBI
Key: S0F
Qutput Language:
Pythen Valwe: 0

Generate Options: OT GUI

Source IDv: wecsrc

QT GUI Time Sink
Number of Points: 32,758k
Vector Source .
Vector: list{map(intlct] R Throtte Sample Rate: 135.6M
| ezl in e 'Epﬁt v
g . Sample Rate: 135.5M Putoscale: Mo
Tags: 0 Interpolation: 2k
Limit: Mon=s
Repeat: Yas
Source NRZ Signal NRZ
Vector Source
Vector: [1]%int{samp_ratz/...
== Embedded Python Block
= s Samp_Rate: 135.6M
Clocle &7.8k
Vector Source
Vector: [0]%int{samp_rate/... MRZ to Miller modifié
Tags:
Repeat: ‘&s T GUI Frequency Sink
Decimating FIR Filter QT Gl Freg
Multiply p-lin| Decimation: 2 1y S FFT Size: 32758
? T 1 ) Center Frequency [Hz): 0
P Bandwidth (Hz): £7.8M
Signal Source

Sample Rate: 135.6M
Wawveform: Cosine

Frequency: 13.56M
Amplitude: 1

Offset: 0
Initial Phase [Radians): 0 6

Porteuse




W Miller madifié

W Signal modulé Q0K

W Signal modulé QoK
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Diagrammes : Trame ATQA

Options Variable Variable Import Tag Object
Title: ATQA ID: samp_rate ID: cleck Import: np ID: S0F
e Value: 135.5M Value: 57.8k Offset: 0
Output Language: Python Key: SOF
Generate Options: OT GUI Valua: 0

Source ID: vecsrc

Vector Source Th

Vector i tlist]... Repeat

r: ist{map(int ist{ i Sample Rate: 135.5M
Tags: 0 Interpolation: 2k Limit:

im one
Repeat: Yes
_ QT GUI Time Sink
Signal NRZ
Source NRZ . Mumber of Points: 4096k
Float To Short Sample Rate: 13.56M
out Geale: 1 Autoscale: No
Ind Short To Float

Vector Source Xor |gut—"in Scale: 1

Vector: [0]%int{samp_rate/... _._..---""'_-"inl '
jout

Tags:
Repeat: Y=

Signal Source Multiply
Sample Rate: 135.6M
Waveform: Squars Add Const
Frequency: 547.5k - Comstant: 300m
Amplitude: 100m T GUT Freqguency Sink

g ASK 10% Decimating FIR Filter Q red
Offset: O FFT Size: 32758
(sous-porteuse) Decim ation: 7 H
Initial Phase (Radians): 0 T X Center Frequency (Hz): 0
aps: .
Bandwidth (Hz): &7.5M
Sous porteuse Signal Source e

Sample Rate: 135.6M
Waveform: Cosine

Frequency: 13.56M

Amplitude: 1
Offset: 0 8
Initial Phase (Radians): 0

Porteuse




Relative Gain (dB)
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Mesures : Puissance / Distance

LOG10 Distance

Distance (cm)

Tension peak a peak (mV)

Sens harizontal Vix) Sens vertical Viz)

Tension efficace (mV)

Sens horizontal Vix)

Sens vertical Viz)

Puissance (dB)

Sens horizantol Vix]  Sens vertical Viz)

-0,602059591
-0,301029596
-0,124538737
]
0,096510013
0,176051259
0,243038049
0,3010295%906
0,352182518
0,397940009
0,439332694
0477121255
0,544068044
0,602059591
0,653212514
0,698570004
0, 740362689
0, 77815125
0,812913357
0,584509804
0875001263
0, 903089987
0,9294185%26
0,55424 2509
0,5977723605
1
1,041392685
1079181246
1,1153%43352
1,14612 80306
1,176051259
1,204119%83
1,2304485%21
1,255272505
1,278753601
1,301029%96

0
0,25
0,5
0,75
1
1,25
1,5
1,73
2
215
25
2,75
3
35
4
45
5
5,5
5
§,5
7
75
g
25
g
35
10
11
12
13
14
15
16
17
18
19

20

1
30
g0
140
207
790
380
550
780
800
540
580
440
280
230
177
129
92
70
58
43
33
25
19,7
15,3
13,1
10,9
5.9
47
2,9
2,2
13
0.3
0.6
0,48
0.4

F

1950
1710
1510
1170
1060
900
770
630
610
550
490
440
380
280
230
157
133
117
103
1
75
54
53
50
43
37
32
25,3
20
16,1
13,3
10,9
28
76
5,4
5.6

r

0,707106781
21,21320344
56,56854249
98,99454937
1463711037
205,0609665
268,7005769
3895,9797975
551,5432853
565,6854249
452,54834

410,1219331
311,1269837
197 9838987
162,6345557
125,1579003
91,21677477
65,05382387
4549747468
41,01219331
30,40559159
23,33452378
1767766953
15,93000359
10,81873375
9,263098834
7,707463915
4 87503679

3,323401872
2,B28427125
2,050609665
1,555634919
0,919238816
0,565685425
0,424264069
0,339411255
0,282842712

1378,858223
1209,152596
1067,73124
827,514934
749, 5331881
636,3961031
544 4722215
487,903679
431,3351365
355,9797575
346,4823228
311,1269837
275,7716447
157, 9898587
162,6345597
115,0868325
94 0452019
B2,7314534
72 83199846
62,22539674
53,03300859
45,254834
374766554
35,35533%906
30,40559159
26,1623509
22627417
17 8B5E0156
14 14213562
11,384415138
9,40452019
7,707463515
6,222539674
5,374011537
4 5254834
3,555797575
3,535533%06

-2
0,554242509
1,806179%74
2,492256071
2,6315406591
2,5247355%96
3,1585671593
3,496376054
3, 784189205
3,806179%74
3,612359%45
3,526B55987
3,486505353
2,894316063

2,723455672
2,495%45533
2,221175421
1,527575655
1,68019808
1,526855%987
1,266936911
103702788
0, 795880017
0,588532452
0,369382862
0,234542591
0,0748525906
-0,322301819
-0,655804284
-0,795880017
-1,075204004
-1,315154638
-1,772113295
-2,193820026
-2,4436574595
-2,637517525
-2, 795880017

4 580065223
4.465992221
4 357953895
4136371723
4 050011731
39084585015
3,77298145
3677698181
3,57065567
3,496376054
3,38039216
3,2B6905353
3,182125214
2,894316063
2,723455672
2445432942
2247703282
2,136371723
2,02567444%5
1,5868965344
1,750122527
1,612355548
1448551735

1,359794000%5
1,266936511
1136403448
1,010295957
0806241042
0,602055991
0,413651752
0,247703282
0,074852996

-3,111034656
-0, 238372815
-0,387640052
-0,503623546
-0, 602059891

Puissance [dB]

Puissance [dB]
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Puissance du lecteur en fonction de la distance

[
Ln

Distance [cm}

—g—>5ens horizontal V(x)  —a—Sens vertical vz

Puissance du lecteur "LOG(V(z))" en fonction de la distance "LOG(z)"

rd

Distance
—a@— Fuissance du lecteur wennenens COUMDE théorique (Fit) I 0
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Mesures :1ISO 14443-A o

EDU-X 10024, CN57300535 Mon Jan 08 11:16:44 2024 EDU-X 10024, CNS7300595: Mon Jan 08 11:14:02 2024
1 240%/ 2 39.40% 10.00%/ stop 41 2408/ 2 263 8= 20.00=/ Stop It A 2 60%

v

KEYSIGHT

TECHNGLOGIES

Cursors

Mode
Manual

Source
1

Cursors
X1 X2

Units
-~

=

%1:-1.000000us X2 3.000000vs Y1 -36.000mV ¥2: -96.000mV | x1: 173.40000us X2 183.40000uws ¥1: -96.000mV YZ: -96.000mV

AX 1/ A AY(1) ' AX 1/ AX AY([1)
+10.000000us +100.00kHz +0.0V +10.000000us +100.00kH: +0.0V

11
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Mesures :1ISO 14443-A o

EDU-X 10024, CN573006595 Mon Jan 08 11-16:44 2024 EDU-X 10024, CNG7 300595 Mon Jan 08 11:14:02 2024
1 2408 2 39 40% 10.00%/ Stop 1 2408/ 2 2h3.8% 20.00%/ Stop i . | 2.60%
ir I = i i G KEYSIGHT
: | i | TECHMGLOGIES
l Cursors
v Mode
Manual
+  Source
1
4D Cursors
K1 K2
Units
-
%1 -1.000000us | X2, S.000000us| ¥Y1: -95.000m\ Y2 96.000ny | L1 17340000us | X 183 40000 1: -96. 000m\ 2. -pE.000mY
A 1/AX AY(1) A 144 4‘([]?
+10000000us H100.00kHz +0. [ + 10 D00000uk + 100 . 00WH: +[.0V
O[O0[1T(1T/0,0|1T10[0|0 101000010100‘0000001
SOF | 0X6 | 0x2 |EOF | SOF| Ox2 | Ox4 | | Ox0O | Ox0O | |EOF

11

0x26 => CRO95HFDLL_SENDRECEIVE, 2607 0x4200 => Reponse du Tag
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Mesures : 1ISO 14443-A

EDLX 10024, CNE73005593 Wed Jan 17 11:4225 2024
1 2 41.00= 10.00s/ Trig'd T HER 3.70%

& kl \EDU- 10024, CNE7300595: Wed Jan 17 11:60:15 2024
2 2405z 20.00s/ Trig'd I 3.7a%

KEYSIGHT

TECHMOLOGIES

=

F_T'

Cursors

0 Mode
Manual

T

+ ) SoUrce
et

———————

+) Lursors
e

|
Linits

-

L
¥1- 13.66000MH: X2: 16.10000MHz Y1:-117.687d8 Y2 2.313dB
AY; 11X AY[FFT]
+2.5400000000ARz +350nH; +120.00048 L ¥1: 1366000MHz %2 14 41000KH: Y1 18812548 Y2 11.875dB
A 1A% AY[FFT):

REQA -+B50.00000kH: +1.15uHz +160.0004E

= e —— —

12



Mesures : ISO 15693
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EDU-X 10024, CNG/300595 Wed Jan 10 131829 2024
1 2000/ 2

1.2102 330.0%/

v N

JL

2 Mode

ol

1 -975%
KEYSIGHT

TECHNOLOGIES
Trigger

Trigger Type
-

Buto

Coupling
DL

Noise Aeject
T

HF TE]HJ.’-"E 1 3
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Mesures : 1ISO 15693 oo

EDU-X 10024, CNB7300595 Wed Jan 10 13:20:03 2024
1 2008/ 2

v

75.52 Us

EDU-x 10024, CNBE7300555: Wed Jan 10 13:21:04 2024
1 2008/ 2 2.076%2 120.0%/ stop iy -970%

KEYSIGHT

TECHMWOLOGIES

Trigger

Trigger Type
-

2 Mode
Auto

1 Loupling
DC

Moise Reject
T

HF Reject

37.76 us |

-2 400mV
DC 1.00:1 |DC

+433.00mV

+ > Holdoft

-2.400mY +4.35.00mY ' 60.0ns
DC 1.00:1 DC 1.00:1

SOF 1000 0000 1001 1000 1100 0011 0010 1101 EOF

SOF 0000 0000 0001 1110 0000 1111 EOF

14
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Mesures : ISO 15693

EDU-x 10028, CWa73005035: Wed Jan 17 1203:37 2024
1 2 374 s o0 00s/ stop Il ] 1.68%

\EDU- 10024, CNE7300595: Wed Jan 17 12:17:13 2024
2 1.000z ol 00s/ stop SHEA 1.5G%

KEYSIGHT

TECHMQLOGIES

:
4

iz

F_T.r

Cursors

7 Mode
Manual

J e
4

e, el L e, [Tt ey Ll

+ 0 Solrce

:
|
|
|
|
|
|
|
|
|
|
|
|
| FET

+) Lursors
%

[ Units

i

T
%1 19.56000MHz %2 14.50000MHz 1. 7.B90dE Y2 -144.310dE
A 1A% AY[FFT) 1 i
+340.000000kHz +1.06ukz -152.000dB 1 %1 13.66000MHz %2 13.98400MHz Y1 7.6004B Y2 14431008
AY 1A% AYFFT):

REQA +4.24 000000kHz +2. 3buHz -122.0004E

15



I U I 1 A EDU-X 10024, CNB7300535: Mon Jan 08 11:16:44 2024

G bl 1 2408 2 39.40% 10.00%/ Stop T 2 60%
™ T

renopie | i KEYSIGHT
Université Grenoble Alpes ! I TECHNOLOGIES

I Cursors

Mode

Manual

®
Comparaison:
1
o
Cursors
K1 %2
.
Units
~i-
Irame RE QA | -
|
¥1--1.000000us X2 9.000000us Y1 -96.000mv ¥2: -96.000my
A 1/ A AY(1)
+10.000000us +100.00kHz +0.0V
W Miler modifié

M Signal modulé Q0K

Amplitude

120 130 140 150 160 170 130 190

Time (us)

16
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Comparaison:

_2[] —]

_4[] —

_E,[] —

_a[] —]

-100 —

ISO 14443-A
Trame REQA

EDU-x 10028, CHa7300593: Wed Jan 17 11:42:25 2124

1

L

41.00z 10.00z/ Trig'd

ek

1

3.7a%

:‘.

-

L
#1: 13.96000MHz X2 16.10000MHz  Y1: -117.687dE

20

4

KEYSIGHT

TECHMOLOGIES

Cursors

Mode
Manual

SOUrCe
FrlE

Cursors
%1

Units
~i-

¥2- 2.913dB
AX: 17AX; AY[FFT)
+2 540000000kH; +390nHz +120.0004B

12.IIZIEIEI 12.|5EIEI 13.:][]0 13.|5EIEI 14.:][][] 14.|5EI[I 15.:]0[]




I U I 1 A EQU-X 10024, CNB7300595: Mon Jan 08 11:15:01 2024

1 24.0% 2 186.8% 5.000%/ S 1 2.60%
Grenoble o g

Université Grenoble Alpes KEYSIGHT

TECHNOLOGIES
Cursors

3 Mode
Manual

+ Source
1

Comparaison:

ISO 14443-A
Trame ATQA

) Cursors
K1 %2

Units
=i

I
|
X1 173.40000us  X2: 183.40000us  ¥1: -96.000mV Y2 -96.000mV

A 114X AY(1):
+10.000000us +100.00kH:z +0. 0%
i B Manchester
2,9 —
. B Manchester * Sous Porteuse
B Manchester modulé Sous Porteuse + Porteuse
2 —
1,5 -
35
35 1]
=
E
ot 0,5 —
U —
-0,5 ]
_1 —
I T T T T I I I T T T T I I
50 100 150 200 250 300

Time (us)

18
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Comparaison:

ISO 14443-A
Trame ATQA

EDU-x 10028, CHa7300593: Wed Jan 17 11:50:15 2124

1
— 7

F

F_T.r

L

240 65 20.00%/ Trig'd

1

3.7a%

= e —— —

mmmmrmmrmmo

——————

e

feh

KEYSIGHT

TECHMOLOGIES

Cursors

Mode
Manual

SOUrCe
FrlE

Cursors
e

Units

~-

¥1- 13.50000MHz %2 14 41000MHz Y1 -148 125d8 Y2 11.875d8
AX: 1/AX; AY[FFT)
] +850.00000kH: +1.18uHz +160.000dB
_2[] —
_40 —
_&U —
_B_D —
-100 — m ”}
-120 —
19
S.E:EIEI | | | lﬂ.I!]EIEI | | | 12.:][][] 14.:][][] | lﬁ.l!][][] | IB.I!]EIEI |
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Comprendre le fonctionnement du NFC Réaliser des communications NFC

Simuler des signaux NFC Décoder des trames NFC

20



