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NFC Reference Devices

Abstract

This application note explains how to carry out basic tests as defined by the NFC
Forum Analog Specification, of NFC-enabled devices in listening and polling mode.
NFC Tags which support only listening mode are tested the same way.

Test antennas, the NFC Forum Reference Devices, are required to carry out the tests.
R&S offers antennas R&S®CSNFC-B8 which are compliant to the NFC Analog
specification. For NFC signal generation an SMBYV with option Digital Standard NFC-
A/B/F SMBV-K89 is used. Poller signals are available at the RF output of the SMBV,
listener signals are available at the baseband I-output on the rear side of the generator.

The NFC Measurement Software FS-K112PC controls an RTO oscilloscope with RTO-
K11 (or alternatively an R&S Signal or Spectrum Analyzer) which captures the NFC
signals and delivers I/Q data to the FS-K112PC. The FS-K112PC analyses the signal
and delivers pass/fail information for both poller and listener signals. Where this
application note refers to an RTO a suitable analyzer FSV, FSW, FSL or ZVL could
also be used.

The NFC Measurement Software FS-K112PC can be controlled remotely and thus all
its functions can be integrated in a customer’s test software.

Note: For some more advanced tests (which are not described in the following e.g.
testing Modulation Sensitivity in polling mode) a specific NFC Trigger is necessary
which is provided by the RTO but not with R&S signal- and spectrum analyzers).

The following abbreviations are used in this application note for R&S® test equipment:
The R&S®RTO is referred to as the RTO.

The R&S®SMBV100A is referred to as the SMBV.

The R&S®FSW is referred to as the FSW.

The R&S®FSV is referred to as the FSV.

The R&S®FSL is referred to as the FSL.

The R&S®ZVL is referred to as the ZVL.

The R&S®FS-K112PC is referred to as the FS-K112PC.

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 3
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NFC Reference Devices

Test Setup

NFC Reference Devices

Reference Polling Devices

When connected to the RF output of a suitable signal generator like the SMBV100A via
connector J1, an NFC Forum Reference Polling Device sends commands to a listening
device. The response from a listening device can then be captured and analyzed by
measurement equipment, for example an RTO connected to the J2 connector,
controlled by the NFC Measurement Software FS-K112PC.

NFC Forum Reference Polling Devices with 3 different antenna coil designs are
defined (poller 0, poller 3 and poller 6) and are part of the “NFC Forum Reference
Equipment” R&S®CSNFC-B8.

Fig. 2-1:: NFC Forum reference poller 3 (part of R&S®CSNFC-B8)

Reference Listening Devices

A NFC Forum reference listening device is used to capture the signal transmitted by a
polling device. For analyzing the frequency and wave-shapes of captured signals, the
NFC Forum reference listening device is equipped with an integrated sense coil, the
received signal is available at the sense coil output connector J4 which has to be
connected to the RTO controlled by the NFC Analysis Software FS-K112PC.

The NFC Forum reference listening device can also send information back to a polling
device, using various levels of load modulation generated by the SMBV baseband I-
output on the rearside.

The power transferred by the polling device under test is measured via the VDC out
connector J1 where the rectified induced voltage of the listener coil is output. The RTO

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 4
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Operating volume — geometric test points

(channel 2, DC coupling, 1 MOhm) has to be connected via a probe RT-ZP10 and an
adapter like the R&S®RT-ZA10 to this connector.

The VDC output voltage measurement is not supported by FS-K112PC but can easily
be done by the RTO directly.

NFC Forum Reference Listening Devices with 3 different antenna coil designs are
defined (listener 1, listener 3 and listener 6) and are part of the R&S®CSNFC-B8.

Fig. 2-2: NFC Reference Listener 3 (part of R&S®CSNFC-B8)

2.2 Operating volume — geometric test points

NFC analog tests have to be carried out on certain test points (14 points in total) within
the so-called operating volume which is a trunctated pyramid like shown in Fig. 2-3

£ axis

sSmm ' - T
xe '_ ‘.- p e ijj.s
\ Landing Flane

Reference Mark

Fig. 2-3: Operating volume as defined by the NFC Forum Analog Specification

1MA190 3e Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 5
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Operating volume — geometric test points

Ideally the Reference Mark should be marked on the rearside of an NFC enabled
device but often is not marked up to now (in this case try to find a point where the
power transfer is optimum, see chapter 3.2 for power transfer measurement).

The test points are defined by 3 coordinates z, r, ¢ like shown in Fig. 2-4 whereas
z can be 0 (vertical distance from Reference Mark = 0 mm) or 1 (vertical distance from
Reference Mark =5 mm).

(221)

(Z22) (Z20)

(223

Fig. 2-4: Target test points and coordinates (z, x, y)

The R&S NFC Reference antennas have a cross mark centered on the geometrical
center of the antenna so the devices can be easily aligned to a Reference Mark of a
NFC enabled device. The orientation of the R&S NFC Reference antennas versus the
NFC enabled devices is shown in Fig. 2-5 (The component side of the Reference
antennas is opposite to the NFC Enabled device under test).

NFC Forum —

Reference
Antenna Components

1

( )

Fig. 2-5: Orientation of NFC Forum Reference Equipment

Within the NFC Analog Specification there is a setup configuration defined, mainly to
adjust the RF level input to connector J2 of the NFC Reference Pollers as a function of
the position (z, r, ¢ = 1,0,0 which means centered position with 5 mm distance) and the
DC voltage measured at connector J1 (VDC OUT) of the according reference listeners.
Fig. 2-6 shows the relative orientation of the NFC Reference antennas during setup.

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 6
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Test Setup for Tests on NFC-enabled Devices in Listening Mode or for NFC Tags

(G
NFC Forum — NFC Forum —
Reference «— Reference
Listener Listener
 — |
[ 1 4
NFC Forum —
Reference NEG-Forun=
— Reference
Poller
Poller
—/

Fig. 2-6: Relative orientation of NFC Forum Reference Equipment during set-up (left: side view, right:
top view)

2.3 Test Setup for Tests on NFC-enabled Devices in Listening
Mode or for NFC Tags

The test setup for tests on NFC-enabled devices in Listening Mode or for NFC Tags is
shown below. One of the NFC Reference Pollers (part the R&S®CSNFC-B8) is used to
couple to the NFC enabled device under test and to connect the instruments. An
SMBV with option SMBV-K89 NFC-A/B/F Digital Standard generates the necessary
polling Signal. An RTO with option I1Q-software interface RTO-K11 (or as an alternative
a signal analyzer in 1Q mode) controlled by the NFC Measurement Software FS-
K112PC records the sense signal. FS-K112PC analyses in-depth the recorded 1Q-data
including pass/fail information and command decoding.

1MA190_3e Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 7
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2.4

Test Setup for Tests on NFC-enabled Devices in Polling Mode

PC with NFC Measurement

SMBYV Vector Signal Generator with option Software FS-K112PC

Digital Standard NFC-A/B/F SMBV-K89
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Fig. 2-7:Test setup for tests of NFC-enabled devices in listening mode or NFC tags

Test Setup for Tests on NFC-enabled Devices in Polling
Mode

The test setup for simple tests on NFC-enabled devices in polling mode is shown
below. One of the NFC Reference Listeners (part the R&S®CSNFC-B8) is used to
couple to the NFC enabled device under test and to connect the instruments.

The sense output is connected to channel 1 of an RTO (or as an alternative to the RF
input of a signal analyzer). The VDC output is connected via a 10:1 probe, like the RT-
TP10, to channel 2 of the RTO scope (set coupling for channel 2 to DC, IMOhm). If a
signal analyzer instead of an RTO is used to record the IQ data, use any other
oscilloscope. For basic tests in polling mode, the “Mod In” input of the reference
listener is not used.
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Test Setup for Tests on NFC-enabled Devices in Polling Mode

RTO with "IQ software interface
RTO-K11" or as an alternative:
Spectrum Analyzer FSL (FSV,
FSW) and an additional
oscilloscope

NFC enabled device under test
(polling mode)

==
J1 VCCout '
- et =
= Probe 10:1 M|
r-

z ﬁi Sense
—
-
J2 Mod In

NFC Forum Reference Listener (part of
R&S®CSNFC-B8)

LAN

PC with NFC Measurement Software
FS-K112PC controlling RTO or FSL
Spectrum Analyzer

Fig. 2-8:Test Setup for simple polling tests on NFC-enabled devices. Instead of an RTO a spectrum
analyzer controlled by the NFC Measurement Software FS-K112PC could be used plus an additional
simple oscilloscope.
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3.2

Setting up the Test

Basic polling tests

Setting up the Test

Connect a reference listener (e.qg. listener 3) as shown in Fig. 2-8 and place the device
under test (e.g. a mobile phone) with its back on the NFC Forum Reference Listener as
shown below.

seaos
< £ Drahtios und Netzwerke

Mobile Netzwerke

Tethering und mobiler Hotspot
Mobile Datenverbindung des Geréits Uiber USB, WLAN oder Bluetooth freigeben

s (VPNs) einrichten und verwalten

Fig. 3-1: Putting the NFC enabled phone on the Reference Listener for testing poller function (it is
recommended to use the solder side of the Reference Listener). NFC has to be switched on in the
phone settings.

Some tips for setting up the phone:
- Switch NFC on

- Set screen timeout to maximum because for most NFC devices the NFC polling is
switched off in parallel with the screensaver

Power Transfer and Carrier Frequency Test - Done with
basic RTO functions

Power Transfer and Carrier Frequency test on an NFC enabled device are not
supported by the FS-K112PC NFC Measurement Software but can be done easily
using the RTO basic functions.

Power Transfer is tested by measuring the DC voltage via a probe at J1 (VDC during
the un-modulated part of the poller signal).

Carrier Frequency is tested using the Sense output (J4) again during the un-modulated
part of the poller signal

Steps for setting up the RTO:
1. Preset
2. Horizontal: Time Scale 200us/div

3. Channel 1: DC 50 Ohm

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 10
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© © N o 0 &

11.

12.

Power Transfer and Carrier Frequency Test - Done with basic RTO functions

Adjust vertical scale so that signal is within scale

Trigger: NFC (NFCA)

Adjust trigger level to about 50% of max. positive amplitude

Trigger Mode: Normal

Open 2™ window at RTO screen

Channel 2: DC 1MOhm (default setting)

Adjust vertical scale so that DC is within scale

Draw Measurement 1 window at upper diagram and setup Frequency
measurement

Draw Measurement 2 window at lower diagram and setup RMS measurement

Measurement Windows 1 shows the measured carrier frequency during the CW part

Measurement Window 2 shows the RMS value of the DC voltage at J1

E 00 Diagram2: Ch1

t

= -400 mv

500 b

2013-05-06
18:18:03
| Horizontal settings

Res: 2 ns /500 M3a/s
Rec len: 1 MSa RT

| Trigge tings
Mo
NFC £ chi

Scl: 1 W/div
Cpl: DC 1MQ
Dec:Sa | TA: Off

Fav
Fav

2w

500 my 800 s .
5V J
Diagraml: Ch2

800 ps

800 ps

-400 ps

200 ps

200 ps

400 s 600 ps

800 y

Fig. 3-2: Example of a power transfer measurement (upper trace) on an NFC enabled device in
polling mode in parallel with a carrier frequency measurement (lower trace) with the Digital
Oscilloscope R&S®RTO. Measurement window 2 shows the DC voltage and measurement window 1
the carrier frequency.

1MA190_3e

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 11



Basic polling tests

1MA190_3e

Tests Using the NFC Measurement Software FS-K112

3.3 Tests Using the NFC Measurement Software FS-K112

3.3.1 Setting up the NFC Measurement Software

Start the NFC Measurement software on the PC and set up a LAN connection with the
RTO (or signal analyzer). The connection can be tested in FS-K112PC under
“Settings” with the Check Connection button.

Settings - " @
Instrument Settings Trgger Settings
Instrument IP Adiess 1011010147 Trigger Type NFC-A -
Check Connection NFC Trgger Event @|
Center Frequency [MHz] 1356 V| Auto Trigger Level
Sample Rate [MHz] oppop  Trigger Level [V] 0,0262031620554

Capture Length
apture Length [ms] HDldefTime[u:] 10,0

[¥] Auto Level

Time Out Time [3] g0
Level (dBm) -8.203657

/| Auto Trigger Offset
Auto Lyl Track Time [ms]

Trigger Offset [Samples] -9/6000
Channel [(RTO Only) Channel 1 -

Graph Settings

7] Use 1 MOhm Coupling [RTO only) o
\_| File reduced to Burst

7] Phase shovn

Ok ’ Cancel

Fig. 3-3:The Settings window for the NFC Measurement software FS-K112PC. “Trigger Type” is set to
“NFC-A” by default and “Trigger Event” to “SENS_REQ” ( with an signal analyzer use “Trigger Type”
“IF Power”) Change “Capture Length” to “100 ms” and “Auto Level Track Time” to at least “300 ms”.

Trigger Type is set to NFC-A by default and Trigger Event to SENS_REQ ( with an
signal analyzer use Trigger Type IF Power, there is no specific NFC trigger available).

Change the parameter Auto Lvl Track Time to at least about 300 ms within Tools-
Settings in FS-K112PC to be sure that the auto ranging of the scope finds the correct
range and trigger level. For some NFC enabled phones an even longer Lvl Track Time
may be needed dependent on the pauses of the polling.

Setup the Capture Length to about 100 ms to capture all different polling signals in one
trace. Select the used RTO input (normally input 1) connected to the sense output of
the reference listener.

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 12
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3.3.2

& NFC Analysis - Version 1.1 Beta

Tests Using the NFC Measurement Software FS-K112

Start the NFC Measurement Software

Start the measurement and analyze the captured signal by clicking the P> button as
shown below.

File  Tools  “Window  Help

e | wesumins (s )

Result Crverview

Fig. 3-4:Start measuring with NFC Measurement Software FS-K112PC by clicking the pbutton

A typical result should look like this:

File Tools ‘Window Help

b © M| NcStmdad: [AutoDetect v]  NFCBitate: [AutoDetect v BurstNo. (L -l |

Result Overvien

Curently Analysed Signal
NFE Modation

NFC Bt Rate [kbrs]
Foler RF

Listener AF

Functional Test

Signal Capture Time
Instiument Information
Instrument Addess

Centsr Frequency

Decoding

NFCA

106
[ pessed

na

1000

LR Foller Values | Foller PYT | Listener Vaues | Listener FvT_)” Capture Bufer

FF Faling, RF Listening and Functional Test parlly passed and party faied

Detected Paller Signals

NFEA ! NFC-A analysed
1
e [=——_NFC Signal ot Analysed due to Std.  mmmm Analysed RF passed |
NFCF z
120 T T T T T
Capture Buffer
’ = 100 T T -
Detected Bursts 1 [3]
P
5}
= 80
1011010447 c
13,56 MH =
: g 60 |
8
o
@
5- 40
@
>
g 20
0 I } } 1' } |
o 20 40 60 80 10(
Time [ms]

NFCA Functional Test and Decoding

Pol  SENSREQ

1MA190_3e

01100100

Fig. 3-5: Typical result for the NFC Measurement Software FS-K112PC on a polling NFC device. The
result overview is shown on left side. An NFC-A signal was detected and analyzed and an NFC-B and
two NFC-F signals were detected. The capture buffer display on right side shows the leading NFC-A
signal and 3 further NFC Signals, followed by some spikes.

Rohde & Schwarz Basic Tests of NFC Enabled Devices Using R&S Test Equipment 13
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Tests Using the NFC Measurement Software FS-K112

Poller Values ]/Poller PuT ]/ Listener Yalues ]/ Listener PvT /]/Eapture Buffer ]

RF Poling, RF Listening and Functional Test partly passed and pa

NFC-A analyzed
[—— NFC Signal mm not Analysed due to Std.
1201 - ——— ———— : : :

= 100 F—yp - ’
e |
o ]
= g0
£ H
"
& 60
© H
> 1
2 40
=] b’
@
g op
w =

0 ,' . I . . } . . . } . . . |I

0 20 40 60

Time [ms]

Fig. 3-6: Zoom to a certain section of the Capture buffer display using the left mouse key to see, for
example, the leading NFC-A poller signal in detail.

Poller Yalues ]/pnuer PVT ]/ Listener Yalues ]/ Listener PyT )/ TCapture Buffer \ > X
R Poling. RF Listening and Functional Test patly passed and partly faied

NFC-A analyzed
[—— NFC Signal ot Analysed dueto Std. mmmm Analysed RF passed ]
100 T T T T T T T
80 *

70
60 I 3
50 +
40 ¥ E
30 +
20
10 ¥
0 } } } I_ } } } |

03 04 05 06 0,7 0,8 09 1,0 1,1

Time [ms]

Envelope Voltage in % of CW\

Fig. 3-7: Zoomed part of the Capture Buffer display

Instead of the Capture Buffer display you can choose the Poller Values display which
shows the timing parameters of the poller signal whereas Poller PvT shows the
detailed slopes of the poller signals. No Listener Signal was detected therefore there
are no Listener Values or Poller PvT signals displayed.
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Tests Using the NFC Measurement Software FS-K112

Poller ¥alues Poller P+T Listener Yalues Listener P«T Capture Buffer - X

MFC-4 Poller RF Analysiz

lawwer Limit upper Limit
VIV, .
2 fus] 052 26363 e
o % [ T —
13 [us] 015617 118 N il ‘p'.mﬁw T Va
1 [us] 00 HI‘ i I
60 % I - vy
15 [us] 00 HI |
1 A
Overshoot Vo.d [%] 0o B/OETT L ‘.’
Undsrshont Vs ] 00 01617 N I
5% vy
4K Mod Depth [%] B 100, 5% Ve g
!
/ |
I |
1
\
ol \
-60% / ___{ Vs
| & |u lll
-cos JULITNNLY KA A
Jibediog I T Em o — - %
i T A2
Statistics Lewel Caleulation
analyzed Commands 1
-, 5 100 % Mormalisation Factar
analyzed ASK Transitions 7 Input Signal b 27.43085 - MNomalised Polle

Signal

Fig. 3-8: Timing Values of the poller signal are displayed with Poller Values. All pulses of the
analyzed poller signal are taken into account to get the minimum, maximum and average timing
values.

Poler Walues )" Poller P¥T | Listener Walues Listener PvT Capture Buffer - X

NFC-A Poller

[—— AvgTrace —— MinTrace Max Trace  —— Limits —— V_1/Pause |
160 T T T T T

140 4

120 1 ]

100 ]

60 I ]

Signal Voltage [%]
o
=]
Il
S— |
L

20 I ]

0 f t t t i
-8 -6 -4 -2 0 2 4 6
Time [us]

Fig. 3-9: Poller PvT display of the analyzed poller signal. All pulses of the signal are overlaid to
average minimum and max traces to show variations between the different pulses
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Tests Using the NFC Measurement Software FS-K112

3.3.3 Analyze a captured signal according to a fixed standard (NFC-A,
NFC-B or NFC-F)

In Auto Detect mode the first NFC signal found in the capture buffer is automatically
detected and analyzed. Select a certain standard (e.g. NFC-B) to search for such a
signal in the capture buffer and analyze it.

Auto Detect -

Auto Detect
IMFC-A

- NFC-F

Fig. 3-10: Select “NFC-B” detection to detect and analyze an NFC-B signal within the capture buffer.

o M|
Al DvBr\view
|

Fig. 3-11: Refresh analyzing the captured signal by clicking on the “Refresh” button.

[& NFC Analysis - Version 1.1 Beta
Fle Tools Window Help

| NFC Standard: FCBitrate:  [AutoDetect <)) BurstMo. [L Bl I

Listener FvT_)” Capture Buffer
Cunertly Analysed Signal Detected Poller Signals:

NFE Modution NFCE NFCA 1 NFC-B analysed
NFC Bit Rate [kbys] 106 NFCB 1
[——_NFCSignal mmm ot Analysed due fo Std.  mmmmm Analysed RF failed
Pollr FF I o 2 120 T T T T
Listener AF
Functionsl Test DGR CovveGufer
= 100 M . -
Signal Cay 1000 Detected Bursts 1 o
=
S
Istiment Information = 80 1
Instiment Address 1010107147 c
=
Center Freuency 1356 MHz s
z 60 4
2
-3
@
o 40 4
]
T
Z
w 20 4
0 I t t 1I t t
0 20 40 60 80 100
Time [ms]
Decoding
e . . . . - |
NFE-B Functional Test and Decoding
Pl SENSBREQ 101011111111

Fig. 3-12: With NFC Standard set to NFC-B the second signal in the capture buffer is detected as an
NFC-B SENS_REQ signal and analyzed accordingly.
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Tests Using the NFC Measurement Software FS-K112

MFC-B Paoller RF Analysiz

lower Limit Hir

Fall Time tf [us] o

Max upper Limit

Rise Time tr [us] 0.77625
9,20B68637...

9.50333680...

Overshaat [%]

Undershoot [%]

w|lolo o

Mod. Index mod_i B [%]

Statistics Level Calculation
anhalysed Commands 1
I 50 100 % Momalisation Factar
a w 1321467 _  Momalised Paolle
analysed ASK. Transitions m Input Signal = Signal

Fig. 3-13: The reason for the fail info is that the modulation index is slightly above the upper limit of
15%.

3.3.4 Selecting a different burst within the capture buffer manually

Depending on the device under test, there may be different polling signals (NFC-A,
NFC-B or NFC-F) in different bursts. By default FS-K112PC analyzes only the first
burst found. But with the refresh function also the second or third burst can be selected
manually to analyze using the Burst No function.

File Tools Window Help

NEC Analys
b & W | Ncsundwd (MCF v|| NeCBitate: [AutoDetect +|| @. No Listener signal found.
Resut Overview e

8% | oler Vahes | Poler PUT | Uistener Vahies | Listener AT Capture Bulfer |

Cunerdly Andysed Signa Detected Poler Sina
NFC Medlsion NECF NFCA 0 NFC-F analyzed
SSLoRRe = woe . —— NFC Sianal mmm Analysed RF failed
Peli BF G 1 140 T T
Listore BE. na
Funcional Test I o Bt 2 120 ¢
Signal Capture Time: 500 Detected Burste 2 2

S 400 1L 1
Instiument Infcemaion =
Insumert Addiecs 10.11010.147 &
Certer Frequency 1356MHz 3 2011

§

S 60 4

2

o 40

°

H

w 20 -

0 u u t I + t
0 10 20 30 40 50
Time [ms]

Dot
R T
NFCF Functional Test and Decoding.
Pd  SENSFREQ

Fig. 3-14: Selecting the second burst within the capture buffer (Burst no. 2) to be analyzed. A
SENSF_REQ signal was found and analyzed.
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4 Basic liste

For a listener test a stimulation poller signal is necessary. This is generated by the
vector signal generator SMBV with option Digital Standard NFC SMBV-K89. The test

ner tests

How to generate polling signals using the SMBV

setup shown in chapter 2.3 is used in combination with one of the reference pollers for

testing the listening function of an NFC-enabled device or an NFC tag.

4.1 How to generate polling signals using the SMBV

4.1.1 Setting up an NFC-A polling sequence

1. Press Menu Hardkey/Baseband at the SMBV:

Menu
-éBasehand

=5

- BB In/Out
G- AWGN/IMP
M- 1/Q Med

& RF/A Mod
&l- Graphics
& Setup

- Help

2. Select NFC A/B/F, Technology: NFC-A (default), Transmission Mode: Poll
(default):

NFC-A/B/F

--——PBeyond 3G =
IEEE 802.16 Wiax |52 o
EL_ITRA{LTE.... ) Set To Default | Save/Recall... |
-—— Satellite Navigation
GPs Data List Management... | Generate Waveform File. .. |
GALILED
GLONASS Technology |NFC—A j
= Broadcast Standard
FM-STEREOD. .. Transmission Mode IPU” j
SIRIUS... - -
KV-RADIO. Modulation Settings... |
DVB...
DAB/T-DMB. . Predefined Sequence... |
N'ngxg;.:l::.l.u--mmun Sequence Configuration... |
o i g . —— . . .
Custom Digital Mod... Clipping Settings... | Clip Off
ARB... .
Multicarrier CW... e | U
.——Franuency Ciffsst — I =
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Using ready

How to generate polling signals using the SMBV

to use predefined sequences

3. Select Predefined Sequence: NFC-A Poll: IDLE, SENS_REQ, IDLE,
BLANK(default) and select: Apply

NFC-A/B/F: Predefined Sequence

State Predefined Sequence NFC-A Poll: IDLE, SENS_REQ, IDLE, BLANK j
Set To Default IConﬁgure Marker 1 For The Sequence W Yes I
Data List Management.
Technology IDLE | SENS_REQ [ IDLE | BLANK
Transmission Mode 5.1 ms 5.1 ms 30ms
Modulation Settings... * ' Time
Predefined Sequence Stﬂrt Mﬂrker
Sequence Configuration|
Clipping Settings... Apply
Trigger/Marker...
Sl

Continue with step 9

Alternatively: Setup a sequence manually

4. Check (Edit) NFC-A Timing Parameters by selecting Modulation Settings. (The
default parameters need to be changed e.g. for testing the receiving
characteristic of NFC enabled devices or NFC tags at the limits)

Set To Default
Data List Managem|

Technology

NFC-A/B/F: Modulation Settings

Transmission Mode

Modulation Setting
Predefined Sequen
Sequence Configura
Clipping Settings

Trigger/Marker..

Bit Rate 105.938 KBit/s
Slope W Yes

RLC curve ¥ Yes

Trall 90-5% (11-12) [ roofuss]
Trise 5-90% (t3) [ osofus+]
ITIuw {t2) | 190] usLﬂ
Cvershoot Rising Slope (VOU) I—UUUW

Undershoot Falling Slope (VOU) I U.UUI % vl
Maodulation Depth I WUU.UUI % -I
I 20.000 000 000 | MHz 'I

Sample Rate

5. Select in Sequence Configuration: SENS_REQ (default setting)
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How to generate polling signals using the SMBV

Frequency MOD PEP Level
[ 13560 000 000wz | orFF | 17.00 @m | 17.00]dem _|
REMOTE]| ALC-Auto Info
NECA/B/F: Sequence Configuration

0x26

7 bits
Total Sequence Duration 85.000 us Total Number of Samples 1700

Start Time (us) | Command Type |Rep. |Power Offset (dB) | Duration (us) | Samples Frame Conf. —
1= | 0.000 SENS_REQ 1 0.00 B84 96 1700 Conf...
Copy Paste

Append

NFC-A/B/F

NF C-A/B/F
Sequence

For a useable polling sequence idle signals have to be inserted before and after the
SENS_REQ command then concluded by a blank signal.

6. Select INSERT/ IDLE

NFC-A/B/F: Sequence Configuration

3 400

BLANK ! -
e

0x52
7 bits
Total Sequence Duration 170.000 us Total Number of Samples
Start Time (us) | Command Type |Rep. | Power Offset (dB) | Duration (us) |Samples Frame Conf.
1> u.uuu| ALLREQ || 1 0.00 a4.95| 1700  Conf...
2 85.000| SECTOR_SELECT aj1 0.00 84.9!i| 1700 Conf...
RATS
DATA_TypedA
ATR_REQ
PSL_REQ
DEF_REQ
DSL_REQ
RLS_REQ

7. Set Duration to at least 5000 us
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How to generate polling signals using the SMBV

: Sequence Configuration

IDLE

Taotal Sequence Duration

5185.000 us Total Number of Samples

103 700

-

Start Time (us) I Command Type |Rep. |Power Offset (dB) | Duration (us) | Samples Frame Conf.
—
1= l].l]l]l]l IDLE 1 0.00 hS 1(2@.00 102 000 Conf...
2 51 uu.nnn| SENS_REQ 1 0.00 in = 0.00 Conf...

8.

Append another IDLE signal of 10000 us followed by a Blank signal of at least

1000 us:

replace mode

Max = 5 000 000 000 000.00

NFC-A/B/F: Sequence Configuration

BLANK
Total Sequence Duration 16 185.000 us Total Number of Samples 323700
Start Time {us) | Command Type |Rep. |Power Offset (dB) |Duration (us) | Samples Frame Conf. &
1 0.000 IDLE 1 0.00 5100.00 102000  Conf...
2 5100.000, SENS_REQ 1 0.00 84.96 1700 Conf...
3 5185.000 IDLE 1 0.00 10 000.00 200000  Conf..
4= 15185.000 BLANK 1 0.00 1 000.00 200000  Conf...
9. Switch NFC-A/B/F State ON, set Frequency: 13.56 MHz, Level to at least 17 dBm
and switch RF ON (Mod On)
Frequency

13.560 000 000 vz -|

Info
NEC-A/ [ E3
Marker 1: Restart -
2: Restart |State ﬁ_
Set To Default | Save/Recall... |
. Data List Management... | Generata Waveform File... |
config..
=== Technology |NFC-A |
Transmission Mode |POII j
Madulation Settings... |
Predefined Sequence... |
Sequence Configuration... |
Clipping Settings... | Clip Off —|
Trigger/Marker... | Auto
E—
NFC-A/B/F

) 700 o 7000
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4.1.2

How to generate polling signals using the SMBV

Now the SMBV generates a SENSA REQ sequence which can be used to stimulate a

NFC-A tag or a suitable NFC-enabled phone (Note: Neither the Samsung Galaxy S3
nor Google Nexus S or Sony Xperia P are suitable, they respond only to an
SENSF_REQ signal. However there are already different NFC-A tags available that

respond to a SENSA_REQ).

Example: Setup an NFC-F poller signal with 212 kB/s

The NFC-A polling sequence previously generated can be modified to an NFC-F poller

sequence as shown

below.

10. Select Technology NFC-F: Divisor(Bit Rate): 2 (212kbps)

p
Menu NFC-A/B/F 3 |
IEEE 802.16 WiMAX.| State o m
o R To Defaul | SavelRecall...
GPS.. 2 s
GALILEO.. Data List Management... | Generate Waveform File... I
GLONASS Technology [NFEF =l
FM.STEREO.. | Divisor (Bit Rate) [Z@iZkeps) =]
SIRIUS..
YM-RADIO. . Transmission Mode |Poll |
DVB... : 3
DAB/T-DMB... Modulation Settings... |
Near Field iuf Predefined Sequence...
NFCNVBIF... I 2 |
Misc —— Sequence Configuration... |
Custom Digital Mod..
ARB... Clipping Settings... I Clip Off
Multicarrier CW...
——=Frenuer flaot — Trigger/Marker... | Auto |
]

11. Select Predefined Sequence: NFC-F Poll, IDLE, SENSF_REQ, IDLE, BLANK
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4.2

421

Examples for executing listener tests

12. Press Apply
Predefined Sequence MNFC-F Poll: IDLE, SENSF_REQ, IDLE, BLANK jl
Configure Marker 1 For The Sequence W ‘Yes
3 IDLE | SENSF_REQ | IDLE § BLANK
30ms 20ms 1ms
-
Time
Start Marker
Apply |

13. Now the SMBV generates a SENSF_REQ sequence which can be used to
stimulate a NFC-F tag or a suitable NFC-enabled phone (e.g. the Samsung
Galaxy S3, Google Nexus S or Sony Xperia P).

Examples for executing listener tests

Test Setup shown in chapter 2.3Fehler! Verweisquelle konnte nicht gefunden
werden. is used for listener tests.

Testing an NFC-A tag

Generate an NFC-A Sens_Req Sequence with SMBV as described in chapter 4.1.1.

Place the NFC-Tag to test on the back of the NFC Reference Poller approximately in
the middle of the coil (preferably use Poller 3) as shown below.

Fig. 4-1: Put the NFC-Tag to test to the back of the NFC Reference Poller approximately to the middle
of the coil
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Examples for executing listener tests

Setup the NFC Measurement Software to NFC-A Trigger, Capture Length 25 ms, Auto
Level Track Time could be reduced to 100 ms for increased measurement speed

Instrument 5 ettings Trigger Settings
Instrument IP Address 1011010147 Trigger Type NFC-A -
Check Connection NFL Trigger Evert SENS_REQ =
Center Frequency [MHz] 13,56 Auto Trigger Level
Sample Rate [MHz] 2000  nogerLevel[V] 14
Elicteradlie] 25,0 Hold Off Time [us] 10,0
Auto Level Time Out Time [g] 50
Level [dBm] -6.00
e — Auto Trigger Offset
Auto Lyl Track Time [ms] 100
Trigger Offset [ms] il
Graph Settings
Channel (RTO Only) Charnel 1 - . g
[ File reduced to Burst
[] Use 1 MOhm Coupling (RTO only] [ Phase shown
ak. ] l Apply | l Cancel

Fig. 4-2: Settings for NFC Measurement Software for Testing an NFC-A tag,

File  Tools  “Window  Help

Resulk Overview

Fig. 4-3: Start measuring with the NFC Measurement Software FS-K112PC by clicking thep> button

Fig. 4-4 shows a typical result for an NFC-A tag. On the left side the Result Overview
displays the pass indication for poller RF and Listener RF test and a successful
Functional Test. On the right side the capture buffer voltage is displayed.
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Examples for executing listener tests

File Tools Window Help

b & M| NcSundwd: [MtoDemct | wrcBiate: [AstaDeect -] BustMo. [1 - Messurement camplete,
Resut Overvien 23X | Poller Values | Paller PaT Listener Vahes | Listener PvT | Capture Buffer
o ekl endfundienal Tepesed
Coenty Anclyoed Signel Detosted Poler Signals
NEC Madision HFCA NECA. 1 NFC-A analyzed
MFC Bit Rate [kh/e] 1. HFCB L -
[—— WFC Signal mm Analysed RF passed |
Poles B D ecr 0
120 T T T T
Lisdener FF [ peed
Fumchonal Test D Coviee e
g 100 | l
Signal Cepture Time: 00 DetectedBurts 2 -
o
. <
InsinumentInformation = gy L
Insinament Address 010147 £
o
Cerier Frequerny T35EMHz =3
& 60 |
G
>
o
g a0 L
k]
o
E 20
E I
o L1l :
0 5 10 15 20
Time [ms]
Decodng

NFCA Functional Test and Deceding

Pd  SENSREQ 001100100

Le  SENSRES 1001000107000000001

Fig. 4-4: Example of a result for an NFC-A tag (Result Overview and Capture Buffer)

Poller values | Poller PyT Listener Values Listener P+T ) Capture Buffer

NFC-A analyzed
[—— MFC Signal mmm_Analysed RF passed |
O S— | 111 0110111 S—

5 i

1)

]

< 80 +

£

&

g 60 +

o

>

2 40

o

E

c 20 +

w

i |11 L
0,5 0,6 0,7 0,8 0,9 1,0
Time [ms]

Fig. 4-5: The zoomed part of capture buffer showing in detail a SENSA_REQ signal followed by the
SENS_RES answer of the NFC-A Tag
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4.2.2

Examples for executing listener tests

NFCAA Listares RF Analysis
lowser Lisnil Miru g wpper Limit Deszciiplion
Laad Maddaticn 1] 95 _ 530 fce. to St [8ASK Transiione)
Load Maduation ] 132173 138711 144629 over al ASK Transifions
Fuarme Delay Time [FOT) Lisbaner |us] 867 .7 ®? o Analague Speciication Pacameber [FF)
b off [us] 99955 i Anakague Specification Paametar [RF)
Stalitics
Analysed Commands 1
Analysed Bits I Fal
Anclysed ASK. Transitons % \/\/\/\/\/\ f\/.\/
Level Calouation and Poller Sellngs Load
Modulation
Used Pollos fox Linits Polle 3
10 Wizard / Fiawe Paak / AMS
L) A _/\/\/\/\/\N\/\_
Input Signal % 100000 ¥ 141421 = Load Mockation [¥]
. 10ps
| Apply New Vakes

Fig. 4-6: Example of a result for an NFC-A tag, showing in detail the “Listener Values”. The measured
Load modulation is well above the lower limit of 9.5 mV

Testing an NFC Phone in Listening Mode

Generate an NFC-F 212kB/s Sens_Req Sequence with the SMBV as described in

chapter 4.1.2

Place the NFC-Phone to test back to back with the NFC Reference Poller (preferably
use poller 3).

Fig. 4-7: NFC Phone to test back to back with the NFC Reference Poller

Select Trigger Type NFC-F 212kB/s
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| Settings

Examples for executing listener tests

[zl

Instrurment Settings

Instrument [P Address

Center Frequency [MHz]
Sample R ate [MHz]
Capture Length [ms]
Auto Level

Level [dBm|

Auta Lyl Track Time [mz]
Moize Tolerance
Channel [RTO Only)

[T Use 1 MOhm Coupling [RTO only)

Trigger Settings
1011000147

Check Connection

1356 Auto Trigger Level

Trigger Tupe

MFC Trigger Event

20,00 Trigger Level [v]

25,0

Hold OFff Time [us]
Time Out Time [3]
-6.00
Auto Trigger Offeet
100
Trigger Offset [ms]
Graph Settings

Channel 1 -

[] File reduced ta Burst
[] Phase shawn

MFCF 212KE -
S5 (48 kit -

1.4

0K

[——]

Cancel

Fig. 4-8: Select Trigger Type NFC-F 212kB/s

. .

File  Tools

e 0 | NFCStand

Resulk Orverview

e

Window  Help

ard: Auto Detect + |

Fig. 4-9: Start measuring with the NFC Measurement Software FS-K112PC by clicking the button

Fig. 4-10 shows a typical result for an NFC-enabled phone. On the left side the Result
Overview displays the pass indication for Poller RF and Listener RF test, and a
successful Functional Test. On the right side the capture buffer voltage is displayed
showing the poller signal followed by the listener response of the NFC phone.

File  Took Window  Help

] NECStndad|NWFCF v|| MCBIwater (2240 v | Busthe. |1 -
P p——

Cuirerdy Ansysed Signal Discted Pobes Signds

HFC Modulston WFCE HFCA []
NFC Bil Rate Jibis] 22 HFCE [
ol F [ ;
Lsteree BF | oawed

Furciand Tt D Covoe Sl

Signdl Caplure Time: 20 Detectd Bussts. 2
[rem——

Instoutmet Addess AR TES

Center Froquancy 1256 MHz

Decoding

Measurement complete

WX ol Vabues | Poler BT | Listerer Vabues | Listener VT Cagture Dulfer - X
NFC-F analyzed
[=——_NFC Signal mmm Analysed RF passed |
120 T
£ 100
s I ||
=3
# go |
£
@
g 60 |
s
2 40 +
2
H
g 21
o1 M. . W ; ; ;
0 5 10 15 20 2
Time [ms]
9 x

HFCF Fustional Test and Decoding

P SENSFREQ

Le  SENSFRES )

1MA190_3e

1011660111171011111000011)

Fig. 4-10: Result for an NFC phone in listening mode, Result Overview and Capture Buffer (Envelope

Voltage in % of CW over

Time)
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Additional Information

6 Additional Information

This Application Note is subject to improvements and extensions. Please visit our
website in order to download new versions. Please send any comments or suggestions
about this Application Note to TM-Applications@rohde-schwarz.com.
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Ordering Information

Vector Signal Generator

7 Ordering Information

R&S®SMBV100A

Vector Signal Generator

1407.6004.02

R&S®SMBV-B103 ¥

RF 9 kHz — 3.2GHz

1407.9603.02

R&S®SMBV-B10

Baseband Generator with
Digital Modulation (real-
time) and ARB (32
Msample), 120 MHz RF
BW

1407.8607.04

R&S®SMBV-B92

Hard Disk (removable)

1407.9403.02

R&S®SMBV-K89

Digital Standard NFC-
A/BIF

1419.1690.02

Digital Oscilloscope

R&S®RT0O1002 ?

600 MHz, 10 Gsample/s
20/40 Msample, 2
channels

1316.1000.02

R&S®RTO-K11

I/Q Software Interface

1317.2975.02

Probe

R&S®RT-ZP10

500 MHz, passive, 10:1, 1
MQ, 9.5 pF, max. 400V

1409.7550.00

R&S®RT-ZA10

SMA Adapter

1416.0457.02

NFC Test Antennas

R&S®CSNFC-B8

NFC Forum Reference
Equipment

1519.5096.02

Measurement Software

R&S®FS-K112PC

NFC Measurement

Software

1310.0448.06

R&S®FSPC

License Dongle

1310.0002.03

Signal Analyzers

R&S®FSL3 ¥

Spectrum Analyzer

1300.2502.03

R&S®FSV7 Y

Signal and Spectrum
Analyzer

1307.9002.03
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Ordering Information
R&S®FSW8 Signal and Spectrum 1312.8000.08

Analyzer, 2 Hz to 8 GHz

R&S®ZVL3 Y Vector Network Analyzer | 1303.6509.03

R&S®ZVL-K1 Spectrum Analysis Option | 1306.0301.02

1) Basic model. Models with higher upper frequency range are also suitable.

2) Basic model. Models with higher upper frequency range and more channels
are also suitable
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