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1 Introduction

AN13223

The PN7160 includes a specific feature called “dynamic LMA control” which makes it
possible to adapt the load modulation amplitude to the received field strength.

With this capability, the device can generate an optimized signal in card mode and
provide better performances by improving:

e communication distances
* interoperability with readers

This document is about to explain the PN7160 DLMA principle and the methodology to
configure it.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.

Application note
COMPANY PUBLIC

Rev. 1.1 — 13 September 2021
3/23



NXP Semiconductors AN1 3223

PN7160 dynamic load modulation amplitude guide

2 PN7160 DLMA principle

2.1 TX settings lookup table

This methodology is based on a 40 entries TX settings lookup table. This table is called
“universal table” and is fixed by PN7160 FW. Each entry (sequence) refers to a unique
combination of TX setting (TXLDO output voltage, TX drop, number of drivers, BPSK
available) which generates an estimated TX output voltage.

Ratio between two consecutive TX values is equal to 1/1.1. This shape corresponds to
an ISO passive card answer. Some TX setting sequences are duplicated to consider
TXLDO maximum voltage availability. The figure below illustrates calculated TX output
voltages versus lookup table entries:
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Figure 1. TX settings lookup table

Pay attention that TX output voltage does not mean antenna voltage. Matching network
and antenna will apply a gain to the TX output to create the measured LMA, this gain is
by default unknown by FW.

LMA

Figure 2. Matching network and antenna gain
AN13223 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.
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Antenna gain should be set using the parameter DLMA_LMA_TX_SHIFT_AB(F).
This parameter is calculated using the ratio between the target LMA @ OA/m and the
measured LMA @1.5A/m. Complete formula is available below:

LMA target (mVpp)

Equiv TX Voltage (Vpp)

LMA/TX d (@1.5A _ LMA measured (mVpp)
/TX(measured (@1.5A/m)) = Equiv TX Voltage (Vpp)

1 (LMA/TX measured (@1.5A/m))
LMA/TX target (@0A/m)

log(1.1)

Figure 3. Antenna and matching network gain calculation

LMA/TX (target (@0A/m)) =

DLMA_LMA_TX_SHIFT_AB(F) =

RSSI scaling

External field strength measurement is done using interpolated RSSI which is a
combination of AGC and ADC measurements. Even if RSSI coefficients are trimmed
during PN7160 IC production, RSSI global function spreads. Production equipment limits
(£12%), and antenna matching networks external components (+10%) are the main
reason of this discrepancy. RSSI expected slope is 75/(A/m). If the measured RSSI slope
differs, a correction parameter is available: DLMA_RSSI_H_SCALE_AB(F).

This parameter is calculated using a ratio between reference and measured RSSI at
H=1A/m. As RSSI function is more linear at high field strength than at low field strength, a

RSSI reference (@1A/m)
RSSI measured (@54/m)/5

measurement is done at H=5A/m and result is divided by 5:
X 128)

DLMA_RSSI_H_SCALE_AB(F) = round (

Figure 4. RSSI scaling factor calculation

Figure below illustrates RSSI correction:
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Figure 5. RSSI correction
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2.3 DLMA options

To create a correspondence between internal measure of field strength (RSSI) and TX
lookup table, an internal algorithm is used by FW. TX choice in the lookup table depends
on:

* Interpolated RSSI value

e DLMA_LIMIT_TXLDO_AB(F) TXLDO maximum available output voltage (from 3
V to 5.25 V). This parameter is set by register. Rmk: TX output voltage is directly
proportional to TXLDO output voltage. Then high LMA are not achievable with low
TXLDO output voltage.

e DLMA_ENA_SINGLE_TX_AB(F) number of TX drivers (mode 1&2) is set by register.
It allows usage of one or two TX drivers when enable and forbid single driver when
disable. Rmk: this option is suitable to achieve low LMA.

* DLMA_ENA_BPSK_AB(F) BPSK modulation (mode 3) set by register gives the
possibility to enable or disable BPSK modulation (roughly multiply by a factor of two TX
output voltage). Rmk: this option is suitable to achieve high LMA.

Below the relation between RSSI and TX output voltage with previous options enabled/
disabled:

18

16

14
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10

Voltage (Vpp)

Calculated eq. Tx Volatge (V)

= TXLDO = 5.25V
SingleDriver = enable
BPSK = disable

TXLDO = 5.25V
SingleDriver = disable
BPSK = enable

TXLDO = 4.2V
SingleDriver = enable
BPSK = enable

s TXLDO = 5.25V
SingleDriver = enable
BPSK = enable

Figure 6. PN7160 DLMA options
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2.4 DLMA parameters

PN7160 DLMA is configured via 3 parameters (see [1] for more details):

* DLMA_CTRL: enable/disable DLMA and options definition
* DLMA_RSSI: define RSSI threshold values
e DLMA_TX: to define TX settings lookup table
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3 PN7160 DLMA configuration table

31

An EXCEL file, delivered as part of the PN7160 DLMA configuration package (see [3]), is
offered to help setting DLMA configuration.

DLMA_CTRL parameter

‘DLMA_CTRL Settings’ sheet is used to define configuration options (single/dual driver,
BPSK, TXLDO max output). It is also the place where measurements of RSSI @ 5A/
m, LMA and internal index @ 1.5A/m are reported. These measurements are used to
calculate TX shifting and RSSI scaling factors for type A&B and F.

Platform Configurati Units
[DLMA table control Enable] (-) & RSSI TX Defauit settings?[No
[DLMA_ENA SINGLE_TX_AB Yes|i) DIMAIMAentry  EquivTX M A target (mVpp)
LMA (mY, ¢ o LMA rarger (mPpp) |
[DLma_Ena_epsk_aB Yes|) V) index nex)  vortage (vop) | MYA/TY (a7get (@04/m)) Equiv TX Voltage (Vpp)
- TMA measured (mV,
LMA/TX (reference) 398[() @ 6500 | 03 [Fiiaaas | . (@15aimy) = (mVpp)
LMA/TX (target platform) 3.98|(4 6500 | [E] T Equiv TX Voltage (Vpp)
MANUAL TX SHIFT AB ol- log(LMA/TX measured (@ L5A/m);LMA/TX target (@0A]m
I DIMA_LMA TX_SHIFT_AB(F) = “BIAT ¢ [m)/LMA] 942 (@04/m))

DLMA_LMA_TX_SHIFT_A8 0l Tog(1.1)
[DLMA_LIMIT_TXLDO_AB 5.35((v) Unscaled Rsst ‘Scaled RssI

8 - 1
|Rssi @ 5a/m (tareet piatorm)| 375 = ST T ——— thex) (dec) | myiD
MANUAL RSSI SCALE AB 0/t ‘DLMA_R.YSI_H_.YCALE_AE(F) = round (e red teEAm s 128 [@1sam | 6F360C520092000103001712468E01 % | 18 0052 146 03
DLMA_RSSI_H_SCALE_AB 128 lesaim | 6F360C770177010104001712468E01 o7 | sis 0177 375 [
Platform Configurati Units
[DLMA table control Enable] (-) &
‘DLMA,ENA,SWGLE,TX,F Yes|(-) LMA (mVep) DLMA LMA entry Equiv TX Unscaled RSSI Scaled RSSI
|DLMma_Ena_BPsk_F No|(-) = Index (hex)  Volage (Vpp) | (hex) | (dec) (hex) | (dec) myiD_|
LMA/TX (reference) 190((4) o CERETTT 03 T [@gsam | 6F360C1F001F000003000303004206. ooiF | s ooiF | 81 5|
LMA/TX (target platform) 10|14 [ s 7 [ Al . } 1
MANUAL TX SHIFT AB ol 1
DLMA_LMA_TX_SHIFT_F o[
[DLwA_LimiT_TxtD0_F 5.25((v)
RSS| @ 5A/m (target platform)| 375 T
MANUAL RSS| SCALE AB 0l
DLMA_RSSI_H_SCALE_F 1281

. B . B

Figure 7. 'DLMA_CTRL Settings' sheet — part 1

AN13223

A second part of the sheet is dedicated to phase compensation mechanisms. Phase
compensation (AGC, TX, ATE) controls for type F, type A&B are included in DLMA_CTRL
register:

Phase Compensation

Platform Configuration units
)
77

Figure 8. 'DLMA_CTRL Settings' sheet — part 2

TYPEF - TX] Enable](-)
Enable](-)
Enable](-)

TYPE A2B - AGC|
TVPEAZE - TX|

Remark: Only highlighted cells can be modified.
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‘DLMA RSSI Settings’ sheet is used to define target LMA @ OA/m and to define the field
strength thresholds. Type A&B and Type F definitions are independent. Another column
is dedicated to arbitrary phase definition. This phase offset is included in a range of -127°

to +127°.

DLMA Table
1D
Power/Phase
‘Control Table

TYPE A+B

Dialed Input

Target (Type

Field strength (Afm)  A+B)

(inpu)

EEwmw oo mn

(pre-defined)

58.1

Abritrary Phase
Comp. (£127° |
step 17)
{input)

O 0 oo 0O o000 Ee00Co0E0000E 00

MCI LUT cmd|

LMA (mVpp)

70.00

60.00

s0.00

40.00

30.00

2000

10.00

LMA (Type A+B)

400 500 600 .00 800 800 10.00

Field Strength (A/m)

Figure 9. 'DLMA RSSI Settings’ sheet - Type A&B

DLMA Table
D
Power/Phase

TYPE F

(inpu)

Dialed Input

Control Table Field strength (Afm)}  Target (Type F)

(pre-defined)

Abritrary Phase
Comp. (£127° |
step 17)
{input)

R - R R N )

MCI LUT cmd|

DC 05 00

.00

30.00

25.00

“E20.00

LMA [mVp)

15.00

10.00
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Field Strangth (4/m)

Figure 10. 'DLMA RSSI Settings' sheet - Type F
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3.3 DLMA_TX parameter

This sheet is more informative one, as the TX lookup table is fixed and cannot be

modified.

TX drop(m! ) Res.Carrier
= (1 + BP5K) x Drivers Numbers x (TXLDO(V) + Tgm ES T

FIOH TxLDO Num

Seq. D One Driver
(Vep)

0 0 510 525 2

1 1 480 525 2

2 2 447 525 2

3 3 408 45 2

4 4 370 4.5 2]

5 5 338 36 2

6 6 307 36 2

7 7 278 356 2]

H 7 279 3 2

s H 254 36 2
10 B8 254 3 2]
1 ] 233 36 2
12 s 228 3 2
13 10 211 356 2]
14 10 210 3 2
15 1 187 36 2
16 1 188 3 2
17 12 345 36 2
18 12 174 3 2
13 13 314 36 2
20 13 158 3 2
21 14 285 36 2
2 14 285 3 2
2 15 258 36 2
24 15 259 3 2
F 16 236 36 2
2 16 237 3 2
7 17 217 36 2
28 17 217 3 2
29 18 198 3 2
30 13 178 3 2
31 20 162 3 2]
32 21 144 3 2
33 22 130 3 2
34 23 2.40 3 1]
35 24 218 3 1
36 25 198 3 1
37 26 180 3 1]
38 27 166 3 1
39 28 154 3 1

Figure 11. 'DLMA TX Setings' sheet
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4 DLMA configuration procedure

41

AN13223

Before starting any measurement/configuration please be sure that PN7160 setup is
functional, that matching is done (see [2]) and sanity check have been done.

The DLMA configuration procedure requires then dedicated FW version been loaded
into PN7160. This specific FW, as part of the PN7160 DLMA configuration package (see
[3]), is indeed implementing customized notification required for the DLMA calibration
Section 4.5.

The FW update procedure is further detailed in dedicated PN7160 documentation
according to the target environment (Android, Linux or RTOS/NullOS).

Pay attention that this specific FW version MUST only be used for the DLMA
configuration purpose since it does not include full PN7160 features validated.

Step0: RSSI Rext setting

PN7160 DLMA is based on field strength internal measurement in other words on RSSI
feature. This function is trimmed in production with polynomial combination of ADC and
AGC value. Another parameter is the value of RX path resistor (Rext):

: —
T I=

Value of this external component is by definition unknown by NFCC system, so it must be
set externally. This is done thanks to REXT_RSSI_CFG parameter split into 2 parts:

PN81T

Figure 12. Rext resistor

* Rext value referenced as wRextAGCCor (in Ohms)

* A coefficient used to compensate a bend in the transition from ADC region to AGC
region referenced as wRextGainCor

See [1] for more details about REXT_RSSI_CFG parameter definition.

As guidance:

Table 1. REXT_RSSI_CFG parameter guidance

Rext wRextGainCor wRextAGCCor
560Q 1021 0x03FD 560 0x0230
1k0Q 1027 0x0403 1000 0x03E8
1k3Q 1050 0x041A 1300 0x0514
2k2Q 1080 0x0438 2200 0x0898
3k3Q 1090 0x0442 3300 0x0CE4
5k6Q 1110 0x0456 5600 0x15E0
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To verify if Rext register is correctly set, RSSI versus field strength must be measure and
RSSI shape should be linear (no bend at ADC — AGC region) as presented below:

RSSI versus Field RSSI versus Field

uncorrect Rext settings

0 1 2 3 4 5 6 7 8 0 1 2 3

4 5 6 7 8
Field (A/m) Field (A/m)

Figure 13. RSSI shape

4.2 Step1: DLMA RSSI threshold settings

Customer needs to define independently Type A&B and Type F target LMA versus field
strength shape. To proceed, user will use ‘DLMA_RSSI Settings’ sheet. As a starting
point two shapes are proposed. They can be adapted to user constraints.

To do this, customer needs to define independently Type A&B and Type F target LMA @
0A/m and RSSI thresholds. As a reminder, only yellow highlighted cells can be changed.

TYPE A+B

Dialed Input

88
80
73
66

DLMA Table Abritrary Phase:
L) Target(Type  Comp. (127° |
Power/Phase Field strength (A/fm)  A+B) step 1)
Control Table (input] re-defined) _(input)
o 0 65
q 07 5.1 [ LMA (Type A+B)
2 1 537 0 .
3 15 4838 0
E 15 424 0
5 2 404 0 .
25 367 0
7] 25 334 0
3 303 0 so.o0
35 276 0
11 ] 28 o 2c0100 7
! a 207 0 2C0100 H
13 as 188 0 5201 00 =
14 a5 7.1 0 5201 00 Ss000
15 156 0 77 01 00
1 5 141 0 77 01 00
17] 3 129 0 20100 000
t 6 17 0 €201 00
It 7 106 0 0D 6200
2 7 97 0 0D 02 00 oo
21 ] 0
10 0
10 o

0 500 400 500 600
EE0200 Field Strength (4/m)

Figure 14. 'DLMA RSSI Settings' sheet
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LMA function is a decreasing function (no possibility to increase). Ratio between two
consecutive steps is 1.1. If a bigger ratio is needed, a step could be left, as shown in
above case (surrounded in green).

Step2: DLMA option settings

Customer must define independently Type A&B and Type F target LMA PN7160 DLMA

options:

» Enabling/disabling DLMA

¢ Allowing use of single driver possibility (enable: dual and single driver | disable: only
dual)

¢ Allowing use of BPSK

* Defining TXLDO maximum allowed voltage depending on DC-DC use or not and Vup
characteristics.

To proceed, user will use ‘DLMA_CTR Settings’ sheet.

Step3: DLMA default settings

Before performing DLMA calibration, default TX and RSSI DLMA_CTRL register value
should be applied (meaning DLMA_LMA_TX_SHIFT = 0 and DLMA_RSSI_H_SCALE
= 128). To make it easier a function has been implemented in the PN7160 DLMA
configuration table. Answer “Yes” to the question: “RSSI TX Default settings?”. This will
darken unnecessary cells and set default values, as presented below:

Platform Configuration

TYPE A&B

Units

DLMA table control

Enable|{-) 83 [ Rssl TX Default settings?|ves -

DLMA_ENA_SINGLE_TX_AB

Yes|(- DLMA LMA entry Equiv TX

DLMA_ENA_BPSK_AB

LMA (mVpp)
Yes|(- Index (hex) Vaoltage (Vpp)

LIMA/TX [reference)
LMA/TX (target platform)
MANUAL TX SHIFT AB
DLMA_LMA_TX_SHIFT_AB

6500

03

DLMA_LIMIT_TXLDO_AB

RS51 @ 5A/m (target platform)

MANUAL RSS1 SCALE AB
DLMA_RSSI_H_SCALE_AB

TYPEF

Platform Configuration Units

DLMA table control Enable|(-) 83

DLMA_ENA_SINGLE_TX_F Yes|(-) DLMA LMA entry Equiv TX
DLMA&_ENA_BPSK_F Mal(-) LMA (mVpp) Index (hex) Vaoltage (Vpp)
LMA&/TX (reference) 20 31.00 03

LMA/TX (target platform)

MANUAL TX SHIFT AB

DLMA_LMA_TX_SHIFT_F 0li-)

DLMA_LIMIT_TXLDO_F 5.25|(V)

RSSI @ 5A/m [rarget p|atform3-[-a 50 A0

MAMNUAL RSS1 SCALE AB i-)

DLMA&_RSSI_H_SCALE_F 128)(-)

Figure 15. 'DLMA CTRL Settings' sheet — default settings mode
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NCI command is then generated and must be applied to the PN7160 IC before starting
calibration, please refer to ‘DLMA NCI CMD’ sheet:

DLMA_CTRL 2002 10 01 AO AF OC 83 CO 80 A0 00 83 C0O 80 AC 00 77 08
IR E 20 02 98 01 A0 34 94 23 04 18 35 00 00 4B 00 00 71 00 00 71 00 00 96 00 00 BC 00 00 BC 00 00 E1 00 00 07 01 00 07 01 00 2C
[0 W p. 88 20 02 A4 01 AOAS AOOO0C1000A0180410A0281830A03C042060480460605C3010306C2050307C24A03078

Figure 16. 'DLMA NCI CMD' sheet — default settings command

4.5 Step4: DLMA calibration

This step consists in measuring PN7160 DLMA internal states and LMA for type A&B
and type F when 1.5A/m and 5A/m field strength is applied. Following steps requires
then an ISO bench to be performed. To measure calibration parameters, PN7160 DLMA
“‘debug” mode need to be enabled. This "debug" mode, only available in PN7160 DLMA
configuration-specific FW version, is controlled thanks to the following NCI commands:

// DLMA Debug mode enable: 20020601A01D028000
// DLMA Debug mode disable: 20020601A01D020000
// DLMA Debug read status: 20030301A01D

This option makes readable PN7160 internal states, meaning RSSI unscaled and index
of the TX lookup table. To make customer measurement easier, a decoding function is
available in the ‘DLMA CTR Settings’ sheet. Below is an example of adb log extract and
decoding function:

09-10 15:50:12.545 NxpNciR : len = 15 < 6F360CASO1ASO10D10001510039103

RSSI (hex) |RSSI (dec) | myID (hex)
@1.5A/m 6F360CA501A5010D10001510039103 01A5 421 10
@5A/m 6F360C770177010104001712468E01 0177 375 04

Figure 17. DLMA debug mode use

To perform measurements, PN7160 must be set in card mode.

Referring to chapter Section 2, the followings measurements are needed for type A&B
and for type F:

* RSSI meas. @5 A/m
* LMA meas. @1.5 A/m
e |ID meas. @1.5A/m

When it is done ‘DLMA CTRL Settings’ sheet entries should be filled. And most important
thing is the answer to the question: “RSSI TX Default settings?” should be put back to
“No”:

AN13223 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.
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Unscaled RSSI Scaled RSSI

(hex) (dec) (hex) (dec) mylD
[@1saim | GF 360CI20092000103001712468E01 0092 128 o092 146 0
|@sam | GF360C7701 770101030017 12468E01 o 375 0177 375 o

Unscaled RSSI Scaled RSSI

(hex) (dec) (hex) (dec) mylD |
[@158/m ] 6F 360C1F001F000003000303004206 owoif | s oniF | m; 03|

Figure 18. 'DLMA CTRL Settings' sheet — calibration mode

Calibration is now done, new parameters DLMA_LMA_TX_SHIFT,
DLMA_RSSI_H_SCALE must be applied to the PN7160 IC, please refer to ‘DLMA NCI

CMD’ sheet:

DLMA_CTRL 2002 1001 AO AFOC 83 CO 7B A0 00 83 CO 80 A0 00 77 08

Figure 19. 'DLMA NCI CMD' sheet — calibrated command

4.6 Step5: DLMA final measurement

LMA versus field strength is performed again and experimentation should fit customer
requirements:

LMA (Type A+B)
70
| == MA (mVpp) AVG RSSI 160 | 160 | TX 7 | 9
60 \ Target 1SO (Type A+B)
=
-5

s \
— I"‘
g 40 \..
£ a
§ 30 .H\
- P

¥
|
2 gt o
S
10
0
0 1 2 3 4 5 6 7 8 9
Field Strength (A/m)
Figure 20. LMA and target versus field strength measurement for type A&B
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60

50

LMA (mVpp)
w &
o (=]

N
o

10

Hk Target ISO (Type F)

LMA (Type F)

== LMA (mVpp) AVG RSSI 160 | 160 | TX 7 | 9

Aeld Strer?gth (A/m6)

Figure 21. LMA and target versus field strength measurement for type F

RSSI versus field strength measurement are also performed to verify that RSSI fit
theoretical curve (75/A.m'1):

700

600

RSS! (dec)
-y
8

g

200

100

e nscaled RSSI (meas.)
= === Theoritical

= Scaled RSSI (meas.)

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

H (A/m)

Figure 22. RSSI versus field strength measurement
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Table 2.

Abbr. Meaning

A/m Ampere per meter (magnetic field strength measurement unit)
AGC Automated Gain Control

AN Application Note

DLMA Dynamic Load Modulation Amplitude

FW FirmWare

Hmin / Hmax

Minimal and Maximum magnetic field strength

H-field Magnetic field
IC Integrated Circuit
International Standard Organization / International Electrotechnical
ISO/IEC Community
mA milli Ampere
NFC Near Field Communication
NFCC NFC Controller (i.e. PN7160)
PCD Proximity Coupling Device (Contactless reader)
PICC Proximity Integrated Circuit Card (Contactless card)
RF Radiofrequency
RSSI Received Signal Strength Indication
\% Voltage
Vpp Peak to peak voltage
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6 References

[11 UM11495 - PN7160 user manual
[2] AN13219 - PN7160 Antenna design and matching guide
[3] SW6780 - PN7160 DLMA configuration package
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7 Legal information

PN7160 dynamic load modulation amplitude guide

7.1 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

7.2 Disclaimers

Limited warranty and liability — 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. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

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 life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at 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.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers

be liable to customer for any special, indirect, consequential, punitive

or incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors,

its affiliates and their suppliers and customer’s exclusive remedy for all of
the foregoing shall be limited to actual damages incurred by customer based
on reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.
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7.3 Licenses

Purchase of NXP ICs with NFC technology — Purchase of an NXP
Semiconductors IC that complies with one of the Near Field Communication
(NFC) standards ISO/IEC 18092 and ISO/IEC 21481 does not convey an
implied license under any patent right infringed by implementation of any of
those standards. Purchase of NXP Semiconductors IC does not include a
license to any NXP patent (or other IP right) covering combinations of those
products with other products, whether hardware or software.
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7.4 Trademarks

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

NXP — wordmark and logo are trademarks of NXP B.V.
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