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1 Introduction

This document describes the CLEV6630A and CLEV6630B (CLRC663 evaluation board), which provides an
easy evaluation of the features and functions of the CLRC663 and CLRC663 plus families.

It provides the first steps to operate the board, using the NFC Cockpit (Version 3.6 or higher).

The default antenna is a 65 mm x 65 mm antenna with some metal layer inside the antenna area. This antenna
is not an optimum antenna as such, but intends to demonstrate the performance and register settings of the
CLRC663 under typical design constraints like LCD or some metal (e.g. PCB) inside the antenna area (see [2]
for more information).

In this document the term "MIFARE Classic card" refers to a MIFARE Classic IC-based contactless card, the
term "MIFARE DESFire card” refers to a MIFARE DESFire IC-based contactless card.

1.1 CLRC663 registers and EEPROM concept

The CLRC663 uses internal registers to adapt and optimize the functionality and performance for each of the
supported protocols and data rates dependent on the connected antenna, matching network and receiver path.
It offers an EEPROM, which contains the default settings for all the supported protocols (locked). These settings
are loaded into the registers with the LoadProtocol command for each supported protocol and data rate.

The default EEPROM configuration settings are optimized for the generic use, based on the 65mmx65mm
antenna of the board CLEV6630A / CLEV6630B, and cannot be updated by the user as such. Individual
settings must be overwritten by the host uC after the LoadProtocol.

Alternatively, customized settings can be used for the major relevant registers in an extra EEPROM area. Then
the command LoadReg must be used to copy the customized EEPROM content into the registers.

Some of these settings can or even must be adapted toward a new antenna design (e.g. the RX settings). See

[3].

Some EEPROM configuration data is independent from the used protocols and defines e.g. the startup behavior
of the CLRC663 or the functionality of LowPower Card detection and requires attention as well for optimum
performance of the chip.

1.2 CLEV6630A / CLEV6630B concept

The basic concept of the CLEV6630A / CLEV6630B is to enable the user to perform a quick evaluation of
the CLRC663, and also connect their own antenna to the CLRC663 board. In addition, dedicated boards which
allow to solder custom matching components are available. The NFC Cockpit can be used to optimize the
CLRC663 antenna tuning, to perform the related TX and RX optimization without touching any source code.

All the relevant CLRC663 registers can be modified and fine-tuned using the NFC Cockpit. For the most
relevant registers, the customized settings can typically be stored in the CLRC663 EEPROM.

The NFC Cockpit also allows a dump of the complete user EEPROM content into an XML file. This file then
can be loaded again into the EEPROM. That allows to manage and exchange different user or antenna
configurations. In addition, the register settings found to work well using the NFC Cockpit, can be used during
user code development as well.

As soon as the register settings for the targeted protocols and data rates are defined, the NFC Reader Library
including the HAL can be used to start the development of the user application (see [6]). Examples illustrate the
usage of the library for typical use cases.

The source code examples of the NFC Reader Library can be used to develop an own application directly
on the LPC1769 (see Figure 3), or can serve as a starting point for porting the NFC Library to any other
microcontroller platform.
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2 Hardware

The CLEV6630, as shown in Figure 1 and Figure 2, provides many test functions which might not be used for
the typical hardware and software evaluation. It can be used as a simple standard reader without modification, it
can be used to define and optimize the analog settings for any connected antenna or it can be used to develop
and modify any RFID and NFC application based on the NFC Reader Library.

The CLEV6630A and CLEV6630B share the same hardware, except these differences:

1. CLEV6630A uses the CLRC66302, while CLEV6630B uses the CLRC66303.
2. The CLEV6630A PCB color is red, while the CLEV6630B is blue.
3. The antenna tuning is slightly different (see 2.2.3).

2.1 Hardware introduction

The CLRCG663 is supplied with a supply voltage, which can be chosen between: internal and external supply.
For the internal supply either 5V or 3.3 V can be used. The external power supply can be an AC or DC supply
(polarity does not matter) with at least 7.5 V, since the board provides a rectifier and LDO to supply the circuit
with 5V and 3.3 V.

The CLRCG663 is connected to an NXP LPC1769 uC via SPI. A specific firmware on the LPC1769 allows to use
the CLEV6630A / CLEV6630B together with the NFC Cockpit.

The connection to the PC is done via USB: USB micro connectors are supported. The use of the shielded USB
cable is required to meet the FCC/CE specifications.

Another connection option allows to connect an LPC-LINK2 board to the CLEV6630A / CLEV6630B with a
debug cable. This allows the development of custom software or the execution of the NFC Reader Library code
including samples.

In case a different host microcontroller shall be used, the SPI interface is available for connection to an external
host (the on board LPC1769 is not used in this case).

Figure 1. CLEV6630B Customer evaluation board
Note: The CLEV6630A looks identical, but with a red PCB.
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Figure 2. CLEV6630B top view
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2.2 Schematics

The complete schematics of the CLRC663 evaluation board are shown in Figure 3, Figure 4, Figure 5 Figure 6,
Figure 8, and Figure 9.

2.2.1 LPC1769

The CLEV6630A / CLEV6630B contains an NXP LPC1769 (see Figure 3).
An LPC Linker can be connected to the LPC1769 via the JTAG interface (see Figure 4 and Figure 5).

J202
pos
LPC1769
ros
P09 4
GPIO
1C200
e T p305/MAT0.0PWMI2 PO.O/RDI/TXD3/SDAI {15
e 0 | P326/STCLK/PWMI 3 PO.I/TDI/RXD3/SCLI [—5o—
8 P0.2/TXD0/ADO.7 99—”"”
5| P4:28/RX MCLK/TXD3 PO.3/RXDO/ADO.6 [—7 o
P4.29/TX_MCLK/RXD3 PO.4/12SRX_CLK/RD2 (—=
" PO.5/12SRX_WS/TD2 [—5—
100 TDO/SWO P0.6/I2SRX_SDA/SSELI 78—”“
o < TDI P0.7/12STX_CLK/SCK {522
s = TMS/SWDIO PO.8/12STX_ WS/MISOI (— £oe
+3 3V fp—RA TRST PO.9/12STX_SDA/MOSII {— £ 433V
1o Too—| TCK/SWDCLK PO.10/TXD2/SDA2 {—5— s | b
i U RTCK P0.11/RXD2/SCL2 [—5— O—=——GND
14 P0.15/TXD1/SCK0/SCK LBC 20K swao0
—5—{ RSTOUT PO.16/RXDI/SSELO |7 e
—= ! RESET P0.17/CTSI/MISO0 [ —
PO.18/DCDI/MOSIO (—gg—————————rcos
P0.19/DSRI/SDAI - {—ge———————S00
PO.20/DTRI/SCLI (g5
7 PO.21/RII/RDI [—2&
e XTALI PO.22/RTSI/TDI [—5 —
xao0 P0.23/AD0.0/12SRX_CLK 8—
PO.24/AD0.1/I2SRX WS f————————————=8—
= B P0.25/AD0.2/12SRX_SDA/TXD3 ———— —
ap —= o XTAL2 P0.26/AD0.3/RXD3 | —= R2U R TE0 —
P0.27/SDA0/USB_SDA 5 S o L
P0.28/SCLO/USB_SCL |5 S _—
P0.29/USB D+ |—20—— gR215—— R uor
—16 | prexi P0.30/USB_D- [0 Rf‘[: R use v
P1.0/ENET_TXDO —i— e
. PLIENET_TXDI f—5o— == 20557
RTCX2 PL4/ENET TX EN t—5— § § 33
PLS/ENET CRS [—5+—
P1.9/ENET RXD0 |—o-— =
e P1.10/ENET_RXDI 88 GiD
VBAT PLI4/ENET RX ER f—=
v PILIS/ENET REF_CLK |-
= PLIGENET MDC (—z 9201
- PLI7/ENET MDIO (— I
EaTE | s <] VDDREG PLIS/USB_UP_LED/PWMLI (=5 R
Car oot VDDREG PLLI9MCOAO/USB PWR (—7
28 P1.20/MCI0/PWM1.2 35 GND LPC INIT DNP
can || iy VDD P1.21/MCABORT/PWMI.3/SSELO (—5=
209 || —_tonf g5 VDD P1.22/MCOBO/USB PWRD |52
TR VDD P1.23/MCL/PWML4/MISO0 [
e s VDD P1.24/MCI2/PWMI S/MOSIO (55
T | VDDA P1.25/MCOAI/MATI.1 [
212 {|— ey L2 | VREF+ P1.26/MCOBI/PWM1.6
5 P1.27/CLKO UT/USB/_OVRCR
- VREF- P1.28/MCOA2/PCAP1.0
S 2L vss P1.29/MCOB2/PCAPI.1 STATUS LEDS
= Vss P1.30/VBUS/AD0.4
- Vss P1.31/SCK1/ADO.5
~— VSS
Vss P2.0/PWMI.1/TXDI
] Vss P2.1/PWMI.2/RXDI
VSSA P2.2/PWMI.3/CTS1
NC P2.3/PWMI.4/DCD1
P2.4/PWMI.5/DSR1
P2.5/PWMI.6/DTRI
P2.10/EINTO/NMI P2.6/PCAPLO/RI1
P2.11/EINT1/I2STX_CLK P2.7/RD2/RTS|
P2.12/EINT2/12STX_WS P2.8/TD2/TXD2
P2.13/EINT3/12STX_SDA P2.9/USB_CON/RXD2
LPC1769FBD100
Figure 3. LPC1769
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2.2.2 Power supply

The default settings use the power supply from the USB connector. For the maximum performance and a better
test capability, the external power supply should be connected. The AC or DC power input can cover any power
supply providing an AC or DC voltage between 7.5 and 12 V.

Figure 6 shows the USB supply, external supply and LPC1769 supply.
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Figure 6. Power supply

As soon as the board is supplied with power, the red LED LD100 must be on.

The CLRC663 evaluation board provides two LDOs, one for 5 V and one for 3.3 V. 5 V LDO can only be used,
if the external power supply is connected and used (J101 default). Using USB power might not give the best RF
performance, since the USB voltage level might not be stable 5 V.
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Figure 7. CLEV6630A / CLEV6630B jumpers

Three jumpers can be used to evaluate the different power supply options:

* J101: either external or USB power supply (default)

» J303: either VBAT =5V or 3.3 V (default)

* J300: closed (default) or to measure the ITVDD (bridge with an ampere meter) or to supply the CLRC663
(center pin of J300) with external TVDD from an external DC power supply

Note: The best RF performance can be achieved with an external power supply.

2.2.3 CLRC663
The clock is based on a 27.12 MHz crystal.

During the antenna tuning and overall hardware design typically the ITVDD must be checked. This can be done
with the JP300 (“TVDD”), either using an external power supply or just using an ampere meter instead of the
jumper.
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The relevant test signals can be derived from the digital test pins at the bottom of the board and the two analog

test pins AUX1 and AUX2.
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Figure 8. CLEV6630A / CLEV6630B CLRC663
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The antenna connection uses the standard tuning circuit. The EMC filter is designed with a cut-off frequency of
femc = 21 MHz, and the antenna impedance is tuned to Z = 20 Q.
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Figure 9. CLEV6630B antenna circuit

The “asymmetrical” tuning (see Figure 10) is a compromise to provide optimum power transfer and good wave
shapes in combination with good loading effects, which automatically reduce the field strength under strong

loading conditions.

The CLEV6630A antenna tuning is the same as the tuning of the CLEV6630B, except these differences:

1. C307 =C320 =12 pF
2. C316 =C317 =33 pF

Note: The CLRC663 plus (CLEV6630B) can drive more output power than the CLRC663 (CLEV6630A), so the
antenna for the CLRC663 plus could be tuned with a lower impedance to increase the field strength. However,
the maximum allowed field strength must be taken into account, too.
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Figure 10. CLEV6630A / CLEV6630B antenna tuning
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2.3 Jumper settings

Three jumpers can be used to evaluate the different power supply options:
J101: either external or USB power supply (default)

J303: either VBAT =5V or 3.3 V (default)

J300: closed (default) or to measure the ITVDD

Figure 11 shows the default jumper settings for operation powered via USB.

Figure 12 shows the jumper setting for the operation externally powered.
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Figure 11. CLEV6630A / CLEV6630B default jumper settings
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Figure 12. CLEV6630A / CLEV6630B jumper settings for external power supply
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3 Software

The CLEV6630A / CLEV6630B evaluation board is delivered with a graphical user interface application (GUI),
the NFC Cockpit. The NFC Cockpit can be used to explore the functionality of the CLRC663 and perform RF
and antenna design-related tests. It allows a direct register access as well as EEPROM read and write access.
The NFC Cockpit can therefore be used to configure and test the CLRC663.

3.1 LPC firmware and driver
The LPC firmware is installed by default on the CLEV6630A / CLEV6630B and is ready to use. No LPC
firmware installation is required, if the board is only used with the NFC Cockpit.

However, the LPC1769 might be used for software development together with one of the NXP software
examples (including the NFC Reader Library). In such case the LPC FW must be reinstalled afterwards, if the
CLEV6630A / CLEV6630B is supposed to be used together with the NFC Cockpit again. The reason for this is
that any software development using the LPCXpresso erases the default firmware. The use and reinstallation of
the LPC firmware using the LPCXpresso is described in [5].

In any case the correct PC VCOM driver must be installed, before the NFC Cockpit can be used with
the CLEV6630A / CLEV6630B evaluation board. This driver needs to be manually installed, using the
“install_vcom.bat” in the subdirectory NFC Cockpit _v xyz \VCOM.

For the first start with the CLEV6630A / CLEV6630B, refer to section 4.

3.1.1 LPC firmware installation

For installation of LPC firmware, the LPC link and a LPCXpresso tool is required. For details refer to [5].

3.1.2 LPC driver installation

Before the first connection of the CLEV6630A / CLEV6630B (with LPC firmware) to the PC, the driver must be
installed with

\Name of the GUI package\VCOM\install_vcom.bat

After successful installation of the driver, the CLEV6630A / CLEV6630B can be connected to the PC and will
show up as VCOM device on a COM port, as shown in Figure 13.

Note for possible future NFC Cockpit updates: Make sure to use the latest driver version, otherwise the
application might not work correctly. In case of doubt, reinstall the driver of the corresponding NFC Cockpit
package.
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Figure 13. NFC Cockpit VCOM driver

CLEV6630A / CLEV6630B connected to the PC, driver properly installed.
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3.2 NFC Cockpit

The NFC Cockpit can be installed and started (see Figure 14).

¥ NXP NFC Cockpit v3.6.0 / VCOM_RC663 @\ \COM12 IC: v0.1.1 =8 =
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Log Monitor
[2017.01.05 16:25:47:INFO:ServiceFactory:Generating Services for VCOM_RC663 @\\\COM12
[2017.01.05 16:25:47]:INFO:EEPROMService_RC663:Read from EE address:0x03. Value=0x00
[2017.01.05 16:25:47]:INFO:EEPROMService_RC663:Read from EE address:0x00 3bytes. Value=00 01 01
o || VCOM_RC663 @WACOM: Close Port Soft Reset Help + INFO: Read from EE address:0x00 3bytes. Value=00 01 01 ‘

Figure 14. NFC Cockpit Initial view

After starting the NFC Cockpit, the communication link between the PC and the CLEV6630A / CLEV6630B (via
the LPC VCOM interface) is enabled automatically.

Note: The NFC Cockpit is a development tool, and therefore allows many different kinds of operations, even

“useless” ones at a first glance. The correct use of the NFC Cockpit is required to operate the CLRC663
properly.

Example: without enabling the RF Field no card can be operated, even though the CLRC663 can be operated.

The Figure 15 shows the activation of a MIFARE DESFire card, using the <Load Protocol> + <Field On> +

<Activate Layer3>, followed by <Activate Layer4>. The NFC Cockpit shows the card responses like ATQA,
SAK, and ATS.

Afterwards the ISO/IEC 14443-4 protocol can be used to exchange data. The Figure 15 shows the MIFARE
DESFire command “Get Application ID” (0x6A), which returns the AlDs.

Note: Make sure that either the CRC is enabled or added manually in the data field.
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32 NXP NFC Cockpit v3.6.0 / VCOM_RC663 @W\.\COM12 IC: v0.1.1

Registers/EEProm access Operation
<) [ Read EEPROM [ 3: REQA + Anticollision + Select

Register address: [ write | ©Register ‘
¥

‘ Type Cards | LPCD | Secondary Firmware [ Test Signal |

Type A | Type B | Type F [ 15015693 |

Bl 1: Load Protocol ]

Layer 14443-3a

Load Prot: A443-A
Bit selection: Mi\ﬂililiuJ‘MJLJLJEJLJLJLJEJLJJUJ\JJ i
Gy  ZARRRRRRARANNR2252233343 2| ) ) (s ) (e
e T\I_IWI_IT]ITTHTﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl‘lﬂ ATOA: 4403 = oo S
SAK: 0x20 erform Single/Endless
uID: © Single REQA Endless REQA
Write Operation 04 29 18 F1 F5 25 80

Layer 14443-4a Inter-REQ: 0| ms
© All bits ‘
: . [106kBds  ~ RFRESE
) Single bit > RF Fi Select a baud rate: £SET
: ield on
([(actvatetsyert] [ DeselectCard | Time-out RFON:

5: Send

ATS: 06757781 0280
EEPROM Single Byte Access

Single REQA

DESFire

Address | 0x00000000 | |Read EEPROM| - } { Layer 14443-4: Data Exchange with PICC command

Data Wiite EEPROM | | | (Dump Ecprom) || (RiField 0] (R Field O (R Field Reset] Data to be send: 60
Log Monitor TXCRC Enable [¥] RXCRC Enable | SendData }
[2017.01.05 16:48:05]:INFO:ServiceFactory:Generating Services for VCOM_RC663 @\\.\COM12 q .
[2017.01.05 16:48:05]:INFO:EEPROMService_RC663:Read from EE 03. Value=0x00 Card response:  AF040101 01001805 i .
[2017.01.05 16:48:05]:INFO:EEPROMService_RC663:Read from EE address:0x00 3bytes. Value=00 01 01 i 5: Receive
[2017.01.05 16:48:101INFO:RFProtocolTuningService_RC663:Load protocol RM_A_106 Application Laver response
(2017.01.05 16:48:11}NFO:TypeACardViewModel:RM_A_106 Protocol loaded successfully. Command Gethpplds MF DesFire
[2017.01.05 16:48:121INFO:RfFieldControlService:RF On B —

| GetApplds ‘

Applications on the card:

& | | VCOM_RC663 @WACOM: ~ | | Close Port [ Soft Reset ||  Help | - INFO: RF On

Figure 15. NFC Cockpit: Activation of a MIFARE DESFire EV1 card

Note: 0x60 = Get Version command of MIFARE DESFire EV1.

Similar functionality does exist for ISO/IEC 14443 A and B, for NFC type F and for ISO/IEC 15693
communication.

Be aware that a Load Protocol command must be executed manually before the corresponding protocol settings
are loaded from the EEPROM into the registers. The tab “Type A” can be used to perform:

<Load Protocol> (e.g. type A 106)
<Field On>
<Single REQA> (using the EEPROM settings)

Select a TX register, e.g. DRVMODREG, change TXCLOCKMODE
Change some register bits, and write back into RAM

<Single REQA> shows the register changes (probing the field and checking the envelop)

ok wn

This allows an easy and quick optimization of TX and RX parameters. Using the default settings from the
EEPROM always resets the relevant registers.

<Load Protocol> (e.g. type A 106)
2. <Single REQA> (using again the EEPROM settings)

Note: The EEPROM of the CLRC663 is locked for all the LoadProtocol area.
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3.2.1 CLRC663 register access

The NFC Cockpit allows the reading and writing of all the CLRC663 registers (see Figure 16).

CLRC663 evaluation board quick start guide

Selecting a register reads and shows the hexadecimal content as well as the corresponding bit values. The
input allows to change each bit separately as well as writing hexadecimal values. Writing back the value

changes the CLRC663 register.

A help function automatically shows a short description of the (part of the) registers itself, if the mouse is moved

over the names.

Note: Some register content cannot be changed manually (“read only”) and some content might be overwritten

by the LPC firmware.

»> NXP NFC Cockpit v3.6.0 / VCOM_RC663 @\.\COM12 IC: v0.1.1

Registers/EEProm access

Log Monitor

[2017.01.05 16:48:11]:INFO:TypeACardViewModel:RM_A_106 Protocol loaded successfully.
[2017.01.05 16:48:12J:INFO:RfFieldControlService:RF On

[2017.01.05 16:59:05]:INFO:RegistersService_RC663:Read Register TCONTROL_REG@0xOE. Value=0x00
[2017.01.05 16:59:12]:INFO:RegistersService_RC663:Read Register TXAMP_REG@0x29. Value=0x15
[2017.01.05 16:59:48]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:00:29):INFO:RegistersService_RC663:Read Register TXL_REG@0x2B. Value=0x06
[2017.01.05 17:00:44]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:03]:INFO:RFProtocolTuningService_RC663:Load protocol RM_A_106

[2017.01.05 17:01:03]:INFO:TypeACardViewModel:RM_A_106 Protocol loaded successfully.
[2017.01.05 17:01:04]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:09):INFO:RegistersService_RC663:Read Register DRVMOD_REG@0x28. Value=0x8E
[2017.01.05 18:17:29]:INFO:RegistersService_RC663:Read Register RCV_REG@0x38. Value=0x12
[2017.01.05 18:17:391INFO:RegistersService_RC663:Read Register RKANA_REG@0x39. Value=0x0A

[

Operation Type Cards | LPCD | Secondary Firmware | Test Signal
| RXANA_REG v [ Read | E Type A | Type 8 | Type F [ 15015693 |
Register address: 039 [ wiite | © Register Rl
. Layer 14443-3a Load Protocol [S014443-A
Bit selection: i\ﬂilﬂilﬂi\ﬂﬂ\iﬂJ"JJ\LJLJLJLJLJLJLyUhMi. .
Binary ARRRABRRLIAIARSIR®NSLIANDS i S Sifl| [actweterayers| [ Hot | (w6xsws ~) [ LoadProtocal |
. fol f 1] ATOA: 4403 -
k @@@m@@mMm@m@@m@@@@m@@m@ or i o s
0000000A ! ; ; : @ Single REQA Endless REQA
Wi i ' i i ) ] UID: 04 29 18 F1 F5 25 80
rite Operation . I R [y _— -
e Register access B0 s iz | e — L= o] me
) Single bit =) ;3 ;* :J ! Select a baud rate: | 106 kBd/s - RFRESET
= e T
2 E EE Activate Layerd | [ DeselectCard |  Time-out RFON: 0| ms
ATS: 06757781 0280 Single REQA
EEPROM Single Byte Access |Load EEProm| || RF Field Control !
Address [Resd EEPROM (tod EEron) h Y 4 Layer 14443-4: Data Exchange with PICC
Data Write EEPROM| | | (Dump EEProm) || [RéField On|  [RfField Off [Rf Fiekd Reset] 4\ Data to be send: 60

TXCRC Enable [¥] RXCRC Enable

| Send Data

Card response: AF040101 01001805

Application Laver

Command GetApplds MF DesFire

GetApplds

Applications on the card:

& | | VCOM_RC663 @\\COM:

‘ Close Port Soft Reset | Help

+

INFO: Read Register RCANA_REG@0x39. Value=0x0A

Figure 16. CLRC663 register access

Registers are temporary stored, i.e. might be overwritten with Load Protocol.
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3.2.2 CLRC663 analog and digital test signals

CLRC663 evaluation board quick start guide

The NFC Cockpit allows to route the CLRC663 digital test signals to the SIGOUT pin, as well as to unlock and
route the CLRC663 analog test signals to test pins AUX1 and AUX2. This is shown in Figure 17.

The digital test pin SIGOUT can be found at the J301 (pin row). While the analog signals are routed to two test
pads as close to the CLRC663 as possible (below the antenna tuning area).

Registers/EEProm access Operation Type Cards | LPCD | Secondary Firmware | Test Signal
RXANA_REG =] [ Read | EEPROM Test Signal Control
9 @ Regi AUXL
Register address: 0x39 Write @ Register i
@ Analog Digital
[apc-1 -
Bit selection:
Binary Auxz
™~ @ Analog Digita
1 1 '
0000000A
o apc-a <)
Write Operation I ! ¢ '
i ' ' ’ 1
@ All bits B :Q = SIGOUT "
o G [P [ TC A Analog @ Digital
© Single bit =T e B B E
2 IE g g [T Envelope
' ’ 4 r ’

EEPROM Single Byte Access Load EEProm| || RF Field Control
Address [0x00000000] (Read EEPROM

Cata (Dump EEProm| || [ReFieldOn|  [RfField Off|  [Rf Fisld Reset|

Log Monitor

[2017.01.05 16:59:05:INFO:RegistersService_RC663:Read Register TCONTROL_REG@0x0E. Value=0x00
[2017.01.05 16:59:12}:INFO:RegistersService_RC663:Read Register TXAMP_REG@0x29. Value=0x15
[2017.01.05 16:59:48]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:00:29]:INFO:RegistersService_RC663:Read Register TXL_REG@0x2B. Value=0x06
[2017.01.05 17:00:441.INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:03}:INFO:RFProtocolTuningService_RC663:Load protocel RM_A_106

[2017.01.05 17:01:03}INFO: TypeACardViewModel:RM_A_106 Protocol loaded successfully.

[2017.01.05 17:01:04]INFO:| ReglstersSemce RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:09]: Regi: Service_RC663:Read Register DRVMOD_REG@0x28. Value=0x8E
[2017.01.05 18:17:291:INFO:RegistersService_RC663:Read Register RCV_REG@0x38. Value=0x12
[2017.01.05 18:17:391:INFO:RegistersService_RC663:Read Register RXANA_REG@0x39. Value=0x0A
[2017.01.05 18:27:28]:INFO:TestBusService_RC663:Analog Signal Routed Value = 18 = Status = SUCCESS
[2017.01.05 18:27:28]:INFO:TestBusService_RC663:Digital Signal Routed Value = 4 :: Status = SUCCESS

L <

> N

Route Test Signal

Figure 17. CLRC663 analog and digital test signals

INFO: Digital Signal Routed Value = 4 :: Status = SUCCESS

After selecting the signals <Route Test Signal> activates the chosen test signals at the chosen test pins.
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3.2.3 CLRC663 low-power card detection

The NFC Cockpit allows the configuration and test of the low-power card detection (LPCD) of the CLRC663 as
shown in Figure 18. The offered LPCD functionality depends on the detected board: The CLEV6630A offers the
CLRC66302 features, while the CLEV6630B offers the enhanced LPCD features of the CLRC66303 (CLRC663
plus).

The LPCD parameter, which is used to define the LPCD performance (sensitivity versus robustness) can be
entered manually, if needed (details refer to [4]).

Otherwise the standby time can be entered and the LPCD can be started. During the LPCD being activated
the CLRC663 does not react on any command, so only a detuning (-> place a card) or a Reset (press <Stop
LPCD>) can end the LPCD mode.

Note: The NFC Cockpit automatically stops the LPCD after 60 seconds.

»> NXP NFC Cockpit v3.6.0 / VCOM_RC663 @W\COML2 IC: vO.L.1 (Strictly NXP Internal Release) =8 =
Registers/EEProm access Operation Type Cards | LPCD | Secondary Firmware | Test Signal
RXANA_REG -] | Read ] ) EEPROM LPCD Configuraticn
Register address:  0x39 ® Register LPCD Values
Walue 0:28
Bit selection: l £l l I I ¥ [+
! o o =
Binary QValue 0x17
~. TIITI_IWITTIITI_ITIITTIITI_ITIITTIITI_ITIITTIITI_ITIW 0 ﬂ o]0 H 1o H 1 I_F
0000000A : ! ! Auto Calibration -
; ; ' !
Write Operation o H 4 !
o ] . i '
@ Al bits [ == '
) = g g LPCD Operation
0 Single bit =T T
2 B R R
= 1 '
D R StandBy Time 200 ms
EEPROM Single Byte Access g RF Field Control Stop LPCD

Cata (Dump EEProm| || [ReFieldOn|  [RfField Off|  [Rf Fisld Reset|

Log Monitor

[2017.01.05 17:00:44}:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:03}:INFO:RFProtocolTuningService_RC663:Load protocol RM_A_106

[2017.01.05 17:01:03]:INFO: TypeACardViewModel:RM_A_106 Protocol loaded successfully.
[2017.01.05 17:01:04]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:091:INFO:RegistersService_RC663:Read Register DRVMOD_REG@0x28. Value=0x8E

~
L |

[2017.01.05 18:17:291:INFO:RegistersService_RC663:Read Register RCV_REG@0x38. Value=0x12
[2017.01.05 18:17:391.INFO:RegistersService_RC663:Read Register RXANA_REG@0x39. Value=0x0A
[2017.01.05 18:27:28LINFO:TestBusService_RC663:Analog Signal Routed Value = 18 = Status = SUCCESS
[2017.01.05 18:27:28]:INFO:TestBusService_RC663:Digital Signal Routed Value = 4 :: Status = SUCCESS
[2017.01.05 18:31:271:INFO:LPCDRC663ViewModel:Performing Lped()

[2017.01.05 18:31:32}:INFO:LPCDServiceRC663:Performing Hard Reset of IC to stop LPCD Loop
[2017.01.05 18:31:32}:INFO:LPCDRC663ViewModel:LPCD Status : HAL ABORTED

[2017.01.05 18:32:23}:INFO:LPCDRC663ViewModel:Performing Lped() d

£ | [vcom_ressa @wicom: N Status: Put a card to exit from LPCD (Within 60 seconds)

Figure 18. CLRC663 LPCD
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3.2.4 Secondary firmware options: EMVCo loopback application

The NFC Cockpit offers the option to flash (“load”) and start applications into the LPC uC. The default
application is an EMVCo loopback function, but other samples are provided within the NFC Cockpit delivery
package.

Each application can be easily flashed into the LPC by pressing the <Load Secondary Firmware>. The
application then defines the user commands, as indicated in the NFC Cockpit.

The Figure 19 shows the default with the EMVCo loopback which can be started and stopped.

s NXP NFC Cockpit ¥3.6.0 / VCOM_RC663 @WACOM12 1C: w0.1.1 (Strictly NXP Internal Release) =8 =
Registers/EEProm access Operation Type Cards | LPCD | Secondary Firmware | Test Signal
) EEPROM
RXANA_REG '] l Read ] N Secondary Firmware Task List
Register address: 0x39 Wafrite @) Register
Load Secondary Firmware
Bit selection: (i pEiy I ey e = R HEINED

Binary RARKARJINARASLEAA il [EMuCo Lo ] [Start Secondary Firmware |
. ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmmmﬁﬁmﬂ
0000000A ‘ : ! !
Write Operation L oo
@ All bits 2, E EQ E% :
) Single bit %‘ E = E;n '
o 1=

< RFO
c

EEPROM Single Byte Access = RF Fild Control .
Address ield Control ‘-
Data (Dump EEProm| || [ReFieldOn|  [RfField Off|  [Rf Fisld Reset| 4

Log Monitor

[2017.01.05 17:01:03}:INFO:RFProtocolTuningService_RC663:Load protocel RM_A_106

[2017.01.05 17:01:03}:INFO: TypeACardViewModel:RM_A_106 Protocol loaded successfully.

[2017.01.05 17:01:04]:INFO:RegistersService_RC663:Read Register DRVCON_REG@0x2A. Value=0x11
[2017.01.05 17:01:09]:INFO:RegistersService_RC663:Read Register DRVMOD_REG@0x28. Value=0x8E
[2017.01.05 18:17:291:INFO:RegistersService_RC663:Read Register RCV_REG@0x38. Value=0x12
[2017.01.05 18:17:391:INFO:RegistersService_RC663:Read Register RXANA_REG®@0x39. Value=0x0A
[2017.01.05 18:27:28).INFO:TestBusService_RC663:Analog Signal Routed Value = 18 = Status = SUCCESS
[2017.01.05 18:27:28).INFO:TestBusService_RC663:Digital Signal Routed Value = 4 :: Status = SUCCESS
[2017.01.05 18:31:27}:INFO:LPCDRCE63ViewModel:Performing Lpcd(}

[2017.01.05 18:31:32}:INFO:LPCDServiceRC663:Performing Hard Reset of IC to stop LPCD Loop
[2017.01.05 18:31:32}:INFO:LPCDRC663ViewModel:LPCD Status : HAL ABORTED

[2017.01.05 18:32:23}:INFO:LPCDRC663ViewModel:Performing Lpcd()

[2017.01.05 18:32:43:INFO:LPCDRC663ViewModel:LPCD Status : SUCCESS d

2 | [vcom_rcss3 @w\coM: Close Part Soft Reset Hel - INFO: LPCD Status : SUCCESS
I p

Figure 19. NFC Cockpit with EMVCo loopback App

|
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4 First-time use

Make sure that the LPC1769 is flashed with the correct Secondary FW (default after delivery). Check [5] in
case the CLEV663 had been used with customized code before and the proper secondary firmware has to be
flashed.

4.1 Jumper settings

The default jumper settings allow a direct use with the USB connector only. This might show limited
performance due to a current limitation on the USB host. So for real performance measurements the external
power supply should be used.

4.1.1 USB only

The jumper settings as shown in Figure 11 provide the default settings, using only USB for power supply (no
external supply required).

4.1.2 External power supply

For the use of an external power supply, the jumper J101 must be changed as shown in Figure 12.
The external power supply must provide a voltage level of Vg, =7 V ... 12 V with 500 mA.

For some of the analog tests (i.e. measuring ITVDD) it might be useful to only power the TVDD supply
externally. This can be done using the jumper JP300, as shown in Figure 20.

Either the jumper can be replaced with a DC ampere meter to measure the ITVDD, or an external 5 Vdc power
supply can be directly connected to the center pin of JP300.

Note: Several GND pins are provided on the board. They are all connected to the same GND plane.
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Figure 20. CLEV6630A / CLEV6630B jumper settings with external TVDD
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JP300 can be used to externally supply TVDD.
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5 Managing the CLRC663 SW projects with MCUXpresso IDE

The CLRC663 SW projects are delivered in a NFC Reader Library for CLRC663 package available through
the product page [1] or through Secure Files on NXP.com (https://www.nxp.com/mynxp/secure-files) in case of
export controlled version. The example projects can be build and run with MCUXpresso IDE [7].

The MCUXpresso IDE is a low-cost highly integrated software development environment for NXP's LPC
microcontrollers. It includes all the tools necessary to develop high-quality software solutions in a timely

and cost effective fashion. MCUXpresso IDE is based on Eclipse and has many enhancements to simplify
development with NXP LPC microcontrollers. It also features the industry-standard GNU tool chain, with a
choice of a proprietary optimized C library or the standard “Newlib” library. The MCUXpresso IDE can build an
executable of any size with full code optimization.

Designed for simplicity and ease of use, the MCUXpresso IDE provides software engineers a quick and easy
way to develop their applications.

This tool can be freely downloaded from the MCUXpresso website [7]. Before one can download the software, it
is necessary to create an account. Creating an account is free.

5.1 Development environment
To use CLEV663 prepared software package, all components listed in the Table 1 are required.

Table 1. Development environment

Item Version Description

CLEV6630A / CLEV6630B 1.0 or higher CRC663 Customer evaluation board (hardware)
MCU-Link, LPC-Link, or 1.0 or higher Standalone debug adapter (hardware)
SEGGER J-Link

MCUXpresso IDE 11.6.0 or higher Development IDE (PC software)

5.2 Installation procedure of the MCUXpresso IDE

The MCUXpresso IDE is installed into a single directory of your choice. Unlike many software packages, the
MCUXpresso IDE does not install or use any keys in the Windows Registry, or use or modify any environment
variables (including PATH). That results in a very clean installation that does not interfere with anything else on
your PC. Should you wish to use the command-line tools, a command file is provided to set up the path for the
local command window.

Multiple versions can be installed simultaneously without any issues.

The installation starts after double-clicking the installer file.
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I Setup - MCUXpresso IDE |

Optional debug driver selection
These drivers are required when using the debug probes listed below.

Windows may issue warnings when installing drivers that the IDE requires.

These include drivers from Jungo Connectivity, PE Micro, and SEGGER as well as
INXP.

If prompted, please allow these drivers to be installed.

MXP LPC-Link1 Debug drivers
Red Probe Debug drivers

http:/fvaenw. nxp. com/mecuxpresso/ide

< Back I[ Next = ][ Cancel

Figure 21. Checkbox for NXP debug drivers

Make sure, the checkbox for installing the NXP debug drivers is activated.

During the installation, the user is asked to install some required drivers. The installation of these drivers shall
be accepted.

Windows Security @
Would you like to install this device software?

Mame: Philips (MXP) Universal Serial Bus contr...
a- Publisher; MXP Semiconductors USA. Inc.,

[T Always trust software from "NXP Semiconductors Install ][zDon'tInstall J
USA, Inc.”.

';if' You should only install driver software from publishers you trust. How can [ decide which device
software is safe to install?

Figure 22. Windows security dialog

After the setup wizard has finished, the newly installed IDE can be launched.
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] setup - MCUXpresso IDE el ] 2R

4 Completing the MCUXpresso
wr IDE Setup Wizard
s

Setup has finished installing MCUXpresso IDE on your
computer. The application may be launched by selecting the
installed icans.

MCUXpresso

IDE Click Finish to exit Setup.

Launch MCUXpresso IDE v10.0
Display MCUXpresso IDE v10.0 Documentation

MCUXpresso IDE User Guide (PDF)

http:/fvaenw. nxp. com/mecuxpresso/ide

< Back H Finish

Figure 23. MCUXpresso IDE

5.3 Importing provided SW example projects

The use of the quick start panel provides rapid access to the most commonly used features of the MCUXpresso
IDE. The quickstart panel allows easy import projects, create new projects, build, and debug projects.

The sequence of installing the software projects is indicated:

 Start the MCUXpresso IDE.

* Open a new or dedicated workspace

» Select the option “Import project(s)” (see picture below).

* Browse to the root folder of the previously downloaded and unzipped NFC Reader Library.
* The software package is ready for use.
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. MxphfcRdLib_RCE63_v07.05.00_nda_tmp -

File Edit Mavigate 5Search Project Con
09~ | B &~ >
@O thic” Xiti~il~t
EyP x WNR AF ZE. P = 0
B 7|# % B8

There are no projects in your workspace.
To add a project:

. Create a new MCUXpresso [DE C/C+
+ project. ject.

. Import examples from SOK.
rfl' Create a project...
[xg Import projects...

W Qui... x  ®=Var.. % Bre. — O

A
MCUXpresso IDE - Quicl
ice | Mo project selected

= Create or import a project

. Mew project...
. Import SDK example(s)...

® Import project(s) from file sys

= Build your project

—— T

< >

0 items selected

Figure 24. Importing project

In the Quickstart panel on the left-hand side, choose “Import projects(s)”.
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B8 import project(s) from file system... O x

Import project(s) from file system... T
Select the examples archive file to import.

<

Projects are contained within archives (zip) or are unpacked within a directory. Select your
project archive or root directory and press <MNext>. On the next page, select those projects you
wish to import, and press <Finish=,

Project archives for LPCOpen and 'legacy’ examples are provided.

Project archive (zip)

Archive | | Browse...

Project directory (unpacked)

Root directory | | | | Bruwse.i

LPCOpen Selec

LPCOpen is the recornmended software for LPC parts introduced before 2016, It is not recommended

for new LPC8xx developments.
MCUXpresso IDE includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the nxp.com website for latest resources,

@' < Back Mext > Finish Cancel

Figure 25. Import unzipped

Browse the desired package and click “Next”.
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B8 import project(s) from file system... O *
Import project(s) from file system... of
Select a directory to search for existing Eclipse projects. / ;
-
Projects:

FreeRTOS5 (CNWork\ CLRCEE3\Nx pMNfcRdLib_RCE63_w07.05.00_NDANRTOS\FreeRTO! & Select Al
lpc_board_nxp_lpoxpresso_ 1769 (CAWork\CLRCEE3MNx pMNfcRdLib_RCEE3_w07.05.0
lpec_chip_173x_6x (C\Work\ CLRCE63\ MxpMfcRdLib_RCE63_w07.05.00_MDANPlatfo Deselect All
Mfcrdlib_EMYCo_AnalogComplipp_meoux (CHAWerld CLRCE63\Mx pMNfcRdLib_RCE
Mfcrdlib_EMYCo_InteropComplipp_meoux (CAWorlh CLRCE63\Mx pMNfcRdLib_RCE

A Mfcrdlih FMYCn | nonRackComplann meoy (0 Work\Cl RCBET My nMFcR Al ib R Y
>

Refresh

Options

[iCopy projects into workspace

[ Hide projects that already exist in the workspace

Working sets

[ ] Add project to working sets New...

c

Select...

'i?j' < Back Mext = Cancel

Figure 26. Import files

Make sure that the option "Copy projects into workspace" is not checked. Else cross-references will be
corrupted and the example projects will not compile.

For a working demo project, you must import at least four subprojects. One example project, the NFC Reader
Library, FreeRTOS, one chip library and one board library.

When the import process has finished, one can start browsing the code.

5.4 Building projects

Building projects in a workspace is a simple case of using the Quickstart Panel - ‘Build all projects’. Alternatively,
a single project can be selected in the “Project Explorer View” and built separately. Note that building a single
project may also trigger a build of any associated library projects.

The project can be built as shown in Figure 27.
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[t5 Project Explorer 2 | 2 Peripherals+ i Registers % Symbal Vie
. [= ApiDocumentation
> (= DAL
: = FreeRTOS
=2 lpc_board_nxp_lpcxpresso_1769
. 5 |pc_chip_175% 6%
> 28 Nfcrdlib_Simplified APLEMVCo
> & Nferdlib_ S New v
> 25 Nfcrdlib_8 Go Inio
» |2 NfcrdlibEs
. E5 NferdlibE Open in New Window
. 5 NfcrdlibEy [2 Copy Ctrl+C
> 2% NfcrdlibE Paste Ctr+V
. 5 Nfcrdlibey 8  Delete Delete
» % NfcrdlibE Source b
» 2% NfcrdlibE Move...
> 2% NfcrdlibE Rename.. F2
MO impor,
g Export..
W Quickstart Pa
Build Project
Clean Project
5 MCUXg Refresh F5
Figure 27. Building the project

As a part of the build output, the binary for the “User Flash” file is created. This binary file can also be used to
update LPC1769 User Flash via USB mass storage interface.

[ty Project Explorer 52 2 Peripherals+ i Registers £ Symbol

- (= FreeRTOS
= lpc_board_nxp_lpcxpresso_1769
+ 5 |pc_chip_175x%_6x
+ (5 Nfcrdlib_Simplified APL EMVCo
=) Mfcrdlib_Simplified API_EMVCo_Analog
+ (5 Nfcrdlib_Simplified APLISO
4 % NfcrdlibEx1_BasicDiscoverylLoop
4 ¥ Binaries
> %¥ NfcrdlibEx1_BasicDiscoveryloop.axf - [arm/le]
: wit Includes
» 7 DAL
: = DebuglPC1769

Figure 28. Generated binaries

The project settings, compiler, and link flags can be changed in the project properties dialog. To open the project
properties dialog, select appropriate project in the “Project Explorer View” and click “Edit ‘selected-project’
project settings”.
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5.5 Running and debugging a project

This description shows how to run the “NfcrdlibEx1_CasicDiscoveryl. oop” example application for the
CLEV6630A / CLEV6630B evaluation development board. The same basic principles apply for all other
examples. Examples that require additional configuration provide detailed information in the example
description.

Initially, the CLEV6630A / CLEV6630B evaluation board must be connected to the computer via LPC-Link 2, as
shown in Figure 29.

Figure 29. CLEV6630B with LPC-Link 2

When debug is started, the program is automatically downloaded to the target and it is programmed to the
LPC1769 flash memory. A default breakpoint is set on the first instruction in main(), the application is started (by
simulating a processor reset), and code is executed until the default breakpoint is hit.

To start debugging your application on the CLEV6630A / CLEV6630B, simply highlight the project in the Project
Explorer and then in the Quickstart Panel click Debug, as shown in Figure 30. The MCUXpresso IDE will first
build an application, flash application binary and then start a debug session.

L Quickstart Panel &2 Global Variab /ariables Breakp

E MCUXpresso IDE (Free Edition)

~ Start here
B New project...
xI Import SDK example(s)...
2 Import project(s) from file system...
% Build 'Nferd IbEx1_BasicDiscoveryloop' [DebuglLPC1769]
¢ Clean 'Nfcrd ibEx1_BasicDiscoveryloop' [DebuglLPC1769]
W Debug 'NfcrdlibEx]_BasicDiscoveryloop' [DebuglLPC1769]

Figure 30. Launch debug session
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[ Installed SDKs [ Properties B Console & [2 Problems 0 Memory € Instruction Trace £J SWO Trace Config =2 Power Measureme.. O

LB EEE MBSy
CDT Build Console [Nferdlibex]_BasicDiscoveryloopl
Building target: NfcrdlibEx1 BasicDiscoveryloop.axf
Invoking: MCU Linker
arm-none-eabi-gcc -nostdlib -L"C:\Users\nxf18518\Documents\MCUXpressoIDE_10.0.0_ 344\workspace_ 5180 _1769\1pc_ch

Memory region Used Size Region Size %age Used
MFlash512: 183166 B 512 KB 19.66%
RamLoc32: 3508 B 32 KB 10.71%
RamAHB32: 8 GB 32 KB 0.00%

Finished building target: NfcrdlibEx1_BasicDiscoveryloop.axf

make --no-print-directory post-build

Performing post-build steps

arm-none-eabi-size "NfcrdlibEx1 BasicDiscoveryloop.axf" ; arm-none-eabi-objcopy -0 binary "NfcrdlibEx1_BasicDi
text data bss dec hex filename

103016 84 3424 106524  1a@lc NfcrdlibEx1_BasicDiscoveryloop.axf

14:56:15 Build Finished (took 28s.942ms)

4 [m]

<« (] »

Figure 31. Successful compile

Select “LPC-Link 2” as a debug probe.
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. Probes discovered

Connect to target: LPC1769

1 probe found. Select the probe to use;

= [E3]]

Available attached probes

Name Serial number/ID
B LPC-LINK2 CMSIS-DAP V5.182 D2G2ITEW

Type Manufac.. IDE Debug Mode
LinkServer MNXP Semic Non-Stop

Supported Probes (tick/untick to enable/disable)
MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes
P&E Micro probes

SEGGER J-Link probes

Probe search options

Remember my selection (for this Launch configuration)

)

ox

Figure 32. Select the launch configuration

After a successful software upload, the execution of the project starts immediately, but might halt at the initial
breakpoint. To resume execution, click the resume button.
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38 workspace 5180 1769 - Develop - NfcrdlibEx1_BasicDiscoveryLoop/NferdlibEx1_BasicDiscoveryLoop.c - MCUXpresso IDE EI@
File Edit Source Refactor MNavigate Search Project Run FreeRTOS Window Help
At B vBiFHrO0O-Lv|@in|n Mo S biER RS LAES-FRE T
U R AR SV 4 Quick Access :| & |[X)
ByP. 8 P, SMR. 5. = O 4sDebug % lis == B
=l = 4 2 NfcrdlibEx]_BasicDiscoveryloop.axf [LPC1769 (cortex-m3)] -
: % phOsal o 4 o Thread #1 1 (Stopped) (Suspended : Breakpoint)
> = SIC |E‘ = main at NfcrdlibFx1 BasicDiscovervl oon.c:93 0x1449e -
+ ol NfcrdlibEx] BasicDiscoverylot G welcome  [2 NferdlibExl_BasicDiscoveryloop.c & = g
= NfcrdlibEx1_BasicDiscoverylot ™ - - Tm s e
" ‘+ » ’7 #*##*#*##*##*#**#*##*#**#*##*####*##*##*#**#*##*#*##*##*#**#*##*##*#*##*##*#**#/ -
88 i
WQ R G =V %B ko = 0O 89-int main (void) El
98 {
i 91 do
MCUXpresso IDE (Free | = o2 {
93 phStatus_t status = PH_FRR_TNTERMNAL_FRROR;
~ Start here 94 phNfcLib_Status_t dwStatus; i
[+1
B ew project. | < | 1] | 4
B8 mport SDK example(s)... Installe... Properti.. B Console % [& Problems O Memory € Instructi.. 54 SWOTr. =Power.. — B
® Import project(s) from file system, § R EE AB~b
& Build ‘NicrdlibExl BasicDiscovery NfcrdlibEx1_BasicDiscoveryloop DebugLPC1769 [C/C++ (NXP Semiconductors) MCU Application] NfcrdlibEx1_BasicDisco
o Clean NfardlibE 178 5 —  [MCUXpresso Semihosting Telnet console for NfcrdlibEx1_BasicDiscoveryloop DebuglPC1769 -
ean 'NfcrdlibEx1_BasicDiscovery
¥ Debug 'NfcrdlibEx1_BasicDiscover
¥ Terminate, Build and Debug "Nfcrc
® Edit ‘NfcrdlibEx]_BasicDiscoverylLe ™ -
< | 11 » 4| 1 3
: O NXP LPC1769 (NferdlibEx] B..iscoveryLoo) sl S

Figure 33. Debug project

In the console window, application debug outputs of the execution can be seen.

Installed SDKs Properties & Console &2 Problems 0 Memory € Instruction Trace &g SWO Trace Config B2 Power Measurement Too
NfcrdlibEx1_BasicDiscoveryLloop DebuglPC1769 [C/C++ (NXP Semiconductors) MCU Application] NfcrdlibEx1_BasicDiscoveryLoop.axf

[MCUXpresso Semihosting Telnet console for NfcrdlibExl BasicDiscoveryloop DebuglPC1769 started on port 3331]
BasicDiscoverylLoop Example:

Card detected and activated successfully...
Technology : Type A

Card: 1

UID : @4 63 56 6A F1 3B 80
SAK : 0x08

Type: Type 2 Tag

Figure 34. Application printouts in console window

After the execution has reached the end of the main function, click the Terminate button to stop the execution.
Otherwise a rerun of the project will be possible.

Buttons in the debug toolbar provide next functionalities:
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M Run the program.
i = Step over C/C++ line.
@ Step into a function.
i - Stop the debugger.
Pause execution of the running
B program.
i Instruction stepping mode

(disassembly).

Figure 35. Dubug buttons
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6 Associated projects

All example projects are available for download at the CLRC663 product page [1] in the documents section and
are being distributed in one single file.

After downloading the zip file, unzip it and run the installer. The installer makes a copy of all documents and SW
on the hard disk.

By default, the projects are preconfigured to be run on the CLEV6630A / CLEV6630B evaluation board. This is
defined by preprocessor directive PHDRIVER LPC1769RC663 BOARD (properties-> settings->preprocessor)
and by defining the appropriate macro in “../intfs/ph_NxpBuild_App.h”.

//#define NXPBUILD PHHAL HW PN5180
#define NXPBUILD PHHAL HW RC663

Running the projects with or without FreeRTOS

All projects described in the following subchapters can be configured to run with or without the
FreeRTOS operating system. To enable or disable FreeRTOS support, define a preprocessor directive
PH OSAL FREERTOS or PH OSAL NULLOS respectively (Figure 36) and rebuild the project.

(1) Project properties -> Settings -> Preprocessor

s

@ properties for Nfcrdlib_Simplified AP EMVCo_Analog o [@] =]
type filter text Settings o -
> Resource i
Builders o
4 C/C++ Build Configuration: [DebugLPCl?SQ [ Active ] 'l [Manage Configurations...l

Build Variables
Environment

Logging # Tool Settings |.3“ Build stepsl Build Artifactl Binary Parsersl @ Error Parsers|
MCU settings 4§ MCU C Compiler [7] Do not search system directories (-nostdinc) i
Settings = Dialect [] Preprocess only (-E)

Tool Chain Editor

= Preprocessor : : B |8 AL
 C/C++ General Defined symbols (-D) SRR

L)
¢ Includes __USE_LPCOPEN

Project References

| 5 Opimizsion .
Run/Debug Settings (2 Debugging PHDRIVER _LPC1769RC663_BOARD
# Warnings CORE_M3
# Miscellaneous _REDLIB__
(# Architecture DEBUG
4 B MCU Assembler —CODE_RED

BG | NXPBUILD_CUSTOMER_HEADER_INCLUDED
= Genera

# Architecture & Headers
4 i MCU Linker
 General .

@ OK ] l Cancel

Figure 36. Defining RTOS preprocessor symbols
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6.1 Example 1 — Basic Discovery Loop

The Discovery Loop is the entry point when starting to communicate with an NFC tag or device. It scans the
close environment for tags and devices of different technologies.

The example is implemented to work in the POLL and LISTEN mode of the discovery loop. Information (like
UID, SAK, and Product Type for MIFARE product-based cards) of the detected tags are printed out and it
also prints information when it gets activated as a target by an external initiator/reader. Whenever multiple
technologies are detected, example select first detected technology and resolve it.

In passive poll mode, Low Power Card Detection (LPCD) is enabled.

Discovery Loop Poll Mode — State and Error Codes

Success Codes
PHAC DISCLOOP_WLLTI_TECH_DETECTED
PHAC DISCLOOP_ACTIVE _TARGET _ACTIWATED
Failure Codes:
PHAC DISCLOOP _FALURE
PHAC DISCLOOP EXTERMAL_RFON
PHAC DISCLOOP_NO TECH_DETECTED
PHAC DCISCLOCP LPCD NO_TECH DETECTED

Technology
Detection
Step 1

Single Technology Detected

PHAC_DISCLOOP_CONFG_NEXT_POLL_STATE =
PHAC DNSCLOOP PO STATE _DETECTION; o
phacDiscLoop_Run(&dscloop PHAC_DISCLOOP ENTRY POINT_POLLY

PHAC_DHSCLOOP COMFIG MEXT POLL_STATE =
HAC_ DNSELOOP_PO STATE_CO SION_RESOLUTION,

phach sc].mp_ﬁun[&dlsr:.l-om,F‘HhC_Di.SCLClDP_ENTR\'_P{}INT_PL‘!LL}; CG‘"ISIG'I"I
~.a/Resolution And
— Activation
Application Step 2

MNum devices resolved > 1
hacDiscLoop_ActivateCard|&discloop, taghype, tagindex);

Success Codez

PHAC DISCLOOP_COLLISION PENDING
PHAC_DISCLOOP_MLLTI_DEVICES RESOLVED
PHAC_DISCLOOP_DEVICE_ACTNVATED

PHAC DISCLOOP_PASSVE TARGET ACTIVATED
, , , PHAC_DISCLOOP_MERCED_SEL_RES_FOUND
Single device Activated ar Error Failure Codes:

PHAC DISCLOCP_NO_DEVIOE_RESOLVED
PHAC_DISCLOCR FALURE

Success Codes:
PHAC_DISCLOOP_DEVICE_ACTVATED
PHAC_DISCLOOP_PASSIVE_TARCET_ACTIVATED . .
PHAC DISCLOOF MERGED SEL_RES_FOUND Activation
Failure Codes:

PHAC_DISCLOOR FALURE St‘Ep 3

Figure 37. Discovery Loop in Poll mode
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The core function of this example is “BasicDiscoveryLoop_Demo()”, where initialization of the NFC Reader
library and polling for NFC technologies is implemented. After each polling loop, application is checking the
polling result and printout information about the detected tags or devices.

This example uses the default DiscoveryLoop configuration, which enables all supported technologies and it is
limited to one device for each technology.

Table 2. Supported technologies

1ISO14443P3A 1ISO15693- SLI FeliCa TYPEF_TARGET_PASSIVE
1ISO14443P4A 1ISO18000P3M3 TYPEA_TARGET_PASSIVE TYPEF_TARGET_ACTIVE
ISO18092MPI 1ISO14443P3B TYPEA_TARGET_ACTIVE

6.2 Example 2 — Advanced Discovery Loop

In addition to Example 1, the Advanced Discovery Loop example explains the different configuration options of
the Discovery Loop and configure DiscoveryLoop with default values based on the interested profile, NFC, or
EMVCo.

The configuration of the “DiscoveryLoop” is implemented in "LoadProfile()” function.

6.3 Example 4 — MIFARE Classic

This example demonstrates how to configure “DiscoveryLoop” to poll for only one technology and how to
resolve detected card, in this example MIFARE Classic is used.

Once MIFARE Classic card is activated, application printout information like UID, ATQA, and SAK and perform
the authentication with MIFARE Classic card default key. After successful authentication, basic read/write
operations are implemented.

This example is a good start in case of working with only one card or to see how to manage MIFARE Classic
cards.

6.4 Example 5 - ISO/IEC 15693

Similar to the previous example, this example only uses one technology, in that case ISO/IEC 15693.
“DiscoverylLoop” is configured to resolve only one device and in the example it is shown how to change TX
Guard Time for T5T cards, this is implemented in “phApp_Init()” function.

Once ICODE SLlI is resolved and activated, the application prints out card information like the type of the card
and UID, and it will read and write from/to the memory block.

This example is good start in case of working with only one card or to see how to manage the ISO/IEC 15693
type of the cards.

For a much more extensive example, demonstrating the use of ISO/IEC 15693 and ISO/IEC 18000-3 Mode
3 tags (ICODE SLI and ICODE ILT). In order to assure ICODE SLI and ILT detection, check HAL digital delay
define settings as described in Section 4.

6.5 Example 7 — EMVCo Polling

The EMVCo Polling example demonstrates how to configure the NFC Reader Library as specified by EMVCo
specifications and starts polling for EMVCo cards.

Once an EMVCo compatible card is resolved and activated, it demonstrates the exchange of APDU commands.
This example shall help the developers getting started more quickly when working with EMVCo cards.
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6.6 Example 9 — NTAG I°C

The NTAG I°C example demonstrates the use of special features, which are supported by NTAG 1°C. By using
the POLL mode of the discovery loop, the example detects the NTAG I°C cards and displays detected tag
information like UID, ATQA, SAK, Version info and perform “Page Read’ and “PageWrite” commands.

For more details about the NTAG I°C and its functionalities, consult the related product page.

6.7 Example 10 — MIFARE DESFire

The MIFARE DESFire example demonstrates how to use MIFARE DESFire EV1 cards.

Once the MIFARE DESFire card is resolved and activated, it displays MIFARE DESFire applications created
by this example previously and it displays a 32-bit signed integer, which is incremented after each successful
detection of tag.

In case no application is present on the tag, a new application is created with two new files to hold the
NXPNFCRDLIB version used to create this application and another file to hold the 32-bit signed integer.

Note: This example including the required modules of the NFC Reader Library is only available via Secure Files
on NXP.com.

6.8 Example 11 - ISO/EC 10373 PCD

This example is used to perform ISO/IEC 10373-6 PCD compliance validation. This example has to be
executed in the DUT which has an ISO/IEC 14443 based PCD implementation. The ISO/IEC 10373-6
test methods verify the compliance with the ISO 14443 protocols. An external tool like Micropross MP300
implements the test methods for the ISO/IEC 10373-6 and is used as the counterpart for this testing.

6.9 Test example 12 — CLRC663 LPCD

This example is a test suite application to test CLRC663 LPCD. This test suite contains test cases for CLRC663
HAL LPCD under different conditions. The test Cases are comprised of combinations of digital filter, charge
pump, and detection options. The scenarios/combinations are as follows:

Scenarios 1 ==> Digital Filter: Disabled; Charge Pump: Enabled; Detection
Option: NA

Scenarios 2 ==> Digital Filter: Disabled,; Charge Pump: Disabled,; Detection
Option: NA

Scenarios 3 ==> Digital Filter: Enabled; Charge Pump: Disabled; Detection
Option: Option 1

Scenarios 4 ==> Digital Filter: Enabled; Charge Pump: Disabled,; Detection
Option: Option 2

Scenarios 5 ==> Digital Filter: Enabled; Charge Pump: Enabled; Detection
Option: Option 1

Scenarios 6 ==> Digital Filter: Enabled; Charge Pump: Enabled; Detection
Option: Option 2

Scenarios 7 ==> In this scenario, the Calibration is performed with the load on
the antennae and the load is removed during Lpcd Loop from the Antennae.

AN11022 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Application note Rev. 1.7 — 31 July 2024 Document feedback
38/48



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN11022

NXP Semiconductors AN 1 1 022

CLRC663 evaluation board quick start guide

Note: Not all of the offered LPCD functions might work with the used CLRC66302 (in case of using the
CLEV6630A).

6.10 Simplified API EMVCo

This application configures Reader Library as per EMVCo specification and start EMVCo polling. This loop back
application sends SELECT_PPSE command and is used to test EMVCo.3.1a(L1) digital compliance. Simplified
approach, after library initialization, is using only three commands:

phNfcLib Activate ()

phNfcLib Transmit ()

phNfcLib Receive ()

6.11 Simplified APl EMVCo analog

This example contains three modes of operations within itself for the user to choose as below.

EMVCo LoopBack Application

Trans send Type A application

Trans send Type B application

The above application modes are used to perform EMVCo02.6(L1) analog compliance validation.

6.12 Simplified API ISO

This example is a reference application to demonstrate the usage of Simplified API with ISO profile. The
application contains example of Type A Layer 4, Type B Layer 4, MIFARE DESFire, MIFARE Ultralight, MIFARE
Classic, ISO/IEC 5693, and ISO/IEC 18000p3m3.

The example demonstrates how to use a simplified API, which requires, after successful library initialization,
only three commands:

phNfcLib Activate ()

phNfcLib Transmit ()

phNfcLib Receive ()
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7 Radio Equipment Directive (RED)

The following information is provided per Article 10.8 of the Radio Equipment Directive 2014/53/EU:
(a) Frequency bands in which the equipment operates.

(b) The maximum RF power transmitted.

Table 3. Characteristics

PN RF Technology (a) Freq Ranges (EU) (b) Max Transmitted
Power

CLEV6630A NFC 13.56 MHz +7 kHz -11 dBm

CLEV6630B NFC 13.56 MHz +7 kHz -11 dBm

EUROPEAN DECLARATION OF CONFORMITY (Simplified DoC per Article 10.9 of the Radio Equipment
Directive 2014/53/EU). This apparatus, namely CLEV6630B demo board, conforms to the Radio Equipment

Directive 2014/53/EU.

The full EU Declaration of Conformity for this apparatus can be found at this location: https://www.nxp.com/
products/:OM26630FDK

AN11022 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1.7 — 31 July 2024 Document feedback
40/ 48



https://www.nxp.com/products/:OM26630FDK
https://www.nxp.com/products/:OM26630FDK
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN11022

NXP Semiconductors AN 1 1 022

CLRC663 evaluation board quick start guide

8 References

(1]
(2]

(3]
(4]
(3]

[6]
[7]

AN11022

Webpage — CLRC663 plus Family: High-Performance NFC Frontends (link)

Data sheet — CLRC663 — High-performance multi-protocol NFC Frontend CLRC663 and CLRC663 plus
(link)

Application note — AN11019 — CLRC663, MFRC630, MFRC631, SLRC610 Antenna Design Guide (link)
Application note — AN11783 — CLRC663 Low Power Card Detection (link)

Application note — AN11021 — CLRC663, MFRC631, MFRC630, SLRC610 Software Design Guide for
NXPRDLib (link)

Webpage — NFC Reader Library: Software Support for NFC Frontend Solutions (link)
Software — MCUXpresso Integrated Development Environment (IDE) (link)

All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1.7 — 31 July 2024 Document feedback

41/48


http://www.nxp.com/products/:CLRC66303HN
https://www.nxp.com/docs/en/data-sheet/CLRC663.pdf
https://www.nxp.com/docs/en/application-note/AN11019.pdf
https://www.nxp.com/docs/en/application-note/AN11783.pdf
https://www.nxp.com/docs/en/application-note/AN11021.pdf
http://www.nxp.com/pages/:NFC-READER-LIBRARY
http://www.nxp.com/products/software-and-tools/run-time-software/mcuxpresso-software-and-tools/mcuxpresso-integrated-development-environment-ide:MCUXpresso-IDE
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN11022

NXP Semiconductors AN 1 1 022

CLRC663 evaluation board quick start guide

9 Note about the source code in the document

The example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2012-2024 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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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.

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 https://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.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

HTML publications — An HTML version, if available, of this document is
provided as a courtesy. Definitive information is contained in the applicable
document in PDF format. If there is a discrepancy between the HTML
document and the PDF document, the PDF document has priority.

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.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.
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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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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.
EdgeVerse — is a trademark of NXP B.V.

12C-bus — logo is a trademark of NXP B.V.
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