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1 Introduction

The PN76 family has many options to save power. This document highlights some of the most used functions
and features. The goal is that the user understands the purpose of the different lower power modes and knows
how to configure and run them, in the "nfc_low_power_modes" example. As this application note is tightly
coupled to the SDK example "nfc_low_power_modes", slight changes in different versions are to be expected,
but the fundamentals stay the same. The SDK version used for this application note is v02.15.004.

As not every function is discussed within this document, it is highly recommended to read the data sheet, user
manual, and _PN7642 NFC controller user APl documentation.

The LPCD and ULPCD calibration, configuration, parameters, and technical background are explained in detail
in the PN7642 design-in recommendations.

1.1 Environment

The following tools, hardware, and software have been used:

PNEV7642A development board

— Firmware version: v02.06

MCUXpresso IDE

— Version: v24.12.148

* MCUXpresso PN7642 SDK

— Version: v02.15.004

Debugger (MCU-Link, SEGGER J-Link, ...)
— Tool: SEGGER J-Link Base

SEGGER J-Link RTT Viewer

— SEGGER SDK v8.30

This document does not explain how to install, configure, or set up the PNEV7642 development board and its
environment. For getting started with the PNEV7642 development board, read the PN76 family evaluation board
quick start guide. The PN7642 is updated to FW v02.06 by using SDK v02.15.004.

1.2 Debugging

When the chip enters ultra low-power modes, the debugger loses connection, in most cases without any
immediate warning.

The SDK offers the option to use UART as debug output instead of Semihost (console within the IDE). For the
low-power examples, it is recommended to use UART and the J-Link Section 6 "RTT Viewer". The RTT viewer
is easy to reconnect after the connection has been lost due to going to low power and subsequent waking up.

AN13996 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.

Application note Rev. 4.0 — 27 May 2025 Document feedback
2/41



https://www.nxp.com/products/rfid-nfc/nfc-hf/nfc-readers/development-kit-for-pn7642-secure-compact-nfc-controller-with-programmable-memory-and-crypto-acceleration:OM27642
https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-/mcuxpresso-integrated-development-environment-ide:MCUXpresso-IDE
https://www.nxp.com/products/PN7642#software
https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-/mcu-link-debug-probe:MCU-LINK
https://www.segger.com/products/debug-probes/j-link/tools/rtt-viewer/
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN13996

NXP Semiconductors AN1 3996

How to use the low-power features of the PN76 family NFC controller

2 Low-power modes

Lower-power modes described within this Application note:

* Low-power card detection (LPCD) : Software driven measurement of 1/Q channels.
Standby : Interface states and AO_RAM is retained.

Ultra low-power card detection (ULPCD) : Highest current saving card detection mode.
 Ultra low-power standby : Highest current saving standby mode.

2.1 Low-power card detection (LPCD)

The low-power card detection (LPCD) of the PN7642 is a single APl which issues an I/Q channel measurement.
The LPCD is software-implemented and runs while the microcontroller is active.

In contrast to NFC frontend readers, for example PN5190, this API will not set the PN7642 into standby, but
directly return the measurement result:

Result Description

PN76_STATUS_NO_TAG_DETECTED If Tag is not detected during LPCD..

PN76_STATUS_TAG_DETECTED. On Tag detection.

PN76_STATUS_EXTERNAL_FIELD. In case of external RF detection during LPCD. Refer to
PN76_Status_t for error codes details.

Calibration and measurement execution are described in the ref.[1].

2.1.1 LPCD API

All APIs and their description can be found in the PN7642 NFC controller user API documentation.

+ PN76_Sys_ PCRM_LPCD_Start()

PN76_Status_t PN76_Sys_PCRM_LPCD_Start { PN76_PCRM_LPCD_Mode t tLpcdMode )

This function Runs the SW LPCD.

Parameters
tLpecdMode Reference mode or measurement mode

Return values
PN7é_STATUS NO TAG DETECTED If Tag is not detected during LPCD.
PN7é_STATUS TAG DETECTED. On Tag detection

PN76_STATUS _EXTERMNAL_FIELD. In case of external RF detected during LPCD. Please refer to
FNT&_Status_t for error codes details

Figure 1. LPCD Start API
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2.2 Standby

In standby, all interface states and AO_RAM (Always On RAM) content is retained. The PMU operates in a low-
power state and a wake-up counter clock is available. Multiple wake-up sources can be selected. See the API
description for more information.

2.2.1 Standby API
All APIs and their description can be found in the ref.[3].

+ PN76_Sys PCRM EnterStandby()

PNT7eé_Status tPN7VS6 Sys PCRM_EnterStandby ( PN76_PCRM_LowPower WakeUp Config t eWakeUpSource,
uint32 t dwWakeUpCntValue

Switch into standby mode.

Note
The function will never return if IC is switched into standby was successful.

In case the function retums, the standby prevention can be found in register PCRM_SYS BOOT2_STS (0xC5). This register
can be read using PN76_Sys_ReadRegister().

Once the IC enters into standby, the configuration and values of GPIQ0s will persist.

Parameters
eWakeUpSource Selection of wake-up source in Enum PN76_PCRM_LowPower WakeUp Config t.

dwWakeUpCntValue 10 bit wake-up counter value: resolution=2,63ms -= max time slot=2,57s. This is used only in case of
TIMER as wakeup.

Return values
PN76_STATUS PARAMETER_ERROR Incase no wakeup Source is selected

PN76_STATUS LOW POWER_ENTRY_PREVENTED. Incase the Standby Entry is prevented. The reason for the
prevention can be read from register PCRM_SYS BOOQT2 STS
(0xC5). This register can be read using PN76_Sys_ReadRegister().

Figure 2. PN76_Sys_PCRM_EnterStandby
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2.3 Ultra low-power card detection (ULPCD)

The ultra low-power card detection (ULPCD) offers the highest current saving. In ULPCD mode, the only wake-
up sources to exit from the card detection loop are:

e Section 2.3.2.1 "GPIO 3 Abort"
e Section 2.3.2.2 "Card detected"
e Section 2.3.2.3 "External RF detected" if enabled.

Note: The ULPCD cannot be used together with the DC-DC function. The PNEV7642 development board is
designed to operate without DC-DC. The inductor for DC-DC can remain, and VUP is per default set (J1) to be
supplied by the 5V board supply.

For more information about the ULPCD capabilities and description, see the data sheet, user manual, and
PN7642 design-in recommendations.

The usage of ULPCD is explained in Section 5.4 "Option 5: ULPCD Calibration".

2.3.1 ULPCD API
All APIs and their description can be found in the PN7642 NFC controller user API documentation.

The ULPCD API belongs to the Power Control and Reset Management (PCRM) system services:

+ PN76_Sys_PCRM_EnterULPCD()

PN76_Status t PN76_Sys PCRM_EnterULPCD ( PN76_PCRM_ULPCD_Config_t bUlpcdConfig,
uint16_t dwWWakeUpCnivalue,
uintg_t bUlpdetEnable

)

Switch into Ultra Low Power Card Calibration/Detection mode.

Parameters
bUlpcdConfig Selection of ULPCD Configuration as in Enum PN76_PCRM_ULPCD_Config_t.

dwWakeUpCntValue 12 bit wake-up counter value: resolution=1ms ->= max time slot=4.096s. This is interval defines the
wakeup time during calibration phase and time between RF pings during card detection.

bUlpdetEnable Ultra low power RF detection enabled/Disabled. Value to be TRUE means 1 for ULPDET Enable or
FALSE means O for ULPDET Disabled. Any other value is not considered for ULPDET .

Return values

PN76_STATUS_SUCCESS 1 SUCCESS is never retumed as the system enters into Ultra low power mode in case
of successful entry to ULP mode

PN76_STATUS_PARAMETER_ERROR Incase invalid wakeup source is selected or wake-up interval is more than 12bits

Figure 3. API: Enter ULPCD

2.3.2 Wake-up reasons in ULPCD

e Section 2.3.2.1 "GPIO 3 Abort"
e Section 2.3.2.2 "Card detected"
e Section 2.3.2.3 "External RF detected" if enabled.
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2.3.2.1 GPIO 3 Abort

In Ultra-Low-Power-Card-Detection (ULPCD) the GPIO 3 can be used to abort it from an external source (host,
power management unit, etc..). An ultralow frequency oscillator drives a wake-up counter, which triggers a
periodic activation.

While the GPIO 3 can be raised at any time, the check if it has been raised is only done after the wake-up
counter elapsed. This results in inconsistent latency from GPIO 3 edge to actual wake-up. The latency can vary
from the standby time maximum + 1 ms to a theoretical minimum of 1 ms.

GPIO 3
asserted
ULPCD ULPCD

Ping Ping

Elapsed time Wake-up latency Boot

F A
4
'y

L

Standby Time

Figure 4. GPIO3 wake-up time variance

ULPCD Ping: A short RF pulse measuring the RSSI value.

Standby Time: The configured time between the wake-ups.

GPIO3: Depending on the configured polarity either a falling or rising edge on GPIO 3 of the PN7642.
Wake-up latency: Time from GPIO 3 trigger to actual PN7642 boot.

The wake-up time is: — Wake-up latency = Standby Time - Elapsed time

GPIO 3 is checked every time when the card detection is started. If GPIO 3 is still high, for example, from a
previous abort and has not been deasserted, the ULPCD is aborted again. Best practice is to assert GPIO 3 for
a short time, long enough to have a stable logical high, and deasserted afterward.

GPIO 3 abort cannot be disabled. If this option shall not be used, the pin shall be tied to ground.
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2.3.2.2 Card detected

An object is detected to be in the proximity of the reader, when the measured RSSI differs from the reference
RSSI by more than a configurable threshold.

In the measurement phase, the card detection activity is performed autonomously by the hardware at
configurable time intervals (standby time). This configuration is passed as a parameter in the ULPCD API. The
RSSI value is measured and compared against the reference value stored at the calibration phase.

Note: For ULPCD, only RSS! is considered, not I/Q.

2.3.2.3 External RF detected

Waking up from ultra low power card detection due to the detection of an external RF-Field.

When calling the ULPCD API "PN76_Sys PCRM_EnterULPCD(...)" the third parameter "bUIpdetEnable"
determines if an external RF-Field wakes up the PN7642 or not.

If the value is not 0, the RF level detector is enabled while in ULPCD. Any detection of an external RF-Field
causes the immediate wake-up from ULPCD with the boot reason "BOOT_ULPCD_RX_ULPDET" (see register
PCRM_SYS_BOOT1_STS 0xCB8).

The low-power mode example prompts the following text: Boot from ULPCD due to External RF
detection

Low Power Mode Example:
» Boot from ULPCD due to External RF detection
select the Modes :

e
e
e

Figure 5. Boot due to external RF detection
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2.4 Ultra low-power standby

In the ultra low-power (ULP) standby mode, everything is turned off except a timer based on an ultra low
frequency oscillator (ULFO). In this mode, only two options are available for wake-up:

1. Wake-up by time-out (resolution: 1 ms, min time-out = 1 ms, max time-out 4096 ms)
a. An external RF field is ignored and does not cause a wake-up.

2. External RF field detected or wake up by time-out.
a. The wake-up timer is mandatory.

This mode is typically used if users want to save as much power as possible and waking up in intervals, or
triggered by an external RF-Field, is sufficient.

The main difference of ULP standby to ULPCD (ultra low-power card detection) is that there is no card detection
cycle and a wake-up timer is mandatory.

2.4.1 ULP Standby API

All APIs and their description can be found in the PN7642 NFC controller user APl documentation.

The ULP Standby API belongs to the PCRM (Power Control and Reset Management) System Services:

+ PN76_Sys PCRM_EnterUlpStandby()

PN76_Status_t PN76_Sys_PCRM_EnterUlpStandby { PN76_PCRM_UltraLowPower WakeUp_Config_t w\WakeupSource,
uint16_t dw\WakeUpCntVvalue

)

Switch into Ultra Low Power standby mode.

Parameters
wWakeupSource  Selection of wake-up source in Enum PN76_PCRM_UltraLowFower_WakeUp_Config_t
dwWakeUpCntValue 12 bit wake-up counter value: resolution=1ms -> max time slot=4.096s. This is used as a wakeup time
interval when wakeup source is TIMER.

Note
It is mandatory to have TIMER as wakeup source in all cases
If external RF is configured as wakeup source, the IC wakes up if there is no external RF within the wakeup counter interval
Higher priority for wakeup is always the Wakeup counter.

Return values
PN76_STATUS_SUCCESS SUCCESS is never returned as the system enters into Ultra low power in case of
successiul entry to ULP mode.
PN76_STATUS PARAMETER_ERROR In case invalid wakeup source is selected or wake-up interval is more than 12bits

Figure 6. API: Enter ULP Standby

Table 1. EnterUlpStandby wake-up sources

wWakeupSource Behavior
E_PN76_PCRM_ULP_WAKEUP_SOURCE_TIMER The chip will enter ULP standby and wake-up after the timer,
set by "dwWakeUpCntValue", expires.

An external RF-Field is ignored.

E PN76 PCRM_ULP_WAKEUP_SOURCE_RFFIELD The chip will enter ULP standby and wake-up either after the
timer expires or an external RF-Field is detected.
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2.4.2 Wake-up reasons in ULP standby

2.4.2.1 Wake-up timer

The wake-up timer can be set in the resolution of 1ms from a minimum of 1 ms up to a maximum of 4096 ms
(4.096 seconds). In ULP only a very small part of the hardware is running to achieve the maximum in power
saving.

After the timer elapses, driven by ULFO, the PN76 wakes up and the user shall check the register
PCRM_SYS BOOT1_STS, see Section 3, to determine the wakeup reason.

2.4.2.2 External RF detected

If the wake-up source "E_PN76_PCRM_ULP_WAKEUP_SOURCE_RFFIELD " is enabled, the RF level
detector is enabled while in ULP standby. Any detection of an external RF-Field causes the immediate wake-up
from ULP standby with the boot reason "BOOT_RX_ULPDET" (see register PCRM_SYS_BOOT1_STS 0xC6).
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Before the example, nfc_low_power_modes, prompts the options to exercise different low-power modes, the
boot reason of the IC is checked. This check is done in the method BootLowPowerCheck () and serves

multiple purposes.

First, the boot reason is evaluated to decide which further actions must be taken. An example is going to
ULPCD card detection, after the calibration cycle. Second, to display the boot reason in the debug output.

The cause of boot can be retrieved by reading the register PCRM_SYS BOOT1 STS.

Table 2. PCRM_SYS_BOOT1_STS_REG bit fields

Bits Field

Access

Reset
Value

Description

0 BOOT_POR

0x0 |Bootup Reason

-

BOOT_RXPROT

0x0 |Bootup Reason

2 BOOT_VUPDET 0x0 |Bootup Reason

3 BOOT_TEMP 0x0 Bootup Reason

4 BOOT_WUC 0x0 |Bootup Reason

5 BOOT_VDDIO_START 0x0 | Bootup Reason this is valid if STBY/SUSPEND entered with VDDIO LOSS

6 BOOT_VDDIO_LOSS 0x0 |Bootup Reason

7 BOOT_PVDDLDO_OVERCURRENT 0x0 | Bootup Reason

8 RESERVED 0x0 |reserved

9 RESERVED 0x0 |reserved

10 BOOT_ULPCD_GPADC_READY_TIMEOUT 0x0 |ULPCD exit as GPADC READY is not asserted from GPADC Analog

11 BOOT_RX_ULPDET 0x0 |Bootup Reason

12 BOOT_LPDET 0x0 | Bootup Reason

13 BOOT_GPIO0 0x0 |Bootup Reason

14 BOOT_GPIO1 0x0 |Bootup Reason

15 BOOT_GPIO2 0x0 |Bootup Reason

16 BOOT_GPIO3 0x0 |Bootup Reason

17 RESERVED 0x0 |Reserved

18 RESERVED 0x0 |Reserved

19 BOOT_I2C 0x0 |Bootup Reason

20 BOOT_SPI 0x0 |Bootup Reason

21 WAKEUP_RX_ULP r 0x0 |Indicates if VEN is masked due to wake-up with rx_ulp. This bit is cleared with
ULPDET_WKUP_VEN_MASK_CLR

22 BOOT_ULPCD_RX_ULPDET r 0x0 |RX ULPDET resulted in boot in ULPCD mode

23 RESERVED

0x0 Reserved

24 |BOOT_USB

0x0 |Bootup Reason

25 |BOOT_ULPCD LDO_VDDPA_
OVERCURRENT

0x0 ULPCD LDO VDDPA overcurrent

26 BOOT_ULP_STANDBY

0x0 | ULPCD Standby

27 BOOT_ULPCD_GPIO_ABORT

0x0 | ULPCD GPIO Abort

28 BOOT_ULPCD_CALIBRATION_DONE

0x0 |ULPCD calibration complete

29 |BOOT_ULPCD_CARD_DETECT

0x0 |ULPCD card detect

30 BOOT_ULPCD_CLKDET_ERROR

0x0 |ULPCD CLK_DET error

31 BOOT_ULPCD_XTAL_TIMEOUT

0x0 ULPCD exit due to XTAL timeout
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3.1 GPADC_READY_TIMEOUT

The BOOT ULPCD GPADC READY TIMEOUT in PCRM SYS BOOT1 STS REG is setin case the GPADC in
ULPCD was not ready in time. This can happen due to various reasons. In particular in firmware lower than
v02.05, the timings of GPADC are set stricter than needed to account for the variety of crystals on the market
together with manufacturing spread.

In firmware v02.05, the GPADC timings have been adjusted. Refer to the following documentation for more
information: RN00257 and AN14518.
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4 EEPROM read/writes and IC configuration

1Caution! EEPROM writes must be used with extreme care, due to limited write cycles (100k) and potential for
corruption if power is lost during the operation! A reset or power loss during an EEPROM write can corrupt the
currently written EEPROM page (512 bytes). If an EEPROM write is performed make sure that stable power is
available and no reset is performed until the write is complete. !Caution!

The "nfc_low_power_mode" example requires some basic configuration of the power domain and HFATT value.
From SDK v02.15.003 onwards, the example itself will not execute any EEPROM writes and configurations. It
will inform the user if conflicting or unexpected configuration is found. The user is responsible to ensure that the
PN7642 is properly configured. To assist with that task, a new example, namely "NFC_Config", is introduced.
This further outlines the importance of separating IC configuration and business logic.

Configurations
5 the Mod

ULPCD Power Configuration success!!

Figure 7. Example "NFC Config" execution

Note: This application note, at the current version, focuses on the usage of the example and the code
integration. Detailed calibration and configuration of ULPCD is explained in ref.[4] [4.2 ULPCD].

4.1 Power configuration

See: ref.[4] chapter [2.1 DC-DC and TXLDO] for more details.
Low power modes such as ULP or ULPCD require the DC/DC to be be disabled.

Note: Be aware that disabling the DC-DC requires the supply of VUP as well as related EEPROM settings
(DCDC_POWER_CONFIG, 0x00). Wrong settings in combination with certain power configurations might
destroy the PN7642!

To disable the DC/DC the EEPROM parameter "DCDC_PWR_CONFIG (0x0000)" must be written.
Further, it is recommended to set the TX LDO Start VDDPA: TXLDO_VDDPA_CONFIG (0x0006).
All this is also done by running the example NFC_Config with option "1" (Set ULPCD Power Configuration).

4.2 ULPCD HFATT value

See: ref.[4] chapter [4.2.1 HF Attenuator value] for more details.

For the correct working of the ULPCD the HF Attenuator value must be set once(!) in EEPROM. The HF
Attenuator value guarantees the optimum RSSI range, even though the VDDPA might be reduced.

The best way to derive the optimum HF Attenuator value is to enable the RF-Field once, using Type-A 106
settings, and forcing the VDDPA to the same value as setin ULPCD_VDDPA _ CTRL. Let the RF-Field settle for
a short time (for example, 1 ms) before reading CLIF_RXCTRL_STATUS (0x28) - [8:3] RXCTRL_HF_ATT_VAL.

The read out value must be written to ULPCD_AGC_HFATT_CTRL (0x63A, bits[0:7]). To enable the usage of
this value in ULPCD the highest bit, bit 7, must be set to "1".
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All this is also done by the SDK example NFC_Config by executing option "2" (Read ULPCD HFATT and save
to EEPROM).

4.2.1 HFATT value code snippets

All relevant code can be read in the method "ULPCD_Get HFATT_Value(...)" of the "NFC_Config" example.
1. Load the RF config for Type-A 106:

/* Apply Reader Mode Type A settings. */

wStatus = PN76_Sys LoadRfConfiguration (E PN76 LOADRF TX IS014443A 106,
E PN76 LOADRF RX IS014443A 106);

PN76 CHECK SUCCESS (wStatus) ;

2. Turn on the RF-Field and let it settle:

/* Turn ON the RF Field. */
wStatus = PN76 Sys FieldON (O) ;
PN76_CHECK_SUCCESS(wStatus);

/* Wait for sometime to stabilize RF ON before reading HF ATT value. */
LowPowerMode CommonWait (1500) ;

3. Read the HF Attenuator value:

/* Read HF ATT value. */
dwReadReg Val = PN76_Sys ReadRegister (CLIF RXCTRL STATUS) ;

/* Get the HF ATT Value and store in EEPROM to be used for ULPCD */

bHFATT Val = (uint8 t) ((dwReadReg Val & CLIF RXCTRL STATUS RXCTRL HF ATT VAL MASK)
>>

CLIF _RXCTRL STATUS RXCTRL HF ATT VAL POS);

4. Mask the highest bit to enable this value in ULPCD:
bHFATT Val |= 0x80;

5. Write new HF Attenuator value to ULPCD_AGC_HFATT_CTRL:

wStatus = PN76 WriteEeprom (&bHFATT Val, (uint32 t)PN76 ULPCD CONFIG->Agc Hfatt Ctrl,
0x01U,
E PN76 EEPROM SECURE LIB CONFIG) ;
PN76_CHECK_SUCCESS(wStatuS);

4.3 RFLD and NFCLD calibration

The PN7642 implements an RF level detector (RFLD) and NFC level detector (NFCLD) which allows to detect
the presence of an external RF field.

RF Level Detector:
The purpose of the RFLD function is to detect any signal at 13.56 MHz.

During low-power card detection (LPCD), the RF level detector (RFLD) acts as wake-up source from power-
saving mode.

During ultra low-power card detection (ULPCD), a specific ultra low-power RF level detector is used as RF level
detector(RFLD). This can be enabled as wake-up source.

NFC Level Detector:

The NFC Level detector (NFCLD) is used during full power mode. The NFCLD function is required by NFC
Forum to support the "RF collision avoidance".
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The sensitivity of the NFCLD sensor can be configured by EEPROM register to meet the NFC Forum
requirements.

It can be used as well in card mode to detect an external field.
Calibration:

In ULPCD one wake-up source can be the detection of an external RF-Field. It is recommended to calibrate the
RFLD and NFCLD first. The example "NFC_Config" offers the option for calibration.

For calibration the PN7642 offers following APl: PN76_Sys_Configure_RFLD_NFCLD()
Re-Calibration:

A re-calibration is only done if the new values are different from the existing values. It is recommended to reset
the following values to ensure a proper re-calibration:

1. PN76_EXT_RF_DETECTION_HW->dwNFCLD_OnOffThreshold
a. location: 0x0597
b. E_PN76_EEPROM_SECURE_LIB_CONFIG
c. reset value: 0x00000000

2. PN76_EXT_RF_DETECTION_HW->dwLPDET_AnaCtrl_Wkup
a. location: 0x05A5
b. E_PN76_EEPROM_SECURE_LIB_CONFIG
c. reset value: 0x00000000

3. PN76_EXT_RF_DETECT_INT_INPUT->wNFCLD_RFLD Valid_Bit
a. location: 0x05C5
b. E_PN76_EEPROM_SECURE_LIB_CONFIG
c. reset value: 0x00

By checking NFCLD _RFLD_VALID (0x05C5) the user can make sure that the calibration is done properly.

4.3.1 Reset eeprom values code snippet

The following code snippet will read and reset the EEPROM values necessary for re-calibration:

uint8 t bReadEepromVal[4] = {0};
uint8 t bResetValue[4] = {0};

/*

* location: 0x0597,

* E PN76 EEPROM SECURE LIB CONFIG,

* 4-bytes

* PN76 EXT RF DETECTION HW->dwNFCLD OnOffThreshold = 0x00000000;

* ok

/

status = PN76 ReadEeprom((uint8 t *)bReadEepromVal, (uint32 t)PN76 EXT RF DETECTION HW-
>dwNFCLD_OnOffThreshold, 0x04U, E_PN76_EEPROM_SECURE_LIB_CONFIG);
APP_PRINTF("\nBefore - dwNFCLD OnOffThreshold: %08x", (uint32 t *)bReadEepromVal[O0]);
status = PN76 WriteEeprom(bResetValue, (uint32 t)PN76 EXT RF DETECTION HW-
>dWNFCLD70nOffThreshold, 0x04U, EiPN767EEPROMﬁSECUREiLIB7CONFIG);
status = PN76_ ReadEeprom(bReadEepromVal, (uint32 t)PN76 EXT RF DETECTION HW-
>dwNFCLD OnOffThreshold, 0x04U, E PN76 EEPROM SECURE LIB CONFIG) ;
APP PRINTF ("\nAfter - dwNFCLD OnOffThreshold: %08x", (uint32 t *)bReadEepromVal[0]);

J*

* location: 0x05A5,

* E _PN76 EEPROM SECURE LIB CONFIG,

* 4-bytes

* PN76 EXT RF DETECTION HW->dwLPDET AnaCtrl Wkup = 0x00000000;

* */ - - - - - -
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status = PN76_ ReadEeprom(bReadEepromVal, (uint32 t)PN76 EXT RF DETECTION HW-
>dwLPDET AnaCtrl Wkup, 0x04U, E PN76 EEPROM SECURE LIB CONFIG),

APP PRINTF(”\nBefore - dwLPDET _ AnaCtrl qup %08x” (ulnt32_t *)bReadEepromVal [0]) ;

status = PN76 erteEeprom(bResetValue, (uint32 t)PN76 EXT RF DETECTION HW-
>dwLPDET AnaCtrl Wkup, 0x04U, E PN76 EEPROM SECURE LIB CONFIG) ;

status = PN76 ReadEeprom(bReadEepromVal, (uint32 t)PN76 EXT RF DETECTION HW-
>dwLPDET AnaCtrl Wkup, 0x04U, E PN76 EEPROM SECURE LIB CONFIG),
APP_PRINTF("\nAfter - dePDEILAnaCtr{_Wkup %08x", (uint32 t *)bReadEepromval([0]);

J*
location: 0x05C5,
E PN76 EEPROM SECURE LIB CONFIG,
1- byte
PN76 EXT RF DETECT INT INPUT->wNFCLD RFLD Valid Bit = 0x00;

* */
status = PN76 ReadEeprom(bReadEepromVal, (uint32 t)PN76 EXT RF DETECT INT INPUT-
>WNFCLD RFLD Valid Bit, 0x01U, E PN76 EEPROM SECURE LIB CONFIG)
APP PRINTF("\nBefore - WNFCLD_ RFLD Valld Bit: %02x", bReadEepromVal[O]);
status = PN76 erteEeprom(&bResetValue[0], (uint32 t)PN76 EXT RF DETECT INT INPUT-
>WNFCLD RFLD Valid Bit, 0x01U, E PN76 EEPROM SECURE LIB CONFIG)
status = PN76 ReadEeprom(bReadEepromVal (ulnt32 t)PN76 EXT RF DETECT INT INPUT-
>WNFCLD RFLD Valid Blt, 0x01U, E PN76 EEPROM SECURE LIB CONFIG)
APP PRINTF("\nAfter - WNFCLD_. RFID Valld Bit: %02x", bReadEepromVal[O]),

* % % %
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5 NFC low-power mode example

The MCUXpresso SDK (see ref.[5]) contains a low-power mode example called nfc_low power mode, which
includes different low-power modes. The following chapters provide detailed information about the example, and
highlights the APIs and their usage.

This project demonstrates usage of PN7exx Standby, Ultra lo...

Figure 8. MCUXpresso low-power mode example

The purpose of the example is to showcase certain functionality. For product purposes, it is recommended for
users to familiarize themselves with the used APIs and alter the example to their needs. Transfer the necessary
additions to the application code.

Instructions for installing MCUXpresso, importing the SDK and its examples can be found in the PN76 family
evaluation board quick start guide.

Running the low-power mode example presents the following options:

select the P

Standby with External RF as Wakeup :

Ultra Low Pow Standby with Counter as Wakeup :
Ultra Low Power Standby with External RF as Wakeup :
ULPCD Calibration :

ULPCD Detection :

LPCD Calibration :

LPCD Detection:

[ B B B T o R T B R
n: n: u

0 o= O W o il pa

Figure 9. Low-power mode example options

The following chapters explain Section "Option 3: Enter ultra low-power standby with counter as wake-up",
Section "Option 4: Enter ultra low-power standby with external RF as wake-up", and Section "Option 5: ULPCD
Calibration" in detail; which APIs are used, the expected behavior, and how to apply these options to the
application code of the user.

5.1 Option 1+2: Enter Standby

Option 1 and 2 shows how the PN7642 can be set in standby with different wake-up sources. To enter standby,
the API "PN76_Sys PCRM_EnterStandby(..)" with the wake-up sources of choice is called.

M _CLEARBITN(PCRM GPREGE, PHHAL )
'N76_Sys_PCRM_EnterStandby JvidakeUpSource, whakeupCnt);

APP_PRINTF( "\

Figure 10. EnterStandby API usage

Option 1:
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The only wake-up source selected is the timer "SMU_WAKEUP_SOURCE_TIMER". There are many more
wake-up sources as choices available (see the API description for more details), which can be easily selected
by adding to or replacing the current choice.

Standby with Counter as Wakeup :
Standby with External RF as Wakeup
Ultra Low Power Standby with Counter as Wakeup :

Figure 11. Exit standby due to counter expiry

After expiry, the PN7642 will wake up with the boot reason set to
"PCRM_SYS _BOOT1_STS_BOOT_WUC_MASK".

Option 2:

The wake-up source is the external RF-Field. The PN7642 will not wake-up due to counter or anything else.

Low Power Mode Example:
ot from Standby due to External RF detection

»elect The Modes

» Enter Standby with Counter as Wakeup :
> Enter Standby with External RF as Wakeup :

Figure 12. Exit standby due to external RF-Field
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5.2 Option 3: Enter ultra low-power standby with counter as wake-up

Option 3 of the low-power modes example sets the chip into ultra low-power standby. The wake-up counter can
be set to predefined options (in Figure 13, the wake-up counter "1" represents 1 second):

Low Power Mode Example:
t after ULPCD exit with CARD Detect
Modes :
andby with Counter as Wakeup
> Enter Standby with External RF as Wakeup
> Enter Ultra Low Power Standby with Counter as Wakeup
> Enter Ultra Low Power Standby with External RF as Wakeup
> Enter ULPCD Calibration
> Enter ULPCD Detection
> Enter LPCD Calibration
> Enter LPCD Detection:

S
1
2
3
4
5
B
7
7
8

Wake Up interval from below Options

{Low Power Standby Max Interwval)
er Max Interval)

[FTRN Ry, .

Figure 13. Option 3 execution

After the interval selection, it immediately enters low-power mode. After 1 second, the chip wakes up again. If
we reconnect the RTT viewer, we can see that the boot reason is wake-up counter expiry (see Figure 14):

| o Power Mode Fxamnle:
Boot after ULP Standby with WakeUp counter expiry
SElecT TNEe Modes :

1 -» Enter Standby with Counter as Wakeup
2 -» Enter Standby with External RF as Wakeup
> Enter Ultra Low Power Standby with Counter as Wakeup
» Enter Ultra Low Power Standby with External RF as Wakeup

Figure 14. Boot reason counter expiry
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5.2.1 Code flow

The code flow for this option is rather simple. In the switch block the case ULP_STANDBY WITH WAKEUP
COUNTER MODE is taken, the method Demo UltraLowPowerStandby (..) with the chosen interval is called.

The method Demo UltraLowPowerStandby (..) is simple as well; only calling the system service API from
the PN76 to enter ultra low-power standby: PN76_Sys PCRM EnterUlpStandby (...)

= PN76_STATUS SUC

L
PN76_Sys_PCRM_EnterUlpStandby((

APP_PRINTF(

wstatus PN76_5 S INTERNAL ER

Figure 15. APl PCRM EnterUIpStandby
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5.3 Option 4: Enter ultra low-power standby with external RF as wake-up

This option is calling the ultra low-power standby method with the configuration parameter setto E_ PN76_

PCRM ULP WAKEUP SOURCE RFFIELD. This sets the chip into ultra low-power standby with wake-up either by
timer expiry or external RF-Field.

See Section 2.4.1 for more details of the API.

Selecting option 4 and interval "2" (which provides more time to manually place something on the antenna that
emits an RF-Field and would therefore wake the chip) will put the chip into ULP standby (see Figure 16):

Standby with Counter as Wakeup

Standby with External RF as Wakeup

Ultra Low wer Standby with Counter as Wakeup
b Ultra Low Power Standby with External RF as Wakeup
» Run ULPCD with Calibration:
> Run SW LPCD with Calibration:

the Wake Up interwval from below Options :
ams
{(Low Power Standby Max Interval)
(Ultra Low Power Max Interval)

Figure 16. Option 4 execution

Bringing a device, which emits an RF-Field (for example, cell phone), into the antennas area wakes up the

chip with the boot reason of external RF detected (see Figure 17, do not forget to reconnect the RTT viewer as
connection is lost when entering ULP):

SEIELL LR Foues
» Enter Standby with Counter as Wakeup
» Enter Standby with External RF as Wakeup
er Standby with Counter as Wakeup
* wer Standby with External RF as Wakeup
* Run ULPCD with Calibration:
> Run SW LPCD with Calibration:
Figure 17. Boot due to external RF

1
a
5
5
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5.4 Option 5: ULPCD Calibration

This option calibrates ULPCD. For the ULPCD calibration, some additional parameters, such as power
configuration and HFATT value, must be configured first. Those configurations involve EEPROM writes and is
outsourced to a new example called "NFC_Config".

Highlight:Detailed calibration and configuration of ULPCD is explained in ref.[4] [4.2 ULPCD]. In addition the
example NFC_Config can be read to see how the configuration is done.

To make the PNEV7642 ready for ULPCD, run the example "NFC_Config" with the options [1] "Set ULPCD
Power Configuration" and [2] "Read ULPCD HFATT and save to EEPROM". This only has to be done once.
After that, the ULPCD example can be run as many times as wanted.

Configurations Example:
Select the Modes :

et ULPCD Power Configuration :

Read ULPCD HFATT and sawve to EEPROM:
> Reset Power Configuration:

> Toggle Random UID Configuration:
Configure Autocoll Parameters :
> Set RFLD and NFCLD Configuration : 1

o W s Ll R

i

ULPCD Power Configuration success!!

Figure 18. NFC Config example for ULPCD

By executing the "nfc_low_power_mode" example with ULPCD calibration, the PN7642 enters ULPCD for
calibration. Debugger connection will be lost as any ULP (Ultra Low Power) mode causes detachment of the
debugger.

PCRM_EnterULPCD t: E PN76 PCRM _ULPCD CALIBRATION, wU
tus ! =PN7 ESS)
PRINTF(

ATUS SUCCESS;

Figure 19. ULPCD Calibration call

After calibration is done, the PN7642 will boot up with the boot reason "PCRM_SYS BOOT1_STS BOOT _
ULPCD_CALIBRATION_DONE_MASK". The boot reason is checked in the method "BootLowPowerCheck(..)".
If you reconnect the RTT viewer the "ULPCD calibration is done !!" message should appear.

*, kkkxkxkkkkkkkkkxdxdxkkkikkkkkkkkkkkdxdxkkkkkkkkkkkkkkkkikk

| e Power Mode Fwamnle:

ULPCD calibration is done !!

ElEeCT TNe Modes .
> Enter Standby with Counter as Wakeup :
> Enter Standby with External RF as Wakeu

Figure 20. ULPCD calibration done
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5.5 Option 6: ULPCD Detection

Before the ULPCD detection can be performed make sure to perform the calibration (see Section 5.4 "Option 5:
ULPCD Calibration").

PCRM_CLEARBITM(PCRM_GPREGE,

PN76_ReadEeprom(&

PN76_Sys_PCRM_EnterULPCD(E PN

Figure 21. ULPCD Detection

Before entering ULPCD, some parameters are checked to ensure the power config is correct and calibration
has been peformed. After that, "PN76_Sys PCRM_EnterULPCD(...)" is called to enter ULPCD. Per default the
external RF detection is disabled. To enable it, change the third parameter to "1".

On the PNEV7642 evalulation board, user can observe the blue LED pulse on every ~320 ms (ULPCD RF field
cycle). During this time, the RF field is turned on for a short period. The RF-On duration can be configured, to
check for any potential detuning.
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Inspecting the RF field with an oscilloscope shows a short pulse every ~320 ms (time between ULPCD pings
depends on the entered configuration).

Figure 22. ULPCD oscilloscope inspection

If users bring a card into the RF field, the chip wakes up with the boot reason "PCRM_SYS_BOOT1_STS_
BOOT _ULPCD_CARD_DETECT_MASK". Reconnect the RTT viewer to see the output since connection is lost
when entering ULPCD.

0 & &

Lmes Dhmsame Bl Coar—ome T~

ot after ULPCD exit with CARD Detect
SELELL LTI FHAUE S
andby with Counter as Wakeup
Standby with External RF as Wakeup :
Ultra Low er Standby with Counter as Wakel
» Enter Ultra Low Power Standby with External RF as

[a]
[

¥
B
B
B
B

Figure 23. ULPCD card detected
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5.5.1 Abort with GPIO3

Another option to exit ULPCD mode is abort via GPIO3. The development board can have multiple
configurations. The option shown below is not the most elegant, but is one that works without regard for the
board configuration.

To abort via GPIO3, we have to apply +3.3 V to GPIO3.
Use a jumper wire to connect J47.4 (P3V3_BRD) to pin 30 on the module board:

=
‘M R
LE b

-
mmc c = £ lc26
c2!

> .
®)P1 “zz.-li

""i— '[]' cz‘CZ‘h.

w

o5
-

=
N
-
- -3
02

J62 HOSTSELO

€04 cascas J61 HOSTSEL!
sm s J32 SDA_SWDCLK

. J31 SDA_SWDIO

oc a8l ;@_u—- J30 SDA_RESET
J31 J28 J44 Jao— R196
u36 ‘“l

5 12

CLK :R2389-8
F

wJi8—

Figure 24. GPIO3 abort wiring

P.30 is the second pin of the right row (above 29).

If the chip is woken up, the green LED is turned on.
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5.6 Option 7: LPCD Calibration

The low-power card detection (LPCD) section of the PN7642 Datasheet outlines how the LPCD APIs should be
used for calibration and detection. Option 7 of the low-power mode example performs an LPCD calibration.

For a more detailed explanation of LPCD and its calibration including adjustments such as the average samples
and 1/Q channel threshold, see AN14138.

tatus = .--"'"ﬁ bT-I.L'H -”' T.-"r_1 D

APP_PRINTF(

¥

1
I

1
I

PN76_Sys_PCRM_LPCD_Start(E_PN76_LPCD MEASUREMENT BOOT);
dwReference = PNF6_5Sys PCRM GetLpcdReference();
PCRM_CLEARBITN(PCRM_GPREGGE, PHHAL HW PN76XX_GPREG & _

dwReference ;

Figure 25. LPCD Calibration method
LPCD Initialization

The first call, at line 319, "PN76_Sys PCRM_LPCD_Start(E PN76_LPCD REFERENCE _BOOT);" is purely to
initialize the LPCD and will not take any reference value at this point.

LPCD Calibration

The second call, at line 328, "PN76_Sys PCRM_LPCD_Start(E_PN76_LPCD_MEASUREMENT_BOOT),"
will perform an actual measurement and store the measured | and Q channel values in the internal AO_RAM.
Calling "PN76_Sys PCRM_GetLpcdReference()" retrieves the measured values. This is for information only
and has no effect on the actual LPCD functionality.

Usage of standby

Depending on the antenna matching, layout, surroundings and LPCD configuration, the LPCD can be very
sensitive. Ideally, the calibration is performed as close to the actual LPCD detection loop as possible. If the
LPCD detection loop includes standby, it is advised to also use the same standby at LPCD calibration. This can
be done between the execution of "PN76_Sys PCRM_LPCD_Starf(E_PN76_LPCD_REFERENCE_BOOT);"
and "PN76_Sys PCRM_LPCD_Start(E_ PN76_LPCD _MEASUREMENT BOOQT);". This will ensure that the
transmitter and receiver have the same amount of time to settle between the calls as in the actual detection
loop.

How to use standby is explained in Section 5.1 "Option 1+2: Enter Standby".
PCRM_GPREG6
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This GPREG (General Purpose Register) is not related to the LPCD functionality but is used in the
nfc_low_power_mode example to carry the Enabled/Disabled status of LPCD throughout the examples
execution.
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5.7 Option 8: LPCD Detection

Before the LPCD detection is executed make sure that LPCD has been calibrated (Option 7).

In the method "Demo_SW_LPCD(uint16_t wWakeUplintervalMs)" the "PCRM_GREP6" register will be
set to retain the information if LPCD is enabled or disabled over standby. Afterwards the PN7642 is set to
standby, by calling "PN76_Sys PCRM_EnterStandby(...)", for an x-amount of milliseconds. The wake-up
reasons are timer elapsed (E_PN76_PCRM_WAKEUP_SOURCE_TIMER) or external RF field detected
(E_PN76_PCRM_WAKEUP_SOURCE_RFFIELD).

(

wStatus = PN76_Sys_PCRM_EnterStandby((( Y(E_PN76_PCRM WAKEUP_SOURCE TIMER

1

APP_PRINTF(
1
T

wstatus;

Figure 26. Demo_SW_LPCD method
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After the timer is elapsed or a external RF field is detected the PN7642 will boot up. The boot reason
expected is either "PCRM_SYS BOOT1_STS BOOT _WUC_ MASK", because the timer has elapsed, or
"PCRM_SYS BOOT1_STS BOOT LPDET MASK", because an external RF field is detected.

Checking those boot reasons is done in the method "BootLowPowerCheck()".

In case the reason is timer elapsed and LPCD is enabled (PCRM_GPREGS6 set), a LPCD measurement ping
will be issued:

(dwBootRegWal & PCRM SYS BOOT1 STS BOOT WUC MASK)

(PCRM_TESTBITN(PCRM_GPREG6, PHHAL HW EN: (D ENABLED POS))

/s_PCRM_LPCD Start(E_PA (D MEASUREMENT BOOT) ;

APP_PRINTF(
(wstatus

APP_PRINTF(

APP_PRINTF

APP_PRINTF (

Figure 27. LPCD measurement after boot
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If no tag has been detected, the PN7642 will re-enter standby, by calling the API
"PN76_Sys_PCRM_ReEnterStandby()". This closes the detection loop, the PN7642 will again wake-up after
time elapse or external RF field detected and issue again a LPCD measurement ping.

ST * = * = me_%mm
Option
YES

NO
NO
Set PCRM_GPREGS TAG DETECTED
& PCRM_EnterStandby()

Figure 28. LPCD detection flowchart

PN76_Sys_PCRM_ReE
nterStandby()
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6 RTT Viewer

The J-Link RTT Viewer is a GUI tool from SEGGER, which attaches to either an existing J-Link connection of a
debugger or opening a connection on its own. Instead of having the IDE console as input and output, the J-Link
RTT Viewer is used. This option is more lightweight, easier to reattach.

At the import of the example, you can choose "UART" or "Semihost". UART represents the RTT Viewer option
and Semihost the output in the IDE console. You can switch the debug console at any time, using the quick
settings: Quick Settings — SDK Debug Console — Semihost/UART

Quickstar... Variables *®e Breakpoi...
LowPower _Demof ) ;
€

+ Build your project

il Installed SDKs @ Properties [l Problems =m Progress B Console

Defined symbols [pnev7bd2fama_nfc_low_power_mode_Ecp Release] kR GER Interfac
Undefined symbols [pn
Include paths [pnev
Library search paths [pn
Libraries [pnev
Semihost console
Set Floating Point type » | B¥ UART console

Set library/header type

to archive (zip)

Figure 29. MCUXpresso Debug Console Option
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The configuration to attach to the PN7642 is as below:

E J-Link FTT Viewer V7.84f | Configuration X

Connection to J-Link

(® USE [] serial Mo
() TCRfIP

O Existing Session

Spedfy Target Device

| Pu7642 ~

[] Force go on connect

Script file (optional)

Target Interface & Speed
SWD - | 4000 kHz -

RTT Control Block
() Auto Detection (@) Address () Search Range

Enter the address of the RTT Contral blodk,
Example: 0x20000000

| 0x20008000

Cancel

Figure 30. J-Link RTT Viewer configuration

The address of the RTT control block is: 0x20008000
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7 Tips, tricks, and FAQ

Q: What can | do if the chip is cycling through ULP Standby and | cannot connect with a debugger
anymore?

A: Usually this happens if your application has no reason to stay active and directly goes into ULP Standby
again. The easiest solution, on the development board, would be to bring the chip into USB Mass-Storage and
replace the application with some other, which is not using any low-power modes (for example, LED Blinky).

Alternatively you can try to catch the chip in its active state. Hold reset, then release the reset and press
connect of the debugger at the same time.

Q: | cannot use the J-Link RTT viewer because | do not have a SEGGER J-Link, what can | do?

A: If you have a MCU-Link Pro or LPC-Link2 instead, you can flash J-Link Lite on them. With J-Link Lite, you
can use the RTT viewer. Another option can be to use semihost and indicate the boot reason with LEDs.

Q: How to visualize the RF-Field?

A: You can use the probe of the oscilloscope and connect the Ground clamp to the tip of the probe itself. By
placing this loop on the antenna, you should be able to trigger easily on a rising edge to capture the RF-Field.
Depending on your chosen interval time, | would adjust the time axis to your chosen interval x 4.

Q: How to retain data over ULPCD?

The PN76 has no RAM section that is not deleted during ULP/ULPCD. This decision has been made to
minimize the current consumption as much as possible. The ALV (always live) RAM section is also turned off in
these ultra-low-power modes. Although it can be used for other standby and sleep modes.

The PN7642 flash and EEPROM write endurance are minimum 100k cycles. As long as your code writes
infrequently and you can ensure you do not exceed 100k writes, EEPROM, and flash should be acceptable.
Q: Why does the ULPCD example not wake-up by an external RF-Field?

The example calls the EnterULPCD API per default without enabling the RFLD option. To change this go to the
method "ULPCD_Demo" and change the third parameter to "1".

PN76_Sys_PCRM_EnterULPCD(E_PN76_PCRM ULPCD CARD DETECTION, wLPCD

PN7&_CHECK_SUCCES atus);

PN76_STATUS SUCCESS;

Figure 31. Enable RFLD at the ULPCD example
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8 Abbreviations

Table 3. Abbreviations

Acronym Description

LPCD Low power card detection

AO_RAM Always On RAM

NFC Near Field Communication

PCRM Power clock reset management

RFLD Radio frequency level detector

SDK Software development kit

ULFO Ultra low-frequency oscillator

ULP Ultra low-power

ULPCD Ultra low-power card detection

GPREG General Purpose Register
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10 Note about the source code in the document

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

Copyright 2023-2025 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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