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1 Introduction

This application note describes the usage of the different modules dedicated to power management in the
MCXW?71 microcontroller. MCXW?71 integrates a DC-DC Buck converter, a couple of low-dropout regulators,
and a programmable solid-state switch to turn on/off the MCXW?71 power domains. Also, the MCXW71
integrates independent power domains for each group of hardware. For example, there is a dedicated power
domain for the reset hardware, GPIOs, and analog. The dedicated hardware for power management and
the possibility to have independent voltages for each power domain gives the flexibility to meet most of the
application requirements in the wireless applications.

2 MCXW71 power domains

The MCXW?71 microcontroller has independent power domains, which are grouped as follows:

* VDD_SWITCH: Represents the input voltage for the smart power switch (VBAT). This power domain supplies
the voltage to the internal hardware associated with the VBAT.

* VDD_ANA: Drives the analog peripherals on this microcontroller, such as the analog-to-digital converter
(ADC) and the VREF regulator.

» VDD_IO_ABC: Drives the voltage on the PTA, PTB, and PTC pins.

* VDD_IO_D/VDD_DCDC: Drives the voltage on the PTD pins, including the reset system. It is also shared with
the inputs for the DC-DC Buck converter, and for the LDO_SYS regulator.

* VDD_SYS: Manages the power delivered to some peripherals on this chip. See Table 1 for the list of
peripherals supplied by this domain.

* VDD_CORE: The core-power domain supplies to the main core processor and some peripherals on this chip.
This power domain is split into core main, core wake, and core radio domains for an independent power mode
selection. The voltage on this power domain is associated with the maximum clocking frequency at which this
device can operate. See Table 1 for the list of peripherals supplied by this domain.

* VDD_RF: The RF power domain provides the voltage that drives the radio analog system in this chip and the
32 MHz-OSC oscillator.

» VDD_PA_2.4G: Drives the voltage for the radio power amplifier. The VDD_PA_2.4G voltage can be provided
internally from the VDD_RF power domain.
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Figure 1. MCXW71 power domain block diagram
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2.1 Peripherals supplied by each power domain

Table 1 shows the MCXW?71 power domains and their associated on-chip peripherals supplied by each domain.

Table 1. Peripheral power domain assignments

Power domain Voltage supply Modules associated with the power domain
Analog domain VDD_ANA ADCO
VSS_ANA VREFO
Core main VDD_CORE_MAIN CM33, DSP, FPU, MPU, NVIC, SYSTICK, TZM, DAP, DWT,
(Tied internally to VDD_ ITM, TPIU, AXBS0, eDMAO, MSCM, SMSCM, PRBRIGDE?2,
CORE pin) TRGMUX, MRCC, SFA0, CACHE-CODE, FLASH, ROM,
BOOT, CRCO, EdgeLock secure enclave, TRDCO, LPITO,
TPM1, FlexCANO, FlexIOO0, LPI2C 1, I3CO, LPSPI 1, LPUART
1, GPIOB/C, SEMA42, PORTB/C, ADCO, VREFO0, and TCM-
SYS
Core wake VDD_CORE_WAKE SWD, CMCO0, EWMO0, WDOGO0/1, FRO-6M, MRCC, SCGO,
(Tied internally to VDD _ TSTMRO, TPMO, LPI2CO, LPUARTO, LPSPIO0, GPIOA,
CORE pin) PORTA, and LPCMPO0/1
Core radio VDD_CORE_2.4G RF-2.4G, NBU, RF-FMU, RF-FRO192M
(Tied internally to VDD _
CORE pin)
10-ABC VDD_IO_ABC PORTA, PORTB, PORTC, LPCMP0/1
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Table 1. Peripheral power domain assignments...continued

Power domain Voltage supply Modules associated with the power domain

10-D VvDD_IO_D LDO-SYS, DC-DC, PORTD

Smart power switch VDD_SWITCH Power switch, RAM LDO, FRO16K, power switch controller
System VDD_SYS RFMCO, Bluetooth LE LL (from MBU), WUUO, FRO192M,

LPTMRO0/1, SPCO, OSC-RTC, FRO32K, REGFILEO/1 — RTC,
TAMPER, RTCO, GPIOD, PORTD

RF analog VDD_RF OSC-RF, RF-2.4G
2.4 GHz Radio PA VPA_2.4G RF-PA-2.4G

MCXW?71 includes hardware dedicated to power management embedded in the chip. Table 2 shows a brief
description of the regulators available on this MCU.

Table 2. On-chip regulator description

On-chip regulator Voltage supply Description

DC-DC VDD_DCDC DC-DC can be used to power the LDO-SYS, 1/O ring, RF
analog, and 2.4 GHz radio power amplifier. It also powers the
external components. The user must consider that the total
load current expected never exceeds the maximum DC-DC
current capacity. The DC-DC current capacity depends on the
DC-DC Drive mode.

LDO-CORE VDD_LDO_CORE LDO-CORE can be used to power the VDD_CORE domain. It
is not intended to supply external loads.
LDO-SYS VDD_IO_D The LDO-SYS can be used to power the VDD_SYS domain. It

is not intended to supply external loads.

Table 3 shows the supported voltage options for each on-chip regulator.

Table 3. On-chip regulator voltages

On-chip regulator Voltage options

DC-DC 1.25V,1.35V, 1.8V, and 2.5 V"
LDO-CORE 1.05V, 1.1V, and 1.15 V
LDO-SYS 1.8V and 2.5 V4

[11 The DC 2.5V option is only available in DC-DC Normal Drive Strength mode.
[2] Do not enable the LDO-SYS 2.5 V option while the application is running. This option is intended only to program the eFuses.

2.2 Power domain rates

Table 4 shows the maximum and minimum DC voltage requirements for each power domain in MCXW?71
MCUs.

Table 4. Power domain rates

Power domain Voltage supply Minimum Maximum Unit
Core domain VDD_CORE: 1.0 1.1 \%
* Mid Drive (1.05 V) 1.04 1.21
e Normal Drive (1.1 V) 1.04 1.21
e Safe-mode (1.15 V)
System domain VDD_SYS: 1.8 1.98 \%
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Power domain Voltage supply Minimum Maximum Unit
* Normal mode 2.25 2.75
¢ Fuse programming
I0-ABC domain VDD_IO_ABC 1.71 3.6 \Y
10-D domain VvDD_IO_D 1.86 3.6 \Y
Smart power switch VDD_SWITCH 1.8 3.6 \Y,
RF analog domain VDD_RF 1.175 3.6 \Y,
2.4 GHz radio PA VPA_2.4G 0.9 24 \Y
Analog domain VDD_ANA 1.71 3.6 \Y,

3 MCXWT71 power configurations

The MCXW?71 microcontroller has independent power domains, allowing various power configurations. You can
implement any power configuration depending on the voltage required on each power domain, according to the
needs of the application. For more information on DC voltage requirements for each power domain in MCXW71,

refer to Section 2.2.

The purpose of this section is to show the most common power configurations, advantages, and considerations.

3.1 MCXW71 Bypass mode configuration

This section describes the MCXW?71 Bypass mode configuration as follows:

* The MCXW?71 Bypass mode disables the DC-DC and directly connects each power domain to a unique power

supply.

* This configuration is the lowest-cost hardware implementation due to the small number of external

components required.

* However, this configuration does not allow you to have independent voltages on each power domain, and

therefore, has the highest power consumption.

* In this configuration, the following is recommended:
— Disable the DC-DC
— Clear the SPC -> CNTRL[DCDC_EN] =0

— Leave the DCDC_LX pin (DC-DC output pin) floating in the design
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Figure 2. MCXW71 Bypass mode configuration

3.2 MCXW71 DC-DC Buck mode configuration

This section describes the MCXW71 DC-DC Buck mode configuration as follows:

* The DC-DC Buck mode configuration provides the best balance in power consumption and cost. As a
consequence, this mode is the most-used configuration.

* In DC-DC Buck mode, a single power supply is used to deliver power to many power domains including the
DC-DC input.

* The DC-DC output can provide a different configurable voltage for the RF domain and LDO-CORE.

» The DC-DC output is targeted to deliver the voltage needed for the RF power domain to reach up to +10 dBm
TX output power.

* ltis also possible to decrease the DC-DC output voltage as a power-saving mechanism while the RF domain
is idle.

* The DC-DC can be used to feed external circuitry as well.
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Figure 3. MCXW71 DC-DC Buck mode configuration

3.3 MCXW71 PMIC mode configuration

This section describes the MCXW71 PMIC mode configuration as follows:

¢ This configuration is intended to disable the on-chip regulators and directly connect each power domain to a
different power supply through a power management-integrated circuit (PMIC).

* This configuration allows for independent power supply control based on the needs of each power domain,
leading to optimal power consumption.

AN14387 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. Al rights reserved.
Application note Rev. 1.0 — 10 September 2024 Document feedback
7/61



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14387

NXP Semiconductors AN 1 4387

MCXW?71 - Power Management Hardware

SWITCH_WAKEUP_B

VDD_CORE/
VDD_LDO_CORE
VDD_SWITCH
VOUT_SWITCH

VDD_CORE
VOUT_CORE

VDD_ANA
LDO-CORE
VOUT_SYS/

1.8Vv/25V |VDD_SYS

VDD_PA_2.4G 2.4 GHz radio

PA domain
System
aterimei 1 VDD_DCDC/
VDD _I0_D
VDD_RF RF analog
domain Y LX_LV
3.3V
1/0 pad ring voltage domains 24V
0.84-1.21V
> —>|
1.175-36V
(&)
o
<
QI PORTA PORT B PORTC PORTD
a
)
>
\ J
- /) aaa-056569

Figure 4. MCXW71 PMIC configuration

3.4 MCXW71 DC-DC mode controlled with smart power switch

This section describes the MCXW71 DC-DC mode controlled with the smart power switch as follows:

* The smart power switch (VBAT) is a low-resistance solid-state switch that works with the power management
system to implement power-saving mechanisms.

* It provides two bandgap timers and an LDO voltage regulator dedicated to supply the retention SRAM while
the rest of the MCU remains switched off.

* The smart power switch can be used to turn off all the MCU or some specific power domains to obtain an
optimized power consumption.

* The smart power switch can be used to switch on/off external circuitry with a low-dropout voltage as well.

* In this mode, the smart power switch domain (VDD_SWITCH), is the only voltage domain required to be
powered permanently.

* The software can disable the smart power switch and enable it using any of the VBAT bandgap timers or a
falling edge on the SWITCH_WAKEUP_B pin.

Figure 5 shows the configuration with the smart power switch as follows:

* The external 3.3 V power source supplies the smart power switch.
* Its output is connected to the DC-DC, LDO-SYS, VDD_ANA, VDD_|O_D, and VDD _I0O_ABC.
* The DC-DC output is connected to the LDO-CORE and VDD_RF.
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Figure 5. Power all domains with a smart power switch
Figure 6 shows the configuration with the smart power switch as follows:
¢ The external 3.3 V power source supplies the smart power switch and VDD_DCDC/VDD_10_D.
* |ts output is connected to VDD_ANA and VDD_I10_ABC.
* The DC-DC output is connected to the LDO-CORE and VDD_RF.
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Figure 6. Power all supplies except VDD_IO_D and VDD_DCDC

4 DC-DC buck converter

This section describes the characteristics, features, and operation of the DC-DC buck converter.

4.1 Enabling and disabling DC-DC buck converter

The DC-DC buck converter can be enabled and disabled according to the application configuration and
requirements. The SPC regulator control register (CNTRL) can enable or disable the DC-DC on-chip converter
by writing the SPC -> CNTRL[DCDC_EN] = 0. By default, the DC-DC is enabled. However, if your design is
bypassing the DC-DC, clear this bit to disable the DC-DC converter and prevent a leakage current.

4.1.1 DC-DC timing characteristics

Figure 7 shows the DC-DC startup time:

* MCXW71 has been connected in DC-DC Buck mode and no external loads added.

* The DC-DC input and output voltages are DCDC _IN = 3.3 Vand DCDC _OUT =1.8 V.

* DC-DC is configured in Normal Drive Strength mode.

* In this capture, the yellow curve represents the DCDC_OUT and the blue curve represents the DCDC_IN.
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Figure 7. DC-DC startup time

Figure 8 shows the DC-DC shutdown time, considering the drop from 100 % to 10 % of the configured voltage:

* MCXW71 connected in DC-DC Buck mode and no external loads added.

* The DC-DC input and output voltages are DCDC _IN = 3.3 Vand DCDC _OUT =1.8 V.

* DC-DC is configured in Normal Drive Strength mode.

* In this capture, the yellow curve represents the DCDC_OUT and the blue curve represents the DCDC_IN.

500mV .00V 1.25kS/s J 126V 06:27:17
20k points <10Hz 02 Jul 2022

Figure 8. DC-DC shutdown time

4.2 DC-DC drive strength modes

The DC-DC can operate in two different drive modes:

AN14387 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Application note Rev. 1.0 — 10 September 2024 Document feedback
11/61



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14387

NXP Semiconductors AN 1 4387

MCXW?71 - Power Management Hardware

¢ Active mode
¢ Pulse Refresh mode

For more details about the software enablement, see Section 7.

Figure 9 depicts the DC-DC Drive Strength modes.

MCXW?71 DC-DC Drive Strength modes

/\

[ DC-DC Active mode ] [ DC-DC Pulse Refresh mode ]
DC-DC Normal Drive Strength mode DC-DC Low Drive Strength mode

Figure 9. DC-DC drive strength modes

4.2.1 DC-DC Active mode

When operating in Active mode, the DC-DC periodically issues a pulsed burst to maintain the output at

the configured regulation voltage based on an internal analog-comparator monitoring system. This control
mechanism ensures the regulation voltage always as long as the DC-DC load current is limited within the
maximum specification. When the DC-DC is running in Active mode, it can work in two different regulator drive
strength modes: Normal Drive Strength and Low Drive Strength. Having different drive strength modes allow
control over the quiescent current managed by the DC-DC output driver. As a result, the DC-DC changes its
maximum output current, the transient response, and efficiency as follows:

* Normal Drive Strength mode: The DC-DC provides the maximum output current capacity with the maximum
DC-DC efficiency. This configuration provides the fastest transient response. However, the higher quiescent
current at the operating point leads to a bigger DC-DC power consumption.

* Low Drive Strength mode: The DC-DC provides a limited output current capacity and less DC-DC efficiency.
The transient response is slower than in Normal Drive Strength mode. However, this configuration decreases
the overall power consumption of the DC-DC block due to a low quiescent current.

The selection of the drive strength mode must account for the maximum current required by the application and
the transient response requirements. If the DC-DC Drive mode operation is not critical in your application, or if
the application behavior is hard to predict, keep these settings in the default configuration. It means using DC-
DC Active mode with Normal Drive Strength mode. However, if your application requires optimizing the power
consumption entering and exiting Low-power modes, consider setting the DC-DC Low Drive Strength mode.
Another option is to combine the DC-DC Normal Drive Strength in MCU Active mode and DC-DC Low Drive
Strength for Low-power modes.

4.2.2 DC-DC Pulse Refresh mode

When the DC-DC is enabled and running in Pulse Refresh mode, the DC-DC periodically issues a pulsed
burst based on a programmed timer embedded on the system power control (SPC). In this mode, the analog-
comparator monitoring system is disabled. Therefore, the DC-DC does not perform pulsed bursts to reload the
output when the DC-DC output drops below the regulation voltage. Also, the SPC programmable timer period
controls the DC-DC refresh burst entirely. In this mode, the DC-DC is turned off after completing the previous
DC-DC burst. It turns on at the next timer timeout to reload the output.

The SPC -> DCDC_BURST_CFG [PULSE_REFRESH_COUNT] bit field controls how often the DC-DC is
pulsed on and off based on the reference clock provided by the CCM32K module (focmaak)-
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The SPC -> DCDC_BURST_CFG[PULSE_REFRESH_COUNT] bit field is a 16-bit counter value. It controls the
frequency of the DC-DC refresh when DC-DC is configured in Pulse Refresh mode.

The formula in Equation 1 is used to calculate DC-DC refresh frequency (focpc rrsh) in Pulse Refresh mode:

1 (1)

CCM32K

Tpcpe RESH = 7 x{PULSE _REFRESH COUNT +2

4.2.2.1 Conditions to operate in DC-DC Pulse Refresh mode

The following conditions must be accomplished to operate the DC-DC in Pulse Refresh mode:

1. Software must configure the DC-DC Pulse Refresh mode before the MCU goes to sleep. However, the DC-
DC does not enter Pulse Refresh mode until:
* All power domains have requested to enter Low-power mode
¢ The SPC has entered a low-power state
* The MCU has successfully gone to sleep
At wake-up, the DC-DC returns to the DC-DC Active mode.

2. DC-DC Pulse Refresh mode is not intended to supply external loads, but only the MCU itself. In DC-DC
Pulse Refresh mode, the DC-DC is enabled periodically to reload the DC-DC output capacitor based
on the PULSE_REFRESH_CNT counter value. The rest of the time the DC-DC remains disabled. The
application must configure the PULSE_REFRESH_CNT refresh rate to manage the voltage drop on the DC-
DC capacitor and avoid a brownout condition. When the DC-DC is in Pulse Refresh mode, an external load
can cause the DC-DC output voltage to drop faster than the next DC-DC reload cycle. This condition brings
the device to a brownout condition. Therefore, this mode is recommended when the MCU power domains
are the only load connected on the DC-DC. For cases, when the DC-DC supplies external loads while the
MCU enters Deep Power Down mode and a low DC-DC power consumption is desired, use the DC-DC in
Low Drive Strength instead of DC-DC Pulse Refresh mode.

3. DC-DC Pulse Refresh mode must enable the CCM32K clock output while the MCU enters low power to
generate the periodic PWM bursts based on the PULSE_REFRESH_COUNT. The CCM32K peripheral
can generate the clock output either from the external 32 kHz Xtal or from the internal FRO32K. If the
application requires to disable the 32 kHz Xtal pins as part of the procedures to go to sleep and the DC-DC
is configured for Pulse Refresh mode, ensure that the FRO32K is enabled and selected as the main source
to generate the CCM32K clock before entering low power.

4.3 DC-DC frequency stabilization

The DC-DC frequency stabilization feature improves the switching frequency variations caused due to voltage
transients in the DC-DC input, or dynamic loads at the DC-DC output. This feature can adjust the center
switching frequency of the burst pulses. Therefore, you can consider it for applications sensitive to a particular
frequency domain that can suffer interference from the DC-DC switching harmonics. Enabling the frequency
stabilization feature causes a reduction of the DC-DC input reload current. However, there is a significant
reduction of the maximum output current that the DC-DC can drive at its output.

If the DC-DC does not experience significant transients or drastic changes in the load, keep this feature
disabled (by default the DC-DC frequency stabilization feature is disabled). On the other hand, if the application
requires strict control over the DC-DC spectral content to avoid interference with other systems or if you must
run from a coincell battery where the DC-DC current peaks impact directly the battery lifetime, you can try out
this feature taking in account that the DC-DC output current capability is going to get reduced.

DC-DC frequency stabilization is enabled/disabled writing the SPC -> DCDC_CFG[FREQ_CNTRL_ON] bit field.
When the frequency stabilization feature is enabled, the DC-DC switching frequency can be adjusted through
the SPC -> DCDC_CFG[FREQ_CNTRL] 6-bit trimming value. DC-DC frequency stabilization is only available
for DC-DC Active mode.
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4.4 DC-DC burst synchronization

You can control and monitor the DC-DC burst by the application. Synchronizing with the quiet period between
consecutive DC-DC bursts can be valuable for noise-sensitive applications, such as during a high-resolution
ADC measurement. For this purpose, the DC-DC and the SPC provide the DCDC_BURST_TRIG_PULSE
signal to synchronize the DC-DC burst activity with other peripherals in the device. This signal is asserted when
a DC-DC burst completes and the DC-DC has entered in the quiet period. This signal can trigger the ADC. To
activate this signal, it is necessary to set SPC -> DCDC_BURST_CFG[EXT_BURST_EN] = 1. It is available as
a trigger source in the TRGMUX peripheral and can be configured to trigger some on-chip peripherals. For more
detail, refer to the MCXW71 Reference Manual.

The application can request to initiate the DC-DC burst. For that purpose, the SPC ->
DCDC_BURST_CFG[BURST_ACK] must be equal to '0'" in the first instance. Then the software can request

a burst by setting the SPC -> DCDC_BURST_CFG[BURST_REQ]= 1. DC-DC and SPC hardware sets the
SPC -> DCDC_BURST_CFG[BURST_ACK] = 1 when the burst has completed and the DC-DC has entered in
the quiet period. Finally, the software must clear the burst acknowledge flag by writing a '1' logic to the SPC ->
DCDC_BURST_CFG[BURST_ACK] bit.

For a high-resolution ADC conversion, you can configure the DCDC_BURST_TRIG_PULSE signal to trigger the
ADC conversion and then initiate a DC-DC burst by software. At the completion of the current DC-DC burst, the
ADC conversion is triggered in the DC-DC quiet period for an optimum ADC conversion result.

4.5 DC-DC operation in power modes

The SPC peripheral has control over the DC-DC work modes. The SPC has two configuration registers:

* SPC active power mode configuration register (ACTIVE_CFG)
» SPC low-power mode configuration register (LP_CFG)

These registers are intended to have independent settings for the DC-DC when MCXW?71 enters a Low-power
mode.

The ACTIVE_CFG and LP_CFG registers can configure the DC-DC voltage and drive strength modes.
Therefore, it is possible to configure the DC-DC in a different way automatically when the device moves to

low power and exits it. Having independent configurations for Active mode and Low-power mode, allows the
implementation of power-saving mechanisms by software. For example, it is possible to reduce the DC-DC
voltage and set the DC-DC Low Drive Strength mode when the device goes to sleep, configuring the proper
settings on the LP_CFG register. Then restore the DC-DC to a higher voltage and Normal Drive mode at wake-
up with the programmed settings in the ACTIVE_CFG. Even if the previous example is the expected operation
for most of the applications, it is also possible to set the DC-DC to a higher voltage in Low-power mode than in
Active mode if the application requires it.

Table 5 describes the DC-DC operation modes allowed in each MCXW?71 power mode.

Table 5. DC-DC operation modes

Module Active Sleep Deep Sleep Power Down Deep Power
Down
DC-DC Buck Normal or Low Normal or Low ¢ Normal, Low ¢ Normal, Low Off
converter Drive Strength Drive Strength Drive Strength, Drive Strength,
mode controlled by | mode controlled Refresh mode or Pulsed
SPC ACTIVE_CFG |by SPC LP_CFG controlled by Refresh mode
register register SPC LP_CFG controlled by
« Off (Optional) SPC LP_CFG
» Off (Optional)
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The DC-DC Normal Drive Strength mode is available in all power modes except Deep Power Down mode.
DC-DC Low Drive Strength mode is available in all power modes except Deep Power Down mode. DC-DC
Pulsed Refresh mode is only available in the Deep Sleep and Power Down modes. If the application is required
to disable the DC-DC in the Deep Sleep and Power Down modes, it is possible to do so if the DC-DC is not
supplying the power domains necessary to wake up. The DC-DC off state is forced automatically when the
device enters in Deep Power Down. DCDC_OUT = 2.5 V option is available only in DC-DC Normal Drive
Strength mode. The rest of the voltage options are available in all drive strength modes. To configure the DC-
DC in Low Drive Strength mode when the MCU is in Active mode, the application must set the same DC-DC
output voltage on the ACTIVE_CFG and LP_CFG registers. It is mandatory to disable the HVD/LVD in the
LP_CFG register before configuring the DC-DC in Pulsed Refresh mode.

Any changes to the DC-DC drive strength or voltage level cause the SPC -> SC[BUSY] flag to assert to '1'
logic level until SPC has completed changing its state to the new value. Therefore, software must check this
status bit and wait until this bit clears to '0', to ensure that the SPC has completed the drive strength or voltage
transition.

4.6 DC-DC main configuration registers

This section summarizes the main SPC registers involved in the configuration of the DC-DC buck converter
in the MCWX71 MCU. Table 6 describes the SPC registers that configure the DC-DC behavior. For the full
peripheral description, refer to the MCXW?71 Reference Manual.

SPCO base address 4001_6000h

Table 6. DC-DC main configuration registers

Offset Register Width (bits) Access Reset value
14 h SPC regulator control register (CNTRL) 32 WONCE 0000_0007h
This register controls the enablement of the SPC
regulators
100 h Active power mode configuration register (ACTIVE_CFG) |32 RW 3F10_0E15h
This register controls the settings of the SPC regulators in
Active mode
104 h Low-power mode configuration register (LP_CFG) 32 RW 0002_1D04h

This register controls the settings of the SPC regulators in
low-power modes

500 h DC-DC configuration register (DCDC_CFG) 32 RW 0000_0000h
This register configures the frequency stabilization bit
fields

504 h DC-DC BURST configuration register (DCDC_BURST_ |32 RW 0140_0000h

CFG)
This register configures the DC-DC burst control bit fields

4.6.1 SPC regulator control register (CNTRL)

CNTRL[DCDC_EN]: This bit field controls if the DC-DC is turned on (DCDC_EN = 1) or turned off (DCDC_EN =
0). By default, the DC-DC is turned on. Ensure that the power domains supplied by this domain can be disabled
before disabling the DC-DC. If the DC-DC is bypassed, disable the DC-DC writing (DCDC_EN = 0).

4.6.2 Active power mode configuration register (ACTIVE_CFG)

* ACTIVE_CFG[DCDC_VDD_LVL]: This bit field controls the DC-DC output voltage when the SPC is in Active
mode. DCDC_OUT = 2.5 V is only available for DC-DC Normal Drive Strength. To set DCDC_OUT =2.5V, it
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is required to set DCDC_CFG[VOUT2P5_SEL] = 1. For the rest of the voltage options, the VOUT2P5_SEL bit
must be 0.

Table 7. DC-DC VDD regulator level

DCDC_VDD_LVL VOUT2P5_SEL DC-DC voltage
00b Ob 1.25V

01b Ob 1.35V

10b 1b 25V

1b Ob 1.8V

* ACTIVE_CFG[DCDC_VDD_DS]: This bit field controls the DC-DC drive strength mode when the SPC is in
Active mode. The valid drive strength modes when the SPC is in Active mode are DC-DC Normal and DC-DC
Low Drive Strength. DC-DC Pulsed Refresh mode is not available for SPC Active mode.

Table 8. DC-DC VDD regulator drive strength

DCDC_VDD_DS DC-DC Drive mode

00b Reserved

01b Set to Low Drive Strength
10b Set to Normal Drive Strength
11b Reserved

4.6.3 Low-power mode configuration register (LP_CFG)

* LP_CFG[DCDC_VDD_LVL]: This bit field controls the DC-DC output voltage when the SPC is in Low-power
mode. DCDC_OUT = 2.5 V is only available for DC-DC Normal Drive Strength. To set DCDC_OUT =2.5V, it
is required to set DCDC_CFG[VOUT2P5_SEL] = 1. For the rest of the voltage options, the VOUT2P5_SEL bit
must be 0.

Table 9. DC-DC VDD regulator level

DCDC_VDD_LVL VOUT2P5_SEL DC-DC voltage
00b Ob 1.25V

01b Ob 1.35V

10b 1b 25V

1b Ob 1.8V

* LP_CFG[DCDC_VDD_DS]: This bit field controls the DC-DC drive strength mode when the SPC is in Low-
power mode.

Table 10. DC-DC VDD regulator drive strength

DCDC_VDD_DS DC-DC Drive mode

00b Set to Pulse Refresh mode

01b Set to Low Drive Strength

10b Set to Normal Drive Strength

1b Reserved
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4.6.4 DC-DC configuration register (DCDC_CFG)

* DCDC_CFG[VOUT2P5_SEL]: This bit field must remain enabled (VOUT2P5_SEL = 1) if the desired DC-
DC outputis 2.5V (DCDC_VDD_LVL = 10b). Otherwise, this bit must remain disabled (VOUT2P5_SEL =
0). If VOUT2P5_SEL = 1 and DCDC_VDD_LVL is different than 10b (DC-DC output voltage selection is not
2.5V), the DC-DC output voltage is not predictable. Therefore, you must enable this bit only if the output
voltage is 2.5 V. If the output voltage must move from 2.5 V to another voltage level, this bit must be cleared
(VOUT2P5_SEL = 0). The 2.5V option is only available in DC-DC Normal Drive Strength mode. If the DC-
DC is operating at 2.5 V in DC-DC Normal Drive Strength mode and the DC-DC drive strength mode must be
changed, ensure to update the DC-DC output value to any other allowed value and clear this bit.

* DCDC_CFG[FREQ_CNTRL_ON]: This bit field enables/disables the frequency stabilization function in the
DC-DC. Frequency stabilization is enabled with FREQ_CNTRL_ON = 1 and disabled with FREQ_CNTRL_ON
= 0. When it is enabled, the DC-DC burst frequency can be adjusted with the FREQ_CNTRL bit field from the
central frequency.

* DCDC_CFG[FREQ_CNTRL]: This bit field represents a 6-bit trimming value for the DC-DC burst frequency
when the frequency stabilization feature is enabled, FREQ_CNTRL_ON = 1. When FREQ_CNTRL_ON =0,
FREQ_CNTRL trimming value is ignored.

4.6.5 DC-DC burst configuration register (DCDC_BURST_CFG)

* DCDC_BURST_CFG[PULSE_REFRESH_CNT]: This bit field is the 16-bit multiplier value that determines the
DC-DC burst occurrence when the DC-DC is in Pulse Refresh mode based on the CCM32K output frequency.
See Section 4.2.2.

« DCDC_BURST_CFG[BURST_ACK]: This bit field is an indicator flag that sets to '1' when the previous DC-
DC burst requested by the software has completed successfully. This bit must be cleared each time at the
completion of a burst requested by the software writing BURST_ACK = 1.

« DCDC_BURST_CFG[EXT_BURST_EN]: This bit enables/disables the internal
DCDC_BURST_TRIG_PULSE signal that is used to trigger some peripherals with the TRGMUX when
the DC-DC enters in the quiet period. EXT_BURST_EN = 1 enables the trigger signal, EXT_BURST_EN
= 0 disables the trigger signal. This bit must be written only when BURST_ACK = 0, and before writing
BURST_REQ = 1 to request a DC-DC burst.

» DCDC_BURST_CFG[BURST_REQ]: Write BURST_REQ = 1 to initiate a burst request. Do not initiate a new
burst request until the previous one has been completed and acknowledged (clearing the BURST_ACK flag).

4.7 DC-DC electrical characteristics

This chapter includes DC-DC electrical characteristics.

4.7.1 DC-DC converter specifications
Table 11 summarizes the DC-DC converter specifications.

Table 11. DC-DC converter specifications

Symbol Description Min Typ Max Unit Notes
V_DCDC_IN DC-DC input voltage 1.71 - 3.6 \ 1,2
V_DCDC_OUT |DC-DC output voltage 1.25 - 25 \Y, 1,2
V_DCDC_ Ripple voltage at DC-DC output: - 1 - % 3
RIPPLE « Normal Drive Strength mode N 25 } mvV -

¢ Low Drive Strength mode
|_DCDC_LOAD |Load current at DC-DC output: - - 105 mA 1,4

¢ Normal Drive Strength mode - - 15
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Symbol Description Min Typ Max Unit Notes
¢ Low Drive Strength mode - - 45
* Frequency Stabilization on
[FREQ_CNTRL_ON =1]
LX DC-DC output inductor value 0.47 1 2.2 puH 5
ESR DC-DC inductor equivalent series - 110 - mQ 6
resistance
COouT DC-DC output capacitance 6 22 30 uF 7
F_Burst DC-DC reload burst frequency 3 5 8 MHz 8
F_Burst_ DC-DC reload burst frequency - 10 - % 8
Accuracy accuracy
Note:

1. The DC-DC converter generates 1.8 V at DCDC_LX by default. The DC-DC can be used to power VDD _RF,
VDD LDO CORE, and external components as long as the maximum ILOAD is not exceeded.

2. The VDD_DCDC input supply to DC-DC must be at least 500 mV higher than the desired output at

DCDC_LX.

3. The DC ripple is shown as a percentage in relation with the programmed DC-DC output voltage.
4. The maximum load current during boot-up must not exceed 60 mA.
5. The recommended inductor value is 1 uH to 1.5 yH. If the inductor is < 1 uH, the DC-DC efficiency is not

guaranteed.

6. The maximum recommended ESR is 250 mQ (not a hard limit).

7. The variation in capacitance of the capacitor at DCDC _LX due to aging, temperature, and voltage
degradation must not exceed the min/max values.

8. FREQ_CNTRL_ON = 1.

4.7.2 DC-DC output waveforms

The DC-DC converter can operate either in Active in Normal or Low Drive Strength modes, or Pulsed mode.
Figure 10 shows different captures showing the DC-DC output and DCDC_LX inductor voltage. In DC-DC
Active mode, the DC-DC adjusts the output voltage constantly through voltage bursts to maintain the DC-DC
output at the desired level independent from the DC-DC load. In DC-DC Pulsed mode, an internal counter
refreshes the DC-DC based on the CCM32K frequency. In DC-DC Pulsed mode, the DC-DC output voltage is
not guaranteed with high load currents as explained in Section 4.2.
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DCDC Active Mode

DCDC Pulse Refresh Mode
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Figure 10. DC-DC Active and Pulse Refresh modes

4.7.3 DC-DC efficiency charts

The power delivered by the DC-DC converter is a function of many variables, such as the DC-DC load and
voltage. Figure 11 to Figure 17 show some examples of the DC-DC efficiency real numbers obtained with
different voltages and currents. The DC-DC output current has been adjusted at a fixed value and the input

power has been measured considering that the DC-DC input pin is shared with the LDO system and VDD _10_D
power domains.
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DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 1.25V - LDO SYS enabled
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Figure 11. DC-DC Efficiency Normal Drive Strength mode, DCDC_OUT =1.25V

DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 1.35V - LDO SYS enabled
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Figure 12. DC-DC Efficiency Normal Drive Strength mode, DCDC_OUT =1.35V
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DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 1.8V - LDO SYS enabled
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Figure 13. DC-DC Efficiency Normal Drive Strength mode, DCDC_OUT =1.8 V
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DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 2.5V - LDO SYS enabled
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Figure 14. DC-DC Efficiency Normal Drive Strength mode, DCDC_OUT =2.5V
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DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 1.25V - LDO SYS enabled
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Figure 15. DC-DC Efficiency Low Drive Strength mode, DCDC_OUT =1.25V

DCDC Efficiency: DCDC IN = 3.3V, DCDC OUT = 1.35V - LDO SYS enabled
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Figure 16. DC-DC Efficiency Low Drive Strength mode, DCDC_OUT =1.35V
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Figure 17. DC-DC Efficiency Low Drive Strength mode, DCDC_OUT =1.8V
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4.7.4 Refresh period in DC-DC Pulse Refresh mode

The formula in Equation 1 in Section 4.2.2 shows the DC-DC refresh rate in Pulsed mode. Figure 18 and

Figure 19 are two examples that show the DC-DC refresh period in Pulsed mode to demonstrate the impact of
the DCDC_BURST_CFG[PULSE_REFRESH_CNT] value.
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Figure 18. DC-DC in Pulse Refresh mode, PULSE_REFRESH_CNT = 16382, Tdcdc = 500 ms
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Figure 19. DC-DC in Pulse Refresh mode, PULSE_REFRESH_CNT = 2619, Tdcdc = 80 ms
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Table 12 describes the parameters programmed on the device used to capture the above examples.

Table 12. Refresh period measured

Example fCCM32K PULSE_REFRESH_COUNT TDCDC_RFSH TDCDC_RFSH
calculated measured on the
device
Figure 18 32.768 kHz 16382 500 ms 500 ms
Figure 19 32.768 kHz 2619 79.98 ms 80.1 ms
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4.7.5 DC-DC frequency stabilization, DC-DC peak current, and spectral content

Enabling DC-DC frequency stabilization via DCDC_CFG[FREQ_CNTRL_ON] bit modifies the DC-DC burst
frequency and the DC-DC peak current as explained in Section 4.3. Therefore, DC-DC harmonic content
changes, and DC-DC peak reload current decreases at the expense of the DC-DC maximum load capability.

The following examples show how these parameters are affected depending on the DC-DC settings. In each
example, the first picture shows the DC-DC input reload current in yellow (DCDC_IN) and the DC-DC output
burst (DCDC_OUT). The second picture shows the DC-DC output spectral content with a vertical scale of 10
dBm/div and a horizontal scale of 10 MHz/div.

* Frequency stabilization feature disabled:
— DCDC_CFG[FREQ_CNTRL_ON] = 0x0
—-DCDC_IN=3.3V
-DCDC_OUT=1.25V
— No external loads
— DC-DC burst frequency = 4.12 MHz
— DCDC_IN max current = 90.73 mA

Scope [l Data Logger
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Channel 1: 50

f-4-000 ps
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.
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© Measurement A
Description Latest Mean Max Min Range Std Dev. Count Start Stop
(c7) Maximum |909823mA  907371mA  O19768mA  82769TmA  920717mA  425.133pA 10109 -4.00000 s 6.00000 ps
(c1) Peaktopeak | 119.020mA  117.919mA  120078mA  108465mA  116132mA  BAD165 A 10109 -4.00000 s 6.00000 ps
(1) Average 122601mA  134930mA  167965mA | 872699mA | 806947mA 964539 pA 10109 -4.00000 ps 6.00000 ps
1) Frequency |395530MHz | 41236BMHz | 4.29325MHz  388174MHz  411509kHz 838940kHz 10109 -4.00000 s 6.00000 ps
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Figure 20. DC-DC frequency stabilization off, DCDC_OUT =1.25V
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» Frequency stabilization feature enabled:
— DCDC_CFG[FREQ_CNTRL_ON] = 0x1
— DCDC_CFG[FREQ_CNTRL] = OxF

—~DCDC_IN =

3.3V

-DCDC_OUT =125V
— No external loads

— DC-DC burst frequency = 6.11 MHz
— DCDC_IN max current = 52.93 mA
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Figure 21. DC-DC frequency stabilization on, DCDC_OUT =1.25V

N\ 164V

844kH

08:39:05
28 Jun 2022

* Frequency stabilization feature disabled:
— DCDC_CFG[FREQ_CNTRL_ON] = 0x0
- DCDC_IN=3.3V
-DCDC_OUT =18V
— No external loads
— DC-DC burst frequency = 4.11 MHz
— DCDC_IN max current = 123.37 mA

AN14387
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Figure 22. DC-DC frequency stabilization off, DCDC_OUT =1.8 V

28 Jun 2022

» Frequency stabilization feature enabled:
— DCDC_CFG[FREQ_CNTRL_ON] = 0x1
— DCDC_CFG[FREQ_CNTRL] = 0x3
—-DCDC_IN=3.3V
-DCDC_OUT =18V
— No external loads
— DC-DC burst frequency = 4.13 MHz
— DCDC_IN max current = 76.71 mA
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Figure 23. DC-DC frequency stabilization on, DCDC_OUT =1.8 V

4.7.6 DC-DC power estimation

Different methods can be used to estimate the DC-DC power delivered.

Note: A portion of the power generated by the DC-DC is internally supplied to monitor the DC-DC output
voltage and to ensure the voltage regulation value.

For more information, refer to section "Power Consumption Operative Behaviors" of the device data sheet.

If it is required to measure the power consumption at runtime, it is possible to measure the DC-DC input voltage
and current to calculate the DC-DC input power. This value can be multiplied by the DC-DC efficiency value
that better matches with your application. You can find the DC-DC efficiency report for some use cases in
Section 4.7.3 when the LDO system is enabled. Consider that there can be variance when using this method
because DCDC_IN, the PORTD domain, and the LDO_SYS _IN share the DC-DC input pin available to
measure in this device (VDD_IO_D/VDD_DCDC pin).

Itis also possible to estimate the DC-DC output power delivered in runtime by measuring the DC-DC burst

width (tpcpc_gurst): and DC-DC refresh time (Tpcpc Refresh) directly on the device’s DCDC_LX pin. Figure 24
marks the DC-DC burst time (tpcpc_surst) between cursors x1 and x2.
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Figure 24. DC-DC burst time

Figure 25 marks the DC-DC refresh time (Tpcpc Refresh) Petween cursors x1 and x2.
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Figure 25. DC-DC refresh time

The formula in Equation 2 is used to estimate the average DC-DC output current based on the previous
parameters. This method is valid when the DC-DC operates in Active mode. It is not supported for DC-DC Pulse
Refresh mode.

tDCDC_Burst (2)
avg

DCDC Iout,, = k(T—
- DCDC Refresh

Where:
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* DCDC_lout,,q: DC-DC average output current.
* tococ Burst: DC-DC burst time measured directly on the DCDC_LX pin.

* Tococ_Refresh: DC-DC refresh period measured directly on DCDC_LX pin. It represents the total time between
two consecutive DC-DC reload events.

* k: DC-DC current constant. This value depends on the DC-DC drive modes:
— k =130 mA for DC-DC Normal Drive Strength mode
—k =65 mA for DC-DC Low Drive Strength mode
— k = 80 mA when the DC-DC frequency stabilization feature is enabled

The following examples show how to estimate the DC-DC output current and its comparison with the real DC-
DC output current.

Note: For a better current estimation, it is necessary to accumulate many current samples over various DC-DC
refresh periods.

For demonstration purposes, the following examples consider one DC-DC reload cycle:

* DC-DC configured in Normal Drive Strength:

Run | Sto T v = A W D
-920 s s s s 8

258ps 30

JUBW;

199 mA

Channel 1: 50.00 mA/
149 mA

uonauny

6601 ]

98.9 mA

48.9 mA

&
F
®

-1.10 mAf
-51.1 mA
-101 mA

-151 mA

-201 mA

5.80 us

Average Start Stop

65.2588 mA -5.70000 ps 18.0200 ps

812,000 V/, -50.00mV DC
49MHz  Range: 16V 8

Figure 26. DC-DC Normal Drive Strength
* DC-DC configured in Low Drive Strength:
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Figure 27. DC-DC Low Drive Strength
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» DC-DC frequency stabilization feature enabled:
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Figure 28. DC-DC frequency stabilization on
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Table 13 describes the parameters programmed on the device used to capture the above examples.

Table 13. DC-DC current estimation

DC-DC mode tbcoc_Burst Tocbc_Refresh k Average current Average current
estimation measured on the
device
DC-DC Normal 11.42 us 23.72 us 130 mA 62.58 mA 65.25 mA
Drive Strength
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Table 13. DC-DC current estimation...continued

DC-DC mode tbcoc_Burst Tocbc_Refresh k Average current Average current
estimation measured on the
device
DC-DC Low Drive |28.64 us 60.77 us 65 mA 30.63 mA 32.64 mA
Strength
DC-DC frequency |14.03 us 28.73 us 80 mA 39.06 mA 40.07 mA
stabilization on

5 LDO core and LDO system regulators

This chapter describes the characteristics, features, and operation of the LDO core and LDO system regulators.

5.1 Enabling and disabling LDOs

Both the LDO core and LDO system can be enabled and disabled according to the application requirements.
The SPC regulator control register (CNTRL) can enable or disable the LDO CORE and LDO SYS by writing
the SPC -> CNTRL[CORELDO_EN] = 0 and SPC -> CNTRL[SYSLDO_EN] = 0, respectively. By default,

both LDOs are enabled, however, if your design is bypassing any of these regulators, you must disable such
LDO to prevent a leakage current. LDO outputs, VOUT_CORE and VOUT_SYS, are internally tied with
VDD_CORE and VDD_SYS power domains respectively. Therefore, before disabling any of these regulators,
ensure that such power domain is connected with an external power supply. Some power modes are allowed
to turn off the VDD_CORE power domain. Therefore, if no external voltage is connected on the VDD_SYS
power domain the LDO system regulator cannot be disabled. To disable the LDO core or LDO system, it

is necessary to disable the high and low voltage detectors (SYS_HVDE, CORE_HVDE, SYS_LVDE and
CORE_LVDE) in clearing to Ob the corresponding bit fields in the SPC -> ACTIVE_CFG register, wait for the
SPC -> SC[BUSY] = 0. Then disable the LDO core regulator by clearing the SPC -> CNTRL[CORELDO_EN] or
SPC -> CNTRL[SYSLDO_EN] bit fields as it corresponds.

The LDO core and LDO system have a pulldown resistor that forces the LDO discharge when the software
disables the regulator or, in the specific case of the LDO core, when the MCU enters in Deep Power Down
mode. This feature is enabled by default. However, when the LDO core and LDO system are disabled

to drive the VDD_CORE and VDD_SYS voltages from an external power supply, it is recommended to
disable the pulldown resistors to prevent current leakage. Disable the pulldown resistors by writing SPC

-> CORELDO_CFG[DPDOWN_PULLDOWN_DISABLE] = 1 for the LDO CORE regulator, and SPC ->
SYSLDO_CFG[ISINKEN] = 0 for the LDO SYS regulator.

5.1.1 LDO timing characteristics

This chapter includes the timing characteristics of LDO core and LDO system regulators.

5.1.1.1 LDO core timing characteristics

Figure 29 shows the LDO core startup time:

* MCXW?71 has been connected in DC-DC Buck mode and no external loads have been added.

* In this configuration, the DC-DC output serves as the power supply for the LDO core.

* The DC-DC input voltage is DCDC_IN = 3.3 V.

* The LDO core input and output voltages are LDO_CORE_IN = DCDC_OUT =1.8 Vand LDO_CORE_OUT =
1.05 V.

* The DC-DC and LDO core are configured in Normal Drive Strength mode.
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* In this capture, the red curve represents DCDC_IN, the blue curve represents LDO_CORE_IN/DCDC_OUT,
and the yellow curve represents LDO_CORE_OUT.

500mV .00V 100ps 12.5MS/s J/500mV 2325119
: 20k points <10Hz 26 Jul 2022

Figure 29. LDO core startup time

Figure 30 shows the LDO core shutdown time:

e MCXWT71 has been connected in DC-DC Buck mode and no external loads have been added.
The DC-DC input voltage is DCDC_IN = 3.3 V.

The LDO core input and output voltages are LDO_CORE_IN/DCDC_OUT = 1.8 V and LDO_CORE_OUT =
1.05 V.

The LDO core and DC-DC are configured in Normal Drive Strength mode.

In this capture, the yellow curve represents LDO_CORE_OUT and the blue curve represents LDO_CORE_IN/
DCDC_OUT.
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Figure 30. LDO core shutdown time

5.1.1.2 LDO system timing characteristics

Figure 29 shows the LDO system startup time:

« MCXW71 has been connected in DC-DC Buck mode and no external loads have been added.

* The LDO system input and output voltages are LDO_SYS IN =3.3V and LDO_SYS OUT =1.8 V.

* The LDO SYS is configured in Normal Drive Strength mode.

* In this capture, the yellow curve represents LDO_SYS OUT and the blue curve represents LDO_SYS_IN.

500mV ( 100ps 12.5MS/s J/940mv  20:27:31
20k points <10Hz 26 Jul 2022

Figure 31. LDO system startup time
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5.2 LDO drive strength modes

LDO core and LDO system have two drive strength modes:

* Normal Drive Strength
* Low Drive Strength

In Normal Drive Strength mode, the LDO regulator provides the maximum output current capability. On the
other hand, the Low Drive Strength LDO mode limits the output current. The LDO regulators are not targeted
to supply external loads but the core and system power domains. If the LDO drive strength mode selection is
not critical in your application while the MCU runs in Active mode, keep the default settings, that is, LDO core
and LDO system in Normal Drive Strength. If the application requires to enter low power, configure the LDO in
Low Drive Strength to reduce power consumption. This approach considers that the power domains supplied
through the LDO regulators do not exceed a few microamps and the LDO is not overstressed in this condition.
Once the MCU wakes up, you can select the Normal Drive Strength mode for each LDO if required.

5.3 LDO operation in power modes

Similar to the DC-DC buck converter the LDO core and LDO system regulators can be configured in an
independent way in Active and Low-power modes. SPC registers, active power mode configuration register
(ACTIVE_CFG), and SPC low-power mode configuration register (LP_CFG), provide the configuration
alternatives for the corresponding mode.

Table 14 describes the LDO operation modes allowed in each MCXW71 power mode.

Table 14. LDO operation modes

Module Active Sleep Deep Sleep Power Down Deep Power Down

LDO core Normal Drive Normal or Low * Normal or Low * Normal or Low Off
Strength mode Drive Strength Drive Strength Drive Strength

mode controlled by mode controlled mode controlled
SPC LP_CFG by SPCLP_CFG | by SPCLP_CFG
* Off (optional)  Off (optional)

LDO system Normal or Low Normal or Low Normal or Low Normal or Low Normal or Low
Drive Strength Drive Strength Drive Strength Drive Strength Drive Strength
mode controlled by |mode controlled by |mode controlled by |mode controlled by |mode controlled by
SPC ACTIVE_CFG |SPC LP_CFG SPC LP_CFG SPC LP_CFG SPC LP_CFG

The LDO core Normal Drive Strength mode is available in all power modes except Deep Power Down mode.
When the MCU is in Active mode by default, the LDO core is in Normal Drive Strength mode by default and
it is not possible to configure it in Low Drive Strength mode. LDO core Low Drive Strength mode is available
in Sleep, Deep Sleep, and Power Down modes. When the MCU is configured to enter in Deep Sleep or
Power Down mode, the LDO core can be optionally disabled. When the MCU enters in Deep Power Down
mode, the LDO core is forced to the off state. The LDO core output voltage can be updated only if the LDO
core is configured in Normal Drive Strength. If the LDO core is configured in Normal Drive Strength mode in
the LP_CFG register, the LDO core voltage must be configured at the same value in the ACTIVE_CFG and
LP_CFG registers. Before changing the LDO core drive strength mode from Normal to Low Drive Strength
mode in the LP_CFG register, ensure to disable all HYD/LVD in the corresponding configuration. Enabling any
HVD/LVD while the LDO core is in Low Drive Strength, forces the LDO to operate in Normal Drive Strength.

The LDO system Normal Drive Strength mode is available in all power modes. LDO system Low Drive Strength
mode is available in all power modes as well. This regulator is the only one that remains enabled when the
MCU enters in Deep Power Down mode. The LDO system must be configured at 1.8 V all the time when the
application is running. The LDO system 2.5 V output voltage alternative must be selected only when the MCU
must program the eFuses. Therefore, this voltage option is only available when the MCU is running in Active
mode. When the LDO system is running at 2.5 V, the LDO is forced to operate in Normal Drive Strength mode.
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The LDO system Low Drive Strength mode is available only if the LDO is configured at 1.8 V. Before changing
the LDO system drive strength to Low Drive Strength either in ACTIVE_CFG or LP_CFG, ensure to disable
all HVD/LVD in the corresponding configuration. Enabling any HVD/LVD while the LDO system is in Low Drive
Strength forces the LDO to operate in Normal Drive Strength.

Note: Any changes to the DC-DC Drive Strength or voltage level cause the SPC -> SC[BUSY] flag to assert to
1" logic level until SPC has completed changing its state to the new value. Therefore, the software must check
the SPC -> SC[BUSY] status bit and wait until this bit clears to '0' to ensure that the SPC has completed the
drive strength or voltage transition.

5.4 LDO main configuration registers

This section summarizes the main SPC registers involved in the configuration of the LDO regulators in the
MCXW71 MCU. Table 15 describes the SPC registers that configure the behavior of each LDO. For the full
peripheral description, refer to the MCXW71 Reference Manual.

SPCO base address 4001_6000h

Table 15. SPC registers

Offset Register Width (bits) Access Reset value
14 h SPC regulator control register (CNTRL) 32 WONCE 0000_0007h
This register controls the enablement of the SPC
regulators.
100 h Active power mode configuration register (ACTIVE_CFG) |32 RW 3F10_0E15h
This register controls the settings of the SPC regulators in
Active mode.
104 h Low-power mode configuration register (LP_CFG) 32 RW 0002_1D04h
This register controls the settings of the SPC regulators in
Low-power modes.
300 h LDO_CORE configuration register (CORELDO_CFG) 32 RW 0000_0044h
400 h LDO_SYS configuration register (SYSLDO_ CFG) 32 RW 0000_0101h

5.4.1 SPC regulator control register (CNTRL)

* CNTRL[CORELDO_EN]: This bit field controls whether the LDO core is turned on (CORELDO_EN = 1)
or turned off (CORELDO_EN = 0). By default, the LDO core is turned on. Ensure that the power domains
supplied by this domain can be disabled before disabling this LDO. If the LDO core is bypassed, disable the
LDO core by writing CORELDO_EN = 0.

* CNTRL[SYSLDO_EN]: This bit field controls whether the LDO system is turned on (SYSLDO_EN = 1) or
turned off (SYSLDO_EN = 0). By default, the LDO system is turned on. If the LDO system is bypassed,
disable the LDO system by writing SYSLDO_EN = 0.

5.4.2 Active power mode configuration register (ACTIVE_CFG)

* ACTIVE_CFG[CORELDO_VDD_LVL]: This bit field controls the LDO core output voltage when the SPC is in
Active mode.

Table 16. CORELDO_VDD_LVL and LDO voltage

CORELDO_VDD_LVL LDO voltage

00b Reserved

01b 1.05V
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CORELDO_VDD_LVL LDO voltage
10b 11V
1b 115V

* ACTIVE_CFG[SYSLDO_VDD_LVL]: This bit field controls the LDO system output voltage when the SPC is in
Active mode.

Table 17. SYSLDO_VDD_LVL and LDO voltage

SYSLDO_VDD_LVL LDO voltage
Ob 1.8V
1b 25V

* ACTIVE_CFG[SYSLDO_VDD_DS]: This bit field controls the LDO system Drive Strength mode when the
SPC is in Active mode.

Table 18. SYSLDO_VDD_DS and LDO Drive mode

SYSLDO_VDD_DS LDO Drive mode
Ob
1b

Set to Low Drive Strength

Set to Normal Drive Strength

5.4.3 Low-power mode configuration register (LP_CFG)

* LP_CFG[CORELDO_VDD_LVL]: This bit field controls the LDO core output voltage when the SPC is in Low-
power mode.

Table 19. CORELDO_VDD_LVL and LDO voltage

CORELDO_VDD_LVL LDO voltage
00b Reserved
01b 1.05V

10b 1.1V

11b 115V

* LP_CFG[CORELDO_VDD_DS]: This bit field controls the LDO core Drive Strength mode when the SPC is in
Low-power mode.

Table 20. CORELDO_VDD_DS and LDO Drive mode

CORELDO_VDD_DS LDO Drive mode
0b
1b

Set to Low Drive Strength

Set to Normal Drive Strength

* LP_CFG[SYSLDO_VDD_DS]: This bit field controls the LDO system Drive Strength mode when the SPC is in
Low-power mode.

Table 21. SYSLDO_VDD_DS and LDO Drive mode
SYSLDO_VDD_DS LDO Drive mode

Ob

Set to Low Drive Strength
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Table 21. SYSLDO_VDD_DS and LDO Drive mode...continued
SYSLDO_VDD_DS LDO Drive mode

1b Set to Normal Drive Strength

5.4.4 LDO_CORE configuration register (CORELDO_CFG)

CORELDO_CFG[DPDOWN_PULLDOWN_DISABLE]: This configuration register is used to control whether
the pull-down sink resistor is enabled or disabled in the LDO core. It is used to discharge the LDO output
voltage fast when this regulator is shut down in Deep Power Down mode. This resistor is enabled by default and
it is recommended not to change this setting.

5.4.5 LDO_SYS configuration register (SYSLDO_CFG)

SYSLDO_CFGIISINKEN]: This configuration register is used to control whether the pull-down sink resistor is
enabled or disabled in the LDO system. It is used to discharge the LDO output voltage fast when this regulator
is shut down. This resistor is enabled by default and it is recommended not to change this setting.

5.5 LDO electrical characteristics

This chapter includes the electrical characteristics of LDO core and LDO system regulators.

5.5.1 LDO core electrical characteristics
Table 22 summarizes the LDO core regulator specifications.

Table 22. LDO core regulator specifications

Symbol Description Min Typ Max Unit Notes
V_LDO_CORE_IN |LDO core input voltage 1.25 - 3.6 \% 1,2
V_LDO_CORE_ LDO core output voltage: 1.05 - 1.15 V
ouTt + Normal Drive Strength mode 1.05 - 115
* Low Drive Strength mode
|_ LDO_CORE_ LDO core max load current at LDO output: |- - 60 mA
LOAD + Active mode: V_LDO CORE_IN215V |. - 30
e Active mode: V_LDO_CORE_IN<1.5V |. - 5
¢ Low-power mode: V_LDO_CORE_IN2> |. R 5
1.5V
e Low-power mode: V_LDO_CORE_IN <
1.5V
| LDO_CORE_IN |LDO core IN current consumption: - - 150 MA 3
¢ Normal Drive Strength: V_LDO_ - - 75
CORE_IN215V R R 0.05
* Normal Drive Strength: V_LDO_CORE_ _ 0.05
IN<15V '
* Low Drive Strength: V_LDO_CORE_IN =
1.5V
* Low Drive Strength: V_LDO_CORE_IN <
15V
linrush LDO core inrush current - - 5xILoad |mA
COouT LDO core external output capacitor 3.7 4.7 10 uF
Cdec LDO core external decoupling capacitor - 0.1 - uF
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Table 22. LDO core regulator specifications...continued

Symbol Description Min Typ Max Unit Notes
ESR External output capacitor equivalent series |- 10 - mQ

resistance
Note:

1. To bypass LDO_CORE, tie VDD_LDO_CORE to VDD_CORE.

2. The VDD_LDO_CORE input supply must be set to 200 mV higher than VOUT_CORE in the mid-voltage
regulation option (1.05 V). For thr rest of the supported voltage regulation options, it must be set to 250 mV
higher than VOUT_CORE.

3. In Normal Drive Strength, LDO_CORE draws ~40 LA for every 20 mA of load current. In Low Drive
Strength, LDO_CORE draws ~50 uA for every 100 mA of load current.

5.5.2 LDO system electrical characteristics
Table 23 summarizes the LDO system regulator specifications.

Table 23. LDO system regulator specifications

Symbol Description Min Typ Max Unit Notes
V_LDO _SYS_IN LDO system input voltage: 1.86 - 3.6 \% 1
* LDO_SYS input supply voltage in 1.8 - 1.98
Regulation mode 275 . 36
¢ LDO_SYS input supply voltage in Bypass
mode
¢ LDO_SYS input in Fuse Programming
mode
V_LDO_SYS_OUT |LDO system output voltage: 1.71 1.8 1.98 \% 2,3,4,5
* Normal Drive Strength mode 2.25 25 2.75
* Fuse Programming mode
I_LDO_SYS_LOAD |LDO system max load current at LDO - - 50 mA
output: _ _ 2
* Normal Drive Strength mode _ _ 40
¢ Low Drive Strength mode
* Fuse Programming mode
|_LDO_SYS_IN LDO system input current consumption: - 100 - MA nA 6
* Normal Drive Strength mode - 70 -
¢ Low Drive Strength mode
linrush LDO core inrush current - - 120 mA 7
CouT LDO core external output capacitor - 1.5 10 uF
Cdec LDO core external decoupling capacitor - 0.1 - uF
ESR External output capacitor equivalent series |- 30 - mQ
resistance
Note:

1. The regulator automatically switches to pass through (meaning that the driver of the regulator is fully on)
with the supply below 1.95 V.

2. The LDO_SYS converter generates 1.8 V by default at VOUT_SYS. VOUT_SYS can be used to power
VDD SYS, VDD_RF, VDD _10_X, VDD _ANA, as long as the max ILOAD is not exceeded.
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3. VOUT _SYS and VDD _SYS are connected.

VDD 10_D must be at least 150 mV higher than the desired VOUT_SYS.

5. LDO_SYS can be used to program efuse and in this configuration the output voltage can range between
2.25Vand 2.75 V.

6. In Normal Drive Strength, LDO_SYS draws ~100 uA for every 20 mA of load current. For an external output
capacitor, the value is 1.5 uF. If the capacitor has a 10 uF value, this value must be 300 mA instead.

A

6 Smart power switch

A smart power switch (VBAT) is a low-resistance switch that works with the power management system to
implement power-saving mechanisms. It can be used to switch off all or some power domains to obtain the
lowest power consumption possible.

However, if the MCXW?71 is running on a battery with limited peak current, do not use the smart power switch
constantly because the DC-DC introduces a high inrush current during the DC-DC startup, which can shorten
the lifespan of the battery. Therefore, for battery-powered applications, it is recommended to use the smart
power switch carefully when the system is powered off for an extended period. This switch can also be used for
power distribution control of external loads on the board as load and voltage requirements are within the VBAT
specifications. For some typical configurations for the smart power switch, see Section 3.

Figure 32 shows the smart power switch architecture in the MCXW71 MCU.

VDD_SWITCH
SRAM Switch

VBAT retention supply

FRO_16K RAM_LDO
—> Async, interrupt
Bandgap Register .
timers block > Bus interface
——— WAKEUP_B

aaa-056572

Figure 32. Smart power switch (VBAT) block diagram

6.1 Smart power switch hardware

The smart power switch not only can switch on/off a load, but also includes hardware embedded on it supplied
by the independent power domain VDD-SWITCH. This hardware offers extra features to fulfill many application
requirements for the MCXW71 MCU.

The following sections describe the smart power switch hardware and its capabilities.

6.1.1 VBAT FRO16K and bandgap timers

The smart power switch has an internal 16.384 kHz oscillator that is supplied by the VDD- SWITCH power
domain known as the VBAT FRO16K oscillator. FRO16K can remain active in all low-power modes. FRO16K is
used by the VBAT. However, some other peripherals in MCXW?71 can also use it. For more information on this
feature, refer to the MCXW71 Reference Manual.

In addition to the FRO16K oscillator, the smart power switch has two bandgap timers:

» Bandgap timer O
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» Bandgap timer 1

Both bandgap timers use FRO16K as a reference clock to determine its counter value and are supplied with
the VDD-SWITCH power domain as well. Both bandgap timers can turn on the smart power switch when the
timer count expires and program the VBAT to switch off the system for a determined period. In the MCXW71
MCU, the bandgap timer 0 timeout can be configured in the range of 7.8125 ms to 1 s, and the bandgap timer
1 timeout ranges from 1 s to 65,535 s. Before starting any bandgap timer, turn on the FRO16K (VBAT ->
FROCTLA[FRO_EN] = 1) and enable the LDO RAM bandgap bit (VBAT -> LDOCTLA[BG_EN] = 1).

6.1.2 VBAT LDO RAM retention and SRAM retention array

When the smart power switch controls all power domains, it is expected that the application running on the
device resets the execution when the VBAT switches off and on. As a result, the application context is lost due
to the loss of power on the system. To manage this use case, the smart power switch includes an LDO that can
supply an 8 kB SRAM array dedicated to retain the application data when the VBAT is turned off. This feature
enables quick recovery after the POR sequence of the device when the smart power switch turns on again.

In general, the LDO RAM retention regulator can be used to keep the power of the SRAM retention at any
time or through any Low-power mode in which the application data is lost. However, all access to the SRAM
retention address range is not allowed while the LDO RAM is powering this memory. Otherwise, any attempt
to access the memory triggers a fault condition. The 8 kB SRAM retention array address range is from
0x2001_A000 — 0x2001_BFFF, which corresponds to the STCM5 in the MCXW71 device. STCM5 supports
ECC in MCXW?71 devices.

6.1.2.1 VBAT LDO RAM enable sequence

To enable the VBAT LDO RAM retention regulator, it is necessary to follow the below steps.

1. Enable the VBAT FRO16K oscillator: VBAT -> FROCTLA[FRO_EN] = 1

2. Enable the LDO RAM bandgap bit: VBAT -> LDOCTLA[BG_EN] = 1

3. To achieve the lowest power consumption, set the LDO RAM in Low Power Refresh mode by enabling the
following bit:
VBAT -> LDOCTLA[REFRESH_EN] = 1

4. Enable the LDO RAM regulator: VBAT -> LDOCTLA[LDO_EN] = 1

5. Wait until the LDO_RDY flag is set, polling the VBAT -> STATUSA[LDO_RDY] bit

6.1.2.2 Powering the SRAM retention memory with VBAT LDO RAM regulator

By default, the SRAM retention memory is powered by the VDD _CORE domain. Therefore, if the application
requires the use of a memory retention feature, the software must configure the proper registers to move

the SRAM power supply from the VDD_CORE domain to the VBAT LDO RAM regulator. As explained in
Section 6.1.2, any attempt to read or write the SRAM retention memory while it is supplied with the LDO RAM
regulator results in a fault. Therefore, the application data must be saved in the SRAM address range before
switching the memory power supply.

The following steps describe how to configure the VBAT LDO RAM regulator to supply the SRAM retention
memory:

1. Enable the VBAT LDO RAM by following the steps described in the Section 6.1.2.1.
2. Configure VBAT -> LDORAMCIISO] = 1.
3. Configure VBAT -> LDORAMC[SWI] = 1.

Once the VBAT turns on, the software must reverse these steps to switch the SRAM memory power to the
VDD_CORE domain and be able to access the SRAM retention memory and load the application context.

1. Configure VBAT -> LDORAMC[SWI] = 0.
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2. Configure VBAT -> LDORAMCIISO] = 0.

6.1.3 VBAT on/off control

The smart power switch turns on by any of the following four methods:

1. After a VBAT power-on reset (POR), the internal wakeup logic turns on the smart power switch
automatically. The VBAT POR occurs on a power cycle on the VDD_SWITCH. The VBAT POR resets the
register of the smart power switch to the original state. It is the only way that the hardware can reset these
values. After a VBAT POR, the smart power switch output is on by default. The VBAT POR is independent
from the device POR.

2. Software can enable the VBAT to be turned on after a falling edge on the external SWITCH_WAKEUP_B
pin, which is available in MCXW71. The SWITCH_WAKEUP_B pin is pulled up internally.

3. Software can program any of the two VBAT bandgap timers embedded in the smart power switch before
shutting down the smart power switch to wake up the VBAT after the programmed time.

4. The SPC can activate the switch through the SPC -> CFG MCU active settings when the smart power
switch controls the activation of external loads on the board. The software writing the corresponding settings
in the SPC -> CFG register deactivates the smart power switch. The SPC registers configure independent
settings for the smart power switch on/off control when MCXW?71 is in Active mode or in any Low-power
mode as follows:

a. MCXW?7 MCU Active mode settings (MCU running and executing code):
The SPC -> CFG active settings can enable/disable the smart power switch to drive external loads on
the circuit. The SPC -> CFG register active settings must not be used to enable/disable the smart power
switch when it controls the MCXW?7 power supply.

b. MCXW7 MCU Low-power mode settings:
The SPC -> CFG low power settings provide configuration bits to deactivate the smart power switch
automatically when the device enters in Low-power mode. It activates the smart power switch again
once the MCU recovers from Low-power mode by the smart power switch SWITCH_WAKEUP_B button
or the internal VBAT bandgap timers. The smart power switch low power settings are used to control
the MCXW71 power supply. Therefore, to disable the switch when it controls the main power supply of
the device, the application software must configure the smart power switch low power settings first, and
then execute the sequence to enter Low-power mode.

The SPC -> CFG register enable/disable settings in Active and Low-power modes are described below:

1. SPC->CFG[INTG_PWSWTCH_WKUP_ACTIVE_EN]: VBAT enable bit in Active mode
Writing this bit to '1' enables the smart power switch when the MCU is in Active mode. Modifying this bit
either to '1' or '0' when the MCU is in Active mode and VBAT is already enabled, does not affect. It is used
to control external loads.

2. SPC->CFG[INTG_PWSWTCH_SLEEP_ACTIVE_EN]: VBAT disable bit in Active mode
Writing this bit to '1' disables the smart power switch when the MCU is in Active mode. Modifying this bit
either to '1' or '0' when the MCU is in Active mode and VBAT is already disabled, does not affect. It is used
to control external loads.

3. SPC->CFG[INTG_PWSWTCH_WKUP_EN]: VBAT enable bit in Low-power mode
Writing this bit to '1' enables the smart power switch when the MCU exits from any Low-power mode. It is
used to enable the main power supply of the device through the smart power switch exiting from a Low-
power mode.

4. SPC->CFG[INTG_PWSWTCH_SLEEP_EN]: VBAT disable bit in Low-power mode
Writing this bit to '1' disables the smart power switch when the MCU enters to any Low-power mode. It is
used to disable the main power supply of the device through the smart power switch entering in a Low-
power mode.

The application software must not enable "INTG_PWSWTCH_WKUP_ACTIVE_EN" and
"INTG_PWSWTCH_SLEEP_ACTIVE_EN" at the same time, as it causes an invalid condition. To turn on the
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smart power switch while the MCU operates in Active mode, set INTG_PWSWTCH_WKUP_ACTIVE_EN

=1 and INTG_PWSWTCH_SLEEP_ACTIVE_EN = 0. On the other hand, to turn off the VBAT, set
INTG_PWSWTCH_WKUP_ACTIVE_EN =0 and INTG_PWSWTCH_SLEEP_ACTIVE_EN = 1 simultaneously. If
the application does not use the smart power switch in MCU Active mode, do not write these bits.

For VBAT low-power operation, the software can enable INTG_PWSWTCH_WKUP_EN and
INTG_PWSWTCH_SLEEP_EN simultaneously to switch off the VBAT while MCXW?71 is in Low-Power mode
and turn it on again when the device exits from low power. It is possible to enable any of the VBAT control bits
individually for the Low-Power modes depending on application requirements and the expected operation. If the
application does not use the smart power switch in MCU Low-Power modes, do not write these bits.

If the software configures the smart power switch to wake up either through the SWITCH_WAKEUP_B external
pin or from any of the programmable bandgap timers, the software must clear the corresponding status flag.
Then set INTG_PWSWTCH_WKUP_ACTIVE_EN =1 and INTG_PWSWTCH_SLEEP_ACTIVE_EN =0to
complete the smart power switch activation and prepare the hardware for the next smart power switch shutdown
sequence in advance.

Section 7.3 provides some snippet code showing how to enable the main features of the smart power switch.

6.2 Smart power switch main configuration registers

This section summarizes the SPC and VBAT main registers involved in the configuration of the smart power
switch in the MCXW71 MCU.

Table 24 shows the SPC registers that configure the DC-DC behavior. For the full peripheral description, refer to
the MCXW?71 Reference Manual.

SPCO base address 4001_6000h

Table 24. SPC register
Offset Register Width (bits) Access Reset value

20 h SPC configuration register (CFG) 32 RW 0000_0000h

This register controls the smart power switch on and off
states in MCU Active and LP modes

Table 25 shows the VBAT registers that configure the DC-DC behavior.
VBATO0 base address 4002_B000h

Table 25. VBAT registers
Offset Register Width (bits) Access Reset value

10 h Status A (STATUSA) 32 wi1cC 0000_0001h

This register contains the status flags related with the
VBAT turn-on events

20 h Wake-up Enable A (WAKENA) 32 RW 0000_0001h

This register enables/disables the smart power switch to
turn-on source options

200 h FRO16K Control A (FROCTLA) 32 RwW 0000_0001h

This register contains the enable/disable option for the
internal 16 kHz VBAT oscillator

300 h LDO_RAM Control A (LDOCTLA) 32 RW 0000_0000h

This register contains the enablement options for the LDO
RAM retention regulator

320 h RAM Control (LDORAMC) 32 RwW 0000_0000h
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Table 25. VBAT registers...continued

Offset Register Width (bits) Access Reset value
This register configures the power supply settings for the
SRAM retention memory

330 h Bandgap timer 0 (LDOTIMERO) 32 RW 0000_0000h
This register contains the enable and timeout settings for
the bandgap timer 0

338 h Bandgap timer 1 (LDOTIMER1) 32 RW 0000_0000h

This register contains the enable and timeout settings for
the bandgap timer 1

6.2.1 SPC configuration register (CFG)

* CFGIINTG_PWSWTCH_WKUP_ACTIVE_EN]: VBAT enable bit in Active mode.
Writing this bit to '1' enables the smart power switch when the MCU is in Active mode. Changing this bit to any
other value when the MCU is in Active mode and VBAT is enabled, does not affect it. Ensure not to enable
this bit to '"1' when INTG_PWSWTCH_SLEEP_ACTIVE_EN = 1. It is used to control external loads.
* CFGIINTG_PWSWTCH_SLEEP_ACTIVE_EN]: VBAT disable bit in Active mode.
Writing this bit to '1' disables the smart power switch when the MCU is in Active mode. Changing this bit to
any other value when the MCU is in Active mode and VBAT is turned on, does not affect it. Ensure not to
enable this bit to '"1' when INTG_PWSWTCH_WKUP_ACTIVE_EN = 1. It is used to control external loads.
CFG[INTG_PWSWTCH_WKUP_EN]: VBAT enable bit in Low-power mode.
Writing this bit to '1' enables the smart power switch when the MCU exits any Low-power mode. It is used to
enable the main power supply of the device through the smart power switch exiting a Low-power mode.
CFG[INTG_PWSWTCH_SLEEP_EN]: VBAT disable bit in Low-power mode.
Writing this bit to ‘1’ disables the smart power switch when the MCU enters any Low-power mode. It is used to
disable the main power supply of the device through the smart power switch entering a Low-power mode.

6.2.2 Status A (STATUSA)

» STATUSA[LDO_RDY]: Read-only status bit.
This bit can be checked to determine if the LDO RAM retention regulator is enabled and steady. This bit is set
to '"1" when the LDO RAM is enabled.
* STATUSA[TIMER1_FLAG]: Status bit for the bandgap timer 1.
This bit is set to '1' to indicate that the bandgap timer 1 timeout has expired. Software must be responsible to
clear this bit after the timeout event by writing a '1' on this bit.
STATUSA[TIMERO_FLAG]: Status bit for the bandgap timer 0.
This bit is set to '1' to indicate that the bandgap timer 0 timeout has expired. Software must be responsible to
clear this bit after the timeout event by writing a '1' on this bit.
STATUSA[WAKEUP_FLAG]: Status bit for the external SWITCH_WAKEUP_B pin on the device.
This bit is set to '1' to indicate that the external wake-up pin has been pulled down. Software must be
responsible to check and clear this bit after a wake-up button press event by writing a '1' on this bit.
STATUSA[POR_DET]: Status bit for the VBAT power-on reset detection event.
This bit is set to '1' after a VBAT POR. Software must be responsible to clear this bit after the VBAT POR
event by writing a "1' on this bit.

6.2.3 Wakeup enable A (WAKENA)

« WAKENA [TIMER1_FLAG]: This bit can be enabled in '1' to switch on the smart power switch when the
bandgap timer 1 timeout has been reached. Writing this bit to '0' disables this feature.
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« WAKENA [TIMERO_FLAG]: This bit can be enabled in '1' to switch on the smart power switch when the
bandgap timer 0 timeout has been reached. Writing this bit to '0" disables this feature.

» WAKENA [WAKEUP_FLAG]: This bit can be enabled in '1' to switch on the smart power switch when the
external SWITCH_WAKEUP_B signal is pulled down. Writing this bit to '0' disables this feature.

6.2.4 FRO16K control A (FROCTLA)

* FROCTLA[FRO_EN]: Writing this bit to '1' enables the VBAT FRO16K oscillator. This oscillator is enabled
by default. Ensure that the FRO16K oscillator is enabled before using the bandgap timers or the LDO RAM
retention regulator.

6.2.5 LDO RAM control A (LDOCTLA)

* LDOCTLA[REFRESH_EN]: This bit enables the LDO RAM Refresh mode, which decreases the LDO power
consumption. LDO RAM enters Refresh mode by setting this bit in "1'.

* LDOCTLA[LDO_EN]: This bit activates the LDO RAM. Before setting this bit to '1' to enable the LDO RAM
regulator, it is required to follow the sequence described in Section 6.1.2.1.

* LDOCTLA[BG_EN]: This bit enables the LDO RAM bandgap required as part of the LDO RAM enable
sequence. Writing this bit to '1' enables the LDO RAM bandgap.

6.2.6 RAM control (LDORAMC)

* LDORAMC[SWI]: This bit is used to select the SRAM retention memory power supply between the
VVDD_CORE domain and the VBAT LDO RAM. To select the LDO RAM, it is required to set SWI = 1. To select
the VDD_CORE, SWI must be 0. Before selecting the VBAT LDO RAM as the power supply for the SRAM
retention memory, it is required to set LDORAMC[ISO] = 1.

* LDORAMCIISO]: This bit must be activated to '1' to isolate the SRAM memory power supply from the rest
of the memory and place the array in Low-power Retention mode before switching the SRAM supply to the
VBAT LDO RAM.

6.2.7 Bandgap timer 0 (LDOTIMERO)

* LDOTIMERO[TIMEN]: Write this bit to '1' to enable the bandgap timer 0. The timer starts counting immediately
after writing this bit. Therefore, this bit must be written lastly as a part of the bandgap timer enable sequence.
Before updating the VBAT timeout, ensure that this bit is disabled, TIMEN = 0.

* LDOTIMERO[TIMCFG]: This 3-bit bit field configures the bandgap timer 0 timeout value.

Table 26 shows the timeout options.

Table 26. Bandgap timer 0

LDOTIMERO[TIMCFG] Bandgap timer 0 timeout

000b 1s

001b 500 ms

010b 250 ms

011b 125 ms

100b 62.5 ms

101b 31.25ms

110b 15.625 ms

111b 7.8125 ms
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6.2.8 Bandgap timer 1 (LDOTIMER1)

* LDOTIMER1[TIMEN]: Write this bit to '1' to enable the bandgap timer 1. The timer starts counting immediately
after writing this bit. Therefore, this bit must be written lastly as a part of the bandgap timer enable sequence.
Before updating the VBAT timeout, ensure that this bit is disabled, TIMEN = 0.

* LDOTIMER1[TIMCFG]: This 24-bit bit field configures the bandgap timer 1 timeout value. It can be configured
in the range from 1 s to 65,535 s with a resolution of 1 s per increment in the TIMCFG value.

6.3 Smart power switch electrical characteristics

Table 27 summarizes the smart power switch core specifications. The SWITCH_WAKEUP_B pad is internally
pulled up to the switch input through a resistor. It can be pulled down to wake up the smart power switch.

To generate a valid internal wake-up signal successfully, the maximum value of the SWITCH_WAKEUP_B
pulldown voltage is 0.7 V, and duration time must be larger than 1 ps.

Table 27. Smart power switch core specifications

Symbol Description Min Typ Max Unit

V_SWITCH_IN VDD_SWITCH input voltage 1.9 - 3.6 \Y,

I_SWITCH_OUT Smart power switch output load current - - 40 mA

Ron Switch series resistance at the on state - - 3 Q

I_leakage1 Typical leakage current when V_ - 4 - nA
SWITCH_IN=2.7V at25°C

I_leakage2 Maximum leakage current when V_ - - 1 MA
SWITCH_IN=3.3Vat25°C

7 Application initialization requirements

This section provides some software examples to control the features and configurations of the power
management modules reviewed in this document for MCXW71 MCUs.

7.1 DC-DC software enablement

This section provides two AP| examples that configure the DC-DC when the MCU runs in Active mode and
Low-Power modes. It shows how to configure each voltage option, and how to set the drive strength mode to
Normal, Low drive or Pulsed Refresh mode, considering the DC-DC restrictions.

7.1.1 DC-DC voltage and drive mode selection in Active mode

The following snippet code shows an APl example configuring the DC-DC output voltage and drive strength
mode in Active mode (MCU is in Active mode). The gApp SetDCDCParametersActiveMode APl has two
inputs:

* DC-DC voltage
* DC-DC Drive Strength mode

The valid input parameters can be found in the enum prototypes for DC-DC voltage and drive strength mode.
This API rejects the voltage and drive strength mode when the input parameters are not correct. In such a
case, the DC-DC Configuration mode is not valid when DC-DC = 2.5 V in Low Drive Strength. This API is called
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during the application startup, after exiting from Low-power modes, or if there is a need to adjust the DC-DC
voltage or drive mode at execution time.

typedef enum

{
gDCDCVoltagelP25,
gDCDCVoltagelP35,
gDCDCVoltage2P5,
gDCDCVoltagelP8

}eDCDCVoltagelLvl;

typedef enum

{
gDCDCPulsedRefresh,
gDCDCDriveStrengthLow,
gDCDCDriveStrengthNormal

}eDCDCDriveStrengthMode;

void gApp SetDCDCParametersActiveMode (eDCDCVoltagelLvl
gDCDC _Voltage, eDCDCDriveStrengthMode gDCDC DriveStrength)
{
uint32 t g DcdcTempConfig;
/* Return if the DCDC Voltage option is not valid */
if (gDCDC_Voltage > gDCDCVoltagelP8)
{
return;

}

/* Return if the DCDC Drive strength option is not valid */
if (gDCDCDriveStrengthLow > gDCDC DriveStrength ||
gDCDC_DriveStrength > gDCDCDriveStrengthNormal)
{
return;

}

/* Return if the DCDC voltage selection is 2.5V in low drive
strength, this is not a valid configuration */

if (gDCDCVoltage2P5 == gDCDC Voltage &&
(gDCDCDriveStrengthNormal != gDCDC DriveStrength))
{
return;

}

/* To enable the DCDC option at 2.5V, it is necessary set
VOUT2P5 SEL, otherwise, this bit must be disabled */
if (gDCDCVoltage2P5 == gDCDC Voltage)
{
SPCO->DCDC_CFG |= SPC_DCDC CFG VOUT2P5 SEL MASK;
}
else
{
SPCO->DCDC_CFG &= ~SPC_DCDC_CFG VOUT2P5 SEL MASK;
}

/* To set the DCDC in low drive strength mode when DCDC is
in active mode, it is necessary set the voltage selection in
LP CFG register as well */

if (gDCDCDriveStrengthLow == gDCDC DriveStrength)

{
g_DcdcTempConfig = SPCO->LP CFG;
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g DcdcTempConfig &= ~SPC LP CFG DCDC VDD LVL MASK;
g DcdcTempConfig |=

SPC_LP_CFG_DCDC_VDD_ LVL (gDCDC_Voltage) ;
SPCO->LP_CFG = g DcdcTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC_BUSY MASK) ;

}

/* Set the DCDC voltage and drive strength mode */
g _DcdcTempConfig = SPCO->ACTIVE CFG;
g _DcdcTempConfig &= ~(SPC ACTIVE CFG DCDC VDD LVL MASK |
SPC_ACTIVE CFG_DCDC VDD DS MASK) ;
g _DcdcTempConfig |[=
(SPC_ACTIVE CFG_DCDC_VDD LVL(gDCDC Voltage) |
SPC_ACTIVE CFG DCDC VDD DS (gDCDC_DriveStrength)) ;
SPCO->ACTIVE CFG = g DcdcTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC_BUSY MASK) ;

7.1.2 DC-DC voltage and drive mode selection in Low-power mode

The following snippet code shows an API example that configures the DC-DC output voltage and drive strength
mode in Low-power mode (when the MCU is in any Low-power mode, such as, Sleep, Deep Sleep, Power
Down). The gApp SetDCDCParametersLowPowerMode API has two inputs

* DC-DC voltage
* DC-DC Drive Strength mode

The valid input parameters can be found in the enum prototypes for DC-DC voltage and drive strength mode.
This API rejects the voltage and drive strength mode when the input parameters are not correct. In such a case,
the DC-DC Configuration mode is not valid when DC-DC = 2.5 V in Low Drive Strength. This APl is called by
the application only before going to low power.

typedef enum

{
gDCDCVoltagelP25,
gDCDCVoltagelP35,
gDCDCVoltage2P5,
gDCDCVoltagelP8

}eDCDCVoltagelLvl;

typedef enum

{
gDCDCPulsedRefresh,
gDCDCDriveStrengthLow,
gDCDCDriveStrengthNormal

}eDCDCDriveStrengthMode;

void gApp SetDCDCParametersLowPowerMode (eDCDCVoltageLvl
gDCDC_Voltage, eDCDCDriveStrengthMode gDCDC DriveStrength,
uintlé t gDCDC PulseRefreshCnt)

uint32 t g DcdcTempConfig;
/* Return if the DCDC Voltage option is not valid */
if (gDCDC_Voltage > gDCDCVoltagelP8)
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{

return;

}

/* Return if the DCDC Drive strength option is not valid */
if (gDCDC_DriveStrength > gDCDCDriveStrengthNormal)

{

return;

}

/* Return if the DCDC voltage selection is 2.5V and DCDC
is not in normal drive strength mode, this is not a wvalid
configuration */

if (gDCDCVoltage2P5 == gDCDC Voltage &&
(gDCDCDriveStrengthNormal != gDCDC DriveStrength))
{
return;

}

/* To enable the DCDC option at 2.5V, it is necessary set
VOUT2P5 SEL, otherwise, this bit must be disabled */
if (gDCDCVoltage2P5 == gDCDC_Voltage)
{
SPCO->DCDC_CFG |= SPC_DCDC CFG VOUT2P5 SEL MASK;
}
else
{
SPCO->DCDC_CFG &= ~SPC_DCDC_CFG_VOUT2P5_SEL_MASK;

}

/* Procedure to set the DCDC in Pulsed Refresh Mode. Only
valid for Deep Sleep and Power Down Modes */
if (gDCDCPulsedRefresh == gDCDC DriveStrength)
{
/* Disable LVD and HVD in all power domains, this is
required in Pulsed Refresh Mode */
SPCO->LP CFG &= ~(SPC_LP CFG IO HVDE MASK |
SPC_LP CFG_SYS HVDE MASK | SPC_LP _CFG CORE HVDE MASK | \
SPC_LP _CFG_IO LVDE MASK |
SPC_LP _CFG_SYS LVDE MASK | SPC_LP _CFG CORE LVDE MASK) ;

/* Set the DCDC Pulse Refresh Counter Value */
SPCO->DCDC_BURST CFG = (SPCO->DCDC_BURST CFG
& ~SPC_DCDC_BURST CFG PULSE REFRESH CNT MASK) |
SPC_DCDC_BURST_CFG_PULSE_REFRESH_CNT(gDCDC_PulseRefreshCnt);

}

/* Set the DCDC voltage and drive strength mode */
g _DcdcTempConfig = SPCO->LP CFG;

g_DcdcTempConfig &= ~(SPC_LE_CFG_DCDC_VDD_LVL_MASK |
SPC_LP CFG DCDC VDD DS MASK) ;
g_DcdcTempConfig |= (SPC_LP CFG DCDC VDD LVL (gDCDC Voltage) |

SPC_LP CFG DCDC VDD DS (gDCDC DriveStrength)) ;
SPCO->LP_CFG = g DcdcTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC BUSY MASK);
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7.2 LDO core and LDO system software enablement

This section provides two APl examples that configure the LDO-CORE and LDO-SYS when the MCU runs in
Active mode and Low-power modes. It shows how to configure each voltage option and set the drive strength
mode to Normal or Low Drive considering the restrictions of each LDO.

7.2.1 LDO voltage and drive mode selection in Active mode

The following snippet code shows an APl example configuring the LDO output voltage and drive strength mode
in Active mode (MCU is in Active mode). The gApp SetLDOParametersActiveMode API has three inputs:

* LDO core voltage
* LDO system voltage
* LDO system Drive Strength mode

The valid input parameters can be found in the enum prototypes. This API rejects the voltage and drive strength
mode when the input parameters are not correct. In such a case, the LDO Configuration mode is not valid. This
API is called during the application startup, after exiting from Low-power modes, or if there is a need to adjust
the DC-DC voltage or drive mode at execution time.

typedef enum

{
gLDOCoreVoltagelPO = 1,
gLDOCoreVoltagelPl,
gLDOCoreVoltagelPl5

}eLDOCoreVoltagelvl;

typedef enum
{
gLDOSysVoltagelP8,
gLDOSysVoltage2P5
}eLDOSysVoltagelvl;

typedef enum
{
gLDOSysDriveStrengthLow,
gLDOSysDriveStrengthNormal
}eLDOSysDriveStrengthMode;

void gApp SetLDOParametersActiveMode (eLDOCoreVoltageLvl
gLDOCore Voltage, eLDOSysVoltageLvl gLDOSys Voltage,
eLDOSysDriveStrengthMode gLDOSys DriveStrength)

uint32 t g LDOTempConfig;

/* Return if the LDO Core Voltage is out of the range */

if (gLDOCoreVoltagelPO > gLDOCore Voltage || gLDOCore Voltage
> gLDOCoreVoltagelP1l5)

{

return;

}

/* Return if the LDO Sys Voltage is out of the range */
if (gLDOSys Voltage > gLDOSysVoltage2P5)
{

return;

}

/* Return if the LDO Sys Drive strength option is not valid */
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if (gLDOSys DriveStrength > gLDOSysDriveStrengthNormal)
{

return;

}

/* Return if the LDO Sys voltage selection is 2.5V and LDO
Sys 1s not in normal drive strength mode, this is not a wvalid
configuration */

if (gLDOSysVoltage2P5 == gLDOSys Voltage &&
(gLDOSysDriveStrengthNormal != gLDOSys DriveStrength))
{
return;

}

/* It is required to disable the LVD and HVD in all power
domains to set the LDO low drive strength mode */

if (gLDOSysDriveStrengthLow == gLDOSys DriveStrength)

{

/* Disable LVD and HVD in all power domains, this is
required for LDO Low Drive Strength mode */
SPCO->ACTIVE CFG &= ~(SPC_ACTIVE CFG IO HVDE MASK |
SPC_ACTIVE CFG_SYS HVDE MASK | SPC_ACTIVE CFG_CORE HVDE MASK |
SPC_ACTIVE CFG_IO LVDE MASK | SPC_ACTIVE CFG _SYS LVDE MASK |
SPC_ACTIVE CFG CORE LVDE MASK) ;
}

/* Set the LDO voltage drive strength mode */
g _LDOTempConfig = SPCO->ACTIVE CFG;
g_LDOTempConfig &= ~(SPC_ACTIVE CFG CORELDO VDD LVL MASK
| SPC_ACTIVE CFG SYSLDO VDD LVL MASK |
SPC_ACTIVE CFG_SYSLDO VDD DS MASK) ;
g _LDOTempConfig |=
(SPC_ACTIVE CFG_CORELDO VDD LVL (gLDOCore Voltage)
| SPC_ACTIVE CFG_SYSLDO VDD LVL(gLDOSys Voltage) |
SPC_ACTIVE CFG SYSLDO VDD DS (gLDOSys DriveStrength));
SPCO->ACTIVE CFG = g LDOTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC BUSY MASK);

7.2.2 LDO voltage and drive mode selection in Low-power mode

The following snippet code shows an APl example configuring the LDO output voltage and Drive Strength mode
in Low-power mode (when the MCU is in any Low-power mode, such as, Sleep, Deep Sleep, Power Down).
The gApp SetLDOParametersLowPowerMode API has three inputs:

* LDO core voltage
* LDO core Drive Strength mode
* LDO system Drive Strength mode

The valid input parameters can be found in the enum prototypes. This API rejects the voltage and Drive
Strength mode when the input parameters are not correct. In such a case, the LDO Configuration mode is not
valid. This APl is called by the application only before going to low power.

typedef enum
{
gLDOCoreVoltagelP0O = 1,
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gLDOCoreVoltagelPl,
gLDOCoreVoltagelP1l5
}eLDOCoreVoltageLvl;

typedef enum
{
gLDOCoreDriveStrengthLow,
gLDOCoreDriveStrengthNormal
}eLDOCoreDriveStrengthMode;

typedef enum
{
gLDOSysDriveStrengthLow,
gLDOSysDriveStrengthNormal
}eLDOSysDriveStrengthMode;

MCXW?71 - Power Management Hardware

void gApp SetLDOParametersLowPowerMode (eLDOCoreVoltageLvl
gLDOCore Voltage, eLDOCoreDriveStrengthMode
gLDOCore DriveStrength, eLDOSysDriveStrengthMode

gLDOSys DriveStrength)

uint32 t g LDOTempConfig;

/* Return if the LDO Core Voltage is out of the range */
if (gLDOCoreVoltagelPO > gLDOCore Voltage || gLDOCore Voltage

> gLDOCoreVoltagelP1l5)
{

return;

}

/* Return if the LDO Core Drive strength option is not valid */
if (gLDOCore DriveStrength > gLDOCoreDriveStrengthNormal)

{

return;

}

/* Return if the LDO Sys Drive strength option is not valid */
if (gLDOSys DriveStrength > gLDOSysDriveStrengthNormal)

{

return;

}

/* To update the LDO Core voltage, it is mandatory set the
LDO Core in Normal Drive Strength */
SPCO->LP_CFG |= SPC_LP_CFG_CORELDO VDD DS MASK;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC BUSY MASK) ;

/* The procedure to update the
the selected drive strength

if (gLDOCoreDriveStrengthLow
{

LDO Core voltage depends on
mode */
gLDOCore DriveStrength)

/* Disable LVD and HVD in all power domains, this is
required for LDO Low Drive Strength mode */

SPCO->LP_CFG &= ~(SPC_LP_CFG_IO HVDE MASK |
SPC_LP_CFG_SYS HVDE MASK | SPC_LP CFG CORE HVDE MASK |

SPC LP CFG IO LVDE MASK

| SPC_LP_CFG_SYS LVDE MASK |

SPC_LP CFG _CORE_LVDE MASK) ;
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/* To update the LDO Core voltage in low drive strength,
ACTIVE and LP registers should have the same LDO Core
voltage value */

/* Set the LDO Core voltage in the ACTIVE CFG register */
g _LDOTempConfig = SPCO->ACTIVE CFG;
g LDOTempConfig &= ~SPC ACTIVE CFG CORELDO VDD LVL MASK;
g _LDOTempConfig |[=

SPC_ACTIVE CFG_CORELDO_VDD LVL (gLDOCore Voltage) ;
SPCO->ACTIVE CFG = g LDOTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC_BUSY MASK) ;

e e ore voltage an rive streng mode in
/* Set the LDO C 1t d dri t th de i
the LP CFG register */

/* Set the LDO Sys drive mode */

g _LDOTempConfig = SPCO->LP CFG;

g _LDOTempConfig &= ~(SPC_LP CFG CORELDO VDD LVL MASK
| SPC_LP CFG _CORELDO VDD DS MASK |
SPC_LP CFG_SYSLDO VDD DS MASK) ;

g _LDOTempConfig |=
(SPC_LP_CFG_CORELDO VDD LVL (gLDOCore Voltage) |
SPC_LP CFG CORELDO VDD DS (gLDOCore DriveStrength) |
SPC LP CFG SYSLDO VDD_DS(gLDOSys_DriveStrength));

SPCO—>EP_EFG = g_LDOTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC BUSY MASK);

else

/* It is required to disable the LVD and HVD in all power
domains to set the LDO Sys low drive strength mode */
if (gLDOSysDriveStrengthLow == gLDOSys DriveStrength)
{
/* Disable LVD and HVD in all power domains, this is
required for LDO Low Drive Strength mode */
SPCO->LP CFG &= ~(SPC_LP CFG IO HVDE MASK |
SPC_LP CFG _SYS HVDE MASK | SPC _LP CFG CORE_HVDE MASK |
SPC LP CFG IO LVDE MASK | SPC_LP CFG SYS LVDE MASK |
SPC_LP CFG_CORE_LVDE MASK) ;
}

/* If LDO Core is configured in normal drive, it is only
necessary set the LDO Core voltage */

/* Set the LDO Sys drive mode */

g_LDOTempConfig = SPCO->LP CFG;

g _LDOTempConfig &= ~(SPC_LP CFG CORELDO VDD LVL MASK |
SPC_LP CFG_SYSLDO VDD DS MASK) ;

g_LDOTempConfig |=
(SPC_LP_CFG _CORELDO VDD LVL (gLDOCore Voltage) |
SPC_LP CFG SYSLDO VDD DS (gLDOSys DriveStrength));

SPCO->LP_CFG = g LDOTempConfig;

/* Wait the SPC to be steady */
while (SPCO->SC & SPC_SC BUSY MASK) ;
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7.3 Smart power switch software enablement

This section provides two APl examples that configure the smart power switch to wake from the external
SWITCH_WAKEUP_B pin and the bandgap timer.

7.3.1 Shut down and wake-up from SWITCH_WAKEUP_B pin

The following snippet code shows an APl example to configure the smart power switch to wake up from the
SWITCH_WAKEUP_B pin and disable the switch in the low-power entry sequence.

The gApp VBATShutdownExit APl is required to complete the wake-up sequence and clear the VBAT flags.
The application calls gaApp VBATShutdownExit in the recovery sequence after the loss of power.

The gApp VBATShutdownEntrySwitchWakeupB APl is used to program the smart power switch

to be disabled automatically once the device enters in Low-power mode. The application calls

gApp VBATShutdownEntrySwitchWakeupB right before initiating the low-power entry sequence. A
successful low-power entry sequence disables the switch.

void gApp VBATShutdownExit (void)

/* Clear all status flags */
VBATO->STATUSA |= (VBAT STATUSA POR DET MASK | VBAT STATUSA WAKEUP FLAG MASK
|
VBAT STATUSA TIMERO FLAG MASK | VBAT STATUSA TIMER1 FLAG MASK) ;
VBATO->WAKENA &= ~ (VBAT WAKENA POR DET MASK | VBAT WAKENA WAKEUP FLAG MASK |
VBAT WAKENA TIMERO FLAG MASK | VBAT WAKENA TIMER1 FLAG MASK) ;

/* Disable Bandgap timers if any is in use to prevent be triggered */
VBATO->LDOTIMERO &= ~VBAT_LDOTIMERO_TIMEN_MASK;
VBATO->LDOTIMER1 &= ~VBAT LDOTIMER1 TIMEN MASK;

/* Complete the VBAT turn on sequence */
SPCO->CFG = SPC_CFG_INTG PWSWTCH WKUP ACTIVE EN MASK;

}
void gApp VBATShutdownEntrySwitchWakeupB (void)

/* Set the SWITCH WAKEUP B pin as VBAT wakeup source */
VBATO->WAKENA |= VBAT WAKENA WAKEUP FLAG MASK;

/* Prepare VBAT to be disabled in low power and enabled in device wake up */
SPCO->CFG = SPC_CFG_INTG PWSWTCH SLEEP EN MASK |
SPC_CFG_INTG PWSWTCH WKUP EN MASK;

7.3.2 Shut down and wake-up from the bandgap timer

The following snippet code shows an API example to configure the smart power switch to wake up after the
bandgap timer 1 timeout expires and disable the switch in the low-power entry sequence.

The gApp VBATShutdownExit APl is required to complete the wake-up sequence and clear the VBAT flags.
The application calls gApp VBATShutdownExit in the recovery sequence after the loss of power.
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The gApp VBATShutdownEntryBandgapTmrl APl is used to program the smart power switch

to be disabled automatically once the device enters in Low-power mode. The application calls

gApp VBATShutdownEntryBandgapTmrl right before initiating the low-power entry sequence. A successful
low-power entry sequence disables the switch.

void gApp VBATShutdownExit (void)
{
/* Clear all status flags */
VBATO->STATUSA |= (VBAT STATUSA POR DET MASK | VBAT STATUSA WAKEUP FLAG MASK
|
VBAT STATUSA TIMERO FLAG MASK | VBAT STATUSA TIMER1 FLAG MASK)
VBATO->WAKENA &= (VBAT WAKENA POR DET MASK | VBAT WAKENA WAKEUP FLAG MASK |
VBAT WAKENA TIMERO FLAG | MASK | VBAT ~ WAKENA TIMERl FLAG MASK)

/* Disable Bandgap timers if any is in use to prevent be triggered */
VBATO->LDOTIMERO &= ~VBAT LDOTIMERO TIMEN MASK;
VBATO->LDOTIMER1 &= ~VBAT LDOTIMERI TIMEN MASK

/* Complete the VBAT turn on sequence */
SPCO->CFG = SPC_CFG_INTG PWSWTCH WKUP ACTIVE EN MASK;

}

void gApp VBATShutdownEntryBandgapTmrl (uintl6é t gVBAT BandgapTimeout)
{
/* Set the Bandgap Timer 1 as VBAT wakeup source */

VBATO->WAKENA |= VBAT WAKENA TIMER]1 FLAG MASK;

/* Enable FRO16K oscillator */
VBATO->FROCTLA |= VBAT FROCTLA FRO EN MASK;

/* Enable LDO RAM bandgap in refresh mode */
VBATO->LDOCTLA |= VBAT LDOCTLA BG EN MASK | VBAT LDOCTLA REFRESH EN MASK;

/* Configure the Bandgap Timer 1 timeout and start the timer */

VBATO->LDOTIMER]1 = ((VBATO->LDOTIMER1l & ~VBAT LDOTIMERI1 _TIMCFG MASK) |
VBAT LDOTIMER1 TIMCFG (gVBAT BandgapTlmeout))
VBATO->T.DOTIMER1 |= VBAT LDOTIMERl TIMEN MASK;

/* Prepare VBAT to be disabled in low power and enabled in device wake up */
SPCO->CFG = SPC CFG INTG PWSWTCH SLEEP EN ~MASK |
SPC_CFG_ INTG PWSWTCH _WKUP__ EN MASK

8 Note about the source code in the document

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

Copyright 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.
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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 IS" 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.

9 Revision history

Table 28 summarizes the revisions to this document.

Table 28. Revision history

Document ID Release date Description

AN14387 v.1.0 10 September 2024 Initial public release
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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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All information provided in this document is subject to legal disclaimers.

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.

Trademarks

Notice: All referenced brands, product names, service names, and

trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.

© 2024 NXP B.V. All rights reserved.

Application note

Rev. 1.0 — 10 September 2024

Document feedback
59 /61


mailto:PSIRT@nxp.com
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14387

NXP Semiconductors AN 1 4387

MCXW?71 - Power Management Hardware

Bluetooth — the Bluetooth wordmark and logos are registered trademarks
owned by Bluetooth SIG, Inc. and any use of such marks by NXP
Semiconductors is under license.

AN14387 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 10 September 2024 Document feedback
60 /61



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14387

NXP Semiconductors

AN14387

MCXW?71 - Power Management Hardware

Contents
1 Introduction ... 544 LDO_CORE configuration register
2 MCXW71 power domains (CORELDO_CFG) oo 40
2.1 Peripherals supplied by each power domain ..... 3 545 LDO_SYS configuration register
2.2 Power domain rates .........cccoecieiiiiiiieeee, 4 (SYSLDO_CFG) ..ueeiiieiiiiiiie e 40
3 MCXW71 power configurations ...................... 5 55 LDO electrical characteristics ..........ccccccceeueeee. 40
3.1 MCXW?71 Bypass mode configuration ............... 5 5.5.1 LDO core electrical characteristics .................. 40
3.2 MCXW?71 DC-DC Buck mode configuration ....... 6 55.2 LDO system electrical characteristics .............. 41
3.3 MCXW?71 PMIC mode configuration .................. 7 6 Smart power switch ..o 42
34 MCXW71 DC-DC mode controlled with 6.1 Smart power switch hardware ......................... 42
smart power SWitCh .........cccccceveiii, 8 6.1.1 VBAT FRO16K and bandgap timers ................ 42
4 DC-DC buck converter ........c.ccoouneernsenissanes 10 6.1.2 VBAT LDO RAM retention and SRAM
41 Enabling and disabling DC-DC buck retention array ..o 43
CONVEIEN oiiieiiii i 10 6.1.2.1  VBAT LDO RAM enable sequence .................. 43
411 DC-DC timing characteristics ..........ccccceeieen.. 10 6.1.2.2  Powering the SRAM retention memory with
4.2 DC-DC drive strength modes ...........ccccceenne 11 VBAT LDO RAM regulator .........cccoeeeeeeiinennn. 43
421 DC-DC Active Mmode ........ccceocvvveiiivicniieeiieeee 12 6.1.3 VBAT on/off control ..........ccceviiiiiiiiiicciieeee 44
422 DC-DC Pulse Refresh mode ...........cccoceeeenee 12 6.2 Smart power switch main configuration
4221 Conditions to operate in DC-DC Pulse FEQISIErsS i 45
Refresh mode ........ccccooiiiiiiiiiee e, 13 6.2.1 SPC configuration register (CFG) .................... 46
4.3 DC-DC frequency stabilization ......................... 13 6.2.2 Status A (STATUSA) ... 46
4.4 DC-DC burst synchronization .......................... 14 6.2.3 Wakeup enable A (WAKENA) .......cccooiiieenn. 46
4.5 DC-DC operation in power modes ................... 14 6.2.4 FRO16K control A (FROCTLA) .....ccceviieeeennn. 47
4.6 DC-DC main configuration registers ................ 15 6.2.5 LDO RAM control A (LDOCTLA) ...oeeeiiiieeaennee 47
461 SPC regulator control register (CNTRL) .......... 15 6.2.6 RAM control (LDORAMC) ......ccciiiiiiiiieeee 47
46.2 Active power mode configuration register 6.2.7 Bandgap timer O (LDOTIMERQO) .........cccoeeeen. 47
(ACTIVE_CFG) ..eeiiiiiieeiieeeee e 15 6.2.8 Bandgap timer 1 (LDOTIMER1) .....cccevcvernennee 48
46.3 Low-power mode configuration register 6.3 Smart power switch electrical
(LP_CFG) i 16 characteristics ... 48
46.4 DC-DC configuration register (DCDC_CFQG) ....17 7 Application initialization requirements ........ 48
46.5 DC-DC burst configuration register (DCDC_ 71 DC-DC software enablement ........................... 48
BURST_CFG) .eoiiieiiieee e 17 711 DC-DC voltage and drive mode selection in
4.7 DC-DC electrical characteristics ..........cc.c.c..... 17 Active Mode ......ccevviiiii 48
471 DC-DC converter specifications ....................... 17 71.2 DC-DC voltage and drive mode selection in
4.7.2 DC-DC output waveforms ........ccccccvveeeeeeennnnnn. 18 Low-power mode ........cccveeeeeeeieeeeeeieiciciines 50
4.7.3 DC-DC efficiency charts ...........ccooceeiiiinnenn. 19 7.2 LDO core and LDO system software
474 Refresh period in DC-DC Pulse Refresh enablement ..., 52
MOAE oo 24 7.21 LDO voltage and drive mode selection in
475 DC-DC frequency stabilization, DC-DC ACtive MOde ... 52
peak current, and spectral content .................. 26 722 LDO voltage and drive mode selection in
4.7.6 DC-DC power estimation .............cccccvvvveeeenen.n. 30 Low-power mode ........cccveeeeeeeieeeeeeeeececinnes 53
5 LDO core and LDO system regulators ......... 34 7.3 Smart power switch software enablement ....... 56
51 Enabling and disabling LDOs ...........cccccceuueee.. 34 7.3.1 Shut down and wake-up from SWITCH_
5.1.1 LDO timing characteristics ..........cccccoeiieiennie 34 WAKEUP_B PiN ..o 56
5.1.1.1  LDO core timing characteristics ............c.......... 34 7.3.2 Shut down and wake-up from the bandgap
5.1.1.2 LDO system timing characteristics .................. 36 HMET e 56
5.2 LDO drive strength modes .........c..cccccoeieenenee 37 8 Note about the source code in the
5.3 LDO operation in power modes .............cccuuueee 37 document .........ooooiiiiiiicccccc s 57
5.4 LDO main configuration registers ................... 38 9 Revision history ... 58
54.1 SPC regulator control register (CNTRL) .......... 38 Legal information ..........cccoooiiiiiiiinee, 59
54.2 Active power mode configuration register
(ACTIVE_CFG) ..eeiiiiiieeiieeeee e 38
543 Low-power mode configuration register
(LP_CFG) ittt 39

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.

© 2024 NXP B.V.

For more information, please visit: https://www.nxp.com

All rights reserved.

Document feedback

Date of release: 10 September 2024
Document identifier: AN14387


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14387

	1  Introduction
	2  MCXW71 power domains
	2.1  Peripherals supplied by each power domain
	2.2  Power domain rates

	3  MCXW71 power configurations
	3.1  MCXW71 Bypass mode configuration
	3.2  MCXW71 DC-DC Buck mode configuration
	3.3  MCXW71 PMIC mode configuration
	3.4  MCXW71 DC-DC mode controlled with smart power switch

	4  DC-DC buck converter
	4.1  Enabling and disabling DC-DC buck converter
	4.1.1  DC-DC timing characteristics

	4.2  DC-DC drive strength modes
	4.2.1  DC-DC Active mode
	4.2.2  DC-DC Pulse Refresh mode
	4.2.2.1  Conditions to operate in DC-DC Pulse Refresh mode


	4.3  DC-DC frequency stabilization
	4.4  DC-DC burst synchronization
	4.5  DC-DC operation in power modes
	4.6  DC-DC main configuration registers
	4.6.1  SPC regulator control register (CNTRL)
	4.6.2  Active power mode configuration register (ACTIVE_CFG)
	4.6.3  Low-power mode configuration register (LP_CFG)
	4.6.4  DC-DC configuration register (DCDC_CFG)
	4.6.5  DC-DC burst configuration register (DCDC_BURST_CFG)

	4.7  DC-DC electrical characteristics
	4.7.1  DC-DC converter specifications
	4.7.2  DC-DC output waveforms
	4.7.3  DC-DC efficiency charts
	4.7.4  Refresh period in DC-DC Pulse Refresh mode
	4.7.5  DC-DC frequency stabilization, DC-DC peak current, and spectral content
	4.7.6  DC-DC power estimation


	5  LDO core and LDO system regulators
	5.1  Enabling and disabling LDOs
	5.1.1  LDO timing characteristics
	5.1.1.1  LDO core timing characteristics
	5.1.1.2  LDO system timing characteristics


	5.2  LDO drive strength modes
	5.3  LDO operation in power modes
	5.4  LDO main configuration registers
	5.4.1  SPC regulator control register (CNTRL)
	5.4.2  Active power mode configuration register (ACTIVE_CFG)
	5.4.3  Low-power mode configuration register (LP_CFG)
	5.4.4  LDO_CORE configuration register (CORELDO_CFG)
	5.4.5  LDO_SYS configuration register (SYSLDO_CFG)

	5.5  LDO electrical characteristics
	5.5.1  LDO core electrical characteristics
	5.5.2  LDO system electrical characteristics


	6  Smart power switch
	6.1  Smart power switch hardware
	6.1.1  VBAT FRO16K and bandgap timers
	6.1.2  VBAT LDO RAM retention and SRAM retention array
	6.1.2.1  VBAT LDO RAM enable sequence
	6.1.2.2  Powering the SRAM retention memory with VBAT LDO RAM regulator

	6.1.3  VBAT on/off control

	6.2  Smart power switch main configuration registers
	6.2.1  SPC configuration register (CFG)
	6.2.2  Status A (STATUSA)
	6.2.3  Wakeup enable A (WAKENA)
	6.2.4  FRO16K control A (FROCTLA)
	6.2.5  LDO RAM control A (LDOCTLA)
	6.2.6  RAM control (LDORAMC)
	6.2.7  Bandgap timer 0 (LDOTIMER0)
	6.2.8  Bandgap timer 1 (LDOTIMER1)

	6.3  Smart power switch electrical characteristics

	7  Application initialization requirements
	7.1  DC-DC software enablement
	7.1.1  DC-DC voltage and drive mode selection in Active mode
	7.1.2  DC-DC voltage and drive mode selection in Low-power mode

	7.2  LDO core and LDO system software enablement
	7.2.1  LDO voltage and drive mode selection in Active mode
	7.2.2  LDO voltage and drive mode selection in Low-power mode

	7.3  Smart power switch software enablement
	7.3.1  Shut down and wake-up from SWITCH_WAKEUP_B pin
	7.3.2  Shut down and wake-up from the bandgap timer


	8  Note about the source code in the document
	9  Revision history
	Legal information
	Contents

