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1   Introduction

This application note describes how to use the FlexIO state mode to generate a center-aligned PWM waveform
on the MCXN series MCUs.

The MCXN series MCUs have eight FlexIO shifters, which can implement up to eight states. In every state,
a different level logic can be output on up to eight FlexIO data pins. The transitions between states can be
controlled by up to eight FlexIO timers.

Controlling state transitions using external input pins is a common demonstration method for FlexIO. However,
there are many instances where users simply want to use a state machine controlled by a timer sequence
without considering external input states. This application note is based on such a starting point, using timers to
control the state machine composed of shifters, to generate center-aligned PWM waveforms.

The configuration tool provided by NXP can quickly generate functional code for FlexIO. One purpose of this
application is to demonstrate how to use the configuration tool to implement the state machine function of
FlexIO, making the implementation simple and fast.

2   FlexIO module state mode

The FlexIO module state mode enables you to create a hardware state machine with up to eight states. Each
state uses three selectable inputs and eight dedicated outputs. Such a state machine offloads the CPU rapidly
when compared to the software approach.

2.1  FlexIO state I/O assignments
Figure 1 shows the I/O assignments for a given state in general.

• The three inputs to the state can be represented by a set of three FlexIO pins (starting from the
SHIFTCTLn[PINSEL] value) or by three LSB bits of the next (n+1) shifter. Select this using the input source
selection field INSRC in the SHIFTCFGn[INSRC] shifter-configuration register.

• Configure the inputs’ PINPOL polarity in the SHIFTCTLn[PINPOL] shifter-control register when the FlexIO
pins are selected as inputs.

• The eight outputs from the state are fixed and assigned to FlexIO pins FXIO_D0-FXIO_D7 (all states share
the same outputs). Disable the FXIO_D0-FXIO_D7 outputs partially by setting the adequate bits in the
PWIDTH[3:0], SSTOP[1:0], and SSTART[1:0] fields in the SHIFTCFGn shifter-configuration register.
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Figure 1. FlexIO state I/O assignments

2.2  FlexIO state configuration
The state mode is selected when the SMOD field in the SHIFTCTLn[SMOD] shifter-control register is set to
0x6.
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Field Function

2-0
SMOD

Shifter mode
Configure the mode of the shifter
000b - Disable
001b - Receive mode; capture the current shifter content into
SHIFTBUF on expiration of the timer
010b - Transmit mode; load SHIFTBUF contents into the
shifter on expiration of the timer
011b - Reserved
100b - Match store mode; shifter data is compared to SHI
FTBUF content on expiration of the timer
101b - Match continuous mode; shifter data is continuously
compared to SHIFTBUF contents
110b - State mode; SHIFTBUF contents store programmable
state attributes
111b - Logic mode; SHIFTBUF contents implement
programmable logic lookup table

Table 1. State mode

The SHIFTSTATE shifter-state register defines the current state when you select the state mode and enable the
FlexIO module. It is set to 0x0 by default (after reset). Initialize it if shifter 0 is not configured to the state mode
to avoid incorrect state machine startup.

Field Function

2-0 STATE Current state pointer. Maintains a pointer to track the current
shifter (configured for the State mode) enabled to drive
outputs and compute the next state. Reading this register
when the state pointer is updating can result in the return
of an incorrect state. The value that you write to this field
overrides the current state.

Table 2. Shifter state

When started correctly, SHIFTSTATE points to the current state, which is defined by the shifter buffer n register
SHIFTERBUFFn value. Its 32-bit value contains the current-state outputs’ configuration (SHIFTBUFF[31:24])
and the next state selection (SHIFTBUFF[23:0]).

The 24 LSBs of the shifter-buffer register value represent eight groups of three bits. The three bits in each group
define the value of the next state. The group (next state) is selected according to the combination of inputs. If
the input combination is 000, then the value defined by the SHIFTBUFF[2:0] bits represents the next state. If
the input combination is 011, then the value defined by the SHIFTBUFF[11:9] bits represents the next state.
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Figure 2. Input combination

Field Function

31-0
SHIFTBUF

Shifter buffer
Contains the data to be matched with the shifter contents
and is used for various other functions, depending on the
setting. of SHIFTCTLn[SMOD]:
• If SHIFTCTL0[SMOD] is 1b (Receive mode), the shifter

data is transferred into SHIFTBUF at the expiration of
the timer. You must read this register only when the
corresponding SHIFTSTAT[SSF] flag is set, indicating that
new shifter data is available.

• If SHIFTCTL0[SMOD] is 10b (Transmit mode), SHIFTBUF
data is transferred into the shifter before the timer begins.

• If SHIFTCTL0[SMOD] is 100b (Match Store mode),
SHIFTBUF[31:16] contains the data to be matched with
the shifter contents and SHIFTBUF[15:0] can be used
to mask the match result (1 = mask, 0 = no mask). The
match is checked when the timer expires. Shifter data
[31:16] is written to SHIFTBUF[31:16] whenever a match
event occurs. You must read this register only when the
corresponding shifter status flag is set, indicating that new
shifter data is available.

• If SHIFTCTL0[SMOD] is 101b (Match Continuous mode),
SHIFTBUF[31:16] contains the data to be matched with
the shifter contents, and SHIFTBUF[15:0] can be used to
mask the match result (1 = mask, 0 = no mask).

• If SHIFTCTL0[SMOD] is 111b (Logic mode),
SHIFTBUF[31:0] implements a 5-input, 32-bit
programmable logic lookup table.

• If SHIFTCTL0[SMOD] is 110b (State mode), use
SHIFTBUF[31:24] to drive the output value when this
shifter is selected by the current state pointer and use
SHIFTBUF[23:0] to configure the value of the next state
transition.

Table 3. Shifter buffer

2.3  FlexIO state transitions
The next state transition is generated when the timer selected by the current state expires. It depends on the
TIMSEL timer select value in the shifter control register SHIFTCTLn[TIMSEL].
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An appropriate shifter status flag is set when the current state pointer STATE in the SHIFTSTATE shifter state
register points to the adequate shifter.

Use the status flag to trigger the interrupt/DMA. Switch to a particular state to trigger the CPU/DMA, or even
force a timer to assert the FlexIO output trigger (trigger the start of the ADC conversion). The flag clears when
you select a different state.

Figure 3. FlexIO state transitions

3   How to implement center-aligned PWM in state mode

Regarding the upper and lower bridge arms of motor control as a pair of complementary PWM waves, this pair
is center-aligned with dead time. The signal of one cycle of the complementary PWM waveform can be divided
into five states: State 0, State 1, State 2, State 3, and State 4.

FlexIO has a maximum of eight states, with each state capable of controlling up to eight IO outputs. This is
sufficient for generating a pair of complementary PWM signals.

3.1  PWM with state machine
Figure 4 defines the corresponding states for each change in the PWM signal, with the duration of each state
controlled by the FlexIO timer.
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Figure 4. PWM with state machine

3.2  GPIO configuration on state machine
The P0_8 pin is used to output the waveform of the PWM_H signal, while the P0_9 pin is selected to output the
waveform of the PWM_L signal.

State PWM_H(P0_8) value PWM_L(P0_9) value

State 0 0 0

State 1 1 0

State 2 1 1

State 3 1 0

State 4 0 0

Table 4. GPIO configuration on state machine

3.3  Output observation of internal timer waveform
The internal timers (0/1/2/3/4) are used as the timing base for state transitions. To better describe the operation
of the state machine, the actual waveform of the internal timer is output in this application.

Timer GPIO pin

Timer 0 P4_16

Timer 1 P4_17

Timer 2 P4_18

Table 5. Output observation of internal timer waveform
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Timer GPIO pin

Timer 3 P4_19

Timer 4 P4_20

Table 5. Output observation of internal timer waveform...continued

4   FlexIO shifter configuration

This application configures the FlexIO shifter in state machine mode, where different state machines control the
output levels of different FlexIO data lines.

4.1  FlexIO state mode used in this application
In this application, the inputs are not routed to the pin pads of the chip. Therefore, all three inputs can be
considered as a logic low level, and state group 0 is selected in all the shifters.

Each shifter has only one status group (Group0) available for use. Five shifters are utilized, hence there are
five states.

Figure 5. Five shifters

4.2  FlexIO state mode configuration
When the shifter is in the state mode, the main considerations are as follows:

1. Which timer to choose for triggering the state transition.
2. The polarity selection of the timer trigger level.
3. Using three pins as external inputs to determine which state to select.
4. Whether to enable the output and the output polarity.
5. The selection of output pins and whether to mask the pins.
6. The selection of the next state.

Table 6 is the related configuration of this application.
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- Shifter 0 Shifter 1 Shifter 2 Shifter 3 Shifter 4

Mode State mode State mode State mode State mode State mode

Timer Select Timer 0 Timer 1 Timer 2 Timer 3 Timer 4

Timer Polarity Positive Positive Positive Positive Positive

Pin Select FlexIO_D16 FlexIO_D16 FlexIO_D16 FlexIO_D16 FlexIO_D16

Pin output Enable Enable Enable Enable Enable

Pin polarity Active High Active High Active High Active High Active High

Output pins D0_LOW, D1_
HIGH.

D0_LOW,
D1_LOW.

D0_HIGH,
D1_LOW.

D0_LOW,
D1_LOW.

D0_LOW, D1_
HIGH.

Mask pins D2~D7 D2~D7 D2~D7 D2~D7 D2~D7

Next state shifter Shifter 1 Shifter 2 Shifter 3 Shifter 4 Shifter 0

Table 6. FlexIO state mode configuration

5   FlexIO timer configuration

The FlexIO timer has the following modes:

1. Timer 8-bit Baud Counter mode: The lower eight bits are used to configure the baud rate of the shift clock
and the upper eight bits are used to configure the number of shift clock edges in the transfer.
Note:  In some motor applications, 8-bit precision may not be sufficient, so it is necessary to use 16 bits to
generate the baud rate of the shift clock.

2. Timer 8-bit High PWM mode: The lower eight bits are used to configure the timer output high period and the
upper eight bits are used to configure the timer output low period.

3. Timer 16-bit Counter mode: Use the 16-bit counter to configure the baud rate of the shift clock.
Note:  This application usees the Timer 16-bit Counter mode. Due to the limited number of timers, the
number of PWMs is no longer controlled by additional timers, but by adopting a method that enables or
disables the timer under specific conditions.

4. The remaining timer modes are also unsuitable. See the reference manual for details.

5.1  Timer configuration in the application
When the timer is used as a time trigger signal for the shifter state machine, consider the following
configurations:

1. Select the trigger source and polarity for the timer.
2. To observe the waveform inside the timer, select the output pin and polarity.
3. Choose the conditions under which to enable/disable/reset the timer.
4. Set the initial output level and whether it is controlled by a reset.
5. Configure the compare register and set the baud rate.

Table 7 is the configuration table for timers 0/1/2/3/4.

- Timer 0 Timer 1 Timer 2 Timer 3 Timer 4

Mode Single 16-bit counter mode

Trigger source Timer 4 trigger FlexIO_D1 pin Timer 4 trigger FlexIO_D0 pin -

Trigger polarity Active high Active low Active low Active low -

Pin select FlexIO_D24 FlexIO_D25 FlexIO_D26 FlexIO_D27 FlexIO_D28

Table 7. Timer configuration
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- Timer 0 Timer 1 Timer 2 Timer 3 Timer 4

Mode Single 16-bit counter mode

Pin output Enable Enable Enable Enable Enable

Pin polarity Active high Active high Active high Active high Active high

Enable Trigger rising edge Trigger rising edge Trigger rising edge Trigger rising edge Always enable

Disable Trigger falling
edge

Trigger falling
edge

Trigger falling
edge

Trigger falling
edge

Never disable

Reset Never reset Never reset Never reset Never reset Never reset

Initial output Zero Zero Zero Zero One

CMP register value 49 4 149 4 199

Baud rate 1.5 Mbit/s 15 Mbit/s 500 kbit/s 15 Mbit/s 375 kbps

Table 7. Timer configuration...continued

5.2  Timer trigger and states transition timing
If only one timer is used to generate the trigger waveform for a shifter, the number of PWM waves produced
by the timer cannot be controlled. In this application, the method of enabling and disabling the timer is used to
allow the timer to generate PWM waveforms within a certain time domain. Then, based on the principle that the
trigger source is effective only under specific conditions, it ensures accurate triggering time and that the extra
PWM wave cycles generated do not affect the state.

Figure 6 shows all the time points for state transitions and the corresponding timer waveforms.

Figure 6. Time points for state transitions

1. Figure 7 shows the process of state transition from state 0 to state 1, triggered by timer 0. The PWM
waveform generated by timer 0 is controlled to be enabled and disabled by timer 4. The first rising edge of
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timer 0 triggers a state transition. When state 1 is entered, later rising edges of timer 0 do not trigger state
transitions. However, to avoid creating more interference, timer 0 is disabled on the rising edge of timer 4.

Figure 7. Transition from state 0 to state 1
2. Figure 8 shows the waveform for timer 1 and the state trigger transition. Enable timer 1 on the falling edge

of PWM_L and disable timer 1 on the rising edge. The first rising edge of timer 1 triggers the transition from
state 1 to state 2. Subsequent rising edges do not have an effect.

Figure 8. Timer 1 and state trigger transition
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3. Figure 9 shows the waveform for timer 2 and the transition from state 2 to state 3. The period of timer 2 is
less than half the period of timer 4. The falling edge of timer 4 enables timer 2, while the rising edge of timer
4 disables timer 2, ensuring that timer 2's PWM is within the lower half of timer 4's cycle. Timer 2 does not
complete a full cycle, as its lower half is partially "cut off" by timer 4. Timer 2 only generates a single rising
edge, which triggers the transition from state 2 to state 3.

Figure 9. Timer 2 and transition from state 2 to state 3
4. Figure 10 shows the waveforms for timer 3 and the transition from state 3 to state 4. The falling edge

of PWM_H enables timer 3, while the rising edge disables it. The first rising edge of timer 3 triggers the
transition from state 3 to state 4. Subsequent rising edges do not have an effect.
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Figure 10. Timer 3 and transition from state 3 to state 4
5. Figure 11 shows the waveforms for timer 4 and the transition from state 4 to state 0. The falling edge of

timer 4 triggers the transition from state 4 to state 0. The period of timer 4 is synchronized with the PWM
period.
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Figure 11. Timer 4 and transition from state 4 to state 0

In summary, the waveforms generated by each timer are segments of PWM waveforms. Their "life cycles" are
controlled by the waveforms of timer 4, PWM_H, and PWM_L. State transitions are primarily triggered by the first
rising edge of each timer. Subsequent rising edges do not have a significant effect.

6   MCUXpresso Config Tools in the application

The MCUXpresso Config Tools set is a suite of evaluation and configuration tools that help you from the initial
evaluation to the production software development. With the MCUXpresso Config Tools, you can configure NXP
Cortex-M processors and generate the initialization of SDK drivers. The MCUXpresso Config Tools is intended
for general use and aims to help hardware designers, software engineers, embedded engineers, and Field
Application Engineers (FAEs).

The tool is distributed free of charge. The installer for Windows, Linux, or Mac can be downloaded from http://
www.nxp.com.

To compile the generated code, the MCUXpresso SDK package is required. You can download SDK packages
from http://mcuxpresso.nxp.com. The SDK package contains many example projects that can help you to get
started.

6.1  FlexIO state machine
The FlexIO state machine is a complex combination system. Using the configuration tool is very simple and
convenient. The generated code is based on the register configuration, which is more intuitive and efficient.
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Figure 12. FlexIO state machine

/* Pin output register initialization */
#ifdef FLEXIO0_PINOUTD_INIT
  FLEXIO0->PINOUTD = FLEXIO0_PINOUTD_INIT;
#else
  FLEXIO0->PINOUTD = 0x0U;
#endif /* FLEXIO0_PINOUTD_INIT */
#endif /* FLEXIO_PINOUTD_OUTD_MASK */

#ifdef FLEXIO0_CTRL_INIT
  FLEXIO0->CTRL = (FLEXIO0_CTRL_INIT & ~FLEXIO_CTRL_SWRST_MASK);
#else
  FLEXIO0->CTRL = 0x0U;
#endif /* FLEXIO0_CTRL_INIT */
}

/**************************
 * Initialization functions
 **************************
static void BOARD_InitPeripherals_CommonPreInit(void)
{
  /* Enable clock gate of the FLEXIO0 peripheral. */
  SYSCON0->AHBCLKCTRL2 |= SYSCON_AHBCLKCTRL2_FLEXIO_MASK;
}

void BOARD_InitPeripherals(void)
{
  /* Common pre-initialization */
  BOARD_InitPeripherals_CommonPreInit();
  /* Initialize components */
  FLEXIO0_init();
}

/************************************
 * BOARD_InitBootPeripherals function
 ************************************/
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void BOARD_InitBootPeripherals(void)
{
  BOARD_InitPeripherals();
}

6.2  Timer setting in MCUXpresso Config Tools
The settings for a timer mainly include when to enable it, when to disable it, and when to reset it. They also
include which pin the output comes from, what the polarity of the output is, what the trigger source is, and how
the timer's baud rate is set.

Figure 13. Timer setting in MCUXpresso Config Tools

6.3  Timer setting in MCUXpresso Config Tools
The settings for a shifter primarily include selecting which timer serves as the trigger source, choosing the IO
output waveform for the current state, and setting which three pins are used for the state selection.
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Figure 14. Timer setting in MCUXpresso Config Tools

Summary: Configuring state machines using the configuration tools is indeed quite intuitive and simple. During
use, always compare them with the register descriptions, which help to better understand their configuration
content.

7   Demo

This application comes with an accompanying program where you can see the relevant configurations of the
configuration tools in the reference project.
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7.1  Hardware preparation
In the application, the demo is designed and developed based on the FRDM-MCXN947 board. Table 8 is the pin
assignment table.

Function IO pin Position on FRDM-MCXN947

PWM_H P0_8 J8-11

PWM_L P0_9 J8-10

Timer 0 P4_16 J8-21

Timer 1 P4_17 J8-22

Timer 2 P4_18 J8-23

Timer 3 P4_19 J8-24

Timer 4 P4_20 J8-25

Table 8. Pin assignment table

Figure 15 is the hardware connection diagram.

Figure 15. Hardware connection diagram

Board: FRDM-MCXN947 rev. B

Logic device: Saleae logic pro 16

1. Connect the logic device to a PC with a USB cable.
2. Connect FRDM-MCXN947 to a PC with a USB-Type C cable.
3. Connect the capture channel to the header signals with the DuPont wire.

7.2  Software preparation
Unzip the attached software project and open it with the MCUXpresso IDE.
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1. Import the project into the IDE.
2. Build the project code.
3. Download the firmware.

Figure 16. Software preparation

7.3  Result
Reset the board, open the logic application on a PC, and capture the timing, as shown in Figure 17.
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Figure 17. Result

8   References

• Emulating Hardware State Machine Using FlexIO Module (document AN5239)

9   Note about the source code in the document

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

Copyright 2025 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS 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
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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.

10   Revision history

Document ID Release date Description

AN14470 v.1.0 06 February 2025 • Initial version

Table 9. Revision history
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document in PDF format. If there is a discrepancy between the HTML
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the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
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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
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