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1 Introduction

This application note illustrates how to use the FlexlO module to generate the
Pulse-Width Modulation (PWM) waveform.

FlexIO is an on-chip peripheral available on NXP Kinetis series
microcontrollers. It is highly configurable and capable of emulating a wide
range of communication protocols, such as UART, I2C, SPI, I2S. You can use
FlexIO to generate PWM waveform and build your own peripheral directly.

The standalone peripheral module, FlexIO, is used as an additional peripheral
module of the microcontroller and is not a replacement of the PWM generator,
such as, FlexTimer (FTM) peripheral. A key feature of FlexlO is that it enables
you to build your own peripheral directly in the microcontroller.

This application note takes the f1exio pwm project in KE17Z SDK 2.10.1 as
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an example to explain how to implement the function of generating PWM by using FlexlO. The download link of KE17Z SDK is

https://mcuxpresso.nxp.com/en/select.

2 Overview of the FlexlO module
The hardware resources in the FlexlO module are:
 Shifter
» Timer

* Pin

The amount of these resources for a given microcontroller is read from the FLEx10 paraM register. For example, there are four

shifters, four timers, and eight pins in KE17Z.

Figure 1 shows a high-level overview of the FlexlO module.

h

P


https://mcuxpresso.nxp.com/en/select

NXP Semiconductors

Generating PWM using FlexIO

31 SiFI'BUFﬂ 1]
M M
Input Qutput
Selection Selection
| Ll — 1} |
\ ‘,' SHIFTERO t '|I .'I
| .
I| / i | f
— = ‘, |I . || |I —-
[E— |
FXI0_Dn [EE— I“' 31 SHIFTBUFi 0 ‘“' " Fx0.Dn
in E I|| I I I I I .......... I I I ‘” E outlouten
— III\ I| I| —
| I'| I ] A
T —— 11 |
I SHIFTER 4 i
’—’:I | JI I‘
Timer R —— |
Selection| __— ———— e —_—
t i
TMERe | ..... TIMERi
FITe L
L4
External Triggers
Figure 1. FlexlO block diagram

The key features are:
» Array of 32-bit shift registers with transmit, receive, and data match modes.
» Double buffered shifter operation for continuous data transfer.
 Shifter concatenation to support large transfer sizes.
» Automatic start/stop bit generation.
« Interrupt, DMA, or polled transmit/receive operation.

» Programmable baud rates independent of bus clock frequency, with support for asynchronous operation during stop
modes.

 Highly flexible 16-bit timers with support for various internal or external triggers, reset, enable, and disable conditions.

Transmit and receive are two basic modes of the shifters.
« If one shifter is configured to transmit mode, it loads data from its buffer register and shifts data out to its assigned pin bit
by bit.
« If one shifter is configured to receive mode, it shifts data from its assigned pin and stores data in its buffer register. The
shifters assigned timer controls the load, store, and shift operations.

You can also configure the timers as different operation modes, including dual 8-bit counters baud/bit mode, dual 8-bit counters
PWM mode, and single 16-bit counter mode.

3 Generating PWM using FlexIO

This section describes how to generate the PWM by FlexIO. For this application, the NXP Freedom development board
FRDM-KE17Z, as shown in Figure 2, is used.
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Figure 2. FRDM-KE17Z board

In the application, FlexlO generates a PWM waveform on the Fxzoo b3 (PTDS5) pin. Use an oscilloscope to capture the waveform

of PTD5 (J3-1), and a PWM wave with a frequency of 48 K and a continuously changing duty cycle is generated.

3.1 General description

To generate PWM, use the following resources:
* One timer — configured as an 8-bit PWM mode to control the related pin output.
» One pin — controlled by timer to toggle pinout and generate PWM.

Figure 3 shows the resource assignment.

Pin3 (FXIO_D3)

M Timer output
e ———bD

FlexIO clock Timer0

Figure 3. Resource assignment of FlexlO to generate PWM

The following sections describe the detailed configurations and usages.

3.2 Timer configurations
This section provides detailed configurations of the timer.

To understand these configurations, see the following descriptions and the reference manual.

Configurations for Timer 0

Timer 0 generates the PWM output to pin 3. It has the following initial configurations.
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Table 1. Initial configuration of Timer O

Generating PWM using FlexIO

ltems Configurations
Timer mode Dual 8-bit PWM mode
Trigger selection N/A
Trigger polarity N/A
Trigger source Internal
Pin selection Pin 3
Pin configuration Output enabled
Pin polarity Active high

Timer initial output

Output logic 1 when enabled, not affected by reset

Timer decrement source

Decrement on FlexIO clock, Shift on timer output

Timer enable condition

Always enabled

Timer disable condition

Never disabled

Timer reset condition

Never reset

Start bit

Disabled

Stop bit

Disabled

Timer comparison value

sum = ((FLEXIO_CLK * 2)/freq + 1) /2;
lowerValue = (sum * duty/50 +1)/2;

upperValue = sum — lowerValue;

Timer comparison value = (upperValue -1 ) << 8 | (lowerValue -1);

The following tips are the key points for using FlexlO to generate PWM.
» Timer mode configuration (TIMCTL[TIMOD] and TIMCFG[TIMDEC])

Select the dual 8-bit PWM mode. In this mode, the lower 8 bits of the counter only decrease when the timer output pin is high,
and upper 8 bits only decrease when the timer output pin is low. When the lower 8 bits of the counter decrease to 0, the timer
output toggles and leads the upper 8 bits decrease. The lower 8 bits control the PWM high pulse width and the upper 8 bits

control the low pulse width.

Configure the FlexlO clock (FLEXIO_CLKI')) as the timer counter decrease source. Therefore, the counter decreases on
every FlexlO clock if decrease condition met.

 Timer comparison value (TIMCMP[CMP])

The timer comparison value is loaded into the timer counter when the timer is first enabled, when the timer is reset or
decreased to 0. Enter the dual 8-bit values into this comparison register. Then, every cycle of the PWM has the timer counter
reloaded from CMP. This comparison value controls the PWM frequency and duty.

[1] FLEXIO_CLK is the clock from clock modules like SCG or MCG, used to control the FlexIO timing.
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sum = ((FLEXIO_CLK * 2)/freq + 1) /2;

lowerValue = (sum * duty/50 +1)/2;

upperValue = sum — lowerValue;

Timer comparison value = (upperValue -1 ) << 8 | (lowerValue -1);

+ Timer output configuration (TIMCFG[TIMOUT])
Set the timer output to the logic one (high on pin) when the timer is enabled and not affected by timer reset. In the 8-bit PWM
mode, set the timer output to 1 when the timer is enabled. Otherwise, the lower 8-bit values of the counter do not decrease as
mentioned above.

Figure 4 shows the timing and signal examples. For example, TIMCP = 0x58.

Output toggle
Start Output Counter reload
toggle from CMP
b/ Low 8-bits decrease Y v
Low 8-bits 8|7|6|5|4|3|2|1|0 D|O|0|O|0|0 8|7‘6[5‘4|
Timer Counter
high 8-bits 5|5|5|5|5|5‘5|5|5 5|4|3|2|1|D 5|5‘5l5|5|

High 8-bits decrease

Timer Output E l

Figure 4. Timing of the configurations

3.3 Software implement overview

This section describes the software implementation. FRDM-KE17Z SDK 2.10.1 provides a flexio pwm example. This example
includes only one source file, f1exion_pwm.c. This source file provides the following functions to configure the FlexlO as a PWM
generator. Users can use all the functions directly in their own code with minor changes.

* FLEXIO Init (void)
* flexio pwm init (uint32_t freq, uint8 t duty)

* flexio pwm_start(void)

3.3.1 FLEXIO_lInit()

FLEXIO Init () function enables the clock gating of the FlexlO IP module and selects the proper peripheral clock source for
FlexIO, for example, MCGIRC CLK. The rLEx10_cLK defined in the source file is exactly the frequency of the peripheral clock
source. FLEXIO Init () is a general FlexlO IP module initialization function, called before using its shifters and timers.

3.3.2 flexio_pwm_init()

flexio pwm_init() function configures timer0O as an 8-bit PWM mode with pin3 output to generate the PWM waveform. For
detailed timer configurations, see Timer configurations. The freq parameter of this function is the specified PWM frequency to
generate. The parameter must be within the range of [FLEXI0O MIN FREQUENCY, FLEXIO MAX FREQUENCY] macros defined in the
source file. The duty parameter is the specified duty in unit of %, with a range of [1, 99].

3.3.3 flexio_pwm_start()
flexio pwm start () function enables timer0 by setting TIMOD to 8-bit PWM and starting to generate the PWM.
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3.4 Frequency range of PWM simulated by FlexlO
The frequency of FlexlO module determines the frequency range of the PWM simulated by FlexlO. The calculation of the highest
frequency and the lowest frequency is as below.

#define FLEXIO MAX FREQUENCY (DEMO FLEXIO CLOCK FREQUENCY / 2U)
#define FLEXIO MIN FREQUENCY (DEMO FLEXIO CLOCK FREQUENCY / 512U)

The macro DEMO_FLEXIO CLOCK_FRENQUENCY is the clock of the Flex]O module. The clock source of the FlexIO module can

be FLLDIV2 CLK, SIRCDIV2 CLK, FIRCDIV2 CLK, and soscbIiv2 cLk. Among them, FLLDIV2_CLK is at most 72 MHz, so the
highest PWM frequency simulated by FlexlO is 72 M/2 = 36 M, soscb1v2_cLk is at least 500 Hz (32000/64), and the lowest PWM
frequency simulated by FlexIO is 500/512 = 0.97 Hz. For different KE17Z boards, the lowest frequency of the PWM generated by
FlexIO depends on the frequency of the external crystal oscillator.

On the FRDM-KZ17 board, the frequency of the external crystal oscillator is 8 MHz, the minimum clock of soscprv2 _cixis 125000
Hz (8 M/64), and the lowest PWM frequency simulated by FlexIO is 125000/512 = 244 Hz.

3.5 Characteristics of PWM simulated by FlexlO

Compared with the PWM generated by the FTM module, each PWM simulated by FlexlO has an independent frequency and duty
cycle. Multiple channels PWMs generated by the FTM module share the frequency.

The PWM simulated by FlexlO also has some shortcomings. For example, the complete FTM module supports deadtime insertion
and fault control functions, but the FlexlO simulated PWM does not support these functions and the center-aligned mode.

4 Running the demo

Download a program image to the microcontroller with Open-SDA. The PC host recognizes a virtual serial port after a USB cable
is connected between the PC host and the Open-SDA USB socket, J6, on FRDM-KE17Z.

The project and workspace files of the demo are located in:
/boards/frdmkel7z/driver examples/flexion/pwm/iar
The source file is located in:
/boards/frdmkel7z/driver examples/flexion/pwm/

Open the workspace file, .eww, build the demo project, download the demo, and run it. The PWM signal can be captured with an
oscilloscope on the PTD5 pin. The exact frequency and duty are as shown in Figure 5 and Figure 6.

Figure 5. FRDM-KE17Z board
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Conclusion

Figure 6. 48 K PWM wave generated by FlexlO module
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5 Conclusion

With the high flexibility of the shifters and timers, FlexlO can emulate a wide range of protocols and generate PWM. This
application note describes how to generate the PWM using FlexlO. The application is based on NXP SDK. Although the demo
runs on FRDM-KE17Z, the user can quickly port them to other parts of Kinetis with FlexIO.

6 References

1. Generating PWM by Using Flex/O (document AN5209)
2. Generating PWM and PFM by Using Flex/O (document AN12713)
3. Kinetis KE172/132/12Z with up to 256 KB Flash Reference Manual (document KE1xZP100M72SF1RM)
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