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Introduction

Many applications, such as adjusting LED brightness
and controlling the speed of electric motors, require
an analog signal as an input; for example, an analog
waveform can be used to progressively dim and
brighten an LED. Pulse width modulation (PWM)
using an MSP430™ microcontroller (MCU) provides
a low-cost method to generate an analog signal using
a digital source.

The analog signal produced by a PWM is in the

form of unipolar square waves toggling between on
and off states. The behavior of the PWM output

is determined by its duty cycle and frequency. The
average voltage of a PWM output can be used in a
variety of applications. To control the toggling of the
PWM output, timer modules on an MSP430 MCU can
be used.

This document describes how to use the multiple
time base method with the Timer A3 and Timer BO
modules and their corresponding capture/compare
registers (CCRs) on the MSP430FR2476 MCU to
generate independent PWMs at varying frequencies
and duty cycles. Each CCR on each timer module

is used to generate a unique PWM output. See

the Multiple Time Bases on a Single MSP430

Timer Module application note for a more detailed
explanation of the multiple time base method. To get
started, download the project files and example code.

Implementation

This solution uses the MSP430FR2476 MCU and the
UART backchannel of the MCU to allow the user to
interact with the code and modify the features of the
independent PWMs. A 16 MHz clock and a 9600 baud
rate are used for the stand-alone demo and a 115200
baud rate is used for the GUI demo. The PWMs are
output on general-purpose input/output (GPIO) pins
found on the MCU. When the code is not executing
PWM-specific tasks, the microcontroller enters low-
power mode 3 (LPM3) to reduce power consumption.
The main program exits low-power mode when an
interrupt is triggered from either a UART command or
from a timer module.

Continuous mode and output mode 4 (toggle mode)
are used to initialize the timer modules. Timer

interrupts occur when the value in a timer's counter
register is equal to the value in a timer's CCR.
When this timer interrupt occurs, the output is toggled
between high and low states, generating a PWM

at varying intervals. The duty cycle and frequency
of the PWM are determined by the value in its
corresponding CCR; therefore, the values in the
CCRs are changed through UART communication
to change these properties of the PWMs. PWMs
are initialized to a default duty cycle of 20% and a
frequency of 1000 Hz.

Figure 1 shows how the MSP430FR2476 can interact
with the UART backchannel or another host MCU or
processor to change the CCR values. Only Timer A3
is shown here for demonstration.
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Figure 1. Generating PWMs Block Diagram

Table 1 lists the UART commands for the stand-alone
code. Invalid commands are ignored.

Table 1. Valid UART Commands

UART Ll

Command e

Command K Description

(hex) (keyboard

character)
0x61 'a’ Choose TA3CCRO to modify
0x62 'b' Choose TA3CCR1 to modify
0x63 'c' Choose TA3CCR2 to modify
0x64 d Choose TBOCCRO to modify
0x65 ‘e’ Choose TBOCCR1 to modify
0x66 f' Increase duty cycle by 10%
0x67 g Decrease duty cycle by 10%
0x68 'h’' Increase frequency by 500 Hz
0x69 i Decrease frequency by 500 Hz
OXBA Flag to signal start and end of user

] inputted digits for frequency
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Table 1. Valid UART Commands (continued)

UART UART
Command e
Command Description
(hex) (keyboard
character)
o Flag to signal start and end of user
0x6B K inputted digits for duty cycle

When one of the keyboard characters in Table 1 is
pressed while running the stand-alone code, the PWM
for a specific timer and CCR is able to be modified.
The UART interrupt service routine (ISR) saves a
valid command to a global variable that is used by the
main program to determine how to modify the PWM.
The main program calculates how many counts to add
to the CCR or how to change the CCR's value. The
actual value is changed in a timer module's ISR.

Figure 2 shows how the interrupt service routines of
the timer and UART work with the main program to
produce and modify various PWMs.
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system, Timer A3 and Timer BO

]
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« Enable timer interrupts
» Clear timer counter
* Set up SMCLK as clock source

l

Sleep
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Interrupt flag
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Return
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Figure 2. Generating PWMs Software Flow Chart

The stand-alone code and GUI code can be
implemented on other MSP430 devices; however, the
timers and pins that can output a PWM vary by
device. Therefore, the HAL file must be modified for
the GUI code and the GPIO and timer initialization
must be modified for all code used.

Performance

This solution uses the Timer A3 and Timer BO
modules to output PWMs at a desired duty cycle

and frequency. Table 2 lists the CCRs on the
MSP430FR2476 and their corresponding GPIO pins.
These can be added by initializing the pins in the code
and by adding the appropriate timer initialization.

Table 2. Timer-Pin Connections

Timer AO
TAO0.1 (CCR1) P1.1
TAO0.2 (CCR2) P1.2
Timer A2(1)
TA2.1 (CCR1) P5.7
TA2.2 (CCR2) P6.0
Timer A3(")
TA3.0 (CCRO) P5.3
TA3.1 (CCR1) P4.6
TA3.2 (CCR2) P4.5
Timer BO
TB0.0 (CCRO) P6.2
TBO.1 (CCR1) P4.7
TB0.2 (CCR2) P5.0
TB0.3 (CCR3) P5.1
TB0.4 (CCR4) P5.2
TB0.5 (CCR5) P4.3
TBO0.6 (CCRS6) P4.4

(1)  Timer A2 and Timer A3 require the pin remapping
functionality for the MSP430FR2476. The lines SYSCFG3 |=
TA2RMP; and SYSCFG3 |= TA3RMP; must be included in
the port initialization code.

To run the stand-alone demo, connect the
MSP430FR2476 LaunchPad™ Development Kit to

a PC. Open a terminal in either Code Composer
Studio (CCS) or another PC terminal program and
ensure Serial Terminal is selected, the baud rate

is 9600, and the serial port is connected to the
device’s backchannel UART. Any of the keyboard
commands outlined in Table 1 can be typed into the
terminal to change a PWM'’s properties. Using a logic
analyzer connected to the corresponding GPIO pins is
recommended for this implementation to visualize the
PWM outputs.

To run the GUI demo, the MSP430FR2476 launchpad
should be connected to the PC. The GUl is used as
the host and sends commands to the CCS code. A
maximum of three PWMs can be viewed on the GUI
at a time. Drop-down lists can be used to change
which timer module is being accessed, which CCR

is being modified or viewed, and the duty cycle and
frequency of the PWM. The GUI plot and the PWM
output from the MCU are not modified until the PLOT
button is pressed. When PLOT is pressed, the LED
turns on to indicate that the MCU has received the
data from the GUI; otherwise, the LED remains off
when using the drop-down lists to change parameters.
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An example of the GUI plot and drop-down lists is To Get Started
shown in Figure 3. 1. Watch the training video Generating a Large
PWM Output 1 Tmerodte ek v Number of Independent PWMs using a
M Housekeeping MCU to learn how to use the
; L GUI to visualize PWM outputs and change their
' R properties.
" 2. Order an MSP430FR2476 LaunchPad

Development Kit to evaluate the Generating a
Large Number of Independent PWMs example
GUI and code.

3. Download and test the Generating a Large
Number of Independent PWMs example GUI.

4. Evaluate the Generating a Large Number of
Independent PWMs example code using the
MSP430FR2476 LaunchPad Development Kit.

Figure 3. Generating PWMs GUI Demo

Part Number Key Features

16 MHz MCU with 64KB FRAM, 8KB SRAM
comparator, 12-bit ADC, UART, SPI, 12C, timer

MSP430FR2476
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