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Timers: Examples
Example 1: Configure a TIMG module to interrupt every  100µs 
assuming a  BUSCLK of 12 MHz and a divider of 4.
  

A. Use this Timer to implement a program delay of 500ms

i. Redo with a divider of 64 and .period=50000;

B. Measure the time between a “start” and “stop” signal; e.g., the 
length of time a button is pressed
i. Do this approximately (using longer resets from above)
ii. Do this “exactly”
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Timers: Examples
Example 2: What is the smallest possible divider that may 
be used to generate a 10 ms period? Assume using a  
BUSCLK of 32 MHz.

● What is the time resolution for this configuration?

● Small divider  Fast counting  short count period  ➜ ➜ ➜
higher time resolution
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Timers: Examples
Example 3: Configure a TIMG module to interrupt every 
1s using LFCLK = 32.768 kHz.
A.Use this Timer to cycle through random colors lit by the 

RGB LED on the launchpad board

B.Make the microcontroller more power efficient…
● You will not need to know how to do this! This is an FYI type 

thing.
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Microcontroller Power Consumption
Microcontroller CPU consumes significant power:
– Faster clock, more current
– Not dependent on type of operations performed, e.g.:

● while(1){}
● while(1){ i++; }
● Complicated DSP routine

– How to reduce?
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Current Consumption with RGB LED Cycling*
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Microcontroller Power Reduction
● Reduce clock rate: evaluate code slower
● Reduce core voltage: May lead to errors/resets due to “brown-out”
● Follow instructions in datasheet to minimize stray current 

consumption from peripherals:
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Current Consumption without RGB LED Enabled, 
GPIO set to input, pull-down resistors.
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Microcontroller Power Reduction
● Reduce clock rate: evaluate code slower
● Reduce core voltage: May lead to errors/resets due to “brown-

out”
● Follow instructions in datasheet to minimize stray current 

consumption from peripherals
● Push operations to peripherals

– Hardware peripherals typically more power efficient if operation is 
supported
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For all following slides:
Microcontroller referenced is MSP432P401R

NOT the MSPM0G3507

Why: MSP432P401R had better power documentation andmuch better 
low-power modes as compared to the MSPM0G3507

The MSP432P401R was used in Embedded Control 
from Fall 2021 to Spring 2025
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Table in Sec. 5-23: Current Consumption of Digital Peripherals
TI SLAS826F MSP43P401R Datasheet
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Microcontroller Power Reduction
● Reduce clock rate: evaluate code slower
● Reduce core voltage: May lead to errors/resets due to “brown-

out”
● Follow instructions in datasheet to minimize stray current 

consumption from peripherals
● Push operations to peripherals

– Hardware peripherals typically more power efficient if operation is 
supported.

– Allows for reduced clock rates and ...
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Microcontroller Low Power Modes
● Manipulate the powered/operation states of the CPU 

and/or peripherals.

– Turn off CPU when not needed!
– Let peripherals do the hard work

– Various levels of “Low Power Modes” may exist...
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Table 6-42. Operating Modes           TI SLAS826F MSP43P401R Datasheet
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MODE AM LPM0 LPM1 LPM2 LPM3 LPM4 LPM3.5 LPM4.5

ACTIVE
ACTIVE,
FRAM
OFF(1)

CPU Off(2) CPU OFF STANDBY STANDBY OFF RTC ONLY
SHUTDOWN
WITH SVS

SHUTDOWN
WITHOUT SVS

Maximum system clock 16 MHz 16 MHz 16 MHz 50 kHz 50 kHz 0(3) 50 kHz 0(3)

Typical current consumption,
TA = 25°C

103 µA/MHz 65 µA/MHz 70 µA at 1 MHz 35 µA at 1 MHz 0.7 µA 0.4 µA 0.3 µA 0.25 µA 0.2 µA 0.02 µA

Typical wake-up time N/A instant 6 µs 6 µs 7 µs 7 µs 250 µs 250 µs 1000 µs

Wake-up events N/A all all
LF
I/O
Comp

LF
I/O
Comp

I/O
Comp

RTC
I/O

I/O

CPU on off off off off off reset reset

FRAM on off(1)
standby
(or off(1))

off off off off off off

Peripherals in high-frequency
state(4)

yes yes yes no no no reset reset

Peripherals in low-frequency
state(4)

yes yes yes yes yes (5) no RTC reset

Peripherals in unclocked
state(4)

yes yes yes yes yes (5) yes (5) reset reset

MCLK
on

(16 MHzMAX)
off off off off off off off

SMCLK
optional(6)

(16 MHzMAX)
optional(6)

(16 MHzMAX)
optional(6)

(16 MHzMAX)
off off off off off

ACLK
on

(50 kHzMAX)
on

(50 kHzMAX)
on

(50 kHzMAX)
on

(50 kHzMAX)
on

(50 kHzMAX)
off off off

External clock
optional

(16 MHzMAX)
optional

(16 MHzMAX)
optional

(16 MHzMAX)
optional

(50 kHzMAX)
optional

(50 kHzMAX)
optional

(50 kHzMAX)
off off

Full retention yes yes yes yes yes yes no no

Table 6-1. Operating Modes           TI SLAS704F MSP430FR5969 Datasheet
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~3 mA @ 24 MHz
in ACTIVE MODE (CPU ON)

Current Consumption Figures Specifications    TI SLAS826F MSP43P401R Datasheet

max 1.35 µA in LPM3
(CPU OFF)
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Timers: Examples
Example 2: Configure a timer module to interrupt every 1s 
using ACLK = 32.768 kHz. (ACLK same as LFCLK)

– Use this Timer to cycle through random colors lit by the 
RGB LED.

– Make the microcontroller more power efficient…
● By putting the CPU in Low Power Mode 3 when not in use
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Current Consumption without RGB LED Enabled, 
GPIO set to input, pull-down resistors.
CPU in Low-Power Mode 3 Outside Interrupt

CPU Active for Timer Interrupt
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Timers: Examples
Example 2: Configure a timer module to interrupt every 1s 
using ACLK = 32.768 kHz. (ACLK same as LFCLK)

– Use this Timer to cycle through random colors lit by the 
RGB LED

– Make the microcontroller more power efficient…
● By putting the CPU in Low Power Mode 3 when not in use

– Eliminate the need for the CPU after startup
● Use hardware to update RGB LED from memory!



Spring 2026 Embedded Control 20

PCM

Power
Control

Manager

PSS

Power
Supply
System

CS

Clock
System

RTC_C

Real-Time
Clock

WDT_A

Watchdog
Timer

I/O Ports

P1 to P10
78 I/Os

I/O Ports

PJ
6 I/Os

Flash

256KB
128KB

RSTCTL

Reset
Controller

SYSCTL

System
Controller

AES256

Security
Encryption,
Decryption

CRC32

ADC14

14 bit,
1 Msps,
SAR A/D

Comp_E0,
Comp_E1

Analog
Comparator

REF_A,

Voltage
Reference

TA0, TA1,
TA2,TA3

Timer_A
16 Bit
5 CCR

Timer32

2 x 32-bit
Timers

eUSCI_A0,
eUSCI_A1,
eUSCI_A2,
eUSCI_A3

(UART,
IrDA, SPI)

eUSCI_B0,
eUSCI_B1,
eUSCI_B2,
eUSCI_B3

(I C, SPI)2

Bus
Control
Logic

DMA

8 Channels

Capacitive Touch IO 0,
Capacitive Touch IO 1

Address

Data

LFXIN,
HFXIN

LFXOUT,
HFXOUT

DCOR

LPM3.5 Domain

P1.x to P10.x PJ.x

Backup
Memory

SRAM
6KB

CPU

MPU

NVIC, SysTick

FPB, DWT

ARM
Cortex™ -M4F

®

ITM, TPIU

JTAG, SWD

SRAM
(includes
Backup

Memory)

64KB
32KB

ROM
(Peripheral

Driver
Library)

32KB
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MSP432P401R Block Diagram
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DMA – Direct Memory Access
● A module/peripheral that can move information to/from 

memory to registers without CPU intervention.
– Basic operation: A “trigger” causes the DMA to do one 

or more transfers of data.
– Successive triggers can increment through an array.
– CPU may be OFF for entire process
– Ex.: PCI Buses make extensive use of DMA modules
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Current Consumption without RGB LED Enabled, 
GPIO set to input, pull-down resistors.
CPU in Low-Power Mode 3 After Init.
DMA Servicing Timer/RGB Update



Spring 2026 Embedded Control 23

Current Measurements
● State 1: No LPM3:               ~4.75 mA      ~16 mW↣

● State 2: LMP3 Outside Interrupt: ~ 895 µA*   ~3.0 mW↣

● State 3: LMP3+DMA:   ~ 845 µA*   ~2.8 mW↣

* Datasheet indicates these numbers should be much lower! Maybe 
measurement limitation OR missing some additional current consumption 
reductions.
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