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• What is “housekeeping”?

– Housekeeping functions

– Example design scenario

– Benefits

• MSP430 portfolio options

• Housekeeping function example walkthroughs

– UART-controlled RGB LED controller

– Programmable system wake-up controller
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What is housekeeping?

• Many designs have multiple, discrete 

analog and digital components
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• Housekeeping MCUs replace discrete 

analog parts and manage a system’s 

peripheral affairs
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Starting a new system design
A discrete component approach

Total system bill-of-materials 

(BOM):

• LED controller

• I/O expander IC

• EEPROM IC

• External watchdog timer

• Microcontroller
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Integrate your discrete system level functions into software on your microcontroller

Starting a new system design
An integrated approach
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Secondary 

MCU

Memory footprint

Memory footprint

• LED Controller (x3 LEDs):

• I/O Expander via SPI: 

• EEPROM Emulation: 

• External Watchdog Timer:

0.9kB

0.36kB

0.33kB + 4kB of EEPROM

0.37kB

Total Memory footprint:             ~5.96kB
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Cost breakdown (web pricing)

• LED controller IC (3 channels):

• 5 channel I/O expander IC: 

• Serial EEPROM (4kB) : 

• External watchdog timer:

~ $0.20

~$0.25

~$0.20

~$0.31

Total Cost for all 4 chips:                            ~ $0.96

✓ Save BOM costs

✓ Save board space

✓ Simplify design

Cost for an 8kB MSP430 device:                  $0.32 

Secondary 

MCU

BOM cost
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Low-cost MCU offering to help customers combine multiple functions/interface to other parts 

around the board.

Flexible offering based on memory needs. 

Memory Primary Feature Part Number 1ku Price

2KB MSP430FR2110 $0.24 

4KB MSP430FR2111 $0.30 

8KB MSP430FR2422 $0.32 

8KB CapTIvate MSP430FR2512 $0.52 

16KB MSP430FR2433 $0.50 

32KB MSP430FR2155 $0.62 

64KB MSP430FR2476 $0.83 

MSP430 MCUs for housekeeping functions
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Implement simple functions in your system quickly with a low-cost microcontroller!

All you need is an MSP430FR2433 LaunchPad™ development kit to get started.

View our Housekeeping Resource Explorer and Housekeeping Home Page to find 

all of our Housekeeping resources, including videos, GUIs, app briefs and more

Training videos 
(available in both English & Chinese)

Evaluation GUIs Tech notes Software

Learn → Evaluate → Implement

Resources

https://www.ti.com/tool/MSP-EXP430FR2433
https://dev.ti.com/tirex/explore/node?node=AOdISf10q3iNOPPW4mvHwA__IOGqZri__LATEST
https://training.ti.com/msp-housekeeping-mcus-english?HQS=epd-msp-430-housekeeping-vanity-tr-null-wwe
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Replace combinations of simple 

functions with a housekeeping MCU 

Timer Functions

• External RTC with backup memory 

• 7-Segment LED Stopwatch 

• External Programmable Watchdog 

Timer 

• Programmable System Wake-up 

Controller 

• Simple RTC-based System Wake-

up Controller 

• Voltage Monitor with a Time Stamp 

• Analog Input to PWM Output 

• Dual output 8-bit PWM DAC 

• Servo Motor Control 

• Stepper Motor Control 

• UART Software-Controlled RGB 

LED Color Mixing 

Pulse Width 

Modulation Functions

System Functions

• ADC Wake and Transmit on Threshold 

• EEPROM Emulation 

• Low Power Hex Keypad 

• Quadrature Encoder Position Counter 

• Hysteresis Comparator with UART 

• Multi-Function Reset Controller 

• Single Slope Analog-to-Digital 

Conversion Technique 

• Tamper Detection 

• Programmable Clock Source 

• Programmable Frequency-locked Loop 

Communication 

Functions

• Single Wire Communication Host 

• SPI IO Expander 

• USB-to-UART Bridge

• SPI-to-I2C Bridge 

Training E-book Software

Resources

https://training.ti.com/rtc_with_backup_memory
https://training.ti.com/generating-large-number-independent-pwms
https://training.ti.com/msp-mcu-training-adc-wake-and-transmit-english
https://training.ti.com/usb-uart-bridge
https://training.ti.com/msp-housekeeping-mcus
https://www.ti.com/lit/eb/swab003b/swab003b.pdf
https://www.ti.com/tool/MSPWARE


MSP430 housekeeping example:
UART-controlled RGB LED controller
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System overview and hardware connections
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MSP430FR2433
Launchpad Kit

UART RGB LED Color Mixing GUI

P2.5 UART RX

P2.6 UART TX

TX

RX
P1.2 TA0.2

P1.4 TA1.2

P1.5 TA1.1



UART RGB LEDG color mixing application brief
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UART RGB LEDG color mixing demo video
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UART RGB LEDG color mixing example code
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UART RGB LEDG color mixing GUI
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UART RGB LEDG Color Mixing Resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

RGB LED color mixing tech note: https://www.ti.com/lit/an/slaa979/slaa979.pdf

RGB LED color mixing source code: https://dev.ti.com/tirex/

GUI Composer: https://dev.ti.com/gallery/view/TIMSPGC/RgbColorMixing/ver/1.0.0/
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https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa979/slaa979.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/view/TIMSPGC/RgbColorMixing/ver/1.0.0/


MSP430 housekeeping example:
Programmable system wake-up controller
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MUST CHANGE R4/R5

TO R2/R3 FOR 32kHz 

XTAL

System overview and hardware connections



Programmable system wake-up controller resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

Programmable system wake-up controller tech note: https://www.ti.com/lit/an/slaa790a/slaa790a.pdf

Programmable system wake-up controller source code: https://dev.ti.com/tirex/

GUI Composer: 

https://dev.ti.com/gallery/view/TIMSPGC/Programmable_System_Wakeup_Controller_GUI/ver/1.0.0/
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https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa790a/slaa790a.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/view/TIMSPGC/Programmable_System_Wakeup_Controller_GUI/ver/1.0.0/
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Links and more information
• Housekeeping training series (includes videos, example code, and 

application notes):

• https://training.ti.com/msp-housekeeping-mcus

• Get the MSP430FR2433 Launchpad:

• https://www.ti.com/tool/MSP-EXP430FR2433

• TI’s Cloud Tools ecosystem:

• https://dev.ti.com/tirex/explore

• Explore MSP430TM devices: 

• https://www.ti.com/msp

• Application support:

• https://www.e2e.ti.com

https://training.ti.com/msp-housekeeping-mcus
https://www.ti.com/tool/MSP-EXP430FR2433
https://dev.ti.com/tirex/explore
https://www.ti.com/msp
https://www.e2e.ti.com/
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Contact the presenter

• JD Crutchfield

• jd@ti.com

mailto:jd@ti.com


Backup

23



MSP430 housekeeping example:
External programmable watchdog timer
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• MSP430FR2433 LaunchPad development kit

• Host microcontroller (MCU) or processor (optional)

• Jumper wires (optional)

Hardware requirements
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System overview and hardware connections
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External programmable watchdog timer resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

This example tech note: https://www.ti.com/lit/an/slaa987/slaa987.pdf

This example source code: https://dev.ti.com/tirex/

GUI Composer: 

https://dev.ti.com/gallery/view/TIMSPGC/External_Programmable_Watchdog_Timer/ver/1.0.0/

https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa987/slaa987.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/view/TIMSPGC/External_Programmable_Watchdog_Timer/ver/1.0.0/


MSP430 housekeeping example:
Voltage monitor with a timestamp
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Hardware requirements
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System overview and hardware connections
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Voltage Monitor with a Timestamp Resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

This example tech note: https://www.ti.com/lit/an/slaa980/slaa980.pdf

This example source code: https://dev.ti.com/tirex/

GUI Composer: https://dev.ti.com/gallery/info/TIMSPGC/Voltage_Monitor_with_Timestamp/

https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa980/slaa980.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/info/TIMSPGC/Voltage_Monitor_with_Timestamp/


MSP430 housekeeping example:
Programmable clock source



System overview and hardware connections
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GUI configuration
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Programmable clock source resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ Development Kit: https://www.ti.com/tool/MSP-EXP430FR2433

This example tech note: https://www.ti.com/lit/an/slaa981/slaa981.pdf

This example source code: https://dev.ti.com/tirex/

GUI Composer: 

https://dev.ti.com/gallery/view/5617547/Programmable_clock_source_FR2433_GUI/ver/1.0.0/

https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa981/slaa981.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/view/5617547/Programmable_clock_source_FR2433_GUI/ver/1.0.0/


MSP430 housekeeping example:
ADC wake and transmit



ADC wake and transmit example background
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• MSP430 device is suitable on analog-to-digital converter application case such as battery 

monitors, temperature sensors and so on. In these use-case, low-power standby, ADC 

monitor and communication with host in needed. 

– Microcontroller is in low power mode and waiting for ADC conversion value higher than 

the pre-set threshold or waiting for UART communication updating threshold value

– Once ADC conversion value higher than the threshold, microcontroller is woken up 

from low power mode, one port is set to indicate this event and start 1 second interval 

timer

– After 1 second interval timer is started, ADC conversion code is sent to host through 

UART every 1 second

– Once UART received the data, microcontroller is woken up from low power mode and 

store the data on FRAM to update the threshold



Development environment
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• ADC Wake and Transmit Example code runs on MSP430FR2433 Launch Pad

• GUI composer provided the PC graphic interface to show microcontroller wake up status, ADC conversion 

code and threshold setting.

• “ENABLE_GUI” pre-definition on CCS project is the flag to set the example code supporting GUI or not

The back channel UART-over-

USB connection with the host

ADC analog input

P1.0 driving LED indicating 

MCU wakeup

Support GUI Composer or not

https://www.ti.com/tool/MSP-EXP430FR2433
https://dev.ti.com/gc/


Example code flow chart
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MSP430FR2433 ADC wake and transmit example demo on GUI
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• Scalar graph widget real-time display LED
status and ADC conversion code

• ADC conversion code is displayed on textbox 
as well

• Threshold value can be set on slider widget

• Run GUI Composer Application

• Input sine wave on analog input

• LED on when the analog voltage is higher than 
the pre-set threshold. MCU wakeup and 
continue send ADC code to GUI

• Set threshold using slider, Repeat the above 
process, you can see ADC waveform and LED 
on happens when the analog voltage is higher 
than the updated threshold



ADC wake and transmit resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

This example tech note: https://www.ti.com/lit/an/slaa963/slaa963.pdf

This example source code: https://dev.ti.com/tirex/

GUI Composer: https://dev.ti.com/gallery/view/TIMSPGC/ADC_LPM_FR2433_GUI/ver/1.0.0/

https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa963/slaa963.pdf
https://dev.ti.com/tirex/explore/node?node=AML0pH3p2wdTY4cZ4ExwTA__IOGqZri__LATEST
https://dev.ti.com/gallery/view/TIMSPGC/ADC_LPM_FR2433_GUI/ver/1.0.0/


MSP430 housekeeping example:
I2C and SPI IO expander



System overview and hardware connections
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Optional



GUI
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Low-power 

mode

Example code flow

Init.



Example code flow
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ISRISR

USCI_B01_ISR USCI_A0_ISR



I2C and SPI IO expander resources

MSP430FR2433: https://www.ti.com/product/MSP430FR2433

MSP430FR2433 LaunchPad™ development kit: https://www.ti.com/tool/MSP-EXP430FR2433

This example tech note: 

• https://www.ti.com/lit/an/slaa985/slaa985.pdf

• https://www.ti.com/lit/an/slaa997/slaa997.pdf

This example source code: https://dev.ti.com/tirex/

GUI Composer: 

• https://dev.ti.com/gallery/view/TIMSPGC/I2C_IO_Expander/ver/1.0.0/

• https://dev.ti.com/gallery/view/TIMSPGC/SPI_IO_Expander/ver/1.0.0/

https://www.ti.com/product/MSP430FR2433
https://www.ti.com/tool/MSP-EXP430FR2433
https://www.ti.com/lit/an/slaa985/slaa985.pdf
https://www.ti.com/lit/an/slaa981/slaa981.pdf
https://www.ti.com/lit/an/slaa997/slaa997.pdf
https://dev.ti.com/tirex/
https://dev.ti.com/gallery/view/TIMSPGC/I2C_IO_Expander/ver/1.0.0/
https://dev.ti.com/gallery/view/TIMSPGC/SPI_IO_Expander/ver/1.0.0/

