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Icc

CMOS Supply Current 1

When the input voltage of a CMOS circuit is between the defined voltage 

levels (low or high) -e.g. floating-, the P- and N-Channel transistors 

conduct simultaneously. This results in increased supply current.

3V2V1V0V Vcc

Icc

• Adds supply current at each slope
Result: 2 x frequency  2 x switching current  2 x ICC

• Floating inputs may generate constant current!

Schmitt Trigger



CMOS Supply Current 2

• For short signal lines the trace on the board behaves like a capacitive 

load. The line capacitance and the input capacitance have to be charged 
each slope of the signal.

Result: 2 x frequency  2 x charging capacitance  2 x ICC

• For long signal lines the transmission line theory applies.



Ultra Low Power Application Types

• Battery operated:
Battery Lifetime is important:
 Long sleep times with extreme low current consumption

 Short active times with fairly low current consumption

• Constantly available low current:
Example: Powered by 4-20mA Current Loop
 Peak current of the module, including processor, must fit supply current 

and can be controlled with MCU clock frequency.

 Low-Power-Mode current is not very important

• Battery less systems (Energy Harvesting):
Example: Light Switch
 Active current and time (charge) to fulfill the task is important,

because only a limited  charge is available.

 Low-Power-Mode current might not be very important, because VCC could 
be turned off between system activation, e.g. by pressing the switch.
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Ultra-low Power 

– 0.1uA power down

– 0.8uA standby mode

– 250uA / 1MIPS @ 3V

– <1us clock start-up

– <50nA port leakage

– Zero-power BOR

– 1.8-3.6V operation

– -40 - +85C/+105°C temp range

High-Performance 

– Modern 16-bit RISC

– Signal Chain-on Chip integration

Easy To Use IDE

– Get to market faster

What Is The MSP430?



Multiple operating modes

 0.1uA power down

 0.8uA standby mode

 250uA / 1MIPS @ 3V

Ultra-Low Power Architecture

 Minimum cycles per task

Fast wakeup

Modern CPU

Zero-power BOR

Pin leakage 

Intelligent peripherals



• Efficient, ultra-low power CPU

• RISC architecture
– 27 core instructions

– 24 emulated instructions

– 7 addressing modes

– Constant generator

• Single-cycle register operations

• Memory-to-memory
atomic addressing

• Bit, byte and word processing

 C-compiler friendly

Modern CPU



Power Down

All 

clocks off

0.1uA

Stand-by

DCO off

ACLK on

0.8uA

Active Mode

DCO on

ACLK on

250uA

“LPM3”
RTC function

LCD driver

RAM/SFRs retained

CPU Off

DCO on

ACLK on

35uA

“LPM4”
RAM/SFRs retained

<1us

<1us

Multiple operating modes

“LPM0”



MSP430F5xx Unified Clock System (UCS)

Divider

/1/2/4/8/16

10-bit

Frequency 

Integrator

FLL

DCO

FLLREFCLK

DCOCLK

DCOCLKDIV

VLO

REFO

LFXT1

XT2

ACLK

MCLK

SMCLK

MODOSC
MODCLK

Provided to Flash 

controller, ADC12

DCO
Digitally Controlled Oscillator

~100kHz … >25MHz 

XT2
Crystal Oscillator

4MHz … >25MHz 

FLL
Frequency Locked Loop

LFXT1
Crystal oscillator

32768Hz

4MHz … >25MHz

VLO
Internal very low power,

low frequency oscillator

~12kHz

MODOSC
Module Oscillator

e.g. for ADC, Flash Controller etc. 

REFO
Internal 32768Hz Oscillator

CPU

Peripherals

Peripherals

Flash/ADC



• Standby as long 
as possible

• Interrupt-driven 
activity

<1us

Multiple operating modes

32768

DCO
MCLK

CPU and peripherals

ACLK

low-power peripherals

MSP430

ACLK: Auxiliary Clock (Low Speed)

DCO: Digitally Controlled Oscillator (High Speed)

Low Frequency Clock: 
Always-on
 ~ 1uA

High Frequency Clock: 
On demand

 ~ 250uA



Fast Wakeup

Interrupt

DCO

• Instant on DCO 
Clock for CPU

• No Wait for CPU 
clock stabilization

ACLK: Auxiliary Clock (Low Speed)

DCO: Digitally Controlled Oscillator (High Speed)



R2/SR

Active Mode    0  0  0  0     ~ 250uA

LPM0           0  0  0  1     ~  35uA

LPM3           1  1  0  1     ~ 0.8uA

LPM4           1  1  1  1     ~ 0.1uA

bis.w   #CPUOFF,SR        ; LPM0  

Low Power Mode Configuration

Reserved CSCG1 SCG0 ZNGIE
CPU
OFF

OSC
OFFV



INTIERRUPT 

SOURCE  

INTERRUPT 

FLAG  

SYSTEM 

INTERRUPT 

WORD 

ADDRESS 

PRIORITY 

Power-up 
ext. Reset 
Watchdog 

WDTIFG  Reset 0FFFEh 15, highest 

NMI 
Osc. Fault 
Flash violation 

NMIIFG 
OFIFG  
ACCVIFG 

(non)-maskable 
(non)-maskable 
(non)-maskable 

0FFFCh 14 

   0FFFAh 13 

   0FFF8h 12 

Comparator_A CAIFG maskable 0FFF6h 11 

Watchdog 
timer 

WDTIFG maskable 0FFF4h 10 

Timer_A CCIFG0 maskable 0FFF2h 9 

Timer_A CCIFGx maskable 0FFF0h 8 

   0FFEEh 7 

   0FFECh 6 

   0FFEAh 5 

   0FFE8h 4 

I/O Port P2 P2IFGx maskable 0FFE6h 3 

I/O Port P1 P1IFGx maskable 0FFE4h 2 

   0FFE2h 1 

   0FFE0h 0, lowest 
 

Interrupt Vectors - 11x1

FLASH

(x) 512B

Segments

8-bit Peripherals

Bootstrap Loader

RAM

(2) 128B

16-bit Peripherals

Interrupt Vectors



ISR hardware - automatically
 Program Counter (= PC) pushed 

 Status Register (= SR) pushed

 Interrupt vector moved to PC

 GIE,  CPUOFF, OSCOFF and SCG1 cleared

 IFG flag cleared on single source flags

reti - automatically
 SR popped - original

 PC popped

Prior to Interrupt Service Routine (=ISR)SP

Item1

Item2

PC

SR

SP

SP

Item1

Item2

Item1

Item2

PC

SR

Interrupt Processing



ORG     0F000h        

RESET     mov.w   #300h,SP      

mov.w   #WDT_MDLY_32,&WDTCTL

bis.b   #WDTIE,&IE1      

bis.b   #01h,&P1DIR   

Mainloop  bis.w   #CPUOFF+GIE,SR 

xor.b   #01h,&P1OUT 

jmp     Mainloop

WDT_ISR   bic.w   #CPUOFF,0(SP)

reti

ORG     0FFFEh  

DW      RESET                 

ORG     0FFF4h                    

DW      WDT_ISR                    

Item1

Item2

PC

SR=0018

SP

SP

Item1

Item2

PC

SR

Item1

Item2

PC

SR=0008

SP
Item1

Item2

Low Power Modes In Assembler



Item1

Item2

PC

SR=0018

Item1

Item2

Item1

Item2

PC

SR

Item1

Item2

PC

SR=0008

void main(void)

{ 

WDTCTL = WDT_MDLY_32;  

IE1 |= WDTIE;         

P1DIR |= 0x01;              

for (;;)

{

__bis_SR_register(CPUOFF + GIE);

P1OUT ^= 0x01;          

}

}

#pragma vector=WDT_VECTOR

__interrupt void watchdog_timer(void)

{

__bic_SR_register_on_exit (CPUOFF);  

}

Low Power Modes In C-Language

SP

SP

SP

Intrinsic functions in C-Language



18

Intrinsic Functions & the SR

• Intrinsic Functions: 

– __bic_SR_register(LPMx_bits);

– __bic_SR_register_on_exit(LPMx_bits);

– __bis_SR_register(LPMx_bits + GIE);

– __bis_SR_register_on_exit(unsigned short a);

– __get_SR_register(void); 

– __get_SR_register_on_exit(void);

– __enable_interrupts( );

– __disable_interrupts( );

• Other useful intrinsics:

– __no_operation();

– __delay_cycles(1000000);

– __bcd_add_short( short, short ); 

– __bcd_add_long( long, long );

– __even_in_range( );

• Refer to “intrinsics.h” or compiler documentation

Simple LPMx

in-system  

manipulation



R2/SR

Low-Power Bits in the SR

MCLK

CPUOFF

LFXTCLK

DCOCLK

XIN

XOUT

LFXT1 Oscillator

SMCLK

SCG1

ACLK

VCC

DCOxRSELx

SCG0

off

OSCOFF XTS

LF XT

 MODx

n

n+1

12pF

12pF

Peripherals

Peripherals

CPU

Available on 64+pinXT2 Oscillator

Reserved CSCG1 SCG0 ZNGIE
CPU
OFF

OSC
OFFV
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Labs

Unpack “CCSv4-MSP430-ULP.zip”

preserving the directory structure:

CCSv4-MSP430-ULP\Documents

CCSv4-MSP430-ULP\LPM4v1

CCSv4-MSP430-ULP\LPM4v2

CCSv4-MSP430-ULP\Thermometer

CCSv4-MSP430-ULP\ThermometerSolutions



Labs

Contents of       CCSv4-MSP430-ULP\Documents:

MSP430F543xA_MSP430F541xA(slac375a).zip
 MSP430F543xA & MSP430F541xA code examples

MSP430F543xADataSheet(slas655a).pdf

MSP430x5xx&6xx User'sGuide(slau208g).pdf

MSP-EXP430F5438 Experimenter Board User’s Guide(slau263d).pdf
 User’s Guide of the board used in the labs with jumper settings and schematics.

MSP-EXP430F5438 User Experience CCS.zip
 Example codes of the MSP-EXP430F5438 Experimenter Board

for CCS including HAL driver library

MSP-EXP430F5438A Pin Connection.xls
 List of MSP430F5438A pins and connected signals on the board



MSP-EXP430F5438 Experimenter Board

http://focus.ti.com/docs/toolsw/folders/print/msp-exp430f5438.html

switch to the left for

power from FET

connect Multimeter here instead of jumperjumper for peripherals 

(e.g. LCD)
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Lab1: LPM4 v1

1. Start CCS v4

2. “File”  “Switch Workspace…”

 \CCSv4-MSP430-ULP

3. “File”  “New”  “CCS Project”

Project Name: LPM4v1

Project Type: MSP430

Device Variant: MSP430F5438A

4. Double click on “main.c”



Lab1: LPM4 v1

#include  "msp430x54xA.h"

void main(void)

{

WDTCTL = WDTPW+WDTHOLD; // Stop WDT

__bis_SR_register(LPM4_bits); // Enter LPM4

__no_operation(); // For debugger

}



Lab1: LPM4 v1

5. Compile, link and “Debug Active Project”

6. “Start Program Execution”

7. Measure current (may vary) ~180uA

LPM4 current in Data Sheet: typ 1.2uA

max 1.35uA

8. “Stop Program Execution”

(wait a bit, eventualy press RESET button)

This turns off the drivers of the MSP-FET430UIF

9. Measure current (may vary) ~50uA

Why is there a difference (180uA vs 50uA)?

Answer: MSP-FET430UIF connections are drawing current
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Lab2: LPM4 v2

Floating GPIO inputs may draw supply current!

Icc

3V2V1V0V Vcc

Icc
Schmitt Trigger

Input signals must be VCC or GND



Lab2: LPM4 v2

1. “File”  “New”  “CCS Project”

Project Name: LPM4v2

2. Double click on “main.c”



Lab2: LPM4 v2

PAOUT  = 0;

PADIR  = 0xFFFF;

PASEL  = 0;

PBOUT  = 0;  

PBDIR  = 0xFFFF;

PBSEL  = 0;

PCOUT  = 0x4000; 

PCDIR  = 0xFFFF;

PCSEL  = 0;  

PDOUT  = 0;  

PDDIR  = 0xFFFF;

PDSEL  = 0;  

PEOUT  = 0;  

PEDIR  = 0xFFFF;

PESEL  = 0;  

P11OUT = 0;
P11DIR = 0xFF;
P11SEL = 0;
PJOUT  = 0;    
PJDIR  = 0xFF;

// Necessary for MSP430F5438 (without A)
// ACLK = MCLK = SMCLK = VLO
// UCSCTL4 = SELM_1 + SELS_1 + SELA_1;

// Disable SVML and SVSL
PMMCTL0 = PMMPW;                         
SVSMLCTL &= ~(SVMLE | SVSLE);

Configure GPIOs to avoid floating inputs

Additional code during initialization:



Lab2: LPM4 v2

3. Compile, link and “Debug Active Project”

4. “Start Program Execution”

5. “Stop Program Execution”

(wait a bit, eventually press RESET button)

6. Measure current 1.3uA

LPM4 current in Data Sheet: typ 1.2uA

max 1.35uA

Why is there a slight difference? (1.3uA vs 1.2uA)

Answer: VCC is a bit higher than data sheet spec. of 3V
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Lab3 to Lab7: Thermometer

In Lab3 to Lab7 a thermometer will 

be implemented and optimized for 

lowest power consumption.

Which battery will be necessary?



ADC12_A

Note A: The MODOSC is part of the UCS. See the UCS for more information.

Improved ADC12:

• Higher supply voltage 

range 2.2V…3.6V

• Lower supply current 

consumption than 

ADC12

• More accurate VREF

• Faster VREF settling 

time

• 12 individually 

configurable external 

input channels

• Interrupt vector register 

for fast decoding of 18 

ADC interrupts
Internal Temperature Sensor



Lab3: Thermometer

Code example taken from (slac375a)

“msp430x54xA_adc12_10.c”: ADC12, Sample A10 Temp and Convert to °C and °F



msp430x54xA_adc12_10.c
void main(void)
{
WDTCTL = WDTPW + WDTHOLD;                 // Stop WDT

/* Initialize the shared reference module */
REFCTL0 |= REFMSTR + REFVSEL_0 + REFON;   // Enable internal 1.5V reference

/* Initialize ADC12_A */
ADC12CTL0 = ADC12SHT0_8 + ADC12ON;        // Set sample time
ADC12CTL1 = ADC12SHP;                     // Enable sample timer
ADC12MCTL0 = ADC12SREF_1 + ADC12INCH_10;  // ADC input ch A10 => temp sense
ADC12IE = 0x001;                          // ADC_IFG upon conv result-ADCMEMO

__delay_cycles(75);                       // 35us delay to allow Ref to settle
ADC12CTL0 |= ADC12ENC;

while(1)
{

ADC12CTL0 |= ADC12SC;                   // Sampling and conversion start

__bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled
__no_operation();

IntDegC = ((temp - 1857) * 666) / 4096; // Temperature in Celsius
IntDegF = ((temp - 1857) * 1199) / 4096 + 32; // Temperature in Fahrenheit

__no_operation();                       // SET BREAKPOINT HERE
}

}



Lab3: Thermometer

Modifications to the code:

• To enable easy reading of the code:

Handling of peripheral registers moved into small 

functions in file “Functions.c”.

• Added display of result on LCD to enable easy debugging.

 LCD Routines are taken from:

“MSP-EXP430F5438 User Experience CCS.zip” 

“hal_lcd.c”, “hal_lcd.h” and “hal_lcd_fonts.h”



Lab3: Thermometer – main()

void main(void)
{ 

WDTCTL = WDTPW+WDTHOLD;                   // Stop WDT

InitExtLCD();
InitAndTurnOnVref();
InitADC();
TurnOnAdc();

while(1)
{

StartConvertAdc();
__bis_SR_register(LPM4_bits + GIE);     // LPM4 with

// interrupts
// enabled

DisplayTemperatureLcd(AdcResult);
}

}



Lab3: Thermometer – ADC ISR
#pragma vector=ADC12_VECTOR
__interrupt void ADC12ISR (void)
{
switch(__even_in_range(ADC12IV,34))
{
case  0: break;                           // Vector  0:  No interrupt
case  2: break;                           // Vector  2:  ADC overflow
case  4: break;                           // Vector  4:  ADC timing overflow
case  6:                                  // Vector  6:  ADC12IFG0

AdcResult = ADC12MEM0;                  // Move results, IFG is cleared
__bic_SR_register_on_exit(LPM4_bits);   // Exit any LPM
break;

case  8: break;                           // Vector  8:  ADC12IFG1
case 10: break;                           // Vector 10:  ADC12IFG2
case 12: break;                           // Vector 12:  ADC12IFG3
case 14: break;                           // Vector 14:  ADC12IFG4
case 16: break;                           // Vector 16:  ADC12IFG5
case 18: break;                           // Vector 18:  ADC12IFG6
case 20: break;                           // Vector 20:  ADC12IFG7
case 22: break;                           // Vector 22:  ADC12IFG8
case 24: break;                           // Vector 24:  ADC12IFG9
case 26: break;                           // Vector 26:  ADC12IFG10
case 28: break;                           // Vector 28:  ADC12IFG11
case 30: break;                           // Vector 30:  ADC12IFG12
case 32: break;                           // Vector 32:  ADC12IFG13
case 34: break;                           // Vector 34:  ADC12IFG14
default: break;
}

}



Lab3: Thermometer

1. “File”  “New”  “CCS Project”

Project Name: Thermometer

2. Double click on “main.c”

3. Compile, link and “Debug Active Project”

4. “Stop Program Execution”

5. Wait a bit and press RESET button

6. Measure current 490uA

Why is the supply current that high and instable?

What can be done to reduce the supply current?
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Lab4: Thermometer ULP v1

void main(void)

{ 

WDTCTL = WDTPW+WDTHOLD;                   // Stop WDT

InitGpio();

InitExtLCD();

InitAndTurnOnVref();

InitADC();

TurnOnAdc();

InitAndStartTimer();

while(1)

{

StartConvertAdc();

__bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled

DisplayTemperatureLcd(AdcResult);

__bis_SR_register(LPM3_bits + GIE);     // LPM3 with interrupts enabled

}

}

Configure GPIOs to avoid floating inputs



Lab4: Thermometer ULP v1

1. Enter the line “InitGpio();” into main() of the 

existing project Thermometer

2. Compile, link and “Debug Active Project”

3. “Stop Program Execution”

4. Wait a bit and press RESET button

5. Measure current 410uA

Why is the supply current still too high?

What can be done to reduce the supply current further?
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Lab5: Thermometer ULP v2

• It’s sufficient to measure temperature

every 2 seconds.

• In the meantime the MCU can sleep in LPM3:

– The REFO runs at 32768Hz continuously

– The TIMER_A fires an Interrupt every 2 seconds

– TIMER_A ISR (Interrupt Service Routine)

wakes the MSP430 and enables one temperature 

measurement.



Timer_A3

• Async 16-Bit timer/counter 

with four count modes

• Int/ext clock source

• Three capture/   compare 

registers

• Outputs with PWM 

capability

• SCCI async input latching

• Interrupt vector register for 

fast decoding 

• DMA enabled

Count
Mode

16-bit Timer
TAR

Set
TAIFG

15 0

RC
16ACLK

SMCLK

TACLK

INCLK

/1/2/4/8

CCR2

TA Clock

CCR0

Comparator 0CCI

15 0

EQU0

TA Clock
TACCR0

GND

VCC

CCI0A

CCI0B

Set
CCIFG0

Output

Unit0EQU0

COVlogic

SCCI Y
A

EN

Sync

Capture

Mode

CCR1



Lab5: Thermometer ULP v2

void main(void)

{ 

WDTCTL = WDTPW+WDTHOLD;                   // Stop WDT

InitGpio();

InitExtLCD();

InitAndTurnOnVref();

InitADC();

TurnOnAdc();

InitAndStartTimer();

while(1)

{

StartConvertAdc();

__bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled

DisplayTemperatureLcd(AdcResult);

__bis_SR_register(LPM3_bits + GIE); // LPM3 with interrupts enabled

}

}

Initialze an start TIMER_A

Go into LPM3



Lab5: Thermometer ULP v2

#pragma vector=TIMER1_A0_VECTOR

__interrupt void TIMER1_A0_ISR(void)

{

__bic_SR_register_on_exit(LPM4_bits);     // Exit any LPM

}

Wake MSP430 permanently

The function “__bic_SR_register_on_exit(LPM4_bits);” clears all

4 low low-power-bits of the SR (Status Register) stored in the stack 

before the ISR was called.

This works with any Low-Power-Mode (LPM0 … LPM4).



Lab5: Thermometer ULP v2

1. Enter the 2 new code lines into main() of the 

existing project Thermometer

2. Add Timer_A ISR

3. Compile, link and “Debug Active Project”

4. “Stop Program Execution”

5. Wait a bit and press RESET button

6. Measure current (during LPM3) 110uA

Why is the supply current still too high?

What can be done to reduce the supply current further?
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Lab6: Thermometer ULP v3

• In the actual code ADC12 and VREF are 

continuously turned on.

• We can turn off ADC12 and VREF are during LPM3

• We need to turn on ADC12 and VREF each time 

before the temperature measurement

ON

OFF



Lab6: Thermometer ULP v3

void main(void)

{ 

WDTCTL = WDTPW+WDTHOLD;                   // Stop WDT

InitGpio();

InitExtLCD();

InitADC();

InitAndStartTimer();

while(1)

{

InitAndTurnOnVref();

TurnOnAdc();

StartConvertAdc();

__bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled

DisplayTemperatureLcd(AdcResult);

TurnOffAdc ();

TurnOffVref();

__bis_SR_register(LPM3_bits + GIE);     // LPM3 with interrupts enabled

}

}

Moved into while loop

Turn off ADC12 and VREF during LPM3



Lab6: Thermometer ULP v3

1. Move code lines and enter the new code lines in 

main() of the existing project Thermometer

2. Compile, link and “Debug Active Project”

3. “Stop Program Execution”

4. Wait a bit and press RESET button

5. Measure current (during LPM3) 5uA

LPM3 current in Data Sheet: typ 2.1uA

max 2.4uA

Why is the supply current still a bit too high?

What can be done to reduce the supply current further?
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Lab7: Thermometer ULP v4

• Data Sheet about current consumption of REFO:

I(REFO): typ 3uA

• Using the 32768Hz crystal oscillator instead of 

REFO should save ~3uA.



Lab7: Thermometer ULP v4
void main(void)

{ 

WDTCTL = WDTPW+WDTHOLD;                   // Stop WDT

InitGpio();

StartXT1Crystal();

InitExtLCD();

InitADC();

InitAndStartTimer();

while(1)

{

InitAndTurnOnVref();

TurnOnAdc();

StartConvertAdc();

__bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled

DisplayTemperatureLcd(AdcResult);

TurnOffAdc ();

TurnOffVref();

__bis_SR_register(LPM3_bits + GIE);     // LPM3 with interrupts enabled

}

}

Configure XT1 crystal and wait 

until it’s oscillating stable



Lab7: Thermometer ULP v4

1. Enter the new code line in main()

of the existing project Thermometer

2. Compile, link and “Debug Active Project”

3. “Stop Program Execution”

4. Wait a bit and press RESET button

5. Measure current (most of the time) 2.2uA

LPM3XT1 current in Data Sheet: typ 2.1uA

max 2.4uA

This battery is sufficient:
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Labs: Conclusion

Lab1: LPM4 v1 50uA

Lab2: LPM4 v2 1.3uA Configured GPIO ports

Lab3: Thermometer 490uA Code example from Internet

Lab4: Thermometer ULP v1 410uA Configured GPIO ports

Lab5: Thermometer ULP v2 110uA measure every 2s, sleep LPM3

Lab6: Thermometer ULP v3 5uA Turn ADC/VREF on/off

Lab7: Thermometer ULP v4 2.2uA Use XT1 instead of REFO



Labs: Conclusion

Ideas for further current reduction:

• Minimize code clock cycles

• Wait the Vref settling time with timing from Timer_A and 
CPU in LPM3

• Trigger ADC12_A conversion directly with Timer_A

Timer_A PWM:

Timer_A ISR:

Turn on Vref and ADC

Timer_A triggers

ADC conversion

ADC12 ISR:

Read and display result

Turn of Vref and ADC

2 seconds
> 75us
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220mAh /10yrs/365days/24hrs  2.5uA

Average Current 
Consumption

Time

Vcc

1.0

2.0

2 x Alkaline

Lithium2.7

Battery Choice Makes A Difference

Battery long term 
characteristics 
has to be taken 
into account!

http://shopping.netsuite.com/s.nl/c.ACCT84789/ck.wFtLHXyJAGm6HTnT/cktime.5196/sc.2/category.9/.f;jsessionid=e24db5d7c7424b83b8d7fe29670ac599


Battery Characteristics (Source: Varta)

Series CR Series

Cylindrical Cells

CR Series

Button Cells

System Li /MnO2 Li /MnO2

Gravimetric energy density 250 –300 Wh / kg 250 –300 Wh / kg

Nominal voltage 3.0 V 3.0 V

Open circuit voltage 3.2 V 3.2 V

Available capacity range 950 –2000 mAh 25 – 560 mAh

Storage life Δ10 years 1) Δ10 years 1)

Self discharge d=20 °C <1% p. a. <1% p. a.

Operating temperature -30 … +75 °C 2) -30 … +65 °C

Maximum temperature

range (short term) 3)

-40 … +80°C 4) -40 … +80°C 4)

Storage temperature 5) -30 … +75 °C 2) -30 … +70 °C 2)

1) CR 2/3 AH, CR 2, (>5 years)
2) CR 2/3 AH (-20 … +65°C)
3) max. two weeks

4) μA-range
5) Recommended room temperature



Battery Characteristics (Source: Varta)
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Device, Voltage, Temp & Clock

MSP430F16x LPM3

MSP430F20xx LPM3

LFXT1

VLO



Bytes, Words & CPU Registers

• Use CPU registers for calculations and dedicated variables

• Same code size for word or byte

• Use word operations when possible

; 16-bit addition                       Code/Cycles

5405           add.w  R4,R5              ; 1/1

529202000202   add.w  &0200,&0202        ; 3/6

; 8-bit addition

5445           add.b  R4,R5              ; 1/1

52D202000202   add.b  &0200,&0202        ; 3/6



Effect Of The Constant Generator

• Immediate values -1,0,1,2,4,8 generated in hardware

• Reduces code size and cycles

• Completely Automatic!

D3E20021       bis.b   #002h,&P1OUT        ; With CG

D0F200100021   bis.b   #010h,&P1OUT        ; Without CG



How To Terminate Unused Pins?

• Unused port pins Px.0 – Px.7?

• XT2IN, XT2OUT?

• Please see last page of chapter 2

in 1xx, 2xx and 4xx User’s Guide

and chapter 1.6 in 5xx/4xx User’s Guide



Power vs. Performance: OA

OAPMx Icc (uA, typ) Slew Rate (V/us) GBW* (Mhz)

01 50 0.3 0.5

10 110 0.8 1.4

11 180 1.2 2.2

*Non-inverting.

MSP430FG4619

OARRIP=0.  OARRIP has a 

different function in the 2xx family.

Look for opportunities to 

save power by optimizing 

performance tradeoffs for 

your application



Power vs. Performance: DAC12

DAC12AMPx Idd (uA, typ) BW-3DB(kHz)

010

50 40011

100

101 200 180

110

111 700 550

MSP430FG4619



Interrupts Control Program Flow

100% CPU Load

UART

RX

TX

// Polling UART Receive

for (;;)

{

while (!(IFG2&URXIFG0));

TXBUF0 = RXBUF0;

}

// UART Receive Interrupt

#pragma vector=UART_VECTOR

__interrupt void rx (void)

{

TXBUF0 = RXBUF0;

}

0.1% CPU Load

9600 baud



Interrupt Vector Generator

• TAIV is used to efficiently decode the TIMER_A1 interrupt vector for all 

other interrupt sources

• Contents is either 0, 2, 4, or 10

• Reading TAIV returns and clears the highest-priority pending interrupt

• Add TAIV to the PC and use a jump-table

for TAIV de-mux

• Using TAIV instead of IFG polling greatly reduces interrupt overhead

TAIV0

015

Interrupt vector00000000000 0



Using TAIV with Assembler

; Interrupt handler for TAIFG, TACCR1 through TACCR3 CCIFG.
TA_HND ... ; Interrupt latency 6 cycles
ADD &TAIV,PC ; Add offset to Jump table 3 cycles

RETI ; Vector 0: No interrupt 5 cycles
JMP CCIFG_1_HND ; Vector 2: TACCR1 2 cycles
JMP CCIFG_2_HND ; Vector 4: TACCR2 2 cycles
RETI ; Vector 6: Reserved 2 cycles
RETI ; Vector 8: Reserved 2 cycles

TAIFG_HND ; Vector 10: TAIFG Flag
... ; Task starts here
RETI ; Back to main program 5 cycles

CCIFG_1_HND ; Vector 2: TACCR3
... ; Task starts here
RETI ; Back to main program 5 cycles

CCIFG_2_HND ; Vector 4: TACCR2
... ; Task starts here
RETI ; Back to main program 5 cycles



Using TAIV with C-Language

#pragma vector=TIMER_A_VECTOR
__interrupt void TIMER_A_ISR(void)
{
switch(__even_in_range(TAIV,10))
{
case  0: … // Vector 0: No interrupt

break;
case  2: … // Vector 2: TACCR1

break;
case  4: … // Vector 4: TACCR2

break;
case  6: … // Vector 6: Reserved

break;
case  8: … // Vector 8: Reserved

break;
case 10: … // Vector 10: TAIFG Flag

break;
default: break;
}

}



Replace Software With Hardware

100% CPU Load

MCU

P1.2

// Endless Loop 

for (;;) 

{

P1OUT |= 0x04;  // Set 

delay1();

P1OUT &= ~0x04; // Reset

delay2();

}

// Setup output unit

CCTL1 = OUTMOD0_1; 

_BIS_SR(CPUOFF);

Zero CPU Load



Power Manage Internal Peripherals

P1OUT |= 0x02;                     // Power divider

CACTL1 = CARSEL + CAREF_2 + CAON;  // Comp_A on

if (CAOUT & CACTL2)

P1OUT |= 0x01;                    // Fault

else

P1OUT &= ~0x01;        

P1OUT &= ~0x02;                    // de-power divider 

CACTL1 = 0;                        // Disable Comp_A

Comparator_A

Px.x

Ref

+

-

CAON

MSP430F20x1

P1.0



 MSP430

Sensor

TLV2760

SD

ADC

Px.x

 MSP430

Sensor

"1uA OPA"

ADC

0.01uA = Shutdown current

20uA = Active current

-------------------------------

0.06uA = Average current

1uA = Quiescent current

1uA = Active current

----------------------------

1uA = Average current

OPA with shutdown is 20x lower total power

Example instrument active 4 x 1-minute interval / day

Power Manager External Devices

I/O

VCC

shutdown 

added



5xx Clock Requests

• Module can use a clock request to 

force its source to stay active, 

even when entering LPMx

– LPMx otherwise goes into effect

– When clock request goes away, 

clock shuts down & LPMx fully 

implemented

• Helps module respond to events 

without CPU intervention

• If code uses “wrong” LPM mode, 

may see higher current draw than 

you expect

ACLK Enable

ACLK_REQ

ACLK_REQEN

OSCOFFSELA

SELM,

SELS

6 3

/EN

Divider

/1/2/4/8/16/32

DIVA

3

3

DIVPA

3

Divider

/1/2/4/8/16/32

ACLK

ACLK/n



C Coding Tips

• Use local variable as much as possible. Local variables use CPU 

registers whereas global variables use RAM.

• Use bit mask instead of bitfields for unsigned int and unsigned char.

• Use unsigned data types where possible

• Use pointers to access structures and unions

• Use “static const” class to avoid run-time copying of structures, 

unions, and arrays.

• Avoid modulo

• Count down to “0” in “for” loops

• Get to know your C code and its disassembly!



Principles For ULP Applications

• Maximize the time in standby (LPM3)

• Use interrupts to control program flow

• Replace software functions with peripheral hardware

• Power manage internal peripherals

• Power manage external devices

• Device choice can make a difference

• Effective code is a must.

Every unnecessary instruction executed is a portion of the battery 

wasted that will never return.



MSP430 ULP programming techniques 

best practice with hands-on

Thank You!


