
LOW POWER ARDUINO HACK GUIDE #2: 
ENERGY OPTIMIZATION DESIGN METHODS

In Low Power Arduino Hack Guide #1, we introduced some reasons why a hobbyist might like to 
save energy in his or her project.  We also introduced the concept of electrical power and how it 
relates to voltage and current (P = IV).  The main focus of the previous guide was saving energy 
through choosing efficient ICs for your projects.  To find the most efficient ICs, we looked at the 
current and voltage requirements and also considered additional features these ICs/modules 
offered such as sleep mode, low-power mode, and so on.  

In this guide, we’ll introduce some other methods of energy-efficient design that either reduce 
current draw and power losses within components in your circuits or make use of features offered 
by the microcontrollers themselves!
 

In this guide, we’ll describe hardware and software methods for energy-efficient design.  The 
hardware portion of the guide details ways you can design the circuits in your projects for 
increased efficiency, such as removing unnecessary power-consuming components or selecting 
efficient components!  The software portion focuses on the typical sleep or low-power modes 
available in microcontrollers such as the AVR microcontrollers that run Arduino boards, and the 
sleep modes available in configurable peripheral devices such as the Nordic nRF24L01+. 

Summary

Brief introduction

Presented by 
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Topics covered in Low Power Arduino Hack Guide #2
This guide is divided into two sections: 

1. Circuit Design Methods for Energy Efficiency: In this section, we explore hardware changes 
that can improve power savings. 

• Sleep Mode on Arduino Microcontrollers
• Disabling Specific Internal Modules on Atmel AVR Microcontrollers (Arduino example)
• Sleep Mode on the nRF24L01+ Module

2. Reducing Power Consumption in Microcontrollers and Peripheral Modules Through Software: 
In this section, we introduce software methods for reducing power consumption in microcontrollers 
(specifically boards like Arduinos based on Atmel ATMega chips) and in peripheral software-
configurable modules such as the nRF24L01+ RF module. 

• Simple Power LED Hack for Data-logging Projects
• Linear Voltage Regulator Selection
• Minimum Current in Pull-down or Pull-up components
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Simple Power LED Hack for Data-logging Projects

In data-logging projects where we want a microcontroller-based device to capture sensor data 
over a long period of time, we might have a simple power LED circuit that indicates whether the 
remote device is powered.  However, since we’re not constantly observing the device, we don’t 
have to keep the power LED on all the time!  By adding a single tactile switch to the power LED 
circuit, we can create a power indicator that only uses power when necessary!

A typical red, green, or yellow LED like the ones found on most microcontroller boards has a 
forward voltage drop of 1.8V and a maximum current rating of 20 mA.  Typically, LED circuits will 
drive LEDs at a lower current value like 8 or 10mA, because the LEDs already glow brightly at 
those current values.  

If your microcontroller doesn’t have a power indicator LED, you can wire one in as so:

If your microcontroller board does have a power-indicator LED, however, you can wire in a switch 
by de-soldering the LED on the board and soldering in a custom circuit!

Circuit Design Methods for Energy Efficiency
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Arduino Pro Mini Power LED location

Pro Mini power LED with push-button wired in series
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https://www.sparkfun.com/datasheets/Components/LM7805.pdf

Linear Voltage Regulator Selection

We can attack the energy efficiency issue close to the power source as well!  Most microcontroller 
circuits use DC voltage sources with DC-DC voltage regulators to provide a smooth supply 
voltage.  By selecting voltage regulators that perform this task efficiently, we can further reduce 
the power consumption in the system.  We’ll focus on two characteristics of voltage regulators: 
dropout voltage and quiescent current.

Dropout voltage is simply the minimum magnitude the difference between the input and output 
voltages of a voltage regulator can be for it to function correctly.  It is a property inherent to a 
given voltage regulator, is usually listed in the voltage regulator’s datasheet.  If we look at the 
LM7805 linear voltage regulator, a common device used in hobby electronics, we can see a listed 
dropout voltage of 2V.  If we are powering a 5V microcontroller using this regulator and a fresh 9V 
battery, the voltage difference between the input and output of the regulator is approximately 4V, 
which exceeds the dropout voltage and thus keeps the voltage regulator functioning correctly.  
However, hypothetically, if the same 9V battery’s voltage drops to 7V, the voltage regulator we 
have chosen is no longer in a stable region, which means we are no longer guaranteed a constant 
5V output for the microcontroller.  By choosing a voltage regulator with a lower dropout voltage, 
we can ensure that the output is stable for a bit longer (squeeze a bit more “juice” out of that old 
battery), meaning we can use the power supply longer.  

Systems that use a voltage regulator with a high dropout voltage are inherently inefficient because 
they will always see a large power loss to heat across the voltage regulator.  If you think of a 
battery as a bank of energy, more of that energy is lost as heat in the voltage regulation itself!  
Instead, if we can minimize this loss by pairing a low-dropout regulator with a battery that has a 
nominal voltage close to the dropout voltage and a high amp-hour capacity, we can use more of 
this battery energy bank!

You can find a regulator’s dropout voltage characteristics in its datasheet!  
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Parameter Test Conditions UnitMin       Typ      Max

Dropout 
Voltage

IO = 1A -- 2 -- V

Symbol Parameter Test Conditions UnitMin       Typ      Max

Max dropout 
voltage

VDROP-MAX IO = 50 mA -- 0.4 0.7 V

We can first take a look at the LM7805’s dropout voltage entry: 

http://www.st.com/content/ccc/resource/technical/document/datasheet/0d/ba/9a/6e/
e5/7e/4b/68/CD00151464.pdf/files/CD00151464.pdf/jcr:content/translations/
en.CD00151464.pdf

A dropout voltage of 2V might not seem like a lot, but let’s compare this value to the STLQ50 
regulator’s dropout voltage found it its datasheet.
 

This regulator only has a 0.7V max dropout voltage!  

Quiescent current is the current that the voltage regulator itself draws while in operation.  This 
current draw is in addition to the current draw from the electronics connected to the output of the 
voltage regulator.  It is clear then that in an energy-efficient application, we would want to use a 
voltage regulator that has a low quiescent current.  Quiescent current is also a property inherent to 
a given voltage regulator, and is usually listed in the datasheet as one or more of the following 
values: quiescent current, bias current, or gate drive current.  For the purposes of this guide, we 
will not discuss what each of these values is in detail, as that requires an understanding of the 
internal operation of voltage regulators.  Instead, one should take away the fact that bias current 
and gate drive current both contribute to quiescent current.  When choosing between two or more 
voltage regulators with the same output and dropout voltages, consider the quiescent current 
specifications for each.  

You can find a regulator’s quiescent current characteristics in its datasheet!  Here we can see the 
quiescent current characteristics of the LM7805 regulator.  
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Parameter Test Conditions UnitMin       Typ      Max

Bias current -- 4.2 8 mA

Symbol Parameter Test Conditions UnitMin       Typ      Max

IQ

Quiescent current (measured 
on the ground pin, fixed 

version)

VI = 5V

VI = 12V

--

--

3.5

4.1 

5.0

6.0

μA

http://www.st.com/content/ccc/resource/technical/document/datasheet/0d/ba/9a/6e/
e5/7e/4b/68/CD00151464.pdf/files/CD00151464.pdf/jcr:content/translations/
en.CD00151464.pdf

Note the large 8mA bias current in the LM7805 regulator!  Even when the load on the regulator is 
0mA, the regulator still dissipates power, introducing inefficiency to our design.

By comparison, note the quiescent current characteristics of the STM STLQ50 low-Iq low-dropout 
regulators:
 

These regulators have no-load current draws in the microamp range...almost 3 orders of 
magnitude smaller!
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Minimum Current in Pull-down or Pull-up components

If faced with a project where every little bit of power saving counts, one simple way to reduce 
power consumption would be to reduce the current flowing through passive and active 
components to the minimum value required to keep the output stable and functioning as 
expected.  

Let’s consider a microcontroller digital input connected to a push-button and simultaneously 
pulled-down to ground through a pulldown resistor:  

Per the rules of our design, the input pin needs to sense 5V when the button is pressed down and 
0V when the button is not pressed down.  The pulldown resistor R1 helps accomplish the latter.  
When the switch S1 is opened, the input pin is tied to ground through R1 indicating two things: (1) 
the voltage of the input pin with respect to its ground reference is the same as the voltage of the 
ground reference (0V), and (2) any charge built up at the gate(s) of the input pin’s internal CMOS 
logic can be drained through R1 in exponential decay fashion.  
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The property of this circuit that we care about, however is that when the button is pushed down, 
current flows through the switch and to ground through the resistor, and the value of this current 
follows Ohm’s law (I = 5V / R1).  It is clear then that by increasing R1, we can reduce the current 
through this circuit.  We can afford to simplify the analysis in this manner because the input 
impedance of a microcontroller’s digital input pin is extremely high, meaning almost no current 
flows into the input pin.  If we were to choose a pulldown resistor value of 1K, we’d get a current 
of 5mA flowing through the resistor, which is well under the power-supply limits of any commonly 
available hobby microcontroller.  However, if we choose a pulldown value of 10K, we’d get a tenth 
of that current flowing!  Prototyping both circuits, we’d quickly see that both function more or less 
the same for all practical purposes (yes, the 1K resistor circuit technically pulls down to ground 
faster than the 10K resistor circuit because of a lower RC time constant).  Thus, for an energy-
efficient circuit, we’d probably go with the 10K resistor circuit.  

It is important to note that the power savings from this method are not nearly as significant as the 
savings from the other methods described in this guide.  We merely suggest this method to 
introduce a “way of thinking” about power-saving in circuits: how can one reduce current in every 
single aspect of the circuit to the least values that allow that circuit to function as expected? Please 
also note that calculating the exact value of pulldown resistors or filter capacitors is often difficult 
or impossible because doing so requires information about the device being pulled down that is 
hard to find or not available.  For input pins or communication line, standard pullup or pulldown 
resistor values determined from experimentation can be found all over the internet!  When trying 
to save energy in hobby projects, however, seeing and comparing the results with different-sized 
components is a great way to find out what values to use!
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Sleep Mode on Arduino Microcontrollers

As we saw before with the energy efficient IC modules introduced in guide 1, many 
microcontrollers and peripheral sensor or communication modules in the market today have sleep 
modes that can be triggered in software.  In this guide, we’ll focus on sleep mode in Arduino 
boards and in the Nordic nRF24L01+ RF module.  

Putting an Arduino board into low-power mode requires the use of special sleep mode commands 
in combination with interrupt functions.  A hardware interrupt is signal trigger that stops the 
microcontroller’s instruction execution where it is and immediately executes a different set of 
instructions called an interrupt service routine (ISR).  In Arduino projects, interrupts can be used to 
perform actions only when certain triggers occur, such as when a sensor has new information.  
Hardware interrupts are especially useful in microcontroller projects because they do not interfere 
with the main program routine until the ISR trigger condition becomes true.  In sleep mode 
applications, interrupts are used to revive the microcontroller from the sleep mode and resume its 
tasks.  

Arduino boards can be put in 5 sleep modes.  Listed in order from least power saving to most 
power saving, they are as follows:

SLEEP_MODE_IDLE               

SLEEP_MODE_ADC

SLEEP_MODE_PWR_SAVE

SLEEP_MODE_STANDBY

SLEEP_MODE_PWR_DOWN

One should note that in higher power saving modes, there are fewer features left enabled, which 
means that fewer interrupt options are available as well.  

Reducing Power Consumption in Microcontrollers 
& Peripheral Modules Through Software
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We’ll start with the code to prepare the Arduino for sleep.  This code should go in the section of 
the main program loop where you want the Arduino to go to sleep.  The attachInterrupt() function 
sets up the ISR and the trigger condition.  An example interrupt attachment would be the 
following:

attachInterrupt(digitalPinToInterrupt(2), myISR, LOW);

In the above code, myISR is our ISR function.  Outside the void loop() body, we’d add a function 
called void myISR().  We’ll cover what goes in that function soon.  The digitalPinToInterrupt() 
function maps the interrupt pins available on your Arduino board (which can be found here: 

https://www.arduino.cc/en/Reference/AttachInterrupt) to the microcontroller’s interrupt numbers.  
On many Arduino boards, the interrupt pin is not the same as the interrupt number, which is 
unfortunate and confusing, but a result of historical differences between Arduino chips and boards.  
Finally, the last parameter is the interrupt condition.  In this case, we want the ISR to run when the 
digital Pin is in the low state.  We can also configure our program and circuit to interrupt when the 
signal changes logic level (CHANGE) or when the signal is rising or falling (RISING OR FALLING).  
Followed by the interrupt attachment, we set the sleep mode we want the Arduino to enter.  In 
this example, we’ll go with the first mode:

setSleepMode(SLEEP_MODE_IDLE);

Next, we enable sleep and enter sleep mode. 

sleep_enable();

sleep_mode();

The sleep_enable() function can be thought of as a safety or redundancy.  Sleep mode cannot be 
entered without this enable call. 
Next, we write what needs to happen when the sleep period is over and the ISR has finished 
executing.  That code is simply

sleep_disable(); 

followed by whatever else your specific application needs to do!
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Now, in the myISR() function, we need to specify what the Arduino should do when it is woken 
from sleep.  You can specify any behavior you would like, such as the blinking of an LED or the 
sounding of a buzzer.  One should note, however, that interrupt routines block the main program 
loop from executing until the ISR is finished, which means other processes like background 
communications between the microcontroller and peripherals may be blocked for as long as the 
ISR is running.  The one call that should be made in the ISR, however, is the interrupt detach 
function, detachInterrupt();

The detachment call looks something like this:

detachInterrupt(digitalPinToInterrupt(2));

Note the use of the digitalPinToInterrupt() function again.

Check out the appendix for some links to example sleep mode code and advanced sleep mode 
behavior with Arduino!

The full sleep code should look like this:

void loop()

{ 

/* code specific to your Arduino application that you want to run before sleeping */

attachInterrupt(digitalPinToInterrupt(2), myISR, LOW);

setSleepMode(SLEEP_MODE_IDLE);

sleep_enable();

sleep_mode();

/* other code specific to your Arduino application that you want to run after sleeping */

}

void myISR()

{

detachInterrupt(digitalPinToInterrupt(2));

}
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Disabling Specific Internal Modules on Atmel AVR Microcontrollers (Arduino example)

Atmel AVR microcontrollers can also be instructed to disable certain internal modules for power-
saving purposes.  A full list of commands to disable AVR microcontroller modules can be found in 
the nongnu.org link in the Appendix.  For the purposes of this tutorial, we’ll focus on enable/
disable commands that are applicable to most if not all Arduino boards, which can be found in the 
heliosoph.mit-links.info link in the Appendix.  

Before using any power enable or disable commands, you’ll first need to include the avr power 
library with the following code:

#include <avr/power.h>

To establish a baseline current, we can upload an empty sketch:

#include <avr/power.h>

void setup()

{

}

void loop()

{

}
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The test setup used to measure the Arduino Pro Mini’s current consumption.  A multimeter in 
current-measurement (ammeter) configuration is wired in series with the 3.3V supply line 

connected to the Arduino’s Vin pin.

We used an Arduino Pro Mini to test current consumption under different enable/disable modes.  
To read the current draw, we can plug a multimeter in series with the power source (in this case, a 
FTDI breakout:
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We can then test the current savings by activating each of the power “enable” methods and seeing 
the difference in the current reading on the multimeter!  We first established that with the empty 
sketch above, the measured current baseline was approximately 16.39 mA.  The current readings 
when calling each of the power enable or disable functions are recorded in the table below.

power_timer1_disable() 16.21 mADisable power to the Timer1 module.

Power Function Current Description

power_adc_enable()

power_timer0_enable()

power_timer1_enable()

power_adc_disable()

power_spi_disable()

power_timer0_disable()

power_spi_enable()

16.36 mA

16.36 mA

16.27 mA

16.15 mA

16.06 mA

16.27 mA

16.40 mA

Enables power to the Analog to Digital 
Converter (ADC) module. The ADC 
module on the ATMega chip is 
connected to the analog input pins on 
Arduino board.

Enables power to the Timer0 module.  
This timer module is the first of three 
on ATMega chips.  It is an 8-bit timer, 
and can be used by the chip for 
applications such as PWM.

Enable power to the Timer1 module.  
This timer module is the second of 
three on ATMega chips.  It is a 16-bit 
timer, and can be used by the chip for 
applications such as PWM or ICSP.

Disables power to the ADC module.

Disables power to the SPI module.

Disable power to the Timer0 module.

Enables power to the Serial Peripheral 
Interface (SPI) module.  The SPI 
module consists of SPI clock (SCK), 
Master-Out-Slave-In (MOSI), and 
Master-In-Slave-Out (MISO) lines 
connected to the Arduino board’s 
designated SPI pins. 
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Power Function

continued

Current Description

power_twi_enable()

power_all_enable()

power_usart0_enable()

power_timer2_disable()

power_usart0_disable()

power_twi_disable()

power_all_disable()

power_timer2_enable()

16.35 mA

16.33 mA

16.34 mA

15.97 mA

16.12 mA

15.95 mA

14.87 mA

16.33 mA

Enable power to the Two Wire 
Interface (TWI) module.  TWI is another 
name for I2C, and the TWI module 
consists of SDA (data) and SCL (clock) 
I2C lines connected to the Arduino 
board’s designated I2C pins.

Enable power to all modules 
described above.  This function 
provides the least power savings 
(effectively no current change from the 
baseline current established earlier) 
but the most functionality (all the 
modules remain functional for use in 
the sketch).

Enable power to the USART0 module.  
The USART0 module is the only 
hardware Universal Synchronous/
Asynchronous Receiver Transmitter 
(USART) module available on most 
ATMega chip-based Arduino boards.  
As implied by the name, UART/USART 
modules connect to a receive (RX) line 
and a transmit (TX) line.

Disable power to the Timer2 module.

Disable power to the USART0 module.

Disable power to the TWI I2C module.

Disable power to all modules 
described above.  This function 
provides the most power savings but 
the least functionality.

Enable power to the Timer2 module.  
This timer module is the third of three 
on ATMega chips.  It is an 8-bit timer, 
and can be used by the chip for 
applications such as PWM.
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http://www.deviceplus.com/how-tos/arduino-guide/nrf24l01-rf-module-tutorial/

Sleep Mode on the nRF24L01+ Module

Similarly, the nRF24L01+ RF module, for which DevicePlus has dedicated a 
nRF24L01+ RF Module Tutorial, has a ultra-low-power mode as well!  The Arduino library which we 
linked in the RF module tutorial takes care of the RF IC’s sleeping operations and wraps up device 
power down and power up into two neat functions:

RF24::powerDown() 

RF24::powerUp()

Once a radio module has been instantiated in your Arduino code (for example, with the name 
myRadio), all you have to do is call myRadio.powerDown(); and myRadio.powerUp(); 
appropriately!  

As mentioned in our other tutorials, the nRF24L01+ module has great power consumption 
characteristics in regular operation, but in power-down mode, the numbers are incredible at just 
900nA of consumption.  That’s 0.0009 mA!

We hope you’ve learned a little more about energy efficient design from this tutorial.  Check back 
for some projects showcasing some more cool methods for energy-efficient design!

The nRF24L01+ RF module (Image courtesy of robotop.lv)
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Appendix
+  https://playground.arduino.cc/Learning/ArduinoSleepCode

+  http://www.engblaze.com/hush-little-microprocessor-avr-and-arduino-sleep-mode-basics/

+  http://www.nongnu.org/avr-libc/user-manual/group__avr__power.html

+  http://heliosoph.mit-links.info/instructions-power-library-atmega328p/
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