MICROCHIP TB3199

Ultra Low-Power Techniques

Introduction

This document provides techniques for SAM D, SAM C and SAM L series of devices on how to optimize
for low-power applications. It also covers techniques, such as sleep modes and SleepWalking in
combination with using the Event System and Direct Memory Access Controller. The techniques
presented in this document covers system hardware and peripheral features.
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Clock Sources and Clock Generators

Clock Sources and Clock Generators

In order to reduce the power consumption for an application, all unused clock sources should be
disabled. Peripherals often require to run on different frequencies in an application, which often results in
different clock sources being used for the different peripherals. As the number of enabled clock sources
increases, as will the power consumption.

Devices from the SAM D, SAM C and SAM L series have a generic clock controller (GCLK) which contain
several generic clock generators, see Figure 1-1 for GCLK implementation in SAM L series. One clock
source can source several generic clock generators, and each generator can divide the clock source
separately to get different frequencies. Choosing this solution, one can achieve several frequencies
without the penalty of several clock sources being enabled. In addition, the clock system on devices from
the SAM D, SAM C and SAM L series allows for the clock source to be automatically turned off when not
requested by a peripheral. Achieving this functionality is done by writing a '1" to the On Demand Control
(ONDEMAND) bit for the corresponding clock source.

Figure 1-1. Device Clocking Diagram Example

GENERIC CLOCK CONTROLLER

OSCCTR Generic Clock Generator
S

XOSC [
[
DPLLO6M r

Peripheral Channel
0Osc16M

GCLK_PERIPH
DFLL48M 1

OSC32CTRL Clock > Clock

XOSC32K —>» Divider & Gate PERIPHERAL
Masker

OSCULP32K
0OSC32K ~_~

GCLK_IO , 1
4
GCLK_MAIN
3 O - » MCLK

© 2018 Microchip Technology Inc. DS90003199A-page 3



TB3199
Sleep Modes

Sleep Modes

In many applications, the processor does not run continuously and peripherals may be idle mostly. For
example, the application might be waiting for some external trigger before it starts using the processor
and peripherals. By taking advantage of the various sleep modes available for devices from the SAM D,
SAM C and SAM L series, one can reduce the power consumption significantly by enabling the device to
sleep while waiting.

Devices in the SAM D series have two sleep modes, Idle and Standby, where the Idle mode is divided
into three levels: IDLEO, IDLE1, and IDLEZ2. In the Idle Sleep mode, the CPU clock is stopped and
dependent on the Idle level, additional synchronous clocks are stopped. In Standby mode, all clocks are
stopped, except those are configured to run in standby. For further information about the sleep modes for
devices in the SAM D series, refer to their respective data sheets.

Devices in the SAM L series have several sleep modes; Idle, Standby, Backup (SAM L21 and SAM L22
only), and Off. In Idle mode, only the CPU clock is stopped. In Standby mode, the CPU clock and the
main clock (MCLK) is stopped, and both regulators and SRAM are in Low-Power mode. The peripheral
clocks (GCLK) are only run if requested by the peripheral. In Backup mode, all clocks are stopped and
SRAM will not be able to retain any data. In Off mode the entire device is powered off, and it can only be
woken up by an external or Power-on-Reset (POR). For further information about the sleep modes for
devices in the SAM L series, refer to their respective data sheets.

Devices in the SAM C series have four sleep modes; IDLEO, IDLE1, IDLE2 and Standby. These sleep
modes are similar to the sleep modes and levels for the devices in the SAM D series. For further
information about the sleep modes for devices in the SAM C series refer to their respective data sheet.

Sleep is entered by issuing the Wait For Interrupt (WFI) instruction. Before entering sleep, the Sleep
mode must be chosen. For devices in the SAM D series the Sleep mode is configured by writing the
Sleep Deep bit in the ARM® Cortex® System Control register (SCR.SLEEPDEEP). If the
SCR.SLEEPDEEP register is configured to Idle Sleep mode, the Idle Mode Configuration bit group in the
Sleep Mode register (SLEEP.IDLE) must also be configured.

For devices in the SAM L and SAM C series the Sleep mode is configured by writing the Sleep Mode bit
group in the Sleep Configuration register (SLEEPCFG.SLEEPMODE).

If an application is fully interrupt driven, the device can return to sleep faster if the Sleep On Exit bit in the
ARM Cortex System Control register (SCR.SLEEPONEXIT) is set.

For this and some of the following subsections a temperature monitoring application is used as an
example to make it easier to understand some of the ultra low-power techniques presented in this
document.

Consider a simple application where the temperature in a room is monitored using a temperature sensor
with the analog-to-digital converter (ADC). To reduce the power consumption, the CPU is put to sleep and
wake up periodically on interrupts from a real time counter (RTC). The measured sensor data is checked
against a predefined threshold to decide on further action. If the data does not exceed the threshold, the
CPU will be put back to sleep waiting for the next RTC interrupt.
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Event System

Event System

Returning to the temperature monitoring application introduced in 2. Sleep Modes, the CPU will be
woken up each time the ADC performs a measurement. As the CPU is put back to sleep if the ADC
measurement is below the predefined threshold, the solution above will wake up the CPU without reason.
As a result the CPU spends unnecessary time in Active mode and consumes more power than
necessary. By using the event system, the CPU's time in Active mode can be reduced even further.

Many of the peripherals on devices in the SAM D, SAM C and SAM L series can be configured to
generate events and the Event System can be used to route these events to a different peripheral. How
to act upon an incoming event must be configured in the receiving peripheral. For the temperature
monitoring application, the RTC must be set to generate an overflow event, which is routed to the ADC by
configuring the Event System. The ADC must be configured to start a conversion when it receives an
event. By using the Event System, an RTC overflow can trigger an ADC conversion without waking up the
CPU. Further the ADC can be configured to generate an interrupt if the threshold is exceeded, and the
interrupt will wake up the CPU.
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Direct Memory Access

Direct Memory Access

The SAM D11, D21, L10, L11, L21, L22 and C21 series of devices have Direct Memory Access
Controllers (DMAC), which can be useful for saving power when the CPU is sleeping. Consider that the
CPU has to process the preceding temperature measurements after it has been woken up by the
temperature threshold being exceeded. This means that the result of each ADC conversion needs to be
saved in the memory. Traditionally the CPU would have been woken up for each ADC conversion, and
writing the temperature value to the memory before going back to sleep. DMA is a mechanism for
transferring data between memories and peripherals without CPU intervention. A DMA channel has to be
set up with a source and destination, as well as a transfer trigger. For the temperature monitoring
application the ADC result register would be set up as the source, an SRAM address would be set up as
the destination, and the ADC Result Ready Event would be set up as the transfer trigger. When the ADC
result is ready, it will trigger a DMA transfer transferring the result into SRAM. For further information
about the DMAC, refer to the data sheet.
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SleepWalking

SleepWalking

Taking the temperature monitoring application ahead towards low-power consumption, the SleepWalking
feature available in devices from the SAM D, SAM C and SAM L series can be used. SleepWalking is
when a device can provide its peripherals with a clock only when needed, without waking the CPU. This
feature is enabled by writing a "1" to the On-Demand bit in the corresponding clock source register.

For the temperature monitoring application this means that the ADC's peripheral clock (GCLK_ADC) will
only be running when the ADC is converting. When the ADC receives the overflow event from the RTC, it
will request its generic clock from the Generic Clock Controller and GCLK_ADC will start running.
GCLK_ADC will stop as soon as the ADC conversion is completed.

Note: When using Standby as Sleep mode the peripheral must be configured to run in standby. Writing
a '1' to the Run in Standby bit in the peripheral's control register, Control A for ADC
(CTRLA.RUNSTDBY), will enable the peripheral to run in standby.

Devices in the SAM L10, SAM L11 and SAM L21 Series have different power domains where unused
power domains can be set to a low-power state. Setting power domains to a low-power state can be
configured to happen dynamically during SleepWalking. For the temperature monitoring application, the
device can be configured to set the power domain where the ADC is located to a low-power state when
the ADC is idle. For further information about power domains, refer to 6. Performance Levels and Power
Domains.

Note: Using dynamically power domains during SleepWalking will result in a responsiveness penalty, as
turning on power domains is relatively time consuming.
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Performance Levels and Power Domains

Performance Levels and Power Domains

Devices from the SAM L series running from the main voltage regulator (Main VREG) can operate at
different performance levels. A change in performance level will change the operational voltage level,
which will influence the power consumption. A low performance level will consume less power than a high
performance level, but the trade-off is a lower operational frequency. Refer to AT04296: Understanding
Performance Levels and Power Domains for more information about the various performance levels.

Devices from the SAM L10, SAM L11 and SAM L21 series have several digital power domains, where
system modules and peripherals are split between these power domains. The power domains can be
either in an active state, retention state, or off state. The retention state is a low-power state, where the
state of registers and SRAM is retained. Taking advantage of the retention and off state for these power
domains will reduce the overall power consumption of an application.

Note: The SAM L10 and SAM L11 have only one switchable power domain, called PDSW.

Devices from the SAM L22 series does not have the feature to manage the state of power domains.
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Performance Levels and Power Domains

Figure 6-1. Power Domains Example (SAML21)
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Unused Peripherals

Unused Peripherals

Peripherals that are not required by the application should be disabled (CTRLx.ENABLE is zero). For
devices in the SAM D and SAM C series, the clock signals will propagate to the generic clocks even
when the peripheral is not requesting a clock, resulting in an unnecessary increase of the power
consumption. Connecting the generic clocks for unused peripherals to a disabled clock generator will
prevent this unnecessary power consumption.
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1/0 Pin Configurations

I/0 Pin Configurations

For unused I/O pins, the default configuration should be used, as this disconnects the 1/0O pads from the
I/O pins, reducing the leakage current. With the default configuration for an 1/0O pin the bit corresponding
to the pin in the Data Direction (DIR) register, the Input Enable bit in the Pin Configuration y register
(PINCFGy.INEN), and the Pull Enable bit in the Pin Configuration y register (PINCFGy.PULLEN) are all

written to zero.
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Frequency Considerations

Frequency Considerations

In theory, digital CMOS logic consumes power only when the logical signals or the clock signals are
toggling, hence keeping the clock frequencies as low as possible is critical for reducing the power
consumption. However, lowering the system frequency will give a penalty when it comes to
responsiveness. In some cases, where the amount of time spent in Active mode is small, it may be better
to run at a high frequency as it will enable for the device to be put back to sleep faster.

For some of the peripherals on devices from the SAM D, SAM C and SAM L series the generic clock can
be prescaled after reaching the peripheral. This feature enables for more clock flexibility but it also
requires more power. When the frequency is prescaled in the clock generator instead of in the peripheral,
the generic clock propagated to the peripheral is of a lower frequency. A lower frequency means less
toggling between the clock generator and the peripheral, which will lower the power consumption.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

*  General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.

© 2018 Microchip Technology Inc. DS90003199A-page 14



TB3199

© 2018, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 978-1-5224-3076-6

Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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