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What is SleepWalking? How it Helps to Reduce Power
Consumption

Introduction

The SleepWalking feature is available in ARM® Cortex"-based Microchip's microcontrollers (MCUs). This
feature allows temporary and asynchronous wake up of a peripheral to perform a task without waking up
the CPU from Standby mode.

In MCU operation, the internal timer wakes up the CPU to check if certain conditions have occurred (i.e.,
battery voltage monitoring using the ADC), or the peripheral interrupts have woke up the CPU. The CPU
and RAM traditionally consume the majority of the power in Active mode. Therefore, waking up the CPU
from Low-Power mode to check for these conditions and start relevant actions in an Active state will
consume a lot of power.

SleepWalking allows the CPU to remain in Low-Power mode until a relevant event occurs. When the CPU
is in Low-Power mode, that is, Standby mode in Cortex-M0+ MCU, the peripheral can request the clock to
perform its task. The CPU no longer needs to check whether or not a specific condition is present, such
as an address match condition on the I2C interface or a sensor connected to an ADC that has exceeded
a specific threshold. With SleepWalking, this is done entirely by the peripherals with the help of an event
system.

The following are basic implementation steps of SleepWalking:

* Main clocks and peripheral clocks are stopped in Sleep mode to save power

*  Peripherals supporting SleepWalking (For example, peripherals supporting on-demand feature in
Cortex-M0+ MCUs) individually request clocks in Sleep mode

»  Clocks remain active until a specific peripheral operation is complete

The CPU and RAM will not wake up when sleepwalking supported peripherals perform the tasks, unless
the CPU needs to perform an operation.
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SleepWalking Support in SAM MCUs

In Cortex-M0+ MCUs (AM D, SAM L and SAM C) and some of the Cortex-M4 MCUs (SAMD5x/
SAMES5X), the SleepWalking feature is supported by many peripherals and these peripherals use the on-
demand clock principle of the clock sources.

In the SAMD20/ D21 MCUs, the following peripherals support the SleepWalking feature.

* Real-Time Counter (RTC)

*  External Interrupt Controller (ETC)

+  SERCOMs (USART, SPI, I12C)

*  Timer/Counter (TC)

»  Timer/Counter for Control Applications (TCC)
*  Analog-to-Digital Converter (ADC)

*  Analog Comparator (AC)

*  Event System (EVSYS)

Note: All peripheral events do not support SleepWalking. Refer to the Event System sections of the
relevant data sheets to know which event of the peripherals will support SleepWalking.

During Low-Power mode, the peripheral clocks are stopped. The SleepWalking supported peripheral that
needs a clock will request it from the clock system (For example, Generic Clock Controller in Cortex-MO+
MCU).

In Cortex-M0+ MCUs, the following are the configurations and sequence of steps for an asynchronous
path:

1. The Event System must be configured to use the asynchronous path causing the peripheral to
request its clock asynchronously of the core clock.

2. The event generator triggers the event user which is based on the event system configuration.

3. The clock must be provided by the Generic Clock Generator, which is asynchronous from the MCU
clock. The Generic Clock Controller will receive the request and then determine which generic clock
generator is involved and which clock source needs to be awakened.

4. The clock source wakes up, enabling the generic clock generator and generic clock stages
successively, and delivers the generic clock to the peripheral.

5. The peripheral that is associated with the event user must be able to run in Standby mode.

For additional information about event system paths, refer to the product data sheets or Event System
Tech Brief, which is available for download at http://ww1.microchip.com/downloads/en/devicedoc/
90003170a.pdf.

In Cortex-M7 MCUs (SAM E70/ S70), a few peripherals, such as UART, TWI support SleepWalking;
however, in the SAMG5x family of MCUs, the UART, TWI, SPI and ADC all support the SleepWalking
features.

In Cortex-M7 MCUs, the following are the configurations and sequence of steps:

1. The corresponding SleepWalking Activity Status register is checked to ensure that the peripheral
has no activity in progress.

2. If the corresponding SleepWalking Activity Status register is set, SleepWalking must be disabled.
3. Asynchronous partial wakeup function of the peripheral is enabled.
4. The Event generator (UART) triggers to wake up the MCU from Wait mode.
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Figure 1-1. Sleepwalking Activity
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Note: The Cortex-M0+ event system has various configurable event generators and user options to
operate various peripherals in low power. Comparatively, the SAM E70/S70 and SAM G5x MCUs have
limited event system capability to operate in low power. For additional information, refer to the Table Real-
time Event Mapping List in the SAME70 data sheet.
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Sleepwalking Implementation

To explain SleepWalking, the SAML21 MCU is used in this reference. To understand the power
consumption optimization using SleepWalking, the application code is implemented in the following two
ways:

*  Classical Interrupt-based implementation

»  Sleepwalking implementation

Classical Interrupt-Based Implementation

In the Classical Interrupt-based implementation, the CPU is woke up every 125ms using an RTC
interrupt, which is based on the OSCULP 32kHz oscillator to start the ADC conversion.

At the end of a 10-transfer frame, the CPU is woke up using a DMA interrupt to process the data to be
plotted into the Data Visualizer of the Studio using the SPI DGI (Data Gateway Interface) connection.

In this implementation, the core is woke up every 125 ms to start the ADC and every 10 DMA transfers.

For both of these implementations, the ADC will convert the analog signal coming from the sensor and
trigger a DMA data transfer to the Low-Power RAM (LPRAM) as soon as the result of the conversion is
ready. This part is automatically done by an internal hardware trigger path present between the ADC and
the DMA.

The power consumption for the interrupt-based sequence using the Data Visualizer of the Studio is
shown in the following figure.

Figure 2-1. Power Consumption for the Interrupt-Based Sequence Flow Diagram
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Figure 2-2. Power Consumption
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SleepWalking Implementation

In the SleepWalking implementation, the application takes advantage of the Event System. The RTC wiill
automatically start the ADC conversion using the Event System of the chip without any CPU intervention.

The application scenario is explained in the following steps:

1. The RTC is configured as an Event Generator to generate a periodic event (every 125ms) to the
ADC through the SAM L21 event system.

2. The ADC acknowledges the event from the RTC and starts a conversion.

3. The DMA moves the conversion from the ADC Result register to the low-power SRAM.

4. After 10 transfers, the DMA generates an interrupt to wake up the CPU to Active mode and process
the data.

5. Data is then sent to the Data Visualizer using the SPI Data Gateway Interface (DGI).
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Figure 2-3. SleepWalking Implementation Flow Chart
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The power consumption for the SleepWalking sequence using the Data Visualizer is shown in the

following figure.
Figure 2-4. Power Consumption for SleepWalking
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Conclusion: As shown above, with the SleepWalking feature implementation the power consumption can

be decreased.
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Relevant Resources

For additional information on Sleepwalking features and other relevant information, refer to the following
documents which are available for download from the Microchip web site.

+  SAMD2x:
—  http://ww1.microchip.com/downloads/en/appnotes/atmel-42411-ultra-low-power-techniques-
at06549 application-note.pdf
—  http://ww1.microchip.com/downloads/en/appnotes/atmel-42473-analog-comparator-
application-examples_userguide_at11480.pdf
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.samd20_xplained_pro/html/
index.html
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.samd21_xplained_pro/html/
index.html
«  SAMD1x;
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.samd11_xplained_pro/html/
index.html
« SAM C2x:
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.samc21_xplained_pro/html/
index.html
« SAM Lx:
—  http://ww1.microchip.com/downloads/en/appnotes/atmel-42411-ultra-low-power-techniques-
at06549_application-note.pdf
—  http://ww1.microchip.com/downloads/en/appnotes/atmel-42412-low-power-features-of-sam-I-
series-devices_applicationnote_at04296.pdf http://ww1.microchip.com/downloads/en/
appnotes/atmel-42471-sam-121-adc-sampling-using-low-power-
features_applicationnote_at12705.pdf
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.saml21_xplained_pro_b/html/
index.html
— http://asf.atmel.com/docs/3.34.2/sam0.applications.vcc_monitor.saml22_xplained_pro_b/html/
index.html
«  SAMGH5x:
— http://asf.atmel.com/docs/3.34.2/
sam.drivers.uart.uart_sleepwalking_example.samg53_xplained_pro/html/index.html
— http://asf.atmel.com/docs/3.34.2/
sam.drivers.usart.usart_sleepwalking_example.samg55_xplained_pro/html/index.html
+  SAMA4L:
—  http://www.microchip.com/wwwappnotes/appnotes.aspx?appnote=en591380
—  http://ww1.microchip.com/downloads/en/appnotes/atmel-42501-low-power-techniques-for-
atmel-smart-arm-mcus_applicationnote_at11489.pdf
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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.
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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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