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About us: TI Processors and Open source

Upstream FIRST mentality!

Decades of contribution and collaboration Ingrained culture to give back to the community

Focus on long term, sustainable and quality products
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Introduction to the Speaker

Kendall Willis
            Software Engineer at Texas Instruments

            Dallas, TX, USA

            Linux Developer for Power Management on
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Overview

• Why does power matter on embedded devices?

• Tuning Knobs of Power Optimizations

• Linux Power Frameworks

• Case Study: AM62L Low Power HMI Application

• Optimizations

– System

– CPU

– Display

– DDR

• Conclusions
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Why does power matter on embedded devices?

• Battery operated devices

• Cost savings

• Energy efficiency standards from governing bodies

– USA: Code of Federal Regulations

– EU: Standby, networked standby and Off mode - Energy Efficient Products

https://www.govinfo.gov/content/pkg/CFR-2022-title10-vol3/xml/CFR-2022-title10-vol3-part430.xml
https://energy-efficient-products.ec.europa.eu/product-list/standby-networked-standby-and-mode_en
https://energy-efficient-products.ec.europa.eu/product-list/standby-networked-standby-and-mode_en
https://energy-efficient-products.ec.europa.eu/product-list/standby-networked-standby-and-mode_en


Tuning Knobs of Power Optimizations

Power ∝ Frequency * Voltage2

Frequency 
Scaling

Slow Clock Frequencies

CPUFreq

DevFreq

Slow Display Refresh Rate

Slow DDR Transfer Speed

Idle States

CPUIdle

DDR Auto Self Refresh

Power 
Domains

Runtime PM

Device Tree Optimizations

CPU Hotplug



Linux Power Frameworks

Static
Long idle periods

Ignorant to workloads

Dynamic
Short idle periods

Workload aware



Case Study: AM62L Low Power HMI Application

Goal Low power consumption while 
running a display human-machine 
interface (HMI) application on the 
AM62L SoC

Constraint Display is functional

Software TI Processor SDK 12.0
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System Suspend

• Suspend entire system to a low power 

state

• Several mode offerings with different 

levels of system power savings

– Suspend to idle

– Standby

– Suspend to RAM

– Hibernate

• More power savings = higher latency

• Low power states are platform specific

• Use if system allows for long idle times 

and all devices needed are still ON 

during suspend

Case study:

• Not used since currently there is no 

low power state on AM62L which 

allows the display subsystem (DSS) to 

stay ON

Power 

Optimization

All

Framework

Static



Runtime PM

• Framework allows drivers to independently suspend their devices during 

runtime if they are not being used

• Automatic integration by device driver

• Consider removing a device from using runtime PM if a device is constantly 

switching runtime states or if the performance is negatively impacted

Power 

Optimization

Power Domain

Framework

Dynamic



Device Tree Optimization

• Remove any devices which are not 

needed for the application

• Disabling a device node in the device 

tree leaves the device in reset since 

the driver is not probed

• Nodes are enabled by default

• Make sure nodes that are disabled 

don’t have interdependencies

Case Study:

• Removed all nodes that do not have to 

do with DSS or UART0

• Power savings: 18mW

Disable status

Power 

Optimization

Power Domain

Framework

Static



Slow Clock Frequency

• Reduce all clock frequencies for 
inactive devices

• Reduce clocks of active devices 
without affecting performance

• Enable auto clock gating for all 
peripherals

– If not done by default

• Platform specific

– Firmware may not expose clocks 
to userspace

– Consult data sheet and block 
diagram for the platform to 
determine how clocks are used

Power 

Optimization

Frequency Scaling

Framework

Static



Slow Clock Frequency

• ARM System Control and Management 

Interface (SCMI) clocks can be exposed to 

Linux

– Sysfs: /sys/kernel/debug/clk/

• Platform specific tools

– k3conf is a TI specific debug tool that allows 

the user to disable devices, disable clocks, and 

change clock frequencies from userspace

Case Study:

• Lowered frequency of all clocks in WKUP 

power domain

• Power savings: 56 mW

Power 

Optimization

Frequency Scaling

Framework

Static
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CPUIdle

• Framework that allows inactive CPUs 

to enter idle state

• Multiple platform defined states that 

each CPU can enter

• Governor determines state by 

predicting idle duration and the amount 

of latency each state has

• Small latency or residency times can 

increase power since CPU is entering 

and exiting idle states quickly

– Iterative tuning to find right latency and 

residency times

Power 

Optimization

Idle States

Framework

Dynamic



CPUIdle
Power 

Optimization

Idle States

Framework

Dynamic



Any CPUs are expected to be idle for some amount of periodUsecase

Verify idle states do not negatively affect the systemTradeoff

Profiling tools – perf, ftrace, turbostatTools

Not used - no power savings

Low latency implementation due to display use case

Case 
Study

CPUIdle
Power 

Optimization

Idle States

Framework

Dynamic



CPU Hotplug

• Don’t need a CPU? Turn it off!

• Turns on/off CPU during runtime

• If CPU is turned off, scheduler will not 

assign the CPU work

• Use if removing CPU doesn’t hinder 

performance

• Can be better to use only CPUIdle or CPU 

Hotplug 
– CPUs can reach longer idle times if the work is split 

up 

Case Study:

• Turned off one of two CPU cores

• Power Savings: Minimal

Power 

Optimization

Power Domains

Framework

Dynamic



CPUFreq & DevFreq

• Dynamic voltage and frequency scaling 

(DVFS)

– CPUFreq for CPUs

– DevFreq for devices

• Operating Performance Points (OPP) 

define the frequency and voltage points

• opp-hz is the frequency of the device

• opp-microvolt is the voltage of the 

device

Power 

Optimization

Frequency Scaling

Framework

Dynamic



CPUFreq & DevFreq

• Different governors that choose OPP based off on power/performance goals

– Powersave governor prioritizes low frequency to save power

– Ondemand governor uses CPU load to select frequency

– Schedutil uses the CPU utilization data from the scheduler to select frequency

– Performance governor prioritizes high frequency to get the best performance

– Userspace governor allows frequency to be set in userspace

• Sysfs to control governor and view current frequency

Power 

Optimization

Frequency Scaling

Framework

Dynamic



CPUFreq & DevFreq

Case Study:

• No devices to available to use DevFreq with

• No voltage scaling available on AM62L

• Set CPUFreq to userspace governor with CPU running at 200MHz

• Power savings: 8 mW

Power 

Optimization

Frequency Scaling

Framework

Dynamic
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Display Refresh Rate

• Refresh rate is how many times per second the image is updated on the display

• Higher refresh rates consume more power

• Use tools such as modetest to change the refresh rate

• Refresh Rate = Pixel Clock / (Horizontal Total × Vertical Total)

Case study

• Refresh rate of RPI DSI display is 60 Hz

• Change refresh rate from 60 Hz to 30 Hz by halving the pixel clock value

• Pixel clock is a static value in the drivers/gpu/drm/panel/panel-simple.c driver

• Power savings: 12 mW

Power 

Optimization

Frequency Scaling

Framework

Static
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DDR Transfer Speed

• Change clock frequency for DDR which 
changes the MT/s

• Fewer transfers are happening over the same 
amount of time 

Case Study:

• Clock frequency not exposed in userspace

• DDR clock frequency is set in Arm Trusted 
Firmware (TFA)

• 400 MHz to 200 MHz clock frequency

• 1600 MT/s to 800 MT/s

• Power Savings: 50 mW

Power 

Optimization

Frequency Scaling

Framework

Static



DDR Auto Self Refresh

• DDR self refresh is a low power state that enables the DDR to refresh contents 

without using an external clock

• DDR auto self refresh allows the DDR controller to put DDR into self refresh 

after some idle time and DDR will leave idle when a transaction occurs

Case study:

• Executed through direct register writes to the DDR controller

• Values are found in the AM62L Technical Reference Manual

• Power savings: 45 mW

Power 

Optimization

Idle States

Framework

Dynamic
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Final System
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Conclusions

Iterative approach

Start with whole system optimizations, then component 
specific

Examine how power optimizations impact performance

Consider how individual components interact with the system
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Q&A

• Contact Information:

– Kendall Willis k-willis@ti.com

• LinkedIn
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Learn more about TI products

‒ https://www.ti.com/linux

‒ https://www.ti.com/processors

‒ AM62L EVM

mailto:k-willis@ti.com
mailto:k-willis@ti.com
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https://www.ti.com/linux
https://www.ti.com/linux
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