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q CMOS
§ Energy = 1/2 CL* Vdd2

§ Power = 1/2 CL* Vdd2*freq ~ 1/2 CL* Vdd3

§ CL à wire capacity, gates...

q Switching signals
§ Registers, wires
§ Memories

Where is energy spent?



q Aaron	Carroll	y	Gernot	Heiser.	An	Analysis	of	Power	Consumption	in	a	
Smartphone.	2010

Where is energy mostly spent?
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Device Under Test (DuT) Data Adquisition (DAQ) NAT INSTPCI-6229

Sense resistors included in the power rail of 
target components



Mobile energy breakdown (2010)
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Idle State. CPU y and memory actives but no 
application running. Backligth off. Average: 268 mWSuspended State. CPU and  memory in low power

state. Radio active to receive calls. Average: 68mW



Power vs. Energy
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Power consumption @100MHz and
@400MHz

Performance, energy and power of  100MHz 
compare to 400MHZ frequencies



Energy consumption of other components
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Internal NAND 
Flash vs SD card

Consumo de WiFi - GPRS

GPS 



Global energy consumption
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Sending an email
610 mW with GPRS – 432 mW with WiFi
(excluding backlight)

W eb browsing.
429 mW with GPRS – 352  mW with WiFi
(excluding backlight)



q Power	Consumption	Analysis,	Measurement,	Management,	and	Issues:	A	
State-of-the-Art	Review	of	Smartphone	Battery	and	Energy	Usage.	2019

More recent studies show the same trends
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q Beware	of	backlight....
q Radio (especially	sending data),	is	the	most	energy	consuming	element

§ Huge differences between technologies
§ More on that from January !

q Try to send	as	little	data	as	possible
§ Better to compute a bit more if we can save swicthing on the radio

Conclusions
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