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•  DSP	Applica#ons	
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Background	

Video	Compression	 Audio	Signal	Processing	 Image	Processing	

•  Hardware	Implemented	DSP	Applica#ons	
–  ASIC	
–  FPGA	

•  Constraints	
–  Cost,	Size,	Latency,	Energy	
–  Among	all	constraints,	energy	becomes	especially	important	



•  Dual	supply	voltages	(dual-vdd)	
–  Assign	two	supply	voltages	to	a	circuit	
–  Gates	with	high	voltage	drive	gates	with	low	voltage	
–  Flip-flops	are	set	to	high	voltage	
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Circuit	Energy	Op#miza#on	



•  Re#ming	
–  Change	circuit	structure,	e.g.,	posi#on	of	flip-flops	
–  Circuit	func#onality	is	not	altered	
–  Reduce	circuit	delay	
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Circuit	Energy	Op#miza#on	



•  Re#me	circuit	to	facilitate	dual-vdd	op#miza#on	
–  Conven#onal	re#ming	is	not	designed	for	dual-vdd	
–  Minimize	the	number	of	flip-flops:	fewer	gates	on	high	voltage	
–  Not	compromise	the	delay	of	circuit	
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Objec#ve	



•  Delay	and	power	models	from	Markovic	et	al.	[1]	
•  Delay	Model	

	
•  Power	Model	

–  Leakage	Power	
–  Switching	Power	
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Circuit	Modeling	

[1]	D.	Markovi	́c,	C.	C.	Wang,	L.	P.	Alarcon,	T.-T.	Liu,	and	J.	M.	Rabaey,	“Ultralow-power	design	in	near-threshold	
region,”	Proceedings	of	the	IEEE,	vol.	98,	no.	2,	pp.	237–252,	2010.		



•  Apply	minimal-cut	on	circuit	
•  Assign	flip-flops	on	the	minimal	cut	
•  Only	assign	flip-flops	that	will	not	compromise	circuit	delay	
	
	
	 	 	 				

Re#me	For	Minimal	Flip-flops	
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•  Two	key	issues	
–  What	voltages	should	be	used?	
–  Which	part	of	the	circuit	should	be	assigned	to	high/low	voltage?	
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Dual	Voltage	Op#miza#on	
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Results	
•  Experimental	Set	up	

–  ISPD2012	cell	library	
–  Ini#al	supply	voltage:	0.7V	
–  Ini#al	threshold	voltage:	0.3V	
–  Energy	reduc#on:	28.18%	to	39.27%	

•  Experimental	Results	


