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ABSTRACT	

	In	 the	 IC	manufacturing	 industry	 for	high	performance	 there	 is	minimization	of	power,	area	and	cost	are	main	challenge.	
Field	 programmable	 gate	 array	 (FPGA)	 are	 economically	 cheaper	 for	 low	 quantity	 production	 because	 its	 function	 and	
interconnection	can	be	directly	reprogrammed	by	users.	A	 low	power	FPGA	based	on	the	 lookup	table	(LUT)level	fine	grain	
power	gating	with	small	overheads.	In	this	paper	for	low	power	FPGA	level	encoded	dual	rail	(LEDR)	architecture	is	used	for	
reduction	of	dynamic	power	consumption.	Autonomous	 fine	grain	power	gating	technique	 is	used	 for	reduction	of	stand	by	
power	 .There	 is	 separate	 sleep	 transistor	and	related	 sleep	controller	 for	each	 lookup	 table.	 In	 this	paper	discrete	wavelet	
transform	application		that	is	used.	By	using	sleep	mode	control	technique	in	LEDR	power	gating	goal	can	be	achieved	in	that	
application.		Power	reduction	goal	is	achieved	by	setting	the	functional	unit	in	low	leakage	mode	when	they	are	inactive.		

Index	 Terms:	 Dynamic	 Power,	 Level	 Encoding	 Dual	 Rail(LEDR),	 Fine	 grain	 power	 gating,	 Four	 –Phase	 Dual‐Rail	
Protocol(FPDR),		Logic	block	(LB),Lookup	table(LUT),	sleep	controller	.			
	

1.	INTRODUCTION	

The	 demand	 for	 power	 sensitive	 design	 has	 grown	
tremendously	 in	 the	 recent	 year.	 This	 demand	has	 been	
occur	 due	 to	 very	 fast	 growth	 in	 the	 battery	 operated	
portable	 applications	 such	 as	 laptop	 computers,	 cellular	
phones.	 Semiconductor	 devices	 are	 scaled	 in	 each	
technology	generation	to	achieve	high	integration	density	
and	 high	 performance.	 Power	 consumption	 plays	 very	
important	 role	 in	 determining	 the	 end	 product	 size,	
weight,	 and	 efficiency.	 Clock	 gating	 and	 power	 gating	
technique	are	mostly	used	in	FPGA	design.	In	clock	gating	
technique	clock	network	power	is	reduced.	Circulation	is	
employed	 to	 implement	 the	 clock	 gating	 in	 FPGA	
Circulation	is	a	process	of	to	retain	the	the	content	of	flip	
flop	 in	 the	 sleep	 state.	 In	 that	 circulation	 process,	 it	
reduces	the	dynamic	power	consumption	of	register	and	
the	gates	 in	 the	 fan‐out	of	 register.	But	dyanamic	power	
consumption	of	the	clock	network	cannot	be	reduced.		By	
using	power	gating	design	technique	 low	standby	power	
is	 achieved.	 	 In	 inactive	 state	 power	 gating	 technique	of	
functional	 unit	 goes	 into	 low	 leakage	 mode.	 Sleep	
controller,	the	sleep	signal	distribution	network	and	sleep	
transistor	 is	 used	 to	 design	 the	 power	 consumption	 of	
power	 gating	 circuitry	 .Power	 gating	 technique	 can	 be	
configured	into	two	types:		coarse‐grain	power	gating	and	
fine‐grain	 power	 gating.	 In	 coarse	 grain	 power	 gating,	
large	 number	 of	 the	 lookup	 tables	 shares	 a	 single	 sleep	
controller	 so	 the	 area	 and	 power	 overheads	 of	 sleep	
controller	are	relatively	small.	At	same	time	all	the	lookup	
tables	 are	 not	 active	 state	 in	 FPGA	 it	 depends	 on	 the	
progress	 number	 of	 lookup	 tables	 are	 active	 state.	 In	
group	of	 look	up	 table	 if	 any	 look	up	 	 table	 	 is	 in	 active	
state	other	lookup	tables	doe	not	goes	to	sleep	state	so	in	
coarse	 grain	 technique	 consume	 little	 power	 .To	 solve		
the	problem	of	 coarse	 grain	power	 gating	 technique	 the	
fine	grain	power	gating	technique	is	introduced.	For	each	
look	up	table	there	is	separate	sleep	controller	and	sleep	

transistor	 in	 fine	 grain	 power	 gating.	 Therefore	 any	
lookup	 table	 is	 in	 active	 states	 remaining	 lookup	 table	
goes	into	sleep	state.	That	result	gives	low	standby	power	
compared	 to	 coarse	 grain	 power	 gating.	 In	 fine	 grain	
power	 gating	 technique	 quantity	 of	 sleep	 controller	 is	
larger	 than	 that	 of	 coarse	 grain	 power	 gating,	 because	
there	 is	separate	sleep	controllers	 for	each	 lookup	table.	
The	 sleep	 controller	 consists	 of	 some	 memory	 bits	 to	
store	 the	 sleep	 time	 and	 sequencer	 for	 control	 in	
synchronous	 architecture.	 Sleep	 controller	 is	 always	 in	
running	 state	 that	 result	 gives	 large	 area	 and	 dynamic	
power	overhead.	

2.	ASYNCHRONOUS	FPGAs		

In	 sequential	 digital	 logic	 circuit	 in	 which	 signal	 values	
are	 not	 changes	 according	 to	 the	 clock	 signal	 or	 global	
clock	 signal,	 asynchronous	 circuit	 is	 a	 sequential	 circuit.	
According	 to	 clock	 signal	 variation	 changes	 the	 circuit	
changes	 the	 signal	 values	 called	 synchronous	 circuit.	
Today	 in	 digital	 devices	 mostly	 synchronous	 circuit	 is	
used,	 but	 asynchronous	 circuit	 have	 more	 advantages	
compared	 to	 synchronous	 circuit	 like	 performance	 is	
faster	 in	 low	 power	 consumption	 and	 lower	
electromagnetic	 interference	 and	 better	 modularity	 in	
large	 system.	 Bundled	 data	 encoding	 and	 Dual	 rail	
encoding	 	 plays	 major	 role	 in	 a	 asynchronous	 encoding	
schemes.PaFigure1	shows	bundled	Data	Encoding	overall	
architecture[1][4].			

2.1	BUNDLED	DATA	ENCODING	

The	overall	architecture	of	bundled	data	encoding	shown	
in	 figure1.In	 single	 rail	 protocol	 this	 bundled	 data	
encoding	 method	 is	 commonly	 used.	 In	 bundled	 data	
encoding	 technique	 the	 request	 and	 value	 that	 is	 data	
having	separate	wire[2].	In	synchronous	circuit	the	value	
is	encoded	using	N‐bit	number	and	request		wire	denoted	
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as	 Req.	 In	 bundled	 data	 protocol	 there	 is	 delay	 in	 Req	
because	 Req	 never	 received	 before	 bundled	 data	 value	
valid.	When	to	transfer	an	N‐bit	value	the	N+2	wires	are	
required.		

	

Figure	1:	Bundled	Data	Encoding	For	N‐bit	Data	

	
2.2	DUAL	RAIL	ENCODING	

	
	

Figure	2:	Dual	Rail	Encoding	For	N‐bit	Data	
	
Figure	 2	 shows	 the	 overall	 architecture	 for	 dual	 rail	
encoding	 [4].	To	 transfer	an	N	bit	value,	2N+1	wires	are	
required.	 There	 are	 two	 major	 methods	 for	 dual‐rail	
encoding:	 Four	 phase	 dual	 rail	 encoding	 and	 Level	
encoded	dual‐rail	encoding	(LEDR).	

2.3	Four	Phase	Dual	Rail	Encoding	

	

	
	

Figure	3:	Example	of	Four	Phase	Dual	Rail	Encoding	
 
FPDR	 	 protocol	 	 is	 to	 obtain	 small	 area	 for	 logic	 blocks.		
Spacer	must	be	inserted	between	two	valid	data	values	in	
FPDR[4][5].	 Therefore	 there	 is	 large	 number	 of	 signal	
transitions	occur	that	gives	the	low	throughput	and	high	
dynamic	power	consumption.	One	of	asynchronous	FPGA	
is	used	 in	Four‐Phase	Dual	Rail	 encoding.	Above	 figure3	

shows	 the	 example	 of	 Four	 phase	 dual–rail	 encoding	 in	
that	data	value	0,	0	and	1	are	transferred.    
2.3	Level	Encoded	Dual	Rail	Encoding	

	
	

Figure	3:	Example	of	LEDR	Encoding	
	
While	LEDR	protocol	 is	employed	to	achieve	 	 low	power	
and	high	bit	 rate	 for	data	 transfer.	There	 is	no	spacer	 in	
LEDR	(Level‐Encoded	Dual	‐Rail)	protocol.	Above	figure3	
shows	the	example	in	that	data	values	0	transferred	0	and	
1[8].	Alternately	the	sender	sends	data	values	in	phase	0	
and	phase1.Receiver	 detects	 change	of	 phase	when	data	
is	arrival.	The	number	of	signal	transitions	is	half	that	of	
FPDR	 protocol.	 This	 result	 in	 high	 throughput	 and	 low	
dynamic	 power	 consumption	 and	 efficient	 data	 transfer	
between	Logic	Blocks(LBs).	LEDR	encoding	have	Slightly	
complex	hardware.		
	
3.	ARCHITECTURE	
	
 Figure	 4	 shows	 the	 architecture	 of	 the	 FPGA.	 In	 FPGA	
mesh	 connected	 cellular	 array	 based	 on	 a	 bit	 serial	
architecture.	 	There	 is	 separate	sleep	controller	 for	each	
logic	block.	Sleep	controller	controls	 the	sleep	 transistor	
of	 the	 look	 up	 table.	 LEDR	 encoding	 is	 suitable	 for	
asynchronous	 protocol	 of	 FPGA.	 This	 architecture	
requires	 four	 wires:	 for	 a	 data	 two	 wire,	 for	 a	
acknowledge	 (ACK)	 one	wire,	 and	 for	 a	wake‐up	 signal.	
The	 purpose	 of	wake‐up	 signal	 is	 to	wake	 up	 next	 logic	
block	 in	 advance.	 For	 the	 wake‐up	 time	 the	 next	 logic	
block	has	already	been	woken	up	before	the	data	arrives	

 
Figure	4:	Overall	Architecture	

	
4.	CIRCUIT	IMPLEMENTATION	OF	LOGIC	BLOCK	
	
Figure	5,	Shows	the	overall	structure	of	a	Logic	Block. 
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Figure	5:	Block	Diagram	of	a	Logic	Block	

	
Each	 logic	 block	 constitutes	 of	 a	 Look	 up	 table,	 a	 sleep	
controller,	an	output	register	and	a	programmable	delay	
elements.	 The	 details	 of	 each	 logic	 block	 are	 described	
below.	

4.1	LOOKUP	TABLE	

In	 look	 up	 table	 there	 are	 four	 sub	 modules.	 Each	 sub	
module	contains	a	decoder,	multiplexer	and	memory	bits.	
The	multiplexer	is	designed	by	one	inverter	logic	and	four	
phase	transistor	logic.	The	decoder	restricts	invalid	input	
patterns	 having	 different	 phases.	 Decoder	 passes	 only	
valid	data	towards	 the	multiplexer.	As	a	result	when	the	
numbers	 of	multiplexers	 are	 reduced	 and	 the	 transistor	
count	 is	 reduced	 compared	 to	 multiplexer	 type	 Lookup	
table.	Figure	6	shows	the	block	diagram	of	lookup	table.	
	

 
Figure	6:	Block	Diagram	of	Lookup	Table	

	
If	 there	 is	 a	 invalid	 input	 (i.e	 if	 the	 two	 inputs	 having	
different	phases)	combination	all	pass	transistors	turn	off	
according	 to	 the	 output	 of	 the	 decoder.	 	 At	 high‐
impedance	 condition	multiplexer	 output	 is	 the	 previous	
outputs	stored	in	a	latch	are	kept[2].		AND	gates	are	used	
for	decoder	and	pass	transistor	used	for	multiplexer	logic.	
Figure	7.	Shows	sub‐module	of	the	LUT	for	invalid	inputs.				

	

Figure	7:	Detailed	structure	and	the	behavior	of	the	sub‐
module	of	the	LUT	for	invalid	inputs	

 
Input	patterns	are	valid	(i.e.	 if	 two	inputs	have	the	same	
phase)	 then	 the	 output	 of	 the	 decoder	 these	 two	 pass	
transistors	 turn	 ON.	 In	 the	 latch	 outputs	 are	 stored	 the	
value	of	memory	bit	is	selected	as	a	output.	This	Figure	8	
shows	the	LUT	for	valid	input.	

	
Figure	8:	Behavior	of	the	sub‐module	of	the	LUT	for	valid	

inputs	
 
4.2	SLEEP	CONTROLLER	DESIGN	

 

Figure	9:	Block	Diagram	of	the	Sleep	Controller	Design	
	
It	 consists	 of	 phase	 comparator,	 latch	 design	 and	
programmable	 delay	 design.	 Figure.9	 shows	 Sleep	
Controller	Design.	The	major	block	in	the	sleep	controller	
described	in	below	designs.	

4.3	PHASE	COMPARATOR	DESIGN	

Phase	 comparator	 for	 a	 two	 input	 and	one	output	Logic	
Block	 shown	 in	 figure10.	 Phase	 comparator	 is	 used	 for	
data	 arrival	 detection.	 For	 the	 phase	 of	 each	 data	
extraction	 XOR	 gate	 is	 used.	 If	 new	 data	 has	 arrived	 it	
means	that	Phase‐a	and	Phase‐b	are	different	from	Phase‐
out[1].	In	that	case	logic	block	is	active	and	the	output	is	
1.	Otherwise	it	means	that	data	has	not	arrived	properly	
and	 that	 logic	 block	 cannot	 start	 the	 operation.	 In	 that	
case	logic	block	is	inactive	and	the	output	is	0.	
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Figure	10:	Block	Diagram	of	Phase	Comparator	

	
	The	output	of	phase	comparator	and	previous	logic	block	
output	wakeup	signal	given	to	the	programmable	delay.	
	
4.4	LATCH	DESIGN	

Table	 1	 shows	 the	 truth	 table	 of	 the	 latch	 design.	 The	
latch	 retains	 the	 signal	 until	 all	 data	 arrive	 at	 the	 logic	
block	when	the	wake‐up	signal	goes	to	1[3].	When	all	data	
arrive	 at	 the	 Logic	 Block	 and	 no	 data	 arrives	 at	 the	
previous	Logic	Blocks,	the	output	of	the	latch	is	reset	to	0.	

Table	1:	Truh	Table	of	the	Latch	for	the	Wake‐Up	Signal	
 
	
	
	
	
	
	
	
	
4.5	PROGRAMMABLE	DELAY	DESIGN	

The	 programmable	 delay	 function	 is	 to	 delay	 the	 sleep	
signals	by	the	predetermined	threshold	time	in	powering	
OFF.	 	In	powering	ON	condition	the	programmable	delay	
does	not	delay	the	sleep	signal	[6].	

The	 programmable	 delay	 consist	 of	 a	 series	 of	OR	 gates	
and	 memory	 bits	 .To	 program	 the	 delay	 time	 	 memory	
bits	are	used.	

	
	
	
	
	
	
	
	

	
	

Figure	11:	Block	diagram	of	the	programmable	delay	
	
Table	 2	 shows	 the	 relationship	 between	 the	 threshold	
time	and	memory	configuration.In	powering	ON	situation	
the	 Logic	Block,	Din	 	 turns	 	 from	0	 to	 1.	Din	 	 is	 used	 as		
input	of	the	last	OR	gate,	Din			makes	the	1		when		output	
of	last	OR	gate	to	1.	The	logic	block	Din	turns	from	1	to	0	
in	powering	OFF	situation.The	value	0	of	Din		propagates	
through	 the	 series	 OR	 gates	 when	 sleep	 signal	 is	
delayed.More	OR	gates	and	more	memory	bits	are	used	to	
increase	the	number	of	choices	of	delay	time. 

Table2:	Truh	Table	of	the	Latch	for	the	Programmable	
Delay	Design 

	
	
	
	
	
	
	
	
5.	TIME	MULTIPLEXED	DUAL	RAIL	PROTOCOL	
	
TM‐LEDR	 have	 the	 main	 feature	 signalling	 .signalling	 is		
use	one	dual‐rail	 line	 	sequentially	 	to	send	two	adjacent	
bits	 of	 a	word	merging	 two	 2‐phase	 cycles	 in	 a	 4‐phase	
one.In	LEDR		transmitter	wait	for	acknowledge	wire	(ack)	
low	then	gives	some	coded	value	like	odd	bits	on	the	bus	
wire	(b0…b3)	while	toggeling	the	bus	into	odd	state	and	
wait	for	ack	to	go	high.The	receiver	waiting		for	bus	wire	
pair	to	go	into	the	odd	phase	then	stores	the	odd	bits	and	
toggles	ack	in	high	state.In	transmitted	side	there	is	high	
ack	 then	 it	 puts	 some	 coded	 value	 of	 	 second	half	word	
that	is	 	even	bits	on	the	bus	and	toggling	it	back	into	the	
even	 phase	 then	 the	 receiver	 waits	 for	 this	 event	 and	
sores	 that	 even	 bits	 and	 toggles	 ack	 back	 to	 low	 state.		
This	 below	 figure12	 shows	 the	 transmission	 example.	
Table	3	shows	TM‐LEDR	code.	
	

	
	

Figure	12:	Transmission	Example	
	
TM‐LEDR	code	trades	simply	the	speed	for	wire	number	
as	 compared	 to	 LEDR	 one.	 The	 lower	 circuit	 complexity	
significantly	 reduces	 energy	 consumption.	 Time	
multiplexing	 reduces	 throughput	 as	 compared	 with	 2‐
phase	dual	rail	
	
																																	Table	3:	TM‐LEDR	code	

 
 

6.	PROPOSED	ARCHITECTURE 
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Figure	13:	Block	Diagram	of	Proposed	Architecture 

Above	 figure13	 shows	proposed	 architecture	 of	 discrete	
wavelet	 transform.	 In	 that	 one	 MATLAB	 graphical	 user	
interface	 application	 is	 implemented	 on	 laptop.	 For	 the	
communication	 of	 laptop	 and	 FPGA	 board	 RS232	 Serial	
Communication	 is	 used.	 In	 the	 function	 of	 sleep	 mode	
controller	 the	 power	 gating	 logic	 is	 applied	 	 as	 above	
discussed	 in	 sleep	 controller.	 By	 using	 that	 discrete	
wavelet	 transform	 of	 application	 power	 gating	 result	 is	
analyzed.	 Simulation	 is	 performed	 on	 Xilinx	 13.1	
software.	

7.	RESULT	

	
	

Figure	13:	Phase	Comparator	Design	Simulation	Result	
 

 
	

Figure	14:	Latch	Design	Simulation	Result	
	
8.	CONCLUSION	

This	 paper	 proposed	 an	 asynchronous	 FPGA	 based	 on	
autonomous	fine	grain	power	gating	technique	with	small	
overheads.	 In	 asynchronous	 architecture	 by	 comparing	
the	 phase	 of	 input	 and	 output	 data	 the	 activity	 of	 logic	
block	 is	 detected.	 The	 standby	 state	 is	 used	 to	wake	 up	
the	logic	block	before	data	arrives	and	power	off	the	logic	
block	 when	 data	 does	 not	 come	 that	 gives	 autonomous	
fine	 grain	 power	 gating	 perform	 efficiently.	 That	 result	
gives	wake	up	time	can	be	hidden	and	dynamic	power	of	
unnecessary	switching	of	sleep	transistor	can	be	saved.	
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