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ABSTRACT	

Energy	recovery	logic	or	adiabatic	logic	is	emerging	as	a	new	logic	design	style	for	implementation	in	modern	technology	with	
minimal	 impact	on	circuit	heat	generation.	Adiabatic	 logic	 is	a	design	methodology	 for	reversible	 logic	 in	CMOS	where	the	
current	 flow	through	the	circuit	 is	controlled	such	that	the	energy	dissipation	due	to	switching	and	capacitor	dissipation	 is	
minimized.	Recent	advancements	 in	reversible	 logic	using	and	quantum	computer	algorithms	allow	 for	 improved	computer	
architectures.	 Production	 of	 cost	 effective	 secure	 Integrated	 Chips,	 such	 as	 Smart	 Cards,	 requires	 hardware	 designers	 to	
consider	tradeoffs	in	size,	security,	and	power	consumption.	This	paper	presents	a	CMOS‐based	new	design	approach	for	a	low	
power	adiabatic	4:2	Priority	Encoder	and	a	2:4	Decoder.	The	proposed	designs	are	compared	with	 the	 standard	adiabatic	
logic	 styles–	 PFAL,	 ECRL	 and	 2n2n2p,	 revealing	 lesser	 power	 consumption.	 The	 simulation	 is	 carried	 out	 in	 Tanner	 EDA	
software	for	frequency	range	200MHz	–	800MHz.	

Keywords‐Adiabatic	logic,	priority	encoder,	decoder,	PFAL,	ECRL,	2n2n2p,	power	dissipation.	

	

1. EXISTING	TECHNIQUES		

Saving	 power	 is	 one	 of	 the	 biggest	 concern	 of	 the	 IC	
industry.	One	such	effort	is	being	made	in	designing	a	4:2	
priority	 encoder	 and	a	 2:4	decoder	 in	 this	 paper.	 Some	
earlier	 works	 include	 designing	 the	 encoder	 using	
pseudo	NMOS	 logic	 [1],	 dynamic	 CMOS	 [2],	 NP	 domino	
CMOS	 logic	 [3]	 and	 DTGAL	 (Dual	 Transmission	 Gate	
Adiabatic	 Logic)	 circuits	 [4].Designing	 digital	 circuits	
using	adiabatic	logic	[5]	is	the	most	recent	advancement	
in	the	quest	of	power	minimization.	An	adiabatic	system	
basically	 comprises	 of	 2	 main	 parts:	 the	 digital	 core	
design	made	up	of	 adiabatic	 gates	 and	 the	power	 clock	
generator.	

Figure	 1	 below	 shows	 the	 power‐clock	 cycle	 consisting	
of	four	intervals‐	evaluate	(E),	hold	(H),	recover	(R)	and	
wait	 (W).	 In	 the	 evaluate	 interval,	 the	 outputs	
corresponding	to	the	input	signals	are	evaluated.	During	
the	 hold	 interval,	 the	 outputs	 are	 maintained	 at	 the	
present	 state	 for	 applying	 the	 subsequent	 gate	 with	 a	
stable	input	signal.	Then,	in	the	recover	interval,	energy	
is	 recovered	 and	 transferred	 to	 the	 power	 supply	
following	the	main	principle	of	adiabatic	logic.	Finally,	to	
be	able	to	deal	with	symmetric	signals,	a	wait	interval	is	
introduced.	

	

Figure	1:	Scheme	of	the	four‐phase	power	clock	

The	 standard	 adiabatic	 logic	 styles	 which	 have	 been	
investigated	are:	

1.1	ECRL	

This	 logic	 family	 [5]	 [6]	 [9]	 consists	 of	 PMOS	 loads	 nd	
NMOS	 pull‐down	 transistors.	 It	 uses	 a	 cross‐coupled		
PMOS	pair	as	latching	element	

	

Figure	2.	ECRL	General	Schematic	

1.2	2N2N2P	

It	 [5]	[7]	[9]	has	cross‐coupled	NMOS	in	addition	to	the	
cross‐coupled	PMOS.	 It	 is	 a	 derived	 form	of	 ECRL,	with	
reduced	coupling	effect.	
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Figure	3.	2n2n2p	General	Schematic	

1.3	PFAL	

It	 has	 a	 latch	 element	 formed	 by	 two	 cross‐coupled	
inverters	 to	 store	 the	 output.	 Two	 n‐trees	 realize	 the	
logic	 functions.	 This	 logic	 family	 [5]	 [8]	 [9]	 also	
generates	both	positive	and	negative	outputs.	

	

Figure	4.	PFAL	General	Schematic	

This	 paper	 analyses	 the	 total	 power	 dissipation	 of	 the	
priority	 encoder	 and	 decoder	 circuits	 using	 these	 logic	
styles	and	proposes	a	new	logic	style	with	lesser	power	
dissipation.	

The	paper	is	organized	as	follows:	the	truth	table	and	the	
output	expressions	of	 the	priority	encoder	and	decoder	
are	 given	 in	 section	 II.	 In	 section	 III,	 the	 basis	 of	 the	
proposed	logic	is	highlighted.	In	section	IV,	the	proposed	
circuits	 are	 depicted	 along	with	 their	 simulated	 output	
waveforms	 at	 0.5µm	 technology.	 Finally,	 a	 comparative	
analysis	 based	 on	 transistor	 count,	 area	 per	 chip	 and	
power	dissipation	is	done	in	section	V.	

2. EXPRESSIONS	FOR	PRIORITY	ENCODER	AND	
DECODER	

2.1	PRIORITY	ENCODER	

Encoders	 form	 a	 major	 part	 of	 electronic	 systems	 like	
multipliers,	 analog	 to	 digital	 converters	 (ADCs),	
embedded	 applications,	 etc.	 They	 have	 “n”	 number	 of	
input	 lines	and	“m”	number	of	output	 lines.	 It	produces	
an	m‐bit	binary	code	corresponding	 to	 the	digital	 input	
number.	A	priority	encoder	 is	a	 special	 type	of	encoder	
in	 that	 upon	 giving	 2	 or	more	 inputs	 at	 the	 same	 time,	
the	input	having	the	highest	priority	takes	precedence.	

Following	is	the	block	diagram	of	a	single‐bit	4:2	priority	
encoder.	

	

Figure	5.	Block	diagram	of	a	single‐bit	4:2	priority	
encoder	

Its	truth	table	is	given	in	table	I.	

Table	1:	PRIORITY	ENCODER	TRUTH	TABLE	

Inputs	 Outputs
X3 X2 X1	 X0	 Y1	 Y0
1 X X	 X	 1	 1
0 1 X	 X	 1	 0
0 0 1	 X	 0	 1
0 0 0	 1	 0	 0
0 0 0	 0	 0	 0

	

From	 the	 truth	 table,	 the	 output	 expressions	 can	 be	
deduced	to	be:	

Y1=		X2	+	X3		

Y0=		X3	+	X2X1	

B.		Decoder	

A	 decoder	 is	 a	 combinational	 circuit	 which	 does	 the	
reverse	 operation	 of	 an	 encoder,	 undoing	 the	 encoding	
so	 that	 the	 original	 information	 can	 be	 retrieved.	 It	
converts	 binary	 information	 from	 n	 input	 lines	 to	 a	
maximum	of	2n	unique	output	lines.	Its	block	diagram	is	
as	given	in	fig.	6.	

	

Figure	6.	Block	diagram	of	a	2:4	decoder	

The	truth	table	of	the	2:4	decoder	is	given	in	table		II.	
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The	output	expressions	can	be	deduced	to	be:	

Y3	=	X1X0	

Y2	=	X1X0	

Y1	=	X1X0	

Y0	=	X1	X0	

3. BASIS	OF	THE	PROPOSED	LOGIC	

	

Figure	7.	Inverter	circuit	depicting	proposed	logic	

The	 proposed	 logic	 involves	 addition	 of	 two	 additional	
MOS–	one	PMOS	above	and	one	NMOS	below,	as	we	can	
clearly	 see	 in	 the	 circuit	diagram	of	 fig.	7.	 It	 represents	
the	conventional	CMOS‐based	inverter,	but,	with	the	two	
additional	 transistors.	 These	 two	 extra	 MOS	 form	 the	
basis	 of	 the	 proposed	 logic	 which	 results	 in	 power	
minimization.	

The	 approach	 is	 based	 on	 the	 conventional	 CMOS	 logic	
and	 is	 driven	 by	 a	 single	 power	 supply	 PCLK.	 The	 two	
MOS	transistors	are	added	in	the	proposed	logic	in	such	
a	way	that	the	PMOS	and	NMOS	are	connected	to	pull‐up	
and	pull‐down	sides.	During	evaluation	phase,	the	power	
supply	PCLK	swings	up	and	is	tracked	by	the	output	and	
in	the	recovery	phase	PCLK	swings	down	and	the	voltage	
stored	at	the	output	capacitor	is	sent	back	to	the	supply	
PCLK.	 Thus,	 the	 energy	 is	 recovered	 from	 the	 output	
node.	

3.1	PROPOSED	CIRCUITS	

The	proposed	power	efficient	circuit	for	priority	encoder	
is	given	in	fig.	8.	

	

Figure	8.	Proposed	circuit	for	the	priority	encoder	

Upon	simulation,	the	output	waveforms	for	the	proposed	
circuit	are	obtained	as	given	in	Fig.	9.	

	

Figure	9.	Simulated	waveforms	for	the	priority	encoder	

For	the	decoder,	the	proposed	circuit	is	given	in	fig	10	

	

Figure	10.	Proposed	circuit	for	the	decoder	

The	output	waveforms	for	the	above	circuit	are	obtained	
as	given	in	fig.	11.	

Figure	11.	Simulated	waveforms	for	the	decoder	

3.2 POWER	 CONSUMPTION	 ANALYSIS	 AND	
COMPARISON		

The	 simulation	 of	 the	 proposed	 logic	 for	 the	 priority	
Encoder	 	 and	 the	 decoder	 against	 the	 standard	 logic	
styles‐2n2n2p,	 PFAL,	 and	 ECRL,	 have	 been	 done	 in	
Tanner	 EDA	 Tool	 with	 load	 capacitance	 10fF	 at	 a	
frequency	 range	 200‐800	 MHz.	 Their	 power	
consumptions	are	carried	out	at	0.5	µm	technology	with	
W	=	1.25µm	and	L	=	0.5µm,	VPCLK	=	3.3V,	V=	3V	(the	input	
pulse	voltage).	
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3.2.1	Priority	Encoder	

The	power	plot	featuring	the	power	dissipation	curves	of	
the	various	logic	styles	are	given	in	fig.	12.	

Figure	12.	Power	plot	comparison	for	the	priority	
encoder	

The	 following	 tables	 compare	 the	 performances	 of	 the	
priority	 encoder	 at	 two	 frequencies,	 400	MHz	 and	 800	
MHz	in	terms	of	transistor	count,	area	per	chip	and	most	
significantly	 power	 dissipation,	 and	 presents	 the	
percentage	 power	 saving	 of	 the	 proposed	 logic	 with	
respect	to	the	standard	logic	styles.	

TABLE		III:	PERFORMANCE	ANALYSIS	OF	VARIOUS	
LOGIC	STYLES	FOR	PRIORITY	ENCODER	

	

Table	4:	PERCENTAGE	POWER	SAVINGOF	PROPOSED	
LOGIC	WITH	RESPECT	TO	STANDARD	LOGIC	STYLES	

FOR	PRIORITY	ENCODER.	

	

The	 proposed	 logic	 for	 the	 encoder	 shows	 least	 power	
dissipation,	 with	 relatively	 lesser	 area	 and	 transistor	
count.	

Moreover,	 it	 shows	a	significant	 improvement	 in	power	
saving	 over	 standard	 logic	 styles:	 40.84%	 over	 PFAL,	

66.93%	 over	 ECRL	 and	 73.64%	 over	 2n2n2p.	 These	
percentages	 of	 power	 saving	 are	 meant	 for	 a	 single	
encoder	 circuit.	 For	 a	 system	 comprising	 of	many	 such	
encoders,	 the	 power	 saving	 will	 be	 enormous,	 as	 the	
power	saved	is	cumulative.	

3.2.2	Decoder	

Similarly,	 for	 the	 decoder,	 fig.	 13	 depicts	 its	 power	
dissipation	curves.	

	

Figure	13.	Power	plot	comparison	for	the	decoder	

Table	V	and	VI	represent	the	analysis	for	the	same.	

TABLE	V:	PERFORMANCE	ANALYSIS	OF	VARIOUS	LOGIC	
STYLES	FOR	DECODER	

	

TABLE	VI	:	PERCENTAGE	POWER	SAVING	OF	PROPOSED	
LOGIC	WITH	RESPECT	TO	STANDARD	LOGIC	STYLES	

FOR	DECODER	

	

For	 the	 decoder	 too,	 the	 proposed	 logic	 shows	 least	
power	dissipation,	 consumes	 lesser	 area	and	has	 lesser	
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transistor	 count.	 The	 percentage	 saving	 of	 26.09	 %,	
56.41%	 and	 60.07%	 over	 PFAL,	 2n2n2p	 and	 ECRL,	
respectively,	 speaks	 volume	 about	 the	 power	 saved.	
Thus,	 for	 a	 system	 with	 large	 number	 of	 decoders,	
significant	amount	of	power	can	be	saved.	

4. CONCLUSION	

The	 proposed	 adiabatic	 logics	 for	 the	 priority	 encoder	
and	 decoder	 are	 aimed	 at	 minimizing	 their	 power	
dissipation.	This	 in	 turn	 improves	 the	overall	 efficiency	
of	 the	 encoding	 and	 decoding	 system.	 The	 simulated	
output	 waveforms	 verify	 the	 working	 of	 the	 proposed	
logic	and	the	power	consumption	analysis	indicates	that	
they	consume	the	least	power	compared	to	the	standard	
adiabatic	logic	styles	upon	applying	a	frequency	range	of	
200MHz‐800MHz.	 	Lesser	 transistor	count	and	minimal	
area	 per	 chip	 facilitate	 the	 proposed	 logics.	 Moreover,	
the	 percentage	 power	 saving	 obtained	 validates	 their	
superiority	over	the	standard	ones.	In	coming	times,	the	
encoding	 and	 the	 decoding	 logic	 may	 be	 expanded	 to		
higher	number	of	input	and	output	lines.	
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