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ABSTRACT	

In	 the	 recent	 years,	 reversible	 logic	 has	 emerged	 as	 a	 promising	 technology	 having	 its	 applications	 in	 low	 power	 CMOS,	
quantum	computing,	nanotechnology	and	optical	computing.	Reversible	logic	circuits	provide	less	power	dissipation	as	well	as	
distinct	output	assignment	for	each	distinct	input.	The	classical	set	of	gates	such	as	the	NAND,	AND,	NOR,	OR,	XOR	and	XNOR	
are	not	reversible.	This	paper	aims	at	finding	a	reversible	counterpart	of	all	the	irreversible	basic	logic	gates	and	developing	
full	custom	layout	of	all	these	gates.	Attempts	have	been	taken	to	minimize	the	circuit	of	all	the	logic	gates	using	CMOS	while	
making	them	reversible.	Further	the	reversible	logic	has	been	utilized	to	design	the	reversible	full	adder	and	half	adder.	Using	
those	gates,	4‐bit	Binary	Parallel	Adder	and	4	bit	adder‐sub	tractor	circuit	are	also	designed.	Thus,	this	paper	provides	the	
initial	threshold	to	building	of	more	complex	system	which	can	execute	more	complicated	operations	using	reversible	logic.	
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1. INTRODUCTION	

As	 the	 complexity	 of	 circuits	 grows,	 their	 energy	
dissipation	becomes	 the	 critical	 limiting	 factor.	One	part	
of	 the	 energy	 loss	 is	 due	 to	 non	 ideal	 switches	 and	
materials,	 while	 the	 other	 arises	 from	 Landauer’s	
principle	[1].	Landauer	showed	that	the	amount	of	energy	
dissipation	for	every	irreversible	bit	operation	is	given	by	
KT	ln2	where	K	is	the	Boltzmann’s	constant	(1.3807X10‐
23	JK‐1)	and	T	is	the	temperature.	For	example,	 in	room	
temperature	(300	K),	KT	ln2	is	approximately	2.8x10‐21	J	
/transistor,	 which	 is	 not	 negligible	 for	 incoming	 multi‐
billion	gate	circuits.	The	loss	of	energy	can	be	minimized	
or	 even	 prevented	 by	 applying	 the	 principle	 of	
reversibility	 to	 the	 operation	 of	 digital	 circuits.	 Bennett	
proved	that	for	power	not	to	be	dissipated,	it	is	necessary	
to	 build	 a	 circuit	 from	 reversible	 gates.	 This	 solution	
based	on	the	reversible	logic	promises	a	circuit	operation	
with	arbitrarily	small	fraction	of	signal	energy.	Therefore,	
reversible	 computing	 is	 an	 appealing	 solution	 in	 many	
emerging	 fields	 such	 as	 nanotechnology,	 as	 well	 as	
quantum	and	optical	computing.	 It	can	also	be	beneficial	
for	classical	CMOS	 implementations,	as	presented	 in	 this	
paper.	We	have	used	Tanner	12.6(0.25μm)	technology	to	
design	all	the	basic	reversible	logic	gates.	

2. REVERSIBLE	LOGIC	GATE	

A	logic	gate	L	 is	reversible	 if,	 for	any	output	y,	 there	 is	a	
unique	 input	 x	 such	 that	 applying	 L(x)	 =y.	 If	 a	 gate	 L	 is	
reversible,	 there	 is	an	 inverse	gate	L′	which	maps	y	 to	x	
for	 which	 L(x)	 =	 y.	 From	 common	 logic	 gates,	 NOT	 is	
reversible,	 as	 the	 inputs	 are	 0	 or	 1	 and	 the	 outputs	 are	
also	 1	 or	 0.	 But	 the	 common	AND	 gate	 is	 not	 reversible	
however.	The	inputs	00,	01	and	10	all	get	mapped	to	the	
output	 0.	 Ordinarily,	 in	 a	 classical	 computer,	 the	 logic	
gates	other	than	the	NOT	gate	are	not	reversible.	Thus,	for	

instance,	 for	 an	 AND	 gate	 one	 cannot	 generally	 recover	
the	two	input	bits	from	the	output	bit;	the	case	both	input	
bits	are	1	is	the	exception.	A	gate	is	reversible	if	there	is	a	
distinct	 output	 assignment	 for	 each	 distinct	 input.	 A	
reversible	 logic	 gate	 must	 have	 the	 same	 number	 of	
inputs	and	outputs	[2].	In	an	n	output	reversible	gate	the	
output	vectors	are	a	permutation	of	the	numbers	0	to	2n‐
1.	Reversible	gates	are	balanced,	i.e.	the	outputs	are	1s	for	
exactly	half	of	 the	 inputs.	A	 circuit	without	 constants	on	
its	inputs	and	composed	of	reversible	gates	realizes	only	
balanced	 functions.	 It	 can	 realize	 non‐balanced	 function	
only	 with	 garbage	 outputs.	 A	 logic	 synthesis	 technique	
using	reversible	gate	should	have	the	 features	 like	using	
minimum	 number	 of	 garbage	 outputs,	 using	 minimum	
input	 constants,	 keeping	 the	 length	 of	 cascading	 gates	
minimum,	using	minimum	number	of	gates	[3].	

3. DESIGN	OF	BASIC	REVERSIBLE	LOGIC	GATES	

A.	NOT	Gate	

This	 is	 one	 example	 of	 one‐bit	 inverter,	 with	 its	 output	
being	 the	 inverse	 of	 its	 input.	 Thus,	 the	 inverter’s	 input	
can	be	 regenerated	by	 inverting	 its	 output.	 In	 general,	 a	
logic	 gate	 is	 said	 to	 be	 reversible	 if	 the	 logic	 function	 it	
realizes	 is	 bijective.	 That	 is,	 not	 only	 can	 its	 outputs	 be	
uniquely	 determined	 from	 the	 inputs,	 but	 its	 input	 scan	
also	 be	 obtained	 from	 the	 outputs.	 Therefore,	m=	n	 is	 a	
necessary	condition	for	a	gate	to	be	reversible.	

B.	XOR	Gate	

A	conventional	exclusive‐OR	(XOR)	gate	takes	two	single‐
bit	inputs	A	and	B,	and	yields	one	single	bit	output	X.	If	A	
=	B,	then	X	=	1;	otherwise	X	=	0.	However,	the	XOR	gate	is	
not	 reversible,	 because	 we	 cannot	 uniquely	 determine	
what	 the	 input	 vector	 (B,	 A)	 is	 from	 the	 output.	 For	
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instance,	 the	 output	 X	 =	 1	 could	 have	 come	 from	 either	
one	of	the	two	possible	input	vectors,	(0,	1)	and	(1,	0).In	
order	for	a	gate	to	be	reversible,	the	mapping	of	its	 logic	
function	should	be	such	that	the	set	ofoutput	vectors	is	a	
permutation	of	 the	 set	 of	 input	 vectors,	 (00,	 01,	 10,	 and	
11).	So	if	we	set	the	functions	like	[4];	

P=A;						Q=A	XOR	B	

The	 Table1	 shows	 the	 above	 function	 which	 works	 as	
reversible	XOR	gate.	

The	 above	design	 is	 implemented	using	CMOS	 shown	 in	
Fig	1	and	the	Schematic	is	shown	in	Fig.	2	

Table	1.	Truth	Table	of	Reversible	XOR	Gate	

	

	

	

Figure	1:	The	CMOS	Implementation	of	Reversible	XOR	
Gate	

	

Figure	2:	RTL	Schematic	of	XOR	gate	

C.	XNOR	Gate	

Like	the	XOR	gate	XNOR	gate	is	not	by	itself	

a	 reversible	gate.	We	have	 to	 check	 the	same	conditions	
for	XNOR	to	be	reversible.	Thus	after	analysis	we	got	the	
following	Boolean	expression	that	would	hold	good	to	the	
conditions	of	reversibility.	Let	the	inputs	be	(A,	B)	and	the	
outputs	are	(P,	Q)	then	the	following	Boolean	expression	
holds	good	to	the	conditions	of	reversibility.	

P=A;							Q=A	XNOR	B	

The	 Table	 2	 shows	 the	 above	 function	 which	 worksas	
reversible	XNOR	gate.	

Table	2.	Truth	Table	of	Reversible	XNOR	Gate	

	

The	 above	 design	 is	 implemented	 using	 CMOS.Here	 the	
Schematic	is	shown	in	Fig.	3	

	

Figure	3:	The	CMOS	Implementation	of	Reversible	XNOR	
Gate	

D.	NAND	and	AND	Gate	

This	gate	is	also	not	reversible	by	itself.	We	have	to	bring	
about	certain	modifications	to	the	above	kind	of	design	in	
order	to	make	NAND	and	AND	gate	reversible.	We	found	
out	that	2	 input	and	2	outputs	won’t	be	enough	to	bring	
about	the	reversibility.	Since	the	output	logic	1	is	mapped	
to	3	different	inputs,	so	addition	of	one	extra	output	won’t	
be	 enough.	 It	 needs	 three	 input	 output	 pairs	 to	 be	
reversible.	 Further	 modifications	 are	 to	 be	 done	 to	 the	
outputs	 so	 that	 they	 bring	 about	 reversibility.	 The	
Boolean	 expression	 holds	 good	 to	 the	 conditions	 of	
reversibility	for	NAND/AND	gate	is	

P=A;			Q=B;					R=	(A	AND	B)	XOR	C	

The	 Table	 3	 shows	 the	 above	 function	 which	 works	 as	
reversible	NAND	and	AND	gate.	
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Table	3.	Truth	Table	of	Reversible	NAND	and	AND	
Gate	

	

But	neither	of	 the	outputs	give	us	 the	 logic	operation	of	
NAND	 or	 AND	 gate.	 But	 we	 see	 that	 if	 input	 C	 is	 made	
logic	0	then	the	output	R	wouldbe	equal	to	A	AND	B.	Since	
(A	AND	B)XOR	0	=AAND	B.	And	when	C	 is	made	 logic	1	
then	 the	 output	 R	 would	 be	 equal	 to	 A	 NAND	 B.	 Since	
(AAND	 B)	 XOR	 1	 =A	 NAND	 B.	 We	 find	 that	 each	 set	 of	
input	 has	 a	 unique	 set	 of	 corresponding	 outputs.	 The	
above	 design	 of	 reversible	 NAND/AND	 gate	 is	
implemented	using	CMOS	which	is	shown	in	Fig.	4	

	

Figure	4:	The	CMOS	Implementation	of	Reversible	
NAND/AND	Gates.	

E.	OR	and	NOR	Gate	

This	 gate	 is	 also	 not	 reversible	 by	 itself	 [BruceJ.W	 et	 al,	
(2002)].	We	have	to	bring	about	certain	modifications	to	
the	above	kind	of	design	 in	order	 to	make	NOR	and	 	OR	
gate	reversible.	We	found	out	that	2	input	and	2	outputs	
won’t	be	enough	to	bring	about	the	reversibility.	Since	the	
output	logic	1	is	mapped	to	3	different	inputs,	so	addition	
of	 one	 extra	 output	 won’t	 be	 enough.	 It	 needs	 three	
inputoutput	pairs	to	be	reversible.	After	analysis	we	could	
get	this	design	and	it	is	shown	in	Table	4.	

P=A;				Q=B;					R=	(A	OR	B)’	XOR	C	

	

	

Table	4.	Truth	table	of	Reversible	NOR	and	OR	Gate	

	

But	neither	of	 the	outputs	give	us	 the	 logic	operation	of	
NOR	and	OR	gate.	But	we	see	that	if	input	C	is	made	logic	
0	then	the	output	R	would	be	equal	to	A	NOR	B.	Since	(A	
OR	B)’	XOR	0	=A	NOR	B.	And	when	C	is	made	logic	1	then	
the	 output	 R	would	 be	 equal	 to	 A	 OR	 B.	 Since	 (A	ORB)’	
XOR	1	=A	OR	B.	This	gives	us	our	reversible	NOR	and	OR	
gate.	 The	 CMOS	 implementation	 of	 above	 function	 is	
shown	in	Fig	5.	

	

Figure	5:	The	CMOS	Implementation	of	Reversible	NOR	
and	OR	Gates	

4. REVERSIBLE	ADDER	

Full	 adder	 is	 the	 fundamental	 building	 block	 of	 many	
computational	 units.	 The	 compatible	 adder	
implementation	 in	 quantum	 technology	 is	 a	 must.	 Any	
reversible	 gate	 that	 can	work	 singly	 as	 a	 reversible	 full	
adder	 unit	 will	 be	 beneficial	 to	 build	 other	 complex	
circuits.	This	paper	presents	areversible	gate	PFAG	(Perse	
Full	Adder	Gate)	that	can	work	singly	as	a	reversible	full	
adder	unit	[5].	

The	 block	 diagram	 of	 this	 reversible	 full	 adder	 unit	 is	
shown	in	the	Fig	6.	

	

Figure	6:	Diagram	of	Reversible	Full	Adder	
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If	 input	 vector	 Iv=	 (A,	 B,	 Cin,	 0),	 then	 the	 output	 vector	
becomes	 Ov	 =(P=A,Q=A	 XOR	 B,	 R=Sum	 ,S=Cout).	 This	
reversible	full	adder	circuit	uses	only	one	reversible	logic	
gate.	 It	 produces	 only	 two	 garbage	 outputs.	 It	 requires	
only	one	 constant	 input.	The	above	 reversible	 full	 adder	
unit	 has	 been	 designed	 using	 CMOS	 technology.	 The	
schematic	 representation	 of	 this	 PFAG	 gate	 is	 shown	 in	
Fig	7.	

	

Figure	7:	RTL	Schematic	of	Reversible	Full	Adder	

Now	 using	 the	 above	 design	 of	 full	 adder,	 we	 have	
constructed	a	4	bit	binary	parallel	adder.	We	have	used	4	
full	adders	to	design	the	above	circuit.	To	make	the	design	
look	simpler	we	have	shown	the	full	adders	symbolically	
with	4	inputs	and	4	outputs	as	PFAG	gate	contains.	This	4	
bit	BPA	is	as	mentioned	in	Fig	8.	

	

Figure	8:	4‐Bit	Binary	Parallel	Adder	

5. REVERSIBLE	ADDER‐SUBTRACTOR	

A	Reversible	4x4	adder‐sub	tractor	circuit	has	two	parts.	
First,	the	partial	products	are	generated	in	parallel	using	
Peres	Gate	which	acts	as	an	AND	gate	(Fig.	9)[6].	Then	the	
addition	is	performed	using	PFAGs	accepting	3	bits	and	1	
constant	input	and	PGs	(half	adder)	accepting	2	bits	and	1	
constant	input.	The	complete	circuit	using	the	above	gates	
is	shown	below.	

	

Figure	9:	Schematic	of	Perse	Gate	

The	symbolic	diagram	of	the	4x4	adder‐subtractor	circuit	
is	shown	below	in	Fig	10.	

	

Figure	10:	RTL	Schematic	of	reversible	4	bit	adder‐
subtractor	

6. TIMING	ANALYSIS	

To	 calculate	 timing	 of	 a	 system	 assume	 the	 sequence	
length	 is	 L;	 thus	 the	 input	 time	 is	 T,	 T=L/fclk.	 The	
majority	 of	 FPGA	 designs	 contain	 simple	 connections	
between	any	two	nodes	known	as	either	a	data	path	or	a	
clock	 path.	 A	 data	 path	 is	 a	 connection	 between	 the	
outputs	of	a	synchronous	element	to	the	input	of	another	
synchronous	element.	A	clock	is	a	connection	to	the	clock	
pin	 of	 a	 synchronous	 element.	 However,	 for	 more	
complex	 FPGA	 designs,	 such	 as	 designs	 that	 use	 source	
synchronous	 interfaces,	 this	 simplified	view	 is	no	 longer	
sufficient.	 Emphasising	 on	 reversible	 gives	 a	 system	 an	
extra	 edge	 to	 perform	 its	 operation	 and	 also	 helps	 a	
system	 to	 retrieve	 the	 inputs	 without	 dissipating	 much	
power	and	in	less	time	as	compared	to	the	time	taken	by	
an	extra	logic	design.	
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Figure	11:	Timing	Analysis	of	Reversible	Full	Adder.	

7. CONCLUSION	

Our	 discussion	 has	 focused	 on	 logical	 reversibility–	 the	
inputs	 and	 outputs	 of	 reversible	 logic	 gates	 that	 can	 be	
uniquely	retrievable	 from	each	other.	However,	we	have	
tried	 the	 other	 aspect	 of	 reversible	 logic—	 physical	
reversibility,	 which	 is	 related	 to	 the	 key	 issue	 as	 to	
whether	we	can	build	physical	gates	and	circuits	that	can	
actually	operate	backwards	and	dissipates	 (almost)	 zero	
power.	 As	 such,	 we	 are	 still	 confronted	 with	 many	
challenges	before	actually	 turning	 reversible	 logic	 into	 a	
practical	 competitive	 technology.	 For	 example,	 we	 need	
efficient	 synthesizing	methods	 to	minimize	 garbage	bits,	
and	 we	 are	 short	 of	 simulation,	 synthesis,	 testing	 and	
verifying	 tools	 for	 designing	 reversible	 logic.	 But	
researchers	 around	 the	 world	 have	 been	 doing	 some	
exciting	 research	 and	making	 progress	 in	 this	 direction.	
Reversibility	gives	a	system	an	extra	edge	to	perform	its	
operation	and	also	helps	a	 system	 to	 retrieve	 the	 inputs	
without	 dissipating	 much	 power	 and	 in	 less	 time	 as	
compared	to	the	time	taken	by	an	extra	 logic	design	The	
reversible	 logic	 (and	 reversible	 computing	 in	 a	 broader	
sense)	 will	 become	 increasingly	 “hot”	 in	 the	 near	
future.The	 energy	 dissipated	 per	 irreversible	 logic	
operation	 is	gradually	approaching	 the	 fundamentallimit	
of	 KT	 ln2.	 Coupled	 with	 the	 exponential	 growth	 of	 the	
speed	and	 the	 complexity	of	 the	 computing	 systems,	we	
may	be	forced	to	rely	on	this	technology	to	achieve	ultra	
low‐power	computing.	
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