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ABSTRACT

Energy dissipation being an important concern in VLSI design, made designers to look for
alternative logic styles such as reversible logic gate having lower power consumption. Reversible
circuits are those circuits that do not lose information as the amount of energy dissipated in a
system has a direct relationship to the number of bits erased during computation and the number
of bits lost in reversible circuits is zero, so it doesn’t lose energy. These circuits can generate
unique output vector from each input vector, and vice versa therefore, there is a one-to-one
mapping between the input and output vectors. The important cost metrics in the design and
synthesis of reversible logic circuits are the quantum cost, delay and the number of garbage
outputs Now a days, due to the necessity for low-power design and the emerging field of
nanotechnology, reversible computing has become more attractive. It plays an important role in
the field of low-power circuit designs and computational nanotechnology. They can also be used
to design low power arithmetic and data path units for digital signal processing applications,

such as the designs of low power adders, multipliers, FFT, IDCT etc, and quantum computers

In this work available 2x2, 3x3 and 4x4 reversible logic gates are reviewed and a new 5x5
reversible logic gate called ABCD gate is proposed, which provides more logic function
implementation than available 5x5 logic gates. More specifically basic gates and universal gates,
Half adder, Half subtractor, Decoder/Demux, One bit Comparator, Even Parity detector ,Odd
parity detector, Even Parity generator, Odd parity generator and Equality Detector can be
implemented. The proposed ABCD gate is compared with the existing 5x5 gates in terms of

parity preserving logic, constant input, garbage output, total logical calculations.

Electronics and Communication, DTU Page iv



LIST OF FIGURES

Fig 2.1 FeyNman Gate — 2%2 QAL .......ooveeiieiie ettt et e e 07
Fig 2.2 Input output waveform of Feynman Gate —2*2 gate..............oevveiininnennannnn.. 08
Fig 3.1(2) TOTFOl Gate .. .oveieiii e 09
Fig 3.1(a) Circuit diagram of Toffoligate..............oooiiiii i, 10
Fig 3.2 Input output waveform of Toffoli Gate.................cooooiiiiiiiii 11
Fig. 3.3(2) FredKin gate ..o 12
Fig 3.3(b) Circuit diagram of FredKin gate...............coooiiiiiiii e, 13
Fig 3.4 Input output waveform of Fredkin Gate.................cooiiiiiiiiiiie 14
FIg 3.0 PorS A, ...ttt 15
Fig 3.6 Input output waveform of Peres Gate.............coooiiiiiiiiiii e 16
FIg.3. 7. R Gl .ottt e 17
Fig 3.8 Input output waveform of R Gate .............cooiiiiiiiiii e, 18
FIQ-3.O URG Gl ... ettt e et aan, 19
Fig 3.10 Input output waveform of URG Gate ............ccooiiiiiiiiiiiiiiieeeeeee, 20
FIQ 3.1 TR GaAe o.ininiiiei et et e e e e e e e e e e e e, 21
Fig 3.12 Input output waveform of TR Gate............coovviiiiiiiie e, 22
FIG 3 L3 BIN Gl ..eovtititiiiit it 23
Fig 3.14 Input output waveform of BIN Gate............ccooiiiiiiiiiiie 24
FIg B LD NFT Gl ...ttt ettt et e e e e e 25
Fig 3.16 Input output waveform of NFT Gate............coooviiiiiiiiiie e 26
o I A Y [ I T | IO 27
Fig 3.18 Input output waveform of MCL Gate............c.oooiiiiiiiiii e 28
ST T R o R T =TT 29
Fig 3.20 Input output waveform of SCL Gate ...........coooiviiiiiiiiiiie e, 31
FIG .21 MKG Gate . ettt et e e e e 32
Fig 3.22 Input output waveform of MKG Gate............cooiiiiiiiiiiiiecee e 33
FIg 3.23 DPG GaLE .. ettt 34

Electronics and Communication, DTU Page v



Fig 3.24 Input output waveform of DPG Gate............coovieiiiiiiiiiiiiieeeee e 35

FIQ 3.25 BVF Gate. .. . uiiiititiii et 36
Fig 3.26 Input output waveform of BVF Gate ..........ccooviiiiiiiiiiiieeee, 39
0 R e 0 = P 41
Fig 4.2 PPPG as NOT and OR ... e 42
Fig 4.3 Input output waveform of PPPG gate ..........coiiiiiniiiiiii e, 43
FIQ 4.4(8) SBY QA ... ittt 43
Fig 4.4(b) Input output waveform of SBV Gate...........coovveiiiiiiiiiiiiiieeieeee, 45
FIg.A.5 BVPGG Gae ...ttt et e et 46
Fig.4.6 BVPPG gate producing product terms and duplication of the inputs...................... 47
Fig.4.7 Input output waveform of BVPGG Gate..........cviviiiiiiiiiiiieieeee e 48
FIQ.4.8 ABCD GaE.... ..ot 49
Fig.4.9 Input output waveform of ABCD Gate.........c.oviuiiiiiiiiiiiiieeieee e, 50

Fig 5.1 Input Output waveform of NAND gate with output at S for constant input C=0,

DL ET0. e 53
Fig 5.2 Input Output waveform of NOR gate with output at P for constant input C=1,
DI0.EZ0  cinininiiiiiiiiiieieieieieretnsasnsasasesssssssssssssnsasssnsasssnsasssssssssssssssossens 54
FIg D3 EX OR Qe .. ettt e e 55
Fig 5.4 EX OR gate using ABCD Gate .........coouiniiniitiit i 55
Fig 5.5 Input Output waveform of EX OR gate using ABCD gate with output at T
for constant input C=1,D=0.E=0..........c.ccoiriiiiiiiii e 56
FIG 5.6 EXNOR GAtE ..ottt 57
Fig 5.7 EX NOR gate using ABCD Gate..........cooiviriniiiiii e, 57
Fig 5.8 Input Output waveform of EX NOR gate using ABCD gate with output at T
for constant input C=1,D=1.E=1 ... .o 58
Fig 5.9 3 X 8 decoder using ABCD Gate..........coviriniiiiriiiiiiie e 59
Fig 5.10 Input Output waveform of decoder using ABCD gate with output at P, Q, R, S
for constant input C=1,D=0.E=0...........cccoiiiiiiiiiiiii e, 60
FIg 5.1 Half Adder ... e 61

Electronics and Communication, DTU Page vi



Fig 5.12 Half Adder using ABCD Gate .........ouiuiniiiitiiieeie e e, 61
Fig 5.13 Input Output waveform of Half Adder using ABCD gate with output at T and

S for constant input C=0, D=0.E=0 .........ccoiiiiiiii e 62
Fig 5.14 Half SUDLractor. ... ..o e 63
Fig 5.15 Half Subtractor using ABCD Gate..........ccoviriiiiiiii e 63
Fig 5.16 Input Output waveform of Half Subtractor using ABCD gate with output at

T and S for constant input C=1, D=1.E=1 ......cciiiiiiiiiiiiiiice e, 64
o T A G0 11T 10 65
Fig 5.18 One bit comparator using ABCD Gate ...........ccoviiiiiiiiiiiiiieieeceieeeea e, 65
Fig 5.19 Input Output waveform of Comparator using ABCD gate with output at P,

Q, Rand S for constant input C=1, D=0.E=0.............ccccoiiiiiiiiiie, 66
Fig 5.20 Even Parity DEteCOr .......cuinie it 67
Fig 5.21 Even parity detector using ABCD Gate...........o.euiiiiriiiiiiiieeiieeeeaenen, 67
Fig 5.22 Input Output waveform of Even parity detector using ABCD gate with output

at T for constant input C=0,D=0.E=0............cccciiiiiiiiiiii e 68
Fig 5.23 Input Output waveform of Even parity generator using ABCD gate with output

at T forconstant input C=1,D=0.E=1...........ccciiiiiiiii e, 69
Fig 5.24 Input Output waveform of Odd parity detector using ABCD gate with

Output at T for constant input C=1, D=0.E=1 ..............ccoiiiiiiiii, 70
Fig 5.25 Input Output waveform of Odd parity generator using ABCD gate with

Output at T for constant input C=1, D=1.E=1...........ccoiiiiiiiiiiiiien, 71

Electronics and Communication, DTU Page vii



LIST OF TABLES

Table 2.1 Truth table presented by Landauer..................coooiiiiiiiiiiiiiiiieiea, 06

Table 3.1: Truth table of TOffOli....... ..o 10
Table 3.2: Truth table of Fredkin gate...............oooiiiiiii e, 13

Table 3.3: Truth table of Peres gate...........ccoooviiiiiiii e 15
Table 3.4: Truthtable Of Rgate. ..o 17

Table 3.5: Truthtable oOf URG gate...........cooviiiiiii e 19

Table 3.6: Truthtable Of TR gate. ... ..o 21
Table 3.7: Truthtable Of BIN gate. ..o 23
Table 3.8: Truthtable Of NFT gate..........cooiiiiii e 25
Table 3.9: Truthtable Of MCL gate..........oooiiiii e, 27
Table 3.10: Truth table 0f SCL gate..........oooirii e, 30
Table 3.11: Truth table of MKG  gate...........cooiiiiii e 33
Table 3.12: Truth table 0f DPG  gate.........cooviviiiiiii e 35
Table 3.13: Truth table 0Of BVF  gate.......c.oiieiiii e, 38

Electronics and Communication, DTU Page viii



Table 4.1 Truthtable Of PPPG gate........ccooviiiiii e 42

Table 4.2 Truth table of BVPGG gate.........oooiiniiiiiii e 47
Table 4.3 Truth table of ABCD Gate..........coeiiuiiiiiiiiiiiii e 50
Table 4.4 Comparison with existing 5 X 5 gates.........covevriiiiiiiii e 52
Table 5.1 Truth table 0f 3 X 8 deCOUer.........o.iiii i, 59
Table 5.2 Truth table of Half Adder............oi i 61
Table 5.3 Truth table of Half Subtractor. ... 63
Table 5.4 Truth table of comparator................coooiiiiiii e, 65
Table 5.5 Truth table even parity detector..............oooiiiii i 67

Electronics and Communication, DTU

Page ix



TABLE OF CONTENT

O o 1 N I i
ACKNOWLEDGEMENT ...ttt ii
ABSTRACT ..o v
LIST OF FIGURES . ... i v
LIST OF TABLES . ...ttt viii
1. CHAPTER 1 INTRODUCTION. ... ..ottt 01
LAMOTIVAEION. ..o e e 01
1.2Thesis organization..............cooeuiiiiiiiiiii e, 02
2. CHAPTER 2 LITERATURE SURVEY ...ttt 03
2.1 ReVErsibility......oouiii it 03
2.2 Basic reversible logic gates............cccooiiiiiiiiiiiii e, 06
3. CHAPTER 3“3 X 3 AND 4X4 REVERSIBLE LOGIC GATE”.........c.cccvvvnn.n. 09
3. BXS GALES. ettt e 09
3 2 AXA QALES. ettt e 29

4. CHAPTER 4 PROPOSED GATE AND COMPARISION WITH EXISTING

S X S GATES. . 40

4.1 EXIStING 5X5 gatesS. ....voveieiitii e 40

4.2 Proposed gate. ... ....oorinie i, 49
4.3 Comaprision with existing 5 X 5 gates.........c..ccoeveviiiiiiiinn.n. 50

5. CHAPTERS5 SIMULATION RESULTS.....oiiiii e 53
6. CHAPTER 6 CONCLUSION & FUTURE SCOPE.........ccciiiiiiiiiiiiiiiie 72
REFERENCES. ... e 73
APPENDIX ..o 77

Electronics and Communication, DTU Page x



Electronics and Communication, DTU Page xi



