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Abstract—This papedeals with th testable design of conservatiwagic based sequenticircuits by using
two test vectors. Theconservative logic based sequential circuits ardt Hrom the reversble gates.
ThisReversible or information lossless circuits havéepsive applications in quantum computing, opt
computing, as well as ultdaw power VLSI circuitsTheoptimized degns of reversible CLatch,Reversible
negative enable D latch,MastdaveFlip-Flop,Double edge triggered Flip-Flopad its application circuits lik
reversible universal shifegisters, fol bit binary counter are propos&tis proposed design can identify ¢
stuck-atfault in the circuits and this proposed cir is efficient than theonventional circuit designed usi
classicalgate in terms of number of gacount,delay in the circuit,garbageput, powe dissipation and
testability. Thisproposeddesiganidentify anystuck-at-fault in the circuits.

Index Terms— Conservative logic, Fredkin gate, garbage outmviersible logic, Test vecl.

1. INTRODUCTION

Conservative |OgiC based circuits does not lose Wordsy the Outpuwhich are needd 0n|y to maintain

information and it exhibit the property that thevdl

be one to one mapping between the input and
output so the circuits designed using conserva
logic reversible gates are lossl.Landauer[1] have

reversible logic are calleghrbage output

1.1 Conservative Logic Based Fredkin Gate
The Fredkin gate ianiversal, s that any logical or

proved that if the operation is performed arithmetic operation can be done by Frecgate. For
irreversible manner by using conventional gi 3*3 Fredkin gate shown in Figthe input vector for

KTIn2 Joules bheat energy would dissipi for each fraqkin gate and outpaire define asl, = (A,B,C)
1 bit of information lostand also fa-out problem

occurs. Where K is thBoltzmann'« constant and T is Q, =(P=AQ= AB+ AC,R=AB+ AC) The truth
the absolute temperature where the computatic taple of fredkin gate is illustrated 11]

performed. Fronthe thermodynamic point of view
the computabn is performed by using conservat

logic based reversible gates KTIn2 Joules of A— — P=A
energy would not dissipate[2hnd also fan-out B | F | qoasac
problem does not occurs. Thesiee applications lik

emerging  Nanotechnologies,  quantt.cellular C— —— R=AB+A'C

automata computing, opticabmputing andn ultra-
low power VLSI circuits were reversible circuits ¢
used.

An N x N (N inputs and N output conservative
logic basedreversible gate can be represe in the

vector form asl, =1,1,,151,........ I, and

Q, =0,,0,,0,,0,........ O, wherel, and O,

represent input and output vectors, respecti
Classical logic gates are irreversible since inagtor
states cannot be uniquely reconstructed from
output vector states but theeversible gatecslike

Fig.1 Fredkin gat

1.2 Conservative Logic Based Feymen Gate

For 2*2 Feymengate shown in Fig.z the input
vector and output vector forelymer gate are defined

as |, =(AB) andQ, =(P=AQ=A0B) .The
truth table of Feymepate is illustrated i111].

Fredkin gate, Toffoligate Feymengate, Pel gate A — — P=A
have the property that the input vector can FG
recovered from the outpwector because they do r B — — Q=A®B

lose any informatiotJnwanted or unused output o

reversiblegate is known &arbage Outp. In other ,
Fig. 2. Feymen ga!
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1.3 Related Work

The research on conservative rever: logic is
expanding towards both thdesign,synthesis ar
testing.Several researches have proposed reve
circuits in terms of garbage output,number
gate,power dissipation inf[3he onine testing of
reversible decoder circuit is addressed in
paper[3.In this paper we propose the novel desigi
reversible sequential circuits which is testablengl
only two test vectors.

2. DESIGN OF TESTABLE REVERSIBLE LATCHES
Reversible testabl® latch has the characteris

equation Q" =D.E+EQ .n the proposed

architecture E is the enable and it is used instH:

clock.By cascading two fredkin gate the D latct
constructed.When the enable is 1 the input passed

to the output that iQ+ =D ,When tle enable is zero

the output remains in the previous state.This ae
has two control signals which are C1 and C2.
design can work in two operating modes :(1)Nor
mode and (2)Test mode.

(2)Normal mode:In the normal mode as showi
the figure the control signal C1C2=01.Thus theugtr
will do its normal operation.

(2)Test mode(Disrupt the feedback):In the
mode the stuck at 1 and stuck at O faults can bed
by changing the control signal.Tstuck-at-0 fault is
found by giving C1C2=11,thus aistuck-at-0 fault in
the circuit can be identifiedSimilarly the stuck-at-1
fault is found by giving C1C2=00,thus astuck-at-1
fault in the circuit can be identid.

E

D— F Q Q
C1

Fig. 4. Design of testable reversible negative enabletc

3. DESIGN OF TESTABLE REVERSIBLE MASTER
SLAVE FLIPFLOP

In the proposedrchitecturemaster slave flipflop is
designed with the positive enabled D latch as

(1)Normal mode:In the moal mode as shown in master and the negative enaD latch as the slave.In

the Fig.3the control signal C1C2=01.Thus the circ
will do its normal operation.

(2)Test mode(Disrupt the feedbadn the test
mode the stuck at 1 and stuck at 0 faults can bed
by changing the control signal.Tstruck-at-0 fault is
found by giving C1C2=11thus any str-at-0 fault
in the circuit can b&lentified. Similarly the stuc-at-1
fault is found by giving C1C2=00,thus astuck-at-1
fault in the circuit can be identified.

_Q_| F

Cl

— Q

2.1Design of testable negative enable D latch
Reversible negative testable D latch has

characteristic equationQ” = D.E+ EQ .In the

proposed architecture E is the enable and it isl
instead of clock.By cascading two fredkin gate Eh
latch is constructed.This proposed design passe
input to the output only when the enable is 0 otle
the latch maintains the same state .This desigitvia
control signals which are C1 and C2.The design
work in two operating modes :(1)Normalode and
(2)Test mode.

T1

Cc2 T2

Fig. 3. Design of testable reversible D le

the existing method of design of master sl
flipflop[6] testing cannot be done,more over
proposed design is optimized in terms of ¢
countgarbage output and number oinstant nput and
delay when compad with the existingpapers.This
design has four control signals which
mC1,mC2,sC1,sC2.The design can work in
operating modes :(1)Normal mode and (2)Test n

(2)Normal mode:In the mmal mode as shown
the Fig.5 the control signa
mC1=0,mC2=1,sC1=0,sC2=1.Thus ttircuit will do
its normal operation.

(2)Test mode(Disrupt the feedback):In the
mode the stuck at 1 and stuck at O faults can bed
by changing the control signal.The stuck at 0 féu
found by giving mC1=1,mC2=1,sC1=1,sC2=1,tF
any stuck-at-0 dult in the «circuit can b
identified.similarly the stuclet+1 fault is found by
giving mC1=0,mC2=0,sC1=0,sC2=0,thus any sti
1 fault in the circuit can be identifie

E — MASTER-POSITIVE ENABLE

I mc1

mC2

(-

-

Fig. 5. Design of testable reversible master slav«-flop

SLAVE-NEGATIVE ENABLE
F Q
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4. DESIGN OF TESTABLE REVERSIBLE
DETFLIPFLOP

The double edge triggered flipflop is the sequéi
circuit which samples and stores the input dat
both the positive or rising and negative or fall
edge of the clock cycles.In the master sl
flipflop,when clock ishigh the master passes 1
input while the slave remains in the previous s
and when thelock is low the master latch remains
the storge and the slave passes the output of
master to the output.Thus the master salve flip
does not sample atoth the positive and negati
edge of the clock cycle.

Thus the DET filpflop using reversib
concept is proposed for sampling and storing the
at both the edge of the clock cycle.Thus the fraqu
of DET filpflop is reduced to half of the masteave
flipflop.Thus for the low power applicatons tt
circuits @n be used because freqiy is proportional
to the power.

In the proposed design DETflipflop
designed by placing a positive enabled and ne
enable D latch in parallel as shown in fie.In the
proposed design pcl,pc2,ncl,nc2 are the four dc
signals.The design can work in two operal
modes :(1)Normal mode and (2)Test m

(2)Normal mode:In the naral mode as shown
the Fig.6 the control signa
pC1=0,pC2=1,nC1=0,nC2=1.Thus thircuit will do
its normal operation.

(2)Test mode(Disrupt the feedback):In the
mode the stuck at 1 and stuck at 0 faults can bed
by changing the contralignal. Thi stuck at 0 fault is
found by giving pCl=1,pC2=1,nC1l=1,nC2=1,th
any stuck-at-Ofault in the circuit can bddentified.
Similarly the stuck-at-1fault is found by giving
pC1=0,nC2=0,pC1=0,nC2=0,thus any struck 1 {
in the circuit can be identified.

Positive enable

pc?
F 0
E 21MUX
F

1Cl 1Tl

dC1

dC2 — —

2| Negative enable

1
L]
I:
:,

Fig. 6. Design of testabliouble edge triggerflip-flop

5. APPLICATION OF REVERSIBLE LOGIC FLI P
FLOP

Reversible universal shift register is proposec
illustrate the application of reversible flipflopn
designing the complex sequential cirs.The
universal sHt register has the shift as well as
parallel load capabilitieShis proposed circuit he
right and left shift control signals to performhtgand
left shift operation respectively. A parallel lo
control to control the parallel load transfer.fig
shows the design of the 4 bit universal reversshiit
register.The circuit has 4 reversible D flipflopdaiour
reversible 4:1 multiplexer.reversible Multiplexds
designed using fredkin as shown in the fig

|

S0 —

In0O

Inl S1

In2 S0

In3

Fig. 7. Design of 4:1 multiplex

The 4:1 multiplexer has two control sigrsO and
s1 whidh is used to perform left shift,right ft and
parallel transfeffhe input O in the multiplexer
selected when s1s0=00 and thus theent value of
the register is apjgld to the D input of the flipflc. The
input 1 in the multiplexer is selected whels0=01
and thus the right shift operation takes place.ifpeat
2 in the multiplexer is selected when s1s0=10 &nd
the left shift operation takes place.The input 3ha
multiplexer is selected when s1s0=11 and thus
parallel load transfer operatiotakes place in tt
universal shifregister as shown in the Fi

Parallel Outputs
A3 A2 Al A0
| ‘J
]
0 0 0 0 —
— — | |
Cl = 1> 1 ——)! l -~—I >
. g ¢ C | ¢
€2 b | D [T
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0 0 ‘ 0 l} ‘
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FG] FG] FG] FG
S =>{ R-dxl R-4xl R-4xl R-4xl ]
MUX MUX MUX MUX |
S0—>3210 3210 3210 32107
| ] C_J )

Serial

L i
input for J FG FG
shiftsright |

L
n I 0
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Parallel Inputs
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Fig. 8. Design of rearsible universal shift regis

) master_save_dfffe
§ [master_slave_dffjd
§ [master_slave_dfffg

TABLE 1:COMPARISON OF PROPCED REVERSIBLE D LATCH

" [master_dave_dffmct
* master_save_dffmc2
7 master_slave_dffjsct
7 master_slave _dfffsc2
" master_save_dffist!
7 master_save dffjst2
7 mster_slve_dfix1

Master
slave
flipflop

parameter

Online
testable

No of
garbage
output

No of
gate

7 master_save dffx2
 [master_save_dff3

proposed 4 yes 6

Existing[5] 6 no 5

7 [master_slave_dfffx4

4 master_save_dffxs
7 master_slave_dff6

Existing[6] 12 no 14

 [master_save_dffx7
 master_save_dffmtl
7 [master_dave dffmt?

TABLE 2:COMPARISON OF PROPCGED REVERSIBLE MASTEF

SLAVEFLIP-FLOP Fig. 11.Simulation of testabteaster salve fli-flop in normal mode

Paramet | Existing | Propose | Improvemen The simulation result of D latch is shown
er [4] d t (%) figure.9 which act in normal mode by giving 1
No of 7 4 43 control signal 01.figure.10 shows the same de
gate working in test mode,the circuit detects the s-at-1
No of 24 4 83 fault in the pin x3 by giving the control signal
constant 00 .simlarly the simulation result of master sle
Input flipflop working in normal mode is shown
No of 14 4 71 figure.11.
garbage
Output File Edit View Add Format Tools Window
[DEEE A BB AED | SHRHK|| 4 €9 ([ we UGB
|
6. SIMULATION AND RESUL TS =
Jdet_ffjpcl
File Edit View Add Format Toels Window :::t:;/::

- X . I g e det_ffjsc2
DEH8 BB AT | SERA 4 e (F[weilBE i
. oSS Jdet_fffy1
Jdet_fFfy2
fdet_fix1
Jdet_fFpx2
[det_ffpx3
Jdet_ffjxa
fdet_fEpxs
fdet_fiixs
Jdet_fEpx7
fdet_ffjx
Jdet_fFpxa
Jdet_ffpx10
Jdet_fEpxit
fdet_fFpt1
Jdet_ffipt2
Jdet_fFjnt1
fdet_ffnt2

# " [fiediin_diatch_controlsional/e
/ * [fredkin_diatch_conirolsignaljd
. fedkin_dateh confroinlfcl
* _frechin_dlatch onivlsialc2

Jfredkin_datch_controlsignal/g
* [fredin_diatch. confrolsignal/t1
¢ [fredin_dlstch confrolsignaift2
* [frediin_dlstch, conrolsignal/x1
fedin datch controsional/x2
/" [fedkin_dateh_controlsignalfis

Fig.12. Simulatiorof testable reversibIDET flip-flop in normal
mode

Fig. 9.Simulatiorof testable reversible D lat in normal mode

File Edit View Add Format Tools Window

D@H8IJRRO: AES| | SHAR| tes FlusidT0

The simulation result of reversible DET flipflop
shown in figure.13 which a in normal mode by

?  fredin datch controlsgrale
* [fredkindlatch,controlsignal/d
* " fredin_dlatch_controlsignal/c1
? fredin_diatch controlsignalc2

[fredkin_datch_controlsignalfg

fredkin ditch_controlsgnaltt
[iredin_datch_controlsignal/t2
[fredkin_datch_controlsignal/i1
[fredn_diatch_confrolsgnal/2
[fredkin_datch_controlsignalx3

Fig. 10.Simulation of testable reversible D latetedting stuc—at-
1 fault

giving the control signal 01.The same design wayk
in test mode is shown in the figure. 14 which dist
the stuck-att fault in the pin x11 by giving the contr
signal as 11 and also the st-at-0 fault can be
detected by changirthe control signal to 0
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Fig. 13.Simulation of testable reversil&T flip-flop detecting

stuck-at-0 fault
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Fig.14 Comparison of reversible D lal

The graph shows the comparsion of reversibl
latch with existing designs in terms of number
gate,costant input and garbage output.Thus
proposed system provides the good improvemel
the result as shown in the figue.14 interms of yr
parameters.

7. CONCLUSION

The proposed conservative logic based seque
circuit can be testable for anysk at fault using onl'
two test vectors which are 0s and. Reversible
universal shift register is proposed to illustrate
application of reversible flip flop in designing et
complex sequential circuithus the main advantage
the proposed circuit is thateed of only two tes
vectors is usedb test any sequential circ..Thus the
proposed circuit is efficient than 1 conventional
circuit designed using classical gate in terms
number of gate count,delay,garbageoutput,pc
dissipation and testability.
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