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Abstract

Since the seventies of the past century the reversible
logic has originated as an unconventional form of
computing. It is new relatively in the area of
extensive applications in quantum computing, low
power CMOS, DNA computing, digital signal
processing (DSP), nanotechnology, communication,
optical computing, computer graphics, bio
information, etc .Here we present and configure a
new TAND gate in all-optical domain and also in
this paper we have explained their principle of
operations and used a theoretical model to fulfil this
task, finally supporting through numerical
simulations. In the field of ultra-fast all-optical
signal processing Terahertz Optical Asymmetric
Demultiplexer (TOAD), semiconductor optical
amplifier (SOA)-based, has an important function.
The different logical (composing of Boolean
function) operations can be executed by designed
circuits with TAND gate in the domain of universal
logic-based information processing.

Keywords
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1. Introduction

In our traditional computer’s logic blocks,
irreversible, lose the information during their
operation, i.e. once logic block generates the output
bits, the input bits are lost. Due to this fact the
information once lost cannot be recovered in any
way. The classical logic gates have multiple input but
single output. So, combinational logic circuits, which
are made by those logic gates, dissipate heat for
losing of every bit of information. R. Landauer
showed that with high technology circuits and
systems built by irreversible hardware,
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results in energy dissipation because of information
loss with the amount KTIn2 joule of energy for one
bit of information, where ‘k’ is the Boltzmann
constant and ‘T’ is the temperature in Kelvin at
which the system is operating [1]. And C. H. Bennett
interpreted that this amount of energy dissipation
would not occur in circuit if this computation of
circuit is carried out in reversible logic circuits
system [2]. The reversible gates have inputs and
outputs which are one—to-one correspondence, i.e. n-
input and n-output logic device with one-to-one
mapping. That is why, the inputs of such gates can be
determined from its outputs. The reversible gates are
formed by all-optical switching-the switching of one
beam of light by another-is an essential operation for
transparent fiber optic network and information
processing [3-8].The reversible logic circuits give us
the computation with arbitrary small energy
dissipation and without information loss [9-10].

Fan-out, an important constrain, is not allowed on the
design of reversible logic circuit using logic gate.
And also, a reversible circuit should be designed
taking minimum number of reversible gates, garbage
outputs and constant inputs [11-12]. Garbage is
defined as the number of outputs added to make an n-
input k-output Boolean function ((n, k) function)
reversible [13].

This paper is prepared as follows: In Section 2,
principle and operation of TOAD-based optical
switch is explained [14-18]. All-optical circuit
realization for TOAD switch-based New TAND Gate
is reported in Section 3 and universal application of
this gate is informed in Section 4. Section 5 covers
simulation (by Matlab-7.0) based treatment. In the
end, conclusions are kept in Section 6 with the scope
of future works.

2. Operational principle of TOAD:
optical switch

TOAD based gate has taken an important role in
optical communication and information processing
[19-24]. Sokoloff et al. [19] demonstrated a TOAD
capable of demultiplexing data at 50 Gb/s. The
TOAD consists of a loop mirror with an additional
intra loop 2x2 (ideally 50:50) coupler. The loop
contains a control pulse (CP) and a nonlinear element
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(NLE) that is offset from the loop’s midpoint by a
distance Ax as shown in Fig. 1.
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Fig. 1: TOAD-based optical switch

A signal with field E; (t) at angular frequency @

is split in coupler. It travels in clockwise (cw) and
counter clockwise (ccw) direction through the loop.
The electrical field at port-1 and port-2, can be
expressed as follows.

s =Eqlt ~t,)€" '[dz (=1~ k? e _td)J
1)

Eua(8) = JOKE, (1t,) €7 [ 0o, (t=1,) + G -1,)
)

Where t; is pulse round trip time within the loop as

shown in the Fig- 1. Coupling ratios k and d indicate

the cross and through coupling, respectively. The cw

signal be amplified by the complex field gain. g, (t),

while ccw by g, (t). The output power at port-1

can be expresse_d as,

Pout.l(t) = Pm (t4_td) {Gcw(t) +Gscw(t) -2 Gcw(t) ’Gccw(t) 'COS(A(D)} (3)

_ Pin (t4_ td ) .SW (t)

where, SW (t)is the transfer function. The phase
difference between cw and ccw pulse is defined
by Ap = (@, — Pec) - The symbols

G,,(t),G,, () indicate the respective power gains.
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Power gain is related with the field gain as

G:gzandA¢2_2,|n[Gcw j
2 G

Now we will calculate the power at port-2
1 .
I:>out,2 (t) = E Eout,z (t) ’ Eout,z (t)

=d"l-P(t—t,)- g 2 t-t,)

ccw

1[1+ng(! —I_g’) 2. ga'u(!—zjj . CCS[(PM(I_I_;')_(P@'(I_%)]}

g lt-t) g (t-t) |

G G
=d%k?-P (t—t,)-G. -{1+—Ww 4 D. ;ﬂ-cos A
|n( d) cw{ GCW GCW [ (p]}

=d°%* Hn(t_td)'{GCW-I-GCCW +2: Gccw 'GCW 'COS[A(D]} “)

For ideal 50:50 coupler, d? = k? :%. In the

absence of a control signal, data signal (incoming
signal) enters the fiber loop, pass through the SOA at
different times as they counter-propagate around the
loop, and experience the same unsaturated amplifier

gain GO, recombine at the input coupler i.e.
G,ow =Gy, This leads to A@=0. So expression

for Pout,l (t) =0and Pout,2 (t) = Go : Pin . It shows

that data is reflected back toward the source. When a
control pulse is injected into the loop, it saturates the
SOA and changes its index of refraction. As a result,
the two counter-propagated data signals will
experience a differential gain saturation profiles i.e.

G, # Gy, - Therefore, when they recombine at the

input coupler, the data will exit from the output port-
1. For this case, the mathematical forms of two
output  powers  can be expressed as,

Pout2 (1) = w sw() andP,,(t)=0.

Result of numerical simulation with Matlab7.0 has
been shown in Fig. 2. In this simulation line-width
enhancement factor of SOA (a) was taken 9.5 and the

ratio G, / G, was taken 0.52.

A polarization or wavelength filter may be used at the
output to reject the control and pass the input pulse.
Now it is clear that in the absence of control signal,
the incoming pulse exits through input port of TOAD
and reaches the output port-2 as shown in Fig. 2. In
this case no light is present in the output port-1. But
in the presence of control signal, the incoming signal
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exits through output port of TOAD and reaches the
output port-1 as shown in Fig. 1. In this case no light
is present in the output port-2.
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Fig. 2: Simulation result: (a) output pulse (Pout,1
and Pout,2) in presence of control pulse i.e. CP=1
(b) output pulse (Pout,1 and Pout,2) in absence of
control pulse i.e. CP=0 (c) incoming signal pulse

In the absence of incoming signal, Port-1 and Port-2
receive no light signal as the filter blocks the control
signal. Schematic block diagram is shown in Fig.
2(a) and truth table of the operation is given in Table-
1.

Incoming Signal
T |——— OutputPortl
— 4D {uppet channel)
3 A
: D b—s Output Port 2
(lower channel)
Control Signal

Fig. 2(a): Schematic diagram of TOAD-based
optical switch:

Table 1: Truth table of TOAD based optical
switch as shown in Fig. 3

Incoming Control Output Output
Signal Signal Port-1 Port-2
0 0 0 0
0 1 0 0
1 0 0 1
1 1 1 0
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3. TOAD-based new gate: TAND gate

TAND gate is also a (2*2) conservative universal
gate. It has two inputs (A, B) and two outputs (P, Q)
satisfy the relation as follows:

P=A
Q=AB

(6)

Table 2: Truth table of TAND gate

Inputs Outputs
A B P Q
0 0 0 0
0 1 0 0
1 0 1 1
1 1 1 0

3.1. Principle and design
Schematic diagram is given in Fig. 3(b). The TOAD-
based circuit for all-optical universal TAND gate is
given in Fig. 3(a). Here input ‘A’ is connected with
TOAD as incoming signal. The control signal of the
corresponding gate comes from the input ‘B’. The
output ‘P’ is taken by combining the light through a
beam combiner (BC) from the bar port (B) and from
the cross port (C) of TOAD by splitting it by BS .The
output ‘Q’ is taken from the cross port (C) of TOAD.
The operational principle of this gate is discussed
below in details.
(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P and Q
receives no light from the TOAD. So
P=Q=0, which satisfy the first row of the
truth table 4.
(2) When A = 0 and B = 1, only the control
signal is present at TOAD. No incoming
signal is present at TOAD. According to the
working principle of TOAD described in the
Section 2, all the ports do not receive any
light. So the final output is P=0 and Q=0,
which satisfy the second row of the truth
table 4.
(3) When A=1 and B=0, then only the
incoming signal is present at TOAD and no
control signal is present at TOAD.
According to the working principle of
TOAD described in the Section 2, only the
cross port(C) of TOAD receives light. Other
port does not receive light. So P=1 and Q=1,
which satisfy the third row of the truth table
4,



International Journal of Advanced Computer Research (ISSN (print): 2249-7277 ISSN (online): 2277-7970)

(4) When A=1 and B=1, then bar port(B) of
TOAD receives light (as both incoming and
control signal of TOAD receive light) and
cross port does not receive light. So P=1 and
Q=0, which satisfy the fourth row of the
truth table 4.

(. BC}— P=A A
o 3
A B D
D !
B—m S Q=AB
wC
Fig.3(a) Fig. 3(b)

[B<]Beam Combiner, / BS: Beam Splitter, [
EDFA: Erbium Doped Fiber Amplifier, Il wc:
Wavelength Converter

4. TAND gate can be used to perform
as universal logic gate. Proposed
arrangements to perform various

gate operations are as follow

4.1. NOT operation:

) > B >
Bt "1 YBChaPl | e
T

0 A

A N

D ] D —Q=A
A—.—B—’ c S Q=A

we
Fig. 4(a) Fig. 4(b)

Beam Combiner, / BS: Beam Splitter, [
EDFA: Erbium Doped Fiber Amplifier, Il wc:
Wavelength Converter

Schematic diagram is given in Fig. 4(b). The TOAD-
based circuit for NOT gate by all-optical TAND gate
is given in Fig. 4(a). Here input ‘B’(=1) is connected
with TOAD as incoming signal. The control signal of
the corresponding gate comes from the input ‘A’. The
output ‘P’ is taken by combining the light through a
beam combiner (BC) from the bar port (B) and from
the cross port (C) of TOAD by splitting it by BS. The
output ‘Q’ is taken from the cross port (C) of TOAD.
The operational principle of this gate is discussed
below in details.

O=All
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Table 3: Truth of NOT gate

A Q
0 1
1 0

(1) When B=1 and A=0, then only the incoming
signal is present at TOAD and no control signal
is present at TOAD. According to the working
principle of TOAD described in the Section 2,
only the cross port of TOAD(C) receives light.
Other port does not receive light. So P=1 and
Q=1, which satisfy the first row of the truth table
3.

(2) When A=1 and B=1, then bar port of TOAD
(B) receives light (as both incoming and control
signal of TOAD receive light) and cross port
does not receive light. So P=1 and Q=0, which
satisfy the second row of the truth table 3.

4.2. AND operation:
A

B ” L B,
»BC

B —m> N
we we

P=A

S0+
O OoH

Q=AB

I

Q.Z 2=l
oz>»-

Q=AB

Fig. 5(a) Fig. 5(b)

Beam Combiner, / BS: Beam Splitter, =
EDFA: Erbium Doped Fiber Amplifier, IR wc:
Wavelength Converter

Schematic diagram is given in Fig. 5(b). The TOAD-
based circuit for AND gate by all-optical TAND gate
is given in Fig. 5(a). Here input ‘A’ is connected with
TOAD-based TAND gate as incoming signal. The
control signal of another gate (TAND gate based
NOT gate) comes from the input ‘B’ and the output
(C)of this gate is connected as a control signal of
other gate. The final output ‘Q’ is taken from the
cross port (C1) of TOAD. The operational principle
of this gate is discussed below in details.
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Table 4: Truth table of AND gate

A B P Q
0 0 0 0
0 1 0 0
1 0 1 0
1 1 1 1

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P and Q
receives no light from the TOAD. So P=Q=0,
which satisfy the first row of the truth table 4.

(2) When A = 0 and B = 1, then only the control
signal is present at TOAD. No incoming signal is
present at TOAD. According to the working
principle of TOAD described in the Section 2.
So the final output is P=0 and Q=0, which satisfy
the second row of the truth table 4.

(3) When A=1 and B=0, then only the incoming
signal is present at TOAD and no control signal
is present at TOAD. According to the working
principle of TOAD described in the Section 2,
P=1 and Q=0, which satisfy the third row of the
truth table 4.

(4) When A=1 and B=1, then both incoming and
control signal of TOAD receive light and
according to the working principle of TOAD
described in the Section 2 and TAND gate, P=1
and Q=1, which satisfy the fourth row of the
truth table 4.

4.3. OR operation:

P=B
1
T T T
A A A
N N N
B D D D Q=A+B

Fig. 6(a) Fig. 6(b)
Beam Combiner, / BS: Beam Splitter, [~

EDFA: Erbium Doped Fiber Amplifier, M \wc:
Wavelength Converter
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Schematic diagram is given in Fig. 6(b). The TOAD-
based circuit for OR gate by all-optical TAND gate is
given in Fig. 6(a). Here input ‘A’ is connected with
TOAD-based TAND gate as control signal. The
control signal of the TAND based NOT gate comes
from the input ‘B’ and its cross port (C) is connected
as an input signal of above TAND gate. And cross
port (C1) of this gate is connected as a control signal
of another TAND based NOT gate. The output ‘P’ is
taken form bar port (B1) and output ‘Q’ is taken form
cross port (C2). The operational principle of this gate
is discussed below in details.

Table 5: Truth table of OR gate

- |o|lo|>
— |lo|l—~|lo|m

ol |||

Q
0
1
1
1

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P and Q
accordingly is P=1 andQ=0, which satisfy the
first row of the truth table 5.

(2) When A =0 and B = 1, then only the control
signal is present at TOAD-based TAND gate. No
incoming signal is present at TAND based NOT
gate. According to the working principle of
TOAD and TAND gate described in the Section
2 Section 3, all the final output is P=0 and Q=1,
which satisfy the second row of the truth table 5.
(3) When A=1 and B=0, then only the incoming
signal is present at TOAD-based TAND gate and
no control signal is present at TAND based NOT
gate. According to the working principle of
TOAD and TAND gate described in the Section
2 Section 3, the cross port (C2) receives light.
Other port also receives light. So P=1 and Q=1,
which satisfy the third row of the truth table 5.
(4) When A=1 and B=1, then as both control
signal of corresponding gates receive light and
cross port (C2) receive light. So P=0 and Q=1,
which satisfy the fourth row of the truth table 5.

4.4. NAND operation:
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[Ec]Beam Combiner, / BS: Beam Splitter, =

EDFA: Erbium Doped Fiber Amplifier, IR wc:
Wavelength Converter

Fig. 7(b)

Schematic diagram is given in Fig. 7(b). The TOAD-
based circuit for NAND gate by all-optical TAND
gate is given in Fig. 7(a). Here input ‘A’ is connected
with TOAD -based TAND gate as incoming signal.
The control signal of the TAND based NOT gate
comes from the input ‘B’. The output of this gate,
cross port (C), is connected to the control port of
above gate. The out of this TOAD -based TAND
gate, cross port (C1), is connected to another TAND
based NOT gate and its output, cross port (C2), is
taken as final output ‘Q’. ‘P’ is taken from bar port
(B1) of TOAD -based TAND gate. The operational
principle of this gate is discussed below in details.

Table 6: Truth table of NAND gate

R rlo|lo|>»
= =]""]

r|~|lo|o|w
ORI~ |0

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P receives no
light and Q receives light from the TOAD. So
P=0 and Q=1, which satisfy the first row of the
truth table 6.

(2) When A = 0 and B = 1, then only the control
signal is present at TAND based NOT gate. No
incoming signal is present at TOAD -based
TAND gate. According to the working principle
of TOAD and TOAD -based TAND gate
described in the Section 2 and Section 3, the
final outputs are P=0 and Q=1, which satisfy the
second row of the truth table 6.
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(3) When A=1 and B=0, then only the incoming
signal is present at TOAD -base TAND gate and
no control signal is present at TAND based NOT
gate. According to the working principle of
TOAD and TOAD -based TAND gate described
in the Section 2 and Section 3, the final outputs
are P=1 and Q=1, which satisfy the third row of
the truth table 6.

(4) When A=1 and B=1, According to the
working principle of TOAD and TOAD -based
TAND gate described in the Section 2 and
Section 3, the final outputs are P=1 and Q=0,
which satisfy the fourth row of the truth table 6.

4.5. NOR operation:

1 B B,

- >l ’—E/
L = BS -

W wc

OroH
CroH

! T T B
A A
N N
B B B, Q=A+B

Fig. 8(a) Fig. 8(b)
: Beam Combiner, /'/ BS: Beam Splitter, >

EDFA: Erbium Doped Fiber Amplifier, |
WC: Wavelength Converter

Schematic diagram is given in Fig. 8 (b). The TOAD
-based circuit for NOR gate by all-optical TAND
gate is given in Fig. 8 (a). Here input ‘A’ is
connected with TOAD -based TANT gate as control
signal. The control signal of TAND based NOT gate
comes from the input ‘B’. The output of this gate,
cross port (C), is connected to the incoming signal of
above gate, TOAD -based TAND gate. The output
‘Q’ and ‘P’ are taken from the cross port (C1) and bar
port (B1) of this TOAD -based TAND gate. The
operational principle of this gate is discussed below
in details.
Table 7: Truth table of NOR gate

rlr|o|o|>
RO~ [O(m
O(r|O|r|v
ololo|r|p

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P and Q
receives light from the TOAD -based TAND
gate. So P=Q=1, which satisfy the first row of
the truth table 7.
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(2) When A = 0 and B = 1, then only the control
signal is present at TAND based NOT gate. No
control signal is present at TOAD -based TAND
gate. According to the working principle of
TOAD and TOAD -based TAND gate described
in the Section 2 and Section 3, the final outputs
are P=0 and Q=0, which satisfy the second row
of the truth table 7.

(3) When A=1 and B=0, then only the control
signal is present at TOAD -based TAND gate
and no control signal is present at TAND based
NOT gate. According to the working principle of
TOAD and TOAD -based TAND gate described
in the Section 2 and Section 3, the final outputs
are P=1 and Q=0, which satisfy the third row of
the truth table 7.

(4) When A=1 and B=1, then both control
signals of TOAD -based TAND gate and TAND
based NOT gate receive light. So P=0 and Q=0,
which satisfy the fourth row of the truth table 7.

a. X NOR operation:
o :1n(-|’ e [P

I 1
o o
A A
- D o - ! . D € Lo

s
we

*[BC)

- PeB

s BT * i<)ilsl]

» Q-AB+AB

we

pz>4

0z>4

Fig. 9(a) Fig. 9(b)
BS: Beam Splitter, =

EDFA: Erbium Doped Fiber Amplifier,- WC:

Wavelength Converter

Schematic diagram is given in Fig. 9(b). The TOAD
-based circuit for X-NOR gate by all-optical TAND
gate is given in Fig. 9(a). Here input ‘A’ and ‘B’ are
connected with two TOAD -based TAND gates as
incoming and also control signal at the same time.
The outputs of the cross port (C, C2) are connected to

the

control port of TAND based NOT gate and

TOAD -based TAND gate respectively. The output
from cross port (C1) is connected to the input port of
TOAD -based TAND gate which gives final output
‘Q’ through cross port C3. And output ‘P’ is taken

Volume-4 Number-2 Issue-15 June-2014

from bar port (B). The operational principle of this
gate is discussed below in details.

Table-8: Truth table of X-NOR gate

A B P Q
0 0 0 1
0 1 1 0
1 0 0 0
1 1 1 1

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P receives no
light and Q receives light from the corresponding
gate. So P=0 and Q=1, which satisfy the first row
of the truth table 8.

(2) When A = 0 and B = 1, according to the
working principle of TOAD and TOAD -based
TAND gate described in the Section 2 and
Section 3, the final outputs are P=1 and Q=0,
which satisfy the second row of the truth table 8.
(3) When A=1 and B=0, according to the
working principle of TOAD and TOAD -based
TAND gate described in the Section 2 and
Section 3, the final outputs are P=0 and Q=0,
which satisfy the third row of the truth table 8.
(4) When A=1 and B=1, the final outputs are
P=1 and Q=1, which satisfy the fourth row of the
truth table 8.

4.7. X OR operation:

; r ﬂ B3
T B¢ T
o 0
A A
D D
N C
A—m 74 85 -%—»
wC wC
- P-B
A B2
¢ r [ B 3
o o
A A
D | D
B —m-p— % | =
wC wC

[EclBeam Combiner,

Fig. 10(a)

Fig. 10(b)
BS: Beam Splitter, [

EDFA: Erbium Doped Fiber Amplifier,- WC:
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Schematic diagram is given in Fig. 10(b). The TOAD
-based circuit for X-OR gate by all-optical TAND
gate is given in Fig. 10(a). First, a circuit is done like
X-NOR gate operation. Then outputs from cross port
(C3) and bar port (B1) are connected to a TOAD -
based TAND gate as control signal and incoming
signal respectively. The final outputs ‘Q’ and ‘P’ are
taken from cross port (C4) and bar port (B). The
operational principle of this gate is discussed below
in details.

Table 9: Truth table of X-OR gate

Rk |lo|lo|>
=l =R

= l|lO|Rr|O|T
O |~ |o |0

(1) When A=B=0, i.e. input A and B do not
receive any light, the final output P and Q
receives no light from the used TOAD -
based TAND gate. So P=Q=0, which satisfy
the first row of the truth table 9.

(2) When A = 0 and B = 1, according to the
working principle of TOAD and TOAD -
based TAND gate described in the Section 2
and Section 3, the final outputs are P=1 and
Q=1, which satisfy the second row of the
truth table 9.

(3) When A=1 and B=0, according to the same
working principle of the used gate, the final
outputs are P=0 and Q=1, which satisfy the
third row of the truth table 9.

(4) When A=1 and B=1, the both incoming and
control signal of TOAD -based TAND gate
receive light and cross port does not receive
light. And then similar working principle we
get the final outputs are P=1 and Q=0, which
satisfy the fourth row of the truth table 9.

5. Simulation results of above
designed gates:

(It is done by Matlab-7)

11(a)InputA 11(b) InputB
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11(c) Output (cross port C)
of TAND gate,11(d) Output ofNOT operation

2 4 6 8 1 0 2 4 6 8 0

11(e) Output of AND operation,11(f) Output of
OR opgration

i
> T 5 & 7 2 o 3 B 0

11(g) Output of NAND operation,11(h) Output of
NOR gperation

0.2

P O L T 02
015 : ; 015
0 : : : 0

005 : : [171c] RPURPRUES FOUUUL Y USRS K SR

0 0
] 2 i 3 ] 10 [i} 2 4 [ 8 1o

11(i) Output of X-NOR operation, 11(j) Output of
X-OR operation

The vertical axis in Fig. 11(a) to 11(j) indicates
power in dB, while horizontal axis represents time
scale in ps. The timing instant for the occurrence of
bit pattern is at 1,3,5,7 ps. Upper first two (Fig. 11a
and Fig. 11b) set waveforms indicate the input bit
sequences, 0011 and 0101 for the input variables A
and B respectively.

Let us test the reversible operation from the
simulation results with chosen arbitrary time at 5 ps
for the fig.11a, 11b and 11c of TAND gate. The
output signal P=1, Q=1. Using these specific outputs
we get from equation-6, A=1, B=0. Similarly, from
different output bit patterns gives the different input
bit combinations which satisfies the reversibility
condition.
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6. Conclusion and Future Work

In this paper, the all-optical scheme of universal
TAND gate is proposed and explained. Simulation
result verifies the functionality of those designed
gates. This is important that the above explanations
are based on simple model. It is executed
experimentally also with taking predetermined values
of wavelength (1552nm and 1534nm can be used for
input and control signal) and intensity of laser,
intensity loss by beam splitters, fiber and couplers,
etc. The design of all-optical universal TAND gate by
TOAD is theoretically addressed and demonstrated.
The theoretical models developed and the results
obtained numerically are useful to future all-optical
reversible logic computing system. Different logic
operations in reversible system can easily be
performed with these gates. It is worth noting that the
synthesis of reversible logic is different from
irreversible logic synthesis. The major constraints in
reversible logic are to minimize the number of
reversible gates used and garbage outputs produced.
The output, which is not used for further
computations, is known as garbage output. Future
work would concentrate realization of various
Boolean expression and arithmetic operations using
TAND gate.
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