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ABSTRACT

Single Electron tunneling devices (SEDs) and
Threshold Logic Gates (TLGs)both have the
capabilities of controlling the transport of an electron
through a tunnel junction at a particular time. A
single electron bearing the charge is adequate to store
an information in a SED. The processing delay of
Threshold Logic Gates is very low and speed of the
processing of TLG based devices will be close to
speed of an electron. For implementing logic gates
andBCD to 7-segment converter, TLG would be a
best candidate to fulfill the necessities. When an
Ultra-low noise is thought of, TLG based circuits can
the best selection for implementing the desired
tunneling circuits. Different TLGs like 2-input AND,
2-input OR, 3-input AND/NAND, 3-input OR/NOR,
XOR/XNOR, have been implemented with the help
of the concept of linear threshold logic gate. Truth
tables or simulated results for them are provided in
parallel in due places.

Key words: Tunnel-circuit, Coulomb-blockade,
linear threshold gates, processing time

I. INTRODUCTION

Single Electron tunneling based device is
one of such an equipment by which all Boolean logic
gates and more complex circuits can be
implemented. Tunneling events happen when a
single electron can pass through the tunnel junction
under the action of bias voltage and multiple input
voltages connected to the islands via small
capacitors. For implementing a BCD to 7-segment
converter, TLG would be a suitable candidate.

1. ATUNNEL JUNCTIONWITH A
TRUE CAPACITOR
The Tunnel Junction-Capacitorset,
depicted in Fig.1, is made up of a tunnel junction
capacitor C; and a true capacitor C. in series. An
island represented by a small circle lies between the

tunnel junction and the true capacitor. We refer to an
island as a circuit node bearing k additional
electrons. Only electrons can be removed from or
added to the island when tunnel events happen
through the tunnel junction. If k=0, i.e., there is no
charge on the island, which indicates in reality that
the island has as many protons as it contains
electrons, i.e., it is in electrical equilibrium. A
negative value of kimplies that, k electrons are
removed from the island. Since the electron contains
a negative chargeq, = —1.602 x 10 ~1°C, then k< 0
implies that a positive charge is present on the island.
Similarly when k> 0 , it implies that electrons are
added to the island, i.e., a negative charge is present
on the island.

We can express the critical voltage V. for the tunnel
junction[8,9]:

We have accepted the sign convention displayed by
Fig.1, then the voltage V; across the tunnel junction
is:
V. = CcVin + ke
Foocet+g cotg
In Equation (1b), the first term is for the cause of
capacitive division of the input voltage V;,over the
capacitances C; andC;.And the second term is the
voltage resulting from k additional electron charges
present on the island, divided by the total
capacitance (Cc + C;) between the island and
ground.
The output voltage V,,, of Fig.1 the can be defined
as below:
CiVin ke

Vour = cc]+c]- TG
The circuit will remain in a stable state provided that
|V;| < V¢is satisfied, and which can be translated
with the help of proper substitutions from equations

(1a) and (2b) into the following relation:
—e—2ke e—2ke
— <V, <

2C, 2C,
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Fig. 1 A Tunnel-junction and a capacitance
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Fig.2 Multiple input TLG

So, for any value of supply voltage V;,, the
circuit will reach a stable state for a unique value of
ksatisfying the above relation (1d). With starting
from a stable state, the input voltage of the circuit
Vi, is gradually being increased or decreased, we
will initially observe that a similar increase or
decrease of the output voltage owing to the
capacitive division in Fig.1. However, the voltage V;

acrossthejunctionwouldreachthepointin
Vou!|

Ay,
— Op—

n

(o]

whichitsabsolute valueislargerthen Vi,as a result
anelectronwillpassthroughthejunctiontowardstheside
havingthehighestvoltage. At this
point,forapositiveinputvoltageV;, ,theelectronmusttun
nelawayfrom theisland,givinga
suddenincreaseoftheisland'svoltage. Similarly,
foranegativeinputvoltageV;, ,theelectronmusttunnel
towardsthe island,givingasudden
decreaseinthevoltage of the island.

Vinse

Fig.2 Junction characteristics of tunnel-junction

Thetransfer characteristics of  the
circuitdisplayedin Fig. 2. In thisfigure,werefer tothe

suddenchangeinthe output voltage as Vjym, = ﬁ
ct+G

and to the voltage part of Vi, that is capacitively
divided over C. on the complete input voltage range

corresponding to a stable state as Vi =

eC; . . .
———— It is considered that the ratio of Vj,u,
(Cc+CjCc

e
.V Cc+C; C
over V., is —Mme —_C 1 ¢ the transfer
rise Vrise eC] C]
(cc+cj)cc

DOI: 10.35629/5252-030725922613 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 2593



o

IJAEM

International Journal of Advances in Engineering and Management (IJAEM)
Volume 3, Issue 7 July 2021, pp: 2592-2613 www.ijaem.net

function of this circuit is shown in Fig. 2 as a
staircase when Vi, >>Vye  i.., Cc>>C;.

I1l. MULTIPLE INPUT THRESHOLD
LOGIC GATE

Amultiple threshold logic gate [1, 2, 3, 4, 9,
10] shown in Fig. 3is made up of a tunnel junction
having capacitance C; andresistanceR;, two multiple
input-signals Vs and Vs connected at two points
‘q’ and ‘p’. where each input voltage V¥ is connected
to the point “q” through their corresponding
capacitors Cfs; and each input voltage VP, is
connected to the point “p” through their respective
capacitors Cj's. The supply voltage or Bias voltage
V;, is connected to the point“q” through a capacitor
Cpalso. Junction capacitor C; is connected to point
“p” whichis connected to the ground through
capacitor Co. LTGs can be implemented with the
help of a function presented by the signun function
of h(x) expressed by equations (2a) and (2b).

if h(x

£ = sgntheo) = { ifh((x )>2< L
h(X) — Zﬂ:1(wk X Xk) _e AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA (2b)
where x;being the n-Boolean inputs and w; being
their corresponding n integer weights.

The LTG compares the weighted sum of the
inputs Yro1(w, X x )with  the  threshold
valued.When the weighted sum-value is greater than
or equal to the critical voltage or threshold value 8
then the logic output of the LTG will be high (logical
“17), otherwise it refers to a low ( logical “0”).

Two basic circuit elements in a LTG being
the tunnel junction capacitance C;and the capacitance
C, areconnected in series. The input signal voltages
v, v, vE, L, VP, which are weighted by their
corresponding vector capacitancesCy, %, ct,...,cf,
are added to the junction voltage,V;. In contrast, the
input signal voltagesV{* , V3, V3, ..., V/* weighted by

their correspondingvector capacitances
Ct,C3,CY, ..., C*, are being subtracted from the
voltage, V;.

The critical voltage V.is indeed required to
enable tunneling action, and which acts as the
intrinsic threshold of the tunnel junction circuit. The
supply or bias voltage V;, connected to tunnel junction
through the capacitance, C,,, is being used to adjust
the gate threshold to the desired valued. A tunneling
event happens though the tunnel junction, only when
an electron passes through the junction from p to g as
directed by a green arrow in Fig. 3.

The following notationswe will use for the rest our
discussion.

CEF:’ — Cb + 2221 C]f ...................................... (3)

C£ — CO + 2?21 Cln AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA (4)

CT=C£Q+C§C§ +C}C§ AAAAAAAAAAAAAAAAAAAAAAAA (5)

Whenever all voltage sources in Fig. 3 are
connected to ground, the circuit can be thought of as
it is made up of three capacitors namely, Cf, Cs and
G, connected in series. Cy istaken to be the sum of
all 2-term products of these three capacitances C§ ,
Cs and G;.

Now we are to find outthe expression as to
the critical voltage V, of the tunnel junction. We may
take the capacitances of the whole circuit as: (i) the
capacitance of the tunnel junction to be ¢; and(ii) the
remaining part of the circuit has the equivalent
capacitance to C,, as observed from the point of
view of tunnel junction, we can measure the
threshold orcritical voltage [1, 2, 3, 9,10] for the
tunnel junction as below.

€ (6)

€7 2(ci +Ce)
e

220G + (Rl
e

B (ch)+(cd)
(Cf+c) ]
B e(Cs + C)

2[G * (G5 +CH + (€)= (CP]

2[G +

_e(Ch+Cy)
2Cr
Given that the voltage of the junction is V; , a
tunneling event comes to happen through this tunnel
junction if and only if the condition given below is

satisfied.

It is decided that if the junction voltage is less than
the critical voltage i.e. |V;| <V, , then there will be
no tunneling event through the tunnel junction. As a
consequence, the tunneling circuit remains in a stable
state.

We can also write for thefunction h(x) as[9,10]

Crh(x) = C§ 37—, CE Vi -Cy Xy € V{*-0.5(C§, +
Cynet CynChVoh....occcoovveiiiiiiiiiniii... 9
h(x) = CR Xl CEVE — CQ X CF V) —
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1IV. BUFFER

The buffer or inverter [2, 3, 4, 8, 9, 10]
complementing its own input is depicted in Fig. 4(a)
which is made up of two single electron transistors
(SETs) connected in series. The two input voltages
of same values are directly coupled to the islands of
the SET1 and SET2 [1, 2, 3, 9, 10] through two
capacitors C; and C,having the same values. The
islands of the both SETs have the sizesof 10 nm
diameter of gold and their capacitances should be
less than 10" F. The output terminal V,is connected

- ?

s o

Fe N/} A—

to the channel between SET1 and SET2 and to the
ground through a capacitorC,for the purpose of
putting down charging effects.

For the buffer, the parameter values chosen
1

are:Vg1=0,  Vy,=0.1x q?e v G =9C, ty=,C,
1 1 1 1

t3 :ECl tz :EC, tl :EC, CIZEC'CZZ

tcc,,=2c and ¢, =2 ¢, R1 =R2=50K . For

2 9 4 g 4

simulation purpose, the value of C will be taken as
laF.

= 8 e 1B

od[VEb—d B o—dEo-dl}n
3 !
o
¥

- Vo

=W I, m
v ' ~

Fig. 4(c) Simulation set of BufferFig.4 (d), (¢) Simulation result of Buffer input and output

The operation of the buffer will be as: - the
output Vyvalue will be high till the input voltage Vi,
is low and the Vjvalue will be low whenever the
input voltage is high. Inobtaining this target, we must
set the voltages for V;; = 0V andV,;,=16mV along
with the tuning gate voltages, at present, Vi, both for
SET1 and SET2. SET1 is in conduction mode if
Vi, is set to low and the SET2 is in Coulomb
blockade [2, 3, 4, 5, 6,11]. This connects the output
voltage Vo to V, and therefore the output voltage
becomes high.Coulomb blockade impedes the steady
flow of current, as the high voltage (logic 1) is
applied to the input terminal(s), it causes the induced
charge on each of the islands of the SET1 and
SET2to shift by a fraction of an electron charge and
necessitates the SET1 in Coulomb blockade and the

SET2 in conducting mode. So, the output shifts from
high to low (logic 0).

In this work, we have assumed the Boolean logic
inputs “0” =0 Volts and logic “17=0.1x q?e .
For simulation and other purposes, we will consider

-19
that C=1aF and Logic “17= 0.1x ~22X2__=0 1 x
1x10

1.602 X 1072=16.02 x 1072 =16.02 = 16 mV.

V. THRESHOLD LOGIC EQUATION
FOR OR GATE
Consider the threshold logic equation of OR
gate is OR(A,B)=sgn{w,.A + wgz.B — 68}.To make
the threshold logic OR gate, we draw the Table-4 of
OR gate and compare the weights of variables wy
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and wy of two variables A and B respectively with the threshold value 6.

Table-4
A |B F(AB) |86 Eqn. no.
0 0 0 0<6 1)
0 1 1 wg =60 (2)
1 0 1 wy =0 (3)
1 |1 |1 wg+w, =6 | (4

For the 4 equations in Table-4, if we assume
wp=1, wy=1 and 6=0.5, then all the 4 equations are
satisfied. Hence the Threshold logic equation for OR

gate is given in equation (12) and its corresponding
threshold logic gate is drawn in Fig. 5(a)
OR(A,B) = sgn{A+B — 0.5} (12)

PO Y 'b.,i‘,ﬁa
a—" "or
Fig. 5(a) Threshold logic OR gate

For implementing the OR gate we shall use the parametersCT* = C}=0.5aF,C; =
11.7aF,Cy = Cyp = 4.25aF, C;; = C, = 0.5aF,C, = 9aF,(, = 8aF, R=10°0, V, = 16mV
in Fig. 5(a) and accordingly after running the simulator the output we get is given in Fig. 5(b)-(e).
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Fig. 5(b) OR gate (©) ) ©

Fig. 5(c)-( ) simulation result of OR gate

For the case of NOR

As we know that buffer inverts itself i.e.,
inverts its own input signal, we modify the threshold
equation of OR(A4,B)such that it determines
NOR(A,B). So when we combine the result of
OR(A,B)with a buffer or inverter, a new threshold
logic buffered gate, we get, that gives us the value of

NOR (A, B) and the equation of the NOR logic gate
will be

NOR (A, B) =OR(AB)

= sgn{—A — B — (-0.5)}

(13)

Here the value of the threshold voltage —0.5 may be
any value in the range of —1 > 6 > 0.

Table-5
A |B |{w, +wp} 6 =-05 | F(AB)
0 0 0 0=>-05 |1
0 1 -1 -1<-05 |0
1 0 -1 -1<-05 10
1 1 -2 -2<-0510
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From the Table -5 it is observed that F (A, B) satisfies all the conditions of an NOR gate, so the equation (13)
we have is correct. Simulation set and simulation result are given in Fig, 6(a) and 6(b) respectively.
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Fig 6(a) TLG based NOR gate

For implementing the buffered Boolean logic NOR
gate we will use the parameters logic input “0”=0V,
logic “1” = 16mV, C7 = CZ=0.5aF,C; =
117(1F, Cb = Cbl = CbZ = 4—25aF, Cgl =

¢, =0.5aF,C, = 9aF,C, = 9aF, R, =
10°0,V, =V, =16mVand accordingly  after
simulation the result we have is given in Fig.

FiE, 6(b) Simulation result of NOR gate

V1. 2-INPUT AND GATE
For making the threshold logic gate of 2-
input AND gate, we can draw the Table-60f an AND
gate and compare the weights of variables w, and wy
of two variables A and B respectively with the
threshold 6 [1,2,3,4].

6(b).

Table-6
A |B F(A,B) 0 Egn. no.
0 |0 0 0<6 (1)
0 |1 0 wp <6 (2)
1 |0 0 wy <6 (3)
1 |1 1 wp +wy =6 | (4)

After solving the 4 equations in 4™ column of Table 6, we get one set of solution wz=1, w,=1 and 6=2.
So the Threshold logic equation for AND gate is given in equation (14) and its corresponding threshold logic
gate is drawn in Fig. 7(a)

AND(A,B): Sgn{A+B—2} ......................... (14)
1 A.B

B AND
Fig. 7(a) Threshold logic AND gate

For implementing the AND gate we will use the parameters CI' = C} = 0.5aF,Cp; = Cp =
4.25aF,C; = C; = 0.5aF,C, = 9aF,Cy = 8aF, R = 10°0.The simulation set is given in Fig.
7(b) and after simulating the result we get is given in Fig. 7(c).
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Fig.7 (b) AND Gate (c) (d) (e)
Fig.7 (d), (e) Simulation result of 2-input AND gate
A B C F(A,B,C)= 7]
ABC
0 0 0 0 0<6
0 0 1 0 0 > wg
0 1 0 0 0 > wpg
0 1 1 0 6 >wg +w,
1 0 0 0 0 > wy
1 0 1 0 g > Wy + Wc
1 1 0 O 0> Wy + Wp
1 1 1 1 Wy + Wpg + W¢ > 0
VII. THRESHOLD LOGIC EQUATION

FOR 3-INPUT AND GATETABLE-7

As AND gate is a positive logic we shall assume that
all the values of wy,, wg, w, and@ are positive. If we
take wy =1,wy = 1L,we=1 andg = 2.5 ( or any
value in the range 2 <6<3), then all the
conditionalequations in the 5™ column inTable-7 are
satisfied. So the threshold logic equation for 3-input
AND gate is

AND(A,B,C) = Sgn{A+B+C—25} AAAAAAAAA (15)

In the same way, we can obtain a solution set for 3-

input NAND gatew, = -1, wz = —1,w; = -1
and@d = —2.5. So, the corresponding threshold logic
gate will be

NAND (AB,C) =sgn{—-A—B—C — (2.5}~
(16)

Simulation set and simulation result are given in Fig.
(8a) and 8(b) (in septate page).
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C1=C2=C3=0.5af
Vs Cb=10.6aF
Cj=0.1aF
Rj=100K A
Cg=0.5aF
Cb1=4,25aF
Cb2=4.25aF o +
Vs=16mV 2
C0=8.6aF
?} CL=9aF
B
w3
0oz
0 ==y c
L
u4
002
Vs
Vo
on -
(1] s
e
Same Scaling Clese |
Fig. 8(a) Simulation set of 3-input AND gate Fig. 8(b) Simulation result of 3-input AND gate
VIIl. XOR GATE logic function is not linearly separable . Therefore we
The logic function of XOR gate is defined would not be able to draw a threshold logic gate that
as Y=A.B +A.B, where A and B are two variables. represents the equation Y =A.B +A.B. B
Space plot diagram of Y in 2D space is shown in Fig. Now for representing the Boolean function Y~ =A.B
9. From this, we observe that no linear separating +A.B by a threshold logic gate, first we express P =
line that is separating the green and colorless bubbles (A.B) with the help of threshold gate-based equation
can be drawn. So One can decide that the Boolean as given in equation (17).
B
01 711
¢ B,
00 10
Fig. 9 Space plot of
Y= AB+AB
P:Sgn {A+ Bi_ 2} .................... (17)
As we know B + B =1 or B= — B + 1, the equation (17) can be written as equation (18).
P:Sgn{A_B_(l)} ........................ (18)

a—ta( (122 4t 7@%—% AB
A A o 4
Fig. 9(a) Threshold gate of P = A.B
Fig. 9(b) Threshold gate of A .B using 2-buffers
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Table-8
Truth table of equation (18)
A B P
0 0 0
0 1 0
1 0 1
1 1 0
Table-9
Truth table of P
A B | P )
0 0 1 D=6
0 1 1 wy=0
1 0 ] W= 0
1 1 1 wWitwp= B
Truth table of equation (18) Truth table of P For implementing the threshold logic gate of P we

We can modify the threshold equation of P require the logic input “0”=0V, logic “1” =
as we know that the buffer inverts its input signal, so 16mV,C=1aF cr=ct = ¢ =05aF C, =
1 ) 2 . 1

it calculates P=A+B or P=sgn {—-A+B — (—0.5)} _ _ _
and its corresponding truth table is given in Table-9. 10.24aF, Cg = 0.25aF, (, = 9ak,( =
9.5aF, R=10"1,. V, =095¢e/C =

15.2mV (as e/C = 160mV)which is close to
16mV, so V, =V,=16mV.

-1 o pA—1
; + >’/©“~05 PB +1 >‘~ ’

Fig. 10 (a) Threshold logic gate of P (b) of P

Now we are to express the Boolean expression For finding out the threshold gate logic of equation
Y=A.B +A.B. We assume P=A.B, So Y=A.B +A.B = (18a), we draw the truth Table-10 with the assistance
P+ A.B. of Table-8, and from Table-10we solve the equations
Y = P 4 A B (18a) to get the weight values in 5™ col. of Table-10.
Table-10

A B P Y 0

0 0 0 0 0<6

0 1 0 1 W, =6

1 0 1 1 Wi+W; =6

1 1 0 0 W, + W,<6
After solving the conditional equations in Table-12, And its corresponding Threshold logic gate is
we obtain a solution set { W, , W, ,W5; 60} ={-1,1, 2 depicted in Fig. 11. For correct operation, we are to
1} apply a buffer in series to obtain an XNOR which is

also shown in Fig. 11. If we again add another buffer

Hence the Threshold equation for the Y or an for in series we obtain an XOR gate shown in Fig. 11 as
XOR is well.
Y=sgn{—A +B + 2P — (1)} (19)
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Fig. 11 XOR/ XNOR gate of two inputs

IX. FOR FINDING OUT THE
THRESHOLD CIRCUIT
PARAMETERS OF AN XOR / XNOR
GATE WE DESCRIBE THE
FOLLOWING APPROACH:
Y:Sgn{_A +B+2P_(1)} ................. (19)
Comparing equation (10) ,(11) and (19), we observe
the following relation for the weights
203 ¢t = 2¢3¢F = cycf
Assuming Cf = Cy, then we have

ct =cf =05c) = %C (assume)

ssumin, =10C, (s =10C, from eqn.
A ingCy.=10C, C§ =10C, f 3)
g

Cs = Cp + Zcf
k=1

10C =C, + 0.5C+1C = (,, = 8.5C
From equation (4),C3t = Co + X/, CI
10C= (¢, +0.5C = (,=9.5C

Now that we have obtained the ability of the
circuit to perform a linear threshold function, we will
investigate the contributions of the charges to the
output of the circuit ;. If a charge of 1-electron is
passed through the tunnel junction in the direction of
the arrow (as shown in in Fig. 3, from p to q), it will
have the effect of increasing the charge on node q by
-8, which in turn effects onV, bysV;,(6qcharge = -€)
=E(C"—:CZ). This effect, due to voltage division, will
be visible at the output as V;(8qcharge =—€)
:i:j) charge of 1
electron is passed through the tunnel junction in the
direction of the arrow, it will have the effect of
increasing the charge on node p by +e, which in

.In the same way, if a net

tum  effects the output  bysVy(Spcnarge =

e(C;+C3) .

)= Concluding
T

electronispassedthroughthetunneljunction in  the

direction of the

arrow,theeffectontheoutputvoltageVywill be:
5V0(1E) = VO (chharge = -E) + SVO(apcharge = e)
_ —e(Cp+e(C+Ch) _ec))
B cr T ¢

Taking all the parameters as chosen above, we would
be able to calculate the effect of the event of the

tunneling over the output voltage provided by the
equation (20) as below.

eCP 10e
- 2 _
a\/oae)_cpcl+cpc“ +C;CR (10%0.25+10x10+0.25%10)C
10 3y Cj iy Gy +Cjty ' .
e
= :0_095e/C .................. (21)
105C

Asthe tunneling event effects on the output
determines the voltage level of a logic 1 and when
there is no tunneling event the output determines the
voltage level of a logic 0. So we accept the following
signal presentations for two logic signals: logic 1=
0.095¢/C= 0.1e/C Volt and logic 0 = 0 Volt.

As the voltage logic levels representation
and the weights corresponding to the input signals
are assigned and they are considered to be fixed, we
are interested in finding out the proper threshold
value 6.

The threshold in the circuit is thought of the
critical voltage V. of the junction. The frequency of
the tunnel event is inversely proportional to the
difference between the junction voltage Viand the
critical voltage V, (i.e.,V:~V,) which coincides
with the value of h(x). Consequently we should
accommodate for some margin in the input signals.

For compromising themargin in the input
signals and maximizing the value of h(x), we can put
the threshold value 6 equal to = 1. It is considered
that all other parameters or terms associated with,
contributing to h(x) are selected in their ratios. We
should also use the same ratio for 6. In our
convenience, we take the value ofCy X ¢y =1 and
the value of 0.095e/C= 0.1le/C is representing the
logic value 1. We represent the threshold value 6[7,
8, 9]as per the ratio. i.e.,
9=1XC£XC§XO.1€/C AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA (22)
Substitute this value to the equationbelow[9].

9:05(C£ + Cf)e _ Cfcbvb AAAAAAAAAAAAAAAAAAAAAAAAAAA (23)

The value of Cy C¥ is used to represent the weight of

value 1 and the value of 0.095e/C= 0.1e/C is used
to indicate an input logic value equal to 1.
Substituting these values to the equation (23)

1xCy e x 0.1e/C =05(C§ + Cyt )e —
Czr:leVb .......... (24)

= 1x1x1C x0.1e=0.5(10C + 10C)e — 10C x
CoVh
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=1V, =0.99e Cg:8.5C—Cb .......................... (26)
HenceC,,V, =8.5Cx0.99e/C=0.84¢ (25) After using the parameter’s ratio for the

If we want to take a larger or lesser value of
V;, the value of C, would be inversely increased or
decreased as the product of the two equal to 0.84e,
i.e. C,V, = 0.84e. Given that (C, = 8.5C then
v, =15.81mV
We are to add an additional capacitance C, between
the point q and ground in Fig.3 for balancing the
required input voltage(s), satisfying the equation

H ¥ “l were |

L
3
£

10434 Lodes
v §

o

o

o—i

above cases, we have verified the design of XOR.
For the simulation purpose we have taken the values
as follows:

the threshold logic gate input logic input “0”=0V,
logic “1” = 16mV,C=1aF, C]' = ¢f = 0.5¢C} = %c
=0.5aF, C,, = 8.5aF, C; = 0.25aF, (, =
9aF,Cy = 9.5aF, R=10°0,. v, =
15.81mV which is close to 16mV, so V}, =V,=16mV

- TR ]
s |
w ™, s ———T !
Ah-o—3he !
PN nibin | M o
ot Ly
S ot
.l ke *
oot B
. v
PN SEE—— v - ..
e .~ e
-

Fig. 12(a) Simulation set of XOR(A, B)ﬁg.lZ(b) Simulation result of XOR(A,B)

X. 3-INPUT OR/NOR GATE
Table-11
(3-input OR gate)

A|B|C|FABC)|®b Eqn.
=A+B+C no.
0(0]|0|O 0<0 (1)
0j0]1]|1 we =6 (2
0|1]0]|1 wp = 6 (3)
01|11 wp +we =6 (4)
110(0]1 wy =0 (5)
1011 Wy +we =6 (6)
11|01 wy +wp = 0 (7
11111 witwg+w.=260 | (8)

For 3-input OR,F(ABC)= A+B+C is a
positive input logic gate and we are inspired to
assign the coefficient values of wy, =wp =
we=1.For the sake of the conditional equation 0<6 in
the equation of the Table-11, we can take any value
in the range 0 < 6 < 1.Taking an integer is fine,
hence 6=1. On putting the values of wy =wp =
we=land6=1 in the 8-equations in Table-11,
anybody can observe that all the equations are
satisfied. Hence, one solution set is being

{wa,wb,w3; 8} ={1,1,1; 1} and accordingly the
threshold equation of the 3-input OR gate would be:
OR (ABC) =sign{1.A+1.B+1.C — (6)}
SSG{A + B + C — (1)) @7)

And the state space solution diagram has
been shown in Fig.13(a). The solution points
indicating blue small circles have the values equal to
1 of (A+B+C). Clear from the figure that the 3-input
OR gate equation is linearly separable, therefore a
linear threshold logic gate can be drawn without any
hesitation, and its corresponding TLG is depicted in
Fig. 13(b)

DOI: 10.35629/5252-030725922613 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 2602



International Journal of Advances in Engineering and Management (IJAEM)
Volume 3, Issue 7 July 2021, pp: 2592-2613 www.ijaem.net

o
-~ $-B

) S c

A+B+C

1 A+B+C

1

Fig. 13(a) Sfate space diagram of (A+B+C)13(b) 3-in OR/NOR gate

To be informed that for
operation of a 3-input OR gate, one have to include
an inverter. To do so, connect a 3-in NOR gate and

the correct

an inverter in series and we will find out a threshold
logic equation of that 3-in NOR gate. Consider the
Table-12.

Table-12

(3-input NOR gate)
A |B | C | F(AB/C) 0 Eqn.

T no.

=A+B+C
0 |0 |0 |1 0=6 1)
0 |0 |1 |0 we < 0 (2)
0 |1 (0 |O wg < 6 (3)
0 |1 |1 |0 wp +w, <6 (4)
1 |10 |0 |O wy < 6 (5)
1 0 |1 |0 wy+we < 68 (6)
1 |1 |0 |O wy+wp < 8 (7)
1 |1 |1 |0 wy +wp + we (8)
<6
In the Table-12 there are 8 equations. 1% {=1,—-1,—-1; —0.5}. Depending upon this solution

equation tells us that 8 must be a non-positive
number, consider 8=-0.5. As NOR gate is negative
logic, one can take the values of wy = wg = w, =
—1 and when he/she would put the values to the 8
equations in Table-12, all the equation are satisfied.
Hence one solution set is{w,,wp,w.; 0} =

- !:-0.5‘1‘; -

set, the threshold logic equation is provided in

equation (28) and its threshold logic gate is depicted

in Fig. 13(c).

NOR (ABC) = sgn{—1.A—1.B—-1.C — (—0.5)}
=sgn{—-A—B—-C —

(_O_SLW ............................. (28)
__ABRC
HAB+C

Fig. 13(c) 3-input NOR/OR gate

When we are referring to a logic function such as OR, we will imply the logic function performed by the whole

gate (i.e., threshold gate output + buffer).

a
.

e
57

.
ol ", Vo | hewy
GOEA 4 b L0

Lo -4 »

"
[
.

'

Fig. 14(a) 3-in OR gate; (b), (c), (d) and (f) are simulation results

So, 3-in OR= (3-in NOR + buffer) is to be accepted and is drawn in Fig.14(a) with its simulated waves in Fig.
14(b), (c), (d), and (e). For the purpose of implement a simulation the parameters to be taken is as: logic input
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“0"=0V, logic “1” = 16mV, C}' = C}=0.5aF,C, = 11.7aF,C, = Cyp = Cp, = 4.25aF, C(, =
€, = 0.5aF,C, = 9aF,Cy, = 8aF, R=10°0Q,V, =V, = 16mV.

XI. ANALYSIS OF BCD TO 7-SEGMENT DISPLAY
Karnaugh maps of a BCD to 7-segment decoder is given in Fig. 15(a).

U “89032 T Do o1 11 10 aew 01 11 D gy g0 ‘\ﬁc?rwr LRI NI
N 1 g | JJ“go’, T o e[ ]i1] w[1]0 oﬁ:“’\" o/ ofo|oofolelsly
ML ER ENEYN L : 1| 0 . i‘in; i ofefrielt mlofo]e !1' 0!1\01 u"‘-’-‘-oi"
i 31| S N oy i 0 3 Y I 2 R ) | R
w| ] 1]x|x [UIIERE !101 . o= [l [ =S ol 'Q‘:‘OE'LLL'." wip i«
oA+C+80+80 b0+ L0~CD ruRaTen  dehefile ACorDeiFt  ._GR.rR  lsAsBC+BDs(D 0=A<BC+BC+CD
Fig. 15(a) Karnaugh Maps of BCD to 7-segments decoder
Part-1: a= A+C+BD+BD (BD+BD), as a result the equation derived, a=
a: A+C+BD+ED ................................................... (29) A+C+E WhICh |S a 3'|nput OR gate equatlon Belng
The equation (29) is not linear separable as combined the XNOR gate and 3-in OR gate in series,
(BD+BD) is an XNOR gate equation which is not we have a threshold network representing equation
linear. For our conveniences, we assume E = (29) and it points to the Fig.15 below.
A
g i) Vg -1 47
BJF{ ;';,.:4,--—; LESN :1',~—L-»;»E—1=—4 'LO‘SZ_Z'LM
0 1 "o "W _; 34nOR
5 -
Fig.15(b) TLG of a= A+C+BD+BD
Part 2: b=B + CD +CD as a result the equation derived, b= B+E which is a
b=B+ CD +CD" (30) 2-input OR gate equation. Being combined the
The equation (30) is not linear separable as XNOR gate and 2-in OR gate in series, we have a

(CD+CD) is an XNOR gate equation which is not threshold network representedby the Fig.16 below.
linear. For our convenient we assume E = (C D+CD),

B —po—8
1 -1 -7
{ @yes i O)ooBp{ fag—o
—_— " T 2nOR
Or
-]
- 1% iy BeE
c .11- "“:-:'.A! R 1 )~bo £ »f-i. \v R
e ' nt = 240 OR
Fig.16 TLG of b=B + CD
Part 3: c=B+C+D From equation  (31) we canwrite NOR  (BCD)
c=B+C+D............... (31) =sgn{—B — C— D — (—0.5)}. As we know C +C=1

The equation (31) is linearly separable as  (B+C+D) which implies —C=C-1.
is a 3-in OR gate equation which is linear. Using a 3- So, NOR(BCD) =sgn{—B — C — D — (—0.5)}

input OR threshold logic gate we will have a =sgn{-B+C—-D —
threshold network representing equation (27). In our (0.5)F o (32)
case, we have to modify the threshold logic equation According to the equation (35), one can draw the
as below: threshold logic gate easily and it is given in Fig. 17.
8- = Pt
Cc - 1;_..:. Il?.svf-—{:-;w

>

D 8 |
Fig. 17 TLG of c=B+C+D
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Part 4: d=A+BD+BC+CD+BCD
d:A+]_3D+]_3C+CD+BCD ................ (33)
D is not linearly separable. We can consider the

Part 4(a)
The sum of product of three variable B, C and D

taken two at a time (BD+BC+CD) is similar to

equation as (xy+yz+zx). Now consider the truth table of
d=[{A+ (BD+BC+CD)} +BCD] (34) (xy+yz+zx) and comparing the threshold conditions
we are intended to drawing the Table-13.
Table-13
Truth table of (xy+yz+zx)
Inputs output | Threshold Equat
Condition ion
No.
X|ylz|(xytyz | 6
+ZX)
0/0|0]|0 0<6 (1)
0(0|1]0 w3< 6 (2)
0/1|/0]|0 w2< 0 (3)
0111 w2+w3> 6 4)
10|00 wil< 6 (5)
11011 wl+w3> 6 | (6)
1/1/0(1 wl+w2> 6 @)
11111 wl+w2+w3=> | (8)
0
In the above threshold conditional equation from (1) fxyz)=sgn{x +y +z— (2)} (35)

through (8) in the Table-13, if we take wi;=w,=w;=1
and 6 = 2 then all the conditional equations are
satisfied. So the threshold logic equation is

fxyz) = sgn{wi.x + wa.y + wa.z—(6 = 2)}

Complement of f(xyz) is
tT(JC:)’Z) = Sgn{Wl.x + Wa.y + W3.Z—(9)} .............
(36)

Table-16
Truth table of (xy+yz+zx)
Inputs output Threshold Equa
Condition tion
No.
X |Y |z |Xytyz+z | 6
X
0|00 |1 0= 6 (1)
0|0 |11 w3=> 6 (2)
0|1(0]1 w2=> 6 (3)
0j1]1]0 w2+w3< 6 (4)
10|01 wl> 6 (5)
1/0(|11|0 wl+w3< 6 (6)
1/1/01|0 wl+w2< 6 )
111110 wWl+w2+w3< (8)
0

As f(xyz)= gate is negative logic, one can
take the values of wy,=wg=w,=-1 and
6 = —1.5, when he/she would put the values to the
8 equations in Table-16, all the equation are satisfied.
Hence one solution set is {w, ,wp ,w.; 8} =
{-1,-1,-1; —0.5}.
f(xyz) =sgn{-1.x— 1.y — 1.z — (—1.5)}

SSGN{—X — Y — 7 — (—L.5)}rrrr

(37)

Instead of variables x, y and z if we cantake B , C

and D, then the equation (37) is converted to.

f(BCD)=sgn{—B — C — D — (—1.5)}

=sgn{B—1—-C+ D —1— (—1.5)}since B+B=1]
=sgn{B—-C+D —
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Following the equation (38), we will be able to

implement the threshold logic gate of X =
B

Ty

Cc |
B |

l0.5)—

(BD+BC+CD) which is given in Fig. 18(a).

,‘9(:-6('((:

' A

D 1
Fig. 18(a) TLG of X= (BD+BC+CD)

Part 4(b)

In equation (34),d=[A+(BD+BC+CD)+(BCD)], we
take the factor BCD which is a 3-input AND
Boolean function.

=sgn{—A —B—-C— (_25)} ..................... (16)
Instead of variables A, B and C we replace them by
B, C and D, hence we get
NAND(BCD)=sgn{—B — C — D — (—2.5)}
=sgn{—B + (C —1) = D — (-2.5)}
B

R :
r BCD
c - 0.6 —L0—
D /4

Fig. 18(b) TLG of Y = BCD

Part4(c)

o N~ >

As we are to find out the complement of 3-input
AND gate, we canﬁtake the equation (16)

NAND(ABC)=AND(AB,C)=sgn{—A — B — C + 2.5}

:Sgn{_B + C _ D _ (_15)} ............. (39)

Following the equation (39), we will be able to
implement the threshold logic gate of Y = BCD
which is given in Fig. 18(b).

Now the equation (34) can be written as
d=A+X+Y which can be visualized as a 3-input OR
gate given in Fig. 13(b). With the help of the Fig.
18(a), Fig.18(b) and Fig. 13(b), we can construct the
threshold logic gate of d=A+X+Y
ord=[A+(BD+BC+CD)+(BCD)] and this Figure is
placed in in Fig. 19.

L B

Fig. 19 threshold logic gaie of d=A+X+Y=[A+(BD+BC+CD)+(BCD)]

Part 5: e:]_sl_).}.C]_):(E_I_C)]_) ............. (40)

The function e=BD+CD = (B+C)D is linearly separable when we observe from the space diagram given in Fig.

20. Truth table is given in Table-15,
Table-15

Fig. 20 space plot diagram of e=BD+CD

Table-15
B CJ]D] BD+CD
[ [i] [4] 1
[ [i] 1 [i]
[] 1 [1] 1
[] 1 1 [i]
1 [i] [4] [i]
1 [i] 1 [i]
1 1 [1] 1
1 1 1 [i]

Threshold 8 Egn. no.
=Y 1]
wi< @ (1)
wiz B (3]
witwis § )
wl< [63]
wlted= g )]
wltwl= @ (i)
wltwltwd< @ (8]
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From the 1% equation in the Table-15, it is
transparent to us that 6 must be negative, we
assume 6 = —0.5, andwl = —-1,w2 =1,w3 = —1.
If these values are put into all the 8 equations in
Table-15, all the equations are satisfied. Hence a

solution set is {w;, w,, ws; 6 }={-1, 1, -1; -0.5}, with
the help of this solution set we can draw its
corresponding threshold logic gate which is depicted
in Fig. 21.

Table-16
E[C]D Threshold 8 Eqn. no.
ED+CD
1] ] il ] el iy
] ] I I wiz= g 2
] 1 il ] wic g (3)
0 1 I I wiliedz= B ey
1 ] il I wl= g (3)
1 0 I I wledz= & (6)
T[T |0 ] wl+wl< § 7]
1 1 I I wliwlted= B (&)
B ) —
& _ > [ 44} BO*CO
'
D -1

Fig.21 threshold logic gate of e=BD+CD

Now we should be find out the threshold gate of
complement of e =BD+CD. For doing so, one should
draw the truth table of é = (BD + CD)and from
whichwould determine the threshold logic equation.

After solving the 8 equations from the Table-16, we
have obtained a solution set wl=1, w2=-1, w3=
1; 6=0.5. Hence taking these values a threshold
logic gate of e=BD+CD has been drawn in Fig. 22

BD+CD

Fig.22 threshold logic gate of e=BD+CD

Part 6: f=A+BC+CD+DB
Z=BC+CD+DB= (B+D)C+DB............ (41)

The equation (41) is linearly separable and it is
determined from the space plot diagram Shown in

Fig. 23 below. So we will be able to draw the linear
threshold  logic gate ofZ =BC+CD+DB=
(B+D)C+DB. First we try to draw the truth table of Z
and Z.

Table-17

E[C|D|Z[|ZL Thresheld 6 Em.

For L no.
U U ul 1 ] 0= g (1)
] ] 1 ] 1 wiz g ¥
] 1 ol 0 1 wiz 8 (3]
] 1 1 ] 1 witedz & 4]
T{0 ([0 |0 wlg (2)
1 ] 1 1 0 wlted< 8 (6]
T{T [0 T [0 wltel< § (7
T T I7 7 I wltwil+wd= 6 (&)
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“H

Fig. 23 space plot of Z

After being solved the 8 equations in the Table 17, a
solution set is obtained as wl=-1, w2=1, w3=
1 and 6 = 0.5. So the threshold logic equation for

Z=(BC+CD+DB)’ is given in equation(42) and the
corresponding threshold logic gate is shown in
Fig.24.

the  complement of Z=BC+CD+DB, ., Z(BCD) =sgn{-B+C+D —0.5}......... (42)
= 1 L
e 1_.; fos)-po BEICD08
o ; fine

Fig. 24 TLG of Z=BC+CD+DB

For drawing the threshold logic gate of f=A+BC+CD+DB =A+Z which is considered as an OR gate
having two variables A and Z. As we know the threshold gate of an NOR gate is NOR(AZ) = sgn{—-A—Z +

0.5,

So we can make the threshold logic gate of f =A+BC+CD+DB =A+Z, and it is drawn in Fig. 25.
A

5

1
o BCHEDIR { o |

sl (O

0- = =
Fig.25 threshold logic gate of f=A+BC+CD+DB

Part 7: g=A+BC+BC+CD

We divide the equationg =A+BC+BC+CD into two
parts (i) P= BC+BC = B@C and (ii) Q=A+CD. P is
not linearly separable as it is an XOR Boolean logic

ol

. .

equation that is not linearly separable. But Q is
linearly separable. It is clear from space plot diagram
in Fig. 26.

| &

c

LA
Fig. 26 space plot diagram Q=A+CD

Threshold logic gate for the XOR gate is already
discussed in Fig. 12(a). So our consideration part is
Q=A+CD. For this, we are to make the threshold
logic equation. Consider the truth table of Q=A+CD
given in Table-18.

After solving the 8 equations given in Table-18, we
have obtained two sets of solutionswl =2,w2 =
1:

Table-18
A| C| D| Q| Q| Threshold 6 | Threshold 0 Eqn.
For A+CD For Q no.
0.5
ojojofo|1]0<e 0> 6 @)
o/o[1]0[1|w3<e w3> 6 ®)
o/1/0[1|0[w2=0 w2< @ 3)
0/1[1]0[1[w2+w3< 6 | w2+w3> 6 (@)
1/0{0[1|0|wl=08 wil<8 (5)
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1/0{1]1|0|wl+tw3=06 wl+w3< 0 (6)
1/1/0]1]0]|wl+tw2> 6 | wl+tw2< 0 (7)
1/1(1{1]|0|wl+w2+w3 | wl+w2+w3< | (8)
>0 0

w3 =-1; 6=05}and {wl =-2,w2=—-1,w3 =1 ; 6 =—0.5}or the threshold equations of Q=A+CD

and Q=(A+CD)’ respectively.

The threshold equation for Q = (A+CD)using (complement of Q plus a buffer)is given in Fig. 27 below.

A

sl (0.6 00—
LI

A+CD

v 0

T AeCTiebE i

D— 1 {* g
Fig. 27 threshold logic gate of Q = (A+CD)Fig.28 Threshold logic gate of g = A+BC+BC+CD

Now is our intention is to connect the two parts P and Q by using an OR gate then we will obtaing = P+Q=
A+BC+BC+CD and the threshold gate regarding this Boolean equation is given below in Fig. 28.

Table-19
Part | all C, all C, C,y aF Cg aF C- aF Cp aF
aF aF
a 10.24, 9.5, Cr=05| CI=05| cF=05| CI=0.5
8.5, 9.5,
8.0 8.5
b 1024, |[95.95 | - CF=05 | CI=0.5 | CE=0.5
8.5, 85
11.7
c 11.7 8.0 - cr=05 | cF=05| CI=035
d 9. 95,95, 9. | CI=05 | Cr=0.5 | C;=05 | CL=0.5
10 8.5
e = 55 - Cr=0.5 | CI'=0.5 | CL=0.5
T 55.10 | 9.9 T=05 | Cr=05 | €/=05 | C’=05
g 10, 8, 95, | CI=05| CI=05| €cI=0.5| C.=0.5
10.24, 259
8.5, 10
All the values of input capacitances those arenot cited abowve will
be as: if input arms walues are +1, -1, +2 or -2 then their
corresponding  will be CF=05aF. C2=05aF. CF=1.0aF or
Cz=1.0aF respectively. where = =1, 2. Cy =9%aF. C; =
0.25aFR=10°0,V,, =V,=16mV. Logic “0” = 0V and logic
“17=16mWV

All the 7-segment related threshold logic gates for
the segments a, b, ¢, d, e, fand g are drawn above.

Now is our time to construct the threshold logic
circuit/decoder for BCD to 7-segment display. And it
is depicted in Fig. 29 (in separate page).

For the simulation of the BCD to 7-segment
decoder shown in Fig, 29, the parameters required
are givenin Table-19 and the corresponding
simulation result is given in Fig.30 (in separate
page). The simulation results for BCD to 7-segment
converter is drawn in Fig. 30 (in separate page) by
setting the simulation set on the basis of the
parameters given in Table-19.

XIl.  DISCUSSION

We have discussed regarding 2-input
AND/OR logic or 3-input AND/OR/NOR gates,
XOR/ XNORand 7 segments of BCD-to-7 segment
display, their corresponding circuits and simulated
waveforms in due places. In addition, their threshold
logic gates, by analyzing the linear separable logic
equations, have been drawn. Now, the perspective
analysis about their speed should be discussed. For
finding out the processing delay for the cited logic
gates, we should involve critical voltage V.and the
tunnel junction capacitanceC;. However, considering
the atmospheric temperature at T = OK, the
switching/processing delay of a logic gate can be
checked with the help of the approaches [8, 9] given
below.
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Delay = _(ellnizﬂperror )lRt) / ( |V]| - Vc) (43)
where V; is the junction voltage and V. is the critical
voltage and R.is he junction resistance.

The  switching/tunnelingmust happen
whenever the critical voltageV,.,of course, is less than
the tunnel junction voltageV;, i.e., V. <|[V;.This
happens for the case of a 2-input NOR gate in Fig-
6(a)when Vi, is logic 1, resulting V; =11.8mV, the
critical voltage of the tunnel junction voltage V. is
11.58mV. Considering that the probability of error
change P, is equal to 1072 and tunnel
resistsnceR, = 10°Q. After calculatingwe obtain a
gate delay equal to 0.07281|Ini{P, ., )|ns = 1.675

=,

ns. In this manner, we can find out the circuit delays
which are placed in Table-20. Whenever an electron
goes through thetunnel junction, the amount of total
energy in the circuit gets changed after the tunneling
events. The difference between the energy levels
before and after the tunneling event is calculated
with the equation (44).

AE = Ebefore tunnel — Eafter tunnel

This is the amount of switching/tunneling energy
consumed whenever a tunnel event occurs in the
tunneling circuit.

B

(e )

[T
Ciairen e b

Fig.29 Threshold logic circuit of BCD to 7-segment disp

-
1o .
Chvme

lay Fig. 30 Simulation result of BCD-to-7 Segment

We have drawn curves concerning the switching delay Vs. switching error probability in Fig. 30(a) and
the switching delay Vs. the unit capacitance C shown in Fig. 30(b).
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Fig. 30(a) Delay vs. Error ProbabilityFig. 30(b) Delay Vs. capacitance

We have

counted the
elementsutilizedin gates or circuits, switching delays,

number

of

corresponding LTGs (byusing the same methodology
as taken for the Boolean gates). All the calculated
parameters are shown in tabular form in Table-20.

and switching energy consumed by the
Table-20
Gate/Device elements Delay Switching
Energy

inverter 09 elements 0.022|In(Pepror) | NS 10.4 meV
2-input NOR 14 elements 0.072]In( Pgrror)| NS 10.7 meV
2-input OR 14 elements 0.062|In( Pgrror)| NS 10.8 meV
2-input NAND | 14 elements 0.080|IN(Pgpror) [NS 10.7 meV
2-input AND 14 elements 0.062|In(Perror) INS 10.8 meV
3-input AND 15 elements 0.104]In(Perror) | NS 11.58 meV
3-input NAND | 15 elements 0.072|In(Perror) | NS 11.58 meV
2-input XOR 29 elements 0.102In( Perpror)| NS | 21.2 meV
3-input OR 15 elements 0.104]In(Perror) | NS 11.58 meV
3-input NOR 15 elements 0.104{In(Pgrror) | NS 11.55 meV
a 44 elements 0.206]IN(Perror) | NS 21.1 meV
b 43 elements 0.164[In(Perror) | NS | 21.2 meV
C 15 elements 0.104)In( Pgrror)| NS 10.8 meV
d 45 elements 0.208|In( Perror)| NS 32.2 meV
e 15 elements 0.104|In( Pgrror)| NS 10.7 meV
f 29 elements 0.164]In( Perror)| NS 21.2 meV
g 58 elements 0.166|In( Perror)| NS 43.2 meV
BCD to 7-| 249 elements 0.208|IN(Perror)| NS 160.4 meV
segment

The element numbers and how much
energy, consumed by them,are shown by vertical
bars w.r.t. individual gates in Fig. 30(c).Next, we
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Fig. 30(c) comparison of Elements and switchingenergy of different gates
The processing delays for different processing delay or switching delay for a CMOS

threshold logic gates and circuits are different. For 2-
input OR gates, the switching delay is 0.062]In(
P..or )] ns, for 3-input AND gate it becomes
0.104|In(Pyrror ) | ns, and for BCD-to-7-segment
circuit it is 0.208|In( P.por )| NS.

Given that the value of P, equals to
10712, so the time after which the 1% output of the
bit BCD-to-7-segment circuit will fan out is 0.206|In(
Poror )| NS=5.74ns. i.e., after every 5.74 ns, the next
output bit will be taken from the 7-segment circuit.
Therefore clock time/duration of the clock signal
should be greater than or equal to 5.74 ns. In this
situation, the speed of the BCD-to-7-segment circuit
will be 1/5.74ns = 1.74GHz.

We are interested in finding out the circuit
delays as to CMOS, SET-based and LTG-based. The

W m SET
= TLG

Delay_ns
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q ==
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“ i; H I: '\ !
c A o
s £ o £ E
Lt o ot
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n n n x
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logic gate like AND, NAND, NOR, XOR is 12ns
[15, 16], on the other hand the time required for
tunneling through a single electron transistor (SET)
[9, 10] is approximately 4ns [ 4, 5,6, 7, 12, 13].

Switching delays of SET and LTG

It is considered that that the error
probability is 10712 then the delay for the 3-input
OR gate will be 2.87ns and similarly the delays for
the other gates can be calculated and are all shown in
Table-21. It is clear to us that the LTG based circuit
is faster than the SET based circuit when
P,.ror =10712. The comparison of delays for SET and
LTG gate based circuits is represented by a bar
diagram depicted in Fig.31.

.||I|||||||IH|

n
H‘\

F|g 31 Bar diagram of delays of SET/TLG Vs. gates
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XI1l. CONCLUSION

In this work, we have discussed the
characteristic of a tunnel junction curve representing
a sudden change w.r.t. input voltage i.e., tunneling
event happens. Next, how and when to tunnel
through for an electron is discussed. On the basis of
this concept an inverter or buffer circuit is depicted
and its simulation result is given. A generic Linear
Threshold logic gate implementation has been
discussed from which a family of logic gates is
implemented. Regarding 2-inpt AND/NAND,
OR/NOR, XOR, 3-input AND / NAND, OR/NOR
have been enlightened with their input-output
simulated results. All the threshold logic gate circuits
for BCD-to-7 segment are drawn with the help of
their threshold logic equations. Last, a threshold
logic gate circuit for BCD-to-7 segment is depicted
citing the parameters required for implementing it in
tabular form and the simulated waveforms for all
sections a, b, ¢, d, e, f and g with all possible input
combinations are provided as well. All the gates or
circuits requiredhave been implemented and are
verified by means of simulation using SIMON. The
number of elements needed for logic gates, and other
circuits, their processing delays, power consumption
by them are provided.It is observed that the threshold
logic gates discussed are at least 2-times faster than
SET based logic gates. The temperature of the
operation should be kept at OK in real situation.
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