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Title of the Project: -

Design of a 4-Bit Binary Combinational Lock using
Subcircuit Builder in eSIM

Theory/Description: -

Combinational locks are generally used in preventing crime and
intrusion prevention. These usually require the user to enter a numerical
sequence to gain entry. The 4 — bit binary combinational lock is designed and
constructed using simple circuit elements and is implemented with digital
electronic logic gates such as D-NOR, D-XOR and Diodes. ADC and DAC are
used to convert analog signals to digital signals and digital signals to analog
signals respectively. Here, we created combinational lock sub circuit which is
used as a component in the main circuit.

In the main circuit, 8 — pulse generators are used where each one
represents a binary digit. High voltage is Ob1 and low voltage is ObO. First four
pulse generators represent 4- bit binary combination which is set by the user
as password and the remaining four pulse generators are the passcode
combination which the user enters to unlock the lock. If the password that is
set originally matches with the password entered by the user, then YES flag
will be outputted with high voltage (Ob1). Else, NO flag will be outputted with
low voltage (ObO).
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Circuit Diagrams: -

» This is the main functional circuit schematic of 4-Bit Binary Combinational
Lock which uses a subcircuit:
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Combinational Lock subcircuit is to chech the equality of two 4bit

binary digits. The internal structure of the 4-bit Binary Combinational Lock
(subcircuit) is shown below:
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Subcircuit Schematic for 4-Bit Binary Combinational Lock




« The symbol defined/designed to represent the subcircuit is shown below:
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Subcircuit Symbol for 4-Bit Binary Combinational Locks

Result/Output: -
Equal Combination:

» Ngspice Plots: -
Inputs: -
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» Python Plots: - o
Inputs:
V(AL):

Plotting-3

Voltage(V)-->

bz

b3

b

ond

One

[ xLnet-_d7-pad1
[ xt.net-_d8-pad1
[ xi.net-_d9-padi
[ xi.net-_di0-pad
[ xL.net-_d10-pad
[ xLnet-_diipad
[ xLnet- di2pad
Oves

Listof Branches:

[ a.x1.a7#branch_
[ a.xt.a7sbranch_
[ axt.a7sbranch_
[ ax1a7sbranch_
[ axt.at0sbranch
[ a3#branch_1 0
[ a3#branch_1_1
[ visbranch

[ vabranch

[ vasbranch

[ vasbranch

[ vssbranch

[ ve#branch

[ w7#branch

[ va#branch

Plot

Multmeter

Function:

Clear Plot Function

Standard functions

Addition: Mode1 +MNode2

V(A2)

Plotting-3

w

Voltage(V)—>

~

time-->

b2
b3
b4
Oand
o
[ xi.net-_d7-padi
[ xt.net-_d-pad1
[ xt.net-_dg-pad1
[ xt.net-_d10-pad
[ x1.net-_di0-pad
[ xt.net- di1-pad
[ xt.net- di2-pad
O yes
Lt of Eranches
[ axt.a7#branch_
[ axt.a7#branch_
[ axt.a7#branch_
[ axt.a7sbranch_
[ a.xi.aid#branch
[ a3#branch_1_0
[ a3#branch_i_1
[ vi#branch
[ v2#branch
[ v3#branch
[ vasbranch
[ vsbranch
[ vesbranch
[ v7branch
[ vabranch

Plot

Muitmeter

Function:

Clear Plot Function

Standard functions




V(A3):

Plotting-3

Ob2

b3

Cbs

Oond

Ono

[ x1.net-_d7-pad1
[ xt.net-_ds-padi
[] x1.net-_dg-pad1
[ xtnet-_d10-pad
[ xt.net-_d10-pad
[ xtnet-_ditpad
[ xt.net-_d12-pad
O yes

List of Branches:

[ axt.a7#branch_
[ a.xt.a7#branch_
[ ax.a7sbranch_
[ axt.a7#branch_
[] a-x1.a10branch
[ a3#branch_t 0
[ a3#branch_1_1
[ vigbranch

[ vasbranch

[ vasbranch

[ vasbranch

[ vssbranch

[ ve#branch

[] v7#branch

[ va#branch

Plot

Multimeter

Function:

Clear

Standard functions

Addition: Node1 + Node2

Plot Function

V(A4):

Plotting-3

Voltage(V)—>

[H]-¥3

Obs

Ob+

Cond

Ono

[ xLinet- d7pad1
[ xLinet- d-pad1
[ xt.net-_do-pad1
[ xt.net-_d10-pad
[ x1.net-_di0-pad
O xt.net-_dilpad
[ xt.net-_d12pad
[ ves

List of Branches:

[0 a.x1.a7sbranch_
[ axt.a7sbranch_
[ axt.a7sbranch_
[ axt.a7sbranch_
[ a:xtatosbranch
[ a3#branch_1_0
[ a3#branch_1_t
[ vi#branch

[ v2#branch

[ vasbranch

[ vasbranch

[ vs=branch

[ ve=branch

[ v7sbranch

[ va#branch

Plot

Multimeter

Function:

Clear

Standard functions:

Addition: Node1 +Node2

Plot Function




V(B1):

Plotting-3

Voltage(V)->

[Tbz

Cb3

b

Cond

Ono

[1 xL.net-_d7-padi
[ xLnet-_da-padi
[ %Lnet-_dg-pad1
[ xLnet-_d10-pad
[ xL.net-_d10-pad
[ xL.net-_d1i-pad
[ xL.net-_di2-pad
O ves

List of Branches:

[ a.xL.a72branch_
[ a.x1.a7#branch_
[ a.xt.a7#branch_
[ a.xt.a?#branch_
[ a.xL.atd#branch
[ az#branch_1 0
[ a3#branch_1_1
[ vi#branch

[ va#branch

[ v3#branch

[ vasbranch

[ vs#branch

[ vesbranch

[ v7#branch

[ v8#branch

Plot

Multimeter

Function:

Clear PlotFunction

Standard functions

Addiition: Node1 +Node2

V(B2):

Plotting-3

Valtage(V)-->

%] 73

b3

b4

Ognd

Ore

[ xLnet-_d7-pad1
[ xLnet-_dg-pad1
[ x1.net-_dg-pad1
[ xt.net-_d10-pad
[ xt.net-_d10-pad
[ xL.net-_dii-pad
[ xL.net-_d12-pad
O yes

List of Branches:

[ a.xt.a7#branch_
[ axt.a7#branch_
[Ja.xt.a7#branch_
[ ax1.a7#branch_
[ a.x1.a10%branch
[ a3#branch_1_0
[ a3#branch_1_1
[ visbranch

[ vasbranch

[ vasbranch

[ vasbranch

[ vs#branch

[ vé#branch

[ v7#branch

[ va#branch

Plot

Multimeter

Function:

Clear Plot Function

Standard functions

Addition: Nodel +Node2




V(B3):

Plotting-3

Voltage(V)-->

Oba

Oand

Oro

[ x1.net-_d7-padt
[ xt.net-_dé-padi
[ x1.net-_dg-pad1
[ x1.net-_d10-pad
[ x1.net-_d10-pad
[ xtnet- d1ipad
[ x1.net-_d12-pad
Oves

List of Branches:

[ axta7#branch_
[ a.x1.a7#branch_
[Ja.x1.a7#branch_
[ a.xta7#branch_
[ a.x1.a10%branch
[J a3#branch_1.0
[Ja3#branch_1 1
[ vigbranch

[ v2#branch

[ v3#branch

[ vasbranch

[ vs#branch

[ ve#branch

[ v7#branch

[ va#branch

Plot

Multimeter

Function:

Clear Plot Function

standard functions

Addition: Node1 +Node2

V(B4):

Plotting-3

Voltage(V)-->

Cond

Ono

[ xi.net-_d7-padi
[ x1.net-_da-pad1
[ x1.ret-_d9-padt
[ xi.net- di0-pad
[ x1.ret-_d10-pad
[ xL.ret-_d11-pad
[ x1.ret- di2-pad
O yes

List of Branches:

[ a.xta7#branch_
[ a.x1.a7#branch_
[ a.x1.a7#branch_
[ axta7#branch_
[ a.x1.a10#branch
[ a3#branch_1 0
[ a3#branch_1_1
[ vi#branch

[ v2#branch

[ v3#branch

[ va#branch

[ vs#branch

[ vesbranch

[ v7#branch

[ vas#branch

I Plot

Multimeter

Function:

Clear Plot Function

Standard functions

Addiition: Node1 +MNode2

Welcome

kicadToNgspice-1

NgSpice-2

Plotting-3




Outputs
V(YES):

Plotting-3

Voltage(v)-->
w
o
),

LTb2

Obs

Ob+

[ and

Ono

[ xt.net-_d7-pad1

[ xt.net-_dg-pad1

[ xct.net-_do-padi

[ xt.net-_d10-pad

[ xt.net-_d10-pad

[ x1.net-_d11-pad

[ x1.net-_d12-pad
ves

List of Branches:

[ a.xt.a7#branch_

[ axt.a7#branch_

[ axt.a7sbranch_

O a.xt.a7#branch_

[ a.xt.a10#branch

[ a3#branch_t_0

[J a3#branch_1_1

[] wisbranch

[ v2#branch

[ va#branch

[ va#branch

[ vs#branch

[ ve#branch

[] v7s#branch

[] va=branch

Plot

Multimeter

Function:

Clear Plot Function

Standard functions

Addition: Node1 +Node2

Welcome  kicadToNgspice-1

NgSpice-2

Plotting-3

V(NO)

Plotting-3

Voltage(V)-->

time-->

[Ib2
Obs
b4
Oond

[ xLnet-_d7-pad1
[] xL.ret-_da-pad1
O xt.net-_dg-padi
[ xL.net-_d10-pad
[] xL.net-_d10-pad
O xt.net-_dii-pad
[ xL.net-_d12-pad
[ ves

List of Branches:

[J ax1.a7#branch_
[J a.x1.a7#branch_
O a.x1.a7#branch_
[J ax1.a7#branch_
[J a.x1.a10#branch
[0 a3#branch_1_0
[0 a3#branch_1_1
[ vi#branch

[] v2sbranch

O va#branch

[ va#branch

[] ws#branch

O vé#branch

[ v7#branch

[ v8#branch

Plot

Multimeter

Function:

Clear Plot Function

Standard functions

Addition: Node1l +Node2

Welcome  kicadToNgspice-1

Ngspice-2

Plotting-3




Unequal Combination:

» Ngspice Plots: -

Inputs: -

W tranl: * e\esimprojectichcl.cir
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» Python Plots: - o
Inputs:
V(AL):

Plotting-3

Voltage(V)-->

oz
Oz

Cba

Cond

e

[ xL.net-_d7-padi
[ xL.net-_d8-padi
[ xL.net-_dg-padi
[ xLnet-_ di0-pad
[ xL.net-_d10-pad
[ xLnet-_diipad
[ xt.net-_d12pad
O yes

List of Branches:

[ axt.a7#branch_
[ a.xt.a7#branch_
[ axt.a7#branch_
[ a.xL.a7sbranch_
[ a:xt.a10#branch
[ a3sbranch_1 0
[ as#branch_1_1
[ vi#branch

[ vzsbranch

[ va#branch

[ vasbranch

[ vs#branch

[ vs#branch

[ v7#branch

[ v8=branch

Plot

Multmeter

Function:

Clear Plot Function

Standard functions

Addition: Node1 + Node2

V(A2)

Plotting-6

Voltage(v)-->

a

LTa%

Obz

b2

Obs

Ob+

COond

Ore

[ xtnet-_d7-pad1
[ xtnet-_ds-pad1
[ xt.net-_ds-pad1
[ x1.net-_d10-pad
[ xnet-_d10-pad
[ xtnet-_d11-pad
[ xt.net-_d1z-pad
O yes

List of Branches:

[ axt.a7#branch,
[ a.x1.a7#branch_
[ axt.a7#branch_
[ axt.a7#branch_
[ axt.at0sbranch
[ a3#branch_1_0
[ a3sbranch_1 1
[ vigbranch

[ vasbranch

[ vasbranch

[ vasbranch

[ vs#branch

[ ve#branch

[ v7sbranch

[ vesbranch

Plot

Multimeter

Funcion:

Clear Plot Function

Welcome  kicadToNgspice-1  NgSpice-2  Plotting-3

kicadToNgspice4

NaSpice-§

Plottina-6




V(A3):

Plotting-6

Vaoltage(V)-->

NS

Ob1

b2

b3

Ces

[ ond

Cne

[1 xL.net-_d7-padi
[1 xL.net-_ds-padi
[ xL.net-_d9-pad1
[ xL.net-_d10-pad
[ xL.net-_d10-pad
[ %Lnet-_di1-pad
[ xLnet-_d12-pad
O ves

List of Branches:
[1a.x1.a7#branch_
[1a.x1.a7#branch_
[ a.xt.a7#branch_
O a.xt.a7#branch_
[ a.x1.2104branch
[ a3#branch_1. 0
[ a3#branch_1_1
[ vi#branch

[ vasbranch

[ v3#branch

[1 va#branch

[ vS#branch

[] vé#branch

[ v7#branch

[J v8#branch

Plot

Multimeter

Function:

Clear

Plot Function

V(A4):

Plotting-6

Voltage(V)-->

o a

aa

(M]3t

bz

ez

[Cba

[ond

Cne

[ xLnet-_d7-pad1
[ xLnet-_ds-pad1
[ xLnet-_do-pad1
[ xv.net-_d10-pad
[ x1.net-_d10-pad
[ xtnet-_d11-pad
[ xtnet-_d12-pad
O ves

List of Branches:

[ a.x1.a7#branch_
[ a.x1.a7#branch_
[ a.x1.a7#branch_
[ a.x1.a7#branch_
[ =.x1.a10#branch
[ a3#branch_1_0
[ a3#branch_1_1
[ vizbranch

[ va22branch

[ v3#branch

[ vésbranch

[ v5#branch

[ ve#branch

[ vzzbranch

[ vezbranch

Flot

Multimeter

Function:

Clear

Plot Function

Welcome:

KcadToNgspic=-1  NgSpice-2  Plotting3  kicadToNgspice4  NgSpice-S  Plotting-6




V(B1):

Plotting-6

Voltage(V)->

[ xi.net-_d7-padi
[ xi.net-_ds-padi
[ xt.net-_d5-padi
[ xt.net-_di0-pad
[ x1.net-_d10-pad
[ xt.net-_d11-pad
[ xt.net-_d12-pad
Oves

List of Branches:

[ a.xt.a7#branch_
[ a.xt.a7#branch_
O a:xt.a7#branch_
O a:xt.a7#branch_
[ axt.a10#branch
[ a3#branch_1.0
[ a3#branch 1.1
[ vigbranch

[ vasbranch

[ va#branch

[ vasbranch

[ vs=branch

[ vebranch

[ v7branch

[ vabranch

Plot.

Multimeter

Function:

Clear

Plot Function

V(B2):

Plotting-6

Voltage(V)-->

~
N

a

a

[ %Lnet-_d7-pad1
[ %Lnet-_dg-pad1
[ %Lnet-_da-pad1
[ %Lnet-_d10-pad
[ xL.net-_d10-pad
[ xL.net-_d11-pad
[ xL.net-_d12-pad
[ ves

List of Eranches:

O axt.a7#branch_
O axt.a7#branch_
O axt.a7#branch_
[ axt.a7#branch_

[ a.xt.a104branch
[ a3#branch_t 0
[ a3#branch_1_1
[] vi#branch

[] v2#branch

[] v3#branch

[ v4#branch

[ vs#branch

[ vébranch

[ vzsbranch

[ vasbranch

Plot

Multimeter

Function:

Clear

Plot Function

Welcome

kicadToMgspice-1

NgSpice-2

Plotting-3

kicadTohgspice-4

NgSpice-5

Plotting6




V(B3):

Plotting-6

Obs

Oond

Ono

[ xi.net-_d7-padi
[ xt.net-_ds-pad1
[ xt.net-_ds-padt
[ xLnet-_d10-pad
[ xi.net-_d10-pad
[ xtnet-_d11-pad
[ xt.net-_di2pad
Oves

List of Branches:

[ a.xt.a7#branch_
[ a.xt.a7#branch_
[ auxt.a7#branch_
[ axta7sbranch_
[ a.xt.a10zbranch
[ a3#branch_1_0
[ a3#branch_1_t
[ visbranch

[ vasbranch

[ v3#branch

[ v4#branch

[ vs#branch

[ vebranch

[ v7#branch

[ vB#branch

Flot.

Multimeter

Function:

Clear

Plot Function

V(B4):

Plotting-6

Voltage(V)->

w

~

Oond

Ono

[ xtnet-_d7-pad1
[ xt.net-_d8-padt
[ x1.net-_ds-padt
[ x1.net-_d10-pad
[ xt.net-_d10-pad
[ xi.net-_dii1-pad
[ xi.net-_diz-pad
[ yes

List of Branches:

[ a.xt.a7sbranch_
[ a.xt.a7sbranch_
[ a.xt.a7sbranch_
[ a.x1.a7#branch_
[ a.xt.a104branch
[ a3#branch_1.0
[ a3#branch 1.1
[ vagbranch

[ vasbranch

[ vasbranch

[ vasbranch

[ vs#branch

[ vé#branch

[ v7#branch

[ ve#branch

Plot.

Multimeter

Function:

Clear

Plot Function




Outputs

V(YES):

Plotting-6

Voltage(V)-->

Oe2

ez

[ba

and

Ono

[ x1.net-_d7-pad1
[ x1.net-_ds-pad1
[ xd.net-_d-padi
[ xt.net-_d10-pad
[ xt.net-_d10-pad
[ x1.net-_d1i-pad
[ x1.net-_d12-pad

List of Branches:

[ a.xt.a7#branch_
[ axt.a7#branch_
[ axt.a7#branch_
[Ja.x1.a7#branch_
[Ja.x1.a104branch
[ a3#branch_1_0
[ a3#branch_1_1
[ visbranch

[ va#branch

[ va#branch

[ va#branch

[ vS#branch

[ ve#branch

[ v7#branch

[ va#branch

Plot

Multimeter

Function:

Clear Plot Function

Standard functions

ddition Hode 1 + Nod

V(NO

Plotting-6

w

Voltage(V)-->

~

[ xL.net-_d7-pad1
[ x1.net-_da-pad1
[ xt.net-_ds-padt
[ xL.net-_d10-pad
[ x1.net-_d10-pad
[ x1.net-_dii-pad
[ xL.net-_d12-pad
[ yes

List of Branches:

O axt.a7#branch_
[ axwaz#branch_
[Ja.xta7#branch_
[0 a.x1.a7#branch_
[JaxvLat0zbranch
[Ja3sbranch_1_0
[ a3#branch_1_1
[ vasbranch

[ v2#branch

O vasbranch

[ vasbranch

[ vssbranch

O ve#branch

[ vzsbranch

[ vesbranch

Plot

Multimeter

Function:

Clear Plot Function

Welcome

kicadToNgspice-1

NgSpice-2

Plotting-3

kicadToNgspice-4

NgSpice-5

Plotting-6
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