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Chapter 1

Introduction

FOSSEE (Free/Libre and Open Source Software for Education) is an initiative taken by
the National Mission on Education through Information and Communication
Technology (ICT), Ministry of Human Resource Development (MHRD), Government
of India which has successfully developed various opensource tools and promotes the
use of these tools in improving the quality of education and helping every individual
avail these sources free of cost. The software is being developed in such a way that it
can stay relevant with respect to the commercial softwares.

1.1 eSim

eSim is a free/libre and open source EDA tool for circuit design, simulation, analysis and
PCB design developed by FOSSEE, IIT Bombay. It is an integrated tool built using
free/libre and open source software such as KiCad, Ngspice, NGHDL and GHDL.

1.2 NgSpice

Ngspice is a general purpose circuit simulation program for nonlinear dc, nonlinear
transient, and linear ac analysis. Circuits may contain resistors, capacitors, inductors,
mutual inductors, independent voltage and current sources, four types of dependent
sources, lossless and lossy transmission lines (two separate implementations), switches,

uniform distributed RC lines, and the five most common semiconductor devices: diodes,
BJTs, JFETs, MESFETs, and MOSFET.



Chapter 2
Task Assigned

Implementing some standard Integrated Circuits (IC) as subcircuits into the eSim library
and verifying the functionality by using the test circuits.

2.1 Approach

1. Selecting an Analog or Digital IC.

2. Browse through the datasheets that are available on the internet.

3. Selecting an appropriate datasheet that which consists of the detailed schematic
of the IC.

4. Now based on the schematic the Subcircuit of that circuit has implemented and
creating the IC component using the Library Editor.

5. Convert the subcircuit from Kicad to NgSpice and then create the .sub file based
on the created component.

6. Now implement a test circuit that which can check the functionality of the
subcircuit.

7. Convert the circuit from Kicad to NgSpice and simulate the output of the spice
file and verifying the functionality of the IC.

8. If the functionality of the IC does not meet with the datasheet then try changing
the circuit and try the above process again.

The same process is followed for all other subcircuits.

Chapter 3

Subcircuits Implemented

There are total seven Integrated Circuits(IC) implemented by me as subcircuits on eSim.
Following are the schematic and description of each of them.



3.1 TLO7X IC
3.1.1 TLO071 IC

Developed by Texas Instruments, the TLO71 is a low-noise JFET-input operational
amplifier designed for high-input impedance and excellent AC performance. This IC
operates with low power consumption and supports a wide range of single or dual supply
voltages. The TLO71 features low total harmonic distortion, low input bias and offset
currents, and high slew rate, making it suitable for audio and precision signal
applications. It also includes internal frequency compensation and short-circuit
protection.

Some of the common applications of TLO71 are:
1. Audio preamplifiers
2. Signal conditioning
3. Active filters
Some of the salient features of TLO71 are:
1. Low noise JFET inputs
2. High slew rate (13 V/us typical)

3. Low input bias and offset currents

3.1.11 Pin Diagram




3.1.1.2 Subcircuit Schematic
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3.1.2 TLO072 IC
The TL0O72 IC consists of two TL0O71 IC with common vce and vee.

3.1.2.1  Pin Diagram

—1 Hiout vee+ -8
—2 1 1IN- 20uT 1~
TLO/2

3 6

—3 14Nt 2IN— 6
X?2A <

—4 lvce- 2IN+ 22—




3.1.2.2

3.1.3

3.1.3.1

Subcircuit Schematic

TLO074 IC
The TLO74 IC consists of four TLO71 IC with common vcc and vee.

Pin Diagram

10UT 40UT =——

1IN=  4IN-
1IN+ 4IN+

TLO76EE

vce X7
2IN+ | 3IN+

2IN— 3IN-
20UT 30UT

3.1.3.2

Subcircuit Schematic




3.2 SN54154 IC

The SN54154, manufactured by Texas Instruments, is a 4-line to 16-line
decoder/demultiplexer integrated circuit designed for high-speed memory decoding and
data routing applications. It accepts four binary-weighted input signals and decodes
them into one of sixteen mutually exclusive outputs. The SN54154 features dual active-
low enable inputs, providing additional flexibility for cascading or expanding decoding
functions. The IC operates over a wide voltage range and is optimized for TTL-
compatible logic levels.

Some of the common applications of SN54154 are:
1. Memory address decoding
2. Data routing in digital systems
3. Control signal demultiplexing
Some of the salient features of SN54154 are:
1. Fully decoded 4-to-16 line output
2. Dual active-low enable inputs for flexible control

3. TTL-compatible and fast switching times

3.2.1 Pin Diagram

—L a0 vee 24
—2 101 A 23
L cl21
—3 o4 SN54154 b |20
b fos 62_bar 12
—L{os 61_bar 1B
—8 {o7 X? 015 L.
- T o014 L6
101 gg 013 5
2L {010 012 L&
w121 GND 011 L3
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3.3 CD4093B IC

The CD4093B, developed by Texas Instruments, is a quad 2-input NAND Schmitt
trigger integrated circuit that combines logic gating with noise immunity and signal
shaping. Each gate has Schmitt trigger inputs, allowing for improved noise margin and
clean transitions in slow or noisy input signals. The CD4093B is suitable for operation
across a wide voltage range and is compatible with both CMOS and TTL systems. It is
ideal for waveform shaping, oscillator circuits, and signal conditioning.

Some of the common applications of CD4093B are:

1. Oscillator and waveform generator circuits
2. Debouncing mechanical switches

3. Signal conditioning and waveform shaping

Some of the salient features of CD4093B are:
1. Schmitt trigger action on each input
2. Wide supply voltage range (3V to 15V)

3. Low power consumption and high noise immunity

3.3.1 Pin Diagram

1 s vad FL4—
—2 1y h L3
3, CD4093% | 12
4ty x? mPHL
—2 C | | 10
—b {4 f 2=
x—L— vss e |-8—
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3.3.2 Subcircuit Schematic
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34 CD4015BC IC

The CD4015BC, manufactured by Fairchild Semiconductor, is a dual 4-stage static shift
register designed for high-speed serial data storage and transfer. Each register has a
separate clock and reset, and is capable of handling independent data streams. The
CD4015BC operates over a wide supply voltage range and provides excellent noise
immunity, making it suitable for digital delay lines, serial-to-parallel conversion, and
data buffering in control systems.

Some of the common applications of CD4015BC are:
1. Serial-to-parallel data conversion
2. Digital delay lines
3. Data buffering in control systems
Some of the salient features of CD4015BC are:
1. Dual independent 4-stage shift registers
2. Wide supply voltage range (3V to 15V)

3. High noise immunity and low power consumption

12



3.4.1 Pin Diagram

—L 1 cus voD |8
—2 1 QB4 DataB L2
—3 1 A3 RstB LA
—4 1 QA2 aB1 L3
5 | QA€D4015B&BZ 12
—b fRreta x? B3 [l
—7 1 DataA Qs L9
81 vss clkA 22—

3.4.2 Subcircuit Schematic
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3.5 CD4040 IC

The CD4040, developed by Texas Instruments, is a 12-stage binary ripple counter
designed for general-purpose counting applications. It consists of flip-flops connected
in series to divide an input clock frequency by successive powers of two. The CD4040
operates over a wide voltage range and offers high noise immunity and low power
consumption, making it ideal for frequency division, event counting, and digital timing
applications.

Some of the common applications of CD4040 are:
1. Frequency division
2. Digital counters

3. Time delay generation

Some of the salient features of CD4040 are:
4. 12-bit binary counter
5. Wide supply voltage range (3V to 15V)

6. High noise immunity and low power consumption

3.5.1 Pin Diagram

—L a1 voD L6«
—2 1 q6 Qi1 |15
—3 a5 Qo L4
—4 {q7 s 13
5 1 qu4 CD4040 Qo 112
—b lgs  x? RoT| -
—L 1 q2 cli Lo
B8 1vss QL 22—

3.5.2 Subcircuit Schematic
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3.6 74L.S3253 IC

The 74L.S3253, manufactured by Texas Instruments, is a high-speed dual 4-
channel analog multiplexer/demultiplexer with three-state outputs. It allows
the selection of one of four binary inputs from each multiplexer channel, using
a common set of selection lines. The IC supports both standard data routing
and logic signal switching, making it suitable for a wide range of digital and
mixed-signal applications. Its three-state outputs make it ideal for bus-oriented
systems.
Some of the common applications of 74L.S3253 are:

1. Digital data selection and routing

2. Bus multiplexing and demultiplexing

3. Logic signal control in microprocessor systems
Some of the salient features of 74L.S3253 are:

1. Dual 4:1 multiplexers with independent enables

2. TTL-compatible inputs and outputs

3. Three-state outputs for bus interface applications

3.6.1 Pin Diagram

10E voD

\

-
on

st 208
184 =

-

.
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|

B3 2B
1p2’ 3253,

1B1  X? 2B2 |——
1A 2B1

= = |
o = o

Plbblb bt

|a|

GND 2h

3.6.2 Subcircuit Schematic
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3.7 CD4020 IC

The CD4020, manufactured by Texas Instruments is a 14-stage binary ripple
counter IC designed primarily for frequency division and time delay
applications. It is widely used in digital systems for clock division, pulse
counting, and timing operations. The device operates over a wide supply
voltage range and is especially valued for its simplicity, high noise immunity,
and low power consumption, making it ideal for a variety of digital timing
circuits.

Some of the common applications of CD4020 are:

1. Frequency dividers in digital clocks and timers

2. Event counters in digital logic systems

3. Timing delay circuits in sequential logic designs
Some of the salient features of CD4020 are:

1. 14-stage binary ripple counter

2. Wide supply voltage range (3V to 15V)

3. High noise immunity and low power consumption

4. Compatible with other CMOS and TTL logic families
3.7.1 Pin Diagram

g

kg a4t —2—
ey

as -3

10

Qs ——
CD4020 Q7 =~
QB —=—

7 qg 12
q10
Qi1
a1

3
4

I
v a1

1

3.7.2 Subcircuit Schematic
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3.8 CD4049 IC
The CD4049, manufactured by Texas Instruments is a CMOS hex inverting
buffer IC primarily designed for logic-level shifting and signal inversion
applications. It features six independent inverter gates with high input
impedance and strong output drive capabilities. The device is widely used in
digital systems for signal conditioning, waveform shaping, and interfacing
between different logic levels. Its ability to handle both standard logic and
analog signals makes it especially versatile in mixed-signal applications.
Some of the common applications of CD4049 are:

1. Logic level shifting between TTL and CMOS systems

2. Signal iversion and buffering in digital circuits

3. Oscillator and waveform generator circuits
Some of the salient features of CD4049 are:

1. Six independent inverting buffers (hex inverter configuration)

2. Wide supply voltage range (3V to 15V)

3. High noise immunity and low power consumption
3.8.1 Pin Diagram

—L rvop NeC e
_2 ¢ R EEE
31, SETS
& HCDAOAIQC 13
51g yo k|12
_6 | e l1L
7 ] ) |LLo
—8 {yss D 2~
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Chapter 4

NgSpice Simulations of Subcircuits Tested

For each of the subcircuits, an NgSpice simulation is performed for a test circuit using
the IC subcircuit and the results are verified in accordance with the equations and
transfer functions in the datasheet. In the following section, I describe the nature of the
test circuit and the waveforms obtained as a result of the simulations performed. For the
sake of clarity, the waveforms attached are taken from python plots.

4.1.1 TLO711IC

The T1071 IC has been tested in many different ways that which consists of Common Mode
Gain, Differential Mode Gain, Input Noise Spectrum, Offset Voltage, Power Dissipation,
Slewrate, Transient Analysis with pulse, Common Mode Gain with Temperature variable,
Differential Mode Gain with Temperature variable, Offset Voltage with Temperature Variable
and a simple inverting amplifier with Rf = 100kr, Ri = 5kr and a voltage gain of 20.

4.1.1.1 Test Schematic
e Inverting Amplifier Circuit :

e QGeneral Circuit for other Tests :

z
:

18



4.1.1.2 Waveforms

e Inverting Amplifier Waveforms

B tran: * chusers\ashok\esim-workspace\amp_tI071\amp_tI07L.cir o X

mv v(vout) v{vin)

- .-...-...-...-
300.0

200.0
100.0

2 [1}

4
time

v

Q, search
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W trank: * chusers\ashoklesim-warkspace\tio71\i071.cir o

vin2

0 2 6 18 20 22 24 2 2 0 32 34 4

time ms

=)

0 42

&
IS
&

04 0Ff

Qsercn | M & @@ ~

B trans: * cusers\ashokies m-icrkspacsl07 11071 cir 5]
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Differential Mode Gain

\usersiashok\esim-workspace\t07 1\HO7 1 cir =N

Wiac2

daB

60.0

W acz: * chusersashok\esim-workspacehtlo7 1\IO71 i 8 X

1

10 100 1 1074 105 10 1047 108 109 10™0

frequency

Qsercn (M & @
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Common Mode Gain

Wiac3

usersiasho\esim-workspace\t07 1\HO71 cir =N

db{vivout)(

usersiashokesim-workspacelt 071407 cir 8 X

10 0

100 1 1074 105 10 1047 108 109 10™0

frequency

Qsercn (M & @
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e Offset Voltage

W tran3: * cuserstashoklesim-warkspacetti0T 10T cir B X

v(vout)

e Power Dissipation (0.2uWatts/Sec)

1.cir =] X

B trand: * cusers\ashokiesim-warspaceiil

m

19393275440

193.9327543%

193 9327543 A ' E ' . S T

193.9327540

23



Slew Rate (5.506 v/uSec)

5
A
§
g
£

sl

W trand: * chust

Input Noise Spectrum

07 1.0

shokiesim-workspace\io:

B nokse3: * c\u:
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Common Mode Gain with Temperature

W dchi: * clusers\ashokly warkspacetti0T 11071 cir o x

0 (] 60

-40.0 - 0 200 40

30.0 1000 160.0 1800 221

Q search

B et * chusers\ashokies meworapacsE0T 1107 cir 8 X

200 0 60

0 80.0 160.0 0 2600

Q search
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Differential Mode Gain with Temperature

W dcT: * chusers\ashokiesim-workspacehtioT1 i

80.0 1000 1400 180.0

Celsius

Q search

Offset Voltage with Temperature

W dcB: * chusers\ashoKiesim-workspaceti0T 111071 cir

-146
-40.0 =200 40.0 3 1000 1200 1400 160.0

temp-sweep Celsius

o Qe MM GE OO R

26

2200 2400

2200 2400



4.1.2 TL0721IC

The T1071 IC has been tested in many different ways that which consists of Common Mode
Gain, Differential Mode Gain, Input Noise Spectrum, Offset Voltage, Power Dissipation,
Slewrate, Transient Analysis with pulse, Common Mode Gain with Temperature variable,
Differential Mode Gain with Temperature variable, Offset Voltage with Temperature Variable
and a simple inverting amplifier with Rf = 100kr, Ri = Skr and a voltage gain of 20.

4.1.2.1 Test Schematic
e Inverting Amplifier Circuit :
The first OpAmp Vinll = sine signal and Vin12 = GND (Inverting)
The second OpAmp Vin21 = GND and Vin22 = sine signal (NonInverting)

[Vout1)—2- 1our  vees FE8vec]
Vintl—2 1IN 20uT FH—Nout?
TLO72
Vinl2—2— 1IN+ 2IN- 8 (Vin21
X1A
Vee)——vcc- 2N+ (2~{Vin22]

4.1.2.2 Waveforms
e Inverting Amplifier Waveforms (OpAmp-1)

vivout1)
) .IIII III
150 ...-.-.

) II | | | I | | III
50
0.0 |

M IIII

120 140 16.0 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
time ms

27



e Non-Inverting Amplifier Waveforms (OpAmp-2)

p_I072.cir

280 300 320 340 360 380 400 420 440 460 480 500

4.1.3 TL074 1C

The TI071 IC has been tested in many different ways that which consists of Common Mode
Gain, Differential Mode Gain, Input Noise Spectrum, Offset Voltage, Power Dissipation,
Slewrate, Transient Analysis with pulse, Common Mode Gain with Temperature variable,
Differential Mode Gain with Temperature variable, Offset Voltage with Temperature Variable
and a simple inverting amplifier with Rf = 100kr, Ri = 5kr and a voltage gain of 20.

4.1.3.1 Test Schematic
e Inverting Amplifier Circuit :
The first OpAmp Vinll = sine signal and Vin12 = GND (Inverting)
The second OpAmp Vin21 = GND and Vin22 = sine signal (Nonlnverting)
The third OpAmp Vin31 = GND and Vin32 = sine signal (NonInverting)
The fourth OpAmp Vin41 = sine signal and Vin32 = GND (Inverting)

=<
o
c
—
=
=

10UT 4ouT L4

1IN= 4IN— L3 (Va1

1IN+ 4IN+ vi2

TLO7 11
vce Y1 \&EE

2N+ 3N+ L0437

2IN= 3IN- 2443

20uT 30uT -8

<|[<
[
N |
ESEN VRN

C

(=2}

<||<|[<
N[N
=38 %] BKs]
wn

~d

vout2
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4.1.3.2 Waveforms
e Inverting Amplifier Waveforms (OpAmp-1)

B trani. = o X

vivin12) vivout1)
vivin11)

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
time ms

10.0 120 140 16.0 18.0 200 220 240 26.0 280 32.0 340 0 420 440 46.0 48.0 500

time

29



e Inverting Amplifier Waveforms (OpAmp-3)

B trant - a X

TR

v{vin32)

16.0 18.0 200 220 240 28 30 320 - 380 400 420 440 460 480 500

e Non-Inverting Amplifier Waveforms (OpAmp-4)

B trant - a X

vivind2)

140 160 180 220 240 320 34 i 3¢ 400 420 440 460 480

time
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4.2  SN54154 I1C

The SN54154 IC is an 4tol6 Decoder/Demultiplexer which only activates when the selected
G2 bar and the G1_bar are active low.

4.2.1 Test Schematic

4.2.2 Waveforms

e Inputs

v(ap24
v(c)+12
vg)

T
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500 4’—’—’7

400

100

00

4.3 CD4093B IC
The CD4093B is an NAND-Gate based Schmitt Trigger that consists of four NAND-Gates with
the inputs (a,b), (c,d), (e,f) and (g,h) and the outputs are j, k, | and m respectively.

4.3.1 Test Schematic

o
E}—ia vdd 14 E
B—2» h 3R]
D 3 JCDQOQBBQ 12 @ -
[O—« x1 m(m] i/}
D 5 1. | 10 G R13[<>
D64 (7]
XLVSS 88—@ B
7
GND
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4.3.2 Waveforms

tran1: * chusers\ashokiesim-workspace\cdd093b,_testicdd093b _test cir = a X

300

0 0 350 i 700 /5.0 80 ). i

0 450 50.0 5.0 60.0

time m

B ran: * chusers\; ' 09 \cd4083b test.cir = a X

300 0 ) 0.0 £ it 50 0 0 0 0 1000
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tran

* el\users\ashokiesim-workspace\cdd093h_test\cdd093b_test.cir - a X

0.0

50 100 0. 400 450 0 0 800 900

vih)+9

50 100 0 700 0 90.0 0 100.0
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44 CD40151IC
The CDA415 IC is an Dual 4-Bit Serial input parallel Output Shift Register with positive edge
triggered clock and active low reset .

4.4.1 Test Schematic

clkb)—1— clkB vop |18
2 B4 DataB -22<db]
31 QA3 RstB L%

[
(o}

QA2 QB1

O all liifa) O
w
N
=

5 | quCD40150g, | 12 o
rstay2— Rsta X1 @83 L gb3
[da)—"—{ DataA aan 19 (qak

8 1 vss ctkd 2~clka
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. ...-...-.-
50 T
00 |
00 05 06 o7 8 09 0 2 3 14 15 16 17 18 19 20
time 5

01 02 03 04

4.5 CD4040 IC

The CD4040 is an simple 12-bit counter IC with negative edge triggered clock and active high
reset.

4.5.1 Test Schematic

Q12 vDD L8«
Q6 a11 H2{q11]
Q5 Q10

Q7 Q8

;

l CD4040 Q9 12 @
Q3 X1 RST Fl{(rst
Q2 cLk FL9 (eik

\iditas

VSS Q1

:
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4.5.2 Waveforms

e el TV T T T T

,||||,H ,||||,H ,||||,H |||||H |||| Hl Hl

MMMMHMH U WWWMMWWMMMHWMMMMMMMMM

4.6  T74LS32531C
The 74L.S3243 IC is an Dual Analog Multiplexer and DeMultiplexer and the oel and oe2 are
the active low enable pins that which activates the working of the IC.

4.6.1  Test Schematic
[oel)—1 10E voo HE{vdd]
[s1)—2s1 20€ H3(0e2
1B4 ==
[b13)—"— 183 284 H3(b24
5 | ,5,743253,05
[b11)—4-181 x1 282 F1<(b22]
[a1)—L 1A 281 10521

=81 6ND 2 -2
GND
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4.6.2 Waveforms
e Analog Multiplexer

B tran: * cusers\ashokiesim-workspace\7d3253 _test\743253 test.cir a X

)
b11)+24
vib13)+12

500 1000 1500 2000 2500 3000 : 0 - 500.0 0 7500

e Analog DeMultiplexer

B tran1: * chusers\ashok\esim-workspace\743253 test\743253 test.cir a X

50.0 100.0 . 350.0 0 550.0 600.0 700.0

38



4.7 CD4020 IC

The CD4020 is an simple 14-bit counter IC with negative edge triggered clock and active high
reset and it only consists q1,q4 to q14 as outputs.

4.7.1 Test Schematic

[l e & a

Q4

Qs

Q6

CD4020 Q7
Qs

X1 Qg
Q10
Q11
Q12

11 Q13
B o

o) +6
h - V - -

50.0

A A A A A At A i

100
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4.7 CD4049 I1C

The CD4020 is an simple 14-bit counter IC with negative edge triggered clock and active high
reset and it only consists q1,q4 to q14 as outputs.

4.7.1 Test Schematic

00 NC B
C | 15
) =
CD4049. [13
¥1 ok 2]
E 11 G
] 10 ‘l
VS5 o c;l

4.7.2 Waveforms

B trani: shok\esim-workspace\cdd049 test\cd4049 testcir o X

i

100 15.0 200 250 30 350 0.0 450 500 550 60.0 650 700 750 80.0 850 900 95.0 100.0

time us
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