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Chapter 1

Introduction

FOSSEE (Free/Libre and Open Source Software for Education) project promotes
the use of FLOSS tools to improve the quality of education in our country. It aims
to reduce dependency on proprietary software in educational institutions. It en-
courages the use of FLOSS tools through various activities to ensure commercial
software is replaced by equivalent FLOSS tools. It also develops new FLOSS tools
and upgrade existing tools to meet requirements in academia and research. (]

The FOSSEE project is part of the National Mission on Education through
Information and Communication Technology (ICT), Ministry of Human Resource
Development (MHRD), Government of India.

eSim is a free/libre and open source EDA tool for circuit design, simulation,
analysis and PCB design developed by FOSSEE, II'T Bombay. It is an integrated
tool built using free/libre and open source software such as KiCad, Ngspice, NGHDL
and GHDL. eSim is released under GPL.

eSim offers similar capabilities and ease of use as any equivalent proprietary
software for schematic creation, simulation and PCB design, without having to pay
a huge amount of money to procure licenses. Hence it can be an affordable al-
ternative to educational institutions and SMEs. It can serve as an alternative to
commercially available /licensed software tools like OrCAD, Xpedition and HSPICE.



Chapter 2

Problem Statement

To design, develop and test various Analog Integrated Circuit Models
using the subcircuit feature in eSim. These subcircuits are to be built
using the device models already present in the eSim library. After suc-
cessful testing of these IC models and their integration into the eSim
subcircuit library, these models would be useful in the future for circuit
designing purposes.

2.1 Approach

As we have access to the datasheets of all the Integrated Circuits(ICs) present in the
market, we use these datsheets to get the internal circuit schematics of the individual
ICs. Then we use following methodology:

e Subcircuit Schematics: Draw the internal circuit schematics of the selected
ICs in eSim using its subcircuit feature and the device models already present
in the eSim devices library. The circuit is designed by strictly following the
information given in the datasheet.

e Component Designing: After the subcircuit designing is completed, the
component /pin diagram of the respective 1Cs is drawn according to the data
given in the datasheet. Hence, a component is formed with its pin configura-
tions the same as mentioned in the datasheet. This component is saved in the
eSim subcircuit library.

e Test Circuit Designing: These are the circuits that are given in the datasheet
as the application of the ICs. Once the component of the IC is drawn and
ready to use, we draw their test circuits to test them.

e Testing of the Subcircuit: When the test circuits are completed, various
test cases are formed depending on the datasheet information. These 1Cs are
tested against these test cases. If the result comes out to be satisfactory, they
are verified else the subcircuit schematic is checked again. Testing is done by
using KiCad to Ngspice conversion and then taking out the plots using the
simulation feature in eSim.



If the output of the test circuit is not as per expectation, this means that the test
case has failed. In such case we go back to design phase of the IC or the test circuits,
to look for possible errors; and then repeat the testing process again after making
required changes.

If the expected output of the test cases are correct and satisfies the expected

results, then in that case the IC is declared working and verified. The test case has
passed successfully and the designing process is complete.
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Chapter 3

Analog ICs

3.1 TLO074 Low Noise J-FET Quad Op-Amp IC

The LM1596/LM1496 are doubled balanced modulator-demodulators which pro-
duce an output voltage proportional to the product of an input (signal) voltage
and a switching (carrier) signal. Typical applications include suppressed carrier
modulation, amplitude modulation, synchronous detection, FM or PM detection,
broadband frequency doubling and chopping.

3.1.1 Pin Configuration

Output 1 1 [] e [] 14 Output 4
Inverting Input 1 2 [H> “H1 13 Inverting Input 4
Non-inverting Input 1 3 E > Q ] 12 MNon-inverting Input 4
Veet 4 [ 1 11 Vee-
MNon-inverting Input2 5 CHs HJ 10 Non-inverting Input 3
Inverting Input 2 6 |:>H<[:| 9 Inverting Input 3
Output2 7 [ [1 8 Output3

Figure 3.1: TLO74 Pin Diagram
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3.1.2 Single Op-amp Schematics Diagram

Figure 3.2: TL074 Schematics
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3.1.3 Subcircuit test circuit
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Figure 3.3: TLO74 Schematics




3.1.4 Input Plot

Figure 3.4: Input Signal
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Figure 3.5: Gained Output Signal
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3.2 TLO81 J-FET Operation Amplifier IC

The TLO81 is high-speed JFET input single operational amplifiers incorporating
well matched, high-voltage JFET and bipolar transistors in a monolithic integrated
circuit. The devices feature high slew rates, low inputbias and offset currents, and
low offset voltage temperature coefficient.

3.2.1 Pin Configuration

F= LI D

Figure 3.6: TLO81 Pin Diagram

15



3.2.2 Op-amp Schematics Diagram
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Figure 3.7: TLO81 Schematics

3.2.3 Subcircuit test circuit
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Figure 3.8: TLO81 Test Circuit
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3.2.4 Input Plot

Figure 3.9: Input Sine Signal

Figure 3.10: Gained Inverted Output Signal
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3.3 LM120 Negative Voltage Regulator IC

The LM120 series are three-terminal negative regulators with a fixed output volt-
age of b5V, b12V, and b15V, and up to 1.5A load current capability. Where other
voltages are required, the LM137 and LM137HV series provide an output voltage
range of b1.2V to b47V. The LM120 need only one external component compensa-
tion capacitor at the output, making them easy to apply.

3.3.1 Pin Configuration

INPUT

-/ A

ol BE=

Pt X

Front View

Figure 3.11: LM120 Pin Diagram
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3.3.2 Subcircuit Schematics Diagram

Figure 3.12: LM120 Schematics

3.3.3 Subcircuit test circuit

G R R e nﬁloﬁLvﬁiﬁﬁ_‘_?ﬁ‘ivﬁ.....
S T, oo s [

TS S S SRy | IR M PO

...............................................

Figure 3.13: LM120 Test Circuit
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3.3.4 Input Plot

Figure 3.14: Input DC Signal

3.3.5 Output Plot

Vv — v{vout)

-5.02660

-5.02670

-5.02690
0.0

Figure 3.15: Output Constant DC Signal

20



3.4 LMT709 Operational Amplifier IC

The LM709 series is a monolithic operational amplifier intended for general-purpose
applications. Operation is completely specified over the range of voltages commonly
used for these devices. External components are used to frequency compensate the
amplifier. Although the unity-gain compensation network specified will make the
amplifier unconditionally stable in all feedback configurations, compensation can be
tailored to optimize high-frequency performance for any gain setting.

3.4.1 Pin Configuration

Dual-in-Line Package

INPUT FREQUENCY
COMPENSATION (B)

INPUT FREQUENCY |
COMPEMSATION {4)

INVERTING 2
IMPUT v’
HOW=INVERTING 3
il AUTPUT
v — QUTPUT FREQUENCY

COMPENZATION

TL/HA 1477 =B

Order Number LM709CN-8
See NS Package Number NDSE

Figure 3.16: LM709 Pin Diagram
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3.4.2 Subcircuit Schematics Diagram

e O o g
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Figure 3.17: LM709 Schematics

3.4.3 Subcircuit test circuit

Lar
LHFRE
ICF-ClR) - EE) B

L R ] o
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e e

Figure 3.18: LM709 Test Circuit
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3.4.4 Input Plot

Figure 3.19: Input Sine Signal

3.4.5 Output Plot

— w(vout)

Figure 3.20: Output Unity Gain Inverted Signal
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3.5 LMT710 Voltage Comparator IC

The LM710 series are high-speed voltage comparators intended for use as an ac-
curate, low-level digital level sensor or as a replacement for operational amplifiers
in comparator applications where speed is of prime importance. The circuit has a
differential input and a single ended output, with saturated output levels compatible
with practically all types of integrated logic.

3.5.1 Pin Configuration

Ceramic Flatpak Package

GHD :1 . u:] NE
*INPUT |=_: :: N
RS T ] LMT10AMW |———1v+

1 m— e
- — ——— oureir
1 165

Figure 3.21: LM710 Pin Diagram
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3.5.2 Subcircuit Schematics Diagram
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Figure 3.22: LM710 Schematics

3.5.3 Subcircuit test circuit

LT

Figure 3.23: LM710 Schmitt Trigger Test Circuit
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3.5.4 Input Plot

Figure 3.24: Input Sine Signal

3.5.5 Output Plot

v(vout)

Figure 3.25: Output Signal(Schmitt Trigger)
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3.6 LMT725 Operational Amplifier I1C

The LM725/LM725A /LM725C are operational amplifiers featuring superior perfor-
mance in applications where low noise, low drift, and accurate closed-loop gain are
required. With high common mode rejection and offset null capability, it is espe-
cially suited for low level instrumentation applications over a wide supply voltage
range.

3.6.1 Pin Configuration

Dual-In-Line Package

_/
OFFSET NULL = 1 8 }= OFFSET NULL
INVERTING INPUT —{ 2 7Vt
NON=INVERTING INPUT —] 3 6 = ouTPUT
V= — 4 5 = compP
DS010474-2

Order Number LM725CN
See NS Package Number NOSE

Figure 3.26: LM725 Pin Diagram
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3.6.2 Subcircuit Schematics Diagram

Ij}ﬁﬁ — EEE EQE o ééﬁ
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Figure 3.27: LM725 Schematics

3.6.3 Subcircuit test circuit

1

- GRFCHLIOFFobE

Figure 3.28: LM725 Test Circuit(Non-Inverting Amplifier)
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3.6.4 Input Plot

Figure 3.29: Input Sine Signal

Figure 3.30: Output Signal
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3.7 LM145 Negative Regulator IC

The LM145 is a three-terminal negative regulator with a fixed output voltage of 5V
and up to 3A load current capability. This device needs only one external compo-
nent compensation capacitor at the output, making it easy to apply. Worst case
guarantees on output voltage deviation due to any combination of line, load or tem-
perature variation assure satisfactory system operation.

3.7.1 Pin Configuration

L —Tim- 1+ o

= 4.7 uF
=l o = SOLID TANTALUM
INPUT LM145 OUTPUT

Figure 3.31: LM145 Pin Diagram
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3.7.2 Subcircuit Schematics Diagram

£y ﬂk LR EEETPIENE | S
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Figure 3.32: LM145 Schematics

3.7.3 Subcircuit test circuit

._
ani |-

L %in - - - bt
il (B BT e i

Figure 3.33: LM145 Test Circuit

31

Yol 3



3.7.4 Input and Output Plot Combined

Figure 3.34: Input and Output DC Signals
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3.8 NJM 1496 Balanced Modulator-Demodulator
1C

The NJM1496 is a double balanced modulator-demodulator which produces an out-
put voltage proportional to the product of an input(signal) voltage and a switch-
ing(carrier) signal. Typical applications include suppressed carrier modulation, am-
plitude modulation, synchronous detection, FM or PM detection, broadband fre-
quency doubling and chopping.

3.8.1 Pin Configuration

(+) Signal Input [ 10 1l 1 v-
Gain Adjust [_}9 131 NC
Gain Adjust []3 12[ ] (-) Output

(=) Signal Input [|4 11[] NC

Bias[_]5 1017 () Carrier Input
(+) Output []6 1 NC
NC []7 81" (+) Carrier Input

NJM1496D
NJM1436M
NJM1436V

Figure 3.35: NJM1496 Pin Diagram

33



3.8.2 Subcircuit Schematics Diagram
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Figure 3.36: NJM1496 Schematics
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3.8.3 Subcircuit test circuit
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Figure 3.37: NJM1496 Test Circuit (Suppressed Carrier Modulation)
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3.8.4 Input and Output Plots
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3.9 RC4558 Operational Amplifier IC

The RC4558 integrated circuit is a dual high-gain operational amplifier internally
compensated and constructed on a single silicon IC using an advanced epitaxial
process. It is especially well suited for applications in differential-in, differential-out
as well as in potentiometric amplifiers and where gain and phase matched channels
are mandatory.

3.9.1 Pin Configuration

Output (A) | |1 8| | +vs
~Input (A) | |2 7| | output (B)
+Iinput (A) [ |3 6| | -Input (B)
-vs [ |4 5| | +input (8)
65-3473-03

Figure 3.39: RC4558 Pin Diagram
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3.9.2 Subcircuit Schematics Diagram

Figure 3.40: RC4558 Schematics
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3.9.3 Subcircuit test circuit

ouTL - - Voo B

% 7 5 INL{-—}--UUT?A--------
N (T e ) - B TR TR - - & P
i I UG . . o o Mgl o ol v s

|

Veo- - ANZ(+) F2x

B S e el

Figure 3.41: RC4558 Test Circuit(Non-Inverting Amplifier)
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3.9.4 Input Plot

Figure 3.42: Input Sine Signal
3.9.5 Output Plot

vivout)

Figure 3.43: Output Amplified Signal
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3.10 TLO71 Low Noise J-FET Operational Am-
plifier I1C

The TLO71 is a high-speed JFET input single operational amplifier. This JFET in-
put operational amplifier incorporates well matched, high-voltage JFET and bipolar
transistors in a monolithic integrated circuit. The device features high slew rates,
low input bias and offset currents, and low offset voltage temperature coefficient.

3.10.1 Pin Configuration

Nt

= a2 P
L))

1 - Offset null 1

2 - Inverting input

3 - Non-inverting input
4-Veo

5 - Offset null 2

6 - Output

7-Veo©

8 - N.C.

Figure 3.44: TLO71 Pin Diagram
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3.10.2 Subcircuit Schematics Diagram

Figure 3.45: TLO71 Schematics

3.10.3 Subcircuit test circuit

R2
L} = = Suz) o
100K plat_vi
TLO71
s gyt = o B . s . = s s
| 2 iN- v L (Vout
3.3k
. - - S NG auT B e B -
c1 4 fv- ofn2 F2x T
X1 R
3.3u o 1D ) ! P
R3 =

Figure 3.46: TLO71 Test Circuit(Square Wave Generator)
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3.10.4 Output Plot

]

Figure 3.47: Output Square Wave Signal
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3.11 LM747 Operational Amplifier IC

The LM747 is a general purpose dual operational amplifier. The two amplifiers share
a common bias network and power supply leads. Otherwise, their operation is com-
pletely independent. Additional features of the LM747 are: no latch-up when input
common mode range is exceeded, freedom from oscillations, and package flexibility.

3.11.1 Pin Configuration

INVERTING INPUT A L OFFSET NULL A
NON-INVERTING INPUT A L via*
OFFSET NULL A 12 QUTPUT A
V= 1 NC
OFFSET NULL B L OUTPUT B
NON-INVERTING INPUT B 2 vig*

INVERTING INPUT B OFFSET NULL B

Figure 3.48: LM747 Pin Diagram
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3.11.2 Subcircuit Schematics Diagram
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Figure 3.49: LM747 Schematics
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3.11.3 Subcircuit test

circuit
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LM747 Test Circuit(Inverting Amplifier)
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3.11.4 Input Plot

mV/ v(in)

100 IIIIIIIIIII
5 1.0 15 20 25 3.0 35 4.0 45 5

5 5 70 75 8.0 8.

0.0 0. 50 6.0 6. 5 9.0 95 10.0

time ms

Figure 3.51: Input Sine Signal
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3.11.5 Output Plot

Figure 3.52: Output Signal
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3.12 Ua709 Operational Amplifier IC

These circuits are general-purpose operational amplifiers, each having high-impedance
differential inputs and a low-impedance output. Component matching, inherent with
silicon monolithic circuit-fabrication techniques, produces an amplifier with low-drift
and low-offset characteristics. Provisions are incorporated within the circuit whereby
external components may be used to compensate the amplifier for stable operation
under various feedback or load conditions. These amplifiers are particularly use-
ful for applications requiring transfer or generation of linear or nonlinear functions.
The uAT09A circuit features improved offset characteristics, reduced input-current
requirements, and lower power dissipation when compared to the uA709 circuit. In
addition, maximum values of the average temperature coefficients of offset voltage
and current are specified for the uA709A.

3.12.1 Pin Configuration

INPUT FREQUENCY __1 | — | 8 INPUT FREQUENCY
COMPENSATION (4) COMPENSATION (B)
INVERTING 2 7
INPUT _ED_L— v
NON=INVERTING __3 g
T P QUTPUT
v =4 [ 5 OUTPUT FREQUENCY
COMPENSATION

Figure 3.53: Ua709 Pin Diagram
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3.12.2 Subcircuit Schematics Diagram

eSim e _j

_ iy

Figure 3.54: Ua709 Schematics

3.12.3 Subcircuit test circuit
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frealB) - wi+)
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B IR Lo

Al el R

-
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Figure 3.55: Ua709 Test Circuit(Inverting Amplifier)
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3.12.4 Input Plot

50

time ms

Figure 3.56: Input Sine Signal

3.12.5 Output Plot

time

Figure 3.57: Output Signal
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3.13 LF253 Operational Amplifier IC

These circuits are high speed JFET input dual operational amplifiers incorporating
well matched, high voltage JFET and bipolar transistors in a monolithic integrated
circuit. The devices feature high slew rates, low input bias and offset currents, and
low offset voltage temperature coefficient

3.13.1 Pin Configuration

N

1 8

2 7

3 6

4 5
1 - Output1

2 - Inverting input 1

3 - Non-inverting input 1
4 -Veo

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-V

Figure 3.58: LF253 Pin Diagram
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3.13.2 Subcircuit Schematics Diagram
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Figure 3.59: LF253 Schematics

3.13.3 Subcircuit test circuit
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Figure 3.60: LF253 Test Circuit(Inverting Amplifier)
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3.13.4 Input Plot

viin)

time

Figure 3.61: Input Sine Signal
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3.13.5 Output Plot

v(out)

fime ms

Figure 3.62: Output Signal

54



3.14 L7915 Voltage Regulator IC

The L79 series of three-terminal negative regulators is available in TO-220, TO-
220FP and DPAK packages and several fixed output voltages, making it useful in a
wide range of applications. These regulators can provide local on-card regulation,
eliminating the distribution problems associated with single point regulation; fur-
thermore, having the same voltage option as the L78 positive standard series, they
are particularly suited for split power supplies. If adequate heat sinking is provided,
they can deliver over 1.5 A output current. Although designed primarily as fixed
voltage regulators, these devices can be used with external components to obtain
adjustable voltages and currents.

3.14.1 Pin Configuration

Pin1
Ground

AN LmM7915 YT

Pin2 Pin3

Figure 3.63: L7915 Pin Diagram
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3.14.2 Subcircuit Schematics Diagram

&
BN,
f ]
Y
=
a
esim PP
g
& e
b prein
g AL ‘.
S1m_NP)
3
[ [

Figure 3.64: L7915 Schematics

3.14.3 Subcircuit test circuit
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Figure 3.65: L7915 Test Circuit(Voltage Amplifier)
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3.14.4 Input Output Plot

v(out) v(in)

50.0 60.0 90.0

time S

Figure 3.66: Input Output Plot
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3.15 LM4136 Operational Amplifier IC

The LM4136 monolithic quad operational amplifier consists of four independent
high gain, internally frequency compensated operational amplifiers. The specifi-
cally designed low noise input transistors allow the LM4136 to be used in low noise
signal processing applications such as audio preamplifiers and signal conditioners.
The simplified output stage completely eliminates crossover distortion under any
load conditions, has large source and sink capacity, and is shortcircuit protected. A
novel current source stabilizes output parameters over a wide power supply voltage
range.

3.15.1 Pin Configuration

-IN A= S IN D
+N A—zﬁ 13 N D
our A=} 12 oyt 0
out B4 L ve
+N B"i 10 ouT C
-IN B=L] s C
V==L 8 ¢

Figure 3.67: LM4136 Pin Diagram
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3.15.2 Subcircuit Schematics Diagram
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Figure 3.68: LM4136 Schematics

3.15.3 Subcircuit test circuit
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Figure 3.69: LM4136 Test Circuit(Inverting Amplifier)
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3.15.4 Input Plot

v(in)

5

50 X 6.0 6.5

3.0 X

time ms

Figure 3.70: Input Sine Signal
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3.15.5 Output Plot

v(out)

time

Figure 3.71: Output Signal
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3.16 MC1558 Operational Amplifier IC

The MC1558 is a high-performance, monolithic, dual operational amplifier intended
for a wide range of analog applications. The high gain and wide range of operating
voltages provide superior performance in integrator, summing amplifiers, and gen-
eral feedback applications.

subsectionPin Configuration

Output 1 E E Voot
Inverting input 1 E zl Output 2
Non=inverting input 1 E El Inverting input 2
Vee- E El Non-inverting input 2

Figure 3.72: MC1558 Pin Diagram
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3.16.1 Subcircuit Schematics Diagram

Figure 3.73: MC1558 Schematics

3.16.2 Subcircuit test circuit

plot_wl -
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ANk

Figure 3.74: MC1558 Test Circuit(Inverting Amplifier)
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3.16.3 Input Plot

mV v(in)

150.0
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time

Figure 3.75: Input Sine Signal
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3.16.4 Output Plot
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Figure 3.76: Output Signal

65



3.17 ULN2066 Quad Darlington switches

Designed to interface logic to a wide variety of high current, high voltage loads, these
devices each contain four NPN Darlington switches delivering up to 1.5 A with a
specified minimum breakdown of 50 V and a sustaining voltage of 35 V measured at
100 mA. The ULN2064B, ULN2066B and ULN2068B contain integral suppression
diodes for inductive loads have common emitters. The ULN2074B feature isolated
Darlington pinouts and is intended for applications such as emitter follower config-
urations. Inputs of the ULN2064B, ULN2068B and ULN2074B are compatible with
popular 5 V logic families and the ULN2066B are compatible with 6 - 15 V CMOS
and PMOS. Type ULN2068B includes a pre-driver stage to reduce loading on the
control logic.

3.17.1 Pin Configuration

LA - C
A
c 2 - NC
B3 B
GND & GND
GND 5 GND
B 6 B
C 7 N
Ko g+—{]s «
ERE ]
ULN2064B
ULMN2066B

Figure 3.77: ULN2066 Pin Diagram
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3.17.2 Subcircuit Schematics Diagram
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Figure 3.78: ULN2066 Schematics

3.17.3 Subcircuit test circuit
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Figure 3.79: ULN2066 Test Circuit
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3.17.4 Input Plot

v(in)

time

Figure 3.80: Input Signal
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3.17.5 Output Plot

v(out)

200

Figure 3.81: Output Signal
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3.18 TLO052 Operational Amplifier IC

The TLO5x series of JFET-input operational amplifiers offers improved dc and ac
characteristics over the TLO7x and TLO8x families of BiFET operational ampli-
fiers. On-chip Zener trimming of offset voltage yields precision grades as low as
1.5 mV (TLO51A) for greater accuracy in dec-coupled applications. Texas Instru-
ments improved BiFET process and optimized designs also yield improved band-
width and slew rate without increased power consumption. The TL05x devices are
pin-compatible with the TLO7x and TLO8x and can be used to upgrade existing
circuits or for optimal performance in new designs. BiFET operational amplifiers
offer the inherently higher input impedance of the JFET-input transistors, without
sacrificing the output drive associated with bipolar amplifiers. This makes them
better suited for interfacing with high-impedance sensors or very low-level ac sig-
nals. They also feature inherently better ac response than bipolar or CMOS devices
having comparable power consumption.

3.18.1 Pin Configuration

TLOS2
D, P, OR PS PACKAGE
(TOP VIEW)

\J

10UT []
1IN= ]
1IN+ ]

Vee- [

:| Voos
:| 200T
] 2IN-
] 2IN+

o R =
o~ &

Figure 3.82: TL052 Pin Diagram
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3.18.2 Subcircuit Schematics Diagram
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Figure 3.83: TLO52 Schematics

3.18.3 Subcircuit test circuit
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Figure 3.84: TL052 Test Circuit(Inverting Amplifier)
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3.18.4 Input Plot
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Figure 3.85: Input Sine Signal
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3.18.5 Output Plot

mV v(out)

250.0

time

Figure 3.86: Output Signal
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3.19 TLO084 IC

The TLO8xH (TLO81H, TL0O82H, and TLO84H) family of devices are the next-
generation versions of the industry-standard TLO8x (TL081, TLO082, and TL084)
devices. These devices provide outstanding value for cost-sensitive applications,
with features including low offset (1 mV, typical), high slew rate (20 V/s), and
common-mode input to the positive supply. High ESD (1.5 kV, HBM), integrated
EMI and RF filters, and operation across the full 40C to 125C enable the TLO8xH
devices to be used in the most rugged and demanding applications.

3.19.1 Pin Configuration
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Figure 3.87: TL084 Pin Diagram
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3.19.2 Subcircuit Schematics Diagram

=] | |

Figure 3.88: TLO84 Schematics
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3.19.3 Subcircuit test circuit

&

plot_v1 .

gut_1 :
. < ofph
iny_14p_1l -
C RSP
nom_inyv_iSp_t
REoR_IFy_i AP
wogo oo - -
o L vee
nor_iny_i S p2
ROR_iAy_i S p_3

i nv;l/pdl_lg\f_jlhflj}_j

o/p.2  o/p3

- TLO8A i -

Figure 3.89: TL084 Test Circuit(Voltage follower)
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3.19.4 Input Plot

10.0 -'..-'
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Figure 3.90: Input Sine Signal
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3.19.5 Output Plot
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Figure 3.91: Output Signal
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3.20 TLO072 IC

The TLO72, TLO72A, and TL072B are high speed JFET input dual operational am-
plifiers incorporating well-matched, high-voltage JFET and bipolar transistors in a
monolithic integrated circuit. The devices feature high slew rates, low input bias
and offset current, and low offset voltage temperature coefficients.

3.20.1 Pin Configuration

g )
O
wout [ 1 8 |_] woce
T I - 7 ] =our
e [ 3 8 ] am-
veo- [ | 4 s L] am.
\ y

Figure 3.92: TLO72 Pin Diagram
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3.20.2 Subcircuit Schematics Diagram

Figure 3.93: TLO72 Schematics

3.20.3 Subcircuit test circuit

.out.i\-.cr_%-t}l
mi- |- aulE
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- TLOTRALIC -
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Figure 3.94: TLO72 Test Circuit
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3.20.4 Input Plot

time

Figure 3.95: Input Sine Signal
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3.20.5 Output Plot

viout)

time

Figure 3.96: Output Signal
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3.21 LF351 Operational Amplifier IC

LF351 is high speed JFET input single operational amplifiers incorporating well
matched, high voltage JFET and bipolar transistors in a monolithic integrated cir-
cuit.The devices feature high slew rates, low input bias and offset currents, and low
offset voltage temperature coefficient

3.21.1 Pin Configuration

Pin connections
(top view)

-
i

1 - Offset null 1

2 - Inverting input

3 - Non-inverting input
4-Vec-

5 - Offset null 2

6 - Output

7- Vcc+

8-N.C.

[ L 1] T[]

A OWN

Figure 3.97: LF351 Pin Diagram
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3.21.2 Subcircuit Schematics Diagram
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Figure 3.98: LF351 Schematics
3.21.3 Subcircuit test circuit
plotvt | X2 plat_vi
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Figure 3.99: LF351 Test Circuit(Voltage Buffer)
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3.21.4 Input Plot

Figure 3.100: Input Signal

3.21.5 Output Plot

B tran': * c\fossee\work space\If_351_test\If 351_testcir =] X

Figure 3.101: Output Signal
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3.22 ULN2001 Seven Darlington arrays IC

The ULN2001, ULN2002, ULN2003 and ULN 2004 are high-voltage, high-current
Darlington arrays each containing seven open collector Darlington pairs with com-
mon emitters. Each channel is rated at 500 mA and can withstand peak currents of
600 mA. Suppression diodes are included for inductive load driving and the inputs
are pinned opposite the outputs to simplify board layout.

3.22.1 Pin Configuration

IN T ]15 ouT

]15 out

ouT

]13 out

2828282

]IZ out

INB & 1 out
INT 7 * 10 ouT

[]
z
=]
w

5-187711

Figure 3.102: ULN Pin Diagram
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3.22.2 Subcircuit Schematics Diagram
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Figure 3.103: ULN2001 Schematic of a single pair

3.22.3 Subcircuit test circuit
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Figure 3.104: ULN2001 Test Circuit(Driver Circuit )
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3.22.4 Input Plot

B tran1: * c\fossee\work space\uln_test\uln_testcir o X

Figure 3.105: Input Signal

3.22.5 Output Plot
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Figure 3.106: Output Signal
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3.23 LM4040 Shunt voltage reference IC

The LM4040 series of shunt voltage references are versatile, easy-to-use references
that cater to a vast array of applications. The 2-pin fixed-output device requires no
external capacitors for operation and is stable with all capacitive loads. Addition-
ally, the reference offers low dynamic impedance, low noise, and low temperature
coefficient to ensure a stable output voltage over a wide range of operating currents
and temperatures.

3.23.1 Pin Configuration

Cathode [1]

7 ek

Anode [Z

Figure 3.107: LM4040 Pin Diagram
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3.23.2 Subcircuit Schematics Diagram

Figure 3.108: LM4040 Schematic of a single pair

3.23.3 Subcircuit test circuit

X1
L | CATHODE

NC ——=

ANOCDE

LM_4040

1k

V
eSim_GND

eSim_GND

Figure 3.109: LM4040 Test Circuit
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3.23.4 Input Plot

v(in)

5.
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Figure 3.110: Input Signal

3.23.5 Output Plot

04 06

Figure 3.111: Output Signal
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3.24 UC3611 Quad schottky diode array

This is a four-diode array designed for general purpose use as individual diodes or as a
high-speed, high-current bridge. It is particularly useful on the outputs of high-speed
power MOSFET drivers where Schottky diodes are needed to clamp any negative
excursions caused by ringing on the driven line.These diodes are also ideally suited
for use as voltage clamps when driving inductive loads such as relays and solenoids,
and to provide a path for current free-wheeling in motor drive applications.

3.24.1 Pin Configuration
1 ~ 8
A
3 6
AL

Figure 3.112: UC3611 Pin Diagram
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3.24.2 Subcircuit Schematics Diagram

eSim_Diode

Figure 3.113: UC3611 Schematic of a single pair

3.24.3 Subcircuit test circuit
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Figure 3.114: UC3611 Test Circuit
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3.24.4 Input Plot

B tran': * c\fossee\work_space\ua3611_test\ua3611 test.cir o

Figure 3.115: Input Signal

3.24.5 Output Plot
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Figure 3.116: Output Signal
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3.25 LM311 differential comparators

The LM311 devices are single high-speed voltage comparators. These devices are
designed to operate from a wide range of power supply voltages, including 15-V
supplies for operational amplifiers and 5-V supplies for logic systems. The output
levels are compatible with most TTL and MOS circuits.

3.25.1 Pin Configuration

Ground 1 [] e v
Non=inverting input 2 [} 1]7 Output
Inverting input 3 [:]F: 16 Strobe/Balance
Vee 4[] 15 Balance

Figure 3.117: LM311 Pin Diagram
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3.25.2 Subcircuit Schematics Diagram

==
b ==
Figure 3.118: LM311 Schematic of a single pair
3.25.3 Subcircuit test circuit
¥L Uz
plot vl L[t om weos B plol_vl
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Figure 3.119: LM311 Test Circuit
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3.25.4 Input Plot

Figure 3.120: Input Signal

3.25.5 Output Plot

v(out)
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0

Figure 3.121: Output Signal
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3.26 UC3610 Dual Schottky diode bridge

This eight-diode array is designed for high-current, low duty-cycle applications typ-
ical of flyback voltage clamping for inductive loads. The dual bridge connection
makes this device particularly applicable to bipolar driven stepper motors

3.26.1 Pin Configuration

1
2
B

o] l=] [3] [=]
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Figure 3.122: UC3610 Pin Diagram
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3.26.2 Subcircuit Schematics Diagram
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Figure 3.123: UC3610 Schematic

3.26.3 Subcircuit test circuit
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Figure 3.124: UC3610 Test Circuit - Half wave rectifier
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3.26.4 Input Plot

Figure 3.125: Input Signal

3.26.5 Output Plot
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Figure 3.126: Output Signal
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3.27 MC1458 Operational Amplifier

The MC1458 is a high-performance, monolithic, dual operational amplifier intended
for a wide range of analog applications. The high gain and wide range of operating
voltages provide superior performance in integrator, summing amplifiers, and general
feedback applications.

3.27.1 Pin Configuration

L]

Output A [1] Vee
2HNA 7] Output B
Inputs { —
A 3 B

=]

Inputs
B

L]

VEE |4

Figure 3.127: MC1458 Pin Diagram
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3.27.2 Subcircuit Schematics Diagram
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Figure 3.128: MC1458 Schematic of a single pair
3.27.3 Subcircuit test circuit
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Figure 3.129: MC1458 Test Circuit
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3.27.4 Input Plot

Figure 3.130: Input Signal

3.27.5 Output Plot

v(out)

Figure 3.131: Output Signal
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3.28 LM339 differential comparators

It consists of four independent precision-voltage comparators with an offset voltage
specification as low as 2 mV maximum for LM339A, LM239A, and LM139A. Each
comparator has been designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power supplies is also possible.
These comparators also have a unique characteristic in that the input common mode
voltage range includes ground even though operated from a single power supply
voltage

3.28.1 Pin Configuration

10UT

L=z == ]=]=]

30UT

20UT 40UT
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1IN- 3IN+
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Figure 3.132: LM339 Pin Diagram

1IN+ 3IN-
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3.28.2 Subcircuit Schematics Diagram
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Figure 3.133: LM339 Schematic of a single pair

3.28.3 Subcircuit test circuit
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Figure 3.134: LM339 Test Circuit
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3.28.4 Output Plot
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Figure 3.135: Output Signal
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3.29 LF347 differential comparators

The LF347 is a low-cost, highspeed, JFET-input operational amplifiers. They re-
quire low supply current yet maintain a large gainbandwidth product and a fast slew
rate. In addition, their matched high-voltage JFET inputs provide very low input
bias and offset current.

3.29.1 Pin Configuration
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Figure 3.136: LF347 Pin Diagram
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3.29.2 Subcircuit Schematics Diagram
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Figure 3.137: LF347 Schematic

3.29.3 Subcircuit test circuit
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Figure 3.138: LF347 Test Circuit
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3.29.4 Input Plot

Figure 3.139: Input Signal

3.29.5 Output Plot

viout)

Figure 3.140: Output Signal
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3.30 LM1596 Balanced Modulator-Demodulator

The LM1596 is a doubled balanced modulator-demodulators which produce an out-
put voltage proportional to the product of an input (signal) voltage and a switching
(carrier) signal. Typical applications include suppressed carrier modulation, ampli-
tude modulation, synchronous detection, FM or PM detection, broadband frequency
doubling and chopping.

3.30.1 Pin Configuration

LM1596
—1 +Signal_ln: - +0utput -6 .
2| GainAdjusti+Carrier—tn{—L
— Juotl LAt Te Tl
- Gain_Adjust | —Carrier_In [ 8 .
b | —Signal_ln - —Output =3
—2{ Bias _ v— 0.

Figure 3.141: LM1596 Pin Diagram
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3.30.2 Subcircuit Schematics Diagram
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Figure 3.142: LM1596 Schematics

3.30.3 Subcircuit test circuit
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Figure 3.143: LM1596 Test Circuit(Suppressed Carrier Modulator)
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3.30.4 Output Plot
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Figure 3.144: Output Suppressed Carrier Modulator
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3.31 LM7905 3-Terminal Negative Regulator

The LM7905 is a 3-terminal regulators with fixed output voltage of 5V.These de-
vices need only one external component a compensation capacitor at the output.

3.31.1 Pin Configuration

= | GND

D
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'LM7905
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Figure 3.145: LM7905 Pin Diagram
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3.31.2 Subcircuit Schematics Diagram
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Figure 3.146: LM7905 Schematics

3.31.3 Subcircuit test circuit
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Figure 3.147: LM7905 Test Circuit(Fixed Regulator -5V)
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3.31.4 Output Plot

v(vin) v(vout)

) ----------

Figure 3.148: Output Fixed Regulator -5V
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3.32 LM139 Quad Differential Comparator

This family of devices consists of four independent precision-voltage comparators
with an offset voltage specification as low as 2 mV.Each comparator has been de-
signed specifically to operate from a single power supply over a wide range of volt-

ages.

3.32.1 Pin Configuration

LM139

1 |outt | outs |-L4
—2 | out2 | ouTs 13-
—2 1 vce Gnd 12

4 R o +i". L—+ 11
—2 1 1+ | In_4— L0
@L In_2— | In_3+ L@
@L In_2+ | In_3—- L@

X7

Figure 3.149: LM139 Pin Diagram
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3.32.2 Subcircuit Schematics Diagram
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Figure 3.150: LM139 Schematics

3.32.3 Subcircuit test circuit
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Figure 3.151: LM139 Test Circuit(Comparator)
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3.32.4 Output Plot

v(vin1) v(vin1
— v(vout2) — Vlvout1)

200 250 200 250
time time

v(vin3) v(constant) v(constant)
— v(vout4) — v(vout3)

Figure 3.152: Output Comparator
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3.33 UA702M Dual OP-AMP

The UA702 is a high-gain, wideband operational amplifier having differential inputs
and single-ended emitter-follower outputs. Provisions are incorporated within the
circuit whereby external components may be used to compensate the amplifier for
stable operation under various feedback or load conditions

3.33.1 Pin Configuration
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Figure 3.153: UA702 Pin Diagram
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3.33.2 Subcircuit Schematics Diagram
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Figure 3.154: UA702 Schematics
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Figure 3.155: UA702 Test Circuit(Unity Gain Amplifier)
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3.33.4 Output Plot
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Figure 3.156: Output Unity Gain Amplifier
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3.34 TL431 3-Terminal Adjustable Shunt Regu-
lator
The TL431 device is three-terminal adjustable shunt regulator, with specified ther-

mal stability over applicable automotive, commercial, and military temperature

ranges. The output voltage can be set to any value between Vref (approximately
2.5 V) and 36 V, with two external resistors.

3.34.1 Pin Configuration
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Figure 3.157: TL431 Pin Diagram
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3.34.2 Subcircuit Schematics Diagram
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Figure 3.158: TL431 Schematics

3.34.3 Subcircuit test circuit

Vin)—

NG

{Vout

T plotove platovi

R2

220 "']

LY

= 0

o

£

]

o)

50

GND

123

&
o
Q
=
<L
i
GND

Figure 3.159: TL431 Test Circuit(Pulse Response)
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3.34.4 Output Plot

[

Figure 3.160: Output Pulse Response
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3.35 BA4560 Dual high slew rate OP-AMP

The BA4560, BA4560F, and BA4560N are dual operational amplifiers which achieve
approximately twice the high output current of the BA4558, as well as featuring a
higher slew rate of 4V / s, a gain band width of 10MHz, and animproved frequency
characteristic.

3.35.1 Pin Configuration

BA4560
—LJourt | vecpB—
21w | ourz |-
—3H 4Nt | —IN2 B
—= | VEE +IN2 22—

X7

Figure 3.161: BA4560 Pin Diagram
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3.35.2 Subcircuit Schematics Diagram
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Figure 3.162: BA4560 Schematics

3.35.3 Subcircuit test circuit
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Figure 3.163: BA4560 Test Circuit(Non-Inverting Amplifier)
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3.35.4 Output Plot

 tranl: * c\fossee_fellow\test_ba4560\test_ba4560.cir =] X

v(vout2) v(vin2)
v(vin1) v(vout1)

Figure 3.164: Output Non-Inverting Amplifier
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3.36 UA733 Differential Video Amplifier

The A733 is a monolithic two-stage video amplifier with differential inputs and differ-
ential outputs. Internal series-shunt feedback provides wide bandwidth, low phase
distortion, and excellent gain stability. Emitter-follower outputs enable the device
to drive capacitive loads, and all stages are current-source biased to obtain high
common-mode and supply-voltage rejection ratios.

3.36.1 Pin Configuration

UA733

G 1 IN+ -~ IN- 10 S
—2 | GAdj_2A | GAdj_2B —2—
ej?’— GAdj_1A | GAdj_1B %e
—t Ivee |  vec
—2 | out+ ouT- 6

X?

Figure 3.165: UA733 Pin Diagram
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3.36.2 Subcircuit Schematics Diagram

Figure 3.166: UA733 Schematics

3.36.3 Subcircuit test circuit
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Figure 3.167: UA733 Test Circuit(Non-Inverting Amplifier)
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3.36.4 Output Plot

_ tran: * c\fossee_fellow\ua733_test\ua733_test.cir =] X

v(vinp,vinn) v(voutp, voutn)

Figure 3.168: Output Non-Inverting Amplifier
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3.37 LM185 Dual Adjustable Voltage Reference
Diode

The LM185/LM285/1.M385 are micropower 3-terminal adjustable band-gap voltage
reference diodes. Operating from 1.24 to 5.3V and over a 10A to 20mA current range.

3.37.1 Pin Configuration

«—
(4]
= 5
LM185| Ref —%—
&
£
X?
[\

Figure 3.169: LM185 Pin Diagram
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3.37.2 Subcircuit Schematics Diagram
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Figure 3.170: LM185 Schematics

3.37.3 Subcircuit test circuit

Figure 3.171: LM185 Test Circuit(Voltage Regulator +5V)
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3.37.4 Output Plot

tran: * c\fossee_fellovIm185_test\m185_testcir

Figure 3.172: Output Voltage Regulator +5V
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3.38 LM193 Voltage Dual Comparators

The LM193 series consists of two independent precision voltage comparators with
an offset voltage specification as low as 2.0 mV max for two comparators which
were designed specifically to operate from a single power supply over a wide range
of voltages.

3.38.1 Pin Configuration

LM193_|C
@L QUT_A VDD L@
+
@L INV_A ouT_B L@
@L Non_INV_A INV_B L@
@L GND Non_INV_B L@
X?

Figure 3.173: LM193 Pin Diagram
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3.38.2 Subcircuit Schematics Diagram
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Figure 3.174: LM193 Schematics

3.38.3 Subcircuit test circuit
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Figure 3.175: LM193 Test Circuit(Square Wave Generator)

135



3.38.4 Output Plot

*_ tran: * c\fossee_fellow\Im193_test\Im193_test.cir =] X

v(vout)
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time us

Figure 3.176: Output Square Wave Generator
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3.39 LM13600 Dual OTA IC

The LM13600 series consists of two current controlled transconductance amplifiers
each with differential inputs and a push-pull output. The two amplifiers share com-
mon supplies but otherwise operate independently. Linearizing diodes are provided
at the inputs to reduce distortion and allow higher input levels.

3.39.1 Pin Configuration

LM13600
—L1 Amp_Bias_In_1 Amp_Bias_In_2 L 16
2 | Diode_Bias_1 Diode_Bias_2 12
3 1INt 1 IN+_2 L5
& AR N-_2 13
Slours | ourz M2
; BL VEE: ; ’ iy ’ VC:C A@
S eI Bufint - Buf_in_2 19
C B Buroutt Do) Bufoutid 2

Figure 3.177: LM13600 Pin Diagram
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3.39.2 Subcircuit Schematics Diagram
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Figure 3.178: LM13600 Schematics

3.39.3 Subcircuit test circuit
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Figure 3.179: LM13600 Test Circuit(Unity Follower)
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3.39.4 Output Plot

* tran1: * c\fossee_fellow\im13600_test\Im13600_test.cir =] X

Figure 3.180: Output Unity Follower
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3.40 LM106 Voltage Comparator

The LM106 series are high-speed voltage comparators designed to accurately detect
low-level analog signals and drive a digital load. The circuits can drive RTL, DTL
or TTL integrated circuits directly. Furthermore, their outputs can switch voltages
up to 24V at currents as high as 10 mA.

3.40.1 Pin Configuration

LM106
L vin+ out -8
—2 | vin— V4
~3 1v-  Strobe 2 -2
—% 1 Gnd  Strobe_1 [—2—

X1

Figure 3.181: LM106 Pin Diagram
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3.40.2 Subcircuit Schematics Diagram
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Figure 3.182: LM106 Schematics
3.40.3 Subcircuit test circuit
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Figure 3.183: LM106 Test Circuit(Voltage Comparator)
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3.40.4 Owutput Plot
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Figure 3.184: Output Voltage Comparator
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3.41 LM7915 Negative Voltage Regulator

The LM7915 is a 3-terminal regulators with fixed output voltage of 15V.These de-
vices need only one external component a compensation capacitor at the output.

3.41.1 Pin Configuration

™~

-
=
(€]
L Vin - LM7915  Qut ———

X1

Figure 3.185: LM7915 Pin Diagram
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3.41.2 Subcircuit Schematics Diagram
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Figure 3.186: LM7915 Schematics

3.41.3 Subcircuit test circuit
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Figure 3.187: LM7915 Test Circuit
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3.41.4 Output Plot

v(vout)
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Figure 3.188: Output -15V
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3.42 NE4558 Dual OpAmp

The 4558 is a dual operational amplifier that is internally compensated. Excellent
channel separation allows the use of a dual device in a single amp application.

3.42.1 Pin Configuration

NE4558
o1 ] Gnd 'Vcc+' |8
@—2_ IN- - out —@7_
3 1IN+ LlagC |t
_@_L}_ Vece— Lead_C _95_

X1

Figure 3.189: NE4558 Pin Diagram
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3.42.2 Subcircuit Schematics Diagram
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Figure 3.190: NE4558 Schematics
3.42.3 Subcircuit test circuit
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Figure 3.191: NE4558 Test Circuit (Unity Follower)
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3.42.4 Output Plot

Figure 3.192: Output Unity Follower

148



3.43 LM2903 Voltage Comparator

This device consists of two independent low power voltage comparators designed
specifically to operate from a single supply over a wide range of voltages. Operation
from split power supplies is also possible. These comparators also have a unique
characteristic in that the input common-mode voltage range includes ground even
though operated from a single power supply voltage.

3.43.1 Pin Configuration

Figure 3.193: LM2903 Pin Diagram
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3.43.2 Subcircuit Schematics Diagram
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Figure 3.194: LM2903 Schematics

3.43.3 Subcircuit test circuit
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Figure 3.195: LM2903 Test Circuit (Voltage Comparator)
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3.43.4 Output Plot
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Figure 3.196: Output Voltage Comparator

151



3.44 uA78S40 Switching Regulator Sub-system

The A78540 is a switching regulator subsystem, consisting of a temperature compen-
sated voltage reference, controlledduty cycle oscillator with an active current limit
circuit, comparator, highcurrent and highvoltage output switch, capable of 1.5 A
and 40 V, pinnedout power diode and an uncommitted operational amplifier, which
can be powered up or down independent of the IC supply.

3.44.1 Pin Configuration

Noninv. Inv. Timing Ipk Driver Switch
Input Input Gnd  Capacitor Vg Sense  Collector  Collector

[s] [0] [n] [w] [%] [w] [] [n]

Cr Ipk
Oscilator

170

1.25V =
+Aompp D1

o] 120 [l [l 41 [2] [2 4]
Ref Inv Noninv Vee Output  Switch Diode Diode
Output Input Input Op Amp Emitter ~ Anode  Cathode

(Bottom View)

Figure 3.197: uA78540 Pin Diagram
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3.44.2 Subcircuit Schematics Diagram

Figure 3.198: UA78540 Schematics and test circuit

3.44.3 Output Plot
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Figure 3.199: Output
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3.45 TLO061 Low Power J-FET Operational Am-
plifier

The TL061, TLO61A and TL061B are high speedJ-FET input single operational
amplifier family.Each of these J-FET input operational amplifiersincorporates well
matched, high voltage J-FET andbipolar transistors in a monolithic integrated cir-
cuit. The devices feature high slew rates, low input biasand offset currents, andlow
offset voltage tempera-ture coefficient.

3.45.1 Pin Configuration

./

>

1 - Offset Null 1
2 - Inverting input
3 - Non-inverting input
4 - Ve

5 - Offset Null 2
6

A

8

w N -
[=2] ~ @

- Output
- Vec”
-N.C.

(111
LI T T

ES

Figure 3.200: TL0O61 Pin Diagram
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3.45.2 Subcircuit Schematics Diagram

Figure 3.201: TLO61 Schematics

3.45.3 Subcircuit test circuit
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Figure 3.202: Test Circuit Schematics

155



3.45.4 Output Plot

Figure 3.203: Output
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Chapter 4

Conclusion and Future Scope

We were successful to achieve the target of developing various subcircuits for both
Analog and Digital Integrated Circuits. Each Integrated Circuit Model was devel-
oped strictly according to the information contained in their official data-sheets.The
output of each IC was verified and tested successfully with the help of their test cir-
cuits. All of these IC Models, developed under this Fellowship are very basic circuit
units, such as Op-Amps, Voltage Regulators, Precision Rectifier, Schmitt Trigger,
Differential Amplifier, Instrumentation Amplifier, Comparator, Multiplexer, DeMul-
tiplexer and various Logic gate ICs. Each of these ICs is ready to be integrated in
the subcircuit library of eSim. Developers & Students can use these ICs in their
projects and circuit models as units. With the development and expansion of the
device model library in eSim, We expect more such ready to use IC models be
developed to be used in eSim.
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Chapter 5

Circuits Contribution

5.0.1 Abhinav Tripathi

TL074 Low Noise J-FET Quad Op-Amp IC

TLO81 J-FET Operational Amplifier IC

LM120 Negative Voltage Regulator 1C

LM709 Operational Amplifier IC

LMT710 Voltage Comparator 1C

LM725 Operational Amplifier IC

LM145 Negative Regulator 1C

NJM 1496 Balanced Modulator-Demodulator 1C

9. RC4558 Operational Amplifier IC

10. TLO71 Low-Noise J-FET Operational Amplifier IC
11. uA78S40 Universal Switching Regulator Sub-system
12. TLO61 Low Power J-FET Operational Amplifier

XN DO W

5.0.2 Aman Singh

LM1596 Balanced Modulator-Demodulator
LM7905 3-Terminal Negative Regulator
LM139 Quad Differential Comparator
UA702M Dual Op-Amp

TL431 3-Terminal Adjustable Shunt Regulator
BA4560 Dual high slew rate Op-Amp

UAT733 Differential Video Amplifier

LM185 Dual Adjustable Voltage Reference diode
9. LM193 Voltage Voltage Dual Comparator

10. LM13600 Dual OTA IC

11. LM106 Voltage Comparator

12. LM7915 Negative Voltage Regulator

13. NE4558 Dual Op-Amp

14. LM2903 Voltage Comparator

XN DO W
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5.0.3 Karthik Ayyala

1. LM747 Op-Amp

2. uA709 Op-Amp

3. LF253 Op-Amp IC

4. LM4136 Op-Amp IC

5. MC 1558 Op-Amp IC

6. ULN2066 Quad Darlington switches
7. TL052 Op-Amp IC 8. TL084 IC

9. TLO72 IC

10. L7915 Voltage Regulator IC

5.0.4 Vignesh S

ULN2001 Seven Darlington arrays 1C
LM4040 Shunt Voltage Reference IC
UC3611 Quad Schottky Diode Array
LM311 Differential Comparator
UC3610 Dual Schottky Diode bridge
MC1458 Operational Amplifier
LM339 Differential Comparator
LF347 Differential Comparator
LF351 Operational Amplifier IC

© 0N O W=
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