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APPLICATION OF OP-AMP: CURRENT - VOLTAGE CONVERTERS
CIRCUITS, CIRCUITS WITH RESULTS 123, 234,..., 789

Vu Thi Ngoc Thu'*
L Faculty of Electrical and Electronics Engineering, University of Technology and
Education Ho Chi Minh City, Vietnam

*Corresponding author: thuvtn@hcmute. edu.vn
Abstract

This article researches two types of Op-Amp circuits: type 1 consists of 3 electronic
circuits (with the function of converting between current - voltage), type 2 includes 9
circuits (which have results: 123, 234, 345, 456, 567, 678, 789). With type 1, between the
input (current - voltage), the output (current - voltage) will be dependent on the value of
resistors connected outside the Op-Amp circuits. The main research method is calculation
with hand calculator, Excel software, Proteus (software to draw circuits), Desmos (software
to modulate circuits). This article contributes variety of Op - Amp electronic circuits in

both theory and application. .

Keywords: electronic components, Op-Amp, transforms current to voltage, transforms

voltage to current, amplifier current..

1. Introduction

With continuous development of electronic technology, electronic components be made
in a more sophisticated and modern way. However, the IC 741 (Operational Amplifier
Integrated Circuit) still is one of the most active fearture components. The symbol 741
means that the IC has 7 function pins, 4 input pins and 1 output pin (Ravi Teja, 2021).
By simply external attaching, we can create Op-Amp circuits with new features. Circuits
types 1 (to convert between currents - voltages) and circuit types 2 ( have results in 123,
234, 345, 456, 567, 678, 789) have created a surprise because of their novel properties..

2. Results of Researcher

2.1. The popular featurers of Op-Amp

We have popular featurers of apllication O-Amp circuits (Ravi Teja, 2021):

- Amplifier: IC 741 is used to amplify the signals which have different frequencies from
DC to higher radio frequency. It is also used in frequency-selective amplifiers to filter
out signals of unwanted frequencies, example: tone control systems in stereo and Hi Fi

systems.

- The circuit performs math operations: integral, differential, summation, subtraction,

ete.

- Precision rectifier: then IC 741 acts as a diode.
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- Oscillator circuit: there are different output waveforms such as sine, square, triangle,
etc. Also used in pulse width modulators (PWM generators).

- Comparator circuit: IC 741 can be used in voltage stabilizer and signal comparison.

- ADC / DAC: IC 741 is used to create q digital to analog converter, example: from
a binary input from a computer or microcontroller, and convert it to analog signals,
corresponding voltage levels (supplied to the motor). Similarly, it is also possible to convert
an analog signal to a digital signal.

2.2. New results of reseacher for Op-Amp circuits

There are two new types of Op-Amp application circuits which built on relatively
simple circuit diagrams. However, the principle of the two types of application circuits

below is convenient and mathematically fun.

* Type 1: Op-Amp circuits to convert voltage-current (Duong Nguyen Trinh, Sam
Le Hai Hai Luong Ngoc, Cuong Quoc Nguyen, 2006).

Circuit 01: Circuit with current be converted to voltage

After proving, we have the formula to calculate Vout of circuit 01:
Vout = —RF % Iin = =10 x Iin

This is an inverting amplifier for voltage (Ha Tran Thu, Nga Truong Thi Bich, Luong
Nguyen Thi, Dan Bui Thi Tuyet, Hieu Phu Thi Ngoc, Tu Duong Thi Cam, 2013), in
addition, Vin is derived from the voltage divider bridge formula. However, from a different
perspective, it is the relationship between the output voltage (Vout) and the input current
(Lin).

Simultion results for verification:

Three graphs respectively represent the relationships between Vout and Iin, Vout with
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Iin Vout
0,1mA -1V
0,3mA -3V
0,5mA -5V
0,7mA -7V
0,9mA -9V

Rb2 (Rv consists of two resistors in series, Rbl connects 412V, Rb2 connects GND), lin
with Rb2. The axes are scaled differently for easy observation.

desmos

& B

desmos

RO+ P
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Circuit 02: Circuit with voltage be converted to current

After proving, we have the formula to calculate Iout of the circuit:

Iout =Vin/RL = 0,1Vin

+12v

g A2 H fé—k
Voks

This is a buffer circuit for voltage (Ha Tran Thu, Nga Truong Thi Bich, Luong Nguyen
Thi, Dan Bui Thi Tuyet, Hieu Phu Thi Ngoc, Tu Duong Thi Cam, 2013). However, from
a different perspective, it is the relationship between the output current (lout) and the
input voltage (Vin).

Simulation results can be used to verify:

lin Vout

IaY 0,1lmA
3V 0,3mA
5V 0,5mA
g 0,7mA

10V ImA

g O+ £
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Three graphs respectively represent the relationship between lout with Vin, Vout with
Rb2, Tout with Rb2. The axes are scaled differently for easy observation.

desmos

R e+ P

R o + 2
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Circuit 03: Current amplifier
After proving, we have the formula for calculating Vout of application circuit 03:

lTout = Iin * RF/RL = n * lin

+12V
i

o OF-AMP
+

= —,ﬂ 741 s
- S
+ ||\

7
[in 124 RL
. 10k
R RF
(- e
ol g TOK 10K

To set RF = n* RL with n is 1, 2, 3, 4,...So, the current gain is n times.

This circuit 03 is actually circuit 01 with the addition of a 10K load resistor. Therefore,
instead of drawing 3 graphs as above, the researcher only draws one of graph below.

Simulation results for verification (because RF=RL, n=1):

[in Tout
0,2mA 0,2mA
0,4mA 0,4mA
0,6mA 0,6mA
0,8mA 0,8mA
1mA ImA

The graph shows the relationship between Iout and Iin. The axes are scaled with the

same scale, respectively with n=1, n=2.

Comment: The current amplification factor of the circuit is n. Higher n is, higher slope
of line increases.
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* Type 2: Op-Amp Circuits with the results 123, 234,...789

This is the familiar inverting amplifier circuit that many documents have presented.
Called inverting amplifier because Vout and Vin have different signs. Supposing that Vout
is in mV and is not positive saturation of 412V or negative saturation of —12V.

Vout = —%fwn

R RF

L S— | S——

in [=

The following data table was found by using Excel for listing and selecting to find the
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result of 3 numbers forward.

Vin Rf R Vout
-14,76 15 1.8 123
-28,08 15 1.8 234
-41.,40 15 1.8 345
-54,72 15 1,8 456
-81,36 1 1,8 678
-94.68 15 1,8 789

3. Conclusion

The article has built Op-Amp electronic circuits with new features (type 1 with 3
circuits, type 2 with 9 circuits). The grouping of electronic circuits which have similar
or related properties shows the flexible nature of Op-Amp. This further confirms the
correctness of the electronic circuits even though the external resistors are assembled in
the same positions but with different values. Besides, it will increase application range
and diversity of Op-Amp circuit.
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