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Abstract
The objective of this report is to discuss the design, testing and assembly of a single supply, non-inverting operational amplifier with a gain of 3 based on the LM741. The circuit is shown below.
[image: ]
Figure 1 - Reference circuit provided for the task
It will be simulated in Proteus, using virtual lab equipment to take measurements; then built on a bread board and tested, and then a PCB will be designed using EasyPC and populated and finally tested again. During this exercise I will be using a number of programs to simulate my circuit and to design my PCB. I will also use a number of pieces of workshop equipment both real and simulated. I will keep a lab notebook in the form of a word document. This document will be submitted by myself at the end of the module for marking. My lab notebook will contain a record of everything I have done in this module.


Proteus Simulation 
The circuit design is based off of the 741, following guidance from the Texas Instruments datasheet the op amp can be run as a single or dual power supply however on this occasion it will be run with a single supply. 
[image: Diagram, schematic
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Figure 2- Typical Application schematic design as published by (Texas Instruments, 2021)
The design for the circuit features a signal generator feeding the non-inverting input and the inverting input looped round to the output in a feedback loop. To test the circuit and view results, a digital oscilloscope was attached with port A in the output of the signal generator and port B on the output of the 741 Operational Amplifier. 
[image: Diagram, schematic
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Figure 3 - Schematic designed in proteus
To conduct testing, the signal generator was set to have a sine wave peak-to-peak voltage of 100mV and incrementally increased the frequency of the sine wave from 5kHz to 500kHz.
As the frequency was raised, the peak-to-peak output voltage was recorded and plotted against the input frequency. See Appendix A – Proteus Test Results for the full table of results.
Graph of Virtual Measurements
[image: Chart, line chart
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[bookmark: _Ref102038223]Figure 4 - Graph of results from Proteus simulation
The results from the Proteus simulation testing were plotted into the graph seen in Figure 4. The 3dB point of an operational amplifier is the bandwidth within which the voltage gain is above 70.7% or -3dB. In the case of the simulated Proteus circuit, the 3dB point is found to be at 6.53dB at 212.1kHz.




Breadboarding
What is a Breadboard?
A breadboard is a tool used for prototyping electronic circuits[image: Diagram, text

Description automatically generated]. On the underside of a breadboard there are many metallic bars with pinch contacts into which the leads of components can be inserted. Typically breadboards feature a pair of power rails (positive and 0v) on the long edges of a breadboard, one pair can be seen in Figure 7 as the 2 vertical metal bars. The main section of a Breadboard features lots of shorter metal bars used for components and jumper wires.[bookmark: _Ref102037632]Figure 5 - Power and component rails
 of a breadboard, elprocus.com [3]


Testing the Breadboarded circuit
With the breadboard circuit laid out, testing was conducted by the used of test leads between the signal generator and the terminal pins located at 4J and 5J. A dual channel power supply was used to supply +12V on the top rail and 0v on the bottom rail, and an oscilloscope was connected to the terminal pins located at 19A and 20A.
[image: ]
Figure 6 - Breadboard reference diagram for the 741 Op-Amp circuit
Measurements
Measurement of results was conducted in the same way as on Proteus to reduce the possibility of introducing errors. The frequency of the signal generator was set at 5kHz and the amplitude set at 100mV peak-to-peak. The frequency was increased incrementally up to 500kHz and the 3dB point of the Op-Amp calculated to be 6.62. See Appendix B – Breadboard Test Results for the full table of results.
Graph of Measurements
[image: Chart, line chart
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Figure 7 - Graph of Breadboard circuit output voltage gain vs input frequency


Easy-PC
Artwork of PCB
With the performance of the circuit verified in simulation and on a breadboard, it was not time to design the printed circuit board (pcb). To design the PCB a computer aided design program called EasyPC was used. All components were selected and laid out in the same fashion as in Proteus with the only differences being the lack of test equipment and the inclusion of terminal blocks (PL1, 2 & 3) to be used to hooking up power, the signal generator and the oscilloscope.
[image: ]Figure 8 - My Op-Amp circuit schematic ready to be translated onto a PCB design





A netlist was generated from the schematic, and component footprints assigned to each component, then laid out onto a PCB. A ground plane and power plane (light blue) was poured across the board area to ensure good power layout and the board labeled up.
[image: ]
Figure 9 - My Op-Amp circuit PCB ready for manufacturing


Populating and test of PCB 
The design files for the PCB were sent off to be manufactured and then upon return, the same components used on the breadboard were soldered into position on the PCB. See Appendix C – PCB Test Results for the full table of results.Figure 10 - LEFT: PCB fully assembled and ready for testing. RIGHT: PCB with test probes connected

[bookmark: _Ref102037893][image: Chart, line chart
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Appendix A – Proteus Test Results
	Frequency (KHz)
	Output Level (mV)
	Attenuation (dB)

	5
	300
	9.542425

	10
	300
	9.542425

	15
	300
	9.542425

	20
	300
	9.542425

	25
	300
	9.542425

	50
	297
	9.455129

	75
	294
	9.366947

	100
	288.5
	9.202916

	150
	272
	8.691378

	200
	244.5
	7.765577

	250
	213
	6.567592

	300
	184.5
	5.319927

	350
	161.5
	4.163451

	400
	142.5
	3.076297

	450
	127.5
	2.110204

	500
	114.5
	1.17611



[bookmark: _Ref102041742]Appendix B – Breadboard Test Results
	Frequency (KHz)
	Output Level (mV)
	Attenuation (dB)

	5
	303
	9.628853

	10
	303
	9.628853

	15
	303
	9.628853

	20
	300
	9.542425

	25
	294
	9.366947

	50
	291.06
	9.279651

	75
	288.12
	9.191468

	100
	282.73
	9.027438

	150
	266.56
	8.5159

	200
	239.61
	7.590099

	250
	208.74
	6.392114

	300
	180.81
	5.144449

	350
	158.27
	3.987972

	400
	139.65
	2.900819

	450
	124.95
	1.934725

	500
	112.21
	1.000631



[bookmark: _Ref102041774]Appendix C – PCB Test Results
	Input Signal Frequency (kHz)
	Output level )v)
	Attenuation (dB)

	5
	4.12
	9.627166

	10
	4.12
	9.627166

	15
	4.12
	9.627166

	20
	4.12
	9.627166

	25
	4.12
	9.627166

	50
	4.04
	9.456849

	75
	3.96
	9.283126

	100
	3.28
	7.646699

	114.5
	2.92
	6.636879

	150
	2.24
	4.334182

	200
	1.72
	2.039791

	250
	1.168
	-1.32192

	300
	0.616
	-6.87916

	350
	0.064
	-26.5472
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