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1. [bookmark: _Toc98155995]Amplifier Schematic

[image: ]
[bookmark: _Ref98154222][bookmark: _Toc98155986]Figure 1- Non-inverting Op Amp Schematic

This Non-Inverting Operational Amplifier (Op Amp) circuit amplifies the input signal whilst maintaining an output voltage in phase with the input voltage. It consist of three capacitors, four resistors, and a TL071 Op Amp chip. 
2. [bookmark: _Toc98155996]Proteus Simulation Voltage Measurements
For all Proteus simulations, the input voltage was 2V, with just the input frequency as the variable.
2.1. [bookmark: _Toc98155997]LM741

[bookmark: _Toc98155978]Table 1 - LM741 measurements 1
	[bookmark: _Hlk86665077]Frequency
	
	Output Voltage
	frequency
	
	Output voltage

	100
	
	298.75m
	200
	
	300m

	500
	
	297.50m
	1K
	
	298.75m

	2K
	
	300m
	5K
	
	300m

	10K
	
	298.75m
	20K
	
	300m

	50K
	
	297.50m
	100K
	
	288.75m

	200K
	
	245m
	500K
	
	115m

	
	
	
	
	
	




[bookmark: _Toc98155979]Table 2 - LM741 measurements 2
	[bookmark: _Hlk86935080]Frequency
	
	Output Voltage
	frequency
	
	Output voltage

	100
	
	298.75m
	200
	
	300m

	500
	
	297.50m
	1K
	
	298.75m

	2K
	
	300m
	5K
	
	300m

	10K
	
	298.75m
	20K
	
	300m

	50K
	
	297.50m
	100K
	
	288.75m

	200K
	
	245m
	500K
	
	115m

	
	
	
	
	
	



Max Value = 300*0.707 (-3dB point) = 212mV = 250 KHz
Gbp = 250*3=750mV
2.2. [bookmark: _Toc98155998]TL071

[bookmark: _Toc98155980]Table 3 - TL071 initial measurements
	Frequency
	
	Output Voltage
	frequency
	
	Output voltage

	100
	
	298.75m
	200
	
	300m

	500
	
	297.50m
	1K
	
	298.75m

	2K
	
	300m
	5K
	
	300m

	10K
	
	298.75m
	20K
	
	300m

	50K
	
	297.50m
	100K
	
	288.75m

	200K
	
	245m
	500K
	
	115m



[bookmark: _Toc98155981]Table 4 - TL071 Re-run measurements
	Frequency
	
	Output Voltage
	frequency
	
	Output voltage

	100
	
	297.50
	200
	
	297.50

	500
	
	297.50
	1K
	
	297.50

	2K
	
	297.50
	5K
	
	297.50

	10K
	
	300
	20K
	
	297.50

	50K
	
	300
	100K
	
	300

	200K
	
	267.50
	500K
	
	267.50

	980k
	
	212.50
	
	
	



[bookmark: _Toc98155982]Table 5 - TL071 Second Re-run measurements
	Frequency
	
	Output Voltage
	frequency
	
	Output voltage

	100
	
	298.75m
	200
	
	300m

	500
	
	297.50m
	1K
	
	298.75m

	2K
	
	300m
	5K
	
	300m

	10K
	
	298.75m
	20K
	
	300m

	50K
	
	297.50m
	100K
	
	288.75m

	200K
	
	245m
	500K
	
	115m



2.3. [bookmark: _Toc98155999]Graph of gain plotted against Frequency for simulated circuit


[bookmark: _Toc98155987]Figure 2 - Simulated circuit gain chart
3. [bookmark: _Toc98156000]Breadboard Measurements
The breadboard circuit provided a canvas to prototype and test the op amp design using physical components (Figure 2 shows the breadboard circuit complete with components).
[image: ]
[bookmark: _Ref98101128][bookmark: _Toc98155988]Figure 3 - Breadboard op amp
The connection of the test equipment to the circuit can be seen in Figure 1. The function generator, providing an input signal, was connected to C1/ + on TL071 for the Vin, and R1/ Ground for V-. The oscilloscope was connected to Vin, measuring the input voltage, and Vout/ C3 measuring the output voltage.
To calculate gain, I divided the output voltage by the input voltage (giving an answer in mV).
3.1. [bookmark: _Toc98156001]LM741 
Date: 04/11/2021
Oscilloscope settings: 
· Trigger: Auto 0V
· Time division: 1ms
· Input wave: sine; Amplitude: 100mV, offset: 0V, start frequency: x
· Max value = 255*0.707 = 180
[bookmark: _Toc98155983]Table 6 - Breadboard gain results table
	Frequency (V)
	
	Output Voltage
	Frequency (V)
	
	Output voltage

	100
	
	510/2 = 255mV
	200
	
	510/2=255mV

	500
	
	510mV/2 = 255mV
	1K
	
	510mV/2 = 255mV

	2K
	
	510mV/2 = 255mV
	5K
	
	510mV/2 = 255mV

	10K
	
	510mV/2 = 255mV
	20K
	
	510mV/2 = 255mV

	50K
	
	490/2=245mV
	100K
	
	450/2=225mV

	200K
	
	215mV
	500K
	
	115mV

	
	
	
	
	
	



3.2. [bookmark: _Toc98156002]Graph of gain plotted against Frequency for bread board circuit

[bookmark: _Toc98155989]Figure 4 - Breadboard circuit gain chart
4. [bookmark: _Toc98156003]PCB Op Amp Tests
The PCB was designed on EasyPC. This enables the creation of a schematic and a 3D view of the circuit (see Figure 6 and Figure 7 respectively), and also a gerber (gbr) file to be produced, which was then sent to the manufacturers. When the PCB was received from the manufacturers, I carried out a visual inspection to see if it is as per the design (by comparing to my EasyPC design), before soldering the components onto the board.
[image: ]
[bookmark: _Toc98155990]Figure 5 - PCB Oscilloscope measurement picture
[bookmark: _Toc98155984]Table 7 - PCB gain results table
	Frequency (Hz)
	Output Voltage (V)
	3dB 

	5
	4.12
	2.92

	10
	4.12
	2.92

	15
	4.12
	2.92

	20
	4.12
	2.92

	25
	4.12
	2.92

	50
	4.08
	2.92

	75
	3.97
	2.92

	100
	3.28
	2.92

	114.5
	2.92
	2.92

	150
	2.24
	2.92

	200
	1.72
	2.92


[bookmark: _Toc98155985]Table 8 - PCB Op Amp Results


[bookmark: _Toc98155991]Figure 6 - PCB Op Amp Measurements



[bookmark: _GoBack]









5. [bookmark: _Toc98156004]Easy PC Project



[image: ]
[bookmark: _Ref98099976][bookmark: _Toc98155992]Figure 7- Easy PC Schematic

[image: ]
[bookmark: _Ref98099982][bookmark: _Toc98155993]Figure 8- Easy PC PCB Artwork
[image: ]
[bookmark: _Toc98155994]Figure 9 - Easy PC Artwork
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