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Proteus Schematic:
[image: ]

Above shows the amplifier schematic in Proteus. Here the input signal is passed through a capacitor (which block DC to the amplifier) where it is amplified and the output signal strength is shown on the oscilloscope. Port A shows the input signal strength whereas port B shows the output signal strength generate from the amplifier. The DC current used was 12V and is used to power the amplifier. 

LM741 Amplifier
	Frequency
	
	Output Voltage
	frequency
	
	Output Voltage

	100
	
	300mV
	20k
	
	300mV

	200
	
	300mV
	50k
	
	297.5mV

	500
	
	300mV
	100k
	
	288.75mV

	1k
	
	300mV
	200k
	
	245.0mV

	2k
	
	300mV
	500k
	
	115.0mV

	5k
	
	300mV
	
	
	

	10k
	
	300mV
	
	
	




Above shows the table of the output voltage for the LM741 amplifier.

Below shows the results plotted on a graph. It can be seen that 20K Hz the output signal starts to weaken as the frequency increases into the higher ranges.




Gain Bandwidth Product (GBP):
Max Value = 300mV

Max Value x 3dB point (half signal strength) = 300mV x 0.707 = 212.1mV (min value)

212.1mV occurs at 250KHz.

GBP = 250KHz x 3 = 750KHz

GBP = 750KHz

TL071 Amplifier

	Frequency
	
	Output Voltage
	Frequency
	
	Output Voltage

	100
	
	300mV
	20k
	
	300mV

	200
	
	300mV
	50k
	
	300mV

	500
	
	300mV
	100k
	
	298.75mV

	1k
	
	300mV
	200k
	
	292.50mV

	2k
	
	300mV
	500k
	
	267.5mV

	5k
	
	298.75mV
	1M
	
	210mV

	10k
	
	300mV
	2M
	
	131.25mV

	
	
	
	980k
	
	212.5mV


This used the same schematic as the first amplifier however the amplifier itself was replaced to see how the GBP could be changed.



In this graph, it can be seen that the relationship between frequency and output voltage shows a similar relationship to the LM741 amplifier where the output voltage starts to drop off around 50KHz. However, with this amplifier the weakening of the voltage seems to happen at a slightly slower rate.

[bookmark: _GoBack]GBP:

Max Value = 300mV

Max Value x -3Db point = 300mV x 0.707 = 212.5mV

GBP = 980,000 x 3 = 2.94MHz

Min Output = 212.5mV 980KHz 

GBP = 2.94MHz.










Breadboard
[image: ../../../../Pictures/Photos%20Library.photoslibrary/resources/proxies/derivatives/12/00/12ce/UNADJUSTEDNONRAW_thumb_12ce.jpg]

Above is a photo of the breadboard I used. It is developed from the Proteus schematic and also follows similar wiring. Moreover, there was a diagram provided showing the layout for the amplifier which I followed. All capacitor and resistors match the values of those in Proteus so placing the correct value in the correct part of the circuit was vital otherwise it could risk burning out. Also, the capacitors have the to be place in the correct polarisation (i.e. positive leg at the positive end and negative leg at the negative end), if this is not done they can burn out even if the correct values are selected.

Here the DC current (powering the amplifier) flows in and out of the yellow wires, the positive being at the top and the ground at the bottom. The signal input on the other hand enters from the blue wire at the bottom of the breadboard and is amplified by the chip. The output voltage leaves via the blue wire at the top of the breadboard. These were then connected to an oscilloscope to measure the input and output signal.

[image: ]The board was connected up to a multi-meter and a power bank. The power bank supplied 12V DC to the board whereas the multi-meter could generate a signal frequency within our requirements (starting at 100Hz). Probes connected to an oscilloscope were used to measure the AC signal voltage in and out of the board. One was connected to the input wire and the other to the output wire. Each probe then had an additional wire which was connected to the ground so that a reference point could be established. The oscilloscope was set up to show to AC signal voltages; one input and one output. The reasons for this is that both voltages can be measured and compared and later plotted to spot trends. Later the GBP can be calculated.


	Frequency
	Output Voltage
	Frequency
	Output Voltage

	100
	304mV
	10k
	300mV

	200
	304mV
	20k
	300mV

	500
	300mV
	50k
	300mV

	1k
	300mV
	100k
	280mV

	2k
	300mV
	200k
	250mV

	5k
	300mV
	500k
	160mV

	
	
	1M
	100mV

	
	
	2M
	60mV

	
	
	290k
	214.9mV



Here once again the relationship is quite similar to the simulated measurements. The graph shows a steady output voltage up to 10KHz. After this the signal strength drops off massively as the frequency increases. Note that (like the simulations) a logarithmic scale is used to show the relationship effectively. It is also good to note that this graph is less smooth which is likely due to the imperfections of real-life measuring equipment and the electronic components on the board. 

GBP:

Max Value = 304mV 
Max Value x -3dB point = 304 x 0.707 = 214.9mV
Min Output = 214.9mV at 290KHz
GBP = 290KHz x 3 = 870KHz.
PCB

Easy PC Schematic

[image: ]
To build the PCB the software Easy-PC was used. First the schematic has to be identical with the same components as the Proteus schematic. Then in another window the PCB could be designed by dragging components onto the board. Depending how the components are arranged will determine its size. As a rule of thumb the smaller the PCB the better as it saves space and money in the build. My PCB was quite large as I did not arrange the components as effectively as others. However, this also allowed for more space between components so when it came to soldering, as I am inexperienced with a soldering iron, it proved useful to have a bit more room. 

When placing on components software notifies when one is in the incorrect place. This gives an instant easy indication when something is wrong however, arranging effectively can still be hard. Moreover, once all resistors, capacitors and ports are properly placed, wiring up is the next challenge. To help achieve effective wiring, copper layers were used. One layer is positive and another grounded. After the PCB was completed the design was sent off to be manufactured externally. 

Once the PCBs had been manufactured the resistors, capacitor and the chip had to be soldered on. Having not soldered before I found it initially quite challenging however, once I had been shown the proper technique I managed to solder all the components on the board correctly. I also wired up the ports and like the breadboard connected the probes, the power supply and the multi-meter in the same manner to get an oscilloscope reading.
PCB 2D Graphics

[image: ]
[image: ]
Above shows the front and back of the PCB.

Easy PC 3D Graphic
[image: ][image: ]
Above shows the 3D graphic and a photo of the fully soldered PCB.
Results



	Frequency
	Output Voltage
	Frequency
	Output Voltage

	100
	340mV
	10k
	344mV

	200
	344mV
	20k
	348mV

	500
	344mV
	50k
	344mV

	1k
	344mV
	100k
	340mV

	2k
	344mV
	200k
	296mV

	5k
	348mV
	500k
	180mV

	
	
	1M
	104mV

	
	
	2M
	48mV

	
	
	272K
	246.04mV



The PCB shows a similar relationship to the simulated amplifier and the breadboard. It should be noted that the components were the exact same as those used on the breadboard. Once again, the amplifier output drops off around this time around 50KHz and similar to the breadboard the line is less smooth than the simulations. Also, a good thing to note is the output voltage was initially higher at lower frequencies than the simulated amplifiers, which started at 300mV. On the PCB however, the initial voltage output was 344mV. 

GBP:

Max Value x -3dB = 348mv x 0.707 = 246.04mV
Min Output = 246.04mV at 272KHz
GBP = 272 x 3 = 816KHz

PCB Amplifier

Vout (mv)	100.0	200.0	500.0	1000.0	2000.0	5000.0	10000.0	20000.0	50000.0	100000.0	200000.0	500000.0	1.0E6	2.0E6	340.0	344.0	344.0	344.0	344.0	344.0	344.0	348.0	344.0	340.0	296.0	180.0	104.0	48.0	Frequency (Hz)


Vout (mV)



Lm742 Amplifier

OutV (mV)	100.0	200.0	500.0	1000.0	2000.0	5000.0	10000.0	20000.0	50000.0	100000.0	200000.0	500000.0	300.0	300.0	300.0	300.0	300.0	300.0	300.0	300.0	297.5	288.5	245.0	115.0	Input Frequency (Hz)


Output Voltage (mV)



TL071 Amplifier

100.0	200.0	500.0	1000.0	2000.0	5000.0	10000.0	20000.0	50000.0	100000.0	200000.0	500000.0	1.0E6	2.0E6	300.0	300.0	300.0	300.0	300.0	300.0	300.0	300.0	300.0	298.75	292.5	267.5	210.0	131.25	Input Frequency (Hz)


Output Voltage (mV)



Breadboard

Vout(mV)	100.0	200.0	500.0	1000.0	2000.0	5000.0	10000.0	20000.0	50000.0	100000.0	200000.0	500000.0	1.0E6	2.0E6	304.0	304.0	300.0	300.0	300.0	300.0	300.0	300.0	300.0	280.0	250.0	160.0	100.0	60.0	Frequency (Hz)


Vout  (mV)



image4.png
o e, @ —
Trn Trn Bro Bre Fraject Tlrant Amplifrer
Test Anmplifier
Test Anplifier

workshopskills 21-22

AMP1





image5.png




image6.png




image7.jpeg




image8.png




image1.png
Non-inverting opamp

gain= 1+R4R3

2030

—:®
o

2y
1N
R1
10
+
1 TLOT1
R2 R3
10 10k
—c2
10

>

© o





image2.jpeg




image3.jpeg
M 1.00us ~5.25m¥
283.150kHz






Learning in the Digital Era

Workshop
Skills

Matthew Russel
2110762



