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Figure 1 – Figure contents

2. [bookmark: _Toc170656963]Introduction
2.1 [bookmark: _Toc170656964]Circuit Description & Operation

The circuit detailed within this project is based around a 555 timer, which is a highly stable device used for accurate time delays or oscillation [1]. It will be used in a “pulse generation [1]” mode, where it will produce a pulse which causes two LEDs to flash out of sequence. Minimal supporting components are required for this application, with the 555 timer being the only active component used. A network of resistors is used to manage the voltage which gets to the LEDs, and some simple capacitor resistor circuits are used to set the timing for the 555 IC.


3. [bookmark: _Toc170656965]Design
[bookmark: _Toc170656966]3.1 Calculations
For this circuit, all values have been provided, apart from R3 and R4, which must be calculated to control the voltage that the LEDs receive, and keep them within their power limits to prevent damage. To calculate this, the following equation is used, where Vcc is input voltage, Vf is the forward voltage of the LEDs, and Vi the forward current.




The LEDs in the simulation have a forward voltage of 2.2v (Vf) and a forward current of 20mA (If). The Vcc is 9v. These are put into the formula, giving the result of 340 ohms. This was calculated for each resistor separately, and the resistance required for each resistor is the same. Some basic simulation, where the voltage is measured across each LED, confirms that the correct voltage is present and the calculations are correct.

[image: ]
Figure 2 – Voltage measurement across LEDs

The frequency, period, on and off times are also useful values, as they can be compared against those which are measured to ensure that the circuit is functioning as expected. To find frequency, the following equation is used:



This gives the result of 685.7 Hertz.

Equation for Period:


This gives a result of 1.457 milliseconds.



Equation for on time:


This gives a result of 0.7634 milliseconds.

Equation for off time:


Which gives a result of 0.6940 milliseconds.

[bookmark: _Toc170656967]3.2 Schematics

A schematic was provided for an initial layout of the circuit, except for the values for R3 and R4, which were calculated and added in the previous section. The schematic below details the completed circuit, with correct values. This is the schematic that will be used for simulation and breadboard testing.

[image: ]
Figure 3 – Schematic


[bookmark: _Toc170656968]3.3 Simulation
Using Proteus, simulation is possible to ensure that a circuit will function as expected. The first step is to run a simple simulation, where the function of the circuit is checked, through the animation function built into the LEDs. If the circuit functions correctly, the LEDs will flash between each other, with an interval of just less than a second.

[image: ]
Figure 4 – LEDs Illuminating

The next stage is based around ensuring the voltages are in the correct range and connecting an oscilloscope. These are added into the schematic layout before running a simulation and watching the values to ensure they are as expected. As seen below, the voltages around the LEDs measured at 2.26v while energised, which is what was calculated, and is within operating conditions for these components.

[image: ]
Figure 5 – Schematic, featuring volt meters & Oscilloscope.

Now that the voltages have been verified, the oscilloscope is used to measure the output and the timing circuit. The yellow waveform is the output to the LEDs, and the green is measuring the voltage between R1 and C2 as in the schematic above, which provides the threshold voltage from the capacitive timer circuit. When the threshold voltage pulls low, the output is pulled low and vice versa, with a time delay as the capacitor charges. This is what provides the blinking effect and timing.

[image: ]
Figure 6 – Simulated oscilloscope readings

Labels are now added to the waveforms, to identify voltages at key points. The peaks of the output wave form are +/- 6V DC, with positive / negative dependant on the point in the cycle. The threshold voltage is much lower, with a peak of +/- 4V. 

[image: ]
Figure 7 – Simulated oscilloscope, with labels.



[bookmark: _Toc170656969]4. Breadboard testing
[bookmark: _Toc170656970]4.1 Operation

To ensure the circuit functions as expected, real world testing is required. The first stage of this is to construct the circuit on a breadboard, using the specified components, based on the schematic to ensure connection is correct. Once assembled, a power supply is used to provide power to the circuit. The power supply is set to 9v, and a current limit of 100mA, to prevent damage in the case of an incorrect connection.
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                                 Figure 8 – Assembled circuit on breadboard		         Figure 9 – Power supply in use

The circuit should begin functioning when power is applied if the connections are correct. The circuit did operate as expected, so its function is confirmed.

[bookmark: _Toc170656971]4.2 Testing

Once operation has been confirmed, the circuit will be tested with an oscilloscope to confirm that readings in the simulation match those in the real world. Considerations of connection points in real world testing are more important, as oscilloscopes may pickup electromagnetic radiation from other devices. A small wire was used to allow probes to be connected, deliberately short to reduce it from acting as an antenna. Both probes are connected as per the schematic, and each ground connected to the circuits main ground, to reduce interference.
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Figure 10 – Oscilloscope connections on breadboard
Once connected, the oscilloscope is adjusted to allow measurement of the waveforms. The time divisions (horizontal) and voltage range (vertical) are adjusted to a range which shows the whole waveform. Once complete, they can be analysed to ensure that they are as expected.
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Figure 11 – Oscilloscope reading (real world)		                Figure 12 – Simulated oscilloscope reading.

Looking at these results, the trigger signal (red on F.11, green on F.12) is as expected, with the same timings and voltage in both cases. However, the output signal (yellow on both) is not as expected. The voltages and timings are nearly accurate, however the peak voltage decays sooner than it does in the simulation. This may be perceived as a slight dimming in the LEDs, from when they are first illuminated in their cycle. Although this is generally unperceivable in the circuit, it may cause issues in different arrangements, for example where a timer is used to trigger transistors as switches, as the voltage may drop below the gate requirement and cause the LED to turn of prematurely. It is likely that this has been caused by improper connections on the breadboard, or by tolerances in components- specifically capacitors. If a capacitor is a lower value than required, it may discharge in this fashion.

[bookmark: _Toc170656972]5. Conclusion

Overall, the project has demonstrated the principles behind the design of electronics circuits, and a better understanding of how they function. Understanding how to use an oscilloscope has better helped to make sense of waveforms and timings within circuits. This understanding is of critical importance in the OME field, as more electronic devices are used within products, engineers must be able to understand the function, requirements & specifications of these to ensure safe and effective use.
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