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In this report, the simulation of 555 timer circuit is discussed and examined. Then the practical circuit build of the circuit simulated is explained and analysed. Finally both the practical and the simulation of the 555 timer circuit are compared as well as possible reasons for slight differences in output and capacitor voltage values are explored.
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[bookmark: _Toc185596112]Introduction 
The objective of the task was to build a 555 timer circuit successfully. This consisted of first simulating the circuit through the Proteus program; then observing the voltage at two different points on the circuit through an Oscilloscope. A practical circuit was then constructed on a bread board; then the voltage at the same points on the circuit was observed once again. Both results from the simulation and the practical were then used to calculate the Time period, On Time, Off Time and the Frequency respectively. The results of these calculations were compared.
A 555 timer circuit is an integrated chip used for various applications. “The 555 timer is … the most commonly used general purpose linear integrated circuit.” [1]  The application that it was used for during this experiment was pulse generation. This pulse would turn on and off a green and red LED (Light Emitting Diode) respectively. The 555 timer can be configured in three separate ways: Monostable, Astable and Bistable. In Monostable mode, the timer acts as a one-shot timer and outputs a single pulse when prompted by an external trigger. In Bistable mode, the timer operates as a flip-flop. A flip-flop maintains its stability until it is reset by an external trigger. In Astable mode, the timer becomes an oscillator and generates a constant Voltage wave output. This mode does not require an external trigger to operate. For this experiment, the 555 timer was operated in its Astable configuration. 
[image: ]
Figure 1 - 555 timer [2]
A breadboard is a circuit board which does not require soldering. Breadboards are an ideal choice over circuit boards for designing circuits due to this characteristic. “A Breadboard is a tool for easily connecting wires and other electronic elements when prototyping circuits. The Breadboard has two main sections—the outside rows and the middle columns.” [3] The bus strips are connected horizontally whereas the terminal strips are connected vertically. The terminal strips are usually used for constructing the circuit. The bus strips are used for the power supply or grounding. 
[image: ]
Figure 2 - Breadboard [4]

The ideal operation of this circuit is if the 555 timer generates a pulse that successfully lights up a green LED and a red LED periodically. Once connecting an oscilloscope to the circuit, the output voltage should produce a consistent square waveform. This waveform should also be comparable to the Capacitor voltage graph. As the Capacitor charges, the output voltage should be a high value. When the Capacitor discharges, the output voltage should almost instantaneously drop to a lower value.
[image: ]

Figure 3 - Capacitor and Output Voltage ideal waveforms [5]
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Prior to building the circuit on a breadboard, the circuit was designed and constructed in the Proteus software. Proteus is a software that can be used to design, test and evaluate circuits before building them on a breadboard or a circuit board. This is a good tool to perfect a circuit before construction. Proteus has many applications that can be used to monitor a circuit’s performance. During this process, an oscilloscope was used to determine if the circuit was working correctly. Before testing the circuit in Proteus, the resistance of R3 and R4 had to be calculated. This was done by using the following formula:
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Figure 4 - 555 Timer Circuit green LED
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Figure 5 - 555 Timer Circuit red LED

[bookmark: _Toc185596115]2.2 Simulation Results 
After simulating the circuit seen in Figure 4 and Figure 5, the oscilloscope produced two waveforms. These waveforms represent the output and capacitor voltages. The output voltage is the top yellow square waveform and the capacitor voltage is the bottom blue waveform, as seen below in Figure 6 and Figure 7.
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Figure 6 - Output Voltage Time Values
[image: ]
Figure 7 - Capacitor Voltage Time Values 
Using the time values in Figure 6, the time period, on time, off time and the frequency of the output voltage was calculated. The calculations can be seen below:








Similarly, the time values from Figure 7 were taken to calculate the time period, on time, off time and the frequency. These calculations can be seen below:





The on time and off time calculated using Figure 7 represents the time taken for the capacitor to charge and discharge respectively. The waveforms produced by the simulated 555 timer circuit are reflective of the theoretical waveforms represented earlier in this report in Figure 3. This illustrated that this design for the circuit worked correctly and was ready to be constructed on a bread board. 
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After successfully simulating the circuit on Proteus, the same circuit had to be built on a breadboard. Using a breadboard over a circuit board for this task was ideal because during this process, the circuit was rebuilt multiple times. Due to lack of experience building circuits, it was difficult to replicate the circuit diagram on a breadboard whilst ensuring every component was connected in the circuit correctly. There were also faulty components that had to be replaced however it took some time before it was discovered that it was the components that were the problem and not the circuit itself, again this goes back to lack of experience. An example of this would be the faulty red LED component, the light being emitted from the diode was very dim compared to the green LED. At first it was believed that the cause for the dim LED was faulty wiring or incorrect wiring of the circuit. After the wiring was checked and confirmed to all be in working order, the components were then inspected one by one. Only after each component was tested was it discovered that the LED was faulty, the LED was then swapped out for a new one. Once the whole circuit was working successfully, the capacitor and output voltages where measured using an oscilloscope. 
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Figure 8 - Breadboard Circuit Red LED
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Figure 9 - Breadboard Circuit Green LED
3.2 Practical Results
After connecting an oscilloscope to the breadboard seen in Figure 8 and Figure 9, the following results were measured. The Red waveform represents the output voltage of the circuit and the Yellow waveform represents the capacitor voltage.
[image: ]
Figure 10 - Output Voltage Period Values
[image: ]
Figure 11 - Output Voltage Ontime Values 
[image: ]
Figure 12 - Capacitor Voltage Period Values
[image: ]
Figure 13 - Capacitor Voltage Ontime Values

Using the values observed in Figure 10 and Figure 11, The period, on time, off time and frequency of the output voltage waveform can be calculated. The calculations can be seen below:





Using the values illustrated in Figure 12 and Figure 13, the period, on time, off time and frequency of the capacitor voltage waveform can be calculated and these calculations can be seen below:
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After reviewing both results and calculations from the simulated circuit and the practical circuit, the following table was generated:
[image: ]
Figure 14 - Table of Results 
As seen in Figure 14, the period of the output voltage differs from the simulation compared to the practical by 7 hundredths of a second. It is believed that this is due to the internal resistance of the wires or components used when constructing the practical circuit. This is causing the voltage to drop ever so slightly across the circuit. This effect is not seen in the simulation in Proteus as the software is processing the circuit in ideal conditions. The on time of the output voltage is again different in the simulation compared to the practical by 8 hundredths of a second. The off time values are closer together with a difference of 1 hundredths of a second and the difference of the frequencies is 0.032. All of these minimal differences are believed to again be due to a small internal resistance in the wires or components used when running a voltage through the practical circuit.

When comparing the capacitor voltage periods, the difference is greater with 1 tenth of a second. This is believed to be because of minimal voltage drop across the practical circuit causing the capacitor to take slightly longer to charge and discharge. Similarly, the on time in the simulation compared to the practical is different by roughly 1 tenth of a second whereas the off time observed during the practical is more accurate to that of the simulation, only having a difference of 2 thousandths of a second. Finally, the frequency difference between the simulation and the practical is 0.049. All of these slight differences in values between the simulation and the practical are believed to be caused by the internal resistance of the wires or components used during the practical. 
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Overall, the simulation represented an ideal outcome for the values of the period, on time, off time and frequency. With regards to the slight difference in values for each of the prior, an investigation should be done to discover whether or not the internal resistance of the wires is to blame. This could be done by building a circuit with minimal wires and a circuit with the maximum practical amount of wires and comparing the values for output voltage and capacitor voltage. If the voltage values are lower for the circuit with more wires then it will become clear that the internal resistance of the wires are to blame. To solve this issue, wires made from different materials with a lower internal resistance should be used. Alternatively, the difference in values could be due to the internal resistance of components. A fix for this would be to use different components with a lower internal resistance. The simulation did not take into account factors that are prominent in the real world like the issues stated above. For future circuit designs, a software that considers these problems from the real world would be a more favourable option to ensure that the measurements taken from a simulation are accurate and a true reflection of what would be outputted by a practical circuit. 
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