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[bookmark: _Toc122614495][bookmark: _Toc122610009]Abstract

The project aimed to create a 555-timer based dual flashing LED circuit. It introduced underlying concepts within the world of electronics, namely Ohms law as it is used within the project. It introduced the creation of the 555-timer and how it was to be used within the project. Following this, the underlying theory and relationships within the proposed circuit were investigated, and as to why values on the components had been set accordingly. These values set precedence to create theorised calculations that were compared to the built circuit, both electronically and physically. The circuit was first created on Proteus, which is a computer modelling simulation for circuit building. Data was analysed from this circuit and was calculated/compared against the theorised expected data. Such data included the capacitor charge/discharge, frequency, duty cycle and the timings of the square wave graph produced by the circuit.  Upon completion of the simulated modelling, the project transitioned into creating a live circuit utilising a “breadboard”. Data was to be analysed from the breadboard circuit using an oscilloscope. Oscilloscope live readings were obtained, but only visually and no number driven data was drawn due to time constraints.
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1. [bookmark: _Toc122614497][bookmark: _Toc122610011]Logbook Introduction

To understand the dynamics within a basic electrical circuit, a grasp of a few of the principle mechanisms that happen within it is integral. Voltage, current and resistance are considered some of these principle mechanisms. Current is defined as the flow of a positive charge from a power source to a negatively charged source. Voltage is classified, simply, as the amount of work required to move the charge. Whereas voltage enables the movement, resistance prohibits to varying degrees this movement, it resists the charge flow [1].
In 1827, George Ohm demonstrated that these three quantities are all related, voltage (V) is equal to current (I) times by resistance (R) [2]. With this knowledge in mind, if two quantities are known, the third can be derived. Ohm created Ohm’s law triangle, figure 1-1, and it is still used to this day.
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[bookmark: _Toc122517150][bookmark: _Toc122602462][bookmark: _Toc122609966]Figure 1‑1 Ohm’s Law tringle
[image: Diagram

Description automatically generated]Ohm’s law is an vital part to any electrical project, and although Ohm’s law is extensively used within the electronic community, it can also be applied to a whole host of other research areas. This is included, but not limited to, chemistry (material, organic) or enabling the creation of storage devices such as batteries. The application of Ohm’s law has enabled scientists to improve upon existing, and create newer, modern technologies [1]. One of these practical technologies was the creation of the 555-timer chip, figure 1-2, that will become the centre piece of this projects circuit board.





[bookmark: _Toc122439463][bookmark: _Toc122517151][bookmark: _Toc122602463][bookmark: _Toc122609967]Figure 1‑2 – 555- timer and associated pins [3]
Designed in 1971, the 555-timer chip became the best-selling commercial integrated circuit chip on the market. It has remained relatively unchanged in design through to the modern era [4]. It is used for timer-based circuits, pulse currents and oscillator applications as well as other applications. The aforementioned applications are to be utilised within this project. The 555 timer has many modes available but for this project, the interest is in the mode “astable”.  Simply put, this mode enables the 555-timer to be in a constant state of switching between high and low, or rather, ON and OFF. This explanation can be realised when the circuit is measured using an oscillator in which square wave signals will be produced if functioning correctly.
This project will aim to use the astable 555-timer to produce a simple, dual LED flashing circuit. In effect, to show two LED lights within a circuit and when one light turns ON the other turns OFF and vice versa. A 555-timer chip is perfectly targeted for such a circuit as it is versatile and can dictate the current within a circuit at specific intervals. These intervals are decided by the resistor-capacitor relationship within the circuit, this will be discussed and managed within the background heading of this project. 
The project will outline the underlying theory and relationships within the proposed circuit, and as to why values have been set accordingly. From this, the circuit will be simulated, created on Proteus, which is a computer modelling program for circuit building. Data will be analysed, be it successful or not and will be calculated/compared to the theorised expected data. Upon completion of Proteus, the project will transition into creating a live circuit utilising a “breadboard”. A breadboard is an adaptable, solderless board that can develop and easily modify circuit designs [5].
Figure 1-3  details the specification the circuit should be designed to on proteus, and eventually onto a physical breadboard. From figure 1-3 , the components required will be:
· Astable 555-timer chip
· 9-volt battery power supply
· Resistors 1k Ohms and 10k Ohms
· 2 Resistors with calculated ohms
· Capacitors 100 micro-Farads and 0.01 micro-Farads
· 2 LED’s
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[bookmark: _Toc122517152][bookmark: _Toc122602464][bookmark: _Toc122609968]Figure 1‑3 – Circuit design layout for project
2. [bookmark: _Toc122614498][bookmark: _Toc122610012]Logbook background theory and calculations

Theorised background knowledge engages the project to better understand the need and/or requirement of what is expected to be designed and manufactured, figure 1-4. Understanding the underlying principles or mechanisms of the circuitry enable the project to gain insight into the “Why” it functions as it does, for instance, why the project was already given set resistor values and some not, why are the capacitors set to their respective Farads, etc.
	Discussed in section one, the 555-timer chip dictates pulses at specific intervals, which are decided by the resistor-capacitor relationship. Derived from this relationship, it can be stated that R1 and R2 with the capacitor directly affect how fast the LEDs flash. The project aims to create a time constant of 1 second, therefore, 1 second OFF and 1 second ON. To do this the project uses the formula: 
[image: ]

The formula uses the R2 value multiplied by the main capacitor value. To reach a one second time constant, the value of R2 has to be 10k Ohms with the capacitor at 100 microfarads, see figure 2.1
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[bookmark: _Toc122517153][bookmark: _Toc122602465][bookmark: _Toc122609969]Figure 2‑1 Calculated Time constant

It can be determined that the voltage stored in in the capacitor as charging from 33% to 66% and then discharged, will be at 1 time constant, 1 second. The other capacitor is set to 0.01uF as it is added to remove spikes of voltage and erroneous “noise” within the circuit to create a more stable square wave output.
The output square waves of the 555-timer can be analysed into three major categories, figure 2-2, they are Time High (Thigh), Time Low (Tlow) and the Period (Thigh + Tlow) [6]. From these, the percentage of time that the square wave is Thigh can be formulated and is known as the duty cycle. 
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[bookmark: _Toc122517154][bookmark: _Toc122602466][bookmark: _Toc122609970]Figure 2‑2 Graph representation of square wave output [7]

As the values of R1, R2 and the main capacitor are known, calculating the theorised Thigh (On) and Tlow (OFF) using formula can be achieved. These calculations are shown in figure 2-3 . Although the time constant is calculated to 1 second, the calculations show a degree of variance away from that constant. 
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[bookmark: _Toc122517155][bookmark: _Toc122602467][bookmark: _Toc122609971]Figure 2‑3 Calculated Thigh and Tlow

The resistor R2 has also been set to 10k Ohms in order to create uniformity with the time constant at 1 second with a duty cycle of 50% . Duty cycle is the ratio between the states of time ON and OFF [8] . The project aims for a duty cycle of 50% ON, which would create an even ratio of ON time between the two LED’s, figure 2-4.
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[bookmark: _Toc122517156][bookmark: _Toc122602468][bookmark: _Toc122609972]Figure 2‑4 Variance in Duty Cycles [8]
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Description automatically generated]Using our theorised calculations from figure 2-3. The calculated duty cycle is 52.38%, figure 2-5, slightly higher than the desired 50% due to the variance away from the preferred time constant. This predicted duty cycle will be compared to the simulated results in the latter stages of the project. 
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Figure 2‑5 Theorised calculated duty cycle
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Description automatically generated]The period of the charging and discharging  of the capacitor is necessary for the calculation of the frequency (measured in Hz). The impedance of a capacitor is a function of its frequency, and the size of the resistor connected to it. For the project it has been worked out as 0.68699Hz, figure 2-6.





[bookmark: _Toc122517158][bookmark: _Toc122602470][bookmark: _Toc122609974]Figure 2‑6 Calculated frequency
Therefore, our components need to be functionable within and around this frequency. In reality, it should not impact our basic circuit too much but depending on the components and other variables used, our actual frequency may vary from the predicted.
Finally, resistors R3 and R4 are in place to adjust the brightness of the LEDs. To understand the minimum resistor value, the project utilises Ohm’s law, where R= V/I. Voltage is measured by the power source minus the loss of voltage between the LEDs; for this circuit it is theorised as 2.2V. The current is 20mA as this is standard operating current to compensate for the 2.2V across the LED’S. Figure 2-7 illustrates the calculations for the minimum Ohms required for resistors R3 and R4 in order for the LED’s to be visible.
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Used 450ohm resistor due to lack of availability for 390
[bookmark: _Toc122602471][bookmark: _Toc122609975]Figure 2‑7 R3 and R4 calculations













3. [bookmark: _Toc122614499][bookmark: _Toc122610013]Logbook of simulated Proteus circuit

The project was allocated a time slot of 2 hours to design, built and prove functionality of the circuit using the modelling simulator Proteus. Using the components required, figure 3-1 shows the completed circuit. The circuit deviated from the original source due to a desire to create something unique to the project, and by having a grasp of the circuitry it was concluded to attempt a unique circuit when measured against other projects.
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[bookmark: _Toc122602472]
[bookmark: _Toc122609976]Figure 3‑1 Proteus designed circuit
[image: ]Figure 3-2 shows LED 1 in its ON state. It also informs that the expected voltage adjustment of 2.2V was in fact around 2.3V. 
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[bookmark: _Toc122609977]Figure 3‑2 LED 1 in ON state
Figure 3-3 shows LED 2 in its on state and functioning. It can be seen that the voltage change across it was closer to 2.4V rather than the expected 2.2V. It should be noted that, again, a unique flair was added by using different colour LEDs due to understanding the Proteus system and component locations within it. 
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[bookmark: _Toc122609978]Figure 3‑3 LED 2 in ON state

Resistors R3 and R4 have deviated from the 340 Ohm requirements. This is due to that resistance being a minimum requirement to witness the LED flash. It was concluded to use 470 Ohm resistors because of the physical availability of them for the breadboard circuit build. This meant continuity was required through the project, and so the 470 Ohm would be used in both Proteus and the Breadboard.
Figure 3-4  provides evidence of both LEDs flashing and changing from ON to OFF states on the proteus system.
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[bookmark: _Toc122602475][bookmark: _Toc122609979]Figure 3‑4 Functioning proteus circuit
The circuit was eventually tidied and made into a more concise, simpler circuit, Figure 3-5. Analysis began of the circuit whilst functioning. Figures 3-5 / 3-6 show capacitor C2 charging from 33% to 66% before discharging. 
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[bookmark: _Toc122602476][bookmark: _Toc122609980]Figure 3‑5 Tidied circuit with C2 charge/discharge
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[bookmark: _Toc122602477][bookmark: _Toc122609981]Figure 3‑6 Close view of C2 charging and Discharging

A further focus on the circuit provided Thigh and Tlow graph incorporated to the capacitor charging metric, figure 3-7 














[bookmark: _Toc122602478][bookmark: _Toc122609982]Figure 3‑7 Thigh and Tlow graph
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Description automatically generated]Derived from the Thigh and Tlow graph, the ranges of Thigh and Tlow were calculated, and the frequency, figure 3-8. The calculated Thigh, figure 2-3 was significantly higher than the Proteus circuit, while the Tlow was closer to the calculated, which was around 0.68. The frequency was considerably higher than that calculated in figure 2-6. Figure 3-9 informs that the duty cycle was actually closer to the desired 50% at 50.24%, whereas the calculated was deemed at 52.38%, figure 2-5.











[bookmark: _Toc122602479][bookmark: _Toc122609983]Figure 3‑8 Proteus actual timings calculated
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[bookmark: _Toc122602480][bookmark: _Toc122609984]Figure 3‑9 Proteus duty cycle

4. [bookmark: _Toc122614500][bookmark: _Toc122610014]Logbook of physical Breadboard circuit

Upon completion and analysis of the Proteus circuit, the project was allocated a further 2 hours to create multiple designs of a breadboard circuit, create the circuit, test functionality, and finally provide technical data from an oscilloscope. Figures 4-1 / 4-2 were the designs drawn as potentials for the circuit. Figure 4-2 was deemed more suitable as it lacked the complexities of the first and was perceived as being manageable in the short time allocated.
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[image: A close-up of a circuit board

Description automatically generated with low confidence]	Upon building design 1, numerous issues ensued. The first, figure 4-3, was that of the red LED in a continuous state of ON.








[bookmark: _Toc122609987]Figure 4‑3 Continuous ON state for red LED
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Description automatically generated]	The capacitor C2 did not appear to be connected to the circuit in a way that to provide charging and discharging. Amendment of the circuit by moving C2, the circuit was now in a continuous state of ON for both LEDs. It was believed that again, C2 was not connected sufficiently, as the circuit was now just complete that allowed ON states for the LEDs













[bookmark: _Toc122609988]Figure 4‑4 – Both LEDs in continuous ON state

	Once C2 was finally integrated correctly within the circuit, a further problem arose. Once live, the LEDs were flashing but at an uncontrolled/un-desired speed, see figure 4-5. Background investigation made by the project, meant that it was known R1 or R2 must not have been the correct Ohms. It was found that this was case, and the resistors used were not the correct resistors required (1k and 10k Ohms)
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[bookmark: _Toc122609989]Figure 4‑5 LEDs in OFF and ON state but too fast
	Changing the resistors back to pre-determined sizes enabled successful completion of the dual flashing LED 555-timer circuit on a breadboard, figure 4-6.
[image: A picture containing text, electronics
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[bookmark: _Toc122609990]Figure 4‑6 Functioning breadboard circuit
The circuit was engaged with the digital oscilloscope in order to view the square wave Thigh and Tlow pattern as well as the capacitor charging between 33% and 66%, figure 4-7.
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[bookmark: _Toc122609991]Figure 4‑7 Digital Storage Oscilloscope - Showing functionality of Bread board circuit
Figure 4-8 shows a still from the oscilloscope where spikes in voltage can be observed before 555-timer triggers to create the ON state.
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[bookmark: _Toc122609992]Figure 4‑8 – Spikes in voltage shown on oscilloscope 
	Due to time constraints, the project was ceased at this point, the lack of time did not allow for an analysis or calculations from the oscilloscope readings in order to cross-reference against theoretical and those from Proteus.

5. [bookmark: _Toc122614501][bookmark: _Toc122610015]Conclusion

Had more time been allowed, analysing the results from the live circuit board would have made a fascinating conclusion. However, having evidence of square waves and C2 charging/discharging does at least infer the circuit was working. It should be noted that the aesthetics of the circuit board was deemed secondary to receiving data from the oscilloscope, again due to time constraints.
	The spikes in voltage on the breadboard were an interesting note that was not simulated in Proteus. It is believed they are switching glitches from the 555-timer itself. Trigger / threshold delays, even though momentary are recorded as seen. The role of C1 was to help eradicate this erroneous noise.
The differences in the frequencies, time ON and OFF states as well as slight voltage differences around the LEDs are based of the logic of theoretical versus practical application. Due to the slight voltage drop differences, the timing periods would be slightly askew, as they are sensitive to such variations.
The project overcame various hurdles along the way to complete both simulated and practical circuits even if external restraints focused the change from full analysis to successful completion of the circuit.	
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