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1. [bookmark: _Toc123938116]The Objective 

The goal of this assignment was to simulate, build, and test an ‘Astable’ 555 Timer circuit. 

‘Proteus’ software was used to produce a simulation of the circuit before construction. This was used to test and finalize the plan for the circuit when built with the breadboard. Through this, the results from mathematical analysis were compared with our results from the simulation. This process has been documented by screenshots.

A breadboard set-up was used to create the circuit, after planning out the details on paper. The process has been detailed through photographs
This breadboard set-up was then plugged into a power source set to +9v and 0.2mA, and tested. Issues were identified, and the process iterated until a successful final product was created – a working Astable 555 Timer circuit.

Finally, the results from the breadboard test were compared with the results from the two earlier tests. 
2. [bookmark: _Toc123938117]Circuit Description and Operation 

This section will describe and explain the 555 timer integrated circuit (IC), its uses, operation, and application in our case, and then the wider circuit that will feature this chip.

[image: ]
Figure 1: 555 Timer Chip Simple Diagram

2.1. [bookmark: _Toc123938118]555 Timer Circuit

A 555 Timer circuit is a popular type of IC used in a wide variety of electronic applications. Invented in 1972, it has become “one of the most popular IC’s in the world”. [1]

As can be seen from figure 1, there are 8 connections, or ‘pins’, on the chip.

[image: C:\Users\LREIDY\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\FC49A5A9.tmp]Figure 2: 555 Timer IC (Cred. 555 timer IC - Wikipedia)

These pins are:

1. GND refers to the ‘GROUND’ supply.
2. TRIGGER is used to activate the timing interval when its voltage drops below ½ Vcontrol. TRIGGER overrides THRESHOLD.
3. OUTPUT will send either a low state signal or high state signal in a timed interval when active.
4. RESET will reset the timing interval, and overrides the TRIGGER pin.
5. CONTROL allows for the timing characteristics to be changed, and in the case of the astable circuit, allows us to control the frequency of the timed output signals.
6. THRESHOLD causes the OUTPUT high state interval to end, when the voltage exceeds the voltage of CONTROL.
7. DISCHARGE can be used to discharge one of the capacitors in the circuit.
8. Vcc refers to the power supply.

Among the primary purposes of this IC are to be used as an “oscillator,… LED [flasher], pulse generation, logic-clocks, tone generation,” [2] flip-flops, timers, and much more. We are focusing on the ‘astable’ variant of the circuit, which outputs a constant stream of pulses at a particular frequency. A diagram of the astable circuit can be seen in figure 2:

[image: ]
Figure 3: Astable 555 Timer IC (Cred. 555 timer IC - Wikipedia)
 
2.2. [bookmark: _Toc123938119]Astable Configuration

“Astable means that the 555 can operate repeatedly, it will switch on, then off, then on, then off, continually. The 555 is sometimes called an oscillator.” [3]
In the astable configuration, the CONTROL pin is not used, so instead it is connected to GROUND via a 10nF capacitor to remove noise. The THRESHOLD and TRIGGER pins are both connected to the capacitor, C. Also note the addition of two resistors, R1 and R2, for which the ideal values must be calculated.
The essential function of this timer circuit is such that:
1. TRIGGER at 0v, causing OUTPUT to increase and within the IC, DISCHARGE to disconnect from GROUND, allowing current to flow from Vcc to C, charging it.
2. “When the capacitor’s charge reaches 2/3rds of Vcc+, the output pin is deactivated” [4] and reconnects the discharge to ground, at which point the capacitor C will discharge until it reaches a voltage of 1/3 Vcc, where TRIGGER will engage once again, repeating the cycle.
This process results in an output waveform which can be seen in figure 3 below.
[image: ]
Figure 4: Voltage Diagrams for OUTPUT and C (Cred. 555 timer IC - Wikipedia)
It can be observed via the voltage diagram that the output turns our saw-tooth signal at C into a square signal at the OUTPUT – similar to “a simple analogue to digital converter (ADC)” [5]


3. [bookmark: _Toc123938120]Schematic and Simulation
This section of the report will focus on the use of the PROTEUS software to design and simulate the astable 555 timer IC. See figure 4 below.

[image: C:\Users\LREIDY\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C936CB47.tmp]
Figure 5: PROTEUS 555 Timer IC Diagram
Figure 4 shows the circuit schematic created in Proteus for the purpose of simulating the 555 timer IC. It can be seen from this diagram that some of the chosen values differ from the researched values, and also, there are additional components – notably, these are the addition of the resistors R3 and R4, as well as the addition of two LED diodes D1 and D2. Some of the included values were calculated, and some were standard. The standard values to begin with are:
· Vcc: +9v
· R1: 1k Ω
· R2: 10k Ω
· C1: 100Uf
· C2: 100Nf


4. [bookmark: _Toc123938121]Design Calculations
Using the simulated schematic, we can determine ideal component values, and mathematically calculate the expected values for variables including the on time, off time, period and frequency.
4.1. [bookmark: _Toc123938122]Resistance of R3 and R4
The ideal values for R3 and R4 depend on the required input for the diodes to operate at an efficient power level.
Each diode requires 2 volts to operate fully, and the input is at 9 volts at our power source, so the diodes will require a drop of 7 volts. The diodes require 20mA of current, so if we use Ohm’s law, we can work out what resistance value is required to provide this level of current at the correct voltage.
7v = R x 20mA		R = 7v/20mA = 0.35 kΩ
= 350 Ω
So, 350 Ω is the minimum resistance we need to reduce the 9 volt input into a 2 volt (or lower) input, at 20mA of current. A higher resistance value will further reduce the voltage input, and cause the LED to emit a dimmer light. This value applies to both R3 and R4. To lower the chance of too much voltage running through the LEDs, the resistance is set at 390 Ω, which still produces a bright enough light.
4.2. [bookmark: _Toc123938123]On Time, Off Time
The on time can be calculated with the following equation (where ‘C’ refers to ‘C1’):
[image: ]
First we will convert our microfarad unit to a farad, by dividing it by 1,000,000. (100 / 1,000,000 = 0.0001
Ln(2) x (1000 Ω + 10000 Ω) x 0.0001F = 0.7624618986 seconds
From this calculation, we have estimated an on time value of 0.76 seconds.
The off time can be calculated with the following equation.
[image: ]
Again, we will convert our microfarad unit to a farad.
Ln(2) x 10000 Ω x 0.0001F = 0.6931471806 seconds
From this calculation, we have estimated an off time value of 0.69 seconds, making it 0.07 seconds shorter than the on time.
4.3. [bookmark: _Toc123938124]Period
The period is simply the on time added to the off time, for a total cycle period value.
0.7624618986 seconds + 0.6931471806 seconds
= 1.4556090792 seconds
So, the period of the timer is 1.46 seconds.
4.4. [bookmark: _Toc123938125]Frequency
Finally, the frequency, measured in Hertz, is the number of iterations of the cycle per second. It can be calculated via the following equation.
[image: ]
(1/1.4556090792) = 0.6869976385 Hz
So, the calculated frequency value is 0.69 Hz.
5. [bookmark: _Toc123938126]Table of Timing Measurements
	Time in Seconds
	Capacitor Voltage
	Output Voltage

	0
	9.0v
	0.2v

	1
	3.2v
	0.2v

	2
	4.8v
	0.2v

	3
	5.15v
	8.8v

	4
	3.2v
	8.8v



6. [bookmark: _Toc123938127]Simulation: Graph of Capacitor Voltage and Output Voltage
Below, figure 5 shows a graph containing the voltages of both the Capacitor (Red Line) and the Output (Green Line), over the course of T (time in seconds). Note that when the capacitor is increasing in value, the output is in a high state, whereas whilst the capacitor decreases in value, the output is in a low state. The length of the first ‘off-time’ section, in the first period can be seen to be longer than all of the rest – this is due to the capacitor needing to decrease from +9v to +1/3Vcc.
[image: C:\Users\LREIDY\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\D865D90A.tmp]
Figure 6: Simulated Capacitor/Output Graph

There are a number of comparisons possible between the mathematical results, and the simulations results for the on/off time, period, and frequency.
Average On-time/Off-time: 0.75 seconds
Average Period: 1.5 seconds
Average Frequency: 1/1.5 = 0.6666666667 Hz (0.67 Hz)

7. [bookmark: _Toc123938128]Breadboard 555 Timer Circuit
Following the completion of the test and simulation of the 555 timer IC, the next step is the creation of the breadboard. First, we planned our breadboard design on paper, which can be viewed in figure 6.
[image: C:\Users\LREIDY\Downloads\20221202_124304.jpg]
Figure 7: Breadboard Design for 555 Timer IC
The ideal components were then selected for the resistors, capacitors and diodes, ensuring we could get as close to the values that we simulated.
8. [bookmark: _Toc123938129]Testing of the Breadboard
Following the above design, the breadboard was then created. There were initially issues with the set-up of the breadboard, as can be seen in figure 7.
[image: ]
Figure 8: The circuit is not working as intended
It can be seen from figure 7 that both LEDs are on – this is obviously an incorrect function, and there is an issue with the circuit. The issue was found to be in badly seated cables/components, and after a complete re-seat of the component pins, the IC seemed to work as intended, as can be seen in figure 8 and figure 9:
[image: ]
Figure 9: The Green LED is lit.
[image: ]
Figure 10: The Red LED is lit.
Figure 8 and Figure 9 are actually screenshots of a video – by observing the video and measuring the time difference between the periods/on-time and off-time, I was able to produce the following values:
Avg. On Time/Off Time: 0.81 seconds
Avg. Period: 1.62 seconds
Avg. Frequency: 1/1.62 = 0.6172839506 Hz (0.62 Hz)
How do these values compare with our mathematical values, and our simulation values?
	Value
	Mathematical Results
	Simulation Results
	Breadboard Results

	On Time
	0.76 seconds
	0.75 seconds
	0.81 seconds

	Off Time
	0.69 seconds
	0.75 seconds
	0.81 seconds

	Period
	1.46 seconds
	1.5 seconds
	1.62 seconds

	Frequency
	0.69 Hz
	0.67 Hz
	0.62 Hz



9. [bookmark: _Toc123938130]Conclusion
Following the results of the breadboard construction, testing was carried out (but not recorded) using an oscillator to view the waveforms for the capacitor voltage and the output voltage. The same principles and timings were observed, though unfortunately not recorded.
However, with the information I do have, there is a clear grouping of the results from each stage – the simulation result was closer to the final result, than the initial mathematical prediction, but this shows the importance and value of using multiple methods to check our values, and building simulations before progressing onto the hardware.
The slight differences in each data set are likely due to some of the following factors:
Real World Interference – the real world is not EM free – this means there is ‘noise’ in the circuit, naturally.
Resistance of cables – all electrical conduction, except for fringe scientific cases, generates heat, and therefore loses efficiency. This is not the case in a simulated environment such as Proteus.
Differing component values – It is likely that there are slight fluctuations in the resistance values or farad values of capacitors, affecting the outputs very slightly.
This concludes this investigation, creation, and testing, of a 555 timer IC, mathematically, via software, and in real life.
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