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Abstract


The following logbook contains how an astable circuit was first designed on Proteus and then built using a breadboard. The calculations for frequency, time on/off, resistance and wave period are also explained by using simulations and analyzing the results. Proteus has limitations when comparing it like for like with real life circuits, breadboarding gives a real-life example but is less user friendly and can be awkward when applying more intricate components, both methods have pros and cons dependent on what its final intentions may be.  
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1.       Introduction

The following logbook details the steps taken to create an astable 555 timer circuit. This formal lab report describes the operation of the circuit while showing schematics and simulations designed using Proteus lab suite. Calculations used for Resistances, On and off time, Period and frequency will also be explained. Analysis of data will include Proteus timing measurements and capacitor voltage and output voltage. Details of the circuit being made onto a breadboard and its subsequent tests are also included.

2.       Circuit Description 

Components used:

· Capacitors x 2
· Resisters x 4
· 555 Timer IC (Shown Below [1])
· Green and Red LED (Light emitting Diode)
· 9V power supply
[image: ]



Capacitors are components that can draw and store energy, T L Floyd and D M Buchla write ”In its simplest form, a capacitor is an electrical device constructed of two parallel conductive plates separated by an insulating material called a dielectric.” [2] Resistors are components that limit or regulate the flow of current in a circuit, they can be used to give a certain voltage to a device. RS states, “resistors are made from a variety of materials that are conductors, but not perfect ones, so the ability for electrons to flow is impeded by the atomic structure of the materials chosen [3]” Resistors give more control over the current of a circuit.

The required circuit uses a 555 timer to alternate between a red and green LED. A 555 timer is a commonly used integrated chip because of its various uses, it gets its name from its 5KΩ resistors. 555 timers are widely used as delays, timers, pulse generators, oscillators, modulators and much more, they consist of 23 transistors, 2 diodes and 16 resistors. 

The astable circuit works by charging the capacitor to two thirds its capacitance, when this is achieved it will activate the flip-flop device within the 555 timer and discharge the capacitor to one third of its capacitance, it then repeats the cycle. As a result, the green and red LED will alternate, the second capacitor (connected to pin 5) is used to reduce sound/interference. An astable circuit has two states, and neither are stable, it also creates a constant stream of pulses round the circuit. 


 










3.     Circuit Schematics

Once the concept of the astable circuit had been established, Proteus design suite was used to create a running simulation. Using the Proteus software, the correct resistors, capacitors, 555 timer and LEDs needed to be selected, once this was successful the next step was to place them correctly into the circuit. 

Blow is a key to the components used:

[image: ]
Proteus is extremely user friendly, allowing you to add wires between components at a click of a mouse. Changing the names of the components is a good way of being able to reference them in the future. Once all the components had been connected correctly it was possible to add +9V to the circuit, as well as a path to ground. Using proteus gives us an ideal view of a circuit, the tolerance of some components such as the resistors and capacitors are not considered. These can lead to different results when reviewing timing measurements or capacitor voltages in real life. The completed circuit is shown in the picture above, when the simulation is running the red and green LED can been seen alternating, diagrams of these can be seen [image: ]in the pictures below.

Alternating red and green LEDs:
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4.     Component Calculations and Proteus Simulations

4.1 Resistance of R3 and R4

According to K. Shcherf of Del City “Resistors ensure components receive the proper voltage by creating a voltage drop, and they can protect a component from voltage spikes. Each component in an electrical circuit, like a light or a switch, requires a specific voltage.” [4] To calculate the correct resistance for resistor three and four Ohm’s law needs to be applied:

Resistance (Ohms) = Voltage (Volts) divided by Current (Amps) 

Measuring the voltage of the circuit using Proteus or a voltmeter gives the reading 9V this needs to be adjusted to 7V (-2V) due to the LED, using the specification of the LED the current needed to be divide by is 20mAs.

Using Ohm’s law:

7V divided by 20mA = 350 ohms.

Using this calculation, resistor three and four have been set to approximately 350 ohms.

 


4.2 [image: ]On time, Off time

To calculate the “On time” for the circuits capacitor to charge to two thirds the following formula needs to be used:

In2(R1+R2) x C

To calculate the “off time” for the circuits capacitor to discharge to one third, the following formula need to be used:

In2 x R2 x C

In both these equations R1 and R2 are the values of the resistors used, the value of C can be obtained by taking the capacitance of the circuit’s capacitor.

When taking the above data from the astable circuit the following results are shown:

T-high = In2(1k+10k) x 100 µF = 0.76246s
T-low = In2(10k) x 100 µF = 0.69315s

This can be verified by analyzing the following graph created on Proteus.  

The above graph shows a type of shark tooth waveform (in red), the wave rises as the capacitor charges and peaks as its hits two thirds its Vcc, the waveform decreases when the capacitor discharges to one third its Vcc, then repeats.


4.3 Period

Apple states “The wave period is the amount of time it takes to complete one full revolution of a waveform cycle. The higher and faster the frequency, the shorter the wave period.” [5] Analyzing the graph previously shown using Proteus, it is easy to conclude that the period (Time of recycling wave form) is ten seconds.


4.4 Frequency

To calculate the wave frequency, the following formula should be used:

Frequency = 1 Divided by T-high + T-low

Using previously obtained data the formula will be:

Frequency = 1 Divided by 0.76246+0.69315 = 0.68699 Hz

5.     Breadboard design

[image: ][image: ]Once the circuit had been successfully created and calculations noted, the next task was to transfer it onto a breadboard. The first step to do this was plotting the design down onto paper, it is recommended to do this first rather than going straight into adding components and wires onto a board. Initial design attempts proved unsuccessful while it took time to understand how to correctly lay out the circuit, an example of this can be seen below. 

                   First Design                                                                                            Final Design












[image: ]The 555-timer needed to be placed into the middle of the breadboard as it is the component with most connections, it was desirable to make sure most components such as resistors are connected in the center block of the breadboard. Other things to keep in mind during this exercise was to make sure the leads pf the components are not connected to holes on the same column. To make sure the circuit looked as neat as possible leads and components were arranged either horizontally or vertically. The final created design to be built onto the breadboard is pictured above.

The following components had been selected to use on the breadboard.

· 1 x Green LED 1 x Red LED
· 4 x Resistors
· 555 Timer
· 2 x Capacitors
Components and leads needed to be adjusted so they could be allocated to the correct hole on the breadboard, to do this a pair of wire cutters and strippers were used. An issue that was overcome during the build was the 555 timer connections for pins six and seven, with limited space on the breadboard a longer lead was needed to connect to pin seven and then return via a resistor to pin six (This can be seen on beadboard design below via the yellow lead). Some key points of learning from the task were to remember to have your positive and negatives the correct way around when using LEDs and capacitors, and to not arrange your wires/components in a way that they can short each other out.
Below is a snapshot of the circuit once these steps had been completed.

    
                                                              Initial completed Breadboard 
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Once the circuit was completed the next step was to check if it worked as intended.


6.     Breadboard testing

[image: ]The first test was to connect a power supply of 9V to the circuit and hopefully observe the red and green flashing alternately from each other. This was possible by using a digital-control DC power supply and attaching it to the circuit (shown in the following picture).

[image: Resistor Color Codes: Insight on Band Colors | TE Connectivity]It was possible to observe that a current was flowing through the circuit when it was connected to the power supply, however first test showed only the red LED was being powered and instead of flashing, it was constantly illuminated. After disconnecting the power supply a process of checking every wire/component and verify it was working as it should be and in its correct position on the breadboard. After a significant amount of time checking, some of the resistors used had been found to be the wrong value. Using a resistor colour code chart (like the one pictured to the right [6]) the correct resistors were obtained and replaced into the circuit. Once the power supply was reestablished the red and green LEDs worked as intended and the results are shown below:

   
 

                                                                                                                                      



             Red flashing LED                                                                                 Green Flashing LED
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Now that it was confirmed that the circuit was complete and functioned as intended the final step was to use the wire cutters and strippers to shorten and strip the wires on the leads and components to enable a neater, cleaner looking circuit. The final completed breadboard circuit is pictured below:

[image: ]                                                        Final 555 timer circuit on Breadboard

















Similar tests such as frequency, resistance and time on/off carried out during Proteus simulations were initially planned, however due to time constraints this was not possible.    

7.     Conclusion

In conclusion creating an astable 555 timer circuit on Proteus and a breadboard was a success and came with a sense of accomplishment. The process of starting with a design suite like Proteus and then designing the circuit onto a breadboard helped to obtain more of an understanding of how each component functions and its importance to the circuit. Proteus was found to be very user friendly, with every component available at a click of a button, it does however give a perfect view of a circuit, not allowing variables such possible circuit noise or component tolerances. Designing a circuit on breadboard was initially complex and awkward but became easier after familiarisation, it also gives a real-life hands-on version of a designed circuit but can potentially take more time to build. 
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