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[bookmark: _Toc186469622] Introduction
The aim of this assignment was for the learner to simulate and build an astable 555 timer circuit using the Proteus software to simulate and a breadboard configuration to build. The circuit in question can be seen in figure 1.
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[bookmark: _Toc186469629]Figure 1 Astable 55 timer circuit
In an astable circuit the output voltage alternates between the input voltage (Vcc) and zero volts on a continuous basis and in this circuit design to illuminate the green and red LED’s on and off. [1]
From the simulated and built circuit the learner had to determine the following parameters:
· Resistance of R3 and R4.
· On/off time for the C1 capacitor voltage and the output voltage.
· The period for the C1 capacitor voltage and the output voltage
· The frequency for the C1 capacitor voltage and the output voltage.

Th resistance of R3 and R4 was determined using the Proteus simulation software and then the correct resistors applied to the breadboard build. The on/off time, period and frequency for the C1 Capacity voltage and output voltage was determined in the Proteus simulation and the physical breadboard build with the results then compared.
[bookmark: _Toc186469623]Background theory and equations
The 555 timer integrated circuit (IC) was first created in 1971 by Han R. Camenzind and is still in production to this day. The simplicity of the 555 timer IC is what has made it stand the test of time over the last 50 years as the design of the IC was right first time. The 555 timer IC has been used in multiple items ranging from toys to spacecrafts. A functional schematic of the 555 timer IC can be seen below in figure 2. [2]
[image: A functional circuit schematic of the 555 timer IC.]
[bookmark: _Toc186469630]Figure 2  555 timer IC schematic

Table 1 below describes what each of the 8 pins do on the 555 timer IC [3].
[bookmark: _Toc186469647]Table 1 555 timer IC Pin functions
	Pin number
	Function
	Description

	1
	Ground
	This pin connects to the negative side of the battery

	2
	Trigger
	When this pin goes low (less than one-third of VCC), the output goes high

	3
	Output
	The output voltage from the chip is around 1.5 V lower than VCC when high and around 0 V when low. A 555 timer can give out only 100 to 200 mA in total. 

	4
	Reset
	This pin resets the whole circuit. It’s an “inverted” pin, which means it resets when the pin goes low. This means the pin must be high normally so that the chip isn’t in a “reset” state.

	5
	Control voltage
	This pin is used to control the threshold voltage of the Threshold pin. This can be useful when you want to adjust the frequency of the circuit without changing the values of R1, R2, and C1. Sometimes you’ll see this pin connected with a capacitor (0.01 µF/10 nF) to ground; this is a way to keep any noise on it from influencing the frequency. 

	6
	Threshold
	This pin sets the output back to low when the voltage goes high (above two-thirds of VCC).

	7
	Discharge
	This pin is unconnected when output is high, and it’s connected to ground when output is low.

	8
	Vcc (voltage source)
	This is the positive power supply pin and can take a voltage between 5 and 15 V.



For the learner to determine the resistance of R3 and R3 Ohm’s law in equation 1 had to be applied which states voltage equals current multiplied the resistance. To determine the resistance, ohms laws is rearranged into equation 2 [4].
[bookmark: _Toc186469643]Equation 1 Ohms Law Equation
	Ohm’s Law 
	V = voltage (volts)
I = current (amps)
R = Resistance (ohms)




[bookmark: _Toc186469644]Equation 2 Ohms Law rearranged for Resistance
	
	Vsupply = voltage (volts)
Vforward = voltage (volts)
I = current (amps)
R = Resistance (ohms)



 For a 555 timer circuit the on/off time of a sinusoidal (sine) waveform can be determined by looking at the section of the period that is either the positive for on time or negative for off time and determining the period in seconds. The time of the period or one complete cycle is the sum of both the on and the off time. Figure 3 [5] shows an example of the on/off time and period in a sine waveform
+
-
Period – 1 full cycle
Off time
On time

[bookmark: _Toc186469631]Figure 3 On/off time and Period waveform

To determine the frequency of voltage in the waveform equation 3 was used
[bookmark: _Toc186469645]Equation 3 Frequency equation
	Frequency = 
	f = frequency (hertz))
t = time (seconds)



[bookmark: _Toc186469624]Simulation using Proteus
Using the proteus simulation software the learner simulated the circuit from figure 1 which can be seen in figure 4 and determined the resistance of both R3 and R4.
[image: A diagram of a circuit
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[bookmark: _Toc186469632]Figure 4 Proteus circuit
To determine the resistance of R3 and R4 the learner already had the supply voltage (Vsupply) of 9 volts and had to determine the forward voltage (Vforward) and current of the circuit which was done by clicking on D1 the green LED. These figures can be seen in figure 5

[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Toc186469633]Figure 5 Green LED details
Using equation 2 of the rearranged ohms law the learner used the figures from the Green LED and determined the resistance of R3 and R4 to be 680 Ω. Calculations for this can be seen below in equation 3.
[bookmark: _Toc186469646]Equation 4 Resistance calculation

The learner attached an Oscilloscope to the circuit in proteus (as seen in figure 4) to determine the on/off time, period and frequency of the C1 capacitor voltage and the output voltage. Channel A in yellow shows the output voltage and channel A in blue shows the C1 capacitor voltage. Figures 6 and 7 show the on/off times for the output voltage. Figures 8 and 9 show the on/off times for C1 capacitor voltage.
[image: A screenshot of a computer
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[bookmark: _Toc186469634]Figure 6 Simulated on time output voltage
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[bookmark: _Toc186469635]Figure 7 Simulated off time output voltage
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[bookmark: _Toc186469636]Figure 8 Simulated on time C1 capacitor voltage
[image: A screenshot of a computer program
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[bookmark: _Toc186469637]Figure 9 Simulated off time C1 capacitor voltage

Using the figures from the oscilloscope in the Proteus simulation table 2 documents the on/off time, period and frequency calculations and results for each the output voltage and C1 capacitor voltage.
[bookmark: _Toc186469648]Table 2 Proteus simulation results
	Parameter
	Calculation
	Result

	Output voltage on time
	-250 mS to 505 mS
	755 mS

	Output voltage off time
	505 mS to 1.21 S
	705 mS

	Output voltage period
	755 mS + 705 mS
	1.46 S

	Output voltage frequency
	
	0.68Hz

	C1 capacitor voltage on time
	-250 mS to 510 mS
	760 mS

	C1 capacitor voltage off time
	510 mS to 1.21 S
	700 mS

	C1 capacitor voltage period
	760 mS + 700 mS
	1.46 S

	C1 capacitor voltage frequency
	
	0.68Hz



[bookmark: _Toc186469625]Breadboard Build
Using the breadboard circuit the learner built the circuit from figure 1 and connected it to a 9-volt power supply which can be seen in figures 10 and 11.
	[image: Image preview]
[bookmark: _Toc186469638]Figure 10 Breadboard circuit

	[image: Image preview]
[bookmark: _Toc186469639]Figure 11 Breadboard circuit connected to power supply



The learner attached an Oscilloscope to the breadboard circuit in to determine the on/off time, period and frequency of the C1 capacitor voltage and the output voltage. Channel 1 in red shows the output voltage and channel 2 in yellow shows the C1 capacitor voltage. Figure 12 show the on times for the output voltage and C1 capacitor voltage and figure 13 off times for the output voltage and C1 capacitor voltage.
[image: Image preview]
[bookmark: _Toc186469640]Figure 12 Breadboard on time for output and C1 Capacitor voltage
[image: Image preview]
[bookmark: _Toc186469641]Figure 13 Breadboard off time for output and C1 Capacitor voltage
Using the figures from the oscilloscope on the breadboard circuit table 3 documents the on/off time, period and frequency calculations and results for each the output voltage and C1 capacitor voltage.
[bookmark: _Toc186469649]Table 3 Breadboard results
	Parameter
	Calculation
	Result

	Output voltage on time
	Result given on scope
	750 mS

	Output voltage off time
	Result given on scope
	720 mS

	Output voltage period
	750 mS + 720 mS
	1.47 S

	Output voltage frequency
	
	0.68Hz

	C1 capacitor voltage on time
	Result given on scope
	750 mS

	C1 capacitor voltage off time
	Result given on scope
	720 mS

	C1 capacitor voltage period
	750 mS + 720 mS
	1.47 S

	C1 capacitor voltage frequency
	
	0.68Hz



[bookmark: _Toc186469626]Discussion
From the learner both simulating and building the 555 timer IC circuit from figure 1 the comparison of results can be seen in table 4
[bookmark: _Toc186469650]Table 4 Simulation and Breadboard results comparison
	Parameter
	Simulation result
	Breadboard result

	Output voltage on time
	755 mS
	750 mS

	Output voltage off time
	705 mS
	720 mS

	Output voltage period
	1.46 S
	1.47 S

	Output voltage frequency
	0.68Hz
	0.68Hz

	C1 capacitor voltage on time
	760 mS
	750 mS

	C1 capacitor voltage off time
	700 mS
	720 mS

	C1 capacitor voltage period
	1.46 S
	1.47 S

	C1 capacitor voltage frequency
	0.68Hz
	0.68Hz



The comparison shows that the simulated and breadboard results are very similar, and identical in some respects. The period and frequency for both was identical with the on off times for each being the only parameter that varied whilst still being very close. The learner believed that the difference in time could have been down to where the learner manually placed the curser on the start and finish of the on/off times in the Proteus simulation and the breadboard build and this was only done by eye which could lead to the variation.
All though the period time and frequency where identical and the on/off times where similar, the wave form shape differed between the Proteus simulation and the breadboard build, which can be seen in figure 14, with the simulated waveform on the left and the breadboard waveform on the right.
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[bookmark: _Toc186469642]Figure 14 Comparison of waveforms
 The basic shape of the waveforms for both the simulated and the breadboard build and similar but the simulated showed a much more defined shape. This difference could be down to the fact that the simulated waveform is from an “ideal” circuit where all the figures of voltage, resistance and capacitance are fixed, where as the breadboard circuit is the “real world” circuit where there is the potential for loss and variation of voltage, resistance and capacitance in the circuit.
[bookmark: _Toc186469627]Conclusion 
Overall, the learn was very happy with the results they gather from the Proteus simulation and the breadboard built and the level of similarity between both. As this was the first time for the learner ever building a circuit, the actual breadboard build took multiple attempts to get it working but with help from the lecturer, they were able to get it working eventually.
An example where electronics and delay circuits can be applied to Ordnance, Munitions and Explosives (OME) is the application of programable delay devices for detonators. These delay devices allow for enabling self- destruction of ammunition, aiding in sequential release of pay lays and providing safety in flight/trajectory. All off these applications can reach a possible accuracy of +/- 1% using microcontrollers. [6]
Delay timers in detonators can also be used within the mining industry to allow for precision detonation of explosives in the correct sequence as demonstrated in the United States Patent 4674047 “Integrated detonator delay circuits and firing console” [7]
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