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Abstract
This report goes into the design and development of a 555-timer circuit. The history of 555 timers, astable circuits and breadboards are discussed. The report shows the use of Proteus and breadboarding in circuit design and the analysis of the Proteus simulation graph.
Table of Contents
1.Objective	5
1.1 Task	5
Figure 1 555 Timer Circuit	5
1.2 555 Timer	5
Figure 2 555-timer pins	5
2.Apparatus	5
3.Method	6
3.1 Ohms Law	6
Figure 3 Proteus Diagram	6
3.2 Noise	7
3.3 Breadboarding	7
3.3.1 Breadboard Planning Sheet	7
3.3.2 Breadboard Build	7
Figure 4 Breadboard Green LED on, Red LED off	7
Figure 5 Breadboard Red LED on, Green LED Off	8
4.Results	8
Figure 6 Proteus Graph C1(1) and D2(A)	8
5. Analysis of Results	9
6. Conclusions	9
7.References	10
8.Table of Figures	10
9.Appendix	11
Figure 7 Breadboard Planning Sheet	11
Figure 8 Proteus Circuit Diagram Red LED on, Green LED off	12
Figure 9 Proteus Circuit Diagram Green LED on, Red LED off	12









[bookmark: _Toc123826928]1.Objective
[bookmark: _Toc123826929]1.1 Task
A task was set to create a basic astable circuit to alternate the turning on and off of two, coloured LED’s using a 555 timer. An astable circuit is described by Nicholls as “a circuit that continuously oscillates between two states and also cannot settle in one state” [1]. In this circuit, the states are on and off. 
The figure below shows the circuit that needed to be considered:
[bookmark: _Toc123633223][bookmark: _Toc123819377][bookmark: _Toc123826930]Figure 1 555 Timer Circuit
  [image: Diagram

Description automatically generated]
[bookmark: _Toc123826931]1.2 555 Timer
The 555-timer chip being used in this circuit was developed in 1970 by the Signetic Corporation designed by Hans Camenzind in 1971 to “be used in a circuit as an astable or monostable multivibrator or more simply, a monolithic timing circuit to produce accurate timing pulses of 50% or 100% duty cycle” [2]. It consists of 25 transistors (Darlington Pairs), 2 diodes and 15 resistors and the figure below shows what each pin does on the chip. 
It also acts as the flip-flop in the astable circuit. A flip-flop in this context can be described as “a circuit that’s state remains the same until an input instructs in to change that state” [3].
[bookmark: _Toc123819378][bookmark: _Toc123826932]Figure 2 555-timer pins
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2. Trigger
3. Output
4. Reset
5. Control   
6. Threshold
7. Discharge
8. Supply Voltage
[bookmark: _Toc123826933] 2.Apparatus
Below is a list of the apparatus used in the building of the circuit on the breadboard:
· Breadboard
· Wire (assorted colours and length)
· LED’s (1xred, 1xgreen)
· Resistors
· Capacitors
· 555 timer
· Crocodile connectors
· 9v power source
· Long nosed pliers
· Wire cutters    	
[bookmark: _Toc123826934]3.Method
The next stage in the process is to use a design program called Proteus to create the circuit. Using Proteus allows for an interactive way to relate to the circuit so that values for the resistors R3 and R4 to be calculated.
[bookmark: _Toc123826935]3.1 Ohms Law
Once all the components had been added to the circuit and having the other values given in the initial brief, the two values for the resistors R3 and R4 needed to be calculated to allow the circuit to work correctly. This is where Ohm’s Law needed to be considered, Ohm’s Law “relates current and voltage to a components resistance and states the current through a conductor is directly proportional to its voltage” [4].
The formula to calculate resistance is therefore:
Resistance (R)=Voltage(V)/Current(I)
So, for this circuit the specification of the LED’s states that 2 volts is required. The power source is 9 volts meaning 9v-2v = 7v and the LEDs are 20mA. These values were used to calculate the resistance as:
7v/20mA=350 Ω
Figure 3 shows this value added to the resistors and figures 8 and 9 show the LEDs alternating.
[bookmark: _Toc123819379][bookmark: _Toc123826936]Figure 3 Proteus Diagram
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Data capture points can also be added to the Proteus circuit allowing for data collection to calculate the duration of time on and off and the circuit frequency. These calculations can be seen further on in this report.
[bookmark: _Toc123826937]3.2 Noise
Figure 3 shows a capacitor being added on Pin 5, this is to remove noise and makes the desired signal more accurate. Arar describes noise in electronics as “a random signal that creates an undesirable disturbance that lowers the accuracy of the desired signal” [5].
[bookmark: _Toc123826938]3.3 Breadboarding
Now that the circuit can be seen simulated on Proteus, a plan can be drawn and then made on a breadboard. A breadboard is described by Crowell as “a simple board used when prototyping, developing and building circuits without the need to use solder as the board itself holds the components and makes the electronic connections” [6]. The reason they are called breadboards is that back in the earlier days of electronics, designers would use actual wooden breadboards with nails and components nailed into them, with wires wrapped around them to make the connections [6].
[bookmark: _Toc123826939]3.3.1 Breadboard Planning Sheet
The next stage in the process was to create a plan on paper of the circuit before building the breadboard. This is a useful tool as it allows for placement and adjustment of position of components without having to cut anything. It also provides evidence of decisions made and increases the chances of making a successful board first time. Figure 7 shows the plan made for this task.
[bookmark: _Toc123826940]3.3.2 Breadboard Build
Now that a plan had been made, the next stage was to build the breadboard with the components as per the plan. During the build however, after using recycled components it was found that the 555 timer and the breadboard itself were faulty and had to be replaced, thus is increasing the time taken and showing the need to check components before starting.
After changing the components and rearranging them slightly, figures 4 and 5 show the breadboard circuit operating as intended. 
[bookmark: _Toc123819380][bookmark: _Toc123826941]Figure 4 Breadboard Green LED on, Red LED off
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[bookmark: _Toc123819381][bookmark: _Toc123826942]Figure 5 Breadboard Red LED on, Green LED Off
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Observations that can also be made are that normally components are usually arranged on the breadboard vertically or horizontally and wire lengths are kept short to aid keeping the breadboard tidy and easier to read and amend if required. Leads of a component and wires should not connect to holes in the same column. 
Each wires needed to be added to ensure proper connections and it can be observed in the figures above that some wire are not in the correct holes but didn’t seem to affect the circuits performance. Better planning would also allow for better positioning of resistor R2. R3 and R4 resistors are 370 Ω instead of 350 Ω as this is the closest value resistor to what was required.
[bookmark: _Toc123826943]4.Results
Figure 6 below shows the graph of readings taken at C1(1) and D2(A). This shows the flip-flop as stated earlier.
[bookmark: _Toc123819382][bookmark: _Toc123826944]Figure 6 Proteus Graph C1(1) and D2(A)

[bookmark: _Toc123826945][image: ]

[bookmark: _Toc123826946]5. Analysis of Results
From the graph above in figure 6, observations can be made. The values that can be calculated are t high (time on), t low (time off) and the frequency (f) of the 555-timer circuit. For this period or time of recycling waveform is 10 seconds.
The formula to calculate these values are:
t high = In2(R1+R2)C
t low = In2(R2)C
f = 1/t high + t low
So, from the Proteus simulation:
1.01on 1.79on = 0.73on
2.5on 3.23on = 0.73on
3.24off 3.96off = 0.72off
1.78off 2.50off = 0.72off
This then goes into the formula to calculate:
t high = 0.73 x (1k + 10k) x 100µF
         = 0.76246 seconds
t low = 0.72 x 10k x 100µF
           = 0.69315 seconds
f = 1/(0.76246+0.69315)
  = 0.6869972 Hertz
To gain further results the breadboard circuit could be connected to a oscilloscope to gain more data and make future comparisons.
[bookmark: _Toc123826947]6. Conclusions
In conclusion it could noted that the purpose of the task was to show understanding of how circuits are planned and moved forward into development whilst showing the ability to calculate resistance and analyse results. It can also be observed when conducting this sort of task, knowledge and experience play a role in affecting productivity and efficiency in completing the task.








7.References

[1] 	P. Nicholls, “Astable Circuits,” Creative Commons Attributions, 2018.
[2] 	Electrical Technonolgy, “555 Timer IC- Types, Construction, Working & Application – Circuit & Pinout,” Jan 2023. [Online]. Available: https://www.electricaltechnology.org/2014/12/555-timer.html.
[3] 	GeeksforGeeks, “Flip-flop types, their Conversion and Applications,” 2022.
[4] 	S. PANDEY, “Ohm’s Law: Definition, Formula, and Sample Questions,” 21 10 2022. [Online]. Available: https://www.embibe.com/exams/ohms-law/. [Accessed 2023].
[5] 	D. S. Arar, What an Electronics Engineer Needs to Know About Noise, 2019. 
[6] 	G. Crowell, “What is a Breadboard?,” Circuitbread, Boise, 2019.




[bookmark: _Toc123826949]8.Table of Figures
Figure 1 555 Timer Circuit	3
Figure 2 555-timer pins	3
Figure 3 Proteus Diagram	4
Figure 4 Breadboard Green LED on, Red LED off	5
Figure 5 Breadboard Red LED on, Green LED Off	6
Figure 7 Breadboard Planning Sheet	9
Figure 8 Proteus Circuit Diagram Red LED on, Green LED off	10
Figure 9 Proteus Circuit Diagram Green LED on, Red LED off	10


[bookmark: _Toc123826950]9.Appendix
[bookmark: _Toc123819383][bookmark: _Toc123826951]Figure 7 Breadboard Planning Sheet

[bookmark: _Toc123810303][bookmark: _Toc123826952][image: Table

Description automatically generated]
[bookmark: _Toc123810304][bookmark: _Toc123813848][bookmark: _Toc123819384][bookmark: _Toc123826953]Figure 8 Proteus Circuit Diagram Red LED on, Green LED off[image: Diagram

Description automatically generated with medium confidence]
[bookmark: _Toc123813849][bookmark: _Toc123819385][bookmark: _Toc123826954]Figure 9 Proteus Circuit Diagram Green LED on, Red LED off
[bookmark: _Toc123826955][image: Diagram, schematic

Description automatically generated]

image3.png
T B T T o T E T E T T H T n T n
i o
i 24 !
2 R1 D1 §
*
H 4w
g o
g L
[ —
- o R2
f
g ™8 m
i o R
—c2 i
I e i
Tone
o o
B i
A o
ruenaue  Assignment Circuit.pdsprj oA
L oesiov e Assignment Circuit.pdsprj | 01/12/2022]
i T CilUsers2030429esicopiAssignment Circtai |
o gaumion revgrev |1 O 1
Soase amonD e 150218





image4.png




image5.png




image6.png
L 2

R1
*
HHHHut
R g a2
s 7
. FRRREEREEREEEEER.
ov R2
10k
o
™ 8 ™ML 4
b s el

R3
350

D1

LED-GREEN

o2

D2

LED-RED

R4
350




image7.png
&

>
p4

Ooooo0ooooo0o00000000000000000000
ﬁiDUiiDiﬁﬂﬂDﬂﬁiDiﬁﬂDﬁﬁﬁ ooooo

weoervoosAdQTnenNg S

esepreetee? SERARQIR’RIRIRR

cNmewon~oo o F S

- 00000000000000000000000poOooO0n
ooooo gooooo
ulﬁﬁﬂﬂﬁﬂﬁﬂﬂﬂﬂl@méﬁﬁﬁlﬁ ljgooooo
o JO0000O00DEaESE880000000¢ %ﬁ_DDDDD

FiiDDDiDDDHE_ ,HHUEDEHDEDDDDD
oooogooooooo

wO000000000000E8E

nDDDDDDDDDEﬁ.ﬁ.ﬁ.ﬁEﬁm_Gﬁ_ﬁ oopoooooo
o gooooono ﬁﬁllﬂlﬁllﬁ-@lﬂﬂﬂﬂﬂ
= JO0000ooo0ooooooEasoaogaspooooon
<00000000/RO00R0000000000p00000n

I I Y o r o

P weNgasg
EIRSIRN Y RRERKXIR

oooooooopOoooonoooooooooosooooon
ooooooooo0oooo0oooooooooooooooon

PrintablePaper.net

F




image8.png
D1
LED-GREEN

FLENAME:  Assignment Circuit.pdsprj

BY: @AUTHOR
BOARD: @BOARD





image9.png
D1
LED-GREEN

FLENAME:  Assignment Circuit.pdsprj

BY: @AUTHOR
BOARD: @BOARD





image1.png
R3

R1

{ " e
2oy R2
- SZy, 02
T =

R4





image2.png
GND Vo

G 555 ois
THR

o Timer H

RESET| CTRL




image10.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




