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Module ET2

 Electronic Circuits and Components.
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Topic 2.3 – Semiconductor Diodes. 


Learning Objectives:
This topic is slightly different to the other topic notes as it contains three sub-sections which are all related. As each section is quite small these have been put together to provide a useful reference point for all of these devices.
2.3.1
Silicon Diodes


At the end of this topic you will be able to;

· realise that the forward voltage is approximately 0.7V when the diode is conducting.

2.3.2
Zener Diodes


At the end of this topic you will be able to;
· sketch current-voltage graphs for zener diodes, indicating the zener voltage VZ and holding current IZ(MIN);
· select appropriate zener diodes given data on zener voltage and power rating.
2.3.3
Light Emitting Diodes


At the end of this topic you will be able to;
· calculate series resistor values for DC LED indicator circuits;

· explain how an inverse parallel diode is used to protect the LED when used on an AC Supply;

· estimate series resistor values for AC LED indicator circuits.
The section of notes is dedicated to one family of components that have many similar features and have numerous uses in electronic circuits. In this section you will be introduced to the characteristics of these components called diodes. In later chapters you will see how each of these is used in practical circuits, but for now we will concentrate on the characteristics of each. 

Topic 2.3.1 – Silicon Diodes.
The silicon diode is probably the simplest of all the diode family. It is a two lead device, which has the following appearance and circuit symbol.
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You should notice that the symbol looks a little bit like an arrow and this is helpful in understanding what role the diode has in an electrical circuit. A careful examination of the two circuits below should help you to understand the behaviour of the diode.
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In the circuit on the left, the lamp lights, because conventional current can flow in the direction of the arrow on the diode symbol. This is called forward bias when the anode is more positive than the cathode.
In the circuit on the right, the lamp does not light, because conventional current is flowing in the opposite direction to the arrow on the diode symbol which acts as a barrier to current. This is called reverse bias when the cathode is more positive than the anode.

The diode therefore acts as a one-way door to electric current.
We can see this more clearly if we add some voltmeters to the previous circuit as shown below.
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In the left hand circuit we can see that the voltage of the battery is split between the diode (0.7V) and the lamp (5.3V).

In the right hand circuit we can see that all of the voltage is across the diode, leaving nothing across the lamp, so no current can be driven through the lamp.

The diode has a very unusual I-V characteristic curve, which can be investigated using the following circuit.
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The following table shows a typical set of results from this arrangement.

	1N4001 Diode

	V (V)
	I (mA)

	0.7
	16.4

	0.67
	7.9

	0.64
	3.7

	0.62
	2.5

	0.61
	1.7

	0.59
	1.1

	0.57
	0.6

	0.55
	0.48

	0.54
	0.3

	0.53
	0.2

	0.51
	0.1

	0.49
	0.08


When plotted as a graph this gives the following characteristic.
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We can see from the characteristic that below 0.5V, no current flows through the diode. As the voltage increases from 0.5V the current flowing starts to increase, slowly at first and as the voltage reaches 0.7V the increase in current becomes much more significant. Indeed the current can increase much more, but the voltage across the diode does not increase much past 0.7V. 

The diode is therefore a very non-linear component and as such does not obey ohms law, because its resistance changes as the voltage across it changes.

In the reverse direction only a very, very small leakage current (~1-2μA) flows and this is considered to be negligible for all practical circuits, so no current flows in the reverse bias condition. The diode acts as a barrier to electrical current. A full characteristic curve would therefore look like this.
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2.3.2 - The Zener Diode.

The zener diode is a very useful device which is designed to be used in reverse bias (i.e. the cathode is more positive than the anode). As we have seen in a normal silicon diode, diodes do not conduct in the reverse direction at all, but with some careful processing at the manufacturing stage it is possible to alter the behaviour of the diode to that it does conduct in the reverse direction, but only at one specific voltage called the zener voltage VZ. The zener diode is given a different circuit symbol to ensure that it can be easily identified which is shown below.
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The physical appearance of a Zener diode is much the same as a normal silicon diode, however the case is usually made of glass rather plastic, although this should not be taken as the only way to identify a zener diode.

The electrical characteristic of the Zener diode is an easily identifiable characteristic as shown below.

 
Note : the forward characteristic is exactly the same as for a silicon diode.  
The breakdown voltage, VZ, can be controlled by the manufacturing process and a whole range of values are available. e.g. 3.3V, 3.9V, 4.7V, 5.1V, 6.8V etc.

Another important parameter to bear in mind with zener diodes is the power rating of the diode, this is important because the zener diode could have a considerable voltage across it whilst carrying a significant current, and therefore power dissipation will be very important. You should remember from Topic 2.1 that Power = Voltage x Current, so calculating the power dissipated in a zener diode is a relatively straightforward calculation to perform.

If you look in a component catalogue like Rapid Electronics you will find that typically zener diodes fall into three main categories:

i. BZX55C Series – 500mW Zener.  
ii. BZX85C Series – 1.3W Zener.
iii. 1N5300B Series – 5W Zener.
Higher power ratings are available but these are very specialised and outside of the scope of this syllabus. 

When we look at applications of zener diodes later on in this module you may be required to determine the maximum power dissipation in the zener diode and therefore select which series would be the most appropriate to select the zener diode from.

For example if the calculation showed that the maximum power dissipation was 1.2W, then the BZX85C series would be the most suitable to use.

Exercise 1: If the maximum current flowing through a zener diode is 250mA, and the zener voltage is 6.8V, which series zener diode would be the best to use.  
..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

2.3.3 – Light Emitting Diodes.
Our final variant on the diode theme, is the light emitting diode or l.e.d. for short, which as it’s name suggests gives off light when current passes through it. The l.e.d. is an extremely useful device which has revolutionised indicator panels over the last ten to fifteen years. The l.e.d. has virtually replaced filament lamps in electronic circuits as it offers considerable advantages over filament lamps. For example
i. Operate on much lower voltages

ii. Give off an acceptable level of light with just a few milliamps of current passing through them.
iii. Last much longer than filament bulbs.

iv. Are available in a variety of shapes, sizes and colours.

v. Basic versions are now very cheap (<5p each!)

The following pictures shows a small sample of the range of l.e.d’s available (left), and the various ways in which they can be packaged (right).
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You can now see l.e.d.’s in use every single day as they replace filament bulbs in a number of applications, e.g.

Traffic lights:


 



Old Filament Style



     New l.e.d. style.

Warning signs for traffic flow.
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The l.e.d. also has it’s own unique symbol

The characteristic curve for an l.e.d. is also very similar to that of the silicon diode, with the only exception being that the voltage at which current starts to flow is a little higher, and depends on the colour of the l.e.d. The characteristic curves for a red and blue l.e.d. are shown below. 
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We usually try to arrange for a minimum current of approximately 10mA to flow through an l.e.d. to give a satisfactory light output and if this is the case we can see that the voltage across the red l.e.d. would be approx 1.75V, and 2.95V across the blue l.e.d. (Note: Some l.e.d’s, particularly hi-intensity and ultra bright versions may require more current for full illumination up to 40mA, so check the manufacturers data sheet if using these in projects.)  
In many practical circuits the power supply will usually be considerably higher than these voltages and therefore we have to take precautions to protect the l.e.d. from damage by applying higher voltages than those required. This is achieved very simply by adding a series resistor to the l.e.d. as shown in the example below.
Example : A red l.e.d. is to be used with a 9V battery. Calculate the series resistor required to limit the current to 10mA if the forward voltage drop across the l.e.d. is 2V.

The circuit is therefore as follows.


Using Kirchoff’s second law from Topic 2.1 the voltage across the resistor R must be –
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As this is a series circuit, and using Ohm’s law for resistor R, we can obtain a value for resistor R as follows –
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We now have a choice to make as the E24 series of resistors does not have a 700Ω resistor. We have to choose between 680Ω or 750Ω. In a practical circuit, there would be little noticeable difference between either resistor, but in exam questions, if the current given in the question is a maximum of 10mA then you must choose the higher value resistor, i.e. 750Ω, to ensure that the current does not exceed 10mA.

One thing we have to be very careful about with l.e.d’s is that they are not very good at handling reverse bias, indeed if a reverse bias of more than 5V is applied to the l.e.d. then it will usually be damaged permanently. Correct identification of the anode and cathode is therefore very important when using l.e.d.’s in practical circuits. (More information on this will be found in the Practical Circuit Assistance Module)
Using l.e.d.’s in a.c. circuits.

Most applications for l.e.d.’s are for circuits using direct current, i.e. that provided by a battery or power supply. It is possible to use l.e.d.’s on an alternating current supply, but it is essential that the l.e.d. is protected from the negative half cycle of the alternating current supply. We can achieve this by the use of the silicon diode introduced at the start of this topic. The circuit is as follows.


If we consider the flow of current around this circuit there are two possibilities.


Here the current flows through the resistor and l.e.d. 
No current flows through the silicon diode as it is reverse biased.

In the second half of the cycle the current flows through the silicon diode and resistor. 

No current flows through the l.e.d. because it is reverse biased. The voltage across the l.e.d. will be limited to the voltage across the silicon diode as it is forward biased and therefore limited to 0.7V, hence protecting the l.e.d. from damage.

In an a.c. circuit the current only flows through the l.e.d. for half of the cycle. In order to compensate for this we arrange for twice as much current to flow through the l.e.d. so that on average the current flowing will be the same as in the direct current circuit. This usually implies that the resistor value chosen for an a.c. circuit will be half of the resistor value in the d.c. case. 

Student Exercise 2: 
1.
A green l.e.d. is to be used as an indicator on a 555 astable. If the output voltage from the 555 timer is 5V, and the forward voltage drop of the l.e.d. is 2.2V, calculate the series resistance required from the E24 series to limit the current to a maximum of 15mA.
..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

..................................................................................................................................................

2.
A student was investigating the characteristics of a Green l.e.d. using the following test circuit.



The following data was obtained as the voltage of the supply was increased.

	Green LED

	V (V)
	I (mA)

	1.73
	0.06

	1.76
	0.13

	1.78
	0.20

	1.79
	0.28

	1.80
	0.49

	1.81
	0.55

	1.83
	0.86

	1.84
	1.10

	1.87
	1.70

	1.90
	2.63

	1.96
	5.57

	2.03
	11.0



Plot the data obtained from the experiment on the graph paper opposite.

Solutions to Pupil Exercises:

Exercise 1:
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Therefore the most appropriate zener series to use would be the 1N5300B series.

Exercise 2:

1.
The circuit is therefore as follows.



Using Kirchoff’s second law from Topic 2.1 the voltage across the resistor R must be –
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As this is a series circuit, and using Ohm’s law for resistor R, we can obtain a value for resistor R as follows –
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A 200Ω resistor would guarantee that the current would not exceed 15mA. 


Examination Style Questions.
1.
The following table gives an extract from the data sheet for an l.e.d.

	IF(MAX)
	20mA

	VF(MAX)
	2.5V

	VR(MAX)
	5V



(a)
Use the information in the table to calculate the minimum value of the series resistor which will protect the LED when used as an indicator on a 9V DC power supply.

..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................

[3]


(b)
(i)
Draw a circuit diagram to show how the same l.e.d. can be used as an indicator for an AC supply of 9V r.m.s.

[2]



(ii)
Determine the value of the series resistor required that will ensure that the LED provides the same level of illumination as the DC case.


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................

[2]

2.
The following diagram shows an astable built with a 555 timer used to clock a l.e.d.
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A data sheet for the 555 astable gives the following information.
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Determine the value of series resistor R required to limit the current through the l.e.d. to 20 mA. Assume the forward voltage drop across the LED is 2V.


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................

[2]

3.
The following diagram shows an astable built with a 555 timer used to clock a l.e.d.
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A data sheet for the 555 astable gives the following information.
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Determine the value of series resistor R required to limit the current through the l.e.d. to 10 mA. Assume the forward voltage drop across the LED is 2V.


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................


..............................................................................................................................................................

[2]

4.
A student was asked to identify a component located in a black box, using the following circuit.



The following table shows the results obtained from the circuit as the power supply was varied from +5 to -5V.
	V (V)
	I (mA)

	-3.34
	-11.5

	-3.325
	-5.6

	-3.31
	-0.25

	-3
	-0.1

	-2.5
	0

	-2
	0

	-1.5
	0

	-1
	0

	-0.5
	0

	0.49
	0.08

	0.51
	0.1

	0.53
	0.2

	0.54
	0.3

	0.55
	0.48

	0.57
	0.6

	0.59
	1.1

	0.61
	1.7

	0.62
	2.5

	0.64
	3.7

	0.67
	7.9

	0.7
	16.4



(a)
Use the grid opposite to plot the results of the investigation.

[image: image18.emf]
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(b)
(i)
From your graph, determine what component was located in the black box.




........................................................................................

[1] 



(ii)
Give a reason for your choice.




......................................................................................................................................




......................................................................................................................................

[1]

5.
A student was asked to identify a component located in a black box, using the following circuit.



The following table shows the results obtained from the circuit as the power supply was varied from +3 to -3V.

	V (V)
	I (mA)

	-3
	-0.1

	-2.5
	-0.1

	-2
	-0.1

	-1.5
	-0.1

	-1
	-0.1

	-0.5
	-0.1

	1.59
	0.06

	1.62
	0.13

	1.63
	0.19

	1.65
	0.3

	1.66
	0.36

	1.67
	0.51

	1.7
	0.89

	1.72
	1.31

	1.73
	1.89

	1.76
	2.77

	1.81
	5.88

	1.88
	11.69



(a)
Use the grid opposite to plot the results of the investigation.
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(b)
(i)
From your graph, determine what component was located in the black box.




........................................................................................

[1] 



(ii)
Give a reason for your choice.




......................................................................................................................................




......................................................................................................................................

[1]

Self Evaluation Review

	Learning Objectives
	My personal review of these objectives:

	
	(
	(
	(

	2.3.1
Silicon Diodes

	realise that the forward voltage is approximately 0.7V when the diode is conducting.
	
	
	

	2.3.2
Zener Diodes

	sketch current-voltage graphs for zener diodes, indicating the zener voltage VZ and holding current IZ(MIN);
	
	
	

	select appropriate zener diodes given data on zener voltage and power rating.
	
	
	

	2.3.3
Light Emitting Diodes

	calculate series resistor values for DC LED indicator circuits;
	
	
	

	explain how an inverse parallel diode is used to protect the LED when used on an AC Supply;
	
	
	

	estimate series resistor values for AC LED indicator circuits.
	
	
	


Targets:
1.
………………………………………………………………………………………………………………
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2. ………………………………………………………………………………………………………………
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