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Applications of diodes

Learners should be able to:

(a) describe the I–V characteristics of a silicon diode

(b)	 describe	the	use	of	diodes	for	component	protection	in	DC	circuits	and	half-wave	rectification	
of AC circuits

(c) describe the use of zener diodes in voltage regulation circuits

There are a number of different types of diodes in use in electronics. We have already used the light 
emitting diode or LED as an indicator. 

In this section we are going to examine the silicon diode, which is probably the simplest of all the diode 
family. Two typical silicon diodes are:

            1N4148 rated at 150 mA                                             1N4001 rated at 1 A   

The symbol for a diode is:  

 

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. 

Note:  In some textbooks and some circuit simulators the symbol for a diode is slightly different and looks  
 like this.

 

 Conventional current flows in this direction

CathodeAnode
Cathode
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A careful examination of the two circuits below should help you to understand the behaviour of the diode.
  

In the circuit on the left, the lamp lights, because current can flow in the direction of the arrow on the diode 
symbol. The ammeter records a current of nearly 53 mA, which is sufficient to light the lamp. 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. The ammeter records a current of 0 A, and we say that 
the current is blocked by the diode. 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.

In the left-hand circuit we can see that the voltage of the battery is split between the diode  
(≈0.7 V) and the lamp (≈5.3 V).

In the right-hand circuit we can see that all of the voltage is across the diode and no current flows through 
the lamp as shown by the ammeter reading.
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The diode has a very unusual I–V characteristic curve, which can be investigated using the following circuit.

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
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When plotted as a graph this gives the following characteristic.

We can see from the characteristic that below 0.5 V, no current flows through the diode. As the voltage 
increases from 0.5 V the current flowing starts to increase, slowly at first and as the voltage reaches 0.7 V 
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 0.7 V. 

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

1N4001 Diode
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Using diodes to prevent damage to components

There are two important ways in which a diode is used for component protection.

1. Protecting devices from incorrect power supply connections

Diodes can be used to prevent damage to polarised components in circuits, e.g. a diode can protect against 
current flowing the wrong way if the battery is put in the wrong way around.

This could be useful to protect a circuit containing an IC or a LED. In the following circuit no current can 
flow if the battery is reversed. 

 

            

   

 

 

Electronic Circuit 
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Example 1:

The circuit below contains a battery, three lamps and three diodes.

(a) What is the state of L1, L2 and L3?

 Solution:

Lamp(s) State (On / Off) Reason

L1 and L3 On

Current can flow from battery, through L1 and 
L3, and D3 (which is forward biased) and back to 
battery. Current cannot flow through diode D1 or 
D2 as they are reverse biased.

L2 Off
Diode D2 is reverse biased and therefore blocks 
any current flowing through this top part of the 
parallel circuit.

(b) The battery is now reversed. What are the new states of L1, L2 and L3?

 Solution:
 
  L1 is off because the current flows through the forward biased D1 rather than L1.
  L2 is on and L3 is off.
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Example 2:

What are the readings on voltmeters V1, V2 and V3? 

 Solution:

Voltmeter Voltage Reading (V) Reason

V1 9 V This voltmeter is connected to the 
battery.

V2 8.3 V

The diode is forward biased, and will 
have a voltage of 0.7 V across it, so 
the remaining battery voltage appears 
across the lamp, i.e. 9 – 0.7 = 8.3 V

V3 0.7 V Since the diode is forward biased there 
will be a voltage of 0.7 V across it. 

 

 

V1 

V2 

V3 
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2. Protecting devices from high switch off voltages

In Chapter 4 we discussed how npn transistors, and MOSFETs can be used to switch on high powered 
output devices, namely motors and solenoids. 

There is one issue that we did not mention, which is that these high powered output devices can damage 
npn transistors and MOSFETs when they switch off, because they generate a very high reverse voltage.

Protecting a npn transistor and MOSFET is very easy, and requires simply the insertion of a silicon diode 
with the cathode connected to the positive rail of the circuit as shown below.  

When the motor or solenoid switches off, it generates a very large reverse voltage which, if left alone, would 
damage the MOSFET or transistor permanently. The diode ensures that this voltage does not rise above 
0.7 V which protects the MOSFET or transistor from any damage. 

The circuit has been shown here with a MOSFET, but it could just as easily be an npn transistor; there 
would be no change to position or orientation of the protection diode. The load represents either a motor or 
solenoid.

Rectification

The electricity supply in the UK is based on a 230 V alternating current. Many electronic circuits require a 
much lower voltage direct current supply. If an alternating current supply is to be used to power modern 
electronic circuits then we must have a way of changing AC into DC. 

Full-scale power supply construction and design is beyond the scope of this course, but we will look at the 
way the diode works as part of every power supply because of its ability to allow current to flow in only one 
direction.

9V 

0V 

Protection 
diode 

Load 
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We will consider what happens when an AC source is applied to a silicon diode connected to a resistor.

The graphs from the oscilloscope below show the effect of diode on the AC voltage. The red trace shows 
the output from the step-down transformer or AC voltage source, and the blue trace shows the output after 
the diode.

There are a two things to notice from the graph:

i. The negative part of the AC graph has been removed making the voltage across the resistor pulses  
 of DC.
ii. The peak voltage across the resistor is 0.7 V less than the peak of the input signal, due to the   
 voltage drop across the diode.

 

This symbol represents a transformer – a 
device for changing the dangerous high 
voltage mains AC into low voltage AC.  
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The process of changing AC into DC is called rectification. The graph shows that we have created a   
variable voltage DC output from an AC source. 

Unfortunately this method of rectification wastes 50% of the energy from the AC source, because the 
negative half cycle is completely blocked from the load resistor by the diode. This particular circuit is called 
a half-wave	rectifier.

Voltage regulation

Sometimes we need to provide a smaller DC voltage from another DC source. For example when a circuit 
that requires a 5 V DC voltage is powered from a 9 V battery.

Fortunately, basic regulation of a voltage supply is easily achieved using another version of the 
semiconductor diode called the zener diode. The zener diode has a slightly different characteristic to the 
silicon diode as shown below.

From the characteristic you can see that when used in reverse bias there is a breakdown voltage where the 
current can vary significantly, yet the voltage does not change. The point at which this breakdown occurs 
can be changed during the manufacturing process, and there are a whole range of different breakdown 
voltages now available. By using the zener diode in reverse bias (i.e. the cathode is more positive than the 
anode) we can fix the voltage across a load and create a reliable power supply.

This can be useful for some battery-operated circuits to eliminate small variations in battery voltage that can 
occur with prolonged use and temperature variations.

You should remember that zener diodes are manufactured in a variety of different breakdown voltages. We 
select the appropriate value depending on the power supply voltage we require. 
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The circuit required to provide the regulation is as follows:

 

Looking at the circuit carefully there are some observations we can make:

i. The voltage across the resistor (VR) and the zener diode (VZ) must add up to the input voltage.
ii. The resistor must carry the current which flows through the zener diode and through the external 

circuit (load resistor).
iii. The zener diode must have a small current, the holding current, (typically 5 to 10 mA) flowing 

through it in order to maintain the zener voltage.
iv. If the load is switched off or suddenly disconnected then the entire load current will then flow through 

the zener diode.
 
The value of resistor and zener diode used will depend on what voltage is required across the load and the 
size of the current required. 

You will need to remember the sum of the currents and the sum of the voltages rules along with the formula 
for calculating power dissipation. These were covered in Chapter 3.  

Input 
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Example 1:

A 7.5 V power supply is required to power a portable CD player. The CD player requires a maximum current 
of 300 mA. A 7.5 V Zener diode is used, which requires a holding current of 10 mA. A 12 V car battery is to 
be used as the power source for this power supply. 

Calculate:

 (a) The zener current when the load current is 300 mA
  Iz = IR − ILOAD

        = 346 − 300
     = 46mA

 (b)  The voltage across the 13 Ω resistor
VR = VSUPPLY − VZ

        = 12 − 7.5
     = 4.5V

 (c)  A suitable power rating for the 13 Ω resistor if 1 W, 2 W and 3 W are available 
PR = VR× IR

        = 4.5 × 346 mA
     = 1557 mW
     = 1.557 W

    therefore a 2 W resistor would be suitable.

 (d)  The car battery charges up to 13.8 V after a long journey. What is the new output voltage?

  Output voltage = 7.5 V (but VR increases by 1.8 V to 6.3 V)

12 V 

Constant 
Output

Voltage 

Zener 
Diode 

13 Ω VR 

VZ = 7.5 V 

0 V 

IR=346 mA  

ILOAD 

Z
IZ 
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Example 2:

The following circuit diagram shows a regulated power supply. The zener diode requires a holding current 
of 8 mA. The current through the 18 Ω resistor is 217 mA 

 (a) Determine the maximum current available for the load:
 ILOAD = IR− Iz

             = 217 − 8 = 209 mA

 (b)  The load is now disconnected. 

  (i)   Determine the new current through the zener diode.
  Iz= IR− ILOAD

        = 217 − 0 = 217 mA

  (ii)  Calculate the power dissipated in the zener diode.
Pz = Vz× IZ

       = 5.1V × 217 mA
       = 1.11 W

9 V 

18 Ω VR 

VZ = 5.1 V 

0 V 

8 mA 

ILoad

 

Load

      GCSE Electronics – Component 1: Discovering ElectronicsChapter 5 - Applications of diodes

170



© WJEC 2017

Investigation 5.1

The following circuit diagrams show what happens to a regulated power supply, as the load is slowly 
increased beyond the point where the holding current cannot be maintained.

Set up the circuit either using a simulator or using real components. The circuit uses a 6.2 V zener diode. 
Confirm that the current and voltage readings at each stage are the same as shown below and record the 
total current through the lamps at each stage.

Stage 1: No lamps switched on.

Total current
through lamps 

= ………mA

Stage 2: One lamp switched on.

Total current
through lamps 

= ………mA
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Stage 3: Two lamps switched on.

Total current
through lamps 

= ………mA

Up to this point the circuit has worked well, even though we have kept increasing the current 
demand of the load. However there is now only 17 µA flowing through the zener. What happens 
when we close the third switch?

Stage 4: Three lamps switched on.

Total current
through lamps 

= ………mA

Here we can see that all three lamps are working, but the current has dropped through each 
lamp. The current through the zener has fallen to zero, and the zener voltage is no longer being 
maintained across the load.
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Stage 5: Four lamps switched on.

Total current
through lamps 

= ………mA

Even though all four lamps are working, the current has dropped even further through each lamp. The 
current through the zener is still zero, and the zener voltage is no longer being maintained across the load. 
The current is increasing through the resistor, which is going to increase its power dissipation. The circuit 
below shows that the zener diode can be removed from the circuit with no effect whatsoever on the lamps.
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We can also display the results graphically to show how output voltage changes as load current increases.

 
The graph shows that the voltage remains constant up to the point where the holding current falls below the 
minimum required to maintain the zener voltage. Once this point is reached the voltage starts to fall off as 
the current required increases.
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Exercise 5.1 

1. The circuit below contains a battery, three lamps and two diodes.

 Complete the following table to indicate the state of L1, L2 and L3.

Lamp State (On / Off)

L1

L2

L3

2. The following circuit diagram shows a 5 V battery connected to a diode, and a lamp.

 Complete the following table to show the reading on voltmeters V1, V2 and V3.

Voltmeter Voltage Reading (V)

V1

V2

V3
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3. The circuit below contains a battery, three lamps and two diodes.

 Complete the following table to indicate the state of L1, L2 and L3.

Lamp State (On / Off)

L1

L2

L3

4. The following circuit diagram shows part of a transistor circuit.

12 V

1 k

12 V, 60 mA

0 V

 Add a component to the circuit diagram to protect the transistor when the motor comes on.
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5. The circuit below contains a battery, three lamps and two diodes.

         Complete the following table to indicate  
 the state of L1, L2 and L3.

Lamp State (On / Off)
L1
L2
L3

6. The 10 V AC output from a transformer is half-wave rectified, and connected to a 
 load resistor of 2.2 kΩ. 

 a) Complete the circuit diagram of this arrangement.

 b) Draw a sketch graph of the input voltage and output voltage across the load on the grid   
  below, label all important values:  
 

 

10 V AC

0 V 

time

 

Voltage, V
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7. A stabilised power supply is shown in the diagram below. The zener diode requires a current of
 10 mA to maintain the zener voltage. 

   The system must be able to supply a load current of 240 mA.

 a) What is the value of the current through resistor R when the load current is  
  240 mA?

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

 b) What is the value of the voltage across resistor R?

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

 c) Calculate the power dissipated in the zener diode if the load current is 50 mA

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

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

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

9 V 

R 

5.1 V 

0 V 

 

Load

Load
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8. The following diagram shows a stabilised power supply with a load connected. The zener diode   
 requires a minimum current of 12 mA to maintain the zener voltage.  

  

 The system must be able to supply a load current of 100 mA.

 a) What is the value of the current through the zener diode when there is no load connected?

  .............................................................................................................................   
 
 b) Calculate the power dissipated in the zener when there is no load connected.

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

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

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

 c) Calculate the voltage across resistor R. 

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

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

 d) Calculate the power dissipated in resistor R 

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

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

 

9 V 

R 

6.2 V 

0 V 

 

Load

Load
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