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Module ET1
 Introduction to Analogue and Digital Systems.
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Topic 1.4.4 – Bandwidth 


Learning Objectives:

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

· know that the bandwidth is the frequency range over which the voltage gain is greater than 
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 of its maximum value.
· estimate this bandwidth from a frequency response curve;

· use the gain-bandwidth product (unity gain bandwidth) to estimate bandwidth.
Bandwidth.
The majority of amplifier designs are built to amplify a.c. signals. One of the features of an a.c. signal is that not only can its amplitude change, but also it’s frequency. An amplifier must be capable of increasing not only the amplitude of the signal but also to maintain the frequency of the signal. If the frequency is too high the op-amp may not be able to keep up (see Slew Rate issues in topic 1.4.1) and the amplified signal no longer becomes an enlarged version of the original.
Also as the amplifier contains many different components that respond differently to higher frequencies, again there is a problem trying to use one design of amplifier to cover the entire frequency band available. For example, speech signals use a frequency range of 0-3.5kHz, audio signals 0-20kHz and video signals 0-6MHz. 
If we were to pass a video signal through an audio amplifier then it is very unlikely that we would obtain the correct output. The range of frequencies that can be amplified correctly is defined as the bandwidth of the amplifier.
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We will be using the term bandwidth much more in Module ET4 – Communication Systems, but for now we will stick to a fairly simple model of bandwidth, which is the range of frequencies that can be amplified to more than 
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 (70%) of the maximum value. This is easier to see if we look at the typical response of an amplifier as the frequency is increased.

A common mistake made by candidates in examinations is to think of the bandwidth as being the range of frequencies where 100% gain is achieved. The 70% or 
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comes from a mathematical analysis and corresponds to the point where half the original signal power is lost. This has been considered to be a suitable point to define bandwidth over and is now an industry standard. Fortunately we do not have to go into the mathematical proof, but if you are keen to find out more about this then most textbooks will provide a solution. In an examination however you will not be asked to prove this in any way, however you will be given the frequency response of a particular amplifier and be asked to determine the bandwidth from it.

Here are some examples to show you what is required.

Example 1: An op-amp is configured as a non-inverting amplifier. Its frequency response is shown in the following graph. Use the graph to estimate the bandwidth of this amplifier. Show on the graph how you obtain your result.

The first stage is to work out 
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or 70% of the maximum gain.
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Now draw a horizontal line across the graph from a gain of 280, as shown below:


Now draw a vertical line down to the frequency axis from the intercept of the original graph and the line you have just drawn, as shown below:


Now it is just a matter of reading the bandwidth from the intercept with the frequency axis, in this case 25 kHz.

Example 2 : An amplifier with a voltage gain of 200, has a bandwidth of 20kHz. Use the axes provided to sketch the frequency response of the amplifier.


Step 1: 
From the question we know the maximum gain will be 200. If the bandwidth is 20 kHz then we know that at 20kHz the gain will be 
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or 70% of 200 = 140.
This gives us the critical parts of the response graph, as shown below;



Step 2:

Now it is just a case of completing the graph to show a decrease in gain from the maximum which passes through the point at 20 kHz as shown below:

The bandwidth of an amplifier is closely linked to the gain of the amplifier, the higher the gain of the amplifier the smaller its bandwidth will be. This leads to another parameter for amplifiers called the gain-bandwidth product (GBP), {sometimes this is called the unity gain bandwidth}. This is a constant for any particular amplifier and is quoted in the datasheets for the amplifier. For example the 741 Op Amp has a gain-bandwidth product of 1MHz, this means that:

i. For a gain of 1, the bandwidth will 1MHz

ii. For a gain of 10, the bandwidth will be 100kHz

iii. For a gain of 100, the bandwidth will be 10kHz

iv. For a gain of 1000, The bandwidth will be 1kHz etc

In each example the gain x bandwidth = 1 MHz

Exercise 1:

1.
The TL081 Op-amp has a GBP (gain-bandwidth product) of 4MHz, calculate the missing values in the table below for the TL081 amplifier.

	Gain
	Bandwidth

	1
	

	
	40 kHz

	
	400 Hz

	500
	

	25
	


2.
Here is some data about two op-amps, X and Y.

	Property
	X
	Y

	Input Impedance / Ω
	5 x 109
	4 x 106

	Open loop gain
	6 x 105
	1 x 105

	Max. output current /mA
	5
	20

	Gain bandwidth product / MHz
	3
	0.6

	Slew rate / V(s-1
	2.0
	1.0

	Max. output voltage / V
	16
	5


(i) Which amplifier would have a bandwidth of 6kHz when configured to have a gain of +500?




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

(ii)
Give a reason for your answer:




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




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

Solutions to Student Exercises.

Exercise 1:

1.


	Gain
	Bandwidth

	1
	4MHz

	100
	40 kHz

	10000
	400 Hz

	500
	8 kHz

	25
	160 kHz


2.



(i)
Amplifier X
(ii)
6kHz x 500 = 3MHz = gain-bandwidth product of the amplifier, and this corresponds to amplifier X. Amplifier Y only has a GBP of 0.6MHz and therefore could not have this gain for this bandwidth.

Self Evaluation Review

	Learning Objectives
	My personal review of these objectives:

	
	(
	(
	(

	know that the bandwidth is the frequency range over which the voltage gain is greater than 
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 of its maximum value.
	
	
	

	estimate this bandwidth from a frequency response curve;
	
	
	

	use the gain-bandwidth product (unity gain bandwidth) to estimate bandwidth.
	
	
	


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



………………………………………………………………………………………………………………

2. ………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
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