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Module ET1
 Introduction to Analogue and Digital Systems.
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Topic 1.4.1 – Op-Amp Characteristics 


Learning Objectives:

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

· recall the following characteristics of an ideal op-amp

· Infinite open loop gain

· Infinite input impedance

· Zero output impedance

· Infinite slew rate

· Infinite common mode rejection ratio
· interpret these characteristics given data for a specific op-amp.
Amplifiers.
In this section of the course we will be taking our first steps towards investigating analogue electronic circuits. You should remember from the very first topic that an analogue signal can take on any value between the highest and lowest voltage present in the electronic system, as shown below.
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In this topic we will primarily be dealing with amplifiers, i.e. devices specifically made to increase the amplitude of signals such as that shown above. For the amplifier to be successful it must amplify all parts of the signal by the same amount. If it amplifies one part more than another then we will not have a faithful copy of the original and this is likely to cause an incorrect reading or in the case of audio systems, some distortion of the output.

There are three main categories of amplifiers that exist in electronic circuits,

i. Voltage amplifiers

ii. Current amplifiers

iii. Power amplifiers

In this section of the course we will only be looking at Voltage amplifiers. Current amplifiers will be dealt with in Module ET2, and Power amplifiers in Module ET5.

Voltage Amplifiers.

Before dealing with real amplifiers, we will spend a little bit of time looking at an ‘ideal’ amplifier and how it could be used in a circuit. Whilst many modern amplifiers approach this ‘ideal’ version there are some issues we need to be aware of, particularly the with the slightly older amplifier i.c.’s e.g. 741 which are still quite common in schools and colleges.
The general symbol for an amplifier is 


The gain of the amplifier is defined as being 
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As shown in the diagram above the gain of the amplifier is shown as Ao. This is called the open-loop gain of the amplifier as no feedback between the output and input has been applied.

The ‘ideal’ amplifier would have an infinite open loop gain. This would mean that for a very very small input voltage, the maximum output voltage could be achieved. In a practical amplifier the open loop gain is usually >100,000.

Having an amplifier with such a high gain may sound like a good idea, but in practical terms it can be a problem keeping the amplifier stable, changes in temperature or small changes in supply voltage can make the output vary unpredictably.

The amplifier is brought back into control by adding some negative feedback to the amplifier circuit. Negative feedback uses part of the output signal to reduce the input signal and keep the amplifier in control. 
Consider the following representation of an amplifier with feedback.


In the circuit above a small proportion of the output (.Vout is subtracted from to the input voltage to effectively reduce the overall size of the input voltage.

The gain of the system A, with feedback is given by:
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The gain with feedback is now less than Ao because of the signal being fed back from the output which keeps the amplifier stable. 

All of the amplifier circuits we are going to consider in this topic are built around the operational amplifier or Op-Amp for short. This was originally designed to carry out difference calculations in an analogue computer but has since been developed to act as a robust pre-amplifier in many audio systems e.g. amplifying the output from an electric guitar pickup, or a microphone, before being passed on to the power amplifier to drive the loudspeakers.

The circuit symbol for an operational amplifier (or Op-amp) is shown below:


There are several things to be aware of when dealing with Op-amps;

i. The ‘+’ & ‘-‘ signs do not refer to power supply connections.

ii. There are two inputs; the Non-inverting input ‘+’ and the inverting input ‘-‘.

iii. There is one output, labelled Vout.

iv. There are two power supply connections labelled +V and –V, since this device will require a negative power supply if it is to amplify an a.c. wave correctly.
There are a number of key parameters that are used to define the performance of an Op-amp which you need to be familiar with in order to select the most appropriate type of Op-amp from a catalogue or on an examination paper. Some of the following definitions will make more sense as you progress through the amplifier section, but they have been grouped together here so that you have an easy source to refer to when performing your revision for the examination.

Input Impedance.

You will be familiar with the term resistance from your GCSE Science courses as being the property of a circuit which reduces the flow of electricity. Impedance is the name given to a similar property for a.c. circuits. If we think of the input terminal to the amplifier we really don’t want to have the amplifier affecting the properties of the input device e.g. microphone by drawing any current from it. Therefore for an ‘ideal’ amplifier the input impedance should be infinite. In a practical amplifier the input impedance is usually > 10MΩ

Output Impedance.

In a similar way, the amplifier will be providing an output into the remainder of the circuit. At the output we don’t want to lose any of our signal in the amplifier itself, and therefore for an ‘ideal’ amplifier the output impedance should be zero. In a practical amplifier the output impedance is of the order 50~75Ω. 

Slew Rate.

This is a measure of how well an amplifier can respond to a change in input signal. This is highlighted best by applying a square wave pulse to the amplifier, i.e. one where the input changes instantly from one voltage to another. 
In an ‘ideal’ amplifier this would be infinite, meaning that the amplifier could respond to a step input as shown in the example below. 


The amplifier must try and copy this change, but because of the components in the amplifier the response may not be instant, as shown below.


Vout is a larger version of the input but the amplifier was unable to cope with the rapid change in the input, resulting in a sloped or ‘slewed’ response at the output. The ability of an amplifier to respond to such changes is called the slew rate and is measured in V/(s. The bigger this value is the better the amplifier can respond to rapid changes in the input. 
In practice the slew rate of an amplifier varies widely from 0.5V/(s for older amplifiers to 16V/(s for more recent types. The slew rate will affect the ability of the amplifier to accurately amplify high frequency signals.

Common-Mode Rejection Ratio.

This applies to a special configuration of the Op-Amp when being used as a difference amplifier in certain instrumentation systems. You will learn more about these in Module ET5, and the inclusion of this characteristic here is purely for completeness, so that you are introduced to all of the ideal characteristics of an amplifier when it is introduced.

A difference amplifier as it’s name implies is designed to determine the difference between two input voltages. The differences involved are usually very small and therefore any external electrical interference may cause a false reading to be made. 

The common-mode rejection ratio (CMRR) of a differential amplifier (or other device) measures the tendency of the device to reject input signals common to both input leads. A high CMRR is important in applications where the signal of interest is represented by a small voltage fluctuation superimposed on a (possibly large) voltage offset, or when relevant information is contained in the voltage difference between two signals. 

CMRR is often important in reducing noise on transmission lines. For example, when measuring a thermocouple in a noisy environment, the noise from the environment appears as an offset on both input leads, making it a common-mode voltage signal.

In an ‘ideal’ amplifier the CMRR should be infinite. In practice CMMR varies greatly between Op-amps with ratio’s typically in the range 3,000 to 300,000. In applications where a difference between two voltages has to be measured, an amplifier with a high CMRR is required.

The following table summarises the ideal and practical values for the key Op-amp characteristics.

	Property
	‘Ideal’ Value
	Typical Practical Value

	Open-Loop Gain
	Infinite
	>100,000

	Input Impedance
	Infinite
	>10MΩ

	Output Impedance
	Zero
	50~75Ω

	Slew Rate
	Infinite
	0.5V/(s to 16V/(s

	Common Mode Rejection Ratio
	Infinite
	3000 – 300,000


No questions have been set on this topic as this forms the foundation for our further work on Op-Amps, in terms of defining the key terms we will be using in future topics.
Self Evaluation Review

	Learning Objectives
	My personal review of these objectives:
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	recall the following characteristics of an ideal op-amp
	
	
	

	· Infinite open loop gain
	
	
	

	· Infinite input impedance
	
	
	

	· Zero output impedance
	
	
	

	· Infinite slew rate
	
	
	

	· Infinite common mode rejection ratio
	
	
	

	interpret these characteristics given data for a specific op-amp.
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