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Module ET2

 Electronic Circuits and Components.

Topic 2.6.1 – Voltage Comparator 


Learning Objectives:

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

· recall that the output state depends on the relative value of the two input states;

· design comparator switching circuits based on an op-amp.
Voltage Comparator.
In this topic we are going to use an op-amp like the one used in the amplifier circuits of Module ET1 as a voltage comparator. Let us refresh our memory of the circuit symbol and the required connections.


When we used the op-amp as an amplifier in Module ET1, we used a dual rail power supply, such as ±15V. Whilst it is possible to use the same style of power supply with the comparator circuit, it is more often used with a single rail power supply, and the –ve supply voltage is connected to 0V. 
The op-amp will be used in its open loop mode with no negative feedback. You should remember from Module ET1 that this means that the op-amp has a gain of the order 105. This means that the output voltage will fall into one of the following categories.


Case 1 : If V+ > V- then VOUT will be at the positive saturation voltage.

Case 2 : If V+ = V- then VOUT will be 0V.

Case 3 : If V+ < V- the VOUT will be at the negative saturation voltage.

The high gain of the op-amp when used in this mode makes the likelihood of Case 2 occurring very remote, as a difference of just a few microvolts between the two inputs is enough to cause the output to switch rapidly between the two saturation values, we shall therefore ignore case 2.
The rapid transition makes the voltage comparator an ideal transducer to use with circuits employing slow response sensors like LDR’s and thermistors, if these are to be connected to digital logic circuits, which do not react very well to input voltages which are not very close to either Logic 0 or Logic 1.

As we have discovered in our last topic, LDR’s and Thermistors are used as part of a voltage divider, and depending on the orientation of the sensing component will provide either a rising or falling voltage at the output. 

To incorporate this type of sensing circuit with a comparator we actually use a second voltage divider to provide a reference voltage which controls the voltage at which the output of the comparator circuit changes.

The circuit diagram, which may appear complicated at first glance is shown below.

The first voltage divider shown in the ‘blue’ box you should recognise as the temperature sensing circuit, discussed at length in our previous section. You should be able to work out that the voltage at the inverting ‘-‘ input of the op-amp will increase as the temperature rises. 

The second voltage divider shown in the ‘red’ box is a simple voltage divider containing two equal resistors. Again by this stage you should be able to work out that the voltage at the inverting ‘+’ input of the op-amp will be 4.5V.

When the temperature is low, the resistance of the thermistor will be very high, the voltage at the output of the temperature sensing circuit will be low, and the output of the op-amp will be at the high saturation level, because the voltage at the non-inverting ‘+’ input will be higher than the voltage at the inverting ‘-‘ input.

As the temperature rises, the resistance of the thermistor begins to fall, this causes the voltage at the inverting ‘-‘ input to start to rise. When this voltage reaches just over 4.5V, the voltage at the inverting ‘-‘ input will be bigger than the voltage at the non-inverting input and the output will drop to the lower saturation value of the op-amp.

This circuit therefore performs the simple operation of providing a high output signal when the temperature is low, and could possibly be used as an ice alarm.

As it stands the circuit has no adjustment of the temperature at which the output of the op-amp switches from high to low. It turns out that it is quite easy to make this circuit adjustable, simply by making any one of the three resistors R1, R2 or R3 variable.  Whichever one is chosen to be variable it will have the desired effect of either adjusting the voltage range of the temperature sensing circuit or changing the reference voltage at which the op-amp switches.

An alternative way of producing the reference voltage is to use a potentiometer as shown in the following diagram. This has the advantage that the reference voltage can be varied over the full voltage supply range, making the circuit extremely flexible, and most importantly very sensitive.    

Just as it is quite straight forward to make this circuit adjustable it is also just as straight forward to switch the function of the circuit to provide the opposite behaviour, i.e. switch the output of the op-amp on when the temperature increases, as would be the case for a fire alarm. There are two ways in which this can be achieved, firstly by reversing the position of the thermistor in the sensing circuit as shown below.

 

Secondly we can reverse the inputs to the op-amp, which will also have the same effect, as shown below:


The remarkable flexibility of this circuit means that in the design of any circuit there is usually more than one correct solution, sometimes in an examination, part of the circuit is drawn for you, so that the number of correct solutions are limited, but if you are designing your own circuit, then you are free to choose whatever solution you want provided that it satisfies your own design criteria.

In all of the circuits we have described so far we have described the use of an op-amp similar to that used in Module ET1. This particular type of op-amp is designed to be used primarily as an amplifier, rather than as a voltage comparator as has been described in this application. You will remember that the op-amp saturates at approximately 2V inside the power supply so for the circuits given previously, the high output would be at approximately +7V and the low output would be at approximately +2V. These voltages would be acceptable for all CMOS logic circuits, but would be unacceptable for TTL circuits because the low voltage would not be low enough to be recognised as a Logic 0 for these circuits.

Special purpose made comparator i.c.’s, e.g. LM311 which saturate at the voltage supply levels are available, and these overcome the above issue. 
In all of the above circuits we have not considered possible output devices that could be connected to the op-amp or comparator. The output current of op-amps e.g. 741 is limited to a maximum of 30mA. This is of no use for driving high powered output devices like motors, relays or solenoids, and even most lamps, however it is perfectly acceptable for driving l.e.d’s with an appropriate series resistance, to limit the voltage across the l.e.d. to approximately 2V. (Note : some dedicated comparator devices e.g. LM311 can output 200-300 mA, so always check the data sheet for the device you are using.)
Consider the following circuit built from a comparator i.c. which saturates at the supply voltage:


This circuit uses an LDR as part of the light sensing circuit. From our work in previous topics you should be able to determine that the voltage at the non-inverting ‘+’ input of the op-amp will rise as the light intensity falling on the LDR increases. 
When this voltage reaches just over 6V, the output of the comparator will go high (9V) since the voltage from the sensor will be higher than that of the reference circuit, and the l.e.d. will light.
The system therefore switches on the l.e.d. when it gets light.
A small modification to the circuit provides another way to reverse the operation of this type of circuit, i.e. to switch the l.e.d. on when it gets dark.

In this circuit, no changes have been made to the inputs at all, and so the behaviour of the comparator will be exactly the same as before, i.e. the output of the comparator will be high when the LDR is exposed to light. However, this time the l.e.d. is connected to the +ve supply rail so when the output of the comparator is high, no current flows through the l.e.d. as there is no voltage difference across it.
However when it is dark, the output of the comparator will be low (0V) and there will be a voltage drop across the resistor Rx and the l.e.d., causing the l.e.d. to light up. This provides yet another way of reversing the function of a comparator circuit.
Now it’s time for you to have a go at a few circuits.

Student Exercise 1.

1. 
The following circuit shows an op-amp being used as a comparator. The resistance of the thermistor at 25°C is 50kΩ, and at 100°C is 5kΩ. The output voltage saturates at +5V and +1V.



a)
Calculate the voltage at point P when the temperature is




i)
25°C.




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




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




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




ii)
100°C.




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




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




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


b)
Calculate the voltage at point Q.




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




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




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


c)
The l.e.d. has a maximum forward voltage of 2V. Calculate the series resistance Rx required to limit the current through the l.e.d. to 15mA.




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




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




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


d)
Hence describe the function of the circuit given.




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




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




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


e)
Show on the diagram how the reference voltage, can be made adjustable. 


f)
Draw three new arrangements for this circuit which provide the opposite function to the one given.


Solution 1:


Solution 2:


Solution 3:

Solutions to Student Exercise 1.

1. 
a)
i)
25°C.
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ii)
100°C.
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b)
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c)
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d)
At 25°C the output of the op-amp is on, because the voltage from the temperature sensing circuit ‘P’ is higher than the reference voltage ‘Q’, and so the l.e.d. will be on. 




As the temperature rises the voltage at ‘P’ will be falling until it reaches 2V at 100°C. When the voltage falls below 3.3V, the voltage at ‘Q’ the op-amp output will switch to +1V and the l.e.d. will switch off.



The circuit is therefore behaving as a low temperature warning system.


e)
Either 




Or



f)
Option 1:




Option 2:




Option 3:


Now for some examination style questions.

1.
A system is required to switch on a lamp automatically at night. Complete the following circuit diagram for a comparator circuit based on an operational amplifier so that the output voltage from the circuit is high when it is dark. The light level at which the lamp comes on should be adjustable.


[4]

2.
A Schmitt inverter and a comparator are used to interface a light sensor to a logic system. The Schmitt inverter has output voltages of 9V and 0V with switching thresholds at 0.75V and 1.75V. The comparator saturates at 9V and 0V.
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a)
The voltage VA is increased from 0.3V to 2.2V. What are the corresponding values of voltages VB and VC ? 


VB = ......................

 VC = .......................

b)
The voltage VA is now decreased from 2.2V to 1.2V. What are the corresponding values of voltages VB and VC ? 



VB = ......................

 VC = .......................

[3]
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