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Module ET2

 Electronic Circuits and Components.

Topic 2.2.2 – Monostable Circuits. 


Learning Objectives:

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

· recall that a monostable circuit has one stable state and one unstable state;

· describe how an inverter can be used with an RC network to form a simple time delay circuit;

· draw the circuit diagram for a monostable using a 555 timer i.c. and calculate the time period using T=1.1 RC.
Monostable Circuits.
A monostable circuit is a circuit that only has one stable state, either a Logic 0 or a Logic 1. It is possible to move the output into the other state temporarily but after a predetermined time the output returns to it’s original stable state. Monostable timers are usually put into their unstable state by a short pulse, usually called a ‘trigger’ pulse. This is best summarised by looking at the following timing diagram. 
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The output pulse can be arranged to give either a logic 1 pulse or a logic 0 pulse depending on the application.

Monostable circuits are useful for creating automatic delays in circuits, with a time that can be controlled by the circuit designer. Such a delay can be used for keeping an outside lamp on for a period of 20 seconds after movement is detected, or timing an egg boiling on a stove to ensure that it is cooked to perfection every time. The basic building block of any monostable timer is the RC network we discussed in Topic 2.2.1
You might be wondering how this can create a timing element, so let us add another component, with which you are very familiar from Module ET1 – the NOT gate. The circuit becomes
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The display on the oscilloscope is as follows, The red trace is the voltage across the capacitor, the green trace is the output from the NOT gate.
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Changing the resistor (or capacitor) value will increase or decrease the delay time before the output of the NOT gate changes.

It is also possible to use the discharge of a capacitor to perform a similar function using a circuit like this.
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The capacitor charges as soon as the switch is closed, when the switch opens, the capacitor discharges through the resistor. The following graphs show the output of the NOT gate for 1k, 10k and 100k resistors respectively – green trace.
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The delay period changes significantly as the value of the resistor increases, this is simply because the larger the resistor, the slower the charge comes off the capacitor, increasing the time taken to for the voltage across the capacitor to fall. 
The simple monostable formed by the use of an RC network and NOT gate provides the easiest method of creating a delay, however there are a couple of things to be aware of. Look at the following circuit and its corresponding output carefully.
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The display on the oscilloscope is as follows, The red trace is the voltage across the capacitor, the blue trace is the output from the NOT gate.
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In this circuit, the delay is created from the moment the switch is closed and remains closed. If the switch is opened then the timing will be terminated, and the output will not switch off.
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If we examine the alternative version of the simple monostable using a discharging capacitor, there is a similar observation that we can make.
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In this case we can see that the time period starts from the moment when the switch is opened, keeping the switch closed will not result in a delay. These are important considerations when you are planning the use of these circuits in a practical application.

Now we will take a look at how we could design a circuit using this simple RC network.

Example 1:

Design a circuit which produces a delay of approximately 20s after a switch is closed. 

The basic circuit is as follows:
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The output of the NOT gate will change when the input voltage reaches the midpoint of the supply voltage, therefore we have to select the values of R and C which cause the voltage across the capacitor to rise to 4.5V in a time period of 20s.

From our previous work, you should remember that the time to reach half of the supply voltage is given by 0.69RC, so our equation becomes:
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So we need to choose a value of R and C to give a value of 29, there are many different ways that this can be achieved but it normally easier to select the value of the capacitor, as there are a smaller range of values of these and work out the resistor value. Assuming the use of a 1000μF capacitor, then
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From the work in our first topic, you should realise that 29kΩ is not one of the preferred resistor values from the E24 series. There are two options, either use a 27kΩ resistor and two 1kΩ in series, or increase the resistance slightly to 30kΩ, which is what we will do in this case. We can now complete the circuit diagram with these values and test it as follows.
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The graph shows that the output changes just over 20 seconds after the switch is closed. This is slightly longer than the 20 seconds we were aiming for, however the delay was only to be approximately 20 seconds. In practical circuits, the tolerance of circuit components may affect the timing slightly anyway from the theoretical calculation. If the delay period is critical, then it is normal to make the resistance variable, so that fine tuning of the time delay can be made, so that an exact value can be set.

Example 2:

Design a circuit which produces a delay of approximately 10s after a switch is opened. 

The basic circuit is as follows:
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Once again the output of the NOT gate will change when the input voltage reaches the midpoint of the supply voltage, therefore we have to select the values of R and C which cause the voltage across the capacitor to fall to 4.5V in a time period of 10s.

From our previous work, you should remember that the time to fall to half of the supply voltage is given by 0.69RC, so our equation becomes:
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So we need to choose a value of R and C to give a value of 14.5, there are many different ways that this can be achieved but it normally easier to select the value of the capacitor, as there are a smaller range of values of these and work out the resistor value. Assuming the use of a 1000μF capacitor, then
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From the work in our first topic, you should realise that 14.5kΩ is not one of the preferred resistor values from the E24 series. The nearest preferred option is 15kΩ. We can now complete the circuit diagram with these values and test it as follows.
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The graph shows that the output changes just over 11 seconds after the switch is opened. This is slightly longer than the 10 seconds we were aiming for. As before if the delay period is critical, then it is normal to make the resistance variable, so that fine tuning of the time delay can be made, so that an exact value can be set.

We have now considered how to design a simple time delay, the only other possibility for us to consider is the analysis of a circuit that has been design previously.

This will be the focus of Examples 3 and 4.

Example 3.
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For the circuit shown above; determine the time taken for the output to change after the switch is momentarily closed and then opened. The output of the NOT gate changes when the input voltage reaches 3V.

Solution:

The output of the NOT gate changes when the input reaches 3V, which is half of the supply. This will be achieved after a time of 0.69RC. So for this circuit we have:


[image: image25.wmf]ms

s

T

T

RC

T

85

8

10

85

8

10

470

10

27

69

0

69

0

3

6

3

.

.

.

.

=

´

=

´

´

´

´

=

=

-

-


The delay between the switch being opened and the output changing will be 8.85ms.

Example 4 

For the circuit shown below; determine the time taken for the output to change after the switch is closed. The output of the NOT gate changes when the input voltage reaches 8V.
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Solution:

The output of the NOT gate changes when the input reaches 8V, which is not half of the supply. Therefore we cannot use the formula T = 0.69RC. So for this circuit we have to calculate the time taken to reach 8V using the equation:


[image: image27.wmf]s

t

t

V

V

RC

t

C

25

61

12

8

1

10

820

10

68

1

6

3

0

.

ln

ln

=

÷

ø

ö

ç

è

æ

-

´

´

´

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

-


The delay between the switch being opened and the output changing will be 61.25s, or approximately 1 minute.

Now here are a couple for you to try.

Student Exercise 1:
1.
Design a circuit which produces a delay of approximately 45s after a switch is closed. The circuit should operate on a 12V battery, using a NOT gate for which the output switches when the input reaches 6V. (Choose a suitable resistor value from the E24 series)
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2.
Design a circuit which can be adjusted to produces a delay of exactly 30s after a switch is opened. The circuit should operate on a 6V battery, using a NOT gate for which the output switches when the input reaches 3V. 
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3.
For the circuit shown below; determine the time taken for the output to change after the switch is closed. The output of the NOT gate changes when the input voltage reaches 7V.
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4. 
For the circuit shown below, determine the time taken for the output to change after the switch is momentarily closed and then opened. The output of the NOT gate changes when the input voltage reaches 3V.
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We will now look at the second way of producing a monostable timer. This uses a special integrated circuit called a 555 Timer. The circuit diagram for this type of monostable is as follows:
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The time delay produced by this monostable is given by the formula 
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This equation for the duration of the output pulse for the 555 monostable will be provided on the Information Sheet for candidates on the examination sheet.

Candidates will however be expected to draw the circuit diagram for a 555 monostable circuit.


So for the circuit shown above the time delay produced will be
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Note : 
When selecting the resistor for the 555 monostable timer circuit you should ensure that the minimum value of resistance chosen is 1kΩ. This will limit the current flowing to an acceptably low value, and prevent overheating of the 555 i.c. device.


We can examine the operation of this monostable circuit by considering the following arrangement which uses a logic analyser to show the signals present at the trigger and at the output of the 555 timer.
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The output time for this circuit is 
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. The output of the logic analyser is as follows:
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The graph shows that an output pulse of fixed duration is produced each time the trigger is pulsed. However if a second trigger arrives before the first timing period has ended then this pulse is ignored. Also if the trigger pulse is held low then the output remains high, as shown below.
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Student Exercise 2.
1.
The following circuit shows a 555 timer configured as a monostable timer.
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Calculate the duration of the output pulse when the switch SW1 is pressed momentarily.


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


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


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


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


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


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


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

2.
The following diagram shows an incomplete circuit for a 555 monostable.
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(i)
Complete the circuit diagram for a 555 monostable.


(ii)
Determine the value of components required to provide an output time delay of approximately 2 minutes.  

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


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


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


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


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

Solutions to Student Exercises

Student Exercise 1:

1:
The output of the NOT gate will change when the input voltage reaches the midpoint of the supply voltage, therefore we have to select the values of R and C which cause the voltage across the capacitor to rise to 6V in a time period of 45s.

From our previous work, you should remember that the time to reach half of the supply voltage is given by 0.69RC, so our equation becomes:
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So we need to choose a value of R and C to give a value of 65. Assuming the use of a 1000μF capacitor, then
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From the work in our first topic, you should realise that 65kΩ is not one of the preferred resistor values from the E24 series. There are two options, either use a 62kΩ resistor which will give a time period slightly less than required or 68kΩ resistor which gives a time slightly over that required. We can now complete the circuit diagram with these values and test it as follows.
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2. 
Once again the output of the NOT gate will change when the input voltage reaches the midpoint of the supply voltage, therefore we have to select the values of R and C which cause the voltage across the capacitor to fall to 3V in a time period of 30s.

From our previous work, you should remember that the time to fall to half of the supply voltage is given by 0.69RC, so our equation becomes:
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So we need to choose a value of R and C to give a value of 43.5, there are many different ways that this can be achieved but assuming the use of a 1000μF capacitor, then
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For this problem we have been asked to design a circuit that can be adjusted to exactly 30s. So we need to use a variable resistor to provide some adjustment. A suitable arrangement would be to use a 39kΩ resistor in series with a 10kΩ variable in series so that the total resistance can be varied between 39kΩ and 49kΩ. We can now complete the circuit diagram with these values as follows.
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3. 
The output of the NOT gate changes when the input reaches 7V, which is not half of the supply. Therefore we cannot use the formula T = 0.69RC. So for this circuit we have to calculate the time taken to reach 7V using the equation:
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The delay between the switch being opened and the output changing will be 10.91s, or approximately 11 seconds.

4. 
The output of the NOT gate changes when the input reaches 3V, which is not half of the supply. Therefore we cannot use the formula T = 0.69RC. So for this circuit we have to calculate the time taken to reach 3V using the equation:
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The delay between the switch being opened and the output changing will be 20.3s, or approximately 20 seconds.

Student Exercise 2
1.
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2.
(i)
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(ii)
2 minutes = 120 seconds, assuming the use of a 1000μF capacitor, then
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The following section contains some past examination questions on monostable circuits.

1.
The following diagram shows an incomplete circuit for a 555 monostable timer.
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(a)
Add a switch and any other necessary component to the diagram above to complete the trigger section of this monostable.

[2]

(b)
Complete the graph below to show the output signal from the 555 i.c. in response to the trigger signal below. 

   
[2]

2.
(a)
The following circuit is used to provide a time delay. The capacitor charges up to 12V when switch S is momentarily closed.
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(i)
Calculate the time constant of the circuit.



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



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

[1]



(ii)
Calculate the output voltage 3 seconds after the switch is released.



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



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

[2]



(iii)
Calculate the time taken after the switch is released for the output voltage to fall from 12V to 4V.



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



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



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



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

[2]


(b)
The time delay circuit is now coupled to a CMOS inverting buffer as shown below.
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The high/low switching threshold for the inverting buffer is 4V. The buffer draws negligible current at its input.



Explain what you would observe




(i)
immediately when S is closed,



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



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



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



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



(ii)
during the 20 seconds after S is released.



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



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



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



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

[3]
3.
The following diagram shows a timing sub-system used as part of a simple monostable circuit.
[image: image53.png]9V o——m-0"0
100 kQ H
0
"
220 uF = v,
0Vo





(a)
Calculate the time constant of the timing sub-system.



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



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

[1]


(b)
Switch S is closed at time t = 0, and the capacitor is initially uncharged.



(i)
Determine the time taken for V1 to reach 4.5V.



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



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



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

[2]



(ii)
Calculate the value of V1 at time t = 4s.



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



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



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

[2]


(c)
The processing sub-system of the monostable consists of a CMOS inverting buffer (NOT gate). The buffer has the following parameters:

	Parameter
	Value

	Input switching threshold
	V1 = 4.5V

	Input impedance
	( (infinity)

	Logic 0 output voltage level
	VOUT = 0V

	Logic 1 output voltage level
	VOUT = 8V

	Output current capability
	40 mA




The output sub-system consists of a LED indicator.


The circuit diagram for the complete system is shown below.
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Complete the graph below to show V1 and VOUT change with time after the switch is closed. Assume the capacitor carries no initial charge.
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[4]
4.
(a)
The following diagram shows a timing circuit.
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The capacitor is initially uncharged.



Switch S is closed and then opened at time t = 0.



(i)
Calculate the time constant of the circuit.



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



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

[2]



(ii)
Determine the time taken for V1 to fall to 6V.



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



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

[2]



(iii)
Calculate the value of V1 at time t = 20s.



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



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

[2]


(b)
The timing circuit is connected to a CMOS inverting buffer (NOT gate) and a buzzer as shown below.

[image: image57.png]





The capacitor is initially uncharged.



The buffer has the following parameters:

	Parameter
	Value

	Input switching threshold
	Half supply voltage

	Input impedance
	infinite

	Output current capability
	40 mA




(i)
Switch S is momentarily closed. Describe what you would observe.


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



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

[1]



(ii)
Explain in terms of V1 and the data provided in the table what happens during the next few minutes after S is released.



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



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



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

[3]

5.
(a)
The following diagram shows a timing circuit.
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Switch S is momentarily closed at time t = 0, and the capacitor is initially uncharged.



(i)
Calculate the time constant of the circuit.



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



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

[2]



(ii)
Determine the time taken for V1 to reach 3V.



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



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

[2]



(iii)
Calculate the value of V1 at time t = 10s.



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



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

[2]


(b)
A simple alarm is required that sounds a buzzer for several seconds after a switch is momentarily closed. Complete a design for the alarm by adding a NOT gate and a buzzer to the circuit diagram below.
[2]
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6.
A 555 monostable is used in an alarm system. When a push switch is momentarily closed a buzzer sounds for 1 minute.


(a)
Add a switch and any other necessary component to the diagram below to complete the trigger section of the monostable.
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[2]


(b)
Draw a sketch to illustrate the shape of the waveform produced at the output of the monostable when the pressure switch is momentarily pressed. Label the time axis to indicate when the switch was pressed and provide a suitable scale.


[2]


(c)
Calculate a suitable value for capacitor C to allow the buzzer to come on for one minute when the pressure switch is momentarily pressed. 


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

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

..............................................................................................................................................................
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Self Evaluation Review

	Learning Objectives
	My personal review of these objectives:

	
	(
	(
	(

	Recall that a monostable circuit has one stable state and one unstable state;
	
	
	

	Describe how an inverter can be used with an RC network to form a simple time delay circuit;
	
	
	

	Draw the circuit diagram for a monostable using a 555 timer i.c. and calculate the time period using T=1.1 RC.
	
	
	


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



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

2. ………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
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This is the 555 timer i.c.





This is the timing element





This is the trigger circuit. (Note that is active low)
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