Lab 11: Astable Oscillator Using the 555 Timer
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Description automatically generated]Basic Astable Oscillator
Build the basic astable oscillator using a  timer as shown in the schematic to the right.  Use a  nF =  µF cap for the decoupling capacitor  connected to the CTRL input and a  resistor for the load on the ouput.  
Build the circuit as you designed it in the prelab using a 0.01 µF cap for the charging capacitor  and resistors  and  chosen to create a PWM signal with  duty cycle and a frequency that matches (reasonably close) the last four digits of your WKU ID ( number).
Description of oscillator design
Describe your design choices in the space below. Be sure to list the frequency that you are aiming for as well as the component values in your design.
	Click or tap here to enter text.

Verification of oscillator design
Capture an oscilloscope trace that shows the output and verifies both the frequency and duty cycle.
	



LED Blinker
For fun, increase the charging capacitor  by a factor of  (or more if necessary) to lower the frequency by a similar factor, and then change the load to an LED in series with an appropriately sized current limiting resistor.  Assume a voltage drop of approximately 1.5V across the LED and keep the current to 20 mA or so.
Describe the capacitor you used and the current limiting resistor you used to create the LED blinker.
	Click or tap here to enter text.

Making Sounds with the 555.
Electronic Metronome
A very nice and simple to build application using an astable based 555 oscillator is that of an Electronic Metronome.  Metronomes are devices used to mark time in pieces of music by producing a regular and recurring musical beat or click. A simple electronic metronome can be made using a 555 oscillator as the main timing device and by adjusting the output frequency of the oscillator the tempo or “Beats per Minute” can be set.
For example, a tempo of 60 beats per minute means that one beat will occur every second and in electronics terms that equates to 1Hz. By using some very common musical definitions we can easily build a table of the different frequencies required for our metronome circuit as shown below.
Metronome Frequency Table
	Musical Definition
	Rate
	Beats per Minute
	Cycle Time ()
	Frequency

	Larghetto
	Very Slow
	60
	1 sec
	1.0 Hz

	Andante
	Slow
	90
	666 ms
	1.5 Hz

	Moderato
	Medium
	120
	500 ms
	2.0 Hz

	Allegro
	Fast
	150
	400 ms
	2.5 Hz

	Presto
	Very Fast
	180
	333 ms
	3.0 Hz


The output frequency range of the metronome was simply calculated as the reciprocal of  minute or  seconds divided by the number of beats per minute required, for example (/( secs /  bpm) = Hz) and bpm is equivalent to Hz, and so on. So, by using our now familiar equation above for calculating the output frequency of an astable  oscillator circuit the individual values of ,  and  can be found.
The time period of the output waveform for an astable  Oscillator is given as:

For our electronic metronome circuit, the value of the timing resistor  can be found by rearranging the equation above to give:

Assuming a value for resistor  = kΩ and capacitor  =  µF the value of the timing resistor  for our frequency range is given as kΩ at  beats per minute ( Hz) to kΩ at  beats per minute ( Hz), so a variable resistor (potentiometer) of kΩ would be more than enough for the metronome circuit to produce the full range of beats required. 
Then the final circuit for our electronic metronome example would be given as shown below.
[image: Diagram

Description automatically generated]
Police “Dee-Dah” Siren
While the above circuit is a very simple and amusing example of sound generation, it is also possible to use the  Oscillator as a noise generator/synthesizer or to make musical sounds, tones and alarms by constructing a variable-frequency, variable-mark/space ratio waveform generator.
[image: Diagram, schematic

Description automatically generated]By cascading together two or more  oscillator chips, various circuits can be constructed to produce a whole range of musical and sound effects. One such novelty circuit is the police car “Dee-Dah” siren given in the example below.
The circuit simulates a warble-tone alarm signal that simulates the sound of a police siren. IC is connected as a Hz non-symmetrical astable multivibrator which is used to frequency modulate IC via the kΩ resistor. The output of IC alternates symmetrically between Hz and Hz taking  seconds to complete each alternating cycle.
Build the metronome or police siren circuit.
Build either the metronome or police siren circuit described above.  
If you build the metronome, then pick one of the frequencies (beats per minute) listed in the table and tune the resistor  to produce this frequency.  Monitor the output on the oscilloscope to verify your tuning of  and show that oscilloscope trace below.  After you found the desired setting of , disconnect it from the circuit, measure its resistance, and comment on the value in the text box.
If you build the police siren, monitor the output on the scope and comment on what you see and hear in the text box.
	



	Click or tap here to enter text.

Motor Driver.
The standard TTL 555 can operate from a supply voltage between 4.5 volts and 18 volts, with its output voltage approximately 2 volts lower than its supply voltage . The 555 can source or sink a maximum output current of 200 mA, (but it may get hot at this level), so the circuit variations are unlimited.  A simple web search will reveal numerous 555 timer circuits like the ones shown at https://www.electronics-tutorials.ws/waveforms/ from which much of this lab exercise was derived.

Basic Astable Oscillator Refresher
Before exploring another option, let us remind ourselves of some of the basic formulas we can use to calculate the oscillation frequency of the  astable oscillator:
[image: 555 circuits oscillator]
Recall that  is the output high duration,  is the output low duration,  is the periodic time of the output waveform,  is the frequency of the output waveform, and  = ln().
When connected as an astable oscillator, capacitor  charges through  and  but discharges only through . Thus, the duty cycle  is determined by the ratio of these two resistors as shown above. The duty cycle can be varied with proper selection of resistors  and ; however, only duty cycles of between 50% and 100% can be created in this configuration.
Improved Duty Cycle
One way of achieving a lower than 50% duty cycle is to include diodes within the RC timing circuit.  An example is shown below.  
[image: improved duty cycle 555 oscillator]
The addition of diode,  across pins  and  of the basic  oscillator circuit, shorts out the resistor  during the charging cycle.
The diode, which can be any general-purpose silicon diode, allows the capacitor to charge directly from , as  and  are effectively in series removing resistor  from the charging cycle, although a very small leakage current will still flow through  if not for the presence of diode . With the inclusion of , any parallel leakage current flowing through  during the charging cycle is completely blocked as diode,  is reverse biased during this timing period.
During the discharging period, the capacitor discharges back through the series connection of  and  as diode  is reverse biased during this cycle.  Thus, both the charging and discharging paths for the timing capacitor become identical as the timing capacitor charges through  and  and discharges through  and  allowing for either timing period to be adjusted without affecting the other.
One interesting version of the improved duty cycle circuit using diodes, is that if you make the two timing resistors,  and  identical, that is , the duty cycle will be exactly  producing a square wave output waveform.
The standard  astable oscillator equations are modified slightly to account for the inclusion of the diodes, and, due to the forward diode voltage drops, the timing periods are sensitive to supply voltage variations.
Fully Independent Timing Periods
We can improve once again on the above circuit by using one or two potentiometers in series with the two diodes giving us fully independent variations in the charging and discharging timing periods as shown.
[image: fully independent 555 oscillator]
The timing circuit on the left shows the use of two potentiometers within the oscillator design. Using two potentiometers,  and , one each in series with the diodes, the timing period for both the charging cycle (output high) and the discharging cycle (output low) can be independently adjusted allowing full control over the duty cycle without affecting the output frequency.
A simpler alternative variation on the previous circuit is by using a single potentiometer to control the two output timing periods at the same time as shown on the right-hand circuit. With the potentiometers wiper arm at its center position, the resistive value between point  and the wiper is equal to the resistive value between point  and the wiper, so the duty cycle will be , producing a square wave output waveform.
As the potentiometers wiper arm is varied from the center to point , the duty cycle decreases. Likewise, as the potentiometers wiper arm is varied in the reverse direction from the center to point , the duty cycle increases. Thus, the duty cycle of the output waveform can be varied from low to high, without changing the output frequency.
Pulse Width Modulation Motor Control
One very good use of the above variable timing circuit is in controlling the speed of DC motors using pulse width modulation.
Pulse width modulation or PWM, is a way of controlling the average voltage value applied to a load by constantly switching it ON and OFF at different duty cycles. Rather than control the rotational speed of a motor by carefully applying less and less voltage to it, we can control its speed by alternatively switching the voltage fully ON and OFF in such a way that the average ON time produces the same effect as a varying the supply voltage.
In effect the control voltage applied across the terminals of the motor is controlled by the duty cycle of the ’s output waveform which in turn controls the speed of rotation. We could also use this pulse width modulation method to control the brightness of a lamp or LED.
[image: pulse width modulation speed control]
The speed of rotation of the DC motor is controlled using the potentiometer which in turn varies the duty cycle of the output waveform from about  to . The  resistor  limits current flow into the base of the switching transistor, and diode  is used in parallel with the motor to suppress voltage transients as the motor is switched ON and OFF.
The switching transistor given in the example is a BD220 NPN Power transistor, rated at  volts,  amps, but any equivalent transistor would do provided it can safely handle the motor load current. The switching transistor may require a heatsink to dissipate the heat depending upon the size of the motor.
Build the PWM motor control circuit
Build the PWM motor control circuit and demonstrate to the instructor that you can successfully control the speed of the motor.
	Click or tap here to enter text.
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