

Section 1
555 Timer


555 Timer:
The following is a pinout diagram of the 555 timer:

[image: ]

The pin numbers are important for connecting the chip correctly in circuit diagrams.  The pin names are for reference.  Knowing the names and what they mean isn’t necessary for building the circuits in this section, but might be helpful later on when designing your own circuits.  An explanation of this and the internal operation of the 555 is taken up at the end of Section 2.

In order to determine which pin is which on the chip, it’s necessary to figure out which side of the chip is marked.  The marked side of the chip in the diagram is on the top.  On a real chip, the side might be indicated by an indentation on that side of the chip, or a dot.  If you can’t figure out which side of your chip is marked, ask your instructor.


The 555 timer has a digital output; the output is either high or low.  The 555 timer is used to build 2 basic kinds of circuits:
· Monostable circuit- The output is normally low.  Some input pulse causes it to switch to high, where it remains for a fixed time, and then switches back to low.  The output remains low until the next input pulse.
· Astable circuit- The output switches back and forth between high and low on its own.  It does not respond to input

(Note: In the monostable circuit, one state is stable—the low state.  The other is unstable, because it will switch to the other state after a given time.  In an astable circuit, neither state is stable, each will switch to the other after a time)

The following is a schematic of a monostable 555 circuit with a switch input and LED output:

[image: ]

To Do:
· Build the above circuit with C1 = 1000µF and R1 = 2.2kΩ.  Use a supply voltage between 6 and 10 volts.
· “Trigger” the circuit by switching it on and immediately switching it off again.  What happens?

For reference:
The timing period of the 555 monostable circuit is controlled by the values of R1 and C1.  The formula is:

Time (in seconds) = 1.1 × R1 × C1             (R1 in ohms and C1 in farads)


The following is a schematic of an astable 555 circuit with an LED output:

[image: ]

To do:
· Build the above circuit with C1 = 1000µF R1 = 1.0kΩ and R2 = 2.2kΩ.  Use a supply voltage between 6 and 10 volts.
· Decrease R1 to about half what it was before.  Observe what happens.  Now put back the old R1, and half R2.  Observe what happens.

The light should flash on and off on its own.  For reference:

Time on (in seconds) = 0.693 × C1 × (R1 + R2)						
Time off (in seconds) = 0.693 × C1 × R2		(R1 in ohms and C1 in farads)



Sourcing and sinking:
In the last circuit, the output of the 555, pin 3, is sourcing current.  The reason is that current is flowing out of pin 3, through the LED and to ground, causing the LED to light.

[image: ]

The output of the 555 can also sink current, it can supply power by allowing current to flow into it.  The following circuit is similar to the last one, but with the 555 output acting as a sink instead of a source:

[image: ]
In this circuit, current flows from the source, through the LED and the resistor, and then into pin 3.  The current flow through the resistor causes it to light.

To do:
· Modify your last circuit so that it now looks like the one above.  Observe what happens.



A 555 circuit can be connected to 2 LED’s in a way so that the output acts as a source half the time and a sink the other half.  Here’s the schematic:

[image: ]

To do:
· Modify your circuit so that it looks like the one above.  Observe what happens.

The output pin of the 555 acts, to a good approximation, as a voltage source that changes its voltage over time (alternating between high and low).  The LED’s can be replaced with a voltmeter to observe the voltage change over time.  This is shown in the schematic:

[image: ]
To do:
· Build the above circuit by replacing the LED/resistor circuitry with a voltmeter, and observe the voltmeter readings.



Medium power NPN transistor:

The next project will use a medium power NPN transistor.

This graphic shows a pinout diagram of the NPN transistor here in the lab, along with the circuit symbol, and the naming of the pins:
[image: ]
An NPN transistor can be used to interface the output of the 555 timer with an incandescent bulb.  The following circuit shows an astable circuit that is directly connected to a lightbulb.  Do not build this circuit—it will not work, and will actually destroy the 555.
[image: ]
The reason that this circuit will not work is that the 555’s output is rated at 100 mA max, and a light bulb draws current in the range of 200-300mA.  This large current will overload the 555’s output, and cause the chip to burn out.

The solution is to place a transistor between the 555 timer and the bulb.  The next diagram shows the correct circuit:
[image: ]
A transistor used this way is called an emitter follower.  Typically, in an NPN emitter follower, a small current flows in the base.  This causes a much larger current to flow in the collector from the supply, and the current is delivered to the load at the emitter.  The following diagram illustrates this:
[image: ]
The emitter follower is discussed in more detail in Section 4.  The maximum output current figure for the 555 comes from the chip’s datasheet, which can be found at
http://www.jameco.com/Jameco/Products/ProdDS/841571.pdf

To do:
· Build the above circuit.  Use a 7.5V 0.22A light bulb, and also adjust your power supply so that it isn’t greater than 8V (6V-8V should do).  Be sure to build the circuit with the NPN transistor, not the one without (which will destroy the 555).  Observe the results.
· Try replacing the light bulb with an electric motor, and observe the results.  (Hint: the circuit won’t work the way you may expect it to, but it’s interesting to try.)

One application of the 555 is that of using it to drive a loudspeaker to create a buzzer.    The loudspeaker can be connected directly to the output.  The following circuit illustrates this:

[image: ]
To do:
· Build the above circuit, but choose R1, R2 and C1 so that the frequency of oscillation is in the audio range.  Do this using the following considerations:
1. The audio band is between 20 and 20,000 hertz.
2. The frequency of a 555 astable is given by the formula:
 

End of section design problems:
1. Design and build a circuit that, when it receives an input pulse, turns on a light bulb and runs it for 10 seconds, and then turns it off.  The input pulse can come from a switch.
2. Pin 4 of the 555, the reset pin, is a digital input (i.e., it responds to either “high” or “low” input).  When this pin is high, the chip behaves normally.  When this pin is low, the chip’s output is held low.  Use two 555’s and a loudspeaker to create a circuit that beeps at regular time intervals.
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