Operation of the 555 Timer IC

How Does a 555 Time IC Work?

The NE555 timer integrated circuit, also named LM555, LC555, SN72555, MC1455, 

etc. by a variety of manufacturers, relies on resistance and capacitance to create

a timed series of pulses.
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The capacitor holds a charge and a resistor limits current flow. When you place a resistor and capacitor in series and apply power, the capacitor at first appears as a direct short to ground and a measurement of the voltage across the capacitor shows 0 volts. Since the resistor limits the current, it takes time for the capacitor to fully charge, as shown in the diagram below.  The diagram plots voltage across the capacitor versus time. This plot shows a charging cycle followed by a discharge cycle through the same resistance.

A capacitor and resistor series circuit has a time constant, defined as the time required

for the voltage across the capacitor to reach 63 percent of its maximum value. As you can see in the figure, it takes about five time-constant periods for the capacitor to fully

charge. At that time, the capacitor is fully charged and will no longer draw any current.

Because no current flows through the resistor, the voltage across the capacitor equals

the supply voltage.
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You should recall that we can calculate the time constant for a series R-C circuit with the formula: time (seconds) = resistance (ohms) x capacitance (farads).

For a resistance of 100 kΩ and a capacitance of 4.7 microfarads;

time = 100,000 ohms x 0.0000047 farads

time = 0.47 seconds

Thus, the capacitor reaches the 63-percent-charged state at 0.47 seconds and becomes fully charged at about 5 x 0.47 seconds, or 2.35 seconds.
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A 555 timer integrated circuit (IC) takes advantage of this type of charge-discharge

cycle to create a series of timed pulses. In the circuit shown, the 4.7 μF capacitor

starts to charge from power supplied through the two 100 kΩ resistors (RA and RB)

and the capacitor-charging voltage appears like that shown in the graph provided

earlier. Again, this graph plots voltage across the capacitor vs. time.

The trigger input at pin 2 (TRIG) on the 555 timer IC monitors the voltage across the

capacitor as it charges. When this voltage reaches 2/3 of the supply voltage, the timer

circuit switches the discharge connection at pin 7 (DISCHG) to ground, which starts to

discharge the capacitor, but only through resistor RB. Now, when the 555 detects the

capacitor has discharged to 1/3 of the supply voltage, it disconnects the DISCHRG pin

from ground so the capacitor can charge again through RA and RB to 2/3 the supply

voltage. This charge-discharge cycle repeats as long as you power the 555 IC. A

typical 555-timer IC can operate with a supply voltage between 5 and 15 volts.

The timer provides an output at pin 3 (OUT) that can turn an LED or or off, or drive a

transistor to control several LEDs. By using a bit of math you can determine the ON and

OFF times for a given circuit or choose components when you need a given time. The

T1 period corresponds to the time the OUT pin provides the power-supply voltage. The

T2 period corresponds to the time when the OUT pin connects to ground. For the circuit

shown, the T2 period causes the LED to turn on. If you want the LED to turn

on for the longer T1 period, reverse the LED polarity and connect it to ground rather

than to the positive power-supply voltage.

Because RA and RB determine the charging time;

T1 = 0.693 x (RA + RB) x C

And because only RB determines the discharge time;

T2 = 0.693 x RB x C

Again, you must use units of farads and ohms.

So, for the circuit shown earlier:

T1 = 0.693 x (100,000 ohms + 100,000 ohms) x 0.0000047 farads

T1 = 0.65 seconds

And

T2 = 0.693 x (100 kohms) x 0.0000047 farads

T2 = 0.33 seconds.

The total period for a complete cycle equals:

Ttotal = T1 + T2

Ttotal = 0.98 seconds

A good 555-timer calculator at: http://totusterra.com/555timercalc.html
When you supply the time period or desired frequency, the calculator will give the appropriate capacitor and resistor values to use in the circuit. You could also develop an EXCEL spreadsheet to accomplish this task.
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