Background

The most popular timer or waveform-generator IC is the 555 (and its successors). It is also an
easily misunderstood chip. A simple equivalent circuit of the 555 is shown in

Figure 1. A resistor divider network produces reference voltages of 1/3V . and 2/3V . for the op
amps — V. is the voltage used to power the chip, typically 5 volts or more. The two op amps
function as comparators causing the output to change whenever the input voltage goes above or
below their reference input. For example, whenever the TRIGGER* input is below 1/3V . the
output of the 555 is high (near V..). The THRESHOLD works in exactly the opposite way;
whenever the THRESHOLD input is above 2/3V.. the output of the 555 will be low
(approximately zero). There is also a separate transistor output called DISCHARGE which can
be used as a separate switch to turn things on and off. By connecting these inputs and outputs in
clever ways the 555 can be made to perform a very large number of electrical functions.
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FiguTre 1. Simplified 555 schematic.
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NOTE: The * in the TRIGGER¥* is a common digital logic notation for indicating that this is a
low true logical signal. When you see TRIGGER* you read it and say it as NOT TRIGGER.
We will learn about digital logic later; however, a normal digital logic signal is “true” when it is
high or near 5 volts, and “false” when it is low, or near zero volts. This is called a high true
signal since the voltage is high when the signal is true. The * simply indicates that the logic
signals are inverted, or low true — the signal is “true” when the voltage is near zero, and “false”
when the voltage is near 5 volts.

The easiest way to understand the workings of the 555 is to look at an example. Figure 2 shows
the 555 connected to operate as an oscillator. When the power is first turned on, the capacitor is
initially discharged; so the 555 TRIGGER* input is low (near zero) which makes the OUTPUT
HIGH, the DISCHARGE transistor is open, and the capacitor charges toward 10 volts (the
power supply voltage) through R, + Rgz. When the capacitor voltage reaches about 2/3*V ., the
op amp connected to the THRESHOLD input causes the OUTPUT to go to zero. The
DISCHARGE switch also turns on and shorts C to ground through Rg. This causes the capacitor
voltage to decrease to zero. However, as soon as C's voltage drops below 1/3*V . the op amp
connected to the TRIGGER* input senses this. The op amp output changes which causes the
555's OUTPUT to go high and opens the DISCHARGE pin causing C to charge up again. The
basic operation of this circuit is cyclic, with C's voltage going back and forth between 1/3*V
and 2/3*V ., with a period given by T = 0.693(R,+2Ry)C. This formula is an approximate one
supplied by the manufacturer on data sheets for the 555.
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Figure 2. The 555 connected as an oscillator.

A circuit that produces a repetitive output like that shown in Figure 2 is called an oscillator. The
555 makes a pretty good oscillator. The 555 can also be used to generate single pulses of
arbitrary width. This type of circuit is called a monostable or one shot and is extremely useful to
“clean up” noisy pulses. Because the 555 integrated circuit contains comparators, gates, and
flip-flops people have found many non-timer uses for the 555 and it has become a game in the
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