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Logic Systems
Astable Multivibrator

In addition to bistable multivibrators (flip flops) we can have 
· Astable multivibrators (no stable states)

· Monostable multivibrators (one stable state

An astable multiivibrator is a circuit thaty has no stable states and continually switches between two unstable states (pulses). It is used as a pulse generator.

A simple astable multivibrator can be constructed using two inverters as shown below in figure 01. the output of each inverter is fed back to the input of the other inverter. The role of the capacitor is to delay the effect of the voltage output from one inverter before it switches the other inverter. The inverters repeatedly switch 1 and 0 outputs. The durations of the on and off times (‘mark’ and ‘space’) for the pulses produced are determined by the R and C values. Circuit (a) gives full control of both times; circuit (b) gives control of only one time. If potentiometers (variable resistors) are used in place of fixed value resistances, then a variable pulse duration and frequency can be achieved.

Figure 01
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Sometimes it is required to generate pulses of a precise frequency, and the quartz crystal controlled multivibrator in figure 02 can be applied. The crystal locks the pulse frequency to a chosen value. This type of circuit is used to generate the clock signal in a microcomputer.

Figure 02
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One of the most popular and flexible ICs that is applied as an astable multivibrator is the 555 timer. The external components that must be connected to this chip to cause it to operate in the ‘free running’ (astable) mode are shown in figure 03. The choice of these component values determines the mark and space times for the pulse sequence produced, as follows:
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The capacitor which is connected to pin 5 eliminates noise.

Figure 03
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Monostable multivibrator

A monostable multivibrator (or ‘one shot’) circuit has only one stable state, and it remains in the unstable state for a fixed time. It is used to generate a single fixed length pulse when triggered by an input pulse.
Figure 04 shows the circuit connections required to produce a monostable multivibrator using the 555 timer chip. The circuit triggers on the negative going input signal, and the time that the output stays in the high state is:
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for example if, R = 1MΩ and C = 1µF, then the output pulse width is just over 1 second. The one-shot is not used as a frequently as the astable multivibrator, but it can be applied to regenerate a fixed length pulse at the end of a transmission line which exhibits noise and signal loss.

Figure 04
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Schmitt Trigger

A Schmitt trigger circuit is used to convert a signal of irregular wave shape into a sharply defined pulse. Figure 05 shows the circuit symbol for a Schmitt trigger, and the effect of the circuit on an input voltage sine wave signal. The circuit triggers ‘on’ at the higher threshold voltage and ‘off’ at the lower threshold voltage. Therefore it converts the sine wave to a square wave. Other applications are to ‘clean up’ noisy pulses.
Figure 05
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A practical Schmitt trigger circuit is the TTL 7414. This offers six inverting Schmitt triggers in a 14 pin package.

A schmitt trigger input circuit is offered with a NAND gate in the 7413, which is illustrated in figure 06. Each NAND gate can be triggered by slow ramping or noisy signals to produce a jitter-free output signal. The ‘hysteresis’, or ‘backlash’, is the difference between the higher and lower threshold voltages, and is typically 0.8V for this circuit.

Figure 06
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Decoders
A decoder circuit converts a coded input bit pattern into a unique output bit pattern. Decoder ICs are used for the following purposes:

a) Binary input, decimal output (e.g. 2-bit input, 4 discreet output lines with only one output set at any time).

b) Binary input, 7 segment pattern output (for numerical display)

c) Address decoding – saves on the potential amount of address lines required thus making it possible to address more devices than a microprocessor could support.

The operation of a 2 to 4 decoder is illustrated in figure 07 below. Only one of the four outputs is set at any time (set to logic 0 because the outputs are inverse logic signals and most devices are triggered by an active low signal) – the particular output line which is set is determined by the binary code on the two inputs. Notice the increasing binary count on the two inputs (A is the least significant bit). This device has application in microcomputer circuits when for example it is required to select only one of four memory chips (or input / output chips). Each of these chips is fed with one of the decoder output signals.
Figure 07
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A practical 2-4 decoder IC is the 74139, which is shown in figure 08. Two decoder circuits are supported on the same chip. Notice that the outputs are only set in the manner indicated in the truth table of figure 08b when the not EN signal is set to logic 0.

Figure 08
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Another popular decoder circuit is a 3 to 8 decoder, which is illustrated in figure 09. Again this device is widely applied in microcomputer circuits, when up to eight memory (or input/output) chips are applied but only one must be selected at any time. The increasing binary count on A, B and C is shown in reverse order in the truth table. The circuit is available as the 74138, as shown in figure 10. The decoder only sets its outputs as indicated in the truth table when the Enable inputs are set as follows:

Pin 4 – 0

Pin 5 – 0

Pin 6 – 1

Figure 09
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Figure 10

[image: image12.jpg]1

DT Gl G B B ] Ok
— GND

Enable
inputs




Another type of decoder which is applied with segment displays is a binary to 7 segment decoder. Segment displays are used widely to display numerical values. If larger numbers of segments are used to construct characters then alphabet letters can be displayed with acceptable clarity. A 7 segment display is indicated in figure 11. The devices can be constructed using LEDs or it can be a liquid crystal display (LCD). The latter activates its segments using reflected light and is an extremely low powered device. Both types of device are available as single digit display units or multiple digit units.
Figure 11
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A binary to 7 segment decoder integrated circuit is the 7447, which is illustrated in figure 12. Normally pins 3, 4 and 5 are help at logic 1. Notice that the outputs are inverse logic, i.e. each segment bit is set when it is at logic 0. The truth table shows the signals set using normal positive logic for simplicity – these settings are inverted at the interconnection pins.

Figure 12
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