Digital Electronics                                                                          Combinational logic


Combinational Logic
The term combinational logic is applied to a gating system in which all signals at each point in the system change, or are likely to change, at the same time. It contrasts with a sequential logic system in which signals throughout the system change at different times; an example is an asynchronous counter (see previous handouts).

The most common application of combinational logic is in simple control circuits, for example:

1. Lift / elevator control

2. Vending machine

3. Industrial control of conveyors, hoists, general electrical machinery

4. Vehicle / building intruder system

5. Traffic light control

There are many other examples such as those above.

Consider the logic gate system of figure 01. This circuit generates a 1 output to stop a conveyor which feeds a bunker when:

Either (1) a manual / auto switch is set to auto

And

An empty / full limit switch is set to full

Or (2) a start / stop switch is set to stop

Figure 01
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Sometimes it is required to standardise on a particular type of logic gate within a system, and figure 02 shows the same overall circuit implemented using only NAND gates. The AND function is created using a NAND gate followed by an inverter (the latter created by using another inverter. The OR function is created using De Morgan’s rule (see earlier handouts) which states:
And inverting both sides gives:


Notice that this circuit can be simplified by the elimination of the inverters immediately before and after the signal D – double inversion restores the original logic level of course.

Figure 02
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Another example of a combinational logic system is shown in figure 03 this representation of a part of the gating system required for a drinks dispensing machine, which dispenses a drink when:

(1) water is available

and
(2) paper cup is in position

and
(3) correct coin is inserted

and
(4) tea or coffee is selected

Figure 03
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A final example of a combinational logic system includes the use of a D-type flip flop and is shown in figure 04. This circuit monitors the setting of a thermostat (bi – metallic strip), which changes from open-contact to closed–contact when the temperature exceeds a fixed value. The low indicator lamp is lit when the temperature is below this value, but when the temperature exceeds this value:

(a) The High Indicator lamp is lit

And 

(b) the Audible Alarm is sounded

The flip flop is applied to enable the operator to cancel the audible alarm, but to leave the High Indicator lamp lit. If the flip-flop is initially set to the logic 1 state by pulsing the PRESET input to 0, the Q output is set to 1. This enables the audible alarm circuit. If the cancel pushbutton is pressed, pulsing the CLK input to 1, when the audible alarm is sounding, the Q output is set to 0. This inhibits the audible alarm circuit.

Notice that this circuit shows that a resistor must be applied to pull the gate input to logic 0 for the thermostat circuit when the contact closure signal is not set to closed. Clearly the logic 1 will override the resistor connection to logic 0 when the contact is closed. This arrangement is necessary because it is assumed that TTL NAND gates, e.g. 7400, are used, and unconnected TTL inputs are set to logic 1!

Figure 04
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D + C  =  D.C





D + C  =  D.C
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