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4.7 Decoder

A decoder, also known as a demultiplexer, asserts one out of n output lines depending on the value of an m-bit binary input data. In general, an m-to-n decoder has m input lines, Am-1, …, A0, and n output lines, Yn-1, …, Y0, where n = 2m. In addition, it has an enable line E for enabling the decoder. When the decoder is disabled with E set to 0, all the output lines are de-asserted. When the decoder is enabled, then the output line whose index is equal to the value of the input binary data is asserted. For example, for a 3-to-8 decoder, if the input address is 101, then the output line Y5 is asserted (set to 1 for active high) while the rest of the output lines are de-asserted (set to 0 for active high).

A decoder is used in a system having multiple components, and we want only one component to be selected or enabled at any one time. For example, in a large memory system with multiple memory chips, only one memory chip is enabled at a time. One output line from the decoder is connected to the enable input on each memory chip. Thus, an address presented to the decoder will enable that corresponding memory chip. The truth table, circuit, and logic symbol for a 3-to-8 decoder are shown in Figure 4.15. A larger size decoder can be implemented using several smaller decoders. For example, Figure 4.16 uses seven 1-to-2 decoders to implement a 3-to-8 decoder. The correct operation of this circuit is left as an exercise for the reader.
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Figure 4.15. A 3-to-8 decoder: (a) truth table; (b) circuit; (c) logic symbol.
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Figure 4.16. A 3-to-8 decoder implemented with seven 1-to-2 decoders
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