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4.9 Multiplexer

The multiplexer, or mux for short, allows the selection of one input signal among n signals, where n > 1, and is a power of two. Select lines connected to the multiplexer determine which input signal is selected and passed to the output of the multiplexer. In general, an n-to-1 multiplexer has n data input lines, s select lines where s = log2 n, i.e. 2s = n, and one output line. For a 2-to-1 multiplexer, there is one select line s to select between the two inputs, d0 and d1. When s = 0, the input line d0 is selected, and the data present on d0 is passed to the output y. When s = 1, the input line d1 is selected and the data on d1 is passed to y. The truth [image: image1.png]@

()



table, equation, circuit, and logic symbol for a 2- to-1 mux are shown in [image: image2.png]-+ syl + sy + sdidy
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Figure 4.20.
Figure 4.20. A 2-to-1 multiplexer: (a) truth table; (b) equation; (c) circuit; (d) logic symbol.

Constructing a larger size mux, such as the 8-to-1 mux, can be similarly done. In addition to having eight data input lines, the 8-to-1 mux has three select lines since 23 = 8. Depending on the value of the three select lines, one of the eight input lines will be selected and the data on that input line will be passed to the output. For example, if the value of the select lines is 101, then the input line d5 is selected, and so the data that is present on d5 will be passed to the output.

The truth table, circuit, and logic symbol for the 8-to-1 mux are shown in Figure 4.21. The truth table is written in a slightly different format. Instead of including the d’s in the input columns and enumerating all 211 = 2048 rows (the eleven variables come from eight d’s and three s’s), the d’s are written in the entry under the output column. For example, when the select line value is 101, the entry under the output column is d5, which means that y takes on the value of the input line d5.To understand the circuit in Figure 4.21 (b), notice that each AND gate acts as a switch, and is turned on by one combination of the three select lines. When a particular AND gate is turned on, the data at the corresponding d input is passed through that AND gate. The outputs of the remaining AND gates are all 0’s.
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Figure 4.21. An 8-to-1 multiplexer:

(a) truth table; (b) circuit; (c) logic symbol.

Instead of using 4-input AND gates where three of its inputs are used by the three select lines to turn it on, we can use 2-input AND gates as shown in Figure 4.22 (a). This way the AND gate is turned on with just one line. The eight 2-input AND gates can be individually turned on from the eight outputs of a 3-to-8 decoder. Recall from Section 4.7 that the decoder asserts only one output line at any time. Larger multiplexers can also be constructed from smaller multiplexers. For example, an 8-to-1 mux can be constructed using seven 2-to-1 muxes as shown in Figure 4.22 (b). The four top-level 2-to-1 muxes provide the eight data inputs, and are all switched by the same least significant select line s0. This top level selects one from each group of two data inputs. The middle level then groups the four outputs from the top level again into groups of two, and selects one from each group using the select line s1. Finally, the mux at the bottom level uses the most significant select line s2 to select one of the two outputs from the middle level muxes.
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