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6.2 DECODERS

f = WZsz + WZfWZ

= Wwa(w3 + wiwy) + wa(W w3 + W3wy)

Observe thatfw2 = fu,; hence only two 3-LUTs are needed, as illustrated in Figure 6.14b.

The LUT on the right implements the two-variable function w,f, + wof o

wap*

Since itis possible to implement any logic function using multiplexers, general-purpose
chips exist that contain multiplexers as their basic logic resources. Both Actel Corporation
[2] and QuickLogic Corporation [3] offer FPGAs in which the logic block comprises an ar-
rangement of multiplexers. Texas Instruments offers gate array chips that have multiplexer-
based logic blocks [4].
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6.2 DECODERS

Decoder circuits are used to decode encoded information. A binary decoder, depicted in
Figure 6.15, is a logic circuit with n inputs and 2" outputs. Only one output is asserted
at a time, and each output corresponds to one valuation of the inputs. The decoder also
has an enable input, En, that is used to disable the outputs; if En = 0, then none of the
decoder outputs is asserted. If En = 1, the valuation of w,_; - - - w;w( determines which of
the outputs is asserted. An n-bit binary code in which exactly one of the bits is setto 1 at a
time is referred to as one-hot encoded, meaning that the single bit that is set to 1 is deemed
to be “hot.” The outputs of a binary decoder are one-hot encoded.

A 2-to-4 decoder is given in Figure 6.16. The two data inputs are w; and wy. They
represent a two-bit number that causes the decoder to assert one of the outputs yy, ..., y3.
Although a decoder can be designed to have either active-high or active-low outputs, in
Figure 6.16 active-high outputs are assumed. Setting the inputs w;wg to 00, 01, 10, or 11
causes the output yy, yi, y2, or y3 to be set to 1, respectively. A graphical symbol for the
decoder is given in part (b) of the figure, and a logic circuit is shown in part (c).

Larger decoders can be built using the sum-of-products structure in Figure 6.16¢, or
else they can be constructed from smaller decoders. Figure 6.17 shows how a 3-to-8 decoder
is built with two 2-to-4 decoders. The w, input drives the enable inputs of the two decoders.
The top decoder is enabled if w, = 0, and the bottom decoder is enabled if w, = 1. This
concept can be applied for decoders of any size. Figure 6.18 shows how five 2-to-4 decoders
can be used to construct a 4-to-16 decoder. Because of its treelike structure, this type of
circuit is often referred to as a decoder tree.
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Figure 6.15  An n-to-2" binary decoder.
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