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6.3 D Latch

Recall from Section 6.2 that the disadvantage with the SR latch is that we need to ensure that the two inputs, S and R, are never de-asserted at exactly the same time, and we said that we can guarantee this by not having both of them asserted. This situation is prevented in the D latch by adding an inverter between the original S' and R' inputs. This way, S' and R' will always be inverses of each other, and so, they will never be asserted together. The circuit using NAND gates and the inverter is shown in Figure 6.5(a). There is now only one input D (for data). When D = 0, then S' = 1 and R' = 0, so this is similar to resetting the SR latch by making Q = 0. Similarly, when D = 1, then S' = 0 and R' = 1, and Q will be set to 1. From this observation, we see that Qnext always gets the same value as the input D, and is independent of the current value of Q. Hence, we obtain the truth table for the D latch, as shown in Figure 6.5(b). Comparing the truth table for the D latch shown in Figure 6.5(b) with the truth table for the SR latch shown in Figure 6.2(b), it is obvious that we have eliminated not just one, but three rows, where S' = R'. The reason for adding the inverter to the SR latch circuit was to eliminate the row where S' = R' = 0. However, we still need to have the other two rows where S' = R' = 1 in order for the circuit to remember its current value. By not being able to set both S' and R' to 1, this D latch circuit has now lost its ability to remember. Qnext cannot remember the current value of Q, instead it will always follow D. The end result is like having a piece of wire where the output is the same as the input!
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Figure 6.5 D latch: (a) circuit using NAND gates; (b) truth table; (c) logic symbol
6.4 D Latch with Enable

In order to make the D latch remember the current value, we need to connect Q (the current state value) back to the input D, thus creating another feedback loop. Furthermore, we need to be able to select whether to loop Q back to D or input a new value for D. Otherwise, like the bistable element, we will not be able to change the state of the circuit. One way to achieve this is to use a 2-input multiplexer to select whether to feedback the current value of Q or pass an external input back to D. The circuit for the D latch with enable (also known as a gated D latch) is shown in Figure 6.6(a). The external input becomes the new D input, the output of the multiplexer is connected to the original D input, and the select line of the multiplexer is the enable signal E. When the enable signal E is asserted (E = 1), the external D input passes through the multiplexer, and so Qnext (i.e., the output Q) follows the D input. On the other hand, when E is de-asserted (E = 0), the current value of Q loops back as the input to the circuit, and so Qnext retains its last value independent of the D input.
When the latch is enabled, the latch is said to be open, and the path from the input D to the output Q is transparent. In other words, Q follows D. Because of this characteristic, the D latch with enable circuit is often referred to as a transparent latch. When the latch is disabled, it is closed, and the latch remembers its current state. The truth table and the logic symbol for the D latch with enable are shown in Figure 6.6(b) and (c). A sample trace for the operation of the D latch with enable is shown in Figure 6.6(d). Between t0 and t1, the latch is enabled with E = 1, so the output Q follows the input D. Between t1 and t2, the latch is disabled, so Q remains stable even when D changes.

An alternative way to construct the D latch with enable circuit is shown in Figure 6.7. Instead of using the 2- input multiplexer, as shown in Figure 6.6(a), we start with the SR latch with enable circuit of Figure 6.4(a), and connect the S and R inputs together with an inverter. The functional operations of these two circuits are identical.
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Figure 6.6 D latch with enable: (a) circuit; (b) truth table; (c) logic symbol; (d) sample trace

[image: image3.emf]
Figure 6.7 D latch with enable circuit using four NAND gates.
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