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4.2.2 Ripple-Carry Adder

The full adder is for adding two operands that are only one bit wide. To add two operands that are, say four bits wide, we connect four FAs together in series. The resulting circuit, shown in Figure 4.3, is called a ripple-carry adder for adding two 4-bit operands.
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Figure 4.3. Ripple-carry adder.
4.4 Subtractor

We can construct a one-bit subtractor circuit similar to the method used for constructing the full adder. However, instead of the sum bit si for the addition, we have a difference bit di for the subtraction, and instead of having a carry-in and carry-out signals, we have a borrow-in (bi) and borrow-out (bi+1) signals. So when we subtract the ith bit of the two operands, xi and yi, we get the difference di = xi - yi. If, however, the previous bit on the right has to borrow from this ith bit, then input bi will be set to a 1, and the equation for the difference will be di = xi - biyi.
On the other hand, if the ith bit has to borrow from the next bit on the left for the subtraction, then the output bi+1 will be set to a 1. The value borrowed is a 2 in decimal, and so the resulting equation for the difference will be di = xi -bi + 2bi+1 -yi. Note that the symbols + and . used in this equation are for addition and subtraction, and not for logical operations. The term 2bi+1 is “2 multiply by bi+1.” Since bi+1 is a 1 when we have to borrow, and we borrow a 2 each time, therefore, the equation just adds a 2 when there is a borrow. When there is no borrow, bi+1 is a 0, and so the term bi+1 cancels out to a 0.
[image: image2.png]


For example, consider the following subtraction of the two 4-bit binary numbers, X = 0100 and Y = 0011

For the bit position that is highlighted in blue, bi = 1 since the previous bit on the right has to borrow. Moreover, bi+1 is also 1, since the current bit has to borrow from the next bit on the left. When it borrows, it gets a 2. Therefore, di = xi -bi + 2bi+1 -yi = 0 – 1 + 2(1) – 1 = 0.

The truth table for the 1-bit subtractor is shown in Figure 4.7 (a), from which the equations for di and bi+1, as shown in Figure 4.7 (b), are derived. From these two equations, we get the circuit for the subtractor as shown in Figure 4.7 (c). Figure 4.7 (d) shows the logic symbol for the subtractor. Building a subtractor circuit for subtracting an n-bit operand can be done by daisy-chaining n 1-bit subtractor circuits together similar to the adder circuit shown in Figure 4.3. However, there is a much better subtractor circuit as shown in the next section.
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 Figure 4.7. 1-bit subtractor: (a) truth table; (b) circuit; (c) logic symbol.
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