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5.7 Using PLAs to Implement a Function

Using ROMs or EPROMs to implement a combinational circuit is very wasteful because usually many locations in the ROM are not used. Each storage location in a ROM represents a minterm. In practice, only a small number of these minterms are the 1-minterms for the function being implemented. As a result, the ROM implementing the function is usually quite empty.

Programmable logic arrays (PLAs) are designed to reduce this waste by not having all the minterms “builtin” as in ROMs, but rather allowing the user to specify only the minterms that are needed. PLAs are designed specifically for implementing combinational circuits.

The internal circuit for a 4x8x4 PLA is shown in Figure 5.19. The main difference between the PLA circuit and the ROM circuit is that in the PLA circuit, an AND-array is used instead of a decoder. The input signals are available both in the inverted and non-inverted forms. The AND-array allows the user to specify only the product terms needed by the function; namely the 1-minterms. The OR-array portion of the circuit is similar to that of the ROM, allowing the user to specify which product terms to sum together. Having four OR gates allow up to four functions to be implemented in a single device.
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In addition, the PLA has an output array which provides the capability to either invert or not invert the value at the output of the OR gate. This is accomplished by connecting one input of the XOR gate to either a 0 or a 1. By connecting one input of the XOR gate to a 1, the output of the XOR gate is the inverse of the other input. Alternatively, connecting one input of the XOR gate to a 0, the output of the XOR gate is the same as the other input. This last feature allows the implementation of the inverse of a function in the AND/OR-arrays, and then finally getting the function by inverting it. The actual implementation of a combinational circuit into a PLA device is similar to writing data bits into a ROM or other memory device. A PLA programmer connected to a computer is used. The development software allows the combinational circuit to be defined, and then transferred and programmed into the PLA device.

Figure 5.19. Internal circuit for a 4x8x4 PLA.
Example 5.4

[image: image2.png]


Implement the full adder circuit in a 4x8x4 PLA. The truth table for the full adder from Section 4.2.1 is shown below
In the PLA circuit shown below, the three inputs xi, yi, and ci, are connected to the PLA inputs A2, A1, and A0 respectively. The first four rows of the AND-array implement the four 1-minterms of the function ci+1, while the next three rows of the AND-array implement the first three 1-minterms of the function si. The last minterm, m7, is shared by both functions, and therefore, it does not need to be duplicated. The two functions, ci+1 and si, are mapped to the PLA outputs F1 and F0. Since the two functions are implemented directly (i.e. not the inverse of the functions), the XOR gates for both functions are connected to 0.[image: image3.png]Rih
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