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Figure 3.31 A PLCC package with socket. 

3.6.4 COMPLEX PROGRAMMABLE LOGIC DEVICES (CPLDs) 

PLAs and PALs are useful for implementing a wide variety of small digital circuits. Each 
device can be used to implement circuits that do not require more than the number of inputs, 
product terms, and outputs that are provided in the particular chip. These chips are limited 
to fairly modest sizes, typically supporting a combined number of inputs plus outputs of not 
more than 32. For implementation of circuits that require more inputs and outputs, either 
multiple PLAs or PALs can be employed or else a more sophisticated type of chip, called 
a complex programmable logic device (CPLD), can be used. 

A CPLD comprises multiple circuit blocks on a single chip, with internal wiring re- 
sources to connect the circuit blocks. Each circuit block is similar to a PLA or a PAL; we 
will refer to the circuit blocks as PAL-like blocks. An example of a CPLD is given in Figure 
3.32. It includes four PAL-like blocks that are connected to a set of interconnection wires. 
Each PAL-like block is also connected to a subcircuit labeled I/O block, which is attached 
to a number of the chip's input and output pins. 

Figure 3.33 shows an example of the wiring structure and the connections to a PAL-like 
block in a CPLD. The PAL-like block includes 3 macrocells (real CPLDs typically have 
about 16 macrocells in a PAL-like block), each consisting of a four-input OR gate (real 
CPLDs usually provide between 5 and 20 inputs to each OR gate). The OR-gate output 
is connected to another type of logic gate that we have not yet introduced. It is called an 
Exclusive-OR (XOR) gate. We discuss XOR gates in section 3.9.1. The behavior of an 
XOR gate is the same as for an OR gate except that if both of the inputs are 1, the XOR gate 
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Figure 3.32 Structure of a complex programmable logic device (CPLD). I 
produces a 0. One input to the XOR gate in Figure 3.33 can be programmably connected 
to 1 or 0; if 1, then the XOR gate complements the OR-gate output, and if 0, then the XOR 

output value produced by the OR gate. Each tri-state buffer (see section 3.8.8) is connected 
to a pin on the CPLD package. The tri-state buffer acts as a switch that allows each pin to 
be used either as an output from the CPLD or as an input. To use a pin as an output, the 
corresponding tri-state buffer is enabled, acting as a switch that is turned on. If the pin is 
to be used as an input, then the tri-state buffer is disabled, acting as a switch that is turned 
off. In this case an external source can drive a signal onto the pin, which can be connected 
to other macrocells using the interconnection wiring. 

The interconnection wiring contains programmable switches that are used to connect 
the PAL-like blocks. Each of the horizontal wires can be connected to some of the vertical 
wires that it crosses, but not to all of them. Extensive research has -been done to decide 
how many switches should be provided for connections between the wires. The number 
of switches is chosen to provide sufficient flexibility for typical circuits without wasting 
many switches in practice. One detail to note is that when a pin is used as an input, the 
macrocell associated with that pin cannot be used and is therefore wasted. Some CPLDs 
include additional connections between the macrocells and the interconnection wiring that 
avoids wasting macrocells in such situations. 

Commercial CPLDs range in size from only 2 PAL-like blocks to more than 100 PAL- 
like blocks. They are available in a variety of packages, including the PLCC package that 
is shown in Figure 3.31. Figure 3 . 3 4 ~  shows another type of package used to house CPLD 
chips, called a quadJlatpack (QFP). Like a PLCC package, the QFPpackage has pins on all 


















