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Synthesizing Hardware
from a State Diagram

3.1 INTRODUCTION TO FINITE-STATE MACHINE SYNTHESIS

At this point, the main requirements to design an FSM have been covered. However, the ideas
discussed need to be practised and applied to a range of problems. This will follow in later
chapters of the book and provide ways of solving particular problems.

In the development of a practical FSM there is a need to be able to convert the state diagram
description into areal circuit that can be programmed into a PLD, FPGA, or other application-
specific integrated circuit (ASIC). As it turns out, this stage is very deterministic and
mechanized.

FSM synthesis can be performed at a number of levels.

Develop an FSM using flip-flops, which can be:

— D-type flip-flops;
— T-type flip-flops;
— JK-type flip-flops.

Use ahigh-level HDL such as VHDL. This can be used to enter the state diagram directly into the
computer. The HDL can then be used to produce a design based upon any of the above flip-flop
types using one of a number of technologies.

Itis also possible to take the state diagram and convertitinto a C program and, hence, produce
a solution suitable for implementation using a micro-controller.

By using the direct synthesis approach, or an HDL, the final design can be implemented using:

e discrete transistor—transistor logic (TTL) or complementary metal oxide—semiconductor
(CMOS) components (direct synthesis);

PLDs;

FPGAs;

ASICs;

a very large-scale integration chip.
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Most technologies support D- and T-type flip-flops, and in practice these devices are used a lot
in industrial designs; therefore, this book will look at the way in which 7 flip-flops and D flip-
flops can be used in a design. Note: JK flip-flops can also be used, but these are not covered in this
book.

This chapter will look at the implementation of an FSM using 7-type flip-flops and then move
on to look at designs using D-type flip-flops.

Why T- and D-type flip-flops?

These are the most common types of flip-flop used today. The reason is that the 7"type can be
easily implemented from a D type, and the D type requires only six gates (compared with the JK
type, which requires about 10 gates). This means that D-type flip-flops occupy less chip area than
JK types. Another reason is that the D-type flip-flop is more stable than the JK flip-flop.

D-type flip-flops are naturally able to reset, in that if the D input is at logic 0, then the flip-flop
will naturally reset on the next clock input pulse (see later on in this chapter). This can be of great
benefit in the design of FSMs.

Go to Frame 3.1 to find out how to use the T flip-flop.

3.2 LEARNING MATERIAL
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3.3 SUMMARY

This chapter has looked at the method of synthesizing a logic circuit from the state diagram.
Methods have been developed to make this process simple and effective for implementation
using both T-type flip-flops and D-type flip-flops. These methods are used in the development of
further examples in Chapter 4.

At this point, the main techniques to be used in the development of synchronous design of
FSMs have been completed and the rest of the book follows a more traditional format.

There is one more method to be considered in synchronous design, namely that of the ‘One
Hot’ technique, which will be dealt with in Chapter 5.



