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Using State Diagrams to
Control External Hardware
Subsystems

2.1 INTRODUCTION

Inreal-world problems there is often a need to use external subsystems, such as hardware timers/
counters, analogue-to-digital converters (ADCs), memory devices, and handshake signals to
communicate with external devices.

This chapter looks at how a state diagram (and, hence, an FSM) can be used to control such
devices. This opens up a much wider range of activities for the FSM and can lead to solutions in
hardware that can be implemented in a relatively short time.

In later chapters, the ideas explored in this chapter will be used to develop some interesting
real-world systems.

2.2 LEARNING MATERIAL

Frame 2.1

One of the most common requirements in an FSM is the need to wait in a state for some
predefined period. For example, a need to turn on an outside world output for a certain period
of time, then turn it off again. This could be done by just allocating a number of consecutive
states with the required output held high, but this would be very wasteful of states (and the
corresponding flip-flops needed to implement the FSM) for all but very short delays. The best
way of dealing with this kind of requirement is to use an external timer unit that can be
controlled by the FSM.

A typical timer unit might look something like the illustration in Figure 2.1.

The timer unit has two inputs, the clock input clk and the start timer input ts, and a single
output TO. From the timing diagram (Figure 2.1) for this timer unit, the timer output TO will
go high when the timer start input ts makes a 0-to-1 transition. The output TO will remain
high until the time period has elapsed, after which it will go low.
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"Note that some ADCs have a busy signal instead of the eoc. These ADCs raise the busy signal when SC is asserted,
lowering it when the conversion is complete.
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at the same time. The microprocessor will hold CE low long enough to allow the W signal to
write the data into the memory device. This is usually because the propagation delay is longer
in the CE path due to additional address decoding logic.

In a system controlled by an FSM, this can be done in the waveform diagram sequence, as
shown earlier in this frame in Figure 2.7. However, an alternative arrangement could be to
cause the CE signal to be delayed within the memory chip. This would be possible if the
memory was being implemented in an HDL to be contained in an FPGA, perhaps also
containing the FSM.

The main thing here is to ensure that the data can be written into the RAM before it is
deselected.

Note: the signals CE and Wneed to be controlled by the FSM whenever the memory is to be
written to or read from.

Note that if Wis replaced by R then the memory cycle is aread memory cycle in which data
stored in the memory chip will be output from the chip.

The read operation follows the same basic sequence as the write signal, and the arguments
discussed earlier about delaying the chip select also apply.

Now go to Frame 2.6 to see how the memory chip can be controlled from an FSM.

Frame 2.6

To access the memory device, the chip select line must be asserted (this means that the chip
select line must be active, in this case active is logic 0). Then, write data into the RAM device
by lowering the write signal line. A little later, raise the write line to logic 1 to write the data
into the RAM device.

To read the contents of the RAM, first select the chip select line by making it go low, then a
little time later set the read line low.

In most cases, ‘chip select and read’ or ‘chip select and write’ control lines can be raised
high (to disassert them) at the same time. It is usually at this point in the cycle that the memory
device is read or written; but, if there is a doubt about chip select remaining low long enough
for the write or read operation to take place, then it is best to raise write or read first before
raising the chip select signal.

In practice, the data bus will remain active for a few nanoseconds (typically 10 ns) in order
for the data to be written or read by memory in memory controlled by a microprocessor, butin
an FSM-controlled system the design engineer should ensure that this occurs either by
adding another state to the state machine or by creating a delay on the chip select signal in the
memory device.

The segment of timing diagrams of Figure 2.7 in Frame 2.5 illustrates this process.

When reading from and writing to memory devices, the process of reading and writing is
implied to be from the point of view of the controlling device. The controlling device in a
microprocessor system is the microprocessor. In our case, the controlling device is the FSM.

Task Tryproducing a segment of state diagram to control the memory device for writing.

Now go to Frame 2.7 to find out whether it is correct.
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2.3 SUMMARY

This chapter has dealt with the way in which FSMs can be used to control external hardware in a
digital system. Later chapters will illustrate how these and other external devices can be
controlled by an FSM. One of the implications from this work is that many of the applications
normally developed using microcontrollers can be implemented using FSMs and hardware
logic. The block diagram and state diagram approach seen in Chapters 1 and 2 can be used, in
conjunction with modern HDLs to make this possible. The advantage, in some cases, will be a
design that uses less logic than a similar design using a microcontroller. You will see this
possibility later on when you have read later chapters.

For now, the next stage in our work is to see how a state diagram can be used to create a logic
circuit to realize the design. This work is covered in Chapter 3.



