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3 / BUSINTERCONNECTIONS

Now that we have covered both the high-level functional description of microcomputers
and have looked as well at the lowest-level of implementation details, we will work our
way quickly into practical interfacing techniques. This chapter treats the data paths that
tie together the processor, memory, and /O modules of a microcomputer. The strategy
followed for these interconnections is similar across all microcomputers; they make use of
a general structure that we call a bus. A bus is a collection of signal lines that carry
module-to-module communications in a microcomputer. In almost all cases bus lines are
unbroken, and modules simply tap onto a bus by connecting their respective inputs and
outputs directly to corresponding bus signal lines. (The only exception to this rule is for
signal lines used for priority resolution, as described later in this chapter.)

For high-performance applications, buses must be restricted in length, thus limiting
their use to the short module-to-module connections within a computer chassis. Although
these buses can be extended from one chassis to another, performance and reliability
suffer as bus length increases. For the longer and lower-performance interconnections,
most microcomputer systems rely on special buses, quite separate from their high-speed
internal buses, or on other point-to-point connections in order to isolate the high-speed
buses from the long physical buses, thereby reducing the degradation caused by excessive
bus length. Exceptions to this practice occur in low-speed applications where the internal
bus runs slow enough to be extended to a second chassis with little or no performance
penalty. With just one type of bus, the system avoids an additional burden of integrating
two distinet bus systems and protocols.

3.1 BUS FUNCTIONS

The signal lines that collectively form a bus break naturally into three groups as shown in
Fig. 3.1. One group of signals carries the basic information to be communicated on the
bus; the other two signal groups guarantee that the information is delivered during a bus
transaction. From the earlier discussion of the functional behavior of a microprocessor,
we know that the first group of signals carries such information as

1. memory address (or port ID),
2. data, and
3. command type (READ, WRITE, DATA, STATUS).

Since there are a vast number of different buses in use, there is a wide variation in just
what information is carried on the first group of lines. Generally speaking, this group car-
ries information that one module needs to convey to another in order to invoke a remote
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FIGURE 3.1 Bus signal and control lines.

function, response, or change of state in the remote module. In order to pass the informa-
tion, the bus itself has to be controlled and operated correctly. The other two groups are
dedicated to different aspects of the latter function.

The second group of signal lines controls the timing of the data transfer. This group is
often called the data handshake lines, and contains the signals that dictate when each indi-
vidual data transfer begins and ends. The handshake lines have a role analogous to traffic
lights on a roadway. The handshakes start and stop transactions, and they exert the same
functional control on all transactions regardless of transaction type.

The type of transaction comes into play on the third group of lines, the arbitration
lines, which give critical transactions priority over less critical ones when deciding what
transactions shall access the bus. This third group of lines arbitrates which module gains
access to the bus. The necessity for arbitration is due to the inherent problem that occurs
when two or more modules attempt to transmit information simultaneously. If module A
spews forth a logic O while module B attemnpts to transmit a logic | at the same instant of
time, we say that there is a bus conflict. The signal actually delivered depends on the logic
family that drives the bus. A line driven by open-collector drivers moves to the 0 state
during any conflict, so that in the given example, the logic 1 output by module B is lost.
Then one or both modules lose data at the point of conflict, and what data are lost is
unpredictable. Hence, conflicts almost certainly result in a communications failure on the
bus. To ensure reliable communication, as a general rule only one module at a time can
transmit on the bus, although potentially all other modules can accept the transmission
and change state in response to it.

A bus conflict can be more disastrous than portrayed here. For example, what hap-
pens when tri-state drivers engage in a bus conflict? In this case, there is a possibility of
damaging the bus drivers because the conflict creates a low impedance path from V ¢ to
ground through the output stages of the conflicting gates. The high current through this
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