Buses
All of the basic components of the computer are tied together by communications paths called buses. A computer bus is simply a parallel collection of conductors that carry data and control signals from one unit to another.

Types of Buses
Any computer has three major system buses identified by the type of information they carry. The three major system buses are: Address bus, Data bus, Control bus.  These buses are actually extensions of the microprocessor's internal communications structures.

Address Bus
The address bus is a unidirectional pathway that carries addresses generated by the microprocessor to the memory and I/O elements of the computer.  The size of the address bus, determined by the number of conductors in the bus, determines the number of memory locations and/or I/O elements the microprocessor can address.

Address Bus Size
If the address bus is composed of 16 lines (or bits), the microprocessor can generate 65,536 (2 to the power of 16) distinct address codes. If the address bus size is increased to a 20-bit word size, the microprocessor's capability to address memory and I/O elements is increased to 1,048,576 (2 to the power of 20) possible addresses.

Addressing Capacity
When discussing addressing capacity, it is common to use the letter "K" (for kilo) to represent 1024 (2 to the power of 10) addresses.  Using this terminology, the 16-bit bus example is capable of addressing up to 64 KB of memory, while the 20-bit bus is capable of directly addressing up to 1,000 KB of memory.  1,000 KB of memory is referred to as a megabyte of memory and is denoted by the letter "M" (MB for megabytes).

Address Codes
When the microprocessor wishes to access a memory location (to perform a Read or Write operation), it does so by placing the appropriate address code on its address pins and generating the proper control signals to perform the operation.  The microprocessor uses the same process to access an input or output element.
Decoding Circuitry
Because the memory unit is normally composed of several memory chips (RAM and ROM), special decoding circuitry is required to select the proper IC and then single out the proper memory location, the input or output device that the microprocessor is trying to address.

Data Bus
In contrast to the address bus, the data bus is bi-directional in nature.  Data flows along the data bus from the microprocessor to memory during a Write operation. Conversely, data moves from memory to the microprocessor during a Read operation.  The direction for data movement is the same for Read and Write operations between the microprocessor and Input/Output devices.

Sharing the Data Bus
Because all the computer elements must share the data bus, any device connected to the bus must have the capability to put its outputs in a high impedance state (floating) when not involved in an operation with the microprocessor. This prevents data from having more than one source placed on the bus at one time.

Data Bus Size
If two devices attempt to place data on the bus at the same time, confusion and damage to the devices results. The size of the data bus usually corresponds to the word size of the computer. In general, the larger the data bus, the more powerful the system.8-16-32 bits.

Control Bus
The control bus carries the timing and control signals necessary to coordinate the activities of the entire system. Unlike the other two buses, the control bus signals are not necessarily related to each other. Some are output signals from the microprocessor, others are input signals to the microprocessor from Input and Output elements. Each different microprocessor type has its own unique set of control signals, which it can generate or respond to.

Types of Control Signals
Many control bus signals are common to most microprocessors (or similar to those used by most processors). The following are the more common control signals in use today:
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Read/Write Line (R/W Line)
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Memory Read (MEMR)
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Memory Write (MEMW)

[image: image4]
I/O Read (IOR)
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I/O Write (IOW)

Clock Control Signal
One of the most important control signals in any microprocessor-based system is the system clock. This signal provides the timing information for all the system's activities.

Clock signals may be generated on the microprocessor chip, or by special IC signal generators. Microprocessors with internal clock generators usually require that an external crystal be connected to their clock input pins.

Read and Write Signals
The control bus also carries the signals that enable selected memory or I/O elements for Read and Write operations. These signals may range from a simple Read/Write line (R/W) to a collection of signals such as Memory Read (MEMR), Memory Write (MEMW), I/O Read (IOR), and I/O Write (IOW).  These signals are used by the microprocessor in conjunction with addresses on the address bus to perform Read and Write operations at selected memory or I/O locations.

