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1) Introduction

A Bus is a data communications connection between two or more communicating devices. 

Serial buses (which send 1 bit at a time) are typically used for longer distances and (perhaps) lower cost and lower performance. Examples are Ethernet LANs, USB. 

Parallel buses send some number of data bits (such as 8 or 16), plus control and address signals, at the same time. Parallel buses are typically more limited in length because of the high cost of the multi-conductor cable and connectors and for electrical reasons--the signals don't travel at the exact same speed in all conductors (signal skew), so the data rate must be reduced for longer cable runs (making the bus less desirable). 

Some parallel buses are implemented by using cables and connectors (for example, SCSI). However, the rest of this description will discuss parallel buses that are internal to a PC and implemented on the motherboard of the computers. 

A parallel bus is the collection of electrical connections, connectors and voltages, timing, and functionality defined for plug-in printed circuit boards (sometimes called adapters) in a computer to communicate with each other. 

1.1) What does a Bus does?



1) Electrical power: All the chips on the system board need power to operate. The Bus’s power lines provide the need of the chips.

2) Control Signal: Some of the buses carry control signals that coordinate various activities going on inside the computer

3) Memory Address: To access data or instructions located somewhere in the memory, the Memory Address has to be passed from one component to another all the time. The width of the bus decides how many Bits can be used for memory address. 

4) Data: Data is most important thing that needs to be carried from component to component. The width of the Data bus determines how much data can be passed in at one time. The type of CPU determines the number of lines of the bus and thus the number of bits in the data path. 

2) Bus Evolution 



As the computer started becoming more and more complex, the buses also started evolving according the needs. An analogy for the system bus in a computer and the real world is a freeway. Two things define a system bus: 1. bus speed and 2. the width of the bus in bits (i.e., 8 bit, 16 bit, 32 bit, etc). In terms of a freeway, the bus speed is the maximum speed limit, while the width of the bus is the number of lanes. And think of the data you want to move as the cars on the freeway. If I want to move, for example, 10,000 bits (or cars) from point A to point B in the least amount of time, I'd have to move the cars very fast or increase the number of lanes, or do both. Common sense will tells us, a system bus with high performance (or bandwidth) means it has a high bus speed and a large bus width. Again, translating this into our freeway analogy, if we can increase the maximum speed limit and number of lanes, then we have increased the productivity of the freeway.
The difference in cars on freeways and data on computer buses is that the cars move at a continuous speed but the data travels in a digital (on / off) manner on the computer buses. The system clock run by a crystal on the system board, occupies one line of a bus and keeps the beats for the components.

If a component on the system board also works with on the same clock cycle as CPU, then it is said to be synchronized with CPU. Some devices are not in sync with the CPU and they work asynchronously with the CPU. These devices will be having a lower frequency than the CPU.  Buses that work in sync with CPU and system clock are called the local buses or system buses. Buses that work asynchronously with the CPU are called the expansion buses. Ex. The memory bus is a local bus while the ISA bus is an expansion bus.

When the PC’s were first built, they had only one bus called the system Bus. But the speeds of different hardware components evolving at different rates makes the thing much complicated than before. It is not possible to have same speed for all components anymore. The CPU works at one speed, the bus connecting CPU to memory works at a slower pace, and the bus communicating with I/O devices works at an even slower speed.

Historically, the 8-bit ISA (Industry Standard Architecture) came first. It was revised to 16-bit ISA bus to keep up with the higher demand for wider data paths. Then, in 1987, the first 32-bit bus MCA ( Microchannel Architecture )  was introduced by IBM. The 32-bit EISA bus by the competitors followed it. The USB (Universal Serial Bus ) is quite new and is used for slower I/O devices.   

A local I/O bus was designed as the demands arose for a bus not as fast as Memory bus but faster than expansion bus. The first one to come was the VESA bus. Then came the PCI buses and the newer AGP buses. The Fire Wire Bus is the latest local I/O bus but it is not readily available as yet.

Table 2.1

	Bus
	Released
	Bus Speed (MHz)

	ISA (8 Bit)
	1982
	4.77

	ISA (16 Bit)
	1984
	8.33

	MCA
	1987
	10

	
	
	

	EISA
	1988
	8.33

	VL-bus v1.0
	1992
	33

	
	
	40

	VL-bus v2.0
	1994
	50

	PCI v1.0
	1993
	33

	
	
	

	PCI v2.0
	1994
	66


3) Types of Buses:
3.1) ISA Buses

Industry Standard Architecture Buses



The bus used in standard IBM-compatible PCs to provide power to add-in boards and communication between the add-in boards and to the motherboard (into which the boards plug). 

Since IBM did not publish timing specifications, there were initially compatibility problems. This was resolved in 1987, when the IEEE produced a complete bus specification (including timing). 

Since the Intel 8088 CPU (used in the first 4.77-MHz PCs introduced in 1982) had an 8-bit data bus, the bus in the original PC also had an 8-bit data bus (the 8-bit PC or PC/XT Bus), and data were transferred 8 bits at a time. This 62-pin bus supported the following: 

· 8 data lines (allowing for 8 bits of data to be transferred at a time) 

· 20 address lines (1 Mbyte of addressing, though the video adapter was assigned 128 kbytes, starting at address 640 kbytes, and this created the now-infamous DOS memory limitation) 

· Interrupts 2 through 7 (separate signal for each interrupt) 

· DMA channels 1, 2, and 3 (two signals for each channel, request and acknowledge). The original PC's motherboard used DMA channel 0 for memory refresh, and since the DMA controller and the memory were on the motherboard, the signals were not brought to the bus. 

The other pins are used for power and timing signals. 

The 80286 used in the IBM PC/AT ("advanced technology," which it was when it was introduced in 1984) had a 16-bit data bus, so IBM (then still the sole standards-setter for PCs) added 36-pin connector, which provided the following: 

· Eight more data lines (allowing for 16-bit data transfers) 

· Four more address lines (allowing 16 Mbytes of addressing) 

· Interrupts 10, 11, 12, 14, and 15 (interrupt 13 is reserved for a math coprocessor, which would be on the motherboard, so interrupt 13 is not brought out to the bus) 

· DMA channels 0, 5, 6, and 7 (DMA channel 4 is used to link the new DMA channels to the original ones). Unlike the original PC, the PC/AT uses a dedicated memory refresh circuit, so DMA Channel 0 is available for use, and it is brought out to the bus. 

This is the 16-bit PC/AT bus, or, more commonly (and simply), the ISA bus, which is provided in most PCs (older PCs only support ISA; newer PCs typically support both ISA and PCI). 

The ISA bus has a theoretical maximum transfer speed of 16 Mbytes/s (more commonly stated as 8 Mbytes/s, since it usually requires one bus cycle for the address and another for the 16 bits of data). The typical maximum speed is 1 to 2.5 Mbytes/s (which is 8 to 20 Mbits/s). This speed is so variable because of bus contention with other devices (mainly memory) and buffering delays due to the asynchronous nature of the bus (the processor speed is different from the bus speed). 

3.2) MCA Buses 

Micro Channel Architecture Buses



The 32-bit bus used in most IBM PS/2 PCs and the RS/6000 workstations. Introduced in 1987. Some characteristics are: 

· It runs at 10 MHz 

· The theoretical maximum data transfer rate is 20 or 40 Mbytes/s (depending on the mode) 

· The connector has 112 pins 

· It supports up to 16 bus masters 

Two types of slots are defined: 

· 16-bit slots have a 16-bit data bus and a 24-bit address bus and support for video and audio 

· 32-bit slots support separate 32-bit data and address buses. 

This bus was never accepted as widely as expected, perhaps because IBM (at least initially) charged too high a royalty for its use, or because existing PC adapter cards could not be used (requiring that customers buy all new cards and that manufacturers design new cards). 

3.3) EISA Buses

Extended Industry Standard Architecture Buses



A 32-bit bus used in some (but not many) higher performance PCs. The newer PCI bus is better. 

EISA supports many more features than ISA (for example, more than two bus masters and switch less configuration). A burst mode provides double the transfer rate (the address is supplied only at the start of the burst, and all subsequent data are assumed to go to sequential memory locations). 

It runs at 8.33 MHz. The theoretical maximum transfer speed is 33 Mbytes/s. Competed with MCA. A main advantage over MCA is that ISA boards can be plugged into the EISA bus (though with no additional benefits or capabilities) but not into the MCA bus. 

MCA was never widely accepted. (IBM was the main source of MCA PCs.) EISA is (was) used mainly in servers. PCI is the current high-performance PC (and other platform) bus. 

This bus was Developed by the "Gang of Nine" (nine non-IBM manufacturers of IBM-compatible PCs, led by Compaq) when a 32-bit PC bus standard was needed and IBM wanted high royalties for its MCA bus. 

3.4) VESA Buses

Video Electronics Standards Association Buses



The group that developed the VESA local bus standard (also called VL-bus or VLB), has as well as developed many other standards concerning PCs and their video displays. 

VESA recommends that a monitor have at least a 75-Hz (though 72 Hz is acceptable) vertical refresh rate (also called the vertical scan rate--the number of times per second that the screen is rewritten) at all resolutions from 640 x 480 to 1,280 x 1,024 (horizontal x vertical pixels). 

VESA is developing the standard to provide Plug and Play support for monitors (which is called the display data channel standard). 

3.5) PCI Buses

Peripheral Component Interconnect Buses



PCI Bus is Intel's local bus standard.  It was introduced in 1993 (the first version) and 1994 (Release 2.0). It Supports up to 16 physical slots--an addressing limitation, which won't be reached because of the electrical limitation of 10 loads (which will typically amount to three or four plug-in PCI cards) residing on each PCI bus. PCs can have two or more PCI buses, so there can be six or more PCI cards per PC. 

PCI uses have 32- and 64-bit-wide bus implementations are defined. 64-bit support uses an additional in-line connector (similar to the AT bus's extra connector). 

The 32- and 64-bit cards can be installed in 64- and 32-bit slots (and the other way around too--the cards and buses detect this and work properly). When a 64-bit card is installed in a 32-bit slot, the extra pins just overhang, without plugging into anything. 

Implementations have a separate (from the processor's) clock, running at D.C. to 33 MHz (though usually at 33 MHz). Slowing the bus's clock speed is needed to reduce PC power consumption when the PC is not being used. 

Since the bus is multiplexed (the same pins carry address and data), two bus cycles (one to send the address, the next to send the data) are required per 32- or 64-bit transfer. 

A burst mode is defined for reads and writes (though the 486 supports only read bursts), which allows any number of data cycles to follow a single address cycle. 

A 32-bit, 33 MHz PCI bus implementation would have a non-burst peak transfer rate of 66 Mbytes/s and a burst peak transfer rate of up to 132 Mbytes/s. 32-bit PCI has a typical sustained burst transfer rate of 80 Mbytes/s--enough to handle 24-bit color at 30 frames per second (full-color, full-motion video). 

Supports bus mastering DMA, though some PCI implementations may not support bus-mastering DMA for all PCI slots. The CPU can run concurrently with bus mastering peripherals. 

Is called a mezzanine (or intermediate) bus, since it is not the processor's bus. This is good, since processor buses tend to match (and be limited to) that particular processor. ISA, EISA, and MCA buses can be driven by a PCI (using a bridge chip set), so non-PCI peripherals can be used in the same PC. 

Since PCI is not processor-specific (VL-bus is 486-specific), it can be used for other processors, such as DEC's Alpha and the PowerPC (so Macintoshes can use PCI peripherals). 

PCI is the first bus to support both 3.3- and 5-V cards. Keys in the connector ensure that the (single-voltage and non-interchangeable) cards are not plugged into the wrong voltage slot (smokers!). 

Dual-voltage cards and slots can be made, which automatically try 3.3-V operation first and then try 5-V if that is not supported. 

PCI boards support: 

· Automatic configuration (they don't require manual assignment of BIOS extension addresses) 

· Parity checking of the data and address bus signals 

· Scatter/gather DMA (up to four 4-kbyte blocks of data that are scattered because of virtual memory management schemes can be transferred with a single DMA operation) 

Competes with EISA, but PCI: 

· Has a much faster transfer rate (both providing faster operation and leaving more bus time for other peripherals) 

· Has lower-cost cards (for example, because PCI is fast enough to transfer data from a LAN--and LAN adapter--to a PC's memory at full LAN speed, less buffer memory is needed on the LAN adapter) 

· Supports Plug and Play 

· Is faster to install (EISA's irritatingly slow configuration procedure is not needed) 

Future PCI enhancements will include 66 MHz operations. The PCI standard is developed by the PCI Special Interest Group. 

4) Relatively New Buses:

4.1) USB

Universal Serial Bus

A 12-Mbits/s, daisy chain, serial bus proposed by Intel to connect up to 63 peripherals (such as a backup tape drive, CD-ROM drive, digital telephone, joystick, keyboard, mouse, printer, and digitized audio devices) to a PC. A major motivation is that all these peripherals would require only a single port on the PC. This would be a dramatic cost savings over the current situation, in which a PC needs separate ports (electronics and connectors) for each of these devices. 

USB Supports: 

· Multiple isochronous data streams (so is well suited to multimedia) 

· Multiple data streams (for traffic that is not delay-sensitive) 

· Hot-plugging of devices (they can be plugged in and activated without re-booting the PC) 

This bus uses two-pair cable and a four-pin connector. Cabling will likely go to connectors on the PC (for digital phone, modem, and printer), monitor (for microphone and speaker), and/or keyboard (for pointing devices). 

Compaq, DEC, IBM, Intel (which will provide USB support built in to PCI support ICs--this pretty much guarantees that USB will be widely accepted), Microsoft, NEC, and Northern Telecom all promote USB. 

4.2) FireWire



FireWire is a peripheral bus with the official name of IEEE 1394. 

Apple computers and Texas Instruments led Institute of Electrical and Electronics Engineers in this design.

FireWire, like USB, uses serial data transmission but much faster than USB. This Bus supports speeds up to 400 Mbps compared to 12 Mbps for USB.

It is viable option for connecting Network Cards, DVD, Camcorders and any other High Speed, High volume devices. 

FireWire has a host controller using single set of system resources (an IRQ, an I/O Address Range and a DMA Channel). The devices are Daisy-Chained together. One host controller can handle 63 devices at one time.

4.3) AGP

Accelerated Graphics Port


AGP is designed to provide fast access to Video.

AGP is more of port than bus, as it does not allow for expansion. Only one card is supported on this port.

It runs at the speed of memory bus. The data path is 32 bit.

This bus offers better rendering for 3-D images compared to PCI buses because:

· It runs twice as fast as PCI buses

· It uses a feature called DIME (Direct Memory Execute). It shares the system memory with CPU to perform calculations. This is a very powerful feature as data is not required to be copied first to the video memory on the card.

Only the system board running at 100 MHz or faster can utilize the full potential of the AGP. In modern computers, AGP has replaced VESA and PCI buses for Video output.

5) Conclusion



The following Table shows the typical speeds of the CPU and different common Buses.

	Bus or Device
	Typical Values

	CPU
	500 MHz, fastest ones are 1.7 GHz

	Memory Bus Speed
	100 MHz, Some claim up to 200MHz

	PCI Bus
	66 MHz, Generally is Half the Memory Bus Speed

	ISA Bus
	8.77 MHz


When the PC’s were introduced first in early 1980’s, there was only bus called System Bus that used to run at 4.77 MHz, the same speed as the CPU speed then. The technologies have been improving since then. The fastest processor available now a day runs as fast as 1.7 GHZ but the fastest bus available is still 100 MHz or Max 200 MHz. 

The overall performance of the computer depends both upon the CPU and the Bus speed. It is contrasting that we still have to use 8.77 MHz ISA bus for slow I/O devices with the 1 GHz CPU. Attempts are being made to connect all slow I/O devices to the PCI bus. This will improve the performance dramatically. More and more research is required in the Bus technology and it sure has a lot of room for improvement.
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