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Domain 1.0 : Installation, Configuration and Upgrading  

This domain requires the knowledge and skills to Identify , install, configure, and upgrade 
microcomputer modules and peripherals, the following established basic procedures for system 
assembly and disassembly of field replaceable modules. Elements included are listed below with 
each test objective. 

1.1 Identify basic terms, concepts, and functions of system modules, including how each module 
should work during normal operation and during the boot process: 

¶ System Board  

¶ Power Supply  

¶ Processor/CPU  

¶ Memory  

¶ Storage Devices  

¶ Monitor  

¶ Modem  

¶ Firmware  

¶ CMOS  

¶ LCD  

¶ Ports  

¶ PDA  

1.2 Identify basic procedures for adding removing field replaceable modules for both desktop and 
portable systems: 

¶ Module Types:  

¶ System Board  

¶ Storage Devices  

¶ Power Supply  

¶ Processor/CPU  

¶ Memory  

¶ Input Devices  

¶ Hard Drive  

¶ Keyboard  

¶ Video Board  

¶ Mouse  

¶ Network Interface Card  

¶ Portable system components:  

¶ AC adapter  

¶ Digital camera  

¶ DC Controller  

¶ LCD panel  

¶ PC Card  

¶ Pointing devices  

1.3 Identify available IRQs, DMAs, and I/O addresses and procedures for device installation and 
configuration: 

¶ Standard IRQ settings  

¶ Modems  

¶ Floppy drive controllers  

¶ Hard drive controllers  

¶ USB ports  

¶ Infrared ports  



¶ Hexadecimal/addresses  

1.4 Identify comment reports, associate cabling, and their connectors: 

¶ Cable types  

¶ Cable orientation  

¶ Serial vs. parallel  

¶ Pin connections  

¶ Types of connectors:  

¶ DB-9  

¶ DB-25  

¶ RJ-11  

¶ RJ-45  

¶ BNC  

¶ PS2/Mini-DIN  

¶ USB  

¶ IEEE 1394  

1.5 Identify proper procedures for installing and configuring IDE devices: 

¶ Master/slave  

¶ Devices per channel  

¶ Primary/secondary  

1.6 Identify proper procedures for installing and configuring SCSI devices: 

¶ Address/termination conflicts  

¶ Cabling types (example: regular, wide, ultra-wide); internal vs. external expansion slots, EISA, 
ISA, PCI  

¶ Jumper block settings (binary equivalents)  

1.7 Identify proper procedures for installing and configuring peripheral devices: 

¶ Monitor/video card  

¶ Modem  

¶ USB peripherals and hubs  

¶ IEEE 1284  

¶ IEEE 1394  

¶ External storage  

¶ Portables:  

¶ Docking stations  

¶ PC cards  

¶ Port replicators  

¶ Infrared devices  

1.8 Identify hardware methods of upgrading system performance, procedures for replacing the basic 
subsystem components, unique components and when to use them: 

¶ Memory  

¶ Hard drives  

¶ CPU  

¶ Upgrading BIOS  

¶ When to upgrade BIOS  

¶ Portables:  

¶ Battery  

¶ Hard drive  

¶ Types 1, II, III cards  

¶ Memory  



Domain 2.0: Diagnosing and Troubleshooting  

This domain requires the ability to apply knowledge relating to diagnosing and troubleshooting, 
module problems and system malfunctions. This includes knowledge of the symptoms relating to 
common problems.  

2.1 Identify common symptoms and problems associated with each module and have to 
troubleshoot and isolate the problems: 

¶ Processor  

¶ Mouse  

¶ Floppy drive  

¶ Parallel ports  

¶ Hard drives  

¶ DVD  

¶ Sound  

¶ Sound card/audio  

¶ Monitor/video  

¶ Motherboards  

¶ Modems  

¶ BIOS  

¶ USB  

¶ NIC  

¶ CMOS  

¶ Power supply  

¶ Slotcovers  

¶ POST audible/visual error codes  

¶ Troubleshooting tools e.g. Multimeter  

¶ Large LBA, LBA  

¶ Cables  

¶ Keyboard  

¶ Peripherals  

2.2 Identify basic troubleshooting procedures and how to elicit problem symptoms from customers: 

¶ Troubleshooting/isolation problems determination procedures  

¶ Determine whether hardware or software problem  

¶ Gather information from user regarding, e.g.  

¶ Customer environment  

¶ Symptoms/error codes  

¶ Situation when the problem occurred 
 

Domain 3.0: Preventive Maintenance  

This domain requires the knowledge of safety and preventative maintenance. With regard to safety, 
it includes the potential hazards to personnel and equipment and working with lasers, high-voltage 
equipment, ESD, and items that require special disposal procedures to comply with environmental 
guidelines. With regard to preventive maintenance, this includes knowledge of preventive 
maintenance products, procedures, environmental hazards, and precautions when working on 
microcomputer systems. 

3.1 Identify the purpose of various types of preventive maintenance products and procedures and 
when to use them: 



¶ Liquid cleaning compounds  

¶ Types of materials to clean contacts and connections  

¶ Non-static vacuums (chassis, power supplies, fans)  
 

3.2 Identify issues, procedures and devices for protection within the computing environment, 
including people, hardware and the surrounding workplace: 

¶ UPS (Uninterruptible Power Supply) and suppressors  

¶ Determining the signs of power issues  

¶ Proper methods of storage of components for future use  

¶ Potential hazards of public safety procedures relating lasers:  

¶ High-voltage equipment  

¶ Power supply  

¶ CRT  
 

¶ Special disposal procedures that comply with environmental guidelines:  

¶ Batteries  

¶ CRT's  

¶ Toner kits/cartridges  

¶ Chemical solvents and cans  

¶ MSDS (Material Safety Data Sheet)  
 

¶ ESD (electrostatic discharge) precautions and procedures:  

¶ What ESD can do, how may be apparent, or hidden  

¶ Common ESD protection devices  

¶ Situations that could present a danger or hazard  
 

Domain 4.0: Motherboards / Processors / Memory  

This domain requires knowledge of specific terminology, facts, ways and means f dealing with 
classifications, categories and principles of motherboards, processors in memory in microcomputer 
systems: 

4.1 Distinguish between popular CPU chips in terms of their basic characteristics: 

¶ Popular CPU chips (Intel, AMD, Cyrix)  

¶ Characteristics  

¶ Physical size  

¶ Voltage  

¶ Speeds  

¶ On board cache or not  

¶ Sockets  

¶ (SEC) single edge contact  

4.2 Identify the categories of RAM (random access memory) terminology, their locations, and 
physical characteristics: 

¶ Terminology:  

¶ EDO RAM (extended data output RAM)  

¶ DRAM (dynamic random access memory)  

¶ SRAM (static RAM)  

¶ RIMM (Rambus in-line memory module 184 pins)  

¶ VRAM (video RAM)  



¶ SDRAM (synchronous dynamic RAM)  

¶ WRAM (Windows accelerator card RAM)  

¶ Locations and physical characteristics:  

¶ Memory bank  

¶ Memory chips (8-bit, 16-bit, and 32-bit)  

¶ SIMMS (Single in-line memory module)  

¶ DIMMS (dual in-line memory module)  

¶ Parity chips vs. non-parity chips  

4.5 Identify the most popular types of motherboards, the components and architecture (bus 
structures and power supplies): 

¶ Types of motherboards:  

¶ AT (full and baby)  

¶ ATX  
 

¶ Components:  

¶ Communications ports  

¶ SIMM and DIMM  

¶ Processor sockets  

¶ External cache memory (level 2)  
 

¶ Bus architectures:  

¶ ISA  

¶ PCI  

¶ AGP  

¶ USB (Universal serial bus)  

¶ VESA local bus (VL-bus)  
 

¶ Basic compatibility guidelines:  

¶ IDE (ATA, ATAPI, ULTRA- DMA, EIDE)  

¶ SCSI (wide, fast, ultra, LVD (Low Voltage Differential)  

4.4 Identify the purpose of CMOS (complementary metal-oxide semiconductor), what it contains and 
how to change its basic parameters: 

¶ Printer parallel port - Uni, bi-directional, disabled/enable, ECP, EPP  

¶ Com/serial port-memory address, interrupt request, disable  

¶ Floppy Drive-enable/disable drive or boot, speed, density  

¶ Hard drive- size and drive type  

¶ Memory-parity, non-party  

¶ Boot sequence  

¶ Date/Time  

¶ Passwords  

¶ Plug & play BIOS  
 

Domain 5.0: Printers  

This domain requires knowledge of basic types of printers, basic components, and printer 
components, how they work, how they print onto a page, paper path, care and service techniques, 
and common problems.  

5.1 Identify basic concepts, printer operations and printer components: 



¶ Paper feeder mechanisms  

¶ Types of printers  

¶ Laser  

¶ Ink jet  

¶ Dot matrix  

¶ Types of printer connections and configurations:  

¶ Parallel  

¶ Network  

¶ USB  

¶ Infrared  

¶ Serial  

5.2 Identify care and service techniques and common problems with primary printer types: 

¶ Feed and output  

¶ Errors (printed or displayed)  

¶ Paper jam  

¶ Print quality  

¶ Safety precautions  

¶ Preventive maintenance  
 

Domain 6.0: Basic Networking  

This domain requires knowledge of basic networking concepts and terminology, ability to determine 
whether a computer is networked, knowledge of procedures for swapping into figuring Network 
Interface Cards, and knowledge of the ramifications of repairs when a computer is networked. The 
scope of this topic is specific to hardware issues on the desktop and connecting it to a network.  

6.1 Identify basic networking concepts, including how network works and the ramifications of repairs 
on the network: 

¶ Installing and configuring network cards  

¶ Network access  

¶ Full-duplex, half-duplex  

¶ Cabling-twisted pair, coaxial, fiber-optic, RS-232  

¶ Ways to network a PC  

¶ Physical network topologies  

¶ Increasing bandwidth  

¶ Loss of data  

¶ Network slowdown  

¶ Infrared  

¶ Hardware protocols 
 



Mapping Exam Objectives to Book Chapters  

Table 2 maps the objectives of each domain of the exam to the chapters where they are covered. 
When preparing for the test, use this as a tool to quickly find where your weak spots are covered in 
the book. Good luck!!! 

 

Table 2: Exam Objective to Chapter Mappings 

Domain Objectives Chapter(s) 

Domain 1.0: Installation, 
Configuration, and 

Upgrading 

1.1 Identify basic terms, concepts, and functions 
of system modules, including how each module 
should work during normal operation and during 
the boot process. 

0000, 0001, 0010, 0011, 
1000, 1001 

1.2 Identify basic procedures for adding and 
removing field replaceable modules for both 
desktop and portable systems. 

0000, 0001, 0010, 0011, 
0100, 1000, 1001, 1011 

1.3 Identify available IRQs, DMAs, and I/O 
addresses and procedures for configuring them 
for device installation and configurations. 

0000, 0001, 0100, 0110, 
1000 

1.4 Identify common peripheral ports, associated 
cabling, and their connectors. 

0101, 0111, 1000, 1011 

1.5 Identify proper procedures for installing and 
configuring IDE/EIDE devices. 

0100 

1.6 Identify proper installing and configuring SCSI 
devices. 

0000, 0101 

1.7 Identify proper procedure for installing and 
configuring peripheral devices. 

0111, 1001 

1.8 Identify hardware methods of upgrading 
system performance, procedures for replacing 
basic subsystem components, unique 
components and when to use them. 

0001, 0010, 0011, 0100, 
1000 

Domain 2.0: Diagnosing & 
Troubleshooting 

2.1 Identify common symptoms and problems 
associated with each module and how to 
troubleshoot and isolate the problems. 

0001, 0010, 0011, 0100, 
0101, 0110, 0111, 1000, 

1011, 1100 

2.2 Identify basic troubleshooting procedures 
and how to elicit problem symptoms from 
customers. 

0001, 1100 

Domain 3.0: Preventive 
Maintenance 

3.1 Identify the purposes of various types of 
preventive maintenance products and 
procedures and when to use and perform them. 

1010 

3.2 Identify issues, procedures and deceives for 
protection within the computing environment, 
including people, hardware and the surrounding 

0000, 1010 



workspace. 

Domain 4.0: Motherboards 
/ Processors / Memory 

4.1 Distinguish between the popular CPU chips in 
terms of their basic characteristics. 

0000, 0001, 0010 

4.2 Identify the categories of RAM (Random 
Access Memory) terminology, their locations, 
and physical characteristics.  

0000, 0011,1000 

4.3 Identify the most popular type of 
motherboards, their components, and their 
architecture (bus structures and power supplies). 

0000, 0001, 0110 

4.4 Identify the purpose of CMOS 
(Complementary Metal-Oxide Semiconductor), 
what is contains and how to change its basic 
parameters. 

1 

Domain 5.0: Printers 

5.1 Identify basic components, printer 
operations and printer components 

0111 

5.2 Identify care and service techniques and 
common problems with primary printer types 

0111, 1010 

Domain 6.0: Basic 
Networking 

6.1 Identify basic networking concepts, including 
how a network works and the ramifications of 
repairs on the network 

1011 

 

 



Chapter 0001:  Power Supplies - System Board  

"If you have no will to change it, you have no right to criticize it." 
-- Anonymous 

  

Chapter Objectives 

The objective of this chapter is to provide the reader with an understanding of the following: 

1.1 Identify basic terms, concepts, and functions of system modules, including how each module 
should work during normal operation and during the boot process: 

¶ System Board; Power Supply; Firmware; CMOS  

1.2 Identify basic procedures for adding removing field replaceable modules for both desktop and 
portable systems: 

¶ System Board; Power Supply  

1.3 Identify available IRQs, DMAs, and I/O addresses and procedures for device installation and 
configuration: 

¶ Standard IRQ settings; Hexadecimal/addresses  

1.8 Identifies hardware methods of upgrading system performance, procedures for replacing the basic 
subsystem components, unique components and when to use them: 

¶ Memory; CPU; Upgrading BIOS; When to upgrade BIOS  

2.1 Identify common symptoms and problems associated with each module and have to troubleshoot 
and isolate the problems: 

¶ Processor/memory; Motherboards; BIOS; CMOS  

¶ Power supply; POST audible/visual error codes  

2.2 Identify basic troubleshooting procedures and how to elicit problem symptoms from customers: 

¶ Troubleshooting/isolation problems determination procedures  

¶ Determine whether hardware or software problem  

¶ Symptoms/error codes and situations when the problem occurred  

4.1 Distinguish between popular CPU chips in terms of their basic characteristics. 

¶ Popular CPU chips (Intel, AMD, Cyrix)  

¶ Sockets; (SEC) single edge contact  

4.3 Identify the most popular types of motherboards, the components and architecture (bus 
structures and power supplies): 

¶ Types of motherboards: AT (full and baby); ATX  

¶ Bus architecture: ISA; PCI; AGP; USB (Universal serial bus); VESA local bus (VL-bus)  

4.4 Identify the purpose of CMOS (complementary metal-oxide semiconductor), what it contains and 
how to change its basic parameters: 

¶ Boot sequence; Date/Time; Plug & play BIOS  

 

  



Getting Ready - Questions  

¶ The Pentium IV uses _______ RAM.  

¶ Athlon uses a ______ to connect the CPU  

¶ Slot 1 supports the __________, __________, and __________ CPU.  

¶ Slot 1 uses a ___________ _________ __________.  

¶ The Pentium III introduced ____.  
Getting Ready - Answers  

¶ RAMBUS  

¶ Slot A  

¶ Celeron, Pentium II, Pentium III  

¶ Single Edge Connector  

¶ SIMD  
 

I  Introduction to Chapter 0001  

The first few pages of this chapter are historical in nature, and not required for the A+ Core. 
However, the information contained here will create a perspective of understanding both legacy 
equipment as well as where we are in current technology. Few sub systems in the PC have gone 
through the changes as quickly as the CPU. 

 

II  The Relationship Between Power Supplies and System Boards  

At first glance, it may seem odd to discuss power supplies and system boards in the same chapter. In 
fact, the two are closely related, because power supplies are the energy source for the computer. 
You will see the choices between different designs impacting the system board and the form factor. 

It will become clear how the chipset impacts the size of the system board along with other factors. 
The dance between the BIOS interacting with the CMOS to create a POST routine will be revealed. 
You will discover how to upgrade BIOS that is not capable of meeting your needs. 

Further details about various expansion buses and the impact of the choices you can make will 
become clear. The sometimes-disastrous interaction with drivers will be demystified so you may 
become a driver magician. 

Various levels of cache and the interaction between them and how they affect performance will 
guide you though an area frequently fraught with inaccuracy, thus giving a clear understanding to 
utilize to your benefit. 

The ability to improve performance by properly applying techniques such as Bus Mastering and DMA 
will be explained. Confusing issues such as PCI Steering and Memory mapping ŀǊŜ ŜȄǇƭŀƛƴŜŘΦ {ƻ ƭŜǘΩǎ 
get started. 

 

III  Power Supplies  

The term power supply ƛƴ ǘƘŜ t/ ƛǎ ŀŎǘǳŀƭƭȅ ŀ ōƛǘ ƻŦ ŀ ƳƛǎƴƻƳŜǊΦ ¢ƻŘŀȅΩǎ ǇƻǿŜǊ ǎǳǇǇƭȅ ƛǎ ŀ sealed 
box, with a cooling fan and power leads. Inside the power supply box is a step down transformer that 
converts 120 or 240 volts AC to approximately 12 and 5 volts AC. From this point, the AC voltage is 
run through four diodes filtering off the negative voltage. This is known as a bridge rectifier. Newer 
power supplies use switching transformers in place of the diodes to accomplish this. They are known 
as switching power supplies. 



 From there, the power is passed to a capacitor, which outputs clean DC power. Inside the case of 
the power supply are only two more parts. They are a fuse and a fan. The fan is used to pull air 
through the computer case as well as to cool components of the power supply itself. 

 

 

Figure 18: How power is converted from household current to 5 and 12 Volts DC. Voltage steps down 
from transformer on the left to 12 Volts AC, then the four diodes in the center (the diamond shape) 
convert to positive only voltage. The --| ( -- is the symbol for the capacitor that filters the AC ripple to 

straight DC voltage. The same process occurs for the 5 Volts. 
 

(Actually, the modern PC power supply is actually a switched power supply. See 
http://www.smpstech.com/tutorial/t01int.htm#SMPSDEF for details. The process described above is 

ǎǘƛƭƭ ǇƻǇǳƭŀǊ ǿƛǘƘ άǿŀƭƭ ǿŀǊǘǎέ ǳǎŜŘ ŦƻǊ ǘŜƭŜǇƘƻƴŜǎΣ ǎƳŀƭƭ /5 ǇƭŀȅŜǊǎΣ ŜǘŎΦύ 

 
IV  Power Supply Form Factors  

Regardless of the type of PC computer , these components are there. What makes power supplies 
different is the actual form factor or design that contains these components. There are two major 
types of form factors for power supplies, AT and ATX. 

 

AT Power Supply  

The first common form factor is known as an AT power supply. Two features distinguish the AT 
power supply from its relative. An AT power supply has a mechanical switch used to control the 
availability of AC power. 

http://www.smpstech.com/tutorial/t01int.htm
http://www.certiguide.com/aplush/cg_aph_IVPowerSupplyFormFactors.htm


The second feature that makes an AT power supply instantly recognizable has the power connectors 
for the motherboard, sometimes called a system board. An AT power supply has two power 
connectors for the motherboard - labeled P8 and P9. 

  

 

Figure 19: Understanding the Connections. I ƛǎ ǇƻǿŜǊ ŦƻǊ ŀ оΦрέ ŦƭƻǇǇȅ ŘǊƛǾŜ ŀƴŘ II ƛǎ ǇƻǿŜǊ ŦƻǊ ŀ оΦрέ 
hard drive. III is the mechanical switch. Two connections for power with the AT motherboard are P8 

indicated with IV, with P9 designated by V. 

 

P8 & P9 Grounds 
 
When connecting the power supply to the motherboard, make sure the black ground leads are side by 
side. This insures P8 & P9 are properly arranged. 

 

Computer manufacturers faced one challenge when working with the AT power supply. Remember 
the fact that the AT power supply uses a mechanical switch to supply power. That makes it 
impossible to turn the computer on remotely. To accomplish remote power-on, a small redesign on 
the power supply was needed. That redesign is found in the ATX power supply. 



AT is not ATX 
 
Since the AT and ATX designs have different power connectors and case configuration they are not 
interchangeable. 

 

ATX Power Supply  

The ATX power supply has a small power lead going to the case and the switch is used as a signaling 
device to turn the computer power supply on or off. By using signaling, other signals may be 
installed in the computer such as on a Network Interface Card (NIC). 

This feature is marketed under the handle Wake On LAN (WOL). This makes it possible for a network 
administrator to wake up an entire office full of computers, download updates, for example a new 
version of word processor. 

This saves considerable labor because the administrator did not have to visit each PC. Further, 
productivity is not lost because computers are upgraded when workers were at home. And users 
don't have the frustration of incompatible file formats between two different versions of software. 

  

 



Figure 20: ATX power connectors. The large single connector and thin wires for power switching 
Identify an ATX power supply. I is the lead for the power on/off control. II is the ATX systemboard 

power connector. III ƛǎ ŀ рΦнрέ ŘǊƛǾŜ ǇƻǿŜǊ ŎƻƴƴŜŎǘƻǊ ǿƛǘƘ ŀ оΦрέ ŘǊƛǾŜ ǇƻǿŜǊ ŎƻƴƴŜŎǘƻǊ ƛƴ ǇŀǊŀƭƭŜƭ ǘƻ 
the right.  

 

ATX Form Factor 
 
The ATX Form Factor allows shutting down the computer using software. 

 

Another feature of the ATX power supply is there's only one connector for the power, making it 
impossible to reverse the leads as can be done with P8 and P9 on an AT power supply. 

Of course differences in how the power switch operates means a different computer case must be 
used. With the rationale of the two different power supplies, cases are known as AT or ATX cases. 

That isn't the only difference. You just learned the connectors between the two power supplies are 
different. That means the systemboard must be mated to accept the correct type of power 
connector. 

  

 

Figure 21: AT & ATX connections. For a brief period of time, some system boards offered AT (top) and 
ATX (below) connections. 

 

Today, virtually all new computer cases, power supplies and system boards are ATX based. And that 
doesn't mean the Pentium computer that just blew a power supply is going to use an ATX power 
supply. If you are going to do any fieldwork, and you are not positive about which power supply 
resides in an ailing computer, take along both types of power supplies. 

 

V  System Board Form Factors  



As with power supplies, each system board design layout is known as a form factor. While not all 
computer system fit the categories listed below, most do. Starting with the largest design, it is time 
to examine the AT. 

Depending on the case design, several different form factors may be used when creating a system 
board. In late 1984, IBM released the PC- AT, featuring an 80286 CPU. Because of all the electronics 
involved, the system boardwas BIG, over a square foot of systemboard. The original AT power supply 
had inverted L- shape to accommodate space for the system board. 

 

Baby AT Form Factor  

By about 1997 electronics had shrunk in both size and heat output so the original AT form factor was 
no longer needed. Anytime a manufacturer can use fewer raw materials, they do so, to reduce costs. 
The newer smaller form factor was called the Baby AT form factor. The footprint of the Baby AT is 
usually about 8.5" x 13". This is a bit smaller than the original 12" x 13" AT form factor. 

ATX Form Factor  

Today the ATX design reigns. The change is not so much about square inches. It is about how the 
square inches are laid out. The orientation on the systemboard is rotated 90 degrees. Cable 
connections for drives are closer to the part of the case where the drives are usually mounted, and 
the CPU is closer to the power supply, and therefore the cooling fan. 

NLX Form Factor  

In some situations, such as replacing a cash register with a computer to create a Point Of Sale (POS) 
system, space is at a premium. In these situations may call for a system board with no CPU on it. 
Instead all electronics are placed on cards with the system board be nothing more than a passive 
backplane. This also allows for simplified repair and upgrade ability. 

With the physical description of what is inside the case complete for this chapter, it is time to review 
the components of the system board. 

 

VI  Chipsets  

Recall in Chapter 0000 how IBM quickly got the IBM PC ready for market. The company used almost 
entirely, 'off-the-shelf' electronic components. Major parts of the system board were consumed by 
purchasing a standard component known as Transistor-to-Transistor Logic (TTL). IBM arranged these 
TTLs on the system board to create a computer in very little time. 

One inventive company ƭƻƻƪŜŘ ŀǘ ŀƭƭ ǘƘŜ ǊŜŀƭ ŜǎǘŀǘŜ ƻƴ ǘƘŜ ǎȅǎǘŜƳ ōƻŀǊŘ ōŜƛƴƎ ǳǎŜŘ ōȅ ǘƘŜ ¢¢[ΩǎΦ 
They engineered the exact same circuit design, and put the ¢¢[Ωǎ, resistors, capacitors and 
transistors into five different IC's. With this stroke of brilliance, hundreds of components were 
reduced to five. This may be the most popular form of IC in use today. This type of IC is known as an 
Application Specific Integrated Circuit (ASIC). 

  



 

Figure 22: One of the first chipsets (from Suntac) was created to replace the discrete components 
found on the IBM AT. 

 

Prior the to ASIC, ICs were designed to perform a specific function, in a very generic manner. For 
example, the 555 IC was a clock chip. But it was not specifically built to power a jumbo digital clock, 
with alarm, complete with the electronics to drive a display. An ASIC would have the 555 design 
along with the necessary electronics to drive display and a alarm buzzer. 

As computer requirements became more sophisticated, the ASIC grew more complex, and the 
number of chips needs became less. The chipset of 5 chips became one chip. Today two chips not 
only control the computer, they can have features that used to require expansion cards be added 
into the computer. For example, on-board sound is now a common feature in a chipset. 

As time has marched forward, the chipset has been reduced in count, dropping to either 2 chips or 
even the minimum count of 1 chip. 

 

Northbridge  

The first of the two chips that make up the chipset of a motherboard is called the Northbridge. The 
Northbridge handles data buses, cache controllers, system buses and CPU memory. 

Due to the nature of rapid changes in these sub-sections, Northbridge chips see updates more 
frequently than it companion, the Southbridge. 

Southbridge  

The Southbridge handles peripherals such as printer ports and drive controllers. While there are 
advances in these areas, they do not happen as quickly as the fluid state of the Northbridge. 

Because it is possible to have changes occur more quickly in the Northbridge the name flag for the 
chipset resides with the Northbridge side. 

Technically, it is even possible to have two different chip makers between the Northbridge and 
Southbridge. Different names you may run into include: Intel, AMD, SiS and VIA. This sampling is by 



no means exhaustive however these makers are popular today. 

You and I cannot do too much configuration to a chipset. The most we get to do is turn the on-board 
sound on or off, and other small things. In our next section we examine something really 
configurable. 

Pick your Chipset Carefully 
 
A few decades of experience help put things in perspective. Sometimes, I'm surprised. In this section, 
what has surprised me greatly is how a chipset makes or breaks system performance. Working with 
two computers that were almost identical (even the same system board creator, just slightly different 
models, with two different chipsets.) had amazing differences. One computer completed a long and 
intensive math program three times faster (at least) over the other. Yet this difference didn't show up 
in word processing  

. 

 

 

Pop Quiz 0001.00  

Questions 

¶ When plugging in power to an AT system board  , P_ & P_ have the _____ color side 
by side.  

¶ The AT power supply uses a ___________ switch. ATX uses a ________ ________.  

¶ The generic names for PC chipsets today are the ___________ and the ________.  

¶ Because of a _________ CMOS, is considered by some to be ___-________ _____  

¶ The ____ power supply can be turned on and off via ___________.  

 

  

Pop Quiz 0001.00  
 
 

Answers 

¶ 8, 9, black  



¶ mechanical, signaling switch (soft switch)  

¶ Northbridge, Southbridge  

¶ battery, Non-Volatile RAM  

 (NVRAM)  

¶ ATX, software  

 

 

VII  CMOS  

This mouth full of acronym is pronounced see-moss, and is short for Complementary Metal Oxide 
Semiconductor (CMOS). What makes a CMOS different from an ordinary transistor is that it requires 
less power. A PC uses CMOS to hold data when the computer is turned off. 

The CMOS retains data by using a small battery on the system board. 

Sometimes, because the information in CMOS has retained while the computer is turned off, it may 
be referred to as Non-Volatile RAM (NVRAM). This is true only as long as the battery is in good shape 
and connected. 

The question arises, what sort of information must be retained when the computers turned off? 
How about the current date and time? Do you have one floppy or two? Are your floppy drive(s) 
5.25" or 3.5"? So tell me. Or more precisely, your computer wants to know what kind of hard drive is 
that anyway? These are all questions that must be asked, and answered, before you can do anything 
with your computer besides look at it sitting there. 

The idea of a CMOS has been around since the AT or 80286 computers. Before then, switches or 
jumpers had to be set to tell the computer more about what was in it when it woke up with power. 
Today's modern computers have a bit more data in the CMOS. This information is titled: Extended 
System Configuration Data (ESCD). The ESCD has a special part of CMOS where certain settings are 
held. These settings are a bit more advanced than the date and time. Modern expansion cards use 
what is known as plug and play to simplify installation. Plug and play is discussed in detail later on. 
The CMOS works in tandem with another critical part of the PC, the BIOS. 

 

VIII  BIOS  

If you think it your PC is having a brain, then the BIOS is what gives it a personality. 

The Basic Input/Output System (BIOS), which is pronounced bye-ose, contains software that has 
been written to Read Only Memory (ROM). 

Because ROM is physical, and physical is hardware, but software, is a collection of commands, the 
marriage of the two is sometimes referred to as firmware. 

The BIOS is typically quite easy to locate, because the manufacturer labels it. The most popular 
vendors are: Award, American Megatrends, Inc. (AMI), and Phoenix. 

Several life times ago (about 12 standard calendar years), BIOS was literally a ROM chip. The 



manufacturer would write the instructions needed to support a type of video card, floppy drive, etc. 
This was great, until someone wanted to install a new widget, for example, a 3.5" 1.44Mb floppy 
that we all take for granted today. Now, 15 years ago, the 3.5" 1.44Mb floppy didn't really quite 
exist. So installing one, say 14 years ago, meant you had to order a new ROM BIOS, pull the old one 
out, and put in the new one with the code in it to support this pile of data that could fit in your shirt 
pocket. 

 

Figure 23: An older BIOS chip. Back in the those days, hardware updates required finding and replacing 
the entire BIOS. No joy, at all. 

 

EEPROM  

After several improvements on this idea, today we have the Electrically Erasable Programmable 
Read Only Memory (EEPROM). 

Now when you want to add something to a computer that isn't supported in BIOS, we simply 
electrically erase the old data, and insert new data to support your new toy. This process is called 
Flashing, or Flashing the BIOS. 

BIOS Lobotomy 
 
The one small drawback to this process is this. Notice in the paragraph above, you must erase 
(completely) the old software code before you can add new code. If you either install the wrong set of 
code for your computer, or if you're really unlucky, lose power in the process, you have BIOS that is 
brain-dead. 

 

Due to this 'little challenge', in addition to the fact that some viruses (destructive code) have been 
written to attack BIOS, motherboard manufacturers such as Gigabyte are looking at a second BIOS 
that backs up the first BIOS. 

At this point, your computer has a 'personality' (the BIOS) and CMOS entries to tell it what it has. 

It is time to review what happens when you first turn your computer on. 

 



Pop Quiz 0001.01  

Questions 

¶ The BIOS gives the computer ŀ άψψψψψψψψψψψψέΦ  

¶ ______ is a type of BIOS that can be updated with new instructions.  

¶ POST instructions come from the ______.  

¶ Improperly loading new instructions to an EEPROM frequently leads to a _____ _______.  

¶ Changing the instructions found in an EEPROM is called ___________ ____ _____.  

 

 Pop Quiz 0001.01  

Answers 

¶ Personality  

¶ EEPROM (Electrically Erasable Programmable Read Only Memory)  

¶ BIOS  

¶ dead BIOS  

¶ flashing the BIOS  

 

IX  POST  

When you first turn on the PC, the system memory is empty, and even what the PC is made of, is not 
known. The system goes through a system boot sequence. While this process may vary slightly, 
overall it goes like this: 

The power supply converts the AC power to DC, and starts charging capacitors. When the power 
supply is fully charged that sends a Power Good signal to the system board. 

The CPU manufacturer pre-programmed the processor to look for the start of the BIOS boot 
sequence. The location of the BIOS the CPU is looking for is specifically set right at the end of system 
memory. 

This allows for changes to be made in the actual size of the BIOS. Note that this point is only a 
reference point, with the location being instructions to jump to an actual starting point of the 
particular BIOS. 

The first thing BIOS does is queries the CMOS about what is supposed to be in the PC. Then the 
Power On Self Test (POST) begins. This is a built-in diagnostic routine to ensure all parts and pieces 
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are ready and accounted for. 

Suppose you just installed a new video card, and in your excitement you neglected to fully press into 
place (seat) the video card. 

The POST sequence cannot find a video card that isn't there. Without a video card it would be 
difficult to display an error message on a video screen. With this in mind, the BIOS sends a code 
through the PC speaker. Note that the codes vary from one BIOS manufacturer to another. 

Assuming you have realized the error, powered off the computer, properly seated the video card, 
and re-started, a BIOS startup screen is displayed. 

This screen displays the BIOS manufacturer and version number, along with the date of creation, and 
the one or more keys that must be pressed to get into the BIOS setup program. The particular key or 
keys must be depressed at this time to get into the setup program. 

If the setup program is not entered, the System Configuration Summary is displayed. This data 
includes the: 

¶ CPU type  

¶ Math coprocessor  

¶ Clock speed of the processor  

¶ Style and capacity of all detected floppy drives  

¶ Hard drives  

¶ CD-ROM  

¶ Base memory  

¶ Extended memory  

¶ Type of memory  

¶ Display type  

¶ Serial or communication ports  

¶ Parallel or LPT (printer) ports  

From this point the PC begins to attempt to find a device that has an operating system. That could be 
a floppy or more commonly, a hard drive. 

Once that device is found, the Operating System begins to load. If everything is in order, you are 
ready to being your work or play. 

Cold/ Warm Boot 
 
Powering on or pressing Reset performs POST. This is a Cold Boot. CTRL-ALT-DEL does NOT do POST. 
This is a Warm Boot. 

 

With your computer ready to assist you with your work or play, the question arises, is it up to the 
task at hand? Some of that answer depends on what capabilities your PC has. Curiously enough, that 
is the next topic. 

 

X  Buses  



While the term bus has a slightly different meaning in a PC than it does on a roadway, the concept is 
identical. A Greyhound bus leaving Seattle and heading to Los Angeles makes stops in towns along 
the way to pick up or drop off passengers. 

Inside a PC (or even a network of computers) the bus is a transmission path that drops off or picks up 
signals (instead of people) from every device (instead of town) attached to the line. 

If you were on the bus from Seattle to Los Angeles, you would still stop at Olympia, Washington. 
Since Olympia was not your destination, you ignored it. In the same fashion, devices only pay 
attention to signals addressed to them. If the signal is not addressed to the device, it is ignored the 
same way you disregarded the stop in Olympia. 

Just as Greyhound has more than one route, the PC has more than one bus. One area that had been 
receiving a great deal of attention is the Frontside Bus. 

 

Frontside / Backside Bus  

The main goal of the Front side Bus is to communicate between the CPU and the main memory. This 
bus generally runs at much faster speeds than other buses in the PC. The exception to the rule is the 
Backside Bus. This is a route between the CPU and a special type of RAM discussed shortly. 

Other bus routes include the expansion bus. Remember the S-100 bus in Chapter 0000? Expansion 
buses are a topic in and of itself, and will be visited near the end of this chapter. 

 

I/O Bus  

Breaking down In/Out abbreviated is I/O. The I/O bus includes communications (serial) ports, 
parallel (printer) port, keyboard port, and today Universal Serial Bus (USB). The I/O bus is the slowest 
of the bus system in the PC today. For those of you wondering why not just make everything fast? 
The simple answer is, "Speed costs. How fast do you want to go?" It would be money wasted to 
create a PC where someone could type at a million words a minute. 

If you are wise to the ways of the PC, you may be wondering what about data bus and address bus? 
These two buses are discussed in Chapter 0011. 

Just a few paragraphs ago, in Backside bus, a reference was made to a special type of RAM. It is time 
to flip to the backside and see what is happening back there. 

The original IBM 5150 had one thing in common with the other PCs of the day. They were all 
excruciating slow. As the components got quicker, some parts became more capable then other 
parts. This observation became one of Tcat's laws of Engineering. "All computers wait at the same 
speed". 

This was not good for Intel. Who would purchase a new, faster CPU if it had to wait for something to 
do? 

By analysis of how a computer works, it was found that, in general, if a CPU needed a piece of 
information now, there is a high likelihood it will be needed again, real soon. So, if the CPU designers 
created an intelligent process to determine what might be needed again soon, they could put that 
data in super high-speed memory. By limiting the amount of super-high speed memory, they could 
keep costs low, to only one or two limbs (say one arm and a leg), yet improve the working time of 
the CPU. That is the concept known as cache. 



Cache and Buses  

¢ƻŘŀȅΩǎ PC has several layers of cache. The first level has the catchy title of Level 1 cache. This is the 
fastest hunk of memory in your computerΦ LǘΩǎ Ŝŀǎȅ ǘƻ ŦƛƴŘ ǘƘŜ general location of it, because it is 
inside your CPU. When your CPU makes a request, it looks at the Level 1 cache. If what the CPU 
needs is there, it takes it without ever leaving the CPU. Finding what it is looking for is known as a 
hit. Naturally, the lack of a hit is a miss. The 80486 CPUs were the first CPU with cache built-in. This 
explains why if you read other technical works, you may find a reference to Level 1 cache being 
outside of the CPU. Before the 486, the first level of cache had to be outside the CPU. 

If we have a miss in the L1 cache, the next place to look is the Level 2 cache. This is where the 
Backside Bus comes into play. In earlier designs, the Level 2 caches had to fight for time with other 
buses, like the expansion bus. This became a digital version of rush hour traffic. And since the CPU 
was left waiting, well you already read that outcome. So, the solution became to put a Backside Bus 
that typically runs at full processor speed just to the L2 cache. 

Before closing on cache. Yes, there can be a Level 3 cache. And typically, hard drives, CD-ROMs, 
almost all drives have some cache. Cache works as well as it does (typically more than 90% of all CPU 
request are in Level 1 or Level 2 cache) because the design engineers have developed some really 
slick routines, known as algorithms to determine what is really needed to keep the CPU busy. 

Almost done with buses. There is one more bus that arrived only a few years ago. As you will see 
later in this chapter, the video sub-system has been starved for data. This isn't good, since this 
affects the users perceptions. Leave to Intel to address this quandary. 

 

AGP Bus  

Originally the video card had to compete with other devices on the same bus, causing saturation. 
Intel designed an expansion bus structure as a slot (the slot is seen later in this chapter) known as 
the Accelerated Graphics Port (AGP). 

AGP is a port and not a bus, because it cannot be expanded, AGP does have its own 'pipe' between 
the AGP and the CPU and the main system memory. And the bus speed is faster than the rest of the 
expansion bus. AGP was a hit with game players who needed the performance boost. 

AGP design calls for a combination of on-board RAM on the video card, as well as borrowing some of 
the PCs main memory for some processing. 

When the AGP card is not using the main memory, it is released for use by other applications. 

When AGP was released it was available as both a 1X and 2X specification. Two years later Intel 
released a 4X APG standard. Currently in late draft format is the 8X AGP specification. 

The physical slot for 8X remains the same, changing only in how signaling occurs. 

Table 8: AGP Multipliers and Bandwidth 

AGP Specification Bandwidth 

1X AGP 266 MBps 

2X AGP 533 MBps 

4X AGP 1.07 GBps 



8X AGP 2.14 GBps  

 

8X Accelerated Graphics Port 
 
AGP 8X may not see its maximum potential for a number of years, due to the constraints of CPU 
processing power required. The new AGP slots are found as AGP Pro 1 or AGP Pro 2. 

 

Before concluding this chapter, there is one more bus to look at. That is the expansion bus, which we 
will examine next. 

 

XI  Expansion Buses  

Over the past 20 years, expansion buses have seen a series of "turf wars" in mind numbing 
propaganda. For a number of years the outcome was mass confusion. Intel brought peace to the 
battle of the expansion bus in the end. 

Today's A+ core test reflects this outcome. And it is still possible to find computers with these earlier 
buses. 

The older bus styles today are considered legacy architecture. And they have been included here, so 
if you see one, you're not saying, "what's that?" Our brief tour begins with the original IBM PC Model 
5150. 

 

ISA  

The first bus was called Industry Standard Architecture (ISA). This was a simple bus, and the Model B 
had five expansion slots. Each one offered an 8-bit data path, and each card had to 'wait its turn,' if 
another expansion card was busy with the bus. 

It quickly was realized by IBM that it was business, not homeowners who would buy the 5150. That 
led to the Model Z, which featured 8 expansion buses. 

  



 

Figure 24: 8088 system board with 8-bit ISA bus. 

 

When IBM released the AT, the corporation extended the ISA slot with an extra connector to make 
the ISA an 8 or 16-bit slot. By just adding the extra connector, the slot was backwards compatible 
with 8-bit cards. 

To this day, the 16-bit ISA slot runs at 8Mhz. What 8Mhz means in real delivery of data on the bus is 
ǎŜŜƴ ƛƴ /ƘŀǇǘŜǊ лмллΦ Lƴ Ǉƭŀƛƴ 9ƴƎƭƛǎƘΣ ŀƴŘ ƛƴ ǘƻŘŀȅΩǎ ǿƻǊƭŘΣ ǘƘŜ ƴƛŎŜ ǿƻǊŘ ƛǎ ƭŜgacy. To be more 
blunt, today it is considered unacceptably slow. 

  



 

Figure 25: 80286 system board with six 8/16-bit slots and two 8-bit slots. 

 
MCA  

By 1987 IBM was getting a bit annoyed. Here 'the real computer company' was getting its clock 
cleaned by companies like Compaq, PC Limited (now Dell), Heathkit/Zenith, along with hundreds of 
'garage shops' that were purchasing 'white box' parts and assembling computers with better 
ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ŀ ƭƻǿŜǊ ŎƻǎǘΦ L.aΩǎ ƳŀǊƪŜǘ ǎƘŀǊŜ ǿŀǎ ŘƛǎƳŀƭΣ ŀƴŘ ƎŜǘǘƛƴƎ ǿƻǊǎŜ. IBM, like Ford, 
thought they had a better idea. 

That better idea was the PS/2 computer series, with all but the lowest end model featuring a new 
expansion bus known as Micro Channel Architecture (MCA). As we saw in Chapter 0000, IBM was 
going to let everybody have MCA, for a price. Now while everybody agreed that MCA was a superior 
alternative to ISA, just about nobody was going to pay that kind of money ($1 per slot, per system 
board!). Not even for 32-bit performance. 

 

Extended ISA (EISA)  



Nine third party 'heavyweight' computer manufacturers got together and created the competitive 
answer to MCA. That answer was Extended Industry Standard Architecture (EISA). This open 
alternative was backwards compatible to 8-bit ISA as well as 16-bit ISA cards. Transfer rates 
screamed along at 33 MB a second. 

  

 

Figure 26: 80486 system board with four 8/16-bit ISA slots (top) and two EISA slots. The connector 
below the BIOS chips and two empty sockets (upper left) is a custom slot to enhance this once 

powerful system board, designed to be a server or high-end workstation. 

 
VESA Local Bus (VLB)  

As it was revealed in Chapter 0000, makers of video cards did not want to be making cards for ISA, 
EISA and MCA. 

What formed were the Video Electronics Standards Association (VESA), and the VESA Local Bus (VLB). 
The VLB expansion bus was backwards compatible at the ISA business end. The extra socket was 
located at the other end of the card. 

  

 

Figure 27: VLB cards featured a standard ISA connector as seen on the right, with a new high-density 
connector on the left. 

 



VLB Hell 
 
About the same time VLB was becoming popular, the price point for computer components was 
ŘǊƻǇǇƛƴƎ ǊŀǇƛŘƭȅΣ ƛƴ ǇŀǊǘ ǘƻ ƛƴŜȄǇŜƴǎƛǾŜ ΨƻŦŦ ǎƘƻǊŜΩ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ hƴŜ ƻǳǘŎƻƳŜ ǿŀǎ ǾŜǊȅ ƛƴŜȄǇŜƴǎƛǾŜ 
cases, which were not shaped with great precision. 
 
After working on a system using VLB, (and successfully testing) then installing a screw to retain the 
ŎŀǊŘΣ ŀ ǇƻƻǊƭȅ ōŜƴǘ ŎŀǎŜ ǿƻǳƭŘ ǎƭƛƎƘǘƭȅ ΨǇǳƭƭ ǳǇΩ ǘƘŜ ŎŀǊŘ ŦǊƻƳ ǘƘŜ ƘƛƎƘ ŘŜƴǎƛǘȅ ±[. ŎƻƴƴŜŎǘƛƻƴΣ 
disabling the video! This can be the cause of endless frustration until the cause is found. The solution 
is to remove everything from the case and bend the metal chassis until it is truly square. 

 

Peripheral Component Interconnect (PCI)  

Once again, looking back at our brief history tour in Chapter 0000, it was revealed that Intel ended 
the bus wars for a number of years by releasing the Peripheral Component Interconnect (PCI) 
expansion bus. 

The original PCI bus was similar in design to VLB. With the advent of PCI Version 2.0, it was no longer 
a local bus, as it got its own data path, and designed to be independent of the CPU design. Most PCI 
buses operate at 33Mhz, offering a 32-bit bus using 124 pins. The extra pins are used for power and 
grounding. 

Adaptec has been the champion of a 64-bit PCI bus, utilizing 188-pins, and being backwards 
compatible with regular PCI by extending the slot, just as in 8-bit to 16-bit ISA. Not many 
manufacturers of PC equipment have jumped on the 64-bit PCI bandwagon promoted by Adaptec, 
although it is seen in data communications equipment. Because this card is so rare, take a look at 
ƻƴŜ ōŜƭƻǿΣ ŎƻƳǇŀǊŜŘ ǘƻ ŀ ΨǊŜƎǳƭŀǊΩ t/L ŎŀǊŘΦ ό!ǘ ƭŜŀǎǘ ǘƘƛǎ ǿŀȅ ȅƻǳ Ŏŀƴ ǎŀȅ ȅƻǳ ƘŀǾŜ ǎŜŜƴ ƻƴŜύΦ 

While Adaptec has not been entirely successful with creating a market standard for 64-bit PCI, the 
point they are making has not gone unnoticed. Advances in RAM, CPUs and even storage have 
reached the point where the once waiting for other sub systems are close to saturating the PCI bus. 
To that end, look for PCI-X.  

  



 

Figure 28: A 64-bit PCI card from Adaptec on the left, and a 32-bit PCI card on the right. Both are 
Network Interface Cards (NICs). 

 

  

 

Figure 29: 64-bit PCI card and slot. Notice the extra, darker portion of the slot, added to accept the 
extra pins from the 64-bit NIC. 

 



PCI-X 
 
An extension of PCI running at speeds up 133MHz - burst transfer exceeding 1 GB /Sec. Using 64 bits 
with increased fault tolerance attained by tighter bonding to the Operating System. This is too new for 
the A+ 2001 test, however you can buy this today from system board manufacturers such as Asus. 

 

XII  Plug and Play  

Prior to 1996, installing an expansion card sometimes felt to the hapless soul charged with doing the 
install as if they were suddenly thrust into an episode from the Twilight Zone. 

The plug and play initiative sought to simplify matters. While many people refer to Plug and Play 
(PnPύ ŀǎ άtƭǳƎ ŀƴŘ tǊŀȅΣέ ŀ ōŀŎƪƎǊƻǳƴŘ ƛƴ ǘƘŜ ǇŀǊǘƴŜǊǎ ƴŜŜŘŜŘ ǘƻ ƳŀƪŜ ǘƘƛǎ ŀŎǘǳŀƭƭȅ ǿƻǊƪ ǎŀǾŜǎ ŀ ǘƻƴ 
of grief. It is time to look at the quartet that makes PnP work, or not. 

There is Plug and Play for real, and what Microsoft may call Plug and Play. Real Plug and Play uses 
t/L ōŀǎŜŘ ŎŀǊŘǎ ǿƛǘƘ .Lh{Φ CǊŜǉǳŜƴǘƭȅ ŀ ²ƛƴŘƻǿǎ ƛƴǎǘŀƭƭŀǘƛƻƴ ǿƛƭƭ ǉǳŜǊȅ ŀƭƭ LwvΩǎ ƛƴ ŀƴ ŀǘǘŜƳǇǘ ǘƻ 
determine what hardware exists in a computer, and that can include ISA based hardware. In the 
ƭŀǘǘŜǊ ŎŀǎŜΣ ǎƻƳŜǘƛƳŜǎ ȅƻǳ ƎŜǘ ƭǳŎƪȅΦ !ƴŘ ǎƻƳŜǘƛƳŜǎ ȅƻǳ ŘƻƴΩǘΦ ¢Ƙŀǘ ƛǎ Ƙƻǿ ȅƻǳ ƎŜǘ ŀƴ ǳƴƪƴƻǿƴ 
device. 

Plug and Play! Device found. Unknown Device? 
 
System hardware. With rare exceptions, ISA does not do Plug and Play. These exceptions are a system 
board that is PCI based, which also contains a few ISA slots. NT4 also contains a sub-folder under the 
Drivelib folder called PnPISA. By standing on your head, and following the odd instructions in Readme, 
ISA based Sound Blaster cards are detected. 

 

Expansion hardware. The device you are adding must be Plug and Play capable. Being capable means 
the device must be able to Identify it when requested and be able to accept resource assignments. 

System BIOS. In Plug and Play, BIOS is the conductor of the quartet. Program routines collect 
information about the devices to determine which device should get what resources. The BIOS 
communicates this to the Operating System. 

Operating System. For an Operating System to use Plug and Play devices it must install software that 
interfaces between the device and the main Operating System, automatically. These program 
routines are known as Drivers. 

 

²Ƙȅ tƭǳƎ Ωƴ tƭŀȅ ƛǎ {ƻƳŜǘƛƳŜǎ tƭǳƎ ŀƴŘ tǊŀȅ  

Some expansion hardware is designed to emulate a name-brand competitor. 



If the BIOS on the expansion hardware masquerades as a name-brand device the Operating System 
will follow instructions to install the driver of the name-brand expansion card. 

Since it wasn't from the name-brand manufacturer, the new device will either exhibit unpredictable 
behavior, or completely fail. 

And sometimes a driver gets corrupt or was simply a piece of junk to begin with. 

Sharing IRQs 
 
Prior to PCI Version 2.1 all expansion cards needed their own IRQ (if a device was to be used at the 
same time another device with the same IRQ would be in use). With the release of PCI V.2.1 that is no 
longer the case. Expansion cards can share IRQs. 

 

PCI Steering  

Assuming a modern system board, beginning with Windows 95B (not Windows 95 Release 4.00) a 
new feature called PCI steering was introduced. For example: An ISA sound card uses IRQ 9. You 
install a PCI card that would like to use IRQ 9. 

PCI Steering will: 

¶ Disable the ISA sound card.  

¶ Reprogram to available IRQ (example IRQ 10) to be an ISA IRQ.  

¶ Move the Sound card to IRQ 10.  

¶ Assign an IRQ Holder to 9.  

¶ Reprogram IRQ 9 to be a PCI IRQ.  

¶ Install the PCI device to IRQ 9.  

The only challenge with PCI Steering is if one device goes haywire, the whole scheme falls apart like 
a house of cards. 

IRQ Steering 
 
IRQ Steering only works on PCI, not ISA. 

 

This leads us to another expansion bus, once again, brought to us by Intel . 

 

XIII  AGP  

Earlier in this chapter you saw a view of AGP from a port perspective. While not everyone agrees 
that AGP is a bus, it certainly is a type of expansion slot. Note that in many cases a PCI slot is near 
the AGP port. The design is such that, if you use the AGP slot, you cannot use the PCI slot next to it, 
or vice versa. 



PCI or AGP 
 
You can use the PCI slot OR the AGP slot, and NOT both at the same time. 

 

  

 

Figure 30: AGP Slot. Note that the slot is 1) Not white; 2) Closest to the ATX power connector; 3) 
deeper inset than the PCI slot. 

 
XIV  AMR  

The Audio/Modem Riser (AMR) is another Intel innovation. This little slot can be used to give the end 
user an inexpensive solution for sound and modem functions. Physically partitioning the analog 
portion to the riser card, and putting the digital functions on a chip set achieves this. 

  



 

Figure 31: AMR Slot. It is farthest from the ATX power connector, and not white like the PCI slot. Using 
it makes the PCI slot next to it unavailable. 

 

This solution lowers costs, however it consumes CPU time. Sometimes these modems are referred to 
as software-based modems. Software-based modems are acceptable for computers that have CPU 
time idling, and are not recommended by your authors for servers or other computers doing 
resource intensive work. 

CNR (Communication and Networking Riser) 
 
CNR is a variation of the AMR from Intel. However there are differences. They include: 
 
1. CNR does not have to give up a PCI slot 
 
2. CNR is not backward compatible to AMR 

 

Many of the parts and pieces of a computer have been laid out here. The question arises, how do all 
of them work together in a logical order? It has been said that time is nature's way of keeping 
everything from happening at once. This is true in a computer as well. 

A computer can get really busy doing what you told it to do. And as we have seen, this collection of 
spare parts flying in close formation is a bunch of simple sub-systems tied together to make a single 
more complex system. 

The way all the sub-systems keep from colliding into a hopeless mess is by interruption. 

 

XV  Demanding Attention Digitally  

Even the simplest CPU that is involved with sub-systems needs to be interrupted to tell it to pay 
attention to another sub-system. In simple terms, a CPU (more or less) does one thing at a time, at a 
very high speed. The trick is to make it appear to be doing more than one thing at a time. 

This can happen in one of two fashions. 



¶ Polling  

¶ Interrupting  

This approach involves the CPU asking each device if it needs the CPU's time. Typically this is not 
done on a PC. Just think of how much time would be wasted with the answer typically being, no. 

 
Interrupting  

So plan B is to let devices tell the CPU when they need attention. While this might seem inefficient, it 
is more practical than polling. Imagine you don't have a doorbell. If the doorbell didn't interrupt you, 
you would have to go check the door every minute or so to see if anybody was there. 

Interruptions are handled by Interrupt Controllers. As it was revealed previously, the system board 
shrank in size by combining parts into ASICs called chipsets. The interrupt controller was one of 
those devices absorbed into the chipset. 

The original IBM PC and XT were designed with a grand total of eight interrupt channels. 

The interrupt count started with zero, leading up to seven. When the IBM AT was released with the 
80286 CPU, the expansion bus jumped to 16-bits. At the same time, a second interrupt controller 
was added. 

Rather than trash compatibility with the PC and XT, the designers created a cascade so both 
interrupt controllers could talk to the CPU on the single control line. 

The cascade point the designers selected was interrupt number 2 and sent it over to the second 
interrupt controller. They choose to land at interrupt number 9. If on the rare chance you have an 
expansion device that needs interrupt number two, it will be pushed over to number nine. Note that 
interrupt number 9 is usable, if you have any devices that need interrupt number two, the 'faking 
out' process consumes interrupt number nine. 

Interrupt Channels 
 
A few of the interrupt channels are reserved right out of the gate for the PC control and cannot be 
borrowed. They are 0, 1, 2, 8, and 13. 

 

IRQ  

The use of these interrupt channels to make a request carries the term Interrupt ReQuest and is 
abbreviated IRQ. From this you will hear the term, IRQ #. 

Depending on the priority of what is happening in your PC, a request can be temporarily ignored if 
the PC has something going of a more critical nature. This state is known as masking the interrupt. 

Suppose all heck is breaking out in your PC. Say, your memory has just gone brain dead. Since this is 

a (not good) condition that is more serious than anything else (to prevent data loss ), your PC will 
report a Non-Maskable Interrupt (NMI). 



NMI Errors 
 

NMI errors are a typically an indication of bad RAM 

 

IRQ Conflict  

Until the PCI slot, sharing an interrupt was a bad idea. The CPU wouldn't know which device was 
really talking. This is known as an IRQ conflict. This is not as an uncommon experience as we would 
like. As folks added more toys to the expansion bus, the more IRQs were used. When the IBM PC 
came out, it had one serial (communications) port. In theory, it could handle up to four 
communication ports. 

However, the designers allowed both communications port 1 and 3 (COM1 & COM3) to have the 
same IRQ! In addition, COM2 and COM4 also share IRQ 3. Now this wasn't an issue when there was 
no mouse, and a 300-baud modem was over a thousand bucks. 

Today the answer is assign additional needs for the communication ports to non-standard IRQs or 
install a serial board that uses one IRQ and has a dedicated processor. 

 

XVI  DMA and Bus Mastering  

Going back to the CPU and using interrupts to move data from one sub-system to another sub-
system is not very efficient. The solution comes from the use of Direct Memory Access (DMA) 
channels. 

By creating DMA, designers enabled devices to cut out speaking directly with CPU, leading to 
increased performance. DMA channels were created along with the appropriate circuitry to control 
them. This is another example of circuitry that was absorbed into the chipset. 

 

DMA, the PC and the AT  

The original IBM PC and AT had four DMA channels, labeled 0 to 3. Channel 0 was used to update 
(refresh) the memory on the PC. DMA channel 1 quickly became popular for use with the ISA based 
Sound Blaster sound card. DMA channel 2 was (and still is) reserved for the floppy drive. Channel 3 is 
most often used to extend the capabilities of the parallel port in the Enhanced Capability Port (ECP) 
mode. That leaves channel 4, and the same sort of cramming that occurred with IRQs happened with 
DMA. 

So, when IBM came out with the AT, they added four more DMA channels. However, for reasons 
beyond the scope of this book, the designers had to give up DMA 4 to address DMA channels 5, 6, 
and 7. 



DMA Details 
 
DMA channels 0-4 originally were 8-bit (only) and capable of a maximum of 64KB per transfer. In the 
AT and above, 0, 5, 6 and 7 are 16-bit channels and capable of 128KB per transfer. Only one transfer 
can occur at a time. 
 
DMA must reside in conventional memory. 
 
Not many ISA based cards were designed to take advantage of the new DMA channels available in the 
AT. 
 
DMA channel 3 presents the greatest opportunity for a DMA conflict, which will result in very erratic 
behavior. 

 

Keep in mind that while DMA channels became standardized, PCI does not use standardized DMA 
the way other expansion bus slots use them. Some refer to DMA as 'third-party DMA. The first and 
second to the party are the two sub-systems, with DMA being the third party. 

 

Bus Mastering  

Newer, more sophisticated circuitry unveiled the situation where the peripheral that is transferring 
data actually takes control of the system bus to do its duty. 

This process is known as bus mastering. 

This technique really shines when using a true multitasking operating system, such as NT or 
Windows 2000. 

If you read the Geek Tip, and are wondering about conventional memory, relax. That will be covered 
later in this book. Right now, it is time to introduce one more topic, and now you will see why, in 
Chapter 0000, we spent all that time ensuring an understanding of binary and hexadecimal math. 

 

XVII  Memory Addresses  

While many users are uninformed about how a computer works, most of them can at least tell you, 
"I have XXX megs of RAM." What is not considered is how RAM works. Think of a city say, New York 
City. This city has millions of residence. Going to the city looking for a certain individual, your odds of 
success are nil without knowing the person's address. 

Computer memory works very similar fashion. To find where something is, you need its address. 
Unlike a physical city, memory addresses work in hexadecimal format. 

For a device such as a modem to work in concert with the PC, it must be connected to a 
communications port. The communications port must have a place to put the data after the modem 
converts it from an analog signal to a digital signal that is given to the communications port. 

The Operating System must know where the newly arrived data landed if you expect your computer 
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to do anything with the data. This gives us the need for specific memory location so the Operating 
System knows what to do. 

XVIII  Memory Mapping  

Memory mapping is the process of reserving blocks of system memory, using hexadecimal address, 
to place bits of information that the CPU and operating system need to find. 

In this particular example, we are memory mapping the I/O. It is important to note that I/O is not 
stored in RAM, but in different areas of the system memory, such as ROM chips on an expansion 
card. 

By assigning a particular memory map to a communications port, when the CPU is ready, it knows 
where to find the data (the In part of I/O). When the CPU needs to send data out, it uses this address 
again. This process is known as I/O Addressing. 

A typical example is communications port 1. The standard memory address for Com1 is 3F8h. 

I/O addresses are not exactly like IRQ and DMA. IRQ and DMA are typically assigned one per device 
and are of uniform size. 

While a sound card needs an I/O address, since it really is several devices on one card, the I/O 
address needs can (and do) vary. 

The challenge arrives with the fact that when I/O addresses are specified, the only part specified is 
the beginning of the I/O address. A device may only need as little as one byte, or as much as 64 
bytes. 

It would seem with 32, 64, or even 256 MB of ram, there is plenty of room to find an address. And 
there is, however we have one little issue that shoots a hole in that logic. That would be the need for 
backward compatibility. 

Prior to Windows 95, finding I/O overlap was difficult. The routine known as Device Manager in the 
Control Panel->System of Windows 95 made this a much simpler process to discover I/O overlap. 

Of course it isn't the simplest of tasks to say, my modem is on IRQ 3 with an I/O address of 2F8-2FFh. 
What to do? Read on for the answer. 

XIX  Logical Names  

The BIOS assigns Logical Names to the devices using an IRQ and memory address. Now IRQ 3 and I/O 
address 2F8-2FFh becomes Com 2. 

This does not mean that you cannot change the standardized IRQ and I/O address. Be strongly 
cautioned however against doing this, "just because you can". And whenever you are building or 
working on a new system, be strongly advised to create a map of the system before you start making 
any changes. 

Remember some programs will not ask the Operating System for details such as IRQ and I/O. Some 
programs require this information in their own setup. And there are a few older programs, such as 
games, that require the popular default settings for the ISA Sound Blaster. That is: 

IRQ 5, I/O 220h, DMA 1  

Table 9 shows the classical assignments of IRQs and I/O addresses in the PC. 

 

Table 9: Typical PC IRQ I/O Address Device Assignments 
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IRQ Used By I/O Address 

0 System Clock 40h 

1 Keyboard 60h 

2 Cascade   

3 Com 2/4 2F8h / 2E8h 

4 Com 1/3 3F8h / 3E8h 

5 LPT2 / Sound 278h / 220h 

6 Floppy 3F0h 

7 LPT1 378h 

8 Real Time Clock 70h 

9 Open   

10 Open / NIC   

11 Open / VGA A000h 

12 PS/2 Mouse   

13 Math Coprocessor   

14 Primary IDE 170h 

15 Secondary IDE 1F0h 

 

IRQ TIP 
 
Write the chart until you can do so from memory. Before you begin your test, re-create the chart. 

 

Pop Quiz 0001.10  

Questions 

¶ If POST and BIOS do not agree, the operator is informed by either _____ or 
______ reporting.  

¶ Level 1 cache is found in the _____.  

¶ IRQ steering is available on the _____ bus.  

¶ Name the interrupts that cannot be assigned.  

¶ Non Maskable Interrupts cannot be _________.  
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Pop Quiz 0001.10  
 

Answers 

¶ audible, visual  

¶ CPU  

¶ PCI  

¶ 0, 1, 2, 8, 13  

¶ ignored  

 

XX  Chapter 0001: Summary  

It was revealed how a power supply behaves which displays how power surges can pass through to 
the PC, regardless of the connection type AT or ATX. The similarities and differences between these 
two form factors have been explained from power connection and capabilities. 

The function of chipsets and how they affect capabilities is unveiled as well as how BIOS enhances or 
ƭƛƳƛǘǎ ǘƘŜ t/Φ ¸ƻǳ ƘŀǾŜ ǎŜŜƴ ǘƘŀǘ ǘƘŜ .Lh{ Ƴŀȅ ōŜ ΨŦƭŀǎƘŜŘΩ ƛŦ ȅƻǳ ƘŀǾŜ ŀƴ 99twhaΦ 

The functions of POST have been explained along with the fact this is only performed during a Cold 
Boot. 

The various bus structures from I/O to ISA, PCI and AGP has been discovered. The roles of IRQ and 
DMA have been shown as critical components. You discovered the role of memory mapping and 
how logical names make life simpler for us humans. 
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Chapter 0010:  CPUs  

ά¢ƘŜ ōŜǎǘ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ǘƻƳƻǊǊƻǿ ƛǎ ǘƻ Řƻ ǘƻŘŀȅΩǎ ǿƻǊƪ ǎǳǇŜǊōƭȅ ǿŜƭƭΦέ 
-- Sir William Osler 

  

Chapter Objectives 

The objective of this chapter is to provide the reader with an understanding of the following: 

1.1 Identify basic terms, concepts, and functions of system modules, including how each module 
should work during normal operation and during the boot process: 

¶ Processor/CPU  

1.2 Identify basic procedures for adding removing field replaceable modules for both desktop and 
portable systems. 

1.8 Identify hardware methods of upgrading system performance, procedures for replacing the basic 
subsystem components, unique components and when to use them: 

¶ CPU  

2.1 Identify common symptoms and problems associated with each module and have to troubleshoot 
and isolate the problems: 

¶ Processor/memory symptoms  

4.1 Distinguish between popular CPU chips in terms of their basic characteristics: 

¶ Popular CPU chips (Intel, AMD, Cyrix)  

¶ Characteristics  

¶ Physical size  

¶ Voltage  

¶ Speeds  

¶ On board cache or not  

¶ Sockets  

¶ (SEC) single edge contact  

 

 

Getting Ready - Questions  

¶ Cyrix became a Intel competitor by building the ______ ______ chips.  

¶ SMP is shorthand for __________ ______________-____________.  

¶ There are ___ versions of the Pentium IV chip.  

¶ Athlon CPU come in __ form factors.  

¶ Slot A has a completely different look that Slot 1. (True/False)  
 

Getting Ready - Answers  

¶ Fast Math (co-processors)  

¶ Symmetric Multi-Processing  

¶ Two  

¶ Two  

¶ False 
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I  Introduction to Chapter 0010  

This very interesting chapter opens by revealing the difference between RISC and CISC and how they 
are not that much different today. You will discover the difference between an 80386-DX and 80386-
SX. How the math co processor ōŜŎŀƳŜ άǎǘŀƴŘŀǊŘ ŜǉǳƛǇƳŜƴǘέ ŀǎ CPUs evolved will be explained . 

 

II  CPUs  

[ŜǘΩǎ ōŜƎƛƴ ōȅ ŎƻǾŜǊƛƴƎ ŀ ŦŜǿ ƻŦ ǘƘŜ ƛƴǎƛŘŜǊ ǘƘƛƴƎǎ ǘƻ ƪƴƻǿ ǎǳŎƘ ŀǎΤ ! ƧǳŘƎŜ ǘŜƭƭƛƴƎ LƴǘŜƭΣ άbƻέ 
becoming the reason for the Pentium is unveiled, and that is why there are different sockets and 
slots. 

The details of different acronyms and voltages for the Pentium line and the complications brought 
by competition arise to clarity. 

As processors evolved, you will see the maneuvering done by the processor manufacturers that 
created physically incompatible designs, while competing for mind share and profits. You will also 
discover new CPU technologies, and how they compare between the vendors. 

The mystery of what happened to Intel competitor, Cyrix is explained. 

And the almost never seen inside of a CPU can been seen through several photographs using 
photomicrography. 

 

Test Objectives Vs. Reality  

When the Subject Matter Experts created the A+ Core Technologies test, the real world was at a 
particular state of the art. Less than 2 years later, the CPU landscape appears to have been created 
with materials from another planet. Given this, the questions presented will reflect the 2001 domain 
objectives. This chapter will also give you the real world as of Q3 2002. Pay attention, as these are 
different worlds. ό9ŘƛǘƻǊΩǎ ƴƻǘŜΥ ƻŦ ŎƻǳǊǎŜΣ ŀǎ ƻŦ ƭŀǘŜ нллпΣ ǘƘƛƴƎǎ ƘŀǾŜ ŎƘŀƴƎŜŘ ŀ ƎǊŜŀǘ ŘŜŀƭ ƻƴŎŜ 
again!) 

 

III RISC versus CISC  

The architecture of a CPU can be described in general terms based on the complexity of the 
instructions it uses. There are two classic designs: RISC and CISC 

 

RISC  

From the minds at University of California, Berkeley and Stanford University sprouted the idea that 
maximizing computer performance could be accomplished by putting most functions in software, 
except for the teachers who were putting them in hardware would yield a net performance gain. 
This is the idea behind the Reduced Instruction Set Computer (RISC). The basic design concepts 
include: 

¶ Hardwired control. RISC designs eliminate micro code in ROM and put the instruction set 
directly in hardware.  
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¶ Simple instructions with few addressing modes. Conventional CPU design includes a variety 
of ways to address memory, which require the processor to calculate effective addresses on 
a variety of fronts. Simplifying operations reduces CPU overhead.  

RISC based CPUs are popular in high-end computers dedicated to resource intensive tasks such as 
animation. Perhaps the most well known RISC CPU is the SPARC (Scalable Processor Architecture) 

 

CISC  

RISC CPUs were an idea of the 1980's because hardware was getting less expensive, while coding 
was becoming increasingly more costly. CISC was a term created to mean Complex Instruction Set 
Computing, giving a name to the existing processor designs that were not RISC. Today, your authors 
prefer CISC to mean Conventional Instruction Set Computing. 

RISC Verses CISC 
 
The argument between CISC and RISC has reached religious fervor. 
 
CISC = BAD. RISC =GOOD. Don't fall into this trap. It is an outdated thought. The RISC philosophy made 
a great deal of sense at the time up its inception, in the 80's. At that time, 1MB of RAM carried a cost 
of about $5,000.00. In 2001, current cost for 1MB of RAM is about $0.50. When RAM was that 
expensive, copying the micro code, from a ROM to a much faster RAM was too expensive. Today, this 
is a common technique used to increase the speed of a CISC based computer. The process of copying a 
whaΩǎ ƳƛŎǊƻ ŎƻŘŜ ǘƻ w!a ƛǎ ƪƴƻǿƴ ŀǎ shadowing. Shadowing greatly improves performance of any 
CISC based CPU. 

 

Before beginning a deeper review of the popular CPUs, one more thought is in order in the RISC/CSIC 
debate. Today's CPUs, from any manufacturer is actually a hybrid of the RISC/CSIC philosophy. 

 

IV  Older CPUs (80386 and 80486 Class)  

[ŜǘΩǎ ōŜƎƛƴ ƻǳǊ ƭƻƻƪ ŀǘ ǎǇŜŎƛŦƛŎ /t¦ǎ ǿƛǘƘ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ƻƭŘŜǊ /t¦ǎ ǎǳŎƘ ŀǎ ǘƘŜ улоус ŀƴŘ улпусΦ 
You may still encounter these when working with older PCs. 

 

80386  

In chapter 0000, you saw the details of the 8088 CPU and the 80286 CPU. The 80386 offering was 
backward compatible to the two previous CPUs, however it represented a fundamental difference in 
design philosophy. In simple terms, the 80386 CPU was designed with multitasking in mind. The idea 
was to make the 80386 operate as if it was a bunch of 8088/8086 CPUs, with each able to address its 
own section of memory. This way a user could have multiple programs loaded at the same time, and 
the CPU could use 'round robin' processing, so the end user would experience several programs 
running at the same time. 
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80386-SX  

The 80386 CPUs were an amazing technical achievement, and luckily for Intel stockholders, priced as 
such. Everyone wanted a 386, even if they couldn't afford one. The marketing folks at Intel found a 
way to sell more 386's without hurting the profitability of the original 80386. Reduce the data path 
external to the CPU, making for a less expensive system board, add a suffix to the label 80386, oh, SX 
will do, and now more people can buy an 80386. This worked so well; Intel will use this idea again 
later. 

Only one thing was missing in the 80386. That was the ability to do floating-point math. 

 

Math Co-Processors  

The challenge with the CPU is that the design is a bit of a generalist. A good analogy may be that of 
the family doctor. The family doctor is certainly a specialist in medicine, however probably not 
somebody you would want to see if you need open heart surgery. For that type of an operation, 
you'd see a surgeon specializing with heart surgery. A math co processor is a specialized processor 
designed especially to work with numbers where the decimal point is shifting left and right. 

Through the 80386, if you wanted a math co processor, you purchased one. For the 8088, you 
bought an 8087Φ CƻǊ ǘƘŜ улнус ǘƘŜ улнутΩǎ ǿŜǊŜ Ƨǳǎǘ ǘƘŜ ǘƛŎƪŜǘΦ !ƴŘ ƛŦ ȅƻǳ ƘŀŘ ŀƴ улоусΣ ȅƻǳ ǿƻǳƭŘ 
need (what else?) an 80387. 

And Intel was happy to sell you one. Only one small challenge existed for Intel. A feisty little 
company down in Texas by the name of Cyrix was making a math co processor that plugged right 
into the math co processor socket, and outperformed the '87 series from Intel, while costing less. 
These number crunching competitors from Texas were known as FastMath chips. How could Intel 
stop this competition? How about building the floating-point math co processor right inside the 
CPU? 

 

80486  

The 80486s were not groundbreaking in terms of a radically different design philosophy, like the 
80386. It did have four new features that made the 80486 about twice as fast as the fastest 80386. 
The most talked about new features were a built-in cache, and a built-in math co processor. On 
average, the math co processor built into the 80486 yielded three times the greater performance 
than external 80387 Numeric Processing Unit (NPU). 
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Figure 32: 486 CPU socket. Notice the notched corner indicating Pin 1 placement. The pins are 
arranged to prevent incorrect placement, which would burn out the CPU. 

 

The speed difference between the 80386 and the 80486 made the Graphical User Interface (GUI) 
practical for everyday use. Many consider this simple difference the primary reason why the 80386, 
once classified as too powerful to be exported (military considerations), is now worthless silicon. 

Inside the CPU 
 
The actual CPU is hidden inside the packaging of what is commonly referred to as the CPU. This is to 
both protect the very small IC from handling as well as heat dissipation. 

 

Using photomicrography and a little sharp shooting we bring you pictures of an 80486 CPU (Figure 
33, Figure 34 and Figure 35.)  
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Figure 33: Close up of 80486 with cover removed. 

 
 

  

 



Figure 34: Extreme close-up of the actual CPU displaying 1.2 million transistors. Notice the very thin 
wires connecting the actual CPU to the leads that continue to the pins.. 

 
 

  

 

Figure 35: Cross-section of the 80486 seen above. Notice how ƳǳŎƘ ΨǇŀŎƪŀƎƛƴƎΩ ƛǎ ǳǎŜŘ ŦƻǊ ƘŜŀǘ 
dissipation. 

 
80486-DX2  

DX2 CPUs were also marketed as OverDrive chips. The actual speed of the CPU was double the 
motherboard frequency. The only part of the DX2 chip that didn't run at double speed is the region 
of the chip to handle the in and out between the CPU and the rest of the computer. The OverDrive 
chip was installed in the second socket on the system board effectively turning off the 486-SX. In the 
last days of the 80486, a few DX4 CPUs saw daylight outside of LƴǘŜƭΩǎ ŦŀŎǘƻǊƛŜǎΦ 

80486-SX  

Remember Intel's marketing of the 80386-SX? Well, in a classic case of taking lemons and making 
lemonade, Intel took some of its 80486 CPUs that had defective math co-processors, burned out the 
ability to access the defective math-co, and sold them as 80486-SX CPUs. Once again, Intel had a hit. 

All too often success comes with a price. In this particular instance, that price came with 
competition. Remember Cyrix and FastMath? Well, when Intel looked to bury Cyrix's FastMath by 
putting the math-co in the CPU, Cyrix responded by making CPUs. And Cyrix wasn't alone in looking 
to take a bite out of Intel. Another firm with a fair amount of experience in turning sand into dollars 
called Advanced Micro Devices (AMD) figures prominently in really ticking Intel off. 

 

V  Pentium Family CPUs  

Cyrix and AMD are out in the marketplace selling their CPUs and math co processors, calling them 
80386, 80387, just like Intel's. As you can guess, Intel is not happy about this. The firm was so mad; 
they went to court to stop their competitors. Ha-Ha, you can't copyright or patent numbers, the 



judge says. So Intel runs a contest to come up with a name for the 80586 that isn't a number. Penta 
means five, right? And on the 19th of October 1992, the name Pentium was announced. 

As usual, the Pentium was backward compatible, while offering new features. The revolutionary step 
in this CPU was twin data pipelines. This enabled the CPU to execute two instructions at the same 
time. This is known as super scalar technology, typically found in RISC based CPUs. 

The Pentium uses a 32-bit expansion bus, however the data bus is 64-bits which means the system 
memory is addressed at 64 bits at a time. This is an important distinction to remember when 
working with some types of RAM packaging, which is seen in the next chapter. 

Pentium Classic  

The original Pentium was out (introduced) at 60MHz, and was later upped to 66Mhz. While the 
Pentium rocked the digital world, it did have one challenge. Operating at five volts, the CPU put out 
tremendous heat, limiting the ability to create even faster processors. The 66 MHz Pentium 
consumed a whopping 16 W of power (3.2 Amps). This made laptop computers fry legs of the laps 
they sat on. The solution was simple, as soon as it was technically feasible. Lower the required 
voltage. And lowering the voltage to about 3.3 volts exactly what Intel did, starting with the 75Mhz 
Pentium. Actually, the 75Mhz Pentium used 3.465 volts, but you get the idea. 

Bending Pins 
 
CPUs became more complex by additional pins added to support the increased load. This increased 
the possibility of bending the contacts on the CPU as it was being inserted into the socket. Insertion 
force reaching 100 pounds (45 Kilograms) became required. Pushing this hard requires removing the 
system board from the case. 

 

Intel worked on getting the requirements down, and labeled each Pentium with a suffix: 

¶ Standard (STD): 3.30V  

¶ Voltage Reduced (VR): 3.38V  

¶ VR Extended (VRE): 3.50V  

VoltŀƎŜ ΨǎǘŀƴŘŀǊŘǎΩ ōŜƎƛƴ ǘƻ ƎŜǘ ŎƻƴŦǳǎƛƴƎ ǿƛǘƘ ƭŀǘŜǊ tŜƴǘƛǳƳǎΣ ŀƭƭ tŜƴǘƛǳƳ hǾŜǊŘǊƛǾŜ /t¦ǎΣ ŀƴŘ 
settles to 3.3Volts and 2.8Volts at the core of the CPU through the PII. 

Pentium Volts 
 
The majority of Pentium CPUs used 3.3 Volts. 

 

To make sure the newer Pentium using the lower voltage was not inadvertently plugged into a 
system board using five volts Intel changed the socket type (Socket 4) to a 296-pin arrangement and 
staggered the pinouts to create the Staggered Pin Grid Array (SPGA). 

Another feature of the second-generation offering was the Advanced Programmable Interrupt 
Controller (APIC) that in concert with a dual-processor interface allowed system board makers to 
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create systems holding multiple CPUs. This really helps out some Operating Systems, such as NT 
handling larger loads. When multiple-processors are used the process is known as Symmetric Multi-
Processing (SMP). 

SMP 
 
SMP (Symmetric Multi-Processing) allows the use of multiple processors sharing a common operating 
system and memory. 

 

Another issue facing the Intel engineers was the fact that they were able to get CPU speeds moving 
along faster than the rest of the system bus could handle. The solution was to use a clock-multiplier 
circuit to run the processor at speeds faster than the rest of the system. Table 10 shows a typical 
multiplier and system board speed. 

 

Table 10: Pentium Processor Multipliers and Bus Speeds 

Processor Multiplier Bus Speed 

Pentium 75 1.5 x 50Mhz 

Pentium 90 1.5 x 60Mhz 

Pentium 100 1.5 x 66Mhz 

Pentium 120 2.0 x 60Mhz 

Pentium 133 2.0 x 66Mhz 

Pentium 150 2.5 x 60Mhz 

 

ZIF Socket 
 
To avoid damaging CPUs during installation, the ZIF (Zero Insertion Force) socket was developed. 

 

Pentium  MMX  

The third generation Pentium, released in 1997 incorporated Multi-Media eXtentions (MMX). This 
CPU introduces the concept of dual voltage. The core of the CPU runs at 2.8V, while the I/O voltage 
remains at 3.3V. This CPU added 57 new instructions to enhance audio and video, and introduced 
the Socket 7, utilizing 321 pins. (Socket designs are covered later in this chapter.)  

Pentium Pro  

Towards the end of 1995 the Pentium Pro was announced. This Pentium introduced a new socket 
(Socket 8), utilizing 387 pins. The Pro series included ability to run multiple instructions in one cycle, 
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could execute instructions out of order, and had dynamic branch prediction, as well as speculative 
execution. Also included was an impressive cache arrangement. For programmers, the Pro looks like 
a classic CISC CPU, while internally the CPU is very RISC oriented in design. This 3.3 Volt CPU (3.1V at 
150 MHz) was designed with a 32-bit operating system (OS) such as Windows NT in mind. 

While the Pro had Level 1 cache in the CPU, its real forte was the integrated Level 2 cache which 
allowed upwards of 1MB of cache to reside inside the CPU packaging to run at processor speed. This 
really improved performance in SMP based system boards . 

The Pro chip was the first chip to be offered in the AT or the ATX format. The ATX format was 
preferred, as the Pro consumed more than 25 W of power, which generated a fair amount of heat. 

 

Pentium II  

As anyone who has used a Pentium Pro can tell you, this CPU had remarkable performance. The 
challenge Intel faced was the cost of production creating the Pro chip. 

The built-in L2 cache had a high failure rate at Intel fabrication plants. How to get out of this pickle? 

The answer lies in the Pentium II (P2). Intel began by separating the processor, and cache of the 
Pentium Pro, mounting them together on the circuit board with a big heat sink. 

Then by dropping the whole assembly onto the system board, using a Single Edge Contact (SEC) with 
242 pins in the slot, and adding the 57 MMX micro-code instructions, then Intel had the Pentium II. 

This way, defective cache modules don't force throwing out of a perfectly good CPU, because of a 
bad cache. And to further improve cache yields, the Pentium II ran cache at half the speed of the 
CPU. 

  

 

Figure 36: Power Chips. From left to right: 486DX2, AMD K62, Pentium Pro, Pentium II. 

 

Due to reasons beyond the scope of this work, the PII was limited to 512 MB of system RAM. That 



was repaired with the release of the PII 333Mhz. 

Slot 1 
 
Slot 1 supports Celeron, Pentium II, and Pentium III. 

 

Xeon  

In 1998 Intel expanded the Pentium II line by introducing the Xeon. This breed of CPU uses Slot 2 
technology, which is a wider connector with 330 contacts. Starting at 400 MHz, the biggest change is 
the L2 cache operates at full processor speed. 

Xeon 
 
Xeon uses a Slot 2-form factor. 

 

Pentium III  

Designed as a successor to the Pentium II, the P3 offers higher CPU speeds and an update to MMX, 
with 70 new micro code instructions for; speech recognition, streaming video and 3-D. Pentium IIIs 
were released in both SEC (Slot 2) design and PGA370 socket versions. 

The Pentium III offers SpeedStep technology. This allows a choice between full speed or saving 
battery life. New to the Pentium III was Internet Streaming Single-Instruction Multiple-Data (SIMD), 
featuring 70 ƴŜǿ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦƻǊ άadvanced imaging, 3D, streaming audio and video, and speech 
recognition ŦƻǊ ŀƴ ŜƴƘŀƴŎŜŘ LƴǘŜǊƴŜǘ ŜȄǇŜǊƛŜƴŎŜέΣ ǉǳƻǘƛƴƎ LƴǘŜƭΩǎ ǿŜō ǎƛǘe. 

P3 / SIMD 
 
The Pentium III introduced Internet Streaming SIMD. 

 

Pentium IV(a) and Northwood (Pentium IV)  

Ok. Read very carefully, because marketing naming conventions were created to fool you. 

The older Pentium IV has been renamed as the Pentium IVa. Of course, in the field, they will just be 
called Pentium IV, since they were shipped before this name change. The IVa is a 423-pin package 



(socket), with the 400 MHz system bus. The first speed offering of the Pentium IV is 1.5 GHz 
(gigahertz), and was aimed at entry-level professional workstations. Originally, the Pentium 4 was 
released as a SEC connector, however it was recalled. 

What is clear about the Pentium IVa is the fact that it requires RAMBUS on the motherboard. While 
RAMBUS certainly can have good performance, it used to have a stupidly high price tag. RAMBUS 
(and other memory types are discussed further in the chapter on RAM.) 

It is no secret that your author was strongly opposed to the Pentium IV (before this brain dead chip 
was later remarked to the Pentium IVa. Details of what that garbage looked like follow. 

Pentium IV ς Oops! 
 
As reported by Darek at http://www.emulators.com; used with permission: 
 
άLƴ ǿƘŀǘ Ŏŀƴ ƻƴƭȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ƳƻƴǳƳŜƴǘŀƭ ƭŀǇǎŜ in judgment, Intel went ahead and threw out the 
many tried and tested ideas implemented in both the PowerPC and AMD Athlon processor families 
ŀƴŘ ƭƛǘŜǊŀƭƭȅ ǘƻƻƪ ŀ ǎǘŜǇ ōŀŎƪ р ȅŜŀǊǎ ǘƻ ǘƘŜ Řŀȅǎ ƻŦ ǘƘŜ пусΧ Lǘ ǎŜŜƳǎ ǘƘŀǘ LƴǘŜƭ ƛǎ ǘŀƪƛƴƎ ǘƘŜ ŀǇǇǊƻŀŎƘ 
similar to that of their upcoming Itanium chip - that the chip should do less optimization work and that 
the programmer should be responsible for that work. An idea not unfamiliar to RISC chip 
programmers, but Intel really went a little too far. They literally stripped the processor bare and tried 
ǘƻ ǳǎŜ ōǊǳǘŜ ŦƻǊŎŜ ŎƭƻŎƪ ǎǇŜŜŘ ǘƻ ƳŀƪŜ ǳǇ ŦƻǊ ƛǘΗέ 
 
This expert on emulators ran several tests to compare the new chip to some older ones and here are 
his conclusions: 
 
"Except the idea doesn't work. Benchmark after benchmark after benchmark shows the 1.5 GHz 
Pentium chip running slower than a 900 MHz Athlon, and in some cases slower than a 533 MHz 
Celeron, even as slow as a 200 MHz Pentium in rare cases." "The 1.5 GHz Pentium 4 wins of course, 
but barely over the 900 MHz AMD Athlon at about 1/3 the price and 60% of the clock speed. Worse, 
the Pentium 4 fails to even cut the processing time in half compared to the much slower clocked 
Pentium III and Celeron systems. The Pentium 4 is barely twice as fast at this benchmark as a 500 MHz 
Pentium III." 

 

Pentium IV formally known as Northwood 
 
Intel wore so much egg on their corporate face, they really had to make the new Pentium IV rock. And 
they did. It is a solid neck and neck race with AMD, at least on features, if not price. The worst thing 
(beyond current price) that can be said about the new Pentium IV (no a) is it needs a power connector 
called an ATX12V. Don't have one? No big deal. An adapter that fits a spare drive connector is <$10 
USD. 

 

The new Pentium IV is based on a new physical socket called MPGA and features 478 pin socket 
quad pumped from 100Mhz to 400Mhz. Rambus only support died with the Intel 845D chipset 
supporting DDR ram, and RAMBUS pricing fell to match other ram types. 

http://www.emulators.com/


The real Pentium IV is built using .13 micron technology, and has a 55 million transistor count. Yes, 
fifty-five million transistors, powered at 1.5 V, down from the 1.75 V in the Williamette Pentium IV. 
Sorry, no SMP support. Reports abound about it being rock stable, and an over clocker's dream. The 
race between Intel and AMD has served the industry. 

In closing, a warning. Some Pentium IV CPU's were created with the older Williamette technology. 
To be safe, don't buy a Pentium IV that is less than 2.2 GHz 

Celeron  

Market forces drove the price of a PC to the point where it could be used as a premium gift. And the 
year 2000 saw the "free PC" tied to 3 years of Internet Service Provider (ISP). Naturally, this put 
pressure on all vendors to have a more entry-level product. Introduced first in the SEC package is the 
Celeron. The early Celeron was a market disaster. Because it was released with absolutely zero Level 
2 cache. Performance of this CPU series was laughable. Quickly Intel saw its mistake. With this they 
put cache into the Celeron, making it a viable contender in the low-end market, as well as causing 
AMD some fits. 

Celeron ς The Sequel 
 
Take the Willamette core (.18 Micron) of the Pentium IV, cut the cache in half to 128KB, switch to the 
mPGA 478 socket, start at 1.7Ghtz, and you have a 'new' Celeron CPU. Northwood based Celeron CPU 
should be available in 2003. Supporting different types of modern RAM (with a host of new chipsets), 
Celeron is returning the kick in the head at the sensitive price point that the Duron delivered with a 
solid reply. 

 

Which of course begs the question, what happened to Cyrix and AMD? A tale of two competitors 
and their wildly different stories is the next topic. 

 

VI  Cyrix CPUs  

Remember the FastMath folks? They had an answer to the 80486 with the Cyrix 5x86. While the CPU 
sat in an 80486 motherboard, it performed rather well by using some of the architectural features 
normally found in Pentium class CPUs. The Cyrix 5x86 was available at 100 and 120MHz. While fitting 
a 486 motherboard, it offers performance comparable to roughly a Pentium 100. While the CPU is a 
3.45-volt design, firms such as Evergreen Technologies, mounted this Cyrix offering to a voltage 
regulator, allowing it to be dropped into an older 486 motherboard. A quick check at Ebay found 
offerings for $10.00 apiece. This chip is a nice way to squeak out a little more life for a 486 PC 
running Windows 95 and a couple of applications, or converting to use with Microsoft Terminal 
Server. 

M1  

In the Pentium class Cyrix offered the 6x86 (also known as the M1 CPU). Just as in the release from 
AMD, it was pin and voltage compatible to be dropped into a Pentium motherboard. The 6 were to 
indicate a sixth-generation CPU (which it is not). Cyrix did incorporate some architectural features 
designed to outperform a Pentium of equal clock speed. This led to testing processors with a series 
of applications to create a standardized test set, create a reference point, and label the CPU based 
on a Performance rating (called a P Rating) that was close to what an Intel Pentium would do. For 



example, the Cyrix 133 MHz (actual speed) was rated at 166 MHz. These CPUs require special active 
heat sinks when installed in a Pentium socket. 

When Intel moved to SEC based CPUs, the firm gave up competing directly with Intel. Today Cyrix 
CPUs are alive and well, as CPU's today, sold under the VIA Technologies name, the company which 
bought Cyrix. 

Their latest offering is the VIA Cyrix 3A that while is very lightweight on floating point capabilities, it 
is also so light on power consumption, it does not need a cooling fan to operate. 

 

VII  AMD CPUs  

If you're wondering who AMD is for CPUs, refer back to the picture with the Suntac chipset (Figure 
24) and notice the manufacturer of the CPU for this 80286 running at 10Mhz. Why, its AMD. Yes 
they have quietly been in the game for a long time. 

For an answer to the Pentium, AMD launched the K5. It was pin for pin compatible with a socket for 
the Intel Pentium. The K5 was like the Pentium, in that it does not contain MMX instructions. When 
Intel released the MMX version of Pentium, AMD released the K-6, a dual-volate CPU with 3DNow 
(3DNow is actually SIMD licensed from Intel), to answer Intel. AMD offered almost OK performance 
at a lower price point than Intel. 

Intel successfully shut down the pin-for-pin competitive front by dreaming up Slot 1, and placing a 
patent on the design. AMD kept the less expensive socket mounting of the CPU and extended socket 
7 with Super Socket 7, taking the K6 to speeds of 500 MHz. 

However, after a time, the laws of physics caught up with AMD. To extend beyond 500Mhz, they had 
to resort to a SEC design as well, and did so, creating Slot A. This was the connector design for the 
Athlon. 

 

Slot A 
 
Athlon uses a Slot A form factor. 

 

AMD didn't like the expense of being SEC or "cartridge based" any more than Intel. So as soon as 
AMD could they went back to a socket based CPU. Socket 462 carries the second generation Athlon 
CPUs, now split into price or performance solutions. They are known as the Thunderbird and the 
Duron. Due to the price/performance ratio of this line up, AMD has been gaining market share. 

The Duron is Low-End? 
 
With the Athlon now a family name, the Duron is set to compete with the Celeron, on price. The 
performance of a Duron is typically better than a Celeron, and closer to the P-III line, overall. 



 

SMP Without Sharing 
 
The AMD line up is impressive, matching the low-end at a lower price and in with the Athlon MP/XP 
CPU's, SMP CPU's with no shared front side bus! This future SMP market for AMD could cause some 
pain for Intel. Intel shares a single 'pipe' for multiple CPUs. AMD Thunderbird system boards have a 
'pipe' for EACH processor. Remember due to design differences a 400 W power supply on a heavily 
loaded PC with an Athlon should be a consideration. The Athlon series uses more power and creates 
more heat than Intel. 

 

And more is not always more. The value of SMP depends on the software you are using. Perhaps by 
2010 it will be cheaper to run several CPU's than attempt to jam more processing power in one chip. 
In large part, that will require support from the O/S folks. 

Thunderbird verses Duron 
 
The terms, low-end and high-end are to some extent, quite clear. Virtually every subscriber to 
Maximum PC would be more interested in a Thunderbird than a Duron. Generally a 'standard' office 
worker would be quite delighted with a 700 MHz Duron with 256 Megs of ram. As of this writing, the 
Duron 700 MHz is low-end compared to what could be purchased. With the exception of use for 
graphics, Computer Aided Drafting and Design (CADD) or serious 3D games, the Duron or comparable 
Celeron is great. Even in a Graphic User Interface (GUI) such as Windows, just how fast can a person 
type? 200 word a minute? The trick is to watch pricing, and what do most of the users need. 
Standardization in an office saves on parts costs, down time, and political envy. 

 

K-8 named Operon 
 
Operon sets the stage for another mega battle with Intel. This is a 64-bit CPU that is fully backwards 
compatible with O/S (Operating Systems) that are set for 32-bit (Linux, NT4, W2K, XP). As this A+ 

release goes through final stages before being called a 'wrap and print', Microsoft announced it is 
throwing full support to Opteron which means as least some real soon now O/S releases from MS will 
really shine taking full advantage of what the latest CPU from AMD will bring. 

 

 

VIII  Sockets & Slots  

A CPU is useless without being plugged in. The first CPU designs were bigger brother versions of 
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RAM sockets. That is to say they used DIP (Dual Inline Packaging) as you saw in the memory chapter. 

The 80286 brought a design change to what is called PGA (Pin Grid Array). The PGA is used through 
the Pentium Pro, and then dropped for Slot1, only to return. 

Early Sockets  

Beginning with the 80486 a rectangular socket with 169 pins ultimately became known as Socket 1. 

улпус /t¦Ωǎ ŀƴŘ мсу tƛƴǎ 
 
The very first 486 systemboards had 168 pins. 
 
Socket 1 was derived from the OverDrive chip. 

 

Socket 2 involved 238 pins and was intended to support the Pentium OverDrive CPU. 

Socket 3 was the last of the production 80486 sockets. Added the ability to support 3.3 Volt CPUs. 
237 pins. 

Socket 4 was first Pentium socket and the only one to support 5 Volts. P60 and P66 only. 

Socket 5 was for the Pentium 75 to 133Mhz. 320 pins, and the first socket that staggered the pins. 

Socket 6 was the last official 486 socket, for the DX4. Using 3.3 Volts and 235 pins. 

Socket 7 supported the Pentium 75 up to 500Mhz (K-6). It was the first to incorporate voltage 
regulation for less than 3.3 Volts. 321 pins. 

5ƻƴΩǘ {ƳƻƪŜ ǘƘŀǘ /t¦ 
 
Prior to Socket 5, inserting a CPU into a socket without carefully observing the orientation of Pin 1 and 
powering up would instantly destroy the CPU. Typically, the system board as well since the pins would 
de-solder themselves from the package holding the CPU, leaving the now burnt pins inside the socket.  
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Figure 37: Socket 7 with ZIF lever opening pins. Closing the lever slides the socket closed, locking the 
CPU in place. The plastic tabs on the edges are to hold a CPU cooling fan. 

 

  



 

Figure 38: Pentium Pro Socket 8 is a contender for the largest socket based CPU ever made. 

 
Slot 1  

It was revealed previously in this chapter that the Pentium Pro ǿŀǎƴΩǘ ƎǊŜŀǘ ŦƻǊ Intel profitability, 
and it was a real dog running Windows 9.x. However the Pro CPU is so good at running NT/Windows 
2000 that manufacturer stuck with the Pro chip until the Xeon was released. 

Slot 1 uses a SEC (Single Edge Contact) that looks a bit like a game cartridge with 242 contacts. 

  


