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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 peripheratbe 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 lecbwrealule
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 replatemodules for both desktop and
portable systems:
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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
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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 controéirs
USB ports

Infrared ports

=A =4 =4 =4 -8 -9



1 Hexadecimal/addresses
1.4 Identify comment reports, associate cabling, and their connectors:

1 Cable types

1 Cable orientation

9 Serial vs. parallel
9 Pin connections

1 Types of connectors:
DB9

DB25

RJ11

R345

BNC
PS2/Mhi-DIN
UsB

IEEE 1394

1.5 Identify proper procedures for installing and configuring IDE devices:
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1 Master/slave
1 Devices per channel
1 Primary/secondary

1.6 Identify proper procedures for installing and configuring SCSI devices:

1 Address/termination conflis

1 Cabling types (example: regular, wide, Wivae); internal vs. external expansion slots, EISA,
ISA, PCI

9 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:
91 Docking stations
i PCcards
91 Port replicators
9 Infrared devices
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1.8 Identify hardware methods of upgrading system performance, procedures for replacing the basic
subsysten components, unigue components and when to use them:

Memory
Hard drives
CPU
Upgrading BIOS
When to upgrade BIOS
Portables:
1 Battery
1 Hard drive
1 Types1, I, lll cards
T Memory

= =4 =4 =4 -8 -9



Domain 2.0: Diagnosing and Troubleshooting

This domain requires the aityl 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 ldentify common symptoms and problems associated with each module anddave
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
Trowbleshooting tools e.g. Multimeter
Large LBA, LBA
Cables

Keyboard
Peripherals
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2.2 ldentify basic troubleshooting procedures and how to elicit problem symptoms from customers:

Troubleshooting/isolation problems determination procedures
Determine whethe hardware or software problem

Gather information from user regarding, e.qg.

Customer environment

Symptoms/error codes

Situation when the problem occurred
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Domain 3.0: Preventive Maintenance

This domain requires the knowledge of safety and preventatisentenance. With regard to safety,

it includes the potential hazards to personnel and equipment and working with lasersydliglye
equipment, ESD, and items that require special disposal procedures to comply with environmental
guidelines. With regartb 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 productgercedures and
when to use them:



9 Liquid cleaning compounds
9 Types of materials to clean contacts and connections
1 Nonstatic vacuums (chassis, power supplies, fans)

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

1
T
1
T

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 procedurekting lasers:

T
T
T

Highvoltage equipment
Power supply
CRT

Special disposal procedures that comply with environmental guidelines:
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Batteries

CRT's

Toner kits/cartridges

Chemical solvents and cans

MSDS (Material Safety Data Sheet)

ESD (electrostat discharge) precautions and procedures:
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1
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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 sgecific teminology, facts, ways and meahdealing 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:
PopularCPU chips (Intel, AMD, Cyrix)
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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

1 Terminology:

)l
il
T
)l
T

EDO RAM (extended data output RAM)

DRAM (dynamic random access memaory)
SRAM (static RAM)

RIMM (Rambus #Hine memory module 184 pins)
VRAM (video RAM)



1 SDRAM (synchronous dynamic RAM)
1 WRAM (Windows accelerator card RAM)

1 Locations angbhysical characteristics:

1 Memory bank

1 Memory chips (&it, 16-bit, and 32bit)

1 SIMMS (Single iime memory module)

1 DIMMS (dual idine memory module)

1 Parity chips vs. neparity chips
4.5 ldentify the most popular types of motherboards, the compdeemd architecture (bus
structures and power supplies):

1 Types of motherboards:
1 AT (full and baby)
T ATX

1 Components:

Communications ports

SIMM and DIMM

Processor sockets

External cache memory (level 2)
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91 Bus architectures:

ISA

PCI

AGP

USB (Univesal serial bus)
VESA local bus (WLs)
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1 Basic compatibility guidelines:
1 IDE (ATA, ATAPI, ULTBKNA, EIDE)
1 SCSI (wide, fast, ultra, LVD (Low Voltage Differential)

4.4 Identify the purpose of CMOS (complementary metatle semiconductor), what it ctains and
how to change its basic parameters:

Printer parallel port Uni, bidirectional, disabled/enable, ECP, EPP
Com/serial porimemory address, interrupt request, disable
Floppy Driveenable/disable drive or boot, speed, density

Hard drive size anl drive type

Memory-parity, nonparty

Boot sequence

Date/Time

Passwords

Plug & play BIOS
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Domain 5.0: Printers

This domain requires knowledge of basic types of printers, basic components, and printer
components, how they work, how they print ontgage, 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 configuoats:
1 Parallel
M Network
1 USB
1 Infrared
M1 Serial

5.2 ldentify care and service techniques and common problems with primary printer types:
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Feed and output

Errors (printed or displayed)
Paper jam

Print quality

Safety precautions
Preventive maintenance
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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 bktramifications 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 ldentify basic networking concepts, including how network works and the ramificationgaifsre
on the network:

Installing and configuring network cards
Network access

Fulkduplex, halduplex

Cablingtwisted pair, coaxial, fibeoptic, R&32
Ways to network a PC

Physical network topologies

Increasing bandwidth

Loss of data

Network slavdown

Infrared

Hardware protocols
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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 westk are covered in
the book. Good luck!!!

Table 2: Exam Objective to Chapter Mappings

Domain Objectives Chapter(s)

1.1 Identify basic terms, concepts, and functig
of system modules, including hoeach module |0000, 0001, 0010, 001
should work during normal operation and duri 1000, 1001
the boot process.

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

0000, 0001, 0010, 001
0100, 1000, 1001, 101

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

0000, 0001, 0100, 011
1000

Domain 1.0: Installation,|1.4 Identify common peripheral ports, associa

Configuration, and  |cabling, and thiz connectors. 0101, 0111, 1000, 107

Upgrading
1.5 Identify proper procedures for installing af 0100
configuring IDE/EIDE devices.
. . . o
1.6 .Identlfy proper installing and configuring S 0000, 0101
devices.
1.7 Identify proper procedure for installing ang 0111, 1001

configuring peripheral devices.

1.8 Identify hardware methods of upgrading
system performance, procedures for replacin(0001, 0010, 0011, 010
basic subsystem components, unique 1000

components and when to use them.

2.1 ldentify common symptoms and problemg0001, 0010, 0011, 010
associated with each module and how to 0101, 0110, 0111, 100

Domain 2.0: Diagnosing troubleshoot and isolate the problems. 1011, 1100

Troubkshooting

2.2 ldentify basic troubleshooting procedures
and how to elicit poblem symptoms from 0001, 1100
customers.

3.1 Identify the purposes of various types of
preventive maintenance products and 1010
Domain 3.0: Preventive|procedures and when to use and perform the

Maintenance

3.2 ldentify issues, procedures and decsif@r
protection within the computing environment, 0000, 1010
including people, hardware and the surroundi




workspace.

Domain 4.0: Motherboard

/ Processors / Memory

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

0000, 0001, 0010

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

0000, 0011,1000

4.3 ldentify the most popular type of
motherboards, their components, and their
architecture (bus strctures and power supplie

0000, 0001, 0110

4.4 ldentify the purpose of CMOS
(Complementary MetaDxide Semiconductor),

what is contains and how to change its basic !
parameters.
5.1 ldentify basic components, printer
. . 0111
operations ad printer components
Domain 5.0: Printers
5.2 ldentify care and service techn_lques and 0111, 1010
common problems with primary printer types
. ) : 6.1 ldentify basic networking concepts, includ
Domain 6.0: Basic how a network works and the ramifications of 1011

Networking

repairs on the network




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 understandirthe following:

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

1 System Board; Power Supply; Firmware; CMOS

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

1 System Board; Power Supply

1.3 Identify available IRQs, DMASs, and I/0O addresses and procedures for device installation an
configuration:

1 Standard IRQ settings; Hexadecifadtiresses

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

1 Memory; CPU; Upgrading BIOS; When to upgrade BIOS
2.1 Identify common symptoms drproblems associated with each module and have to troublest
and isolate the problems:

1 Processor/memory; Motherboards; BIOS; CMOS
1 Power supply; POST audible/visual error codes

2.2 ldentify basic troubleshooting procedures and how to elicit problenpsyms from customers:

1 Troubleshooting/isolation problems determination procedures
i Determine whether hardware or software problem
1 Symptoms/error codes and situations when the problem occurred

4.1 Distinguish between popular CPU chips in terms of thaiclmaracteristics.

1 Popular CPU chips (Intel, AMD, Cyrix)
1 Sockets; (SEC) single edge contact

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

1 Types of motherboards: AT (full anddyy; ATX
1 Bus architecture: ISA; PCI; AGP; USB (Universal serial bus); VESA locaius)s (V

4.4 \dentify the purpose of CMOS (complementary metatie semiconductor), what it contains an
how to change its basic parameters:

1 Boot sequence; Date/Time|lg & play BIOS



Getting Ready Questions

I The Pentium IV uses RAM.
1 Athlon uses a to connect the CPU
1 Slot 1 supports the , , and CPU.

M Slot1usesa
T  The Pentium Il imbduced .
Getting Ready Answers

1 RAMBUS

1 SlotA

1 Celeron, Pentium Il, Pentium IlI
1 Single Edge Connector

1 SIMD

I Introduction to Chapter 0001

The first few pages of this chapter dristoricalin nature, and not required for th&+ 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.

Il The Relationship Between Rer Supplies and System Boards

At first glanceijt 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 choicdmetween different designs impacting the system board and the form factor.

It will become clear how thehipsetimpacts thesizeof the system boardilong with other factors.
The dance between thBIOSnteracting with theCMOSo create aPOSToutine willbe revealed.
You will discover how tapgradeBIOS that is not capable of meeting your needs.

Further details about variousxpansion buseand the impact of the choices you can make will
become clearThe sometimeslisastrousnteractionwith driverswill be demystified so you may
become a driver magician.

Various levels ofacheand theinteractionbetween them and how they affect performance will
guide you though an area frequently fraught with inaccuracy, thus giving a clear understanding to
utilize toyour benefit.

The ability to improve performance by properly applying techniques suamad;/lasteringand DMA
will be explainedConfusing issues suchR€I SteeringndMemorymappingr N3 SELX F AYSR® {
get started.

Il Power Supplies

The termpower suppphy G KS t/ Aa | Olddzartfte | oAlGsedAld I YAay?2
box, with acooling fanand power leadsInside the power supply box istep down transformethat

converts 120r 240 voltsACto approximatelyl?2 and5 volts AC Fom this point, theAC voltages

run throughfour diodesfiltering off thenegative voltageThis is known askaidgerectifier. Newer

power suppliesuseswitchingtransformersin place of the diodes to accomplish this. Theylarewn
asswitchingpower supplies



From there, thepoweris passed to aapacitor whichoutputscleanDC power Inside thecaseof
the power supplyare onlytwo more parts. They arefaseand afan. Thefanis used topull air
through thecomputer caseas well as taool compoentsof the power supplitself.

How a Power Supply Works

Power Company

Bl

Wall Outlet

Power Cord

=5V DC
e Ground
e 12V DC
12V AC \'-— Ground
Power Supply

Ground

Figure 18: How power is converted from household current to 5 and 12 Volts DC. Voltage steg

from transformer on the left to 12 Volts AC, then the four diodes in the center (the diamond st

convert to positive aly voltage. The (--is the symbol for the capacitor that filters the AC ripple
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://ww.smpstech.com/tutorial/tOlint. ntm#SMPSDHEd¥ details. The process described above
AO0AEE L2LIzE I NI gAGK aglff o Nlaé dzaSR

IV Power Supply Form Factors

Regardless of thiype 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 fopower suppliesAT and ATX.

AT Power Supply

The first common form factor is known as Ampower supply Twofeaturesdistinguishthe AT
power supplyfrom itsrelative. AnATpower supply has anechanical switclused tocontrol the
availabilityof ACpower.


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

Thesecondfeature that makes arATpower supplyinstantlyrecognizabléhas thepower connectors
for the motherboard sometimes called a system board. Ahpower supplyhastwo power
connectordor the motherboard- labeledP8and P9

VBT ce couvercle,
personnel aworise,
osant & linlerieur Yy
par Futilsateur. cpe-2 °

Figure 19: Understanding the Connectiois.a LJ2 4 SNJ F2 NJ | lld &p 412 BISANI
hard drive.lllis the mechanical switch. Two connections for power with the AT motherboard ai
indicated with IV, with P9 designatdoy V.

%" B
o P8 & P9 Grounds

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

Computermanufacturerdacedone challengevhenworkingwith the ATpower supdy. Remember
the fact that theAT power supplyuses anechanicabwitchto supplypower. That makes it
impossibleto turn the computeron remotely. To accomplisremote power-on, asmallredesignon
the powersupplywas needed. Thatedesignisfoundin the ATXpower supply.



AT is not ATX

Since the AT and ATX designs have different power connectors and case configuration they ar
interchangeable.

ATX Power Supply

TheATXpower supplyhas asmallpowerleadgoing to thecaseand theswitchis used a asignaling
deviceto turn the computerpower supplyon or off. Byusingsignaling other signalanay be
installedin the computersuch as on &letwork Interface Car(NIQ.

Thisfeature is marketedunder the handléVake On LARWOL). This makes fjossble for anetwork
administratorto wakeup an entireoffice full of computers downloadupdates for example a new
version of word processor.

Thissavesconsiderabldabor because theadministratordid not haveto visiteachPC Further,
productivityis not lost becausecomputersare upgradedwhenworkerswere at home. And users
don't have the frustration of incompatible file formats between two different versions of software.

TEMPERATURE
~ CONTROLLED &




Figure 20: ATX power connectors. The large single connector and thinavipesifer switching
Identify an ATX power supplys the lead for the power on/off controllis the ATX systemboard
powerconnectorlllA & | p®dHpé RNAGDBS LIR2GSNI O2yySOG2NI
the right.

%" B
o ATX Form Factor

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

Anotherfeature of the ATXpower supply is there's onlgne connectorfor the power, making it
impossibleto reversethe leadsas can be done with P8 and P9 on an AT power supply.

Of cousedifferencesin how the power switchoperatesmeans alifferent computercasemust be
used With the rationale of the two different power supplies, cases are knowhiTas ATXcases.

That isn't the only difference. You just learned the connectors betwtbe two power supplies are
different. That means theystemboardmust bematedto acceptthe correcttype of power
connectot

seswsay -u-] SESENNAEERS i ENENN igli;;;f(;a‘

-
L%
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Figure 21: AT & ATX connections. For a brief period of time, some system boards offered AT (
ATX (below) connectits.

Today, virtually athew computercasespower suppliesandsystem boardsire AT Xbased 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 arepositive 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 bodasignlayoutis knownas aform factor. While not all
computer system fithe categories listed below, most do. Starting with thegestdesign it is time
to examine theAT.

Dependingon the casedesign severalifferent form factorsmay beusedwhencreatinga system
board In late 1984, IBM released the T, featuring a 80286 CPU. Because of all the electronics
involved, the system boardwas BIG, over a square foot of systemboardrighel ATpower supply
hadinvertedL- shapeto accommodatespace for the system board.

Baby AT Form Factor

By about 1997 electronidgad 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.
Thenewersmallerform factorwas called théBaby ATorm factor. The footprint othe 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

Todaythe ATXdesignreigns The change is not so much about square inches. It is about how the
square inches are laid out. Thdentationon thesystemboardsrotated 90 degrees Cable
connectiondor drivesare closerto the part of the casewhere thedrivesare usuallynounted, and
the CPUs closerto the power supply, and therefore thecoolingfan.

NLX Form Factor

In some sitations, such as replacingcashregisterwith acomputerto create aPoint Of SalgPO$
system, space is at a premium. In the#@ationsmay callfor a system board witihho CPUbn it.
Instead all electronics are placed on cards with the system boarabtigng more than a passive
backplane. This also allows &implifiedrepairand upgradeability.

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 hd®M quicklygot the IBMPCready formarket The companysedalmost
entirely, 'off-the-shelf electroniccomponents Major parts of the system board were consumed by
purchasing a standard component knownTaansistorto-Transisor Logic(TTL. IBMarrangedthese
TTLon thesystem boardo createa computerin verylittle time.

Oneinventivecompanyt 221 SR 4 Fff GKS NBIt SaidlasS 2y GKS
Theyengineeredhe exactsamecircuitdesign andputthe ¢ ¢ [ ré&3i&tors capacitorsand

transistorsinto five different IC's With this stroke of brilliancdyundredsof componentswere

reducedto five. This may be the most popular form of IC in use today.t¥pesof ICisknownasan
Application Specifimtegrated Circui{ASIG.

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

Priorthe to ASICICswere designedo perform a specificfunction, in a verygenericmanner. For

exanple, 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 aathan 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 onEoctaipiwo chipsnot
only control the computer, they carhave featureghat used to require expansiorcardsbe added
into the computer. For examplen-boardsoundis now acommonfeaturein achipset

As time has marched forward, tlelipsethas beerreducedin count, dropping to eithe2 chipsor
even theminimumcount of1 chip

Northbridge

The first of the two chips that make up the chipset of a motherboard is called the Northbridge. The
Northbridgehandlesdatabuses cachecontrollers systembusesand CPUnemory.

Due to the nature of rapid changes in these sgations Northbridge chipsseeupdatesmore
frequentlythan it companion, the Southbridge.

Southbridge

TheSouthbridgehandlesperipheralssuch agrinter ports anddrive controllers While there are
advances in these areas, they do not happen as quickly as thetfitedo$ 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 evepossibleto havetwo different chip makerdetweenthe Northbridge and
Southbridge Different names you may run into includatel, AMD, SiSandVIA This sampling is by



no means exhaustive however these makers@opulartoday.

You and tannotdo too muchconfigurationto achipset The most we get to do is turn thom-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 perspecBemetimesl'm surprised In this section,
what has arprised me greatly irow a chipset makesr breakssystemperformance Working with
two computersthat werealmost identicaleven the same system board creator, just slightly differ,
models, withtwo different chipsets hadamazing difference©One omputercompleted a long and
intensive math progranthree times fastelat least) over the other. Yet this difference didn't show
in word processing

Pop Quiz 0001.00

Questions

._\.' -

1 -I — When plugging in power to an AT system boafl & P_ have the ___ color side
by side.

1 The AT power supply uses a switch. ATX uses a

1 The generic names for PC chipsets today are the and the

9 Because of a CMOS, is considered by some to-be

1 The power supply can be turned on and off via

Pop Quiz 0001.00

Answers

e
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1 mechanical, signaling switch (soft switch)
1 Northbridge, Southbridge

9 Dbattery, NonVolatile RAM

(NVRAM)

1 ATX, software

VIl CMOS

Thismouth full of acronym ipronouncedseemoss and is short foComplementary Metal Oxide
SemiconductofCMO$. What makes &MOSifferent from anordinarytransistoris that itrequires
lesspower. APCusesCMOSo hold datawhen thecomputeris turnedoff.

TheCMOSetainsdataby usinga smallbattery on the systemboard

Sometimes, because theformationin CMOSasretainedwhile thecomputeris turnedoff, it may
be referredto asNonVolatile RAMNVRANM. This igrue onlyas long as théattery isin goodshape
andconnected

The guestion arises, whabrt of information must beretainedwhen the computers turned off?

How about thecurrentdate andtime? Do you havene floppy or two? Are your floppy drive(s)

5.25" or 3.5"? So tell me. Or more piwsaly, your computer wants to know what kind of hard drive is
that anyway? These are alliestionsthat must beasked andanswered beforeyou cando anything
with your computerbesides look at it sitting there.

Theideaof aCMOShas beeraroundsincethe ATor 80286computers Before thenswitchesor
jumpershad to besetto tell the computermore aboutwhat wasin it when it woke up with power.
Today'snoderncomputershave a bitmore datain the CMOS Thisinformationistitled: Extended
System Configation Data(ESCP TheESCas aspecialpart of CMOSvhere certainsettingsare
held. Thesesettingsare a bitmore advancedhan thedate andtime. Modern expansiorcardsuse
what is known aglugandplayto simplifyinstallation Plug and play issttussed in detail later on.
TheCMOSworksin tandemwith anothercritical part of the PG the BIOS

VIII BIOS

If youthink it your PCis havinga brain, then theBIOSs whatgivesit a personality

TheBasic Input/Output Syste(BIO$, which is prononcedbye-ose containssoftwarethat has
beenwritten to Read Only MemorfROM).

BecausdROMis physical andphysicals hardware but software, is acollectionof commandsthe
marriageof the two is sometimeseferredto asfirmware.

TheBIOSs typicaly quite easyto locate, because thenanufacturerdabelsit. The mosipopular
vendorsare: Award American Megatrends, InAAI), andPhoenix

Several life times ago (about 12 standard calendar yeBr€)3wvas literally EROMchip. The



manufacturerwould write the instructionsneeded tosupporta type ofvideocard 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 fldigost really quite

exist. So installing one, say 14 years ago, meant you hales a new ROMBIOS 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.

C) 1989, AMI
ALL RIGHTS RESERVED

386SX BIOS PLUS

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

EEPROM

After severalimprovementson this ideatoday we havethe Electrically Erasable Programmable
Read Only MemorfEEPROM

Now when youwantto add somethingto acomputerthat isn't supportedin BIOSwe simply
electricallyerasethe old data, andinsertnew datato supportyour newtoy. This process is called
FlashingorFlashing the BIOS

.

i BIOS Lobotomy

The one small drawbachk 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
code for your computer, or if you're really unlucky, lose power in the procesiawe 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 Bé&&d
that backs up the firsBIOS

At this point, your computer has'personality’(the BIOS) an@MOSentries 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
—
= ¢
T ¢ ! The BIOS gives temputerl Gy Yy uYYLYYYPee @
1 is a type of BIOS that can be updated with new instructions.

1 POST instructions come from the

=

Improperly loading new instructions to an EEPRONMUeatly leads to a

=

Changing the instructions found in an EEPROM is called

Pop Quiz 0001.01

Answers

—
1 -; , Personality

1 EEPROM (Electrically Erasable Programmable Read Only Memory)
1 BIOS

1 dead BIOS

1 flashing the BIOS

IX POST

When youfirst turn on the PG the systemmemoryisempty, and even what the PC is made of, is not
known. Thesystemgoesthrougha system boot sequenc&Vhile this process may vary slightly,
overall it goes like this:

Thepower supplyconversthe ACpowerto DG andstartschargingcapacitors When thepower
supplyisfully chargedthat sendsa Power Goodgsignalto the systemboard

TheCPUmanufacturerpre-programmedthe processor tdook for the start of the BIOShoot
sequence Thelocationof the BIOShe CPU is looking for is specificadtright at the end of system
memory.

Thisallowsfor changedo be madein the actualsizeof the BIOS Note thatthis pointisonly a
referencepoint, with thelocationbeinginstructionsto jump to anactualstartingpoint of the
particularBIOS

Thefirst thing BIOSJoesis queriesthe CMOSaboutwhat is supposed to bén the PC Thenthe
Power On Self Te@OSYbegins This is #uilt-in diagnosticroutine to ensureall partsand pieces
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arereadyand accountedfor.

Suppose you jushstalledanewvideocard and in your excitement yoweglectedto fully pressinto
place éea) thevideocard

ThePOSBequencecannotfind a videocardthat isn't there.Without avideocardit would be
difficult to displayanerror messagen a videascreen With this in mind, thé8lOSsendsa code
through thePCspeaker Note that thecodesvaryfrom one BlIOSnanufacturer toanother.

Assuming you have realized the error, powered off the computer, progedyedthe videocard,
andre-started, aBlOSstartup screenisdisplayed

Thisscreendisplaysghe BIOSnanufacturerandversionnumber, along with the date of creation, and
the one or more keysthat must bepressedo getinto the BIOSetupprogram The particulakey or
keysmustbe depressedat this time to getinto the setupprogram

If the setupprogramis not entered, the System Configuration Summadsydisplayed. This data
includes the:

CPU type

Math coprocessor

Clock speed of the processor
Style and capzity of all detected floppy drives
Hard drives

CBDROM

Base memory

Extended memory

Type of memory

Display type

Serial or communication ports
Parallel or LPT (printer) ports

= =4 -8 -8 _8_8_48_48_°_-2°_-49_-2

Fromthis point the PCbeginsto attempt to find a devicethat has aroperaing system Thatcouldbe
afloppy or more commonly, darddrive.

Once thatdeviceis found, the OperatingSystembegins toload. If everything is in order, you are
ready to being your work or play.

Cold/ Warm Boot

Poweringon or pressindgresetperforms POSTThis is £old BootCTRIALTFDELdoesNOTdo POST
This is &VarmBoot

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 yourd?Cinéously 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.

Insidea PC(or even a network of computers) thrisis a transmissiorpath that dropsoff or picksup
signalginstead of people) froreverydevice(instead of townttachedto the line.

If you were on the bus @&m Seattle to Los Angeles, you would still stop at Olympia, Washington.
Since Olympia was not your destination, you ignored it. In the same fast@gicesonly pay
attention to signalsaddressedo them. If thesignalis not addressedo the device it isignoredthe
same way you disregarded the stop in Olympia.

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

Frontside / Backside Bus

Themaingoalof the Front side Bugs tocommunicatebetweenthe CPUand themainmemory. This
bus generallyunsat muchfasterspeedgshan other busesin the PC The exception to the rule is the
Backside BusThisisaroute betweenthe CPUand aspecialtype of RAMdiscussed shortly.

Otherbusroutes include theexpansiorbus Remember the-300 bus in Chapter 0000? Expansion
buses are a topic in and of itself, and will be visited near the end of this chapter.

1/0 Bus

Breaking downn/Out abbreviated id/O. Thel/O busincludescommunicationgseria) ports,
parallel(printer) port, keyboardport, and todayUniversal Serial BYg/SB. Thel/O busis theslowest
of the bussystemin the PCtoday. For those of you wondering why not just make everything fast?
The simpd 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 twabuses 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 originalBM5150had one thing in common with thether PCs of the day. They were all
excruciatingslow. As thecomponentsgot quicker, somepartsbecamemore capablethen other
parts. This observation became one of Tcat's laws of EngineéAligcomputers wait at the same
speed".

This was not good fdntel. 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 genée;PUheededa pieceof
information now, there is ahighlikelihoodit will be neededagain real som. So, if theCPUdesigners
createdanintelligentprocesdo determinewhat might beneededagainsoon, they coulgbut that
datain superhigh-speedmemory. Bylimiting the amountof superhighspeedmemory, they could
keepcosts lowto only one or twoimbs (say one arm and a leg), y@jprovethe workingtime of

the CPU That is theconceptknownascache



Cache and Buses

¢ 2 R [PEhasseveralayersof cache Thefirst levelhas the catchy title of evell cache This is the
fastesthunkof memoryinyourcompute L G Q& S lgén@rallGcatiorbfityb&causekit &
insideyour CPU When yourCPUmakesa request it looksat the Level 1 cachdf what theCPU
needsisthere, it takesit without everleavingthe CPU Finding what it is lookinfgr isknownasa

hit. Naturally, the lack of a hit is a miss. Ba&86CPUs were théirst CPUwith cachebuilt-in. This
explains why if you read other technical works, you may find a reference to Level 1 cache being
outside of the CPWBeforethe 486, thefirst levelof cachehad to beoutsidethe CPU

If we have amissin the L1cache the nextplaceto lookis theLevel 2 cacheThis isvherethe
BacksiddBuscomes into play. learlierdesignsthe Level2 cachesad tofight for time with other
buses like theexpansiorbus Thisbecamea digital versionof rushhour traffic. And since the CPU
was left waiting, well you already read that outcome. So,dbkeitionbecameto put a BacksideBus
that typicallyrunsat full processoispeedjust to the L2cache

Before closing on cache. Yes, theambe aLevel 3 cacheAndtypically, harddrives CBROMs
almostall driveshavesomecache Cacheworksaswell as it does (typically more than 90% of all CPU
request are in Level 1 or Level 2 cadhedausehe designengineershavedevelopedsome really
slickroutines, known asalgorithmsto determinewhat is reallyneededto keepthe CPUWbusy.

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

AGP Bus

Originallythe videocardhad tocompetewith other deviceson the samebus causingaturation
Intel designed arexpansiorbusstructure as alot (the slot is seen later in this chapténownas
the Accelerated Graphics P@AGB.

AGPis aport andnot a bus because itannotbe expanded AGPdoeshaveits own 'pipe' between
the AGPand theCRJ and themainsystemmemory. And thebusspeedis fasterthan therestof the
expansiorbus. AGPwas ahit with gameplayerswho needed theperformanceboost

AGPdesigncalls for acombinationof on-board RAMon thevideocard, as well aborrowingsomeof
the PCanainmemaoryfor someprocessing

When theAGPcardis not usingthe mainmemory, it isreleasedfor useby other applications

WhenAGPwas released it wagvailableas both alXand 2Xspecification. Two years latémtel
releaseda 4XAPGstardard. Currently in late draft format is tt8XAGP specification.

Thephysicaklot for 8Xremainsthe same changingonly inhow signalingoccurs.

Table 8: AGP Multipliers and Bandwidth

AGP Specification Bandwidth
1X AGP 266 MBps
2X AGP 533 MBps

4X A® 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 CF
processing power required. The new AGP slots are found as AGP Pro 1 or AGP Pro 2.

Before conclding 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 yeargtbutcome 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 considekegicy 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

Thefirst buswas calledndustry Standard ArchitectufésA. This was aimplebus and theModel B
hadfive expansiorslots Each one offered aBbit data path, ancdeachcardhad to'wait its turn,’' if
anotherexpansiorcardwasbusywith the bus

It quickly was realized by IBM that it was business, not homeowners who would buy theThas0.
led to theModel Z which featured expansion buses
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Figure 24: 8088 system board witkb ISA bus.

WhenIBMreleasedhe AT, the corporationextendedthe ISAslot with anextraconnectorto make

the ISAan 8 or 16-bit slot. By just addinthe extra connector, the slot wasackwards compatible
with 8-bit cards

To this day, thd 6-bit ISAslot runs aB8BMhz What8Mhz meansn real deliveryof dataon the busis
aSSy Ay [ KFELWSNI anmand Ly L} AY 99a&iThlkbeare I YR
blunt, today it is considered unacceptably slow.

%



o Es e SN i;ciwqqu 1|
1
I

n.rtr-tu-..nn, [ Ty

S iy =
. Ras \";'l"i-' LU RN TN ? ﬁ-h----:--«------q.
IC48  ITRICONE . & 4 * {
H ‘ i e ]

« B Jith N

Figure 25: 80286 system board with six 8Hdislots and two &it slots.

MCA

By 1987 IBM was getting a bit annoyed. Here 'the real computer company' was getting its clock

cleaned ly companies like Compagq, PC Limited (now Dell), Heathkit/Zenith, along with hundreds of
‘garage shops' that were purchasing ‘white box' parts and assembling computers with better
LISNF2NXYIFYOS |d | §t26SNI 02aid L. aQBMYKeRHdSG aKI NB
thought they had a better idea.

That better idea was thES/2computerseries with all but the lowest end modétaturinga new
expansiorbusknown asMicro Channel Architectu®CA. As we saw in Chapter 0000, IBM was

going to let eveybody 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 foB2-bit performance.

Extended ISA (EISA)



Ninethird party 'heavyweightcomputermanufacturersggot together anccreatedthe competitive
answerto MCA That answer waBxtended Industry Standard Architect(#SA Thisopen
alternativewasbackwardsompatibleto 8-bit ISAas well ad 6-bit ISAcards. Transér rates
screamed along &3 MBa second.

1
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Figure 26: 80486 system board with four 8/t ISA slots (top) and two EISA slots. The connec
below the BIOS chips and two empty sockets (upper left) is a custom slot to enhance this ¢
powerful systenboard, designed to be a server or highd 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 theVideo Electronics Standards Associa(MBSH and theVESA Local B$LB.
TheVLBexpansiorbuswasbackwardsompatibleat the ISAbusiness end. Thextrasocketwas
locatedat the otherendof the card
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Figure 27: VLB cards featured a standard ISA connector as seen on the rightevithighdensity
connector on the left.



VLB Hell

/About the same time VLB was becoming popular, the price point for computer components wa
RNRLIJWAY3I NILAREE@Z Ay LINIL G2 AYySELISyairgs W
cases, whig were not shaped with great precision.

After working on a system using VLB, (and successfully testing) then installing a screw to retair
OF NRX | LR2Nie oSyl OrasS ¢g2dAR atA3aKiGfe& WL
disabling the \deo! This can be the cause of endless frustration until the cause is found. The so
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 outds history tour in Chapter 0000, it was revealed thatkel ended
the buswarsfor a number of years by releasing tReripheral Component InterconnébiC)
expansion bus.

TheoriginalPCbuswassimilarin designto VLB With the advent oPCNersion2.0, it wasno longer
alocalbus as it got itown datapath, anddesignedo be independentof the CPUdesign. MosPCl
busesoperate at33Mhz offering a32-bit bususing124 pins Theextrapinsare usedor powerand

grounding

Adaptechas been theehampionof a64-bit PChbus, utilizingl88-pins, and beindpackwards
compatiblewith regularPClby extendingthe slot, just as in &it to 16-bit ISA. Not many

manufacturers of PC equipment have jumped on theb84Cl bandwagon promoted by Adaptec,
although it is seen in data communications equipment. Because this card is so rare, take a look at
2yS 0St2463> O2YLI NBR (G2 | WNB3IdzA N t/ L OFNR®

While Adaptec has not been entirely successful with creatinguken standard for 64it PCI, the
point they are making has not gone unnoticédlvancesn RAM CPUsnd even storage have
reachedthe point where the oncewaitingfor other subsystemsare closeto saturatingthe PChus
To that end, look for PE&X.

0
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Figure 28: A 64it PCI card from Adaptec on the left, and al82PCI card on the right. Both are
Network Interface Cards (NICs).
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Figure 29: 64it PCI card and slot. Notice the extra, darker portion of the slot, added to accep
extra pinsfrom the 64bit NIC.



An extension of PCI running at speeds up 133Must transfer exceeding 1 GB /Sec. Using 64 b
with increased fault tolerance attained by tighter bonding to the Operating System. This is too r
the A+ 2001 test, twever you can buy this today from system board manufacturers such as Asl

X1l 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 episdiaan the Twilight Zone.

Theplugandplayinitiative sought tosimplifymatters. While many people refer tBlug and Play
PR & aGtfdza YR tNIezé | o6 O13aANRdzyR Ay GKS LI NI
of grief. It is time to look athte 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 6FaASR OFNRA gA0GK .Lh{® CNBljdsSyite I 2AyR2g4a
determine what hadware exists in a computer, and that can include ISA based hardware. In the
fF0GSN) OFrasSz a2ySiaAaySa e2dz 3SG tfdzO01éed ' yR a2YSiaA
device.

Plug and Play! Device found. Unknown Device?

System hardwareWith rare exeptions,ISAdoesnot do Plug and PlayTheseexceptionsare asystem
boardthat isPClbased which alsaontainsa few ISAslots NT4 also contains a sdilder under the
Drivelib folder called PnPISA. By standing on your head, and following the addtinsis in Readme
ISA based Sound Blaster cards are detected.

Expansion hardwarélhedeviceyou areaddingmust bePlug and Play capablBeingcapablemeans
the devicemust beableto Identify it whenrequestedand be able to accept resource assigmise

System BIQ3n Plug and PlaglOSs theconductorof the quartet. Programroutinescollect
information about thedevicesto determinewhichdeviceshouldget what resources TheBIOS
communicateghis to the OperatingSystem

Operating Systentoran OperatingSystento use Plug and Play devicemitistinstall softwarethat
interfacesbetweenthe deviceand themain OperatingSystem automatically. These program
routinesareknownasDrivers

2 Ke tfdAa Qy tfleé Aa {2YSGAYSa tfdza3 IyR t NI &

Some expasion hardware is designed to emulate a nabrand competitor.



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

Since it wasn't frm the namebrand 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 edebeir 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 releB€d d.2.1hat is no
longer the case. Expansion camds share IRQs

PCI Steering

Assuming a modern system board, begimg 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.

Reprogranto 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, theesgheme falls apart like
a house of cards.

E R N

IRQ Steering

IRQ Steering only works on PCI, not ISA.

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

Xl AGP

Earlier in this chapter you saw a view of AGP from a port petisyge 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.



PCl or AGP

'You can use thBClslot OR the AGP slot, and NOT both at the same time.
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Figure 30: AGP Slot. Note that the slot is 1) Not white; 2) Closest to the ATX power connect
deeper inset than the PCI slot.

XIV AMR

TheAudio/Modem Rise(AMR) is anotheintel innovation This little slot can basedto givethe end
useraninexpensivesolutionfor soundand modemfunctions Physically partitioning the analog
portion to the riser card, and putting the digital functions on a chip seteaes this.



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

This solutiorlowerscosts however itconsumesCPUWime. Sometimes these modems ardeged to
as softwarebased modems. Softwaileased modems are acceptable for computers that have CPU
time idling, and areot recommendedoy your authordor serversor other computersdoing
resourceintensivework.

CNR (Communication and Networking Rise
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. Theiguesises, 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 computercangetreallybusydoingwhat youtold it to do. And & we have seen, this collection of
spare parts flying in close formation i®anchof simplesub-systemdied together tomakea single
more complexsystem

The way all thesub-systemskeepfrom collidinginto a hopeless messly interruption.

XV Demanding Attention Digitally

Even thesimplestCPUWhat isinvolvedwith sub-systemaeedsto beinterruptedto tell it to pay
attention to anothersub-system In simple terms, &PUmore or lessfloesonethingat atime, at a
veryhighspeed Thetrick isto makeit appearto be doingmore than one thing at atime.

Thiscanhappenin one of two fashions



1 Polling
1 Interrupting

This approaclmvolvesthe CPUaskingeachdeviceif it needsthe CPU'dime. Typically this isot
doneon aPC Just think of hownuchtime would bewastedwith the answertypicallybeing no.

Interrupting

SoplanBis tolet devicegell the CPUvhen theyneedattention. While thismight seeminefficient, it
ismore practicalthan polling. Imagine you don't have a doorbell. ¥ ttoorbell didn't interrupt you,
you would have to go check the door every minute or so to see if anybody was there.

Interruptionsare handledby Interrupt Controllers As it was revealed previously, tegstemboard
shrankin sizeby combiningpartsinto ASICsalledchipsets Theinterrupt controllerwas one of
thosedevicesabsorbednto the chipset

TheoriginalBMPCand XTwere designed with a grandtal of eightinterrupt channels

The interruptcount startedwith zerg, leading ugo seven When tre IBM ATwasreleasedwith the
80286CPU) the expansiorbusjumped to16-bits. At thesametime, asecondinterrupt controller
wasadded

Rather than trash compatibility with the PC and XT,dbsignersreateda cascadesoboth
interrupt controllerscoul talk to the CPUon thesinglecontrolline.

Thecascadgooint the designerselectedwasinterrupt number2 and sentit overto the second
interrupt controller. They choose ttandat interrupt number9. If on the rare chance you have an
expansion devicthat needs interrupt number two, it will be pushed over to number nine. Note that
interrupt number9 is usable if you have any devices that need interrupt number two, the ‘faking
out' process consumes interrupt number nine.

Interrupt Channels

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

IRQ

Theuseof theseinterrupt channeldo make arequestcarriesthe term Interrupt ReQuestnd is
abbreviatedlRQ From this you will hear the term, IRQ #.

Dependingon the priority of what is happeningn your PG arequestcan betemporarilyignoredif
the PChassomethinggoing of amore criticalnature. This state isnownasmaskinghe interrupt.
Suppose all heck isdmking 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 dat j)sg/our PC will
report aNon-Maskable Interrup(NMI).



NMI Errors

NMI errors are a typally an indication of bad RAM

IRQ Conflict

Until the PCklot, sharinganinterrupt was abadidea. TheCPUwouldn't knowwhich devicewas
reallytalking This iknownasanIRQ conflictThis i;iot as anuncommonexperienceas we would
like. As folkedded more toys to the expansion bus, the more IRQs were used. WhéBNeC
came out, ithadone serial(communicationsport. Intheory, it couldhandleup to four
communicationports.

However, thedesignersallowedboth communicationgort 1 and3 (COM1& COM3J to have the
samelRQ In addition,COM2and COM4alsosharelRQ3. Now thiswasn'tanissuewhen there was
no mouse and a300-baudmodemwasoverathousandbucks

Todaythe answer isassigradditionalneedsfor the communicatiorportsto non-standardiRQsor
installa serialboardthat usesone IRQand has aledicatedprocessor

XVI DMA and Bus Mastering

Goingbackto the CPUandusinginterrupts to movedatafrom one sub-systemto anothersub-
system imot veryefficient Thesolutioncomes from theuseof Direct Memory AcceSOMA)
channels.

BycreatingDMA, designer&nableddevicego cut out speakingdirectlywith CPU) leading to
increasedberformance DMAchannels werereatedalongwith the appropriatecircuitryto control
them. Thisis another example dfircuitrythat wasabsorbedinto the chipset

DMA, the PC and the AT

The originalBM PCand AThadfour DMAchannels, labele@ to 3 ChanneD wasusedto update
(refresh) thememoryon the PC DMAchannell quickly becamgopularfor usewith the ISAbased
SoundBlastersoundcard DMAchannel2 was (and still isjeservedfor the floppy drive. Channel 3s

most oftenusedto extendthe capabilitiesof the parallelport in the Enhanced Capability PAECP

mode. That leaves charh4, and the same sort of cramming that occurred with IRQs happened with
DMA.

So, when IBM came out with th&T, theyaddedfour more DMAchannels However, for reasons
beyond the scope of this book, tldesignerdiad togiveup DMA4 to addressDMA chanels5, 6,
and 7.



DMA Details

DMA channels-@ originally were &it (only) and capable of a maximum of 64KB per transfer. In
AT and above, 0, 5, 6 and 7 areldibchannels and capable of 128KB per transfer. Only one trans
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 availak
AT.

DMA channel 3 presents the greatest opportunity for a DMA conflict, which will result in very er
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 asfthitd DMA. The first and
second to the party are the two stdystems, with DMA being theitd party.

Bus Mastering

Newer, moresophisticatectircuitry unveiled thesituationwhere theperipheralthat istransferring
dataactuallytakescontrol of the systembusto do its duty.

This process is known bas mastering

Thistechniquereallyshineswhenusinga true multitaskingoperatingsystemn such adNTor
Windows2000

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 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 megdg 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 individuaddgs of
success are nil without knowing the person's address.

Computermemoryworksvery similar fashion. Tiind where somethingis, youneedits address
Unlike a physicality, memoryaddressesvork inhexadecimaformat.

For adevicesuch as anodemto work in concertwith the PG it must beconnectedto a
communicationgort. Thecommunicationgort must have glaceto put the dataafter the modem
convertsit from anandogsignalto adigital signalthat isgivento the communicationgport.

TheOperatingSystemmustknowwhere the newly arrivedatalandedif youexpectyour computer
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to do anythingwith the data. This gives us theeedfor specificmemorylocation so theOperating
System knows what to do.

XVIIIMemory Mapping

Memory mappings the process afeservingolocksof systemmemory, usinghexadecimaaddress
to placebits ofinformationthat the CPUand operatingsystemneed tofind.

In this particular exampl we are memory mapping the 1/O. Itilsportantto note that I/0O is not
storedin RAM but indifferent areasof the systemmemory, such alROMchipson anexpansion
card

Byassigning particulaimemorymapto acommunicationgort, when theCPUs ready, it knows
whereto find the data(the In part of I/0). When th€PUheedsto senddataout, it usesthis address
again This process is known B® Addressing

A typical example is communications port 1. The standaethoryaddressfor Comlis 3F8h

I/O addresseare not exactlylike IRQandDMA IRQand DMAare typicallyassignedne per device
and are ofuniform size

While asound carcheeds an I/O address, since it readlyseveral devices on one card, the 1/O
address needs can (and do) vary.

Thechallengearrives with the fact that whellO addressesre specified the only part specifiedis
the beginningof the I/O address Adevicemayonly needas little asone byte, or asmuchas64
bytes

It would seem with 32, 64, or even 256 MBrain, there is plenty of room to find an address. And
there is, however we have one little issue that shoot®ée in that logic. That would be the need for
backwardcompatibility.

Priorto Windows95, findingl/O overlapwasdifficult. The routine known aBevice Managein the
Control PanebSystenof Windows 95 made this a musimplerprocesgo discoverl/O overlap

Of course it isn't the simplest of tasks to say,mydemis on IRQ 3 with an I/O address of ZHd-h.
What to do? Read on for the answer.

XIX Logical Names

TheBlOSssignsLogicaNamesto the devicesusing anRQand memoryaddress NowIRQ 3and 1/0
addres2F82FFHbecomesCom 2

Thisdoesnot meanthat youcannotchangethe standardizedRQand1/O addressBe strongly

cautioned however against doing this, "justda@se 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 thperating Systerfor details such as IRQ and 1/0. 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/0 220h, DMA 1

Table shows the classical assignments of IRQs and I/0O addresses in the PC.

Table 9: Typical PC IRQ I/0O 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 3FOh

7 LPT1 378h

8 Real Time Clock 70h

9 Open

10 Open/NIC

11 Open/VGA A000h

12 PS/2 Mouse

13 Math Copr@essor

14 PrimarylDE 170h

15 Secondary IDE 1FOh

IRQ TIP
\Write the chart until you can do so from memory. Before you begin your testeate the chart.

Pop Quiz 0001.10

Questions
| -I — 1f POST and BIOS do not agree, the operator is informed by either
reporting.
1 Level 1 cache is found in the
1 IRQ steering is available on the bus.

1 Name the interrupts that cannot be assigned.
1 Non Maskable Inteupts cannot be



http://www.certiguide.com/aplush/cg_aph_XIXLogicalNames.htm

Pop Quiz 0001.10

Answers

S

\ A

4
i audible, visual

CPU

PCI

0,1,2,8,13

ignored

E R N

XX Chapter 0001: Summary

It was revealed how a power supply behawehich 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 chipsetand how they affect capabilities is unveiled as well as how BIOS enhances or

fAYAla GKS t/ o [ 2dz KIS aSSy GKFG GKS . Lh{ YI&

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

The various bus structures from 1/O to ISA, PCIl 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.

(0
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Chater 0010: CPUs

G¢KS 06Sad LINBLINFYGAZ2Y F2N G2Y2NNRBg Aa (G2 R2
-- 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 termspacepts, and functions of system modules, including how each module
should work during normal operation and during the boot process:

9 ProcessalCPU

1.2 Identify basic procedures fadding removing field replaceable modules for bd#sktopand
portable systems.

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

1 CPU

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

1 Processor/memory symptoms

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

1 Popular CPU chipgtel, AMD, Cyrix)
1 Characteristics

1 Physicabize

1 Voltage

1 Speeds

1 On board cache or not

I Sockets

1 (SEC) single edge contact

Getting Ready Questions

Cyrix became a Intel competitor by building the chips.
SMP is shorthand for -

There are ___ versions of th&entium I\thip.

Athlon CPU come in __ form factors.

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

=a =4 -4 —a 9

Getting Ready Answers

i Fast Math (ceprocessors)
Symmetric MuldProcessing
Two
Two

1
1
1
1 False
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I Introduction to Chapter 0010

This very interesting chapter opens by revealing the difference betw&8@nd CISGnd how they
are not that much different today. You will discover the differehetveen an80386DXand 80386
SX How themath co processod SO YS @& & G Yy RI CHR:WBIjedaVilLB¥ Eplained . | &

Il CPUs

[ SiQa 0BAINR YR | FSg 2F GKS AYyaARSNI GKAy3a (2 1Y
becoming the reason fahe Pentiumis unveiled, and that is why there are differestcketsand
slots

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

Asprocessorevolved, you will see the maneering done by the@processor manufacturerthat
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 totel competitor, Cyrixis explained.

And the almost never seen inside o€®Ucan been seen through several photographs using
photomicrography

Test Objectives Vs. Reality

When the Subject Matter Experts created the A+ Core Technologies test, the rehlwesrbt 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 ythe real world as of Q3 2002. Pay attention, as these are
differentworlds.6 9 RA 1 2NR& y2GSY 2F O2dz2NES> a 2F f10S wHnars
again!)

Il RISC versus CISC

The architecture of &PUcan be described in general terms based on the complexity of the
instructions it uses. There are two classic desigiS@ndCISC

RISC

From the minds at University of California, Berkeley and Stanford Universitytegrthe idea that
maximizing computer performance could be accomplished by putting most functicativare,
except for the teachers who were putting them in hardware would yield a ndbpaance gain.
This is the idea behind tHeeduced Instruction Set Compu(@®ISE The basic design concepts
include:

1 Hardwired contralRIS@esigns eliminate micro code ROMand put the instruction set
directlyin hardware
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1 Simple instructionsvith few addressing modes. Conventio@®Udesign includes a variety
of ways toaddress memorywhich require theprocessoto calculate effective addresses on
a variety of fronts. Simplifying opations reduce<PUbverhead.

RIS®asedCPUsre popular in higkend computergledicatedto resource intensivéasks such as
animation. Perhaps the most well knolRISEPUs the SPAR(Scahble Processor Architecture

CISC

RISCPUsvere an idea of the 1980's becausardwarewas gettingessexpensive, whileoding

was becomingncreasinglymore costly. CISGQvas a term created to mea@omplex Instruction Set
Computinggiving a name to th existingporocessodesigns that were not RISC. Today, your authors
prefer CISGo meanConventionalnstructionSetComputing

RISC Verses CISC
The argument between CISC and RISC hakadaeligious fervor.

CISG BAD RISGGOODDon't fall into this trap. It is an outdated thought. The RISC philosophy
a great deal of sense at the time up its inception, in the 80's. At that time, 1N®RR\BIcarried a cost
of about $5,000.00. In 2001, current cost for LMB 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. Toc
is a common technique used tncrease the speed of a CISC bas®edputer. The process of copying
whaQa YAONER 02 R SshadawingShadoviirg grdatly2nipsdves performance of an
CISC basedPU

Before beginning a deeper review of the populd?Usone more thought is in order in tHRISC/CSIC
debate Today's CPUs, from any manufacturer is actudilybaid of the RISC/CSIC philosophy.

IV Older CPUZ80386 and 80486 Class)

[ SGQa 0S3IAYy 2dzNJ £ 221 G &ALISOAFAO /t!'a gAGK
You may still encounter these wharorking with older PCs.

80386

In chapter 0000, you saw the details of @38 CPlnd the80286 CPUThe803860ffering was
backward compatibl¢o the two previousCPUshowever it represnted a fundamentatlifferencein
designphilosophy. In simple terms, the 80386 CPU was designedwuiltitaskingin mind. The idea
was to make thé80386 operateas if it was dunchof 8088/8086 CPUswith each able to address its
own section of memoryThis way a user could harultiple programdoaded at the same time, and
the CPWcould use 'round robin' processing, so the end user would experience several programs
running at the same time.


http://www.certiguide.com/aplush/cg_aph_RISC.htm
http://www.certiguide.com/aplush/cg_aph_RISC.htm
http://www.certiguide.com/aplush/cg_aph_CISC.htm
http://www.certiguide.com/aplush/cg_aph_CISC.htm
http://www.certiguide.com/aplush/cg_aph_CISC.htm
http://www.certiguide.com/aplush/cg_aph_CISC.htm
http://www.certiguide.com/aplush/cg_aph_IVOlderCPUs80386and80486Class.htm
http://www.certiguide.com/aplush/cg_aph_80386.htm

80386SX

The80386 CPUwere an amazing technical achievemesnd luckily foilntel stockholders, priced as
such. Everyone wanted386, even if they couldn't afford one. The marketing folks at Intel found a
way to sell more886'swithout hurting the profitability of the originaB0386 Reduce thelata path
externalto the CPU making for a less expensisgstem boardadd asuffixto the label80386 oh,SX
will do, and now more people can buy an 80386. This worked so well; Intel will use thigyadea
later.

Only one thing wamissingin the 80386 That was the ability to dffoating-point math.

Math CoProcessors

The challenge with th€PUs that the design is a bit of a generalist. A gaodlogymay be that of
the family doctor. The familgloctor 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 maghiamessolis aspecialized processor
designed especially to work wittumberswhere thedecimalpoint is shifting leftandright.

Through the80386§ if you wanted anath co processolyou purchased one. For t18888, you
boughtan8087 C2 NJ 0 KS ynHyc (GKS ynHyTtQa ¢SNB 2dzad GKS
need (what else?) an 80387.

AndIntel was happy to sell you one. Onlyeamall challenge existed for Intel. A feisty little
company down in Texas by the nameQyfrixwas making anath co processothat plugged right
into the math co processor socket, and outperformed the '87 series from Intel, edskng less
These numbecrunching competitors from Texas were knowrFastMath chipsHow could Intel
stop this competition? How about building the floatipgint math co processaright insidethe
CPL?

80486

The80486swere not groundbreaking in terms of a radically difiereesign philosophy, like the
80386. It did havéour new featuresghat made the 80486 aboutvice as fashs the fastes80386

The most talked about new features werdailt-in cache and abuilt-in math coprocessorOn
average, the math co processor built into the 80486 yielded three times the greater performance
than external 8038 Numeric Processing Ur{NlPY).
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Figure 32: 486 CPU socket. Notice the notched corner indicatinggfacement. The pins are
arranged to prevent incorrect placement, which would burn out the CPU.

Thespeed differencdetween the80386and the80486made theGraphical User Interfad&U)
practical for everyday use. Many consider this simple differehegtimary reason why the0386
once classified as too powerful to be exported (military considerations), isnutiless silicon

I |nside theCPU

The actual CPU is hidden inside the pahg of what is commonly referred to as the CPU. This is
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 8048 iG&d (
33, Figure 34andFigure 35
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Figure 33: Close up of 80486 with cover renthve
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Figure 34: Extreme cloag of the actual CPU displaying 1.2 million transistors. Notice the very
wires connecting the actual CPU to the leads that continue to the pins..
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Figure 35: Crossection of the 80486 seen above. Notice hewlzOK  WLJ O1 I 3Ay 3
dissipation.

80486DX2

DX2CPUsvere also marketed a®verDrivechips Theactual speeaf the CPUvasdoublethe
motherboard frequencyThe only part of th®X2chipthat didn't run at double speed is the region

of the chip to handle then and out between theCPUand therest of the computer TheOverDrive

chip was installed in theecond sockebn the system board effectively turnirgdf the 486-SX In the

last days of thé0486 a fewDX4CPUs saw daylight outsidelofy G St Q& FIF O 2NAR Sa ®

80486SX

Remember Intel's marketing of the 8038X? Well, in a classic case of taking lemons and making
lemonade Intel took some of it80486 CPUthat had defective math cprocessors, burned out the
ability to access the defectivaeath-co, and sold them a80486SXCPUs. 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 mathco 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
calledAdvanced Micro Devicg&MD) figures prominentf in really ticking Intel off.

V Pentium Family CPUs

Cyrixand AMDare 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. Hda, youcan't copyrightor patent numbersthe



judge says. Simtel runs a contesto come up with a name for the 80586 that isn't a numbeenta
meansfive, right? And on the 19th of October 1992, the naRentiumwas announced.

As usual, théentiumwas backward compatible, while offerimgw features The revolutionary step
in this CPU waisvin data pipelinesThis enabled th€PUo executetwo instructionsat the same
time. This is known as super scakehnology typically found irRIS®asedCPUs

ThePentiumuses &2-bit expansion bushowever thedata busis 64-bits which means thesystem
memoryis addressedt 64 bitsat a time. This is an important distinction to remember when
working with someypes ofRAM packagingvhich is seen in the next chapter.

Pentium Classic

The originaPentiumwas out (introduced) aB0OMHz and was later upped to 66Mhz. While the
Pentium rocked the digital world, it did have one challenge. Operatifigeatolts the CPUut out
tremendousheat, limiting the ability to create even fasterocessorsThe66 MHz Pentium
consumed a whoppingié Wof power (3.2 Amps). This made laptopmputersfry legs of the laps
they sat on. The solution was simple, as soon as it was technically febsilvk. the required
voltage And lowering the voltage to abo@t3 voltsexactly whatntel did, starting with ther5Mhz
Pentium Actually, the 75Mhz Pentium us865 volts but you get the idea.

Bending Pins

CPUs became more complex by additional pins added to sufimincreased load. This increased
the possibility of bending the contacts on the CPU as it was being inserted into the socket. Inse
force reaching 100 pounds (45 Kilograms) became required. Pushing this hard requires remov
system boardrom the case.

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

1 Standard (STD): 3.30V

1 Voltage Reduced (VR): 3.38V

f VR Extended (VRE): 3.50V
Volt- 3S Wwadl yRFNRaAaQ o60S3IAy G2 3ASG O2yFdzaAy3a 6AGK f I
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 Peuth using the lower voltage was not inadvertently plugged into a
system board using five volts Intel changed sioeket typg(Socket 4 to a 296pin arrangement and
staggered the pinouts to create tl&taggered Pin Grid ArréSPGA

Another feature of thesecondgeneration offering was thA&dvanced Programmable Interrupt
Controller(APIQ that in concert with a dugbrocessor interface allowed system board makers to
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create systems holding multiple CPUs. This really helps out €gpaeting Systemsuch as NT
handling larger loads. When multipgocessors are used the process is knowSysmetric Multi
ProcessingSMB.

SMP(Symmetric MultiProcessing) allows the use of muldgirocessors sharing a common operati
system and memory.

Another issue facing the Intel engineers was the fact that they were able 1ORjgtspeedsioving
alongfasterthan the rest of thesystem busould handle. Theolutionwas to use @lockmultiplier
circuitto run theprocessoiat speeds fastethan the rest of the systenT.able 1Gshows a typical
multiplier and system board speed.

Table 10: Pentium Processor Multipliersd Bus Speeds
Processor Multiplier Bus Speed

Pentium 75 1.5x 50Mhz

Pentium 90 1.5x 60Mhz

Pentium 100 1.5x 66Mhz

Pentium 120 2.0x 60Mhz

Pentium 133 2.0 x 66Mhz

Pentium 150 25X 60Mhz

ZIF Socket
To avoid damaging CPUs during installatios,ZliHZero Insertion Forgesocket was developed.

Pentium MMX

The third generation Pentium, released in 1997 incorporaikdti-Media eXtentiongMMX). This
CPU introduces the concept of dual voltage. The core of the CPU runs at 2.8V, while tHa{© vo
remains at 3.3V. This CPU add@&thew instructions teenhanceaudioandvideo, and introduced

the Socket 7 utilizing321 pins (Socket designs are covered later in this chapter.)

Pentium Pro

Towards the end of 1995 tHeentium Provas announcedThis Pentium introduced a new socket
(Socket , utilizing387 pins The Pro series included ability to mmultiple instructionsn one cycle
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could execute instructiongut of order, and haddynamic branch predictigras well aspeculative
execution Ako included was an impressieachearrangement. For programmers, tiirolooks like

a classi€ISC CRwhileinternallythe CPU is veriRISC orienteth design. This 3.3 Volt CPU (3.1V at
150 MHz) was designed witl3&-bit operating systenfOS) such a#/indows NT in mind.

While theProhadLevel 1 cachin the CPU, its real forte was timtegrated Level 2 cachehich
allowed upwards o1 MBof cacheto resideinside the CPlgackaging taun at processor speed his
really improved performance iBMPbaseal system boards .

TheProchip was the first chip to be offered in ti#elor the ATXformat. The ATX format was
preferred, as thd’roconsumed more tha5 Wof power, which generated a fair amount lnéat.

Pentium I

As anyone who has usedPantium Pracan tell you, thisCPUhadremarkable performanceThe
challenge Intel faced was tlast of productiorcreating the Pro chip.

The builtin L2 cachdrad ahigh failure rateat Intel fabrication plants. How to get out of this pickle?

The answer lies in thentium II(P2). Intel began bseparatinghe processoy andcacheof the
Pentium Promountingthem togetheron the circuit board with a bibeat sink

Then by dropping the whole assembly onto #ystem boardusing éSingle Edge Conta(SEEwith
242pinsin the slot, and adding th87 MMXmicro-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, Bemtium llran cacheat halfthe speed of the
CPU

* PO RS2 T _-
O P P S AT L s A e 1S

intela

PENTIUM&PRO

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

Due to reasons beyond the scope of this work, Bievaslimited to 512 MB of system RAM hat



was repaired with the relgse of thePIl 333Mhz

Slot 1 supports Celeron, Pentium II, and Pentium 111

Xeon

In 1998 Intekxpandedhe Pentium Iline by introducing theXeon This breed of CPU ussiot 2
technology, which is @ider connectomwith 330 contacts Starthg at400 MHz the biggest change is
the L2 cacheperates affull processor speed

Xeon uses &lot 2form factor.

Pentium Il

Designed as successoto the Pentium 1) the P3offers higher CPU speedsd an update tiMMX,
with 70 new micro coe instructions forspeechrecognition streaming vide@and3-D. Pentium llIs
were released in botlSEGSIot 2) design and PGA370 socket versions.

The Pentium Il offerSpeedStepechnology. This allows&hoicebetweenfull speedor saving

battery life. New to the Pentium IIl wasternet Streaminginglelnstruction MultipleData (SIMD,

featuring70y' S ¢ A y a ( NabeidcadAnyaging,atieaming audiandvideo, andspeech

recognionF 2 NJ | 'y Sy Kl yOSR LYUGSNYySi SELSNASYOSés ljdz2idA

P3/SIMD

The Pentium Il introduced Internet Streaming SIMD.

Pentium 1V(a) and Northwood (Pentium 1V)

Ok.Read very carefullyoecause marketing naming conventions were created to fool you.

Theolder PentiumlV has beerrenamedas thePentium IVaOf course, in the field, they will just be
called Pentium IV, since they were shipped before this name change. The A28igiapackage



(socket), with thed00 MHzsystem bus. Thérst speed offeringpf the Pentium IMs 1.5 GHz
(gigahertz), and wadraed at entrylevel professional workstations. Originally, the Pentium 4 was
released as SEConnector, however it was recalled.

What is clear about th@entium IVds the fact that it requireRAMBU®N the motherboard. While
RAMBUS certainly can haveogl performance, it used to have a stupitiigh price tagRAMBUS
(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 1V (before this brain dead chip
was later remarkedo the Pentium IVa. Details of what that garbage looked like follow.

Pentium I\t Oops!
As reported by Darek dittp://www.emulators.com used with permission:

GLY ¢KFEdG OFy 2yfe 0SS OiajfdgnmeRrtImidbvient khead and trévi ot
many tried and tested ideas implemented in both the PowerPC and AMD Athlon processor fam
YR fAGSNIfte G221 | aadSLI ol 01 p @SIFENR (2
similarto that of their upcoming Itanium chipthat the chip should do less optimization work and t
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 literallygied the processor bare and trie
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This expert on emulators ran several tests to compare the new chip to some older ones and he
his conclusions:

"Except the idea doesn't work. Benchmark after demerk after benchmark shows the 1.5 GHz
Pentium chip running slower than a 900 MHz Athlon, and in some cases slower than a 533 MH
Celeron, even as slow as a 200 MHz Pentium in rare cases." "The 1.5 GHz Pentium 4 wins of
but barely over the 900 MHZMD Athlon at about 1/3 the price and 60% of the clock speed. Wor,
the Pentium 4 fails to even cut the processing time in half compared to the much slower clocke
Pentium Il and Celeron systems. The Pentium 4 is barely twice as fast at this benchian&d0avH
Pentium [11."

Intel wore so muckeggon their corporateface they reallyhadto makethe new Pentium IV rock. An
they did.It is a solid neck and neck race with AMD, at least on features, if net pitie worst thing
(beyond current price) that can be said about tiewv Pentium IV (no a3 it needs a power connect
called an ATX12V. Don't have one? No big deal. An adapter that fits a spare drive connector ig
USD.

Pentium IV formally known as Northwood

The new Pentium IV is based a new physicalocketcalledMPGAand features478 pinsocket
quad pumped from 100Mhz to 400Mhz. Rambus only support died with the84& chipset
supportingDDRram, and RAMBUS pricing fell to match other ram types.


http://www.emulators.com/

The real Pentium IV is built uginl3 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 suppoReportsabound about it beingock stable and an over clock&rdream. 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@rice 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 yearsntérnet Service ProvidgrSP. Naturally, this put
pressure on all vendors to have a more er@ryel product. Introduced firshithe SE(ackage is the
Celeron Theearly Celeronwas amarket disasterBecause it was released with absolutatyo Level

2 cachePerformanceof this CPU series was laughable. Quickly Intel saw its mistake. With this they
put cacheinto the Celeron making it a viableontenderin the low-end market as well as causing
AMDsome fits.

Celerorg The Sequel

Take the Willamette core (.18 Micron) of the Pentium IV, cut the cache in half to 128KB, switch
MPGA 478 socket, start at 1.7Ghtz, and youeha'new' Celeron CPU. Northwood based Celeron
should be available in 2003. Supporting different types of modern RAM (with a host of new chij
Celeron is returning the kick in the head at the sensitive price point that the Duron delivered wil
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 t@@86with the Cyrix %x86. While the CPU
sat in an80486 motherboardit performed rather well by using some of the architectural features
normally found inPentium class CPUBheCyrix 5x86vas available at00and 120MHz While fitting
a486motherboard it offers performane comparable to roughly Bentium 100 While theCPUs a
3.45volt design, firms such as Evergreen Technologiesintedthis Cyrix offering to &oltage
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 andtke lifefor a486 PC
running Windows 95 and a couple of applications, or converting to use with Microsoft Terminal
Server.

M1

In the Pentium class Cyrix offered t6e86(also knowras theM1 CPU). Just as in the release from
AMD, it waspin and voltage compatibl® be dropped into &entium motherboardThe 6 were to
indicate a sixtklgeneration CPU (which it is not). Cyrix did incorporate some architectural features
designed to outprform a Pentium of equal clock speed. This leteting processoraith a series

of applicationgto create astandardized test setreate a reference point, and label the CPU based
on a Performance rating (called?aRatinythat was close to what amtel Pentium would do. For



example, theCyrix 133VIHz (actual speed) was rated 266 MHz These CPUs require special active
heat sinks when installed in a Pentium socket.

WhenlIntel moved toSEM®asedCPUsthe firm gave up competing directly with Int@loday Cyrix
CPUs are alive and well, as CPU's today, sold under the VIA Technologies hame, the company which
bought Cyrix.

Their latest offering is th¥lA Cyrix 3#hat while is venfightweighton floating point capabilitiesit
is also so light on powaonsumption, itdoes not need a cooling fdo operate.

VIl AMD CPUs

If you're wondering who AMD is for CPUs, refer back to the picture wittimtacchipset (Figure
24) and notice the manufacturer of t@PUor this 80286running atlOMhz Why, itsAMD. Yes
they have quietly been in the game for a long time.

For an answer to the PentiuldMMDIlaunched theK5 It waspin for pin compatiblewith a socketfor
the IntelPentium TheK5was like thePentium in that itdoes notcontainMMX instructions When
Intel released thaviMX version ofPentium AMDreleased thek-6, a dualvolate CPU witiBDNow
(3DNow is actually SIMD licensed from Intel), to answer lAtdD offered almostOK performance
at alower pricepoint than Intel.

Intel successfully shut @ the pin-for-pin competitive front by dreaming uflot 1 and placing a
patent on the designAMDKkept the less expensivacket mountingf the CPU andxtended socket
7 with Super Socket, taking theK6to speeds 0600MHz

However, after a time, théaws of physics caught up witkMD. To extencbeyond500Mhz they had
to resort to aSEC desigas well, and did so, creatirgjot A This was the connector design for the
Athlon.

Athlon uses &lot Aform factor.

AMDdidn't like the expensefdeingSE®@r “cartridge basetiany more than Intel. So as soon as
AMDcould they went back to socket based CPSocket 46Zarries thesecond generatiodthlon
CPUsnow split intoprice or performancesolutions. They are known as tiidunderbirdand the
Duron Due to the price/performance ratio of this line up, AMD has been gaining market share.

The Duron is Lowend?

\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 bet than a Celeron, and closer to thdlPline, overall.




SMP Without Sharing

The AMD line up is impressive, matching the-tavd at a lower price and in with the Athlon MP/XF
CPU'sSMP CPU's with no shared front side!blisis future SMP market féxMD could cause some
pain for Intel. Intel shares a single 'pipe’ for multiple CPUs. AMD Thunderbird system boards h
'pipe’ for EACH processor. Remember due to design differences a 400 W power supply on a hg
loaded PC with an Athlon should beansideration. Thé\thlon seriesises morgowerandcreates
more heatthan Intel.

And more is not always more. The value of SMP depends csothgareyou are using. Perhaps by

2010 t 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 termsjow-endandhigh-end are to some extent, quite clear. Virtuakkvery subscriber to
Maximum PC would be more interested ilaunderbirdthan aDuron Generally a 'standard’ office
worker would be quite delighted with 200 MHz Duronvith 256 Megs of ram. As of this writing, th
Duron 700 MHz is lov@nd compared to Wwat could be purchased. With the exception of use for
graphics Computer Aided Draftingnd Design(CADD or serious3D gamesthe Duronor comparable
Celeronis great. Even in @raphic User InterfacgU) such as Windows, just how fast can a persd
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. Thas64bit CPU that is fully backwards
compatible with O/S (Operating Systems) that are set febiB2Linux, NT4, W2K, XP). As this A+

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

VIII Sockets & Slots

A CPUs useless without beingluggedin. The first CPU designs wdaigger brother versions of
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RAMsockets That is to say they usédP(Dual Inline Packagih@s you saw in the memory chapter.

The80286brought a design change to what is calR@APIn Grid Array ThePGAs used through
the Pentium Prgand then droppd for Slotl, only to return.

Early Sockets

Beginning with thé30486arectangular socketvith 169 pinsultimately became known as Socket 1.

ynnyc /t!'Qa IyR mMcy tAYya
The very first 486 systemboards had 168 pins.

Socket 1 was derived from the OverDrolep.

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 VoIt CPUs.
237 pins.

Socket 4 was first Pentium socket and the only one ppstt 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 up300Mhz (Kb). It was the first to incorporate voltage
regulation for less than 3.3 Volts. 321 pins.

52yQi {Y21S GKIFG /1t

Prior to Socket 5, inserting a CPU into a socket without carefully observing the orientation of Pi
powering up would instatty destroy the CPU. Typically, thgstem boardas well since the pins wou
de-solder themselves from the package holding the CPU, leaving the now burnt pins inside the
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Figure 37: Socket 7 with ZIF lever opening pins. Closing the lever slides the socket closed, loc
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 largelsétsbased CPU ever made.
Slot 1

It was revealed previously in this chapter that entium Prag | & y QG I&eN@dfitabilit§, 2 NJ
and it was a real dog running Windows 9.x. HoweverRlree CPU is so good at running NT/Windows
2000 that manufacturer stuck with thiero chipuntil the Xeonwas released.

Slot 1 uses 8E(Single Edge Contadhat looks a bit like a game cartridge with 242 contacts.



