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Chapter - 1
Introduction to Computer Hardware

Objective of learning:
* Introduction to computer
= Application of computer, Advantage and disadvantage of computer
< Different types of computers
< ldentifying the different components of computers
« How toinstall the different components of computers

Introduction to computers

Are you new to computers? Do you wonder what they do andwh y you wo uld want to use one?
Welcome—you're in the right place. This book will guide on different comput €rs: what they are, the
different types, and what you can do with them.

What are computers?

Computers are machines that perform tasks or calculations according to a set of instructions, or
programs. Thefirst fully electronic computers, introduced in the 1940s, we e huge machines that
required teams of peop le too perate. Compared to those early machines, today's computers are
amazing. Not only are they thousands of times faster, they can fit on your desk, in your lap, or even in
your pocket.

Computers work through an int eraction of hardware and software. Hardware refers to the parts of a
computer that you can see and touch, including the case and ev erything inside it. The most important
piece of hardware is a tiny rectangular chip inside your computer called the central processing unit
(CPU), or microprocessor. It's the "brain" of your computer—the part that translates instructions and
performs calculations. Hardware items such as your monitor, ke yboard, mouse, printer, and other
items are often called hardware devices, or devices.

Software refers to the instructions, or programs, that tell the hardware what to do. A word process ing
programthat you can use to write letters on your computeris a type of software. The operating system
(0S) is software that manages your computer and the devic es connected to it. Two well-kn own
operating systems are Windows and Macintosh operating system. Your comp ter uses the W indows
operating system.

ENIAC

Introduced in 1946, EN IAC (Electronic Numerical Integrator and Computer) was the first general-
purpose electronic computer. It was built for the United States military to calculate the paths of
artillery shells. Physically, ENIAC was enormous, weighing more than 27,000 kilograms (60,000
pounds) and filling a large room. To process data, ENIAC used about 18,000 vacuumtubes, each the
size of a small light bulb. The tubes burned out easily and had to be constantly replaced.

Types of computers

Computers range in siz e and capability. Atone end of the scale are
supercomputers, very large computers with thousands of linked
microprocessors thatper form extremely complex calculations. At the
other end are tiny computers embedded in cars, TVs, stereosystems,
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calculators, and appliances. These computers are built to perform a limited numer of tasks.
The personal computer, or PC, is designed to be used by one personat a time. This section describes
the various kinds of personal computers: desktops, laptops, handheld computers, and Tablet PCs.

Desktop computers
Desktop computers are designed for use at a desk or table. They are typically larger and more powerful
than othertypes of personal computers. Desktop computers are made up of separate components. The
main component, called the system unit, is usually a rectangular

Desktop computer
case that sits on or underneath a desk. Other components, such as the monitor, mouse, and keyboard,
connectto the systemunit.

Laptop computers

Laptop computers are lightweight mobile PCs with a thin screen. They are
often called notebook computers because of t heir small size. Laptops can
operate on batteries,so you can take them anywhere. Unlike desktops,
laptops combine the CPU, screen, and keyboard in a single case. The screen
folds down onto the keyboard when not in use. N

W

Laptop computer
Handheld computers
Handheld computers, also called personal digital assistants (PDAs), are batt ry-

powered computers small enough to carry almost anywhere. Although not as

powerful as desktops orlaptops, handhelds are us eful for scheduling appointments,

storing addresses and phone numbers, andpla ying games. Some have more

advanced capabilities, such as making telephone calls or accessing the Internet. \
Instead of keyboards, handhelds have touch scre ens that you use with your finger

orastylus (a pen-shaped pointing tool).

Handheld computer
Tablet PCs
Tablet PCs are m obile PCs that combine features of laptops and h andhelds. Like
laptops, they're powerful and have a built-in screen. Like handhelds, they allow
you to write notes or draw pictures on the screen, usually with a tablet pen instead '\
of a stylus. They can also convert your handwriting into typed text. Some Tablet
PCs are “convertibles” with a screen that swivels and unfolds to reveal a keyboard \
underneath.

o
o

Tablet PC
What can you do with computers?
In the workplace, many people use computers to keep records, analyze data, do research, and manage
projects. At home, you can use computers to find information, store pictures and music, track finances,
play games, and communicate with others—and thoseare just a few of the possibilities.
You can also use your computer to connect to the Internet, a network that links computers around the
world. Internet access is available for a monthly fee in most urban areas, and increasingly, in less
populated areas. With Internet access, you can communicate with people all over the world and find a
vast amount of inform ation. Here are some of the most popularthings to do with computers:
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The web

The World Wide Web (usually called the Web, or web) is a g igantic storehouse of information. The

web is the most popu lar part of the Internet, partly because it displays most information in a visually
appealing format. Headlines, text, and pictures ¢ an be combined on a single webpage—much like a
page in a magazine—along with sounds and animation. A website is a collection of interconnected
WebPages. The web contains millions of websites and billions of WebPages.

Surfing

Surfing the web means exploring it. You can

find information on the web  about almost
any topic imaginable. For example, you can
read news stories and m ovie reviews, check
airline schedules, see st reet maps, get the
weather forecast for your city, or research a

health  condition. ~ Most  companies,
government agencies, museums, and
libraries have websites with information

about their products, services, or collections.
Reference sources, such as dictionaries and
encyclopedias, are also widely available.

The web is also a shopper's delight. You can 7

browse and purchase products—books,

music, toys, clothing, electronics, and much more—at the websites of major etailers. You can also
buy and sell used items through websites that use auction-style bidding.

E-mail

E-mail (shortfor electronic mail) is a convenient way to communicate with others.Whenyou send an
e-mail message, it arrives almost instantly in the recipient's e-mail inbox You can send e-mail to many
people simultaneously, and you can save, print, and forward e-mail to others. You can send almost any
type of file in an e-mail message, including documents, pictures, and music files. And with e-mail, you
don'tneed a stamp.

Instant messaging

Instant messaging is like having are al-time conversation with anotherpe rson or a g roup of peopl e.
When you type and send an instant message, the message is immediately visible to all participants.
Unlike e-mail, all participants have to be online (conne cted to the Internet) and in frontofth eir
computers at the same time. Communicating by means of instant messaging is called chatting.

Pictures, music, and movies

If you have a digital camera, you can move your pictures fromthe camera to your computer. Then you
can print them, create slide shows, or sh are them with others b y e-mail or by posting them on a
website. (To learn more about what you can do with photos, see Working with digital pictures.) You
can also listen to music on your computer, either by importing (transferring to your computer) music
from audio CDs or b y purchasing songs from a music website. Or, tune in to one of the thousands of
radio stations that broad cast over the Internet. If your computer comes with a DVD player, you can
watch movies.
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Gaming

Do you like to play games? Thousands of computer games in every conceivable category are available
to entertain you. Get behind the wheel of a race  car, battle frightening creatures in a dungeon, or
control civilizations and empires! Many games allow you to compete w ith other players around the
world through the Internet. Windows includes a variety of card games, puzzle games, and strategy

games.

Full form of computer abbriviation:
C — Commonly

O — Operated

M — Machine which

P —Process

U — Under

T — Technical &

E - Educational

R — Reports

Definition of Computer:
In Layman’s language “A computer is asimple electronic machine that helps you to solwe

problems.”

In Technical manner “A computer is a high speed electronic device which follows instruction & is
capable of performing arithmetical and logical operation.”

Advantage of Computer:

1)

Speed: Computer can carry outany instruction in less thanamillionth of a second. Naturally,
in any job, involving lots of calculation, computers are very useful. A computer can sortaset
of thousand names in less than hundredth ofasecond.

Accuracy: This is the most important characteristic of computer. Computer can do cal culation
without errors and very accurately. Even when computer is making thousand calculations every
second, not a sing le one will go wrong. If mistakes occur in any calculation, they are due to
human mistakes.

Diligence: Computer is c apable of performing any task given to themr espectively. This
property of computerto do the g iven task obediently without asking any question is called
diligence. If any calculation has been done a million times, a computer will do so with sa me
accuracy and speed.

Storage capacity: Computer ¢ an store large volume of data and information on mag netic
media. Computers also have enormous speed to retrieve this saved data. Computers can carry
out the given task using a small set of elementary instructions. These instructions are extremely
simple; e.g. add, subtract, compare, etc. and are collectively known as programs. It is not
necessary to have more than 100 distinct instructions even for a very powerful machine.

Limitation/Disadvantage of Computer:
(1) Lack of commonsense: Computer canwork as human being s butitis o nly a tool. It cannot

think. It does nothave common sense or intelligence as human being have. Computers are to
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be instructed for making them perform any task. So every time when we have to use computer
for a task, we need to first tell computer what to do.

(2) Inability to correct: when we give instruction tothecomputer we must give correct
instructions. A computer cannot prompt for wrong instructions. If there is a mistake in giving
data to the computer, the end result is wrong. Popularly this is termed as Garbage In — Garbage
Out.

(3) Dependence on human instructions: Computers look as the y are very clever. Actually they
are only tools. They cannot do anything unless aman instructs them. A computer cannot
generate any information on its own. It can only do what it has been instructed or told to do.

(4) Dependence on Hectricity: Computers depen d on electricit y for their functioning. Just
imagine the state of an organization using computers and not having power. Manpower will be
sitting idle without an y work. An or ganization will be totally crippled in case there is no
power. A lot of pending work will be left for completion.

Parts of the Computer System:

\

> oV 7.

Case

%“44;. =

% émakets Zip Drive
Sound card Video Card
\.w . There are numerous other devices on the market
e but this is the general list of parts
Floppy drive



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Different types of computer:

(1) Super Computer:
Speed: 64-128 bit
Use: Weatherreports and defence.
Size: Building size
Example: Param 10000, Anand Param2

(2) Mainframe Computer:
Speed: 32-64 bit
Use: Big organizations like TATA, Railways etc.
Size: Room size
Example: IBM 360 series, Honeywell’s, PDP 88/860.

(3) Mini Computer:
Speed: 16-32 bit
Use: small organizations, Branches, Offices, etc.
Size: Desk size
Example: RPG AS-400

(4) Micro Computer:
(i) Desktop
(ii) Portable Speed:
8-32 bit Use:
Personal use Size:
Desktop size

Example: Personalcomputers (P —I, P —II, P-1ll &P -1V etc.)

The basic components of a typical Computer System consists of Monitor, System Unit , Keyboard,
Mouse, Speakers & Printer as shown in following figure:

System Unit Screen Monitor

Speaker

./
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Parts of Computers:

1. Systemunit / CPU (Central Processing Unit):
The system unit is the core of acomputer system. Usually it's arec tangular box placed on or
underneath your desk. Inside this box are many electronic components that process information. The
most important of these compo nents is the central processing unit (CPU), or microprocessor, which
acts as the "brain" of your computer. Another component is random access emory (RAM), which
temporarily stores information that the CPU uses while the computer is on. The information stored in
RAM is erased when the computeris turned off.
Almost every other part of your computer connects to the s ystemunit using cables. The cables plug
into specific ports (openings), typically on the back of the system unit. Hardware that is not part of the
systemunit is sometimes called a peripheral device or device.

loppy Disk

CD Drive (D)

Floppy Drive (A:)

The hard drive and RAM
are inside the system unit.
You can’'t see them

2. Storage:
Your computer has one or more disk drives—devices thatstore information on a metal or plastic disk.
The disk preserves the information even when yourcomputer is turned off.

A. Hard disk drive
Your computer's hard disk drive stores information on a hard disk, a rigid platter or stack of platters
with a magnetic surface. Because hard disks can hold massive amounts of inforr ation, they usually
serve as yourcomputer's primary means of storage, holding almost all of your programs and files. The
hard disk drive is normally located inside the systemunit.
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B. CD and DVD driwes:

Nearly all computers today come equipped with a CD or DVD drive, usually

located on the front of the systemunit. CD drives use lasers to read (retrieve) 2
data froma CD, and ma ny CD drives can also write (record) data onto CDs.
If you have a recordable disk drive, you can store copies of your files on
blank CDs. You canal so use a CDdriveto play music CDs on your
computer. DVD drivescando  everything that CD drives can, plus read
DVDs. If you have aD VD drive, you can watch movies on your computer.
Many DVD drives can record data onto blank DVDs. If you have a recordable
CD or DVD drive, p eriodically back up (copy) your important files to CDs o r
DVDs. Thatway, if yourhard disk ever fails, you won't lose yourdata.

C. Floppy disk driwe:

Floppy disk drives store information on floppy disks, also called floppies or

diskettes. Compared to CDs and DVDs, floppy disks can stor e only a small

amount of data. They also retrieve information more slowly and are more prone to damage. For these
reasons, floppy disk drives are less popularthan they used to be, although some computers still include
them. Why are floppy disks "floppy"? Eventhoug h the

outside is madeo f hard plastic, that's just the sleeve.

The disk inside is made of a thin, flexible vinyl material.

3. Mouse:
A mouseis a small deviceuse d topointto and select | o
items on your computer screen. Although mice come in '
many shapes, the typical mouse does look a bit like an
actual mouse. It's small, oblong,and connected to the systemunitby a long wire that resembles a tail.
Some newer mice are wireless. # mouse usually has two buttons:a
primary button (usually the left button)and a secondary button. rrimary (eft)
Many mice also have a wheel between the two buttons, which B
allows you to scrollsmoothly through screens of information.

I d

When you move the mouse with your hand, a pointeron your
screen moves inthe sa me direction. (The poi nter's appearance
might change depending on wh ere it's positioned on your screen.)
When you want to se lect an item, you point to the item and then
click (press and release) the primary button. Pointing and clicking
with yourmouse is the main way to interact with yourcomputer.

Whee Secondary (right)

mouse button

Function
4. Keyboard: ¥
A keyboard is used mainly for typing text into your computer. Like the
keyboard on at ypewriter, it has keys for letters and numbers, but i t
also has specialkeys:
= The function keys, found on thetoprow, p erform different
functions depending on where they are used.
= The numeric keypad, located on the right side of most keyboards, Navigation
allows you to enternumbers quickly. . keys
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= The navigation keys, such as the arrowkeys, allow you to move your position within a document
or webpage.

5. Monitor:

A monitor displays information in visualform, using text and
graphics. The portion of them onitor that displays the information is
called the screen. Like a television screen,a computer screen can show
still or moving pictures.There are two basict ypes of monito rs: CRT
(cathode ray tube) monitors and LCD (liquid crystaldisplay) monitors.
Both types produce sharp images, but LCD monitors havethe
advantage of being much thinner and lighter. CRT monitors, however,
are generally more affordable.

6. Printer:

A printer transfers data from a computer onto
paper. Youdon't need aprin ter touse your
computer, but having one allo ws you to print
e-mail, cards, invitations, announcements, and
other materials. Many people also like being able
to print their own photos at home.

The two main types of printers are inkjet printers
and laser printers. Inkjet printers are the most
popular printers forthe home. They can print in
black and white or in full ¢ olor and can produ ce high-quality photographs when used wi th special
paper. Laser printers are fasterand generally better able to handle heavy use.

7. Speakers:
Speakers are used to play sound. They may be built into the systemunit or
connected with cables. Speakers allow you to listen to music and hear sound
effects from yourcomputer.

8. Modem:
To connect your computer tothe Internet, you need a modem. A modem is a device thatsends and
receives computer information over a telephone line or high-speed cable. Modems are sometimes built
into the systemunit, but higher-speed modems are usually separate components.

9. Scanner:
Scanners are not just for scanning pictures. Scanners can read printed text and convert it to files (OCR)
that you can manipulate with your word-processing program. You can also scan a handwritten letter
and send it by fax directly to somebody, or putit in permanent storage on yourhard drive.
Because of its man y uses, perhaps the most important question facin g someone who wantstobu y a
scanneris:
What will you are doing with the scanner?

- Do youwant it to provide visual enhancements to youre-mail, yourWeb page, or your
holiday greetings,?
- Do youwant to use the scanner primarily to turn your computerinto a fax machine?
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- Or are you agraphic artist, needing quality images that will be included in your
newsletter?

You must also decide how precise you need yourscannerto
be. This precision is measured as the scanner's resolution.
Scanner resolution is measured in terms ofdot s perinch
(dpi).
Think of each dot as an element of a picture that the scanner
has scanned you also must decide howprecis e you need
your scanner to be. This precision is measured ast he
scanner’s resolution. Scanner resolution is measured in
terms ofdotsper inch (dpi). Ascanner with ahig h
resolution is very precise, while a scanner with a | ower
resolution is less so. The more elements of a pict ure thata
scannercan detect, the more detailed the picture will be and the higherthe resolution will be.
On the scan head in each scanner, there are a certain number of sensors. As the scan head passes under
or over the document or image, it stops, - too briefly to be detected - a number of times so that each
sensorcan take a picture.
The amount of resolution a scanner can produce depends on howmany electronic sensors it has on its
scan head and how many times it will stop as it moves across the original document or image. If the
scanner had 600 sensors for each inch of the scan head, the resolution would be specified as 600 x
600dpi.
Different applications require t he use of differe nt types of scanners an d each type of sca nner has
unique features and comes in a different price range.

Parts of Computer CPU:
1. Motherboard

Processor (with Heat sink & CPU Fan)

RAM

Display Card(Integrated or Add-on Card type)
SMPS (Switch Mode Power Supply)

Hard Disk Drive( IDE or SATA type)

Floppy Disk Drive

CD or DVD Dirive

© N RE W

1. Motherboard:
This is a Main Circuit Board found in all Computer systems. This Circuit Board provides the platform
to all other devic es to communicate with each other, as all internal as well as external devices are
ultimately connected to this component of computersystem. It has got various connectors and ports on
it, to communicate with the devices e.g. Hard Disk Drive, Floppy Disk Drive Connectors, Printer port,
Keyboard and Mouse connectors, Display connectors etc.
A typical Motherboard is shown here:

10
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Common Motherboard Layout (INTEL Socket T (LGA775)
D @

1 CPU Socket

2 CPU_FAN - CPU cooling fan connector
3 DIMM1~2 - 240-pin DDR2 SDRAM
slots

4 IRDA - Infrared header

5 FDD - Floppy diskette drive connector
6 ATX1 - Standard 24-pin ATX power
connector

7 IDEL - Primary IDE channel

8 CLR_CMOS - Clear CMOS jumper

9 SATAL~4 - Serial ATA connectors

10 PANEL1 - Panel connector for case
switches and LEDs

11 USB1-2 - Front Panel USB headers
12 1394a- IEEE 139%4a header

13 BIOS_WP - BIOS flash protect jumper
14 COM2 - Onboard Serial port header
15WOL1 - Wake On LAN connector

16 S/PDIF - SPDIF out header

17 F_AUDIO - Front panelaudio header
18 AUX_IN - Auxliary In connector

19 PCI1~2 - 32-bit add-on card slots

20 PCIEL - PCI Bxpress x1 slot

21 PCIEX16 - PCI Express slot for graphics
interface

22 SYS_FAN - Systemcooling fan
connector

23 ATX12V - Auxliary 4-pin power
connector

Rear panel on of a motherboard with many integrated inputs and outputs (I/O's).

Serial port
cOom 1
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PS2 Mouse Used to connect a PS/2 pointing device.

PS2 Keyboard Used to connectaPS/2 keyboard.

Parallel Port (LPT1) Used to connect printers orother parallel comm unications devices.
Serial Port used to connectserial devices such as mice or (COM1) fax'modems.

VGA Port Connectyourmonitor to the VGA port.

1394a Port Use the 1394a port to connectto any fire wire device.

LAN Port Used to connect an RJ-45 cable to a Network hub or router.

USB Ports Used to connect USB devices such as printers, scanners cameras etc...
Audio Ports used to connect audio devices.

The D port is for stereo line-in signal, while the F port is for microphone in signal. This
motherboard supports 8-channelaudio devices that correspond tothe A, B, C, and E
port respectively. In addition, all of the 3 ports, B, C, and E provide users with hoth

right & left channels individually.

— oK Do o0 ow

« A. Center & Woofer
- B. Back Surround

- C. Side Surround

« D. Line-in

- E. FrontOut

2. Processor:

As the name suggests, this is amain chip which processes allinstructions and data provided to the
computer system. This is a Logic Unit of Computer System. The Processor resides on Motherboard,

AMD \
Phenom X4 \‘

andoes— ng functions required.

RAM (Random Access Memory) is the computer’s prlmary workmg memory The (0N} (Operatmg
System) controls the computer’s functions. When the : : -

OS loads, it loa ds into RAM; when applications
load, they load into RAM; when you open
documents, they load into RAM; and when you need
to send outputto your monitor, the outputis loaded
into RAM be fore it hits y our monitor.RAM is used
in many areas of your computer, and in man y
different forms. It is used by the base OS in one big
chunk that most peoplethinko f as RAM, but it is
also Implemented as processor cache (L1 and L2),

video RAM for your video card, and any number of

components that claim to have caching.RAM speeds

are usually measured in nanoseconds. One nanosecond is a billionth of a second.

12
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4. Displa
Video adapter
Many motherboards today come with a built-in video adapter, sometimes called a video card or video
controller. Following figure shows how i nformation flows from the system to the monitor. The
following steps referto the numbers in Figure.

1. The video adapter is responsible for receiving digital data from the processor, which instructs the
video adapteron how the images are to be drawn on the screen.

2. The video adapter storesthe information about drawing the images in its memory and starts
converting the information into analog data that the monitor can understand.

3. The datais sentinanalog format from the video adapterto the monitor.

Memory Processor
Heatsink  Processor
Fan

~
\\\{@)

Eﬁﬁ[ | il 3 Motherboard

0 oaooo|f N .
/ (I 4 . Connection

@/ @

Video Adapter

5. SMPS (Switch Mode Power Supply):
This device in Computer Systemis used to convert A.C. Voltage
into D. C. Woltag e and gives out the desired voltage lev els
required by various components of Computer System. It is present
on the back-side of the Computer case.

Assembling a Computer:

After buying all the computer componentsth ey mustb e put
together. This process is called assembling. It usually takes about fifteen minutes (installing not
included). Although easy, it must be done carefully so as to avoid unnecessary damage to the system.

Materials required for assembling a computer:
Make sure that you have all the below materials before starting.

1. All the necessary components (Although the allthe below components a e preferable, not all
are necessary. Then necessary ones are marked with a *)

- Processors *
- Motherboard *

13
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Computer Hardware (Desktop & Laptop)

- Hard disk *

- RAM *

- Cabinet *

- Floppy Drive *

- CD Drive *

- Cards
- Display Card (Not needed if On-board display is available on Motherboard)
- Sound Card (Not needed if On-board sound is available on Motherboard)
- Modem
- Other Cards(If Any)

- Monitors *

- Keyboard *

- Mouse *

- Speakers

- UPS

- Other Components(If Any)

- Also keep the cables that came with the components close by

Philips head Screwdriver(also known as Star Screwdriver)
Flat head Screwdriver

Forceps (for pulling out jumpers and screws)

Magnetized Screwdriver

Multi meter (Testing)

S Ok w

Required Environment for assembling PC:
Make sure that the following things are true of the room in which the computer is assembled/kept.
- Make surethat a flat sur face of a good area is available whenthe s ystemis assembled. Make
sure that the room has enough space to move.
- See thatthe place where the Computer is keptis dust free as dust can harm the system.
- Make sure that the room has good ventilation and won't be very hot.
- Check the grounding in the plug to make sure thatearthing (Grounding) is done properly.

Precautions to be care while assembling the PC:

Before Starting the actual assembly of the PC S ystem, the following precautions would he Ip you to

avoid any mishap during the assembly process:

- While the motherboard has to be fitted at a fixed place inside the PC cabinet, the locations of add-
on cards (as andwh en used) and the drivers (hard disk drive, flopp y disk drive, and CD-ROM
drive) within the dr ivers bay of the cabinet can be changed within certain limits. But it is be tter to
place them far away from each other. (The length of the cable provided for interconnections to the
motherboard has to be taken into account, as the re must be some slack aft er these are installed and
connected.) This will impr ove the cooling and reduce the chance of electro-magnetic interference
between them.

- The motherboard contains sensitive components, which can be easily damaged by static electricity.
Therefore the motherbo ard should remain in it s original antistatice nvelope until required for
installation. The person taking it outshould wearan anti static wrist strap that is properly grounded.

14
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In the absence of a proper wrist strap, you must make one on your own, using a peeled of multi-
stranded copper cable and ground it prope rly. Similar handling precautions are also required for
cards.

- Be suretohandle all the components with great care. If a small thing like a screwis dropped on the
MB, it can damage the delicate circuitry, rendering the Main Board useless.

Assembling the PC:

If you have purchased all the necessary hardware your are ready assemble your PC. Before unpacking
your components from its original anti-static bags you mustput on your anti-static wrist strap, which
will discharge yourself. It is important that you discharge yourself orthere is a danger that you can
damage your components by anti-static shock by touching the components. If you don't have an anti-
static wrist strap you can discharge yourself by touching the metal edges of your ATX case, although
this is not recommended.

The first thing you should do is unpack your ATX case. Take off the cover of your case so that you
can access the inside. Place the case on a desks o that you are looking down towards the open c ase.
Your case should com e with motherboard mounting screws. If your ATX back plate it not already
fitted you can fit it by placing your plate near the ATXback plate cut out and pushing the plate
outwards, it should clip on.

Now place your motherboard on top of the mounting screwholes. Make sure your ATX devices on the
motherboard such as PS/2 and parallel port are facing towards ATX back plate cut out. Gently push
your motherboard towards the cut out; every device should fit essily into its corresponding cut out, as
shown below.

Two USB port connectors ps},’:,“ggm,.d"” . oFCP pariel
PSI2 mouse port connector —ﬂ 16550 fast UART compatiblz
serial port connector(COM*
P12 keyboard port connector ——B) 16580 ft UART compatibhy
serial port connector(%w)

The screw holes on your motherboard should a ign with the screw holes on your case. Place your
screws that came with the case into the appropriate holes and gently screw it on using a screw driver.

The motherboard is now securely mounted to the case. You can now place the ATX power connector
to the motherboard. Your ATX case should come with a power suppl y unit (PSU) and should alrea dy
be mounted to the case. The ATX power connector is shown on image below.
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Place the ATX power connector on top of the power socket on the motherboard. Push down the power
connector and it should clip o nto the socket. If you try to fit the power connector the wrong way
round, it won't fit, it will only fit one way. So, if the powerconnectordoes not go in, it should go in the
otherway round.

Locate the processor socket on your motherboard. | am installing an Intel PIIl 866 p rocessor on a
socket 370 as shown on the following image. The installation would be slightly different if you have a
different processori.e. Slot1 PIIl CPU, P4 CPU, AMD Slot A / Socket a CPU etc.

. ercmT——

! | gt o gt T

Raise the brown lever on the socket and slowly put the processor in place. You have to make sure the
pin 1 of your CPU goes into the pin 1 of your CPU socket otherwise the CPU would not get into the
socket, so don't try to force it in. It will go in gently if you fit it correctly. Now close the brown lever
which will securely hold the CPU in place. If you bought retail boxed CPU it would include a heat
sink + fan. If you bought an OEM CPU make sure you got a fan that is correct for the speed of your
CPU, otherwise your CPU will overheat and behave abnormally or could be damaged. Take off the
plastic cover from the bottom of the CPU fan that covers the heat transferpad. Now place the CPU fan
on top the CPU and push down the metalclips on the fan so that it clips onto the CPU socket.

CPU fan has a powe r connector which needs to be connected to CPU fan power socket on your
motherboard as shown on the image above.

Finally, you have to specify what frequency (speed) your CPUis running at. This can be doneusing
jumper settings, or on some modern motherboard it can be done in the BIOS, or your motherboard
may have automatic detection for your CPU frequency. Please refer to your motherboard manual for
more details. The motherboard | am using (A bit BX133) has a dip-stick jumper setting and it can be
setup in the BIOS. | have left the jumper setting to default as I will use the BIOS to specify the CPU
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frequency. The CPU runs at the bus speed of 133 MHz therefore | will use the settings 133 *
65(multiplier) underthe BIOS, which will the run the CPU at 866 Mhz.

Installing memory is quite simple. Find the SDRAM banks on your motherboard; they should look
similar to the banks below. Notice the memory banks have a white clip on each side. Make sure you
release the clips so it bends to each side.

Hold each corner of the SDRAM placing it on top of the bank 1. You will notice that the SDRAM has
a cut at the bottomside; it is there to prevent the memory going in the wrong way round. If you are
holding the SDRAM the incorrect way you will not be able insert it. Gently push down the SDRAM
and it should clip on to the memory bank. The two white clips will now become straight holding each
corner of the memory. If you have more than one SDRAM perform same steps as above but placing
the SDRAM in memory bank 2 and so on.If you look at the rear side ofa n IDE hard drive it should
look similar to the image below.

The IDE/ATA connectoris on the left handsi de which consistsofm any ins. Next to the IDE
connector is the jumper setting for the drive. The jumper should be set to Master, which the default is
setting for a new HDD. Any other device sharing the same IDE cable should be set to Slave. Different
HDD has different jumper settings; please refer to your HDD manual for more information. On the
right hand side, next to the jumpers is the power connector. Every device except FDD uses this type of
power connector. Figure 1 and 2 below shows what an ATA 66 and a power cable looks like. The
ATA 66 cable which is also known as UDMA 66 cable is an advance IDE cable, which offers higher
performance and data integrity than the standard IDE cable. ATA 66 cable consists of 80 conductor
cable where as the standard IDE cable consists of 40 conductor cable. | am using an ATA 66 cable
because the above HDD is an ATA 100 drive which requires an ATA 66 cable.
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Figure - ATA 66 Cable

Figure - Power cable

Place your hard drive into the HDD mounting slot of your case; make sure the IDE/ATA connectoris
facing outwards. Screw the HDD to the case using screws provided with the HDD or the ATX case.

Insert the ATA 66 cable into the ATA connector of the HDD. Make sure the pin 1 on th e cable is
connected to pin 1 on th e HDD connector. Pin 1 is the red or pink strip o n the edge of an ATA cable.
Most new IDE/ATA cables are designed so that it will only go in one way which will correspond to

pin 1.
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The black conne ctor onthe left hand side is the floppy disk connecto r. It is different from the IDE
connector and uses a di fferent cable. The small white connector on the right hand side is the power
connector for the floppy drive. Figure 1 and 2 below shows what a floppy drive cable and floppy drive
power connector looks like. .

1

4

Figure - Floppy drive cable.

Figure - Floppy drive power cable

Place the floppy drive into the FDD mounting slot as shown. Screw the drive securely into place.
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Insert the floppy drive cable into the floppy drive connector. Make sure the pin 1 on the cable connects
to the pin 1 on the floppy drive connector. As you already knowby now that pin 1is the red or pink
strip on the edge of the floppy drive cable. Most floppy drive cables are designed so that it will only go

in on way, so you cannot connect it incorrectly.
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Finally connect the other end of the floppy drive cable to floppy drive connectoron your motherboard.
Make sure pin 1 on th e cable connects to pin 1 on the connector. If you look at the rear side of your
CD / DVD-ROM it should look similar.

Figure Back Panel of CDROM

On the right hand side you have the power connector. Next to power ¢ onnector you have the IDE
connector. On the left hand side near the IDE connector you have the jumper settings for the DVD-
ROM. The jumper is set to Master by default. | am connecting the DVD-ROM on a separate IDE cable
therefore | will le ave the jumper setting to Master. However if you are sharing an IDE cable with
another device like HDD, then you would have to set jumperto S lave, as your HDD would be set to
Master. Next to the jumpers you haveth e CD Audio-Out socket. O ne side of your audio cable
connects to this socket and other side connects to the sound card cd-in socket. This would allow you to
listen to Audio CD's on your computer.

Figure Front Panel of COROM

Mountyour CD/DVD-ROM drive into its mounting slot. Use the supplied screws to screw the drive
into position.

22



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Figure connecting Hard disk

Connect the IDE cable to the drives IDE connector. Make sure the pin 1 on the cable is connected to
pin 1 on the drives IDE connector. Pin 1 is the red or pink strip on the edg e of an IDE cable. Connect
the other end of the IDE cable to the IDE socket on your motherboard as shown in figure 4. Again,
make sure you connect the cable to pin 1. The IDE socketcould be your primary or secondary socket
depending which socket you choose. If your HDD is on the primary IDE socket and your secondary
IDE socket s free, then it is betterto use yoursecondary IDEsocket for the CD/DVD-ROM.

Finally connect the power cable to power connectorand connect the audio cable to the CD Audio-Out
socket. Most modern graphics cards are AGP based and connects to the AGP bus of the motherboard.
An AGP bus (slot) looks like the following image. The brown slot is where you connect your AGP
graphics card.
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Place your AGP card on top of theslotand gently pushit down.The card should firmly sitinto
position.

All youneed to dono w is to screw the metal plate onthe front of thecard to the ATX case. Use the
screws supplied with case and screw the card to the case.
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Most modern sound cards are designed with the PCI interface and connect to the PC | slot of your
motherboard. A PCI slotlooks like the slots on the following image.

Place your sound card on top of a chosen slot. Gently push down the card so it sits into position. Once
the card is seated correctly into position, screwthe card on to the case.

— R
i

Finally insert the audio cable into the CD-IN socket.:fhe otherend of the cable should be connected to
Audio-outsocketonyourCD/DVD-ROM drive.
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Find a free PCI slot on your motherboard (assuming your modem is a PCl modem). Place your modem
card on top of the slot and gently push it down into position.

Once the card has seated correctly into position, screw the card to the case using the screws supplied
with the case. Now you have installed all the prerequisite hardware devices. You can either proceed to
the finalizing stage, or you may want to install optional devices like a ZIP drive, CD-RW drive or a
TV-Card. If you do not want to install these devices you can now proceed to the finalizing stage. Just
like any other IDE device, a zip drive connects to an IDE cable and a powercable. The rear side of the
ZIP drive looks similar to the image below.

On the left h and side you have the IDE connector. On the right hand side you have the power
connector. In the middle you have the jumpers. You have to specify if the ZIP drive is being connected
as a Masteror a Slave device using the appropriate jumper setting.
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Place the ZIP drive into a mounting slot and screw it securely into position.

Connect the power cable and the IDE cable to the corresponding connectors. Connect the other end of
the IDE cable to the IDE socket on the motherboard. Make sure the pin 1 on the cable connects to pin
1 on the motherboard IDE socket and on t he ZIP drive socket. The rear end of your CD-RW drive
should look similar to the image below.

It contains all the usual c onnectors such an IDE connector, a power connector, audio connector,and a
place to set the jumpers. Set the jumpers so the drive is configured to run as a Master device. It is best
to connect your CD-RW on separate IDE cable. This would avoid problems w hile you copy CD's on-
the-fly. This means copying a source CD from a CD/DVD-ROM drive to a b lank destination CD in
your CD-RW drive without the source CD being copied to th e hard disk first. Copying on-the-fly is
less time consuming than copying the source CD to the hard disk first. However if you decide to
connect your CD-RW drive and another device like a DVD-ROM on the same IDE cable, it would be
fine providing you make an image of your source CD on a HDD first before copying to your blank
CD. You may have problems such as "bufferunderrun” errors if you try to copy on-the-fly.

Place your CD-RW drive into a mounting slot as shown. Position the drive correctly and screw it onto
the case.
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Connect the IDE and the power cable to the drive. If you want to use the CD-RW drive for playing
Audio CD's then you also need to connect an audio cable to the Audio-out socket of the drive. If you
have a CD/DVD-ROM then the audio cable is usually connected that drive instead of the CD-RW, but
there is no reason why you can't have both.

Finally the otherend of the IDE cable should be connected to an IDE socket of the motherboard.
Installing a TV card is no more difficult than installing any other PCI cards. Locate an unused PCI slot
and place the card on top. Gently push card down into the slot.
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When the card is correctly in position, screwthe card securely on to the case.

Note that a TV card uses two IRQ (Interrupt Request) one for vid eo and one for audio. It is best to
place your TV card into a slot which does not conflict with an IRQ of another device. Although IRQ
sharing is possible,some TV cards may behaveabnormally if you are sharing IRQ's.

Now that you have installed all the necessary hardware there are still few more things you need to do
before switching on your PC for the first time. Your ATX case has a power switch which turns the PC
on, a reset switch for resetting the system, a power LED which comes on when the PC is switched on
and a hard drive LED which flashes when data is being written or read fromyour hard drive. You also
have an internal speaker.

Power and Reset switch

The switches and LED's need t o be conn ected to its correspondin g connectors on the motherbo ard.
Please refer to your motherboard manual to locate where the connectors are. Different motherboards
place the connectors in different locations. The connectors for the switches and LED's are normally
grouped together. They should look similar to the image below.
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..............

Switch and LED connectors

Every cable is normally labeled; they are normally named as follows, but could be slightly different on
yoursystem.

Power switch Power / PWR-SW
Reset switch Reset

Power LED Power LED / PWR-LED
Hard drive LED  |HDD-LED / IDE LED
Speaker SPK / Speaker

The connectors on the motherboard are also labeled but may be too small to see. Instead refer to your
motherboard manual which would provide details on which pins you should connect the cables to. The
image below shows how the pins may be organized on your motherboard.
+ +
| * @ | * 9 | * ¢ @ |
POW-ON  POWER LED

SPEAKER + meser

Once you have connected all the cables to the correct pins on the motherboard, you are ready to switch
the PC on. At this pointyou can close the coverofyour ATX case but don't screw it on just yet as you
might have possible problems that needs rectifying. Connect all the cables to back of ATX case. This
includes the main power cable that connects to the powersupply. PS/2mo use and ke yboard that
connects to the PS/2po rts. Monitor cable that connects to the graphics card port, etc. Finally the
moment has arrived. Switch on your monitor first. Your AT X power supply might have a main power
switch at the backso make sure that is switched on.

Now we have to learn configuring BIOS.
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Chapter- 2
Basic Electronic

Objective of Learning
= Basics of electronics
=  Ohms law
= Different electronics components and its types
= Tools required to work with electronics components
= Microprocessor and its architecture & block diagram of computer

In this fast developing societ vy, electronics has come to stay asthe most important branch of
engineering. Electronic devices are bein g used in almostall the industries for quality control and
automation and they are fast replacing the present vast army of workers engaged in processing and
assembling the factories. Great stri des taken in the industr ial applications of electronics durin g the
recent years have d emonstrated that this versatile tool can be of great importancein increasi ng
production, efficiency and control.

The rapid growth of electronics technology offers a formidable challenge to the beginner, who may
be almost paralyzed by the mass of details. However, the mastery of fundamentals can simplify the
learning process to a great extent.

Electronics
The branch ofen gineering which d eals with ¢ urrent conduction through av acuum or gas or
semiconductor is known as electronics. Electronics has gained much importance due to its numerous
applications in industry. The electronics devices are capable of performing the following functions:

< Rectification

« Amplification

« Control

e Ceneration

« Conversion of light into electricity

= Conversion of electricity into light

Atomic Structure

According to the modern theory, matter is electrical in nature. All matter is comprised of molecules,
which in turn are comprised of atoms, which are again comprised of protons, neutrons and electrons.
A molecule is the smallest part of matter which can exist by itself and contains one or more atoms.
The word matter inclu des almost ever ything. It includes copper, wood, water, air....virtually
everything. If we were able to take a piece of matter such as a drop o f water, divided it by two and
kept dividing by two u ntil it c ouldn't be divided any further while it was still wa ter we would
eventually have a molecule of water. A molecule, the smallest particle which can exist, of water
comprises two atoms of Hydrogen and one atom of Oxygen - H20.

An atomis also divisibl e - into protons and ele ctrons. Both are electrical particles and neither is
divisible. Electrons are the smallest and lightest and are said to be negatively charged. Protons on the
other hand are about 1800 times the mass of electrons and are positively charged. The fact that
electrons repel electrons and protons r epel protons, but electrons and protons attractone another
follows the basic law of physics: Like forces repel and unlike forces attract.

31



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

When electrons are made to move, the result is dynamic electricity. "Dynamic" means movement. To
produce a movement of an electron it is necessary to either have a negatively charged field "push it",
a positively charged field "pull it", or, as normally occurs in an electric circuit, a negative and
positive charge (a pushing and pulling of forces).

Most atoms have a nucleus consistin g of all the protons of the atom and also one or more neutrons .
The remainder of the electrons (always equal in number to the nuclear protons)is moving around the
nucleus in different layers K, LM, N...etc.

Some of the electrons in the outer orbit of atoms such as copperor silver can be easily dislodged.
These electrons travel out into the wide open spaces between the atoms and molecules and may be
termed free electrons. It is the ability of these electrons to drift from atom to atom which makes
electric current possible. Other electrons will resistdislodgement and are called bound electrons.

Basic Electronic Concepts

Current

In electronics the current is defined as the flow of electrical charge from one pointto another. It is
measured in ampere.

We know that when a negatively charged body is touched to a positively charged body electrons flow
from the negative object to the positive object. Since electrons carry negative charge, this is an
example of electrical charges flowing. Before an electron can flow from one point to another it must
first be freed from the atom by gaining some energy.

Voltage

It is defined as "potential difference™ between two ends of the circuit. It can be seen that a potential
difference is the result of the difference in the number of electrons between the terminals or ends of
any circuit. . It is measured in volt which can be defined as the pressure required forcing a current of
one ampere through a resistance of one ohm.

Resistance

In the topic current we learnt that cert ain materials such as copperhave many free electrons. Other
materials have fewer free electrons and substances such as g lass, rubber, mica have practically no
free electron movement therefore the are good insulators.

Technically we can say the ability of a substance to oppose the flow of current is known as resistance.
It is measured in ohm.

OHMS LAW

Ohms law, sometimes more correctly called Ohm's Law, named after Mr. George Ohm,
mathematician and ph ysicist b. 1789d. 1854 - Bavaria, defines the rel ationship between power,
voltage, currentand resistance.

This law states that currentis directly proportionalto voltage and inversely proportional to resistance.
Ohms Law is the foundation stone of electronics and electricity. These formulae are very easy to
learn and are used extensively throughout our tutorials. Without a thorough understanding of " ohms
law" you will not get very far either in design or in troubleshooting even the simplest of electronic or
electrical circuits.

Some important formulas from ohms law.
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VOLTAGE CURRENT RESISTANCE
E=IXR I=E/R R=E/I
12V = 2A % 6R 28 =12V / BR BR =12V /2A
P-e%R P=1’xR P—Exl
24W = [12V X 12V] / 6R 24W = [2A X 2A] X 6R 24W =12V X 2A

Mr. Ohm (thatis his 're al’ name) [George Ohm b 1789 d 1854 - Bavaria] established in the late
1820's thatif a voltage [later found to be A.C., D.C. or R.F.] was applied to a resistance then "current
would flow and then power would be consumed”.

ELECTRONIC COMPONENTS

Resisters

The resistor's function is to reduce the flow of electric current. This symbol =% is used to indicate
a resistor in a circuit dia gram, known as a schema tic. Resistance value is designated in units called
the "Ohm." A 1000 Ohm resistor is t ypically shown as 1K-Ohm (kilo Ohm), and 1000 K-Ohms is
written as IM-Ohm (megaohm).

They are classified according to the material from which they are made. The typical resistor is made
of either carbon film or metal film. There are other types as well, but these are the most common. The
resistance value of the resistor is not the only thing to consider when selecting a resistor for use in a
circuit. The "tolerance™ and the electric power ratings of the resistor are also important. The tolerance
of a resistor denotes how close it is to the actual rated resistance value. For example, a £5% tolerance
would indicate a resistorthat is within 5% of the specified resistance value.

The power rating indicates how much power the resistor can safely tolerate. Just like you wouldn't
use a 6 volt flashlight lamp to replace a burned out light in your house, you wouldn't use a 1/8 watt
resistor when you should be using a 1/2 watt resistor. The maximum rated power of the resistor is
specified in Watts. Power is calculated using the square of the current (12) x the resistance value (R)
of the resistor. If the maximum rating of the resistor is exceeded, it will become extremely hot and
even burn. Resistors in electronic circuits are typically rated 1/8W, 1/4W, and 1/2W. 1/8W is almost
always used in signal circuit applications.

Resisters Colour Code ldentification
The following table shows howto find out the resistance of a resister as per the color code:

" - Tolerance
. ll I ' Color | Value | Multiplier %)
.\_‘ \5“\ ‘L\\ \-.\\ BIaCk 0 0 _
‘\\ ‘1\ \xx\ '.r;lﬁt_*a:'_lc.c
l"\ \ ;Ian \-’palue Brown 1 1 *1
151 Value
Red 2 2 +2
BExample 1
(Brown=1),(Black=0),(Orange=3) Orange | 3 3 +0.05

10 x 10° = 10k ohm
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Tolerance(Gold) = +5%
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151 Value

Bxample 2

(Yellow=4),(Violet=7),(Black=0),(R
470 x 10° = 47k ohm
Tolerance(Brown) = *1%

Types of Resisters

There are two classes of resistors
* Fixed resistors
e \Variable resistors.

1. Fixed Resistors

% Telerance R
N Multiplier Violet
- 3rd Walue
2nd Value

Computer Hardware (Desktop &Laptop)

Yellow
Green

Blue

Gray

White

Gold
ed=2)

Silver

None

4 4 -
5 5 +05
6 6 +0.25
7 7 +0.1
8 8 -

9 9 -

- -1 +5

- ) +10

- - +20

A fixed resistoris onein which the value of its resistance cannot change. The following type of fixed
resistors is used in different electronic devices:

1) Carbon film resistors

This is the mostg eneral purpose, cheap resistor. Usually the tolerance of the

resistors is as follows

From thetop of the

1/8W
14w

resistance value is #5%. Power ratings of 1/8W, 1/4W and 1/2W are frequently
used. Carbon film resistors have a disadvantage; they tend to be electrically noisy.
Metal film resistors are recommended for use in analog circuits. However, | have
never experienced any problems with this noise. The physical size of the different

— P

A

Rough size
EEE Rating power | Thickness Length
W) (mm) (mm)
photograph 18 2 3
Ya 2 6
Y 3 9

12w
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This resistor is called a Single-In-Line (SIL) resistor network. It is made with many resistors of the
same value, all in one package.

HHE

One side of each resistor is connected with one side of all the other r esistors inside. One example of
its use would be to control the current in a circuit powering many light emitting diodes (LEDs). In the
photograph on the left, 8 resistors are housed in the package. Each of the leads on the package is one
resistor. The ninth lead on the left side is the common lead. The face value of the resistance is
printed. (It depends on the supplier.)

===

b

2) Metal film resistors

Metal filmresistors are used when a higher tolerance (more accurate value) is needed. They are much
more accurate in value than carbon filmresistors. They have about +0.05% tolerance. They have
about +0.05% tolerance. | don't use any high tolerance resistors in my circuits. Resistors that are
about +1% are more than sufficient. Ni-Cr (Nichrome) seems to be used for the material of resistor.
The metal film resistoris used for bridge circuits, filter circuits, and low-noise analog signal circuits.

& I Thickmes
— D Lerath
Rough size
% Rating power | Thickness Length
W) (mm) (mm)
From the top of the photograph 8 2 3
1/8W (tolerance +1%) Ya 2 6

A (tolerance £1%) 1 35 12
1w (tolerance +5%) 2 5 15
2W (tolerance +5%)

Variable Resistors

There are two general ways in which variable resistors are used. One is the variable resistor which
value is easily changed, like the volume adjustme nt of Radio. The other is semi-fixed resistorthatis
not meant to be adjusted by anyone butatechnician. It is used to adjust the operating condition ofthe
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circuit by the technician. Semi-fixed resistors are usedt o compensate for the inaccuracies ofthe
resistors, and to fine-tune a circuit. The rotation angle of the variable resistor is usually about 300
degrees. Some variable resistors must be turned many times to use the whole range of resistance they
offer. This allows for very precise adjustments of their value. These are called "Potentiometers" or
"Trimmer Potentiometers."

In the above photograph, the variable r esistor typically used for volume controls can be seen on the
far right. Its value is very easy to adjust. The f our resistors at the center of the photog raph are the
semi-fixed type. These ones are mounted on the printed circuit board. The two resistors on the left are
the trimmer potentiometers.

This symbol $-is used to indicate a variable resistor in a circuit diagram.There is three ways in
which a variable resistor's value can change according to the rotation angle of its axis. When type "A"
rotates clockwise, at first, the resistance value changes slowly and then in the
second half of its ax is, it changes very quickly. The "A" type variable resistoris
typically used for the vo lume controlof a radio, for example. It is well suited to
adjusta low sound subtly. It suits the char acteristics of the ear. The ear hears low
sound changes well, butisn't as sensitive to small chan ges in loud sounds. A
larger change is needed ast he volume is increased. These "A" type variable
resistors are sometimes called "audio taper” potentiometers. As for type "B", the
rotation of the axis and the change of the resistance value are directly related. The rate of change is
the same, or linear, throughout the sweep of the axis. This type suits a resistance value adjustmentin
a circuit, a bal ance circuit and so on.

They are sometimes called "linear taper” potentiometers.
Type "C" changes exactly the opposite way to type "A". In the early stages of the rotation of the axis,
the resistance value changes rapidly, and in the second half, the change occurs more slowly. This type
isn't too much used. As for the variable resistor, most are type "A" or type "B".

Capacitors

The capacitor's  function is to store  electricity, or  electrical energy.
The capacitor also functions as a filter, passing alternating current (AC), and blocking direct current
(DC). Thiss ymbol —is used to indicate a capacitor in a circuit diagram.
The capacitor is constructed with two electrode plates facing each other, but separated by an
insulator. When DC voltage is applied to the capacitor, an electric charge is stored on each electrode.
While the capacitor is charging up, current flows. The current will stop flowing when the capacitor
has fully charged. The value of a capacitor (the capacitance), is designated in units called the Farad

(F).
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Breakdown wltage: When using a capacitor, you must pay attention to the maximumvoltage which
can be us ed. Thisis the" breakdown voltage." The bre akdown voltage dependsonth e kind of
capacitor being used. You must be espe cially careful with e lectrolytic capacitors because the
breakdown voltage is ¢ omparatively low. The breakdown voltage of electrolytic capacitors is
displayed as Wor king \oltage.
The breakdown voltage is the voltage that when exceeded will cause the dielectric (insulator) inside
the capacitorto breakdown and conduct. When this happens, the failure can be catastrophic.

Types of capacitors
1) Electrolytic Capacitors (Electrochemical type capacitors): Aluminum is used for the electrodes
by using a thin oxidization membrane. Large values of capacitance can be obtained in comparison
with the size of t he capacitor, because the dielectric usedis very thin. The most important
characteristic of electrolytic capacitors is that they have polarity. They have a positive and a negative
electrode. [Polarized] This means that it is very important which way round they are connected. If the
capacitor is subjected to voltage exceeding its working voltage, or if it is connected with incor rect
polarity, it may burst. It is extremely dangerous, because it can quite literally explode. Make
absolutely no mistakes.
The picture is anex ample of the different values of electrolytic capacitorsin which the capacitance
and voltage differ. From the left to right: 1uF (50V) [diameter 5 mm, hig h 12 mm], 47pF (16V)

7 [diameter 6 mm, hi gh 5 mm], 100pF (25V) [diameter 5 mm,

high 11 mm] , 220uF (25V) [ diameter 8 mm, high 12 mm],
AL B

1000pF (50V) [ diameter 18 mm, h igh 40 mm]. The size of the
2) Tantalum Capautors

Tantalum Capacitors are electrolytic capacitors that are use

material called tantalum fort he electrodes. Large values of

the right, the mark indicating the negative lead of the component
can be seen. You need to pay attention to the polarity indication
50 as not to make a mistake when you assemble the circuit.

AQS#7 0001 0S¥ I
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capacitor sometimes depends on the manufacturer. So the sizes
shown here on this page are just examples. In the photographto
capacitance similar to aluminum electrolytic capacitors can be
obtained.

HHII HII[\ |||u| |u| \ [II’\TI

3) Ceramic Capacitors: Ceramic
capacitors are constructed with ma terials such as titanium acid barium
rﬁl used as the dielectric. Internally, these capacitors are not constructed as a
coil, so they can be used in high frequency applications. Typically, they
PRI are used in circuits which bypass high frequency signals to ground. These
capacitors havethe shape of adisk. Their capacitance is comparatively
small.
The capacitor on the left is a 100pF capacitor with a diameter of about 3 mm. The capacitoron th e
right side is printed with 103, so 10 x 10°pF becomes 0.01 yF. The diameter of the diskis about 6
mm. Ceramic capacitors have no pola rity.
Ceramic capacitors should not be used for analog circuits, because they can distort the signal.
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4) Multilayer Ceramic Capacitors

the multilayer ceramic capacitor has a many-layered dielectric. These capacitors are small in size, and
have good temperature and frequency characteristics. Square wave si gnalfH-  ysed in dig ital
circuits can have a com paratively high frequency component included. This capacitoris usedt o
bypass the high frequency to ground.

5) Electric Double Layer Capacitors (Super Capacitors): This is a
"Super Capacitor,” which is quite a wonder. The capacitance is 0.47 F
(470,000 pF). I havenot used this cap acitor in an actual Circuit. Care
must be taken when using a capacitor with sucha large capacitance in
power supply circuits, etc. The rectifier in the circuit can be destroyed by
a hugerush of cu rrent when thecap acitor is emp ty. For a brie f moment,
s the capacitor is more like ashort circuit. A protection circuit needs to be
setup. Thesize is small in spite of capacitance. Physically, the diameter is
21 mm, the height is 11 m m. Care is necessary, because these devices do h ave polarity.

nta) | B i

6) Polyester Film Capacitors:
This capacitor uses thin pol yester film as the dielectric. They are
not high tolerance, but the y are cheap and handy. Their tolerance
is about +5% to +10%. Care mu st be taken, because dif ferent
manufacturers use different methods to denote the cap acitance
values. Here are some othe r polyester film capacitors. These
capacitors have no polarity.

DA i
7) Polypropylene Capacitors: This capacitor is used when a higher tolerance is necessary than
polyester capacitors offer. Polypropylene film is used for the dielectric. It is said that there is almost
no change of cap acitance in these devices if the y are used with frequencies of 100 KHz or less. The
pictured capacitors have a tolerance of =*1%.Th ese capacitors have no pol arity.

W1T;:Hllll| ALY f |.||‘|'i""i'?|';" TARTTTITT

8) Mica Capacitors: These capacitors use Mica for t he dielectric. Mica capacitors have good

stability because their temperature coefficient is sma ll. Because their frequency characteristic is

excellent, they are usedf resona nce circuits, and hig h frequency

filters. Also, they have good insulation, and so can be utilized in high
voltage circuits. It was often used forvacuu m tubest yle radio
transmitters, etc.

i 44 443
‘H I‘II I|II L LA LA R

38



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Mica capacitors do not have high values of capacitance,and they can be relatively expensive. These
capacitors have no polarity.

9) Metallized Polyester Film Capacitors: These capacitors ae a S .
kind of a polyester film capacitor. Because their electrodes are thin, ' s
they can be miniaturized. These capacitors have no polarity. ﬁ

Variable Capacitors: Variable capacitors are used foradj ustment B s L
etc. of frequen oy mainly.
On the left in the photo graph is a "trimmer,” which uses ceramic as the
dielectric. Next to it on the right is one that uses polyester film for the
dielectric. The pi ctured components are mean t to be mountedon a
printed circuit board.
When adjusting the value of a variable capacitor, it is a dvisable to be
careful.
A e i "7 One of the component's leads is connected to the adjustment screw of the
o capacitor. This means that the value of the capacitor can be affect ed by
the capacitance of the screwdriverin yourhand. It is betterto use a special screwdriverto adjust these
components. The components in the photograph on the right are used for radio tuners, etc. They are
called "Varicons™ but this may be only in Japan. The variable capacitor on the left in the photograph
uses air ast he dielectric.

Diodes

a diode is a semiconduc tor device which allows current to flow throu gh itin only one direction.
Although a transistor is also a semiconductor de  vice, it does not operate the way a diode does. A
diode is specificall y made to allow curr ent to flow through it in only one direction. Some wa ys in
which the diode can be used are listed here.

— W -

— o -
- D - S,
—

1) A diode can be used as a rectifier that converts AC (Alternating Current) to DC (Direct Current)
for a power supply device.

2)  Diodes can be used to separa te thesig nal fromradio frequencie S.
3) Diodes can be used as an on/off switch that controls current. This symbo—is used to indicate
a diode in a circuit diagram. The meaning of the symbol is (Anode)—™— (Cathode). Current flows
from the anode side to the cathode side.

Although all diodes op erate with the same general principle,th ere are different types suited to
different applications. Forexample, the following devices are best used for the applications noted.

< \oltage regulation diode (Zener Diode)
The circuit symbol is
It is used to regulate voltage, by taking advantage ofthe fact that Zener diodes tend to stabilize at a
certain voltage when that voltage is applied in the opposite direction.
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# Light emitting diode

the circuit symbolis —»= This type of diode emits light when current flows through it in the
forward direction. (Forward biased.)

# Variable capacitance diode the circuit symbol is 85 The current does not flow when applying
R DL DL LR L .the voltage ofthe opposite direction to the diode. In this
Ha'fra;‘“g*;fme:ecf iication \condition, the diode has a capacitance like the capacitor. It is a
BUDL > be wvery small capacitance. The capacitance ofthe diode changes
SANAY 'when changing voltage. With the change of this capacitance, the
;frequency of the oscillator can be changed.

'Rectification / Switching / Regulation Diode: The stripe
istamped on one end of the diode shows indicates the polarity of
Diode bridze 'the diode.

Q‘U&{ f o SANAT T stripesh ows the cath ode side.

___________________________________

ruer iThe top two devices showninth e picture are d iodes used for
- irectification. They are made to handlerelativel y high currents.
booes A 'The device on top can handle as high as 6A, and the one below
_— 't cansa fely handle up to 1A.
However, it is bestused at about 70% of its ratin g because this
current value is ama ximum rating.
The third device from the top (red color) has a part number of 1S158 8. This diode is usedf or
switching, because it can switch on and off at very high speed. However, the maximumcurrent it can
handle is 120 mA. This makes it we Il suited to use within dig ital circuits. The max imum reverse
voltage (reverse bias) this diode can handle is 30V.
The device at the bottom of the picture is a voltage regulation diode with a rating of 6V. When this
type of diode is reversing biased, it will resist ch anges in voltage. If the input voltage is increased
the output voltage will not change. (Or any change will be an insignificantamount.) While the output
voltage does not increase with an increase in input voltage, the output current will. This r equires
some thought for a protection circuit so that too much current does not flow. The rated cur rent limit
for the device is 30 mA.
Generally, a 3-terminal voltage regulator is used for the stabilization of a power supply. Therefore,
this diode is typically used to protect the circuit from momentary voltage spikes.
3 terminal  regulators use voltage regulation  diodes inside.

L e o i R

Diode Bridge: Rectification diodes are used to make DC from AC. It is possible to do onl y ‘half

wave rectification' using 1 diode. W hen 4 d iodes are combined, 'full wave rectification occurs.
Devices that combine 4 diodes in one package are called diode bridges. They are used for full-wave
rectification. The photograph on the right shows two examples of diode bridges.
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Transistors

the transistor's function is to amplify an electric current. Many different kinds of transistors are us ed
in analog circuits, for different reasons. This is not the case for digital circuits. In a digital circuit,
only two values matter; on or off. The amplification ability of a transistor is not relevant in a digital
circuit. In many cases, a circuit is built with integrated circuits (ICs). Transistors are often used in
digital circuits as buffers to protect ICs. For example, when poweri ng an el ectromagnetic switch
(called a 'relay"), or when controlling a light emitting diode.

The name (standard part number) of the transistor, as well as the type and the way it is used is shown
below.

2SAXXXX PNP type high frequency

2SBXXXX PNP type low frequency

2SCXXXX NPN type high frequency

2SDXXXX NPN type low frequency.

Two differinasmbols are used forthe transistor.
PNP type and NPN type

The direction of the current flow differs between the PNP and NPN type. When the power supply is
the side of the positive (plus), the NPN type is easy to use.

+

10 131508

Appearance of the Transistor:

The outward appearance oft he transistor varies. Here, two kinds ar e shown.On the left in the
photograph is a 2SC1815 transistor, which is good for use in a digital circuit. They are inexpensive
when | buy them in quantity. In Japan it costs 2,000 yen for a pack of 200 pieces. (About 10 US
cents/piece in 1998) On the right is a device which is used when a large current is to be handled. Its
part number is 2SD880.

Emiitge = L]
Cellegror

Bage . o @rpitiee

Cllggior
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Example of 2SC1815 transistor Part number is printed on the flat face of the transistor, and indicates
the front. Rig ht side: B ase Center: Collector Left side: Emitter. E xample of 2SD880 transistor Part
number is printed on the flat face of the transistor, and indicates the front. Right side: Emitter Center:
Collector Left side: Base 2SC1815 is opp osite.

LED
« Light emitting diodes ar e components, which produ ces light when they are subjected to an
electrical current or voltage. In other words they simply convert electrical energy into light
energy.
« LED is similarto a PN junction diode. A PN junction diode can also emit light in response to
an electric current.
« In LED thelight energy is produced because holes and electrons are forced to recombine.
« Whenelectron and holes recombines, energy may be released in the form of photon.
« LED is simply PN junction diode that emits light through the recombination of electrons and
holes when current is forced through its junction.
« In Silicon and Germanium the greater percentage is given up in the form of heat and the
emitted light is insignificant.
* In materials, such as gallium arsenide phosphide
(GaAsP) or Gallium Phosphide (GaP), the number
i of photons of light energy emitted is sufficientto
‘ ] create a visible light source.
1

1111 OPERATION OF LED

* The manner in which th e LED operates is show n
in Figure 15.1

* For the LED to operate it mustbe forward-biased so thatthe negative terminal of the battery
will inject electrons into the N-layer (the cathode)and these electrons will move towards the
junction.

« Corresponding holes will appear at the P-type or anode end of the diode and they will appear
to move towards the junction. The electrons and holes merge towards the junction where they
combine.

= Ifan electron possesses sufficient energy when it fills a hole, it can produce a photon of lig ht
energy.

* Many such combinations resultin a substantial amount of light which is radiated fromthe
device in the various directions.

WHY THE LED EMITS LIGHT AND ORDINARY DIODE DOES NOT?

* Most ordinary diodes are made from silicon and since it is op aque or impenetrable material
hence any photons that are produced in an ordinary diode cannot escape whereas LEDs are
made from semiconductor materials that are semi-transpar ent to light energy. Hence some of
the light energy is able to escape fromthat device and hence emit light.

SOLDERING

The soldering is the basic work for electronic circuit engineering. |
will introducethetool s for soldering below. The sufficient
attention is necessary during work, because soldering handles a
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high temperature. Pay attention to the handling of the soldering iron sufficiently, because it becomes
burn, fire more, carelessly.

« When you are about to make or rep air a fine piece of El ectronic equipment which has been
carefully engineered, but it must be mad e or repaired with just as much care if the unit is to
operate at the rated specifications.

« The most important factor in making or repairing equipment is Soldering. An electronic unit
will not work unless it is soldered properly.

« Proper soldering is most important to learn, since 90% of all service problems are due to bad
solder connections. If you are not experienced at soldering,a few minutes practice with some
odd lengths of wire onany PCB (Printed Circuit Board) will be helpful.

* The PCB has two sides-one plain or marked and the other a coppe r foil side. You have to fit
all the components on the plainside and solderthe leads on the copperfoil side.

« A good solder connection will forman electri cal connection between the copperfoil and the
component lead. Read the following instructions and study the pictorials of soldering.

RULES FOR GOOD SOLDERING

« Use the right type of soldering iron. A small e fficient soldering iron (about 10 to 25 W atts
with a 1/8” or 1/4” tip) is ideal for circuit board work. Pencil Bit soldering iron made by Sold
Ron works best. The soldering iron will reach its operating temperature within 3 to 5 minutes
after it is switched ‘ON’ and should be left ‘ON’ during the working period.

« Keep the hottip of the soldering iron ona piece of metal so that excess heat is dissipated.

» Make sure that the connection to be soldered is clean. Wax frayed isolations and other foreign
substances cause poor connections. Clean the component leads, wires, lugs, etc. with a blade
or a knife to remove the rust and dust before soldering.

« Use justenoug h solder to coverthelead a nd the copperfoil ar ea of the connectionto be
soldered. Excess solder canbri dge across from one foil path to anotherand cause ashort
circuit.

« Use sufficient heat. This is the essence of good soldering. Apply enough heat to the foil and
the lead to allow the solder to spread freely. You are not using enough heat, if the solder
barely melts and forms a round ball of rou gh flaky solder. A good soldered joint will look
smooth, shining and sol der spreader. The difference between good (sufficiently heated) and
poorsoldering (insufficiently heated)is just a few extra seconds with a lot iron applied firmly.

« Check theconne ction. Compare it with theillust ration or with the solder joints made at the
factory. A well soldered joint should look smooth and brig ht and the solder should adhere
evenly to both the wire and the circuit board foil.

* Remember larger metal surfaces take longer time to heat.

Disordering wire

This is made of thin coppernet wi re like ascr een cable inaco axal cable.
Like water inhales to cloth,the solderis absorbed to the net wire by a capillary tube phenomenon.

The usage is shown below. Apply the disordering wire to the part that wants to take solder. Apply the
soldering iron from the top and Melt the solder. The melted solder is absorbed to disordering wire
with a capillary tube phenomenon. At this time you absorb solder while shifting disordering wire.
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Solder pump

This isthe toolthat can be absorbed the
melted solder with the repulsion power of the
spring that was built in with the principle of
the piston.Theusa ge is shown below.
Push down the knob of the upperpart of the
pump against to spr ing until it is locked.
Melt the solder of the part that wants to absorb solder with iron. Apply the nozzle of the pump to the
melted solder part. Push the release knob of pump. Then the plunger of the pump is pushed up w ith
the power of spring and solder isabso rbed inside the p ump.
You need to do this operation quickly; otherwise the part gets damage by the heat. A little practice is
needed.

Cautions:

« Do not use excess solder because it might block the other unused holes or may forma solder
bridge between two copperfoil tracks.

« Does not use or spre ad on copper foil lines on the PCB as these lines fun ction as connection
wire?

« Do notsit undera fan while soldering.

« Position the PCB so that gravity tends to keep the solderwhere you want it.

« Do not overheat the components or the PCB . Excess heat may spoil the PCB or damage the
components.

« The PCB or components should not vibrate while soldering otherwise you will have adry ora
cold joint.

« Incaseof dry solder, re-weld the joint to geta shiny bright finish.

STEPS FOR SOLDERING

« As a general guide, the soldering time for Circuit Board Connection is 2 to 3 minutes. Do es
not use flux as solder supplied contains flux If extra solder is needed, be sure to use 60% tin-
40% lead composition solder. Never use sand paperor other cleaning material on the board.

« Notice howthe parts are mounted in the given illustration and held in pl ace by bending the
leads a little on the copper foil side. Do not bend the leads flat against the foil because the y
may cross-over the brown plastic to another foil-path bend themat 45 degrees angle with the
PCB.

« Push the clean and hot soldering iron tip against both, the leads and the circuit board foil. Heat
both for two or three seconds. Do not remove the soldering iron.

« Touch the solder tip to the otherside of the connection. Important: Let the heated lead and the
circuit board foil melt the solder. Do not touch the solderdirectly onto the soldering tip.

* Remove the solderas so on as it begins to melt. Allow it to flow around the connection, then
remove the iron and let the connection cool.
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« Afterthesolderhas hardened clip off the wire close to the circuit board foil.

Electronic Instruments

Those instruments which employ electronic devices for measuring various electrical quantities (e.g.
voltage, current, resistance etc.) are known as electronic instruments.

There are a large number of electronic instruments available for completion of various tests and
measurements. However, in this ¢ hapter, we shall confine our attention to the following electronic
instruments:

(i) Multimeter (iiy Vacuum tube voltmeter (VTVM)

(iii) Cathode ray oscilloscope.

The knowledge of the manner in which e ach instrument is used plus an understanding oft he
applications and limitations of each instrument will enable the reader to utilize such instruments
successfully.

Multimeter: A multimeter is an electronic instrument which can measure resistances, currents and
voltages. It is an indispensable instrumentand can be used for measuring d.c. as well as a.c. voltages
and currents. Multimeter is the mostine xpensive equipment and can make various electrical
measurements with reasonable accuracy.

Construction: A multimeter consists of an ordinary pivoted type of moving coil galvanometer. This
galvanometer consists of a coil pivoted on jew eled bearings between the poles of a p ermanent
magnet. The indicating needle is fastened to the coil. When electric currentis passed through the coil,
mechanical force acts and the pointer moves over the scale.

Functions: A multimeter can measure voltages, currents and resistances to achieve this objective.
Proper circuits are incorporated with the galvanometer. The galvanometer in a multimeteris always
of left zero type i.e. normally its needle rests in extreme left position as compared to center zero
position of ordinary galvanometers.

Applications of Multimeter
A multimeter is an extremely important electronic instrumentand is extensively used for carrying out
various tests and measurements in electronic circuits. It is used:

(1) For checking the circuit continuity. When the multime ter is e mployed as continuity
checking device, the ohmmeter scale is utilized and the equipment to be checked is shut
off or disconnected from the power mains.

(i) For measuring d.c. current flowing through the cathode, plate, screen and other vacuum
tube circuits.

(iii)  Formeasuring d.c. voltage across various resistors in electronic circuits.

(iv)  Formeasuring a.c. voltages across power supply transformers.

(v) Forascertaining whetheror notopen orshort circuit exists in the circuit understudy.

Sensitivity of Multimeter
The resistance offered per volt of full sc ale deflection by the multimeter is known as multimeter
sensitivity.

Merits and Demerits of Multimeter
Although multimeter is widely used for manufacturing and servicing of electronics equipment, it h as
its own merits and demerits.
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(i)

Merits
(1) It is a single meter that performs several measuring functions.
(i) It has a small size and is easily portable.
(iii) It can make measurements with reasonable accuracy.
Demerits
(i) It is a costly instrument. The cost of a multimeter having sensitivity of 20 per voltis about
Rs.1000.
(i) It cannot make precise and accurate measurements due to the loading effect.
(iii)  Technical skill is required to handle it.

Cathode Ray Oscilloscope (CRO)

The cathode ray oscilloscope (commonly abbreviated as CRO) is an electronic device which is
capable of giving a visual indication ofasi gnal wave form. No other instrument used in the
electronic industry is as versatile as the ¢ athode ray oscilloscope. It is widely used for trouble
shooting radio and televi sion receivers as well as for laborator y work involving research and design.
With an oscilloscope, the wave shape of a signal can be studied with respect to amplitude distortion
and deviation from the normal. In addition, the oscilloscope can also be used for measuring voltage,
frequency and phase shift.

In an oscilloscope, the electrons are emitted fr om a cathode ac celerated to a hig h velocity, and
brought to focus on a fluorescent screen. The screen produces a visible spot where the electron beam
strikes. By deflecting the electron b eam over th e screen in responseto the electrical signals, the
electrons can be made to act as an electrical pencil of light which produces a spot of light wherever if
strikes. An oscilloscope obtains its remarkable properties as am measuring instrument form the fact
that it uses as an indicating needle a beam of electrons. As electrons have negligible mass, therefore
they respond almost instantaneously when acted upon by an electrical signal and can trace almost any
electrical variation no matter how rapid. A cathode ray oscilloscope contains a cathode ray tube and
necessary power equipment to make it operate.

Cathode Ray Tube
A cathoderay tube (commonly abbreviated as CRT) is the heart of the oscilloscope. It is avacuu m
tube of special geometrical shape and converts an electrical signalinto visualone. A cathode ray tube
makes availability plenty of electrons. These electrons are accelerated to hig h velocity and are
brought to focus ona fluorescent screen. The electron beam produces a spotofli ght wherever it
strikes. The electron beam is deflected oniits jour ney in response to the electrical signal understudy.
The result is that electrical signal waveform is displayed visually. Fig. Shows the various parts of
cathode ray tube.

HORIZONTAL

DEFLECTION

FOCUSSING PLATES A" SCREEN
ANODE ACCELERATING X7+

CATHOCE

E—
ELECTRON GUN VERTICAL
DEFLECTION

N\ ACQUADAG
PLATES 4

Glass enwelope. It is conical highly evacuated glass housing and maintains vaccuminside and
supports the various ele ctrodes. The innerwalls of CRT between neck and screen are usually
coated with a conductin g material, called aquadag. This coatin g is electr ically connected to the
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(ii)

(iii)

(iv)

ELECTRONIC TOOLS

When you make an electronic circuit, the work which does the component lead of
parts straight or bends the lead or cuts the lead is needed. When handling a small
part, the tool that the tipis sha rp is needed. The following are some of the
example of frequently used tools for repairing or making a electronics circuit.

accelerating anode so that electrons which accidentally strike the walls are returned to the anode.

This prevents the walls of the tube form charging to a high negative potential.

Electron gun assembly. The a rrangement of electrod es which produce a focused beam of
electrons is called the electron gun. It essentially consists of an indire ctly heated cathode, a
control grid, a focusing anode and an accelerating anode. The control grid is held at neg ative
potential w.r.t. cathode whereas the two anodes are maintained at high positive potentialw.r.t.
cathode.

The cathode consists of a nickel cylinder coated with oxide coating and provides plenty of
electrons. The control grid encloses the cathode and consists of ametalc ylinder withatin y
circular opening to keep the electron beam small in size. The focusing anode focuses the electron
beam into a sharp pin-point by controlling the positive potential on it. The positive potential
(about 10,000V) on the acc elerating anode is much hi gher than on the focusing anode. For this
reason, this anode accelerates the narrow beam to high velocity. Therefore, the electron gun
assembly forms a narrow, accelerated beam of electrons which produces a spot of light when it
strikes the screen.

Deflection plate assembly. The deflection of the beam is accomplished by two sets of deflecting
plates placed within the tube beyond the accelerating anode as shown in Fig. 24.17. One set is the
vertical deflection plates and the otherset is the horizontal deflection plates.

The vertical deflection plates are mounted horiz ontally in the tube. By applying proper potential
to these plates, the electron beam can be made to move up and down vertically on the fluorescent
screen. The horizontal deflection plates are mounted in the v ertical plane. An appropriate
potential on these plate can cause the electron beam to move right and left horizontally on the
screen.

Screen. The screen is the inside face of t he tube and is coated with some fluorescent material
such as zinc orthosilicate, zinc oxide etc. When high velocity electron beam strikes the screen,a
spot of light is produced at the point of impact. The colour of the spot depends upon the nature of
fluorescent material. If zinc orthosilicate is used as t he fluorescent material, green light spot is
produced.

Action of CRT. When the cathode is heated, it emits pl enty of el ectrons. These electrons pass
through control grid on their way to screen. The control grid influences the amount of currents
flow as in standard vacuumtubes. If negative potential on the controlgrid is high, fewerelectrons
will pass through it and the electron beam on striking the screen will produce a dim spot of lig ht.
Reverse will happen if the negative potential on the controlgrid sis reduced. Thus, the intensity of
light spot on the screen can be changed by changing the negative potential on the controlgrid. As
the electron b eam leaves the control grid, it comes underthe influ ences of fo cusing and
accelerating anode. As the two anodes are maintained at high positive potential, therefore, they
produce a field which acts as an electrostatic lens to converge the electron beamat a point on the
screen.
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JNeedle Pliers: This is t he pliers with th in cutting tip. It is very convenient to
restrain, andal so to hold the parts at narrow  place.
It is usedto make straig ht thecompone nt lead. | thinkthatasmall er oneis
Convenient thanabig one. This tool is necessary to electronic circuit making.

JWire Cutter (Nipper): This tooli s used when cutthe wire or cutthe component
lead.

The onethatthetopis pointedis g ood. Even this, thesmall one is convenient.
There is atype that adi tch forthe wire cut is put to the blade. It isn't possible to use when the
thickness of the wire doesn't fit. Be careful soas not to be injured beca use the blade is sharp. This
tool is necessary to electronic circuit making.

Screwdriver

The tip of thesc rewdriver has various sh apes. Plus, Minus,B o0x,
Gimlet.... Recently, the plus screw is  often used. B ut the usage of a ¢
screwdriver is not only tightens, loosen a screw. | might do the case
force open. In that case, the minusst yle screwdriver is use ful. i_
There are several kinds of sizes at the tip of driver. In the case of a plus

WAL
screw, it is ne cessary to use thedriver suitable for size especially. ‘ ‘

Otherwise, the slot of the heado f a screw may be broken. The

screwdriver of the photog raph right edge is ascrewdriverfo r

adjustment frequency. It isc alled "Trimming screwdriver

Only the top is ma de with the metal. Other is a rylic. Therefore the

trimmer or, the coil can be adjusted without influence of the static electricity of the human body.

Tweezer this
is a convenient toolto hold small part.l use the top bending
type.ltis yourselectionas you like.

@ Small size saw: This is the tool that cuts the aluminum, acrylic of the
case and also cut the print board.

The onethatis about 6 mm of the
width about 15 cm of the length of the edge is convenient when
you want to cut the length of some extent like a straight line. The
thread saw is the thing of the thickness of about 0.3 mm, the
width of about 1 mm, the length of about 13 cm of the edge. It is convenient when you want to cut it
like a curve. Thetool of this category has alot of kinds.

Vise

this is usedto fix firmly when you shave the case and also shave the print

board. It is convenient when a small vise is pr epared. The photograph
thing is a small vise; the maximum width which can

be fixed is about 40 mm. L A 7
Hex key wrench: In the general screw, there isa & V4
ditch with plus or minus Howeve r; there is as crew

which has a hex hole. This wrench is the toolto strangle or to loosen such screw.
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Picking-up tool: This tool is to pick up the part which had rolle d

on the narrow place. The four thin wires go out from the tip when }ﬁq
pushing the red knob.

When remove the power which pushes the knob, the wire returns to

the case with the spring and can grasp the part.

The crimp-style terminal press: This is the tool which connects the crimp-
style terminal and the wire. The tool which | am using can use the terminal
of 1.25 mm, 2.0 mm, 55 mm. The crimp-style terminal has the various kinds
according to the thickness of the wire, the size of hole of the terminal and so
on. The tool which I am using can do the cutting of the screw, the cut of the
wire cover as well as the press work of the crimp-style terminal.

DIGITAL ELECTRONICS

The branch of electronics which deals with dig ital circuits is c alled digital
electronics. When most of us hear the term digital, we immediately think of “digital calculator” or
“digital computer”. This is a ttributed to the dramatic way the low-cost, powerful calculators and
computers have become accessible to an ave rage person. Now digital circuits are being used many
electronics products such as video games, microwave ovens, and oscilloscopes. Digital techniques
have also replaced a lot of older “analog circuits” used in consumer products such as radios, TV sets
and high-fidelity sound recording and playback equipment. In this chapter, we shalldiscusst he
fundamental aspects of digital electronics.

ANALOG SIGNALS:

« There are two basic types of electronic signals and techniques, analog and digital.

« Analog signals are the most familiar type. An analog signal is an ac or dc voltage or current
that varies smoothly or continuously. It is one that does not change abruptly or changes in
steps.

* An analog signal can exist in a wi de variety of forms. Several types of analog signals are
shown in Figure 1.1.

« Figure 1.1a shows the most common type of analog signal, a sine wave. A significant number
of electronics signals are sinusoidal in nature. Radio signals and audio tones are examples of
such analog signals.

« Afixed dc voltageis also an analog signal. Figure 1.1b shows a constant positive dc voltage.

« Another type of analog signal is a/ var ying dc voltage or current. A changing negative dc
voltage is illustrated in Figurel.lc.

« Any random but continuously varying waveform is considered to be analog signal. The signal
shown is Figure 1.1d is one o f an infinite va riety of such signals. Electronic circuits that
process these analog signals are called linear circuits.

DIGITAL SIGNALS:
« Digital signals are essentially a series of pulses or rapidly changing voltage levels that vary in
discrete steps or increments.
< Digital signals are pulses of voltage that usually switch between two fixed levels. Figure 1.2

shows several types of digital signals. Notice how these signals switch between two distinct
voltage levels.

« Infigure the two levels are 0 (ground)and +5 volts.
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WHY USE DIGITAL TECHNIQUES?

« The primary reason for use of digital techniques has been the availability of low cost, digital
integrated circuits (ICs).

< Advancement in integ rated circuit technolo gy has produced many excellent low cost dig ital
circuits. Such circuits are small, inexpensive and very reliable.

* Medium and Large scale (MSI AND LSI) integrated devices can replace entire circuits and
instruments. As a r esult electronic equipment designers have recognized the availability of
such devices and have begun to take advantage of them.

« Basically there are two types of devices: bipolar and unipolar. Di gital ICs are fabricated by
employing either the bipolar or th e unipolar technologies and are accordingly referred to as
bipolar logic family or unipolar logic family.

INTEGRATED CIRCUITS (IC’s)
The circuits discussedso far inthe next consisted of s eparately manufactured components (e.g.
resistors, capacitors, diodes, transistors etc.) join ed by wires or plated conductors orprinted boa rds.
Such circuits are known as discrete circuits because each componentadded to the circuit is discrete
distinct or sep arate) from the others. Discrete circuits have two main disadvantages, Firstly, in a
large circuit (e.g. TV circuits, computer circuits) there ma y be hundreds of components and
consequently discrete assembly would occup y a large space. Se condly, there will be hundreds of
soldered points posing a considerable problem of reliability. To me et these problems of space
conservation and reliability, engineers started a dr ive for miniaturized circuits. Thisle d to the
development of micro-electronics in the late 1950s.
Micro-electronics is the branch of electronics engineering which deals with micro-circuits. A micro-
circuit is simply a miniature assembly of elect ronic components. On e type of su ch circuit is t he
integrated circuit, generally abbreviated as IC. An integrated circuit has various components such as
resistors, diodes, transistors etc. fabricated on a small semiconductor chip. How circuits containing
hundreds of components are fabricated on as mall semiconductor chip to produce an IC is a
fascinating feat of micro-electronics. This has not only fulfilled the ever-increasing demands of
industries for electronic equipment of smaller size, lighter weight and low power requirements, but it
has also resulted in high de gree of reliability. In this chapter, we shall focus our attention on the
various aspects of integrated circuits.

Integrated Circuits
An integrated circuit is one in which circuit component such as transistor, diodes; resistor,
capacitors, etc. are automatically part of a semiconductor
chip.

An integrated circuits consist of a number of circuit
components (e.g. transistor, diodes, resistor etc.) andthei r
inter connections in asignal small package to perform a
complete electronic function. These components are fo rmed
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and connected within a small chip of semi-conductor material. The following points are worth noting
about integrated circuits:

i. In an IC, the various components are automatic ally part of a small semi-conductor chip and
the individual components cannot be  removed or replaced. This is in contrast to discrete
assembly in which individual components can be removed or replaced if necessary.

ii. The size of an *IC is externally small. In fact ICs are so small that you normally need a
microscope to see the connections between the components. Fig. 25.1. Shows a typical semi-
conductor chip having dimensions 0.2 mm x 0.2 mm x 0.001 mm. It is possible to produce
circuits containing many transistors, diodes, resistors etc. on the surface of this small chip.

iii.  No components of an IC are seen to project above the surface of the chip. This is because all
the components are formed within the chip.

Advantage and Disadvantages of Integrated Circuits

Integrated circuits free the equipment designer from the need to construct circuits with Individual
discrete components such as transistors, diodes, and resistors. Which the exception ofa f ew very
simple circuits, the available of a charge, number of low-cost integrated circuits has largely rendered
discrete circuitry obsolete. It is, therefore, desirable to mention the significant advantages of
integrated circuits over discrete circuits. However, integrated circuits have some disadvantages and
continuous efforts are on to overcome them.

Advantages. Integrated circuits possess the following advantages over discrete circuits:

i. Increasedreliability dueto lessernumber of connections.
ii. BExtremely small size due to the fabrication of various circuit elements in a signal chip
of semi-conductor material.
iii. Lesserweight and **spacerequirement dueto miniaturized circuit.
iv.  Low power requirement.
v.  Greater ability to operate at extreme values of temperature.
vi.  Low cost because of simultaneous production of hundreds of alike circuits on a small
semi-conductor wafer.
vii.  The circuit lay out is greatly simplified because integrated circuits are constrained to
use minimum number of external connections.

Disadvantages Thedisadvantages of integrated circuits are :

i. If any component is an IC goes out of order, the whole IC has to be replaced by the
new one.

ii. Inan IC, it is neither convenient nor economical to fabricate capacitances exceeding
30pF. Therefore, for high values of capacitance, discrete components exterior to IC
chip are connected.

iii. It is not possible to fabricate inductors and transformers on the surfa ce of semi-
conductor chip. Therefore, these components are connected exterior to IC chip are
connected.

iv. It is not possible to fabricate inductors and transformers on the surfa ce of semi-
conductors chip. Ther efore, these components are connected exterior to IC chip are
connected.

v. There is a lack of flexibility is an IC i.e., it is ge nerally not possible to modify the
parameters within which an integrated circuit will operate.
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IC Classifications
Four basic types of constructions are employed in the manufacture of integrated circuits, namely
i.  Mono-lithic
ii.  Thin-film
iii.  Thick-film
iv.  Hybrid.

Monotype ICs are by far the most common t ype used in practice. Therefore, in this chapter we shall
confirm our attention to the construction of this type of ICs only. It may be worthwhile to mention
here that regardless of the type of method used to fabricate active and passive components, the basic
characteristics and circuits operation of an IC are the same as for any of their counterparts in a similar
circuit using separate circuit components.

Making monolithic IC
A monolithic IC is one in which all circuit components a nd their inter-connections are formed on a
single wafer called the substrate.

Fabrication of Component on Monolithic IC

The notable feature of an IC is that it comprises a number of circuit elements inseparably associated
in a sing le small pack age to pe rform a complete electronics fun ction. This differs fromdiscr ete
assembly where separately manufactured components are joined by virus. We shall now

IC Packing

In order to protect ICs form external environmentand to provide mechanical protection, various form
of encapsulation are used for integrated circuits. Just as with semi-conductor devices, IC packages are
of two types viz.

i. Hermatic (metal or ceramic with glass)
ii. Non-hermatic (plastics)

IC Symbols
In general, no standard symbols exist for ICs. Often the circuits diagram merely shows a block with
numbered terminals. However, sometimes standard symbols are used for operational amplifiers or
digital logic gates. Some of the symbols used with ICs are shown below.
4
2

CODE NO e

Shows the symbol of an IC r-f am plifier containing 3t ransistors, 3resistors, and 8t erminals.
Similarly, Fig. shows an IC audio amplifier which contains 6 transistors 2 diodes, 17 resistors and has
12 terminals.
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Scale of Integration

An IC chip may contain as large as 100,000 semiconductordevice or other components. The relative
number of th ese components within the chip is given by referring toit s scale o f integration. The
following terminology is commonly used.

Scale of integration | Abbreviation Number of components
Small *SSI 1t020

Medium MSI 20 to 100

Large LSI 100 to 1000

Very large VLSI 1000 to 10,000

Super large SLSI 10,000 to 100,000

Microprocessors:

- A microprocessoris a multipurpose, programmable logic device that reads binary instructions froma
storage device called memory accepts binary data as input and pro cesses dataaccording to those
instructions and provides results as output.

- A typical programmable machine can be represented with three components i.e. microprocessor,
memory and 1/O. These three components work together or interact with each other to perfo rm a
given task; thus, they comprise a system.

- The physicalcomponents ofthis systemare called hardware.

- A set of instructions written for the microprocessor to perform a task is called a program, and a group
of programs is called software.

Binary Digits:

- The microprocessor operates in binary digits, 0 and 1, also known as bits.

- Bit is an abbreviation for the term binary digit. These digits are represented in terms of electrical
voltages in the machine: generally, O represents low voltage leveland 1 represents high voltage
level.

WHAT MICROPROCESSOR MEANS?

« Each microprocessor recognizes and processes agroup of bits called the word.

« The microprocessor is classified according to their word length. For example a processor with an
8-bit word is known as an 8-bit microprocessor and a processor with a 32-bit word is known as a
32-bit microprocessor.

A Microprocessor as a Programmable Device:

= The microprocessor is programmable means it can be instructed to perform given tasks within its
capability.

« A piano is a programmable machine i.e. it is capable of generating various kinds of tones based
on the number of ke ys it has. A musician selects keys depending upon the musicalscore printed
on asheet.

< Similarly, today’s microprocessor is desig ned to understandand execute many binary
instructions. It is a mult ipurpose machine i.e. it can be us ed to perform various sophisticated
computing functions, as well as simple tasks such as turning devices on or off.

« A programmer can select appropriates instructions and ask the microprocessorto performvarious
task on a given set of data.
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Memory:
- Memory is like the pages of a notebookwith sp ace for a fixed number of binary numbers on each
line.

- These pages are generally made of semiconductor material.

- Typically, each line isan 8-bit register that can storeeig ht binary bits, and several of these
registers are arranged called memory. These register are always grouped together in powers of
two.

- For example. A group of 1024 (2'°) 8-bit registers on a semiconductor chip is know as 1K byte of
memory; 1K is the closest approximation in thousand. The user writes the necessary instructions
and data in memory; 1K is the closest app roximation is thousand. The us er writes the necessary
instruction and data in memory through an input device and asks the microprocessorto perform
the given task and find an answer. The answer is generally displayed at an output device or stored
in memory.

Input/Output:

The user can enter instructions and data into memory through device such as a keyboard or
simple switches. These devices are called input devices.

The microprocessor reads the instruction from the memory and processes the data according
to those instructions.

The results can be displayed by a device such as seven-segment LEDs (Light Emitting
Diodes) or Printed by a printer. These devices are called output devices.

MICROPROCESSOR AS ACPU

The microprocessor is a primary component of a computer.

The block dia gram shows that the computer has four components: Me mory, Input, Output,
and the Central Processing Unit (CPU), which consists of the Arithmetic/Logic Unit (ALU)
and Control Unit.

The CPU contains various registers to store data, the ALU to perform arithmetic and logical
operations, instruction decoder, counters and controls lines.

The CPU reads instructions fromthe memory and performs the tasks specified.

CPU communicates with input/output devices either to a ccept or to send data. These devices
are known as peripherals.

The CPU is the primary device in communicati ng with devices such as memor vy, input and
output. However, the group of circuits calle d the controlthe timing of the communication
process.

BLOCK DIAGRAM OF ACOMPUTER

Avithmeticliogic Unit
(ALY

T

Control Unit

» eutpul
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BLOCK DIAGRAM OF ACOMPUTER WITH MICROPROCESSOR

Microprocessor
as CPU

Input A Output

Memory

MICROPROCESSOR INSTRUCTION SET AND COMPUTER LANGUAGES

.

Microprocessor recognizes and operates in binary numbers.

Each microprocessor has its own binary words, meanings and language.

The words are formed by combining a number of bits for a given machine.

WORD: is defined as t he number of bits the microprocessor recognizes and processes at a
time. The word length ranges from four bits for small, microprocessor-based systems to 64
bits for high-speed large computers. Another term commonly used to express word length is

byte.

BYTE: is defined as a g roup of 8 bits. F or e.g. a 16 bit m icroprocessor has a word leng th
equal to two bytes.

NIBBLE: which stands foragroup of 4 bits? A byte has two nibbles.

Each machine has its own set of instructions based onthed esign of its CPU or of its
microprocessor. Tocommunicate with the computer, onemust give instructions in binary
language (Machine language).

It is difficult for most people to write programs in sets of Os and 1s, computer manufacturers
have devised English-like words to represent language programs, using these words.

An assembly language is specific to a given machine; programs written in assembly language
are not tr ansferable from one machine to a nother. To ove rcome this limitation general-
purpose languages as BASIC and FORTRAN have been devised; a programwritten in these
languages can be machine independent. These languages are called high-level languages.

Machine Language:

The number of bits in a word for a given machine is fixed and words are formed throug h various
combinations of these bits. For example, a machine with a word length of eight bits can have 256
(2®) a combination of eight bits-thus al anguage of 256 words. However, notall of these words
need to be used in the machine. The microprocessor design engineer selects combinations of bit
patterns and gives a specific meaning to each combination by using electronic logic circuits; this
is called an instruction. Instructions are made up of oneword orsev eral words. The setof
instructions designed into the machine makes up its ma chine language - a binary language
composed of0s and 1s — that is specific to each computer.
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» Machine language and assembly language are microprocessor-specific and both are considered as
low-level language.

« The machine language is in binary and the assembly language is in English-like words; however,
the microprocessor understands only the binary. Hence all the assembl y language mnemonics are to
be translated into the machine language or binary code.

« The mnemonics can be written electronically on a computer using a program called an editor in
the ASCII code and translated into a binary code by using the programcalled an assembler.

» Theassembleris a programthat translates the mnemonics entered by the ASCII keyboard into the
corresponding binary machine codes ofthe microproc essor. Each micr oprocessor has its own
assembler because the mnemonics and machine codes are specific to the microprocessor being used
and each assembler has rules that must be followed by the programmer.

High Lewel Languages:

Programming languages that are machine independentare called high level languages.

These includes languages like FORTRAN, BASIC, PASCAL, C.C++ all of which have certain set of
rules, symbols and conventions from English.

Instructions written in high level languages are known as statements rather than mnemonics in the
case of assembly language.

Now the question arises is how the words in Eng lish is converted into binary languages of different
microprocessors? The answeris through a programcalled as Interpreteror a Compiler.

Interpreteror Compiler accepts English-like statements as theirinput called the source code.

The compiler or inte rpreter then translates the source code into the machine language compatible
with the microprocessor being used in the system. This translation in the machine language is called
the object code.

Each microprocessor needs of its own compiler or an interpreter for each high level language.

The primary difference between a compiler and a interpreter lies in the process of generating machine
code.

The Compiler reads the entire program first and translated it into the object code that is executed by
the microprocessor.

The interpreter reads one instruction at a time, pr oduces its object code and executes the instruction
before reading the next instruction.

Compiler and Interpreters require large memory space because instruction in English requires several
machine codes to translate it into binar y. On the otherhand, there is one to one correspondence
between the assembly language mnemonics and the machine code. Thus, assembly language
programs are compact and require less memory space. They are more efficient than the high level
language programs.

The primary advantage of high-level languages is a trouble shooting part. It is much easierto fi nd
errors in a pr ogram written in high level language than to find them in a program written in an
assembly language.

MICROPROCESSOR ARCHITECTURE AND ITS OPERATIONS

« The microprocessoris a programmable logic device, designed with register, flip-flops and timing
elements.
« The microprocessor has setof instructions, designed internally, tomanipulate dataand
comm unicate with peripherals.
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- The process of d ata manipulation and communication is determined by the logic design of the
microprocessor, called the architecture.

- The microprocessor can be programmed to perform functions on given data by selecting necessary
instruction from its set. These instructions are given to the microprocessorby writing theminto its
memory.

- Writing instruction and data is done through an input device such as a keyboard.

- The microprocessor reads or transfers on instruction at a time, matches it with its instr uction set
and performs the datamanipulation indicated by the instruction.

« The result can be stored in memory or sentto such output devices as LEDs or a CRT terminal.

- In addition, the microprocessor can respond to external signals. It can be interrupted, reset or asked
to wait to synchronize with slower peripherals.

- All the various functions performed by the microprocessor can be classified in three general
categories.

- Microprocessor-initiated operations.

- Internal data operations.

- Peripheral (or externally initiated) operations.

- To perform the above functions the microprocessor requires a group of logic circuits and a set of
signals called controlsignals.

- Early processors did not have the necessary circuitry onon e chip; the complete units were made
up of more than one chip. Therefor e, theterm microprocessor unit (MPU) is defined here as a
group of d evices that can perform these functions with the ne cessary set of control si gnals. This
term is similar to the term centralprocessing unit (CPU).

- However, later microprocessor includes most of the necessary circuitry to per form these
operations on a single chip. Therefore, the terms MPUand micropro cessor are oftenus ed
synonymously.

MICROPROCESSOR INITIATED OPERATIONS AND ITS BUS ORGANIATION
e The MPU performs primarily four operations:

1 Memory Read: Reads data (or instructions) from memory.
2: Memory Write: Writes data (or instructions) into memory.
3: I/0 Read: Accepts data frominput devices.

4: I/0 Write: Sends datato output devices.

All these operations are part of the communications process betwe en the MPU and the
peripheral devices (including memory).

e To communicate with theperi pheral or am emory location the MPU needs to perform the
following steps :

1 Identify the peripheral or the memory location (with its address)
2: Transfer data.
3: Provide timing or synchronization signals.

« The 8085 MPU perform s the above functions usin g three sets ofcommun ication lines called
buses:the address bus, the data bus and control bus.

Address Bus:
e The address busis group of 16 lines generally identified as Ao to A 15. The addr ess bus is
unidirectional: bits flow in one direction — from the MPU to peripheral devices.
e The MPU uses the address bus to performthe  first function : identifying a peripheral or a
memory locations.
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In a computer system, each peripheral or memory location is identified by a binary number,
called an address, and the address bus is used to carry a 16-bitaddress.

The number of address lines of the MPU determines its capacity to identify different memory
locations (or peripherals).

The 8085 MPU with i ts 16 address lines is capable of addressin g 2'® = 65,536 (generally
known as 64K) memory locations. (1K = 1024).

Data Bus:

The data bus is a g roup of eight lines used for data flow. These lines are bidirectional data
flow in both directional between the MPU and memory and peripheral devices.

The MPU uses the data bus to perform the second function i.e. transferring data

The eight data lines enable the MPU to manipulate 8-bit data ranging from 00 to FF.

The largest number that can appearon the databus is 11111111.

The 8085 is also known as 8-bit microprocessor.

Microprocessor such as the Intel 8086, Zilog Z80 and Motorola 68000 have 16 data lines thus
they are known as 16-bit microprocessor and th e Intel 80386/486 have 32 data lines thus the y
are called as 32-bit microprocessor.

Control Bus:

The controlbus is comprised of various lines that carry synchronization signals.

The MPU uses such lines to perform the third function: providing timing signals.

The MPU generates specific control signals for every operation (such as Memory Read or I/O
Write) it performs.

Control signals are used to identify a device type with the MPU intends to communicate.

To communicate with a memory — For example: To read an instruction from a me mory
location — the MPU places the 16-hit address on the address bus.

TYPES OF TRANSMISSON AND OTHER RELATED TERMS

.

A transmission format i s concerned with issues such as s ynchronization, direction of d ata

flow, speed errors, and medium of transmissi on (telephone lines for example). These topics
are described briefly below.

Serial communication occurs either in Synchronous orasynchronous format.

In the synchronous format, a receiver and a tr ansmitter are synchronized; a block of
characters is transmitted along with the synchronization information. This format is generally
used for high speed transmission (more than 20K bits/second).

The asynchronous format is character-oriented.

Each character carriers the information of the start and the stop bits.

When no data are being transmitted, a receiver stays high at logic 1, called mark; logic 0 is
called space.

Transmission begins with the one START bit.

In the transmission of el even bits for an AS CIl character in the as ynchronous format, there
will be one START bit, eight characterbits and two STOP bits.

The Asynchronous format is gener ally used in law speed transmission (less than 20 K
bits/second).

Simplex and Duplex Transmission:
Serial Communication is classified on the direction and simultaneous flow of data.
Simplex Transmission: Data is transmitted only in one direction.
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Duplex Transmission: Data flows in both directions.

However if the transmission goes oneway at a time it is called half duplex; however if it g oes both
ways simultaneously it is called full duplex.

Parity check:

During transmission, data bit may change (e.g. because of noise) and a wrong character may
be received by a receiver. The MSB bit in the ASCII code can be to check an error; this
process is called parity check.

To check the Parity, the transmitter simply counts whether the number of 1s in a character is
odd or even, and transmits that information to the receiveras the MSBbit.

The receiver checks the MSB bit and the number of 1s in the received character, if there is an
error, the receiversend backan error message to the transmitter.

The parity check can be either odd or even, depending on the system.

When the number of 1s is odd then the systemhas odd parity.

When the number of 1s is even then the systemhas even parity.

The parity check cannot detect multiple errors in a given character.

The 8085/8080A microprocessor sets a parit y flag when the number of 1s in the accumulator
is even. This flag can be used for the parity checkin the 8085/8080A system.

Baud:

The rate at which the bits are transmitted in bits/second is called abaud in serial I/O.
Technically it is defined as the number of signal changes/second.

Each equipment has its own baud rate.

Forexample, a teletype generally runs on 110 baud.

COMMUNICATION DEVICE (MODEM)

A Modem (Modulator/Demodulator) is a ci rcuit that translates dig ital data into audio tone
frequencies for transmission over telephone and converts audio frequencies into digital data
for reception.

The modulation technique generally used is called frequency shift keying (FSK); it converts
logic 1 (MARK) and logic O (SPACE)in to audiotones around 1200 and 2200 Hz
frequencies.

Computers can exchange information over tele phone lines by using two modems — one on
each side.

A calling computer (or a terminal) contacts a receiving computerthrough atelephone
number, and a communication link is established after control signals have been ex changed
between computers and modems.

A typical process ofcommunication is explained as:

First a parallel word is converted into serial bits; is turn they generate two audio frequencies
according to logic 0 or 1 and these audio frequencies are transmitted overtelephone lines.

At the receiving end, audio frequencies are converted back into Os and 1s, and the serial bits
are converted into a parallel word that can be read by the receiving computer.
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Chapter - 3
B1OS (Basic Input Output System)

Objective of Learning
= BIOS and its function
= Different types of BIOS on Motherboard
= Configuring Phoenix & AMI BIOS functions
= Resetting BIOS configuration
= BIOS beep error codes

BIOS are short for Basic Input Output System. The BIOS is actually software that is stored in a ROM
(Read Only Memory) chip on your motherboard. Most systems today use a Flash EPROM (Erasable
Programmable ROM) so that t he user can update them. The BI OS is responsible for controlling or
managing the POST (Power on Self Test), the boot process, and the interaction of components on the
motherboard. These are all low-level processes that the BIOS are responsible for, but still extremely
important to your system. The BIOS Program is always located in a special reserved memory area.
The 64 K of the first M B of System Memory (RAM)—(Address fromF000h to FFFFh). When we
turn on Computer S ystem, BIOS initializes all the Hardware connected to the system. Oneoft he
most common uses of F lash memory is forthe basic input/output system of your computer,
commonly known as the BIOS (pronounced "bye-ose").Onvirtuall y every computer available, t he
BIOS makes sure all the otherchips, hard drives, ports and CPU function together. '
Every desktopandla ptop computer inco mmon usetoda y contains a
microprocessor as its central processing unit. The microprocessoris the hardware
component. To get its work done, the microprocessor executes a set of instructions
known as so ftware you are probably very familiar with two diff erent types of
software:

- Operating system - The operating system provides a set of services for the applications running on
your computer, and it also provides the fundamental user interface for your computer. Windows 98
and Linux are examples of operating systems.

- Applications - Applications are pieces of software thatare programmed to perform specific tasks. On
your computer right now you probably have a browserapplication, a word processing application, an
e-mail application and so on. You can also buy new applications and install them.

What BIOS Does
The BIOS software has a number of different roles, but its most important role is to load the operating
system. When you turn on your computer and the microprocessor tries to execute its first instruction,
it has to get that instruction from somewhere. It cannot get it from the op erating system because the
operating systemis loc ated on a hard disk, and the microprocessor cannot get to it without some
instructions that tell it how. The BIOS provides those instructions. Some of th e other common tasks
that the BIOS perform include:

- A power-on self-test (POST) for all of the differe nthardware components in thesystemto make sure
everything is working properly

- Activating other BIOS chipson different cards installed in the computer - For example, SCSI and
graphics cards often have their own BIOS chips.

- Providing a setof low-level routines that the operating system uses to
interface to different hardware devices - It is these routines that give the
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BIOS its name. They manage things like the keyboard, the screen, and the se rial and parallel por ts,
especially when the computeris booting.
- Managing acollection of settings for the hard disks, clock, etc.

BIOS use Flash memory, type of ROM.
The BIOS is special software that interfaces the major hardware components of your computerwith the
operating system. It is usually stored on a Flash memory chip on the motherboard, butsometimes the
chip is anothertype of ROM.
Whenyou turn on your computer, the BIOS do severalthings. This is its usualsequence:
Check the CMOS Setup for customsettings
Load the interrupt handlers and device drivers
Initialize registers and power management
Perform the power-on self-test (POST)
Display systemsettings
Determine which devices are bootable
Initiate the bootstrap sequence

~N o OB W

The first thing the BIOS do is ch eck the information stored in a tiny (64 bytes) amount of RAM
located on a complementary metal oxide semiconductor (CMQOS) chip. The CMOS Setup provides
detailed information particular to your system and can be altered as your system changes. The BIOS
uses this information to modify or supplement its default program ming as needed.

Interrupt handlers are small pieces of soft ware that act as t ranslators between the hardware
components and the operating system. For example, when you press a key on your keyboard, the
signal is sent to the keyboard interrupt handler, which tells the CPUwhat it is and passes it on to the
operating system.

Device drivers are other pieces of software that identify the base hardware components such as
keyboard, mouse, hard drive and floppy drive. Since the BIOS are constantly intercepting signals to
and from the hardware, it is usually copied, or shadowed, into RAM to run faster.

Booting the Computer

Wheneveryou turn on your computer, the first thing you see is the BIOS software doing its thing. On
many machines, the BIOS displays text describing things like the amount of memory installed in your
computer, the type of hard diskand so on. It turns out that, during this boot sequence, the BIOS are
doing a remarkable amount of work to get your computer ready to run. This section briefly describes
some of those activities for a typical PC.

After checking the CMOS Setup and loading the interrupt handlers, the BIOS determine whether the
video card is operational. Most video cards have a miniature BIOS of their own that initializes the
memory and graphics processor on the card. If they do not, there is usual y video driver information
on another ROM on the motherboard that the BIOS can load.

Next, the BIOS checks to see if this is a cold boot or a reboot. It does this by checking the value at
memory address 0000:0472. A value of 1234h indicates a reboot, and the BIOS skip the r est of
POST. Anything else is considered a cold boot.

If it is a cold boot, the BIOS verify RAM by performing a read/write test of each memory address. It
checks the PS/2 ports or USB ports for a keyboard and a mouse. It looks for a peripheral component
interconnects (PCI) bus and, if it finds one, checks a Il the PCI cards. If the BIOS find any errors
during the POST, it will notify you by a series of beeps or a text message displayed on the screen. An
error at this pointis almost always a hardware problem.
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The BIOS then displays some details about yoursystem. This typically includes information about:

. The processor

. The floppy drive and hard drive

. Memory Non-System disk or disk error

° BIOS revision and date Replace and strike any key when ready
. Display -

This is the message you receive if a disk is in the drive when you restart yourcomputer.

Any special drivers, such as the ones for small computer systeminterface (SCSI) adapters, are loaded
from the adapter and the BIOS displays the information. The BIOS then looks at the sequence of
storage devices identified as boot devices in the CMOS Setup. "Boot" is short for "bootstrap,” as in
the old phrase, "L ift yourself up by your bootstraps.” Boot refers to the p rocess of launching the
operating system. The BIOS will try to initiate the boot sequence fromthe first device. If the BIOSdo
not find a device, it will try the next device in the list. If it does not find the proper files on a device,
the startup process will halt. If you have ever left a disk when you restarted your computer, you have
probably seen this message.

The BIOS has tried to boot the computer off of the disk left in th e drive. Since it did not find the
correct system files, it could not continue. Of course, this is an easy fix Simply pop out the disk and
press a key to continue.

Configuring BIOS
In the previous list, you saw that the BIOS check the CMOS Setup for customsettings. Here's what
you do to c hange those settings. To enter the CMOS Setup, you must press a certain key or
combination of keys during the initial startup sequence. Most systems use "Esc,” "Del," "F1," "F2,"
"Ctrl-Esc" or "Ctrl-Alt-Esc" to enter setup. There is usually a line of text at the bottom of the display
that tells you "Press __ to Enter Setup."
Once you have entered setup, you will see a set of text screens with a number of options. Some o f
these are standard, while others vary according to the BIOS manufacturer. Common options include:

- System Time/Date - Set the systemtime and date.

- Boot Sequence - The order that BIOS will try to load the operating system.

- Plug and Play - A standard forauto-detecting connected devices; should be setto "Yes" if your
computer and operating systemboth support it.

- Mouse/Keyboard - "Enable Num Lock," "Enable the Keyboard," "Auto-Detect Mouse".

- Driw Configuration - Configure hard drives, CD-ROM
and floppy drives.

- Memory - Direct the BIOS to shadowto a specific memory ==
address. i ]
- Security - Set a password for accessing the computer. l'v;,.‘w.,.uu. Wt Ml
- Power Management - Select whether to use power ‘ 1872 e It etect] omietin wntm
management, as well as setthe amount of time for standby ftndard aplications Moa) ;?,ruam;;gg.
and suspend. * Wockra Ser ol Nesber Dlsabled) Lirtot S|
- Exit - Save yourchanges, discard your changes orrestore B v P it diedias’
default settings it s,
Be very careful when making changes to setup. Incorrect BREEEECLC BRRE
settings may keep your computer from booting. When you , it oy BosaPipat -‘.';{:;"
are finished with your changes, you should choose" Save Jji

Changes” and exit. The BIOS will the n restart your [ SR EEREAT IR IET

L L0 ey

62



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

computer so that the new settings take effect.

The BIOS uses CMOS technology to save any changes made to the co mputer's settings. With this
technology, a small lithium or Ni-Cad battery can supply enough power to keep the datafor years.
In fact, some of the newer chips have a 10-year, tiny lithium battery built rightinto the CMOS chip.

Updating Your BIOS

Occasionally, a computer will ne ed to h ave its BIOS updated. This is especially true of older
machines. As new devices and standards arise, the BIOS needs to change in order to understand the
new hardware. Since the BIOS are stored in some form of R OM, changing it is a bit harderthan
upgrading most othertypes of software.

To change the BIOS itself, you'll probably need a special program from the computer or B 10S
manufacturer. Look at the BIOS revision and date information displa yed on system startup or check
with your computer manufacturer to find out w hat type of BIOS you have. Then go to the BIOS
manufacturer's Web site to see if an upgrade is a vailable. Download the upgrade and the utility
program needed to install it. Some times the utility and update are combined in a single file to
download. Copy the program, along with the BIOS update, onto a floppy disk. Restart your computer
with the floppy disk in the drive, and the progra m erases the old BIOS and writes the new one. You
can find a BIOS Wizard that will check your BIOS at BIOS Upgrades.

Flashing the BIOS

In modern PCs the BIOS is stored in rewritable memory, allowing the contents to be repl aced or

‘rewritten’. This rewriting of the contents is some times termed flashing. This is done b y a special
program, usually provided by the system's manufacturer. A file containing such contents is sometimes
termed 'a BIOS image'. BIOS might be reflashed in order to upgrade to a newer version to fix bugs or
provide improved per formance or to support ne wer hardware, or a reflashing operation might be
needed to fix a damaged BIOS. A Bios may also be "flashed™ by putting the file on the root of a USB
drive and

EEPROM chips are advantageous because they can be easily updated by the user; hardware
manufacturers frequently issue BIOS updates to upgrade their products, improve compatibility and
remove bugs. However, this advantage had the risk that an improperl y executed or aborted BIOS
update could render the computer or device unusable. To avoid these situations, more recent BIOSes
use a "boot block”; a portion of the BIOS which runs first and must be updated separately. This code
verifies if the rest of the BIOS is intact (using hash checksums or other methods) before transferring
control to it. If the boot block detects any corruption in the main BIOS, it will typically warn the user
that a recovery process must be initiated by booting fromremovable media (floppy, CD or USB
memory) so the use r can try flashing the BIOS again. Some motherb oards have ba ckup BIOS
(sometimes referred to as Dual BIOS boards)to recoverfrom BIOS corruptions.

Major BIOS manufacturers include:
. American Megatrends Inc. (AMI)

. Phoenix Technologies
. ALi
. Win bond

As with changes to the CMOS Setup, be car eful when upgrading your BIOS. Make sure you are
upgrading to a ve rsion that is compatible with your computer system. Otherwise, you could co rrupt
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the BIOS, which means you won't be able to b oot your computer. If in doubt, check with your
computer manufacturer to be sure you need to upgrade.

The BIOS software is built int o the PC, and is the first coderun b y a PCwhen powered on (‘boot
firmware’). The primary function of the BIOS is to load and start an operating system. When the PC
starts up, the first job for the BIOS is to initia lize and identify system devices suchas t he video
display card, keyboard and mouse, hard disk, C D/DVD drive and other hardware. The BIOS then
locates software held on a peripheral device (designated as a '‘boot device"), such as a hard diskor a
CD, andloads and executes that software, giving it control of the PC. This process is known as

booting, orbooting up, which is short for bootstrapping.

BIOS software is stored on a non-volatile ROM chip built into the system on the mother board. The
BIOS software is spec ifically designed to work with the  particular type of system in question,
including having knowledge of the workings of various devices that m ake up the complementary
chipset of the system. In modern computer systems, the BIOS chip's contents can be rewritten
allowing BIOS software to be upgraded.

Prior to the early 1990s, BIOSes were stored in ROM or PROM chips, which could not be altered by
users. Asits c omplexity and need for updates grew, and re-programmable parts became more

available, BIOS firmware was most commonly storedon EEPROM o r flash memory devices
According to Robert Braver, the president of the BIOS manufacturer Micro Firmware, Flash BIOS
chips became common around 1995 because the electrically erasable PROM (EEPROM) chips are
cheaper and easier to programthan standard erasable PROM (EPROM) chips. EPROM chips may be
erased by prolonged exposure to ultraviolet light, which accessedthe chip via the window. Chip

manufacturers use EPROM programmers (blasters) to program EPROM chips. Electrically erasable
(EEPROM) chips allow BIOS reprogramming using higher-than-normal voltage. BIOS versions are
upgraded to take advantage of newer versions of hardware and to cor rect bugs in previous revisions
of BIOSes.

How is the Phoenix BIOS different?

. Arrow keys are used to navigate.

. Plus and minus keys are used to change values.
. Users must save values before exiting.

Navigation information

The Phoenix BIOS is a very intuitive BIOS setup and is fairly easy to navigate. To navi gate the
Phoenix BIOS, the user uses the up and down arrowkeys to navigate the currentscreen they are on. If
the user wishes to change menus, pressing the right or left arrow keys will switch between each of the
available menus. e —————

Once an item is selected that the user wishes to W M T EGG oot _bxit

Item Specific Help

4S4EB2X0.10A

change, a user can either press the Enterkey or the +

or - key to change between the available options. Pfﬂ;'fmm e
Below are example illustrations of the Phoenix BIOS e Serial Numbe feature
setup screens.As ¢ an bese en fromthe be low v e et
pictures, this B 10S is broken up into seve ral A S b

different menus. In the below illustration of the Main
menu portionof the BIOS, a user can see the
computer specifications as well as easily change the
time, date, and others ystem specific settings. The
Advanced menu, as shown below, is most likely the

Help Select ltem Change Values Setup Defaults

64 Exit Select Menu Select » Sub-Menu Save and Exit

[11:54:02]
[12/12/2002]
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section of the BIOS the user is most likely going to be entering to change their settings. As can be
seen, this menu is broken down into an additional sixmore sub-menus that enable the userto change
settings for each of the different categories. To the right of the illustration is a briefdescription of
what is found in each of these categories. Computer Manufacturer Model Setup

The security section enables the userto set Advanced [

BIOS passwords onthecomp uter. In this
case, the user can set a user password, which

Item Specific Help

SC“[I]L_’ items on this menu to incorrect \'illlICS

WI" Cause a password prompt eaCh tlme the may cause your system to malfunction, Select 'Yes' if"“u.
computer boots or set a setup password that Seusiag 8 Plag &
. . ay capable
will prompt for a password each time [Ves ) operating system.
someone enters the BIOS Setup. If a usersets Reset Configuration Data [No] Select No'if
Select 'No' 1f you
a BIOS password and forgets that pa_lssword, ook - need the BIOS to
he or she must clear the CMOS or jump the configure non-boot
BIOS jumper on the motherboard. P Peripheral Configuration devices

P IDE Configuration

- - - P Diskette Options
Perlpheral Conflguratlon P]).I\Htl-_:’ﬂn[ T:‘:umu

The Peripheral Configuration section ofth e P Video Configuration
BIOS enables the userto setup and change | *Resource Configuration
the settings for the computer's Serial Ports
and Parallel ports as well as enable or
disable Legacy USB Support.

Help Select ltem Change Values Setup Defaults
IDE Configuration — Select Menu Select » Sub-Menu Save and Exit

The IDE configuration allows a userto define or change any values relating to IDE devices connected
to the computer. This includes you hard diskdrive, CD-ROM drives and any other IDE drives.

Diskette Options
The Diskette Options enables the userto enable, disable,and change settings relating to the diskette
drive connected to the computer.

DMI Bent Logging
The DMI Event Logging enables a userto view the DMI event log, clear the log and enable or disable

Set Setup Password  [Enter]

this feature. Computer Manufacturer Model Setup

Tty
VIdeO Conflguratlon_ i User Password ls: Not Installed fiem Spectfic Help
The Video Configuration allows the userto set settings | Setu Password s Nat Installed Uscx Paaswend conteols
related to the video including the Palette Snooping, linicr ST

AGP Aperture Size, and the default adapter.

User Setup Access: [Full Access]

in place of a new
password,

Resource Configuration
The Resource Configuration enables a userto reserve
or make available any memory or IRQ resources.

Power menu, enables a user to enable and disable the
power management options on the computer. Because
this section really has no more than disabling and

Help Select ltem Change Values Setup Defaults
Exit Select Menu Select » Sub-Menu Save and Exit
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enabling power management and the hardware with power management features.

The next and final sect ion in this example of the PhoenixBI OS is the Boot menu;this section
enables a user to setup how the computerand its peripherals should load during the boot process. As
seen below, users can d efine the bootsequence of bootable devices. This sectionis important for
when the user wishes to boot froma floppy diskette or CD-ROM. In addition to the available options
in this menu, there are three sub-menus that ena ble a userto selectfrom a listing of available hard
drives or other removable devices.

POST

The computer power-on self-test (POST) tests the computer to make sure it me ets the necessary
system requirements and that all hardware is working properly before starting the remainder of the
boot process. If the co mputer passes the POST the computerwillhaveasing le beep (with some
computer BIOS manufacturers it may beep twice) as the computer starts and t he computer will
continue to start normally. However, if the computer fails the POST, the computer will either not
beep at all or will generate a beep code, which tells the userthe source of the problem.

If you're receiving an irregular POST or a beep code not me ntioned below follow the POST
troubleshooting steps to determine the failing hardware component.

Computer POST / beep codes
Below are the BIOS Beep codes that can occur. However, because of the wide variety of different
computer manufacturers with these BIOS, the beep codes may vary.

Beep Code Descriptions

1 short DRAM refresh failure

2 short Parity circuit failure

3 short Base 64K RAM failure

4 short Systemtimer failure

5 short Process failure

6 short Keyboard controller Gate A20 error

7 short Virtual mode exception error

8 short Display memory Read/Write test failure

9 short ROM BIOS checksumfailure

10 shont CMOS shutdown Read/Write error

11 short Cache Memory error

1 long, 3 short Conventional/Extended memory failure

1long, 8 short Display/Retrace testfailed

1 long, 2 short Indicates avideo error has occurred and the BIOS cannot
initialize the video screento display any additionalinformation

Any otherbeep(s) RAM problem.

Beep Code Description

No Beeps No Power, Loose Card, or Short.

1 Short Beep Normal POST, computeris ok.

2 Short Beep POST error, review screen for error code.

Continuous Beep No Power, Loose Card, or Short.

Repeating Short Beep No Power, Loose Card, or Short.

One Long and one Short Beep Motherboard issue.
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One Long and Two Short Beeps Video (Mono/CGA Display Circuitry) issue.
One Long and Three Short Beeps. | Video (EGA) Display Circuitry.

Three Long Beeps Keyboard / Keyboard card error.
One Beep, Blank or Incorrect Video Display Circuitry.
Display

Resetting the BIOS

Why would you need to reset the BIOS?

- You forgotyourBIOS password.

- You are having trouble booting into your OS, dueto BIOS corruption.

These are a couple of reasons that could warrant a BIOS reset,
you may have your own reasons. Moving forward, BIOS reset &
can happenin two ways:

1. Reset through Jumpers

2. Remove CMOS battery.

(Note: You willnee d to open your computer case in both
instances and should have your computer turned off.)

Reset via Jumpers

You canreset your BIOS by finding the 3 pin connection
associated with the CMOS and moving the jumpe r from the
current location to the neighboring location, soas toshor t the : .
CMOS circuit. The three pin connection should be located directly above the CMOS battery which is
a round button cell batte ry on the motherboard. Once the jumper is securely on pins 1&2, turn your
computer on for about a minute. (Your system will not POST) Now you can shut down your system,
place the jumper back on pins 2&3 and your B 10S should be reset.

Reset via Battery

This is an equal ly effective solution. In this insta nce we are going to reset the CMOS me mory by
removing the charge (or the battery). The battery clip is a little tricky so you might need a small flat
head screwdriver to gently pry the battery from its case. Once the battery is out of its holding, you
will need to press and hold the power button on your computer for about 30 seconds. This will drain
the charge from the chip and the factory defaults will be restored. Put your battery back in and fire up
your computerto see the changes.
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Chapter - 4
Partition & Formatting of disk

Objective of learning
= Introduction to Partition & Formatting
= Different types of partitions
= File systemand its types
= Features of different file system
= Performing partition and formatting in windows xp

In a computer, a partition is a logical division of a hard disk created so that you can have different
operating systems on the same hard disk or to create the appearance of having separate hard drives for file
management, multiple users, or other purposes. A pa tition is created when you format the hard disk.
Typically, a one-partition hard disk is la belled the "C:" drive ("A:" and "B:" are typically reserved for
diskette drives).A two-partition hard drive would typically contain "C:" and "D:" drives. (CD-ROM drives
typically are assigned the last letter in whateversequence of letters have been used as a result of hard disk
formatting, or typically with a two-patition, the "E:" drive.). When you partition a hard drive, you make it
available to an operating system. Multiple partitions on a single hard drive appearas separate drives to the
operating system.

For example, when you install an operating systemlike Windows XP, part of the process is to define a
partition on the hard driv e. This partition serves to definean are a of the hard drive that Windows XP can
use toinstall all of its files. In Windows operating systems, this primary partition is usually assigned the
drive letter of "C" Also Known As: disk partition.

Types of hard drive partitions

1. Primary Partition isa partition thatis need ed tostore and bootan operating system, though
applications and user data can reside there as well, and what’s more, you can have a primary partition
without any operating system on it. There can be up to a maximum of four primary partitions on a
single hard disk, with only one of themset as active (see “Active partition”).

2. Actiwe (boot) partition is a primary partition that has an operating systeminstalled on it. It is used for
booting your machine. If you have a single primary partition, it is regarded as active. If you have more
than one primary partition, only one of themis marked active (in a given PC session).

3. Extended partition can be sub-divided into lo gical drives and is viewed as a container for logical
drives, where data proper is located. An extended partition is not formatted or assigned a drive letter.
The extended partition is used only for creating a desired number of logical partitions.

4. Logical drive is created within an extended partition. A logical partition is a way to extend the initial
limitation of four partitions. An e xtended partition can contain up to 24 logical partitions (you’re
limited by the number of drive letters and the amount of hard drive space available for creating drives;
of course, it’s senseless to use 24 partitions on asystem in most cases,becauseitwillbead ata
organization nightmare). Logical partitions are used for storing data mainly, they can be formatted and
assigned drive letters; their details are listed in the extended partition’s table - EMBR (Extended
Master Boot Record).
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How to partition and format the hard disk using the Windows XP Setup program
You can use the Windows XP Se tup program to partition and format the hard disk. To do th is, use the
following steps:

Step 1: Partition the hard disk
a. Insert the Windows XP CD into your CD or DVD drive, or insert the first Windows XP Setup disk
into the flopp y disk drive, and thenresta rt the computerto startthe W indows XP Setup pro gram.

Note If you are using the Windows XP Setup di sks, insert each addition al disk when you are prompted,
and then press ENTER to continue after you insert each disk.

b. If you are prompted, select any options that are required to start the computer from the CD or DVD
drive.
C. If your hard disk controller requires a third-pa rty original equipment manufacturer (OEM) driver,

press F6 to specify the driver. For more inform ation about how to use F 6 to supply a third-party OEM
device driver while the Windows Setup programis running, click the following article number to view the
article in the Microsoft Knowledge Base: Limited OEM driver suppo rt is available with F 6 during
Windows XP Setup.

d. At the Welcome to Setup page, press ENTER.

Note If you are using the Setup disks (si x bootable disks), the setup prompts you to insertthe W indows
XP CD.

. Press F8 to accept the Windows XP Licensing Agreement.

f. If an existing Windows XP installation is detec ted, you are prompted to repair it. To b ypass the
repair, press ESC.

g. All existing partitions a nd non-partitioned spaces are listed foreach physical hard disk.Uset he
ARROW keys to select an existing partition, or create a new partition by selecting the non-partitioned
space where you want to create a new partition. You can also press C to create a new partition using
non-partitioned space.

Note If you want to create a partition where one or more partitions already exist, you must first delete
the existing partition or partitions, and then create the new partition. You can press D to delete an
existing partition, and then press L (or press ENTER, and then press L if it is the Systempartition) to
confirmthat you want to delete the partition. Repeat this step for each existing partition that you want
to include in th e new partition. When all the partitions are deleted, select the remaining non-
partitioned space, and then press C to create the new partition.

h.  To create the partition with the maximum size, press ENTER. To specify the partition size, type the
size in megabytes (MB) for the new partition, and then press ENTER.

i. If you wantto create additional partitions, repeat steps g. and h.

j. To format the partition and installWindows XP, go to step 2.

Formatting

In order for storage media, suchas aha rd drive, to be reco gnized by your computer, it needs to be

formatted. Formatting a disk involves testing the disk and writing a new directory structure,or "a ddress

table," onto the disk. If youwould like to erase or initialize a hard drive, you can use a disk utility program
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to reformat it. This will create a blank, empty disk for storing your files. While the disk appears to be
empty, most of the files on the disk are actually untouched by the formatting process. When you format a
disk, it creates a new address table, making the entire disk available for writing. However, the files are
still on the disk - they just don't show up since are no longer part of the director y structure. So if you
accidentally format a disk (which is pretty hard to do), you can still retrieve most of your files using an
advanced disk utility such as Norton Disk Doctor or Disk Warrior etc.

The term "format™ can also be used to describe the layout or style of text in a text document. When you
format the la yout, you choose the page margins and the line spacing. When you format the text, you
choose the font, the size, and the styles, such as bold, italic, and underlined. If you do not want to install
Windows XP, press F3 two times to exit the Windows Setup program.

File System:

The method for storing and retrieving files on a disk. It is systemsoftware that takes commands from the
Operating system to read and write the disk cluste rs (groups of secto rs). The file s ystem manages a
folder/directory structure, which provides an index to the files, and it defines the Syntax used to access
them (howthe "path" to the file is coded). File systems dictate how files are named as well as the
maximum size of a fi le or volume. There are numerous file systems in use; for example, FAT32 and
NTFS is Windows file Systems and HFS is used on Macs. Linux uses ext2, ext3and F AT32. UNIX
systems use UFS, Ext2, ext3 and ZFS.

FAT32

The 32-bit version of the FAT file system. In wide use on PCs that run Windows 95/98, FAT32 Was
Introduced with the OEM Service Release 2 (OSR2) version of Windows 95 in 1996. It supports larger
disk Partitions and file sizes and has more safeguards than the earlier FAT (FAT16). In the event of disk
failure, FAT32 can r elocate the root director y on the diskand use the backup copy ofthe F AT table.
FAT32 also reduced clusterwaste. Starting with Windows NT, FAT32 was superseded by NTFS.

Driwe Size Default FAT16 Cluster Size Default FAT32 Cluster Size
260 MB-511 MB 8 KB Not supported

512 MB-1,023 MB 16 KB 4 KB
1,024 MB-2 GB 32 KB 4 KB
2 GB-8 GB Not supported 4 KB
8 GB-16 GB Not supported 8 KB
16 GB-32 GB Not supported 16 KB
> 32 GB Not supported 32 KB

There are additional differences between FAT32 and FAT16:

FAT32 allows finer allocation granularity (approximately 4 million allocation units per Volume).
FAT32 allows the root directory to grow (FAT16 holds a maximum of 512 entries and the limit can be
even lower dueto the use of long file names in the root folder).

Advantages of FAT16
a.  MS-DOS, Windows 95, Windows 98, Windows NT, Windows 2000, and some UNIX Operating
systems can use it.
b. There are many tools available to address problems and recover data.
¢. If youhavea startup failure, you can start the computer with an MS-DOS bootable floppy disk.
70



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

d.

It is efficient, both in speed and storage, on volumes smaller than 256 MB.

Disadvantages of FAT16

a.

b.

o ao

The root folder can manage a maximum of 512 entries. The use oflong file names can
significantly reduce the number of available entries.

FATI16 is limited to 65,536 clusters, but because certain clusters are reserved, it has a practical Limit
of 65,524. Each clusteris fi xed in si ze relative tothe log ical drive. If both the max imum
number of clusters and their maximum size (32 KB) are reached, the largestdrive is limited to 4
GB onW indows 2000. To maintain compatibility with MS-DOS, Windows 95, and Windows 98,
a FAT16 volume should not be larger than 2 GB.

The boot sectoris not backed up.

There is no built-in file systemsecurity or file compression with FAT16.

FAT16 can waste file storage space in larger drives as the size of the clusterincreases.

The space allocated for storing a file is based on the size of the cluster allocation granularity, not
thefile size. A 10-KB file stored in a 32-KB clusterwastes 22 KB of disk space.

Advantages of FAT32

a.

FAT32 allocates disk space much more efficiently than previous versions of FAT. Dependi ng on
the size of yourfiles, there is a potential for tens and even hundreds of megabytes more free disk
space on larger hard disk drives. In addition, FAT32 provides the following enhancements:

The root folder on a FAT32 drive is now an ordinary clusterchain, so it can be located Anywhere
On the volume. For this reason, FAT32 does not restrict the number of entries in the root folder.

It uses space more efficiently than FAT16. FAT32 uses smaller clusters (4 KB for drives up to 8
GB), resulting in 10 to 15 percent more efficient use of disk space relative to large FAT16 drives.
FAT32 also reduces the resources necessary forthe computerto operate.

FAT32 is more robust than FAT16. FAT32 has the ability to relocate the root directory and use the
Backup copy of the FAT instead of the default copy. In addition, the boot record on FAT32drives
has been expanded to include a backup of critical data structures. This means that FAT32 volumes
are less susceptible to a single point of failure than FAT16 volumes.

Disadvantages of FAT32

a
b.

c.
d.

The largest FAT32 volume Windows 2000 can format is limited in size to 32 GB.

FAT32 volumes are not accessible from any otheroperating systems otherthan Windows 95
OSR2 and Windows 98.

The bootsectoris not backed up.

There is no built-in file systemsecurity orcompression with FAT32.

NTFS (New Technology File System)

An optional file s ystem for W indows NT, 2000, XP and Vista. NTFS is the more advanc ed file system,
compared to FAT32. It improves performance and is required in order to imple ment numerous securit y
and administrative features in the OS. For example, NTFS supports Active Directory domain names and
provides file encryption. Permissions can be setat the file level rather than by folder, and individual users

Can be assigned diskspace quotas. NTFS is designed to log activity and recover on the fly from hard disk

Crashes. It also supports the Unicode character set and allows file names up to 255 characters in length.
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Difference between FAT and NTFS

FAT

1) Fat stands forFile Allocation Table

2) There are two categories in Fat File System
I) Fat16

I1) Fat32

3) In Fat up To Folder Level Security is available
4) Compression Option is notavailable

5) Encryption Option is notavailable

6) Disk Quota Option is not available

7) FAT Supported By All of the Microsoft Based Operating System

NTFS

1) NTFS stands for New Technology File System
2) There are three categories in NTFS file System
I) NTFS 4.0 - NT O/S

I) NTFS 5.0 - 2000 O/S

1) NTFS 6.0 - 20030/S

3) In NTFS Up-to File Level Security is available
4) Compression Option is available

5) Encryption Option is available

6) Disk Quota Option is Available

7) NTFS Supported By only Limited Microsoft Based Operating System

Step 2: Format the hard disk and install Windows XP
a. Use the ARROW keys to select the partition where you want to install Windows XP, and then press
ENTER.
b. Select the format option that you wantto use to format the partition. You can select from the
following options:
Format the partition by using the NTFS file system (Quick)
Format the partition by using the FAT file system(Quick)
Format the partition by using the NTFS file system
Format the partition by using the FAT file system
Leave the current file systemintact (no changes)

® 00 o

Notes:

f. If the selected partition is a new partition, the op tion to leave the current file systemintact

is not available.

g. If the selected partition is larger than 32 gigabytes (GB), the FAT file system option is not

available.

h. If the selected partition is larger than 2 GB, the Windows Setup programuses the FAT32

file system(you mustpress ENTER to confirm).

i. If the partition is smaller than 2 GB , the Windows Setup program uses the F AT16 file

system.

j. If you deleted and created a new System partition, but you are installing Windows XP on a
different partition, you are prompted to select a file systemfor both the Systemand Startup

partitions.

c. Press ENTER.
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d. After the Windows Setup program formats the partition, follow the instructions that appear on the
screen to install W indows XP. Aft er the Windows Setup pro gram is finished and you have
restarted the computer, you can use the Disk Management tools in Windows XP to create or format
more partitions. For additional information about how to use the Windows XP Disk Management
tools to partition and format your hard disk.
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Chapter - 5
Operating System

Objective of learning
= Introduction to OS and it architecture
= Basics function of an OS
=  Minimum hardware requirements for installing window 7
= Performing Windows 7 installation & windows activation
= Installing software application

An operating system (OS) is software, consisting of programs and data, that runs on computers and
manages computer hardware resources and pro vides common services for efficient execution of
various application software.

For hardware functions such as inputand output and memory allocation, the operating systemacts as
an intermediary between application programs and the computer hardware, although the application
code is usually executed directly by the hardware and will frequently call the OS or be interrupted by
it. Operating systems are found on almost any device that contains a compute—from cellular phones
and video game consoles to supercomputers and web servers.

Examples of popular modern oper ating systems for personal computers are (in alphabetical order):
GNU/Linux, MacOS X, Microsoft Windows and UNIX.

Types of Operating Systems

1. Real-time Operating System: It is a multita sking operating system that aims at executing
real-time applications. Real-time operating systems often use specialized scheduling
algorithms so that they can achieve a deterministic nature of behavior. The main object of
real-time operating systems is their quick and predictable response to events. They either have
an event-driven or at ime-sharing design. An event-driven system switches between tasks
based on their priorities while time-sharing operating systems switch tasks based on clock
interrupts.

2. Multi-user and Single-user Operating Systems: The operating systems of this type allow a
multiple userstoaccessacomputers  ystem concurrently. Time-sharing system can be
classified as multi-user sy stems as the y enable a multiple useraccess toacomputerthroug h
the sharing of time. Si ngle-user operating systems, as oppos ed to a multi-user operating
system, are usableby a single user ata time. Being able tohave multiple accountson a
Windows operating s ystemdoes not make it a multi-user system. Rather, only the networ k
administrator is the real user. But for a Unix-like operating system,it is possible for two users
to login ata time and this capability of the OS makes it a multi-user operating system.

3. Multi-tasking and Single-tasking Operating Systems: When a single program is allowed to
run at a time, thesystemis grouped undera single-tasking system, while in case the operating
systemallows the execution of multiple tasks at one time, it is c lassified as a multi-tasking
operating system. Multi-tasking can be of two types namely, pre-emptive or co-operative. In
pre-emptive multitasking, the operating systemslices the CPU time and dedicates one slot to
each of the pro grams. Unix-like operating systems suchas S olaris and Linux support pre-
emptive multitasking. Cooperative multitasking is achieved by relying on each process to give
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time tothe otherprocess es in a defined m anner. MS Windows prior to Windows 95 used to
support cooperative multitasking.

4. Distributed Operating System: An ope rating system that manages a group of independ ent
computers and makes themappear to be a single computer is known as a distributed operating
system. The development of networked computers that could be linked and communicate with
each other, gave rise to distributed computing. Distributed computations are carried out on
more than on e machine. When computers in a group work in coop eration, they make a
distributed system.

5. Embedded System: The operating systems designed for being used in e mbedded computer
systems are known as e mbedded operating systems. They are designed to operate on small
machines like PDAs with less autonomy. They are able to operat e with a limited number of
resources. They are very compact and ex tremely efficient by design. Windows CE and Minix
3 are some examples of embedded operating systems.

Components of Operating System:

The components of an o perating systemall ex ist in order to make the dif ferent parts of a comput er
work together. All sof tware—from financial databases to f ilm editors—needs to g o through the
operating systemin order to use any of the hardware, whether it be as simple as a mouse or keyboard
or complex as an Internet connection.

The user interface:

A screenshot of the Bourne Again Shellcommand line. Each command is typed out afterthe ‘prompt’,
and then its output appears below, working its way down the screen. The current command prompt is

at the bottom. A screenshot ofthe KDE graphical userinterface. Programs take the form of images on
the screen, and thefiles, folders,and applications take the form of icons and symbols. A mouse is

used to navigate the computer.

Every computer that receives some sort of human input needs a user interface, which allows a person
to interact with the computer. While devices like keyboards, mice and t ouch screens make up the
hardware end of this task, the user interface makes up the software for it. The two most c ommon
forms ofa wuseri nterface have historically been the Command-line interface, where computer
commands are typed out line-by-line, and the Graphical user interface, where a visual environment
(most commonly with windows, buttons, and icons) is present.

Graphical user interfaces

Most of the modern co mputer systems support graphical user interfaces (GUI), and oft en include
them. In some computer systems, such as the original implementation of Mac OS, the GUI is
integrated into the kernel.

While technically a graphical user interface is not an operating systemservice, incorporating support
for one into the operatin g system kernel can allow the GUI to be more responsive b y reducing the
number of contex t switches required for the GUI to perform its output f unctions. Other operatin g
systems are modular, separating the graphics subsystemfrom the kerneland the Operating System. In
the 1980s UNIX, VMS and many others had operating systems that were built this way. GNU/Linux
and Mac OS X are also built this way. Modern releases of Microsoft Windows suchas Windows
Vista implement a graphics subsystem that is mostly in use r-space; however the graphics drawing
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routines of v ersions between Windows NT 4.0 and Windows Server 2003 exist mostly in ke rnel
space. Windows 9x had very little distinction between the interface and the kernel.

Many computer operating systems allow the user to install or ¢r eate any user interface they desire.
The X W indow System in conjunction with GNOME or KDE is a com monly found setup on most
UNIX andUN IX-like (BSD, GNU/Linux, Solaris) systems. A numberof W  indows shell
replacements havebe en released for Microsoft Windows, which offe r alternatives to the included
Windows shell, but the shell itself cannot be separated from Windows.

Numerous Unix-based GUIs haveexisted over time, most derived from X11. Competition among the
various vendors of UN IX (HP, IBM, andSun) led to much fragmentation, though an effort to
standardize in the 1990s to COSE and CDE faile d for various reasons, and were eventually eclipsed
by the widespread adoption of GNOME and KDE. Prior to free software-based toolkits and d esktop
environments, Motif was the prevalent toolkit/d esktop combination (and was the basis uponwhi ch
CDE was developed).

Graphical user interfaces evolve ov er time. For example, Windows has modified its user inter face
almost every time a new major version of Wi ndows is released, and the MacOS GU | changed
dramatically with the introduction of Mac OS X in 1999.

The kernel

A kernel connects the application software to the hardware of a computer. With the aid oft he
firmware and device drivers, the operating system provides the most basic level of control over all of
the computer's hardware devices. It manages memory access for programs in the RAM, it determines
which programs get access to which hardware resources, it sets up or resets the CPU's operating
states for optimal oper ation at all times, and it organizes the data for long-term non-volatile storage
with file systems on such mediaas disks, tapes, flash memory, etc.

Program execution

The operating systemacts as an interface between an application and the hardware. The user interacts
with the hardware from "the other side". The operating systemis a set of services which simplifies
development of applications. Executing a program involves the creation of a process by the operating
system. The kernel creates a process by assigning memory and other resources, establishing a priority
for the process (in multi-tasking systems), loading program code into memory, and executing the
program. The program then interacts with the user and/or other devices and performs its intended
function.

Interrupts

Interrupts are central to operating systems, as they provide an efficient way for the operating system
to interact with and react to its environment. The alternative— having the operating system"watch"
the various sources ofinput for events (polling) that require action — can be found in older s ystems
with very small stacks (50 or 60 bytes) butare unusualinmode rn systems with lar ge stacks.
Interrupt-based programming is directl y supported by most modern CPUs. Interrupts provide a
computer with awa y of automatically saving local register contexts, and running specific code in
response toevents.Ev en very basic computers supporthardwa re interrupts, andallow the
programmer to specify code which may be run when that event takes place.

When an interrupt is received, the computer's hardware automatically suspends whatever program is
currently running, saves its status, and runs computer code previously associated with the interrupt;
this is analogous to placi ng a bookmark in a boo k in response to a phone call. In modern op erating
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systems, interrupts are handled by the operating system's kernel. Interrupts may come fromeither the
computer's hardware or from the running program.

When a hardware device triggers an interrupt, the operating system's kernel decides howto deal with
this event, generally by running some processing code. The amount of code being run depends on the
priority of the interrupt (for example: a person usually responds to a smoke detector alarm before
answering the phone). The processing of hardware interrupts is a t ask that is usually delegated to
software called device driver, which may be either part of the ope rating system's kernel, part of
another program, or both. Device drivers may then relay information to a running programby various
means.

A program may also trigger an interrupt to the ope rating system. If a program wishes to access
hardware for example, it may interrupt the operating system's kernel, which causes control to be
passed back to the ke rnel. The kernel will then process the request. If a programwishes additional
resources (or wishes to shed resources) such as memory, it will trigger an interrupt to get the kernel's
attention.

Modes

Privilege rings for the x86 available in protected mode. Operating systems determine which processes
run in each modeModer n CPUs support mu ltiple modes of operation. CP Us with this capability use
at least two modes: pro tected mode and supervisor mode. The sup ervisor modeis usedb y the
operating system's kernel for low le vel tasks that need unrestricted access to hardware, such as
controlling how memory is written and erased, and communication with devices like graphics cards.
Protected mode, in contrast, is used for almost everything else. Applications operate within protected
mode, and can onl y use hardware by communicating with the kemel, which controls everything in
supervisor mode. CPUs might have other modes similar to protected mode as well, such as the virtual
modes in order to emulate older processor types, such as 16-bit processors on a 32-bit one, or 32-bit
processors on a 64-bitone.

When a computer first starts up, itis automatically running in supervisor mode. Th e first few
programs to run on the  computer, bein g the BIOS, bootload er and the operating system have
unlimited access to hardware - an d this is requi red because, by definition, initializing a protect ed
environment can only be done outside of one. However, when the operating system passes controlto
another program, it can place the CPU into protected mode.

In protected mode, programs may have access to a more limited set of the CPU's instructions. A user
programmay leave protected mode only by triggering an interrupt, causing control to be passed back
to the kernel. In this way the operating system can maintain exclusive control over things like access
to hardware and memory.The term "protected mode resource" generally refers to one or more CPU
registers, which contain information that the running program isn't allowed to alter. Attempts to alter
these resources generally cause a switch to supervisor mode, where the operating system can deal
with the illegal operation the programwas attempting (for example, by killing the program).

Memory Management

Among other things, a multiprogramming operating system kernel mustbe responsible for managing
all system memory which is c urrently in use by programs. This ensures that a program does not
interfere with me mory already used by another program. Since programs time share, each program
must haveindependent access to memory.

Cooperative memory management, used by many early operating systems, assumes that all programs
make voluntary use of the kernel's memory manager, and do not exceed their allocated memory. This
system of memory management is aImost never %en any more, since pr ograms often contain bu gs
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which can cause them to exceed their allocated memory. If ap rogram fails, it may cause memory
used by one or more other programs to be affected or overwritten. Malicious programs or viruses may
purposefully alter another program's memory, or may affect the oper ation of the operatin g system
itself. With cooperative memor y management, it takes only one misheha ved program to crash the
system.

Memory protection enables the kernel to limit a process' access to the computer's memory. Various
methods of memory protection exist, including memory segmentation and pa ging. All method s
require some lev el of hardware support (such as the 80286 MMU ), which doesn't exst in all
computers.

In both segmentation and paging, certain protected mode registers specify to the CPUwhat memory
address it should allow a running programto access. Attempts to access other addresses will trigger
an interrupt which will cause the CPU to re-enter supervisor mode, placing the kernel in charge. This
is called a segmentation violation or Se g-V for short, and since itis both difficultto assi gn a
meaningful result to such an operation, and because it is usually a sign of a mishehaving program, the
kernel will generally resortto terminating the offending program, and will reportthe error.

Windows 3.1-1 had some level of memory protection, but programs could easily circumvent the need
to use it. A gener al protection fault would be produced indicating a segmentation violation had
occurred, however the systemwould often crash anyway.

Multitasking

Multitasking refers to the running of multiple independent computer programs on the same computer;
giving the appearance that it is performing the tasks at the same time. Since most computers can do at
most one ortwo things at onetime, this is generally done via time-shari ng, which means that each
programuses ashare of the computer's time to execute.

An operating system kernel contains a piece of software called a scheduler which determines how
much time each program will spend executing, and in which order execution control should be passed
to programs. Controlis passed to a process b y the kernel, which allows the programaccess to the
CPU and memory. Later, control is returned to the kernel through some mechanism, so that another
program may be allowed to use the CPU. Thi s so-called passing of control between the kemel and
applications is called a context switch.

An early modelwhich governed the alloc ation of time to prog rams was called coope rative
multitasking. In this model, when control is passed to a program by the kernel, it may execute for as
long as it wants before explicitly returning control to the kernel. This means that a malicious or
malfunctioning program may not only prevent any other programs from using the CPU, but it ¢ an
hang the entire systemif it enters an infinite loop.

Modern operating systems extend the concepts of application preemption to device drivers and kernel
code, so that the operating systemhas preemptive control over internal run-times as well.

The philosophy governing preemptive multitasking is that of ensuring that all programs are given
regular time on the CPU. This implies that all programs must be limited in how much time they are
allowed to spend on the CPU without being interrupted. To accomplish this, modern operating system
kernels make use of a timed interrupt. A protected mode timer is set by the kernel which triggers a
return to supervisor mode after the specified time has elapsed. (See above sections on Interrupts and
Dual Mode Operation.)

On many single user operating systems cooperative multitasking is perfectly adequate, as home
computers generally run a small number of well tested programs. Windows NT was the first version
of Microsoft Windows which enfo rced preemptive multitasking, but it didn't reach the home u ser
market until Windows XP, (since Windows NT w:%%targeted at professionals.)
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Disk access and file systems

File systems allow users and programs to organize and sort files ona com puter, often through the use
of directories (or "folders"),Access to data stored on disks is a central feature of all operating systems.
Computers store data on disks using files, which are structured in specific ways in order to allow for
faster access, higher reliability, and to make better use out of the drive's available space. The specific
way in which files are stored on a disk is c alled a file system, and enabl es files to have namesand
attributes. It also allows them to be stored in a hierarchy of directories orfolders arranged in a
directory tree.Early operating systems generally supported a single type of disk drive and only one kind of
file system. Early file systems were limited in their capacity, speed, and inthe kinds of file names and
directory structures they could use. These limitations often reflected limitations in the operating systems
theywere designed for, makingitverydifficult foran operating systemto support more thanonefile system.
While many simpler op erating systems supporta limited range of options foraccessing storage
systems, operating systems like UNIX and GNU/Linux support a technology known as a virtual file
system or VFS. An operating system such as UNIX supports a wide array of storage devices,
regardless of t heir design or file systems, allowing them to be accessed through a common
application programming interface (API). This makes it unnecessary for programs to havea ny
knowledge about the de vice they are accessing. A VFS allows the op erating system to provid e
programs with a ccess to an unlimited number of devices with an infinite variety of file systems
installed on them, through the use of specific device drivers and file systemdrivers.

A connected storage device, suchasahard dri ve, is accessedthrough adevi ce driver. The dev ice
driver understands the s pecific language of the drive and is able totra nslate thatlan guage into a
standard language used by the operating system toaccess all diskdrives. On UNIX, thisis the
language of block devices.

When the kernel has an appropriate device driver in place, it can then access the contents of the disk
drive in raw format, which may contain one or more file systems. A file system driver is used to
translate the commands used to access each specific file systeminto a standard set of commands that
the operating system can use to talk to all file systems. Programs can then deal with these files
systems on the basis of filenames, and directories/folders, contained within a hierarchical structure.
They can create, delete, open, and close files, as wellas gather various information about the m,
including access permissions, size, and free space, and creation and modification dates.

Various differences betweenfile s ystems make supporting all file sy stems difficult. Allowed
characters in file names, case sensitivity, and the presence of various kinds of file attributes makes the
implementation of a single interface for every file systema daunting task. Operating systems tend to
recommend using (and so support nativel y) file systems specifically designed for them; for ex ample,
NTFS in Windows and ext3 and ReiserFS in GNU/Linux. However, in practice, third party drives are
usually available to give support forthe mostwide ly used file systems in mostg eneral-purpose
operating systems (for example, NTFS is available in GNU/Linux through NTFS-3g, and ext2/3 and
ReiserFS are available in Windows through FS-driverand rfstool).

Device drivers

A device driver is a specific type of computer software developed to allow interaction with hardware
devices. Typically this constitutes an interface for communicating with the device, through the
specific computer bus or communications subsystemthat the hardware is connected to, providing
commands to and/or receiving data from the device, and on the other end, the requisite interfaces to
the operating system and software applications. It is aspecialized hardware-dependent computer
program which is also operating systemspecific t%\tenables anotherpro gram, typically an operating
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system or applications s oftware package or com puter program running under the operating system
kernel, to interact transparently with a hardware device, and usually provides the requisite interrupt
handling necessary forany necessary asynchronous time-dependent hardware interfacing needs.

The key design goal of device drivers is abstraction. Every model of hardware (even within the same
class of d evice) is different. Newer models also are released by manufacturers that provide more
reliable or better performance and these newer models are often controlled differently. Computers
and their operating systems cannot be expected to know howto controlevery device, both nowand in
the future. To solve this problem, operative systems essentially dictate how every type of device
should be controlled. The function of the device driver is then to translate these operative system
mandated function calls into device specific calls. In theory a new device, which is controlled in a
new manner, should function correctly if a suitable driver is available. This new driver will ensure
that the device appears to operate as usual fromthe operating system's point of view.

Networking

Currently mostoper ating systems supporta variety of netwo rking protocols, hardware, and

applications for using them. This means that computers running dissimilar oper ating systems can
participate in a common network for sharing resources such as computing, files, printers, and
scanners using either wired or wireless connections. Networks can essentially allow a computer's
operating system to access the resources of a remote computerto support the same functions as it
could if those resources were connected directly to the localcomputer. This includes everything from
simple communication, to using networked file systems or even sharing another computer's graphics
or sound hardwa re. Some network servic es allow the resources ofa computerto be acc essed
transparently, such as SSH which allows networked users direct access to a computer's command line
interface.

Client/server networking involves a program on a computer somewhere which connects via a network
to another computer, called a serv er. Servers offer (or host)v arious services to othe r network
computers and users. These services are usually provided through ports or numbered access points
beyond the server's network address each port number is usuall y associated with a maximumofone
running program, which is responsible fo r handling requests to that po rt. A daemon, being a user
program, can in turn access the local hardware resources of that computer by passing requests to the
operating systemkernel.

Security

A computerb eing secure depends ona number of technologies working properly. A mod ern
operating system provides access to a number of resources, which are available to software running
on the system, and to external devices like networks via the kernel.

The operating system must be capable of distinguishing between requests which should be allowed to
be processed, and others which should not be processed. W hile some systems may simply distinguish
between "privileged" and "non-privileged", systems commonly have a form of requester identity,
such as a user name. To establish identity there may be a process of authentication. Often a username
must be quoted, and each username ma y have a password. Other methods of authentication, such as
magnetic cards or biometric data, might be used instead. In some cases, especially connections from
the network, resources may be accessed with no authentication at all (such as reading files over a
network share). Also co vered by the concept of requester identity is authorization; the particular
services and resources accessible by the requester once logged into as ystem are tied to either the
requester's useraccountor to the variously configured groups of users to which the requesterbelongs.
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In addition to the allow/disallow model of security, a system with a high level of security will also
offer auditing options. These would allow tracking of requests for access to resources (such as, "who
has been reading this file?"). Internal security, or security from an already running program is only
possible if all possibly harmful requests must be carried out through interrupts to the operating system
kernel. If programs can directly access hardware and resources, they cannot be secured.

External security involves arequest from outside the computer, such as a login at a connected console
or some kind of network connection. External requests are often passed thr ough device drivers to the
operating system's kernel, where they can be passed onto applications, or ca rried outdir ectly.
Security of operating systems has long beena concern because of highly sensitive dataheld on
computers, both ofa commercial and military nature. The United States Government Department of
Defense (DoD) created the Trusted Computer System Evaluation Criteria (TCSEC) which is a
standard that sets basic requirements for assessing the effectiveness of security. This became of vital
importance to operating systemmakers, because the TCSEC was used to evaluate, classify and select
computer systems being considered for the processing, storage and retrieval of sensitive or classified
information.Network services include offerings such as file sharing, print services, email, web sites,
and file transferprotocols (FTP), most of which can have compromised security. At the front line of
security are hardware devices known as firewalls or intrusion det ection/prevention systems. Atthe
operating system level, there are a number of software firewalls available, as well as intrusion
detection/prevention systems. Most modern operating systems include a software firewall, which is
enabled by default. A software firewall can be configured to allow or den y network traffic to or from

a service or application running on the operating system. Therefore, one can install and be running an
insecure service, such as Telnet or FTP, and not have to be threatened by a security breach because
the firewall would deny all traffic trying to connect to the service on that port.

An alternative strategy, and the only sandboxstrategy available in systems that do not meet the Popek
and Goldberg virtualization requirements, is the operating system not running user programs as native
code, but instead either emulates a processoror provides a hostfora p-c ode based system such as
Java.

Internal security is especially relevant for multi-user systems; it allows each use r of the s ystemto
have private files that the other us ers cannot tamper with or read. Internal security is also vitalif
auditing is to be of any use, since a programcan potentially bypass the operating system, inclusive of
bypassing auditing.

In modern operating systems, there're many in-built security modules to prevent these malicio us
threats. As an example, with Microsoft Windows 7 OS, there is a program called Microsoft security
essentials to prevent all these security holes.

Windows 7 Installation step by step guide

The Windows 7 is finally here. It's released for betatesters a few years ago and | am here with a small
step by step picture guided tour through the installation process. It is available in x 86 (32bit) versions
which are 2.72 GB ISO. The x64 version is around 3.2 GB in size. The installation process was just
like vistasetup and to my surprise completed in justaround 20 minutes in my low end hardware. This
surely indicates the performance improvements Microsoft has puton this windows vista replacement.

Different Editions of Windows 7 OS.
1) Windows 7 home basic
2) Windows 7 home premium

3) Windows 7 premium
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4) Windows 7 ultimate
5) Windows 7 enterprise

Minimum Hardware required installing Windows 7

CPU: 1 gigahertz (GHz) or faster 32-bit (x86) or 64-bit (x64) processor
RAM: 1 gigabyte (GB) RAM (32-bit) or 2 GB RAM (64-bit)

HDD: 16 GB available hard disk space (32-bit) or 20 GB (64-bit)

Graphics Card: DirectX 9 graphics device with WDDM 1.0 or higher driver

Setting up your Computer & BIOS changes (If required)

Now reboot your computer after popping in the all new W indows 7 DVD you just created in to the
DVD Drive. In most cases if you do this you'll automatically boot in to t he Windows 7 Installation
DVD. But in some cases if the Boot device order is changed in the BIOS it may boot in to your older
0S, instead of our DVD. In that case you'llneed to
change the BIOS settings to it done.

Booting Up and First Installation Steps

Steps from hereare pretty straight forward. Read

the descriptions in each pages before clicking the
Next button to avoid any disasters. If there is
options to choose in these steps you may find them
with each image.

You may choose your Language options by selecting the dropdowns 'Language to install’, "Time
and Currency format' and 'Keyboard or input method' here. | decided to leave everything to 'US'
but it would be better for selecting the correct settings here for Non-English users.
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Install now @

What to know before installing Windows

Repair your computer

Windows 7
For testing purposes o 01

This screen is where the installation wizard begins. The installnow options will leads to the advanced
install options. For repairing a corrupt installation the 'Repair your computer'button located at the
bottom-left can be used. For fresh installs just click the Install now button.

() £ nstall Windows Copyright € liises

Please read the license terms

MICROSOFT PRE-RELEASE SOFTWARE LICENSE TERMS

MICROSOFT PRE-RELEASE WINDOWS 7 OPERATING SYSTEM

These license terms are an agreement between Microsoft Corporation (or based on
where you live, one of its affiliates) and you. Please read them. They apply to the pre-
release software named above, which includes the media on which you received it if
any. The terms also apply to any Microsoft

0 updates,

N

0 supplements,

0 Internet-based services, and

e e

1 Collecting information

2 Installing Windows

Tick the 'l —accept the Ilicense terms'

checkbox andclick Next'
Which type of installation do you want?

toproce ed.
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& 27 nstal Windows Copyright (el

Which type of installation do you want?

Upgrade
Keej <, settings, and programs and upgrade Windows
Be sure to back up your files before upgrading

advanced)
opy of Wind lect where you want to install it, or make changes

on does not keep your files, settings, and programs.

Help me deci

This screen provides two options, Upgrade and Custom (advanced). The upgrade option is for those
who wish to upgrade an existing installation of older version of Windows to Windows 7. It is

confirmed that Windows Vista can be upgraded to Windows 7 without any issues, but Windows XP
is still a problem. We will opt for the second option here, the Custom install.

Where do you want to install Windows?

@ £7 Install Wincows Copyright Clalisel

Where do you want to install Windows?

Nam: ‘ Total Size Free Space | Type

| ‘, Disk 0 Unallocated Space 9.0 GB 9.0 GB

4 Refresh Drive options (advanced)

&9 Load Driver

1 Collecting information ) Installing Windows

Clicking on the 'Custom' button brings the install location selection screen. In the test machine we
have an un-partitioned empty disk. But in the case of a normal installation all your hard drive
partitions (e.g. C\, D:\ etc.) will be listed here. Choose the drive as you like (a 15GB size is
recommended). Make su re the drive doesn’thav gany important dat a or the Windows 7 ins tallation
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will wipe-out the contents of that partition. You can back up the data to another partition (e.g. for

installing in D:\ drive move important files from there to say E\ drive or to an external USB drive)
for safe keeping.

Creating partitioning or Modifying partitions

@ £7 Install Windows Copyright Clsisel

Where do you want to install Windows?

] Name ‘ TotalSiu\ Free Space | Type

l 7 Disk0 Unallocated Space 9.0GB 9.0GB

44 Refresh /< Delete &/ Format

&" Load Driver j Extend

1 Collecting information 2 Installing Windows

Click the Driwe options (advanced) for advanced partition management options like 'Delete’,
'Format’, and ‘New’ and 'Extend’. To create new partitions click the new button. But if you have list
of partitions in the previous screen, choose the one where you are planning to install windows7and
click Format. Then click 'Next' t®proceed.

& 27 mnsallWindows Copyright Cleisel

Where do you want to install Windows?

| Name ] Total Size| Free Space | Type

> Disk 0 Unallocated Space 9.0 GB 9.0 GB

49 Refresh /< Delete & Format i New

€* Load Diiver SRextend Size: P26 = MB Apny | Gancel

ollecting information 2 Installing Windows
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The 'New' option provides a text box to enter the size of the partition you wish to create in MBs. A
15 GB (15*1024 = 15360 MB) is recommended. In this case | opted for the full size of my virtual
drive, i.e. 9216 M B. Click the Apply button to continue. You may be greeted with a message to
ensure that all Windows features work correctly; windows might create additional partitions

for system files. . This is a new feature in W indows 7 to have a small b oot partition for system
files. Click Ok to continue.

Q £7 Install Windows Copyright ©lsiel

Where do you want to install Windows?

Name [ TotalSize| FreeSpace| Type

Z Ditk 0 Unallocated Space 90GB 90GB

Install Windows @

To ensure that all Windows features work correctly, Windows might create
additional partitions for system files.

1 Collecting information 2 In:
So here w e are, a new primary partition of 8.8 GB is created along with a System type partition of
200 MB. Select the pa rtition you justc reated and click next to continue.
In this session the instillation proceeds though the series of screen shots which involves a reboot. No
userinteraction is required for this Part.

S Copyright ©lssel

Installing Windows...

That's all the information we need right now. Your computer will restart several times during
installation.
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£7 Install Windows Copyright © Tech

Windows needs to restart to continue

E
Restarting in seconds

Setup is starting services...
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Setup is preparing Windows for first use.

{ 7 Windows 7 Utimat:

The PART 3 of insta llation shows thebasic setup like entering the Serial Key, setting upthe
computer name and user account, Time zone selection etc.This part of W indows 7 installation guide
covers the W indows Product code (Serial ke y) input, Computer name setup, useraccountand

password setup, time z one selection; Windows update configuration, location selection, Home group
setup etc.
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G s sevpwndon
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() 1 Sty Wondems

fj'Windowﬂ Ultimate

The Windows 7 installation is now complete and we are presented with the all new Desktop. In this
session, the product Activation, Internet Explorer 8 and Windows Update.
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B oy

LI 1 » CorerlPanel + System and Securty » Sytem =4 [l e

View basic information about your computer

Cepynght & 2007 Mireseht Corpersben. 4 nghts reserved

Prcessor InteliR) CoreTMCPU 6700 & 26606 267 Goke
Memory (RAMY e
Symemtype 3288 Operating Systen
Computer same, doman, sod workgroup sefings
Computer name TechTatkacomHC
full computernsme TechTalkzcom$C
Cemputer descrmpten
Wedkgrous: WORKGROUP

Vingont sctuation
N nito
Prechoct 0 ODA25.031 457356-7020%
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Activating Wi
The prodct key i Baing Feg¥Eteced 1 thie computer

Ths might take  few minutes.

Performance Infoamation snd
Tooks

RIS )
OQ ({8 s Contrel Panel » System and Security » System P 5

P Windows Activation

Activation was successful

Activation helps verify that your copy of Windows is genume, With
# gemuine copy of Windons 7. you are edgible to receive all 3
avallable updates and product support from Micresoft Leard genuine

[ngre gniine 3526t the benefits of genune ving:

&

ierosot

93



I-TECH Computer Education Computer Hardware (Desktop &Laptop)
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Now window 7 installations have completed and it is successfully activated. Now we can proceed
with installation of otherapplication software.

How to install software application:

General Tips

- Make sure yourcomputer meets the requirements of the program, game, or utility you are
attempting to install.

- The manuals for the programor the readme file located in the same directory as the install
commonly contain exact instructions on howto install a program.

- After installing or during the installation, a program may need to install other programs, files, or
utilities before it is able to run. If this is the case, the program will commonly prompt you to install
the program or you may need to run a separate install before the program can be fully used.

- Wheninstalling a program, utility, or game, it is always a good idea first to close or disable any
otherprograms thatare running.

- Afterinstalling a new programif it prompts you to reboot the computer, do it.

Microsoft Windows users
Many software programs, games, and utilities have an AutoPlay feature that will automatically
start the setup screen forthe software program when the CD is placed in the computer. If your
program, game, or utility contains this feature, run the installation through the screen that
appears afterinserting the disc.
If you are installing a program, game, or utility that does not contain this feature or you are
installing a program from a floppy diskette, follow the below steps.

1. Open My Computer.

2. Within the My Computer window, open the drive that contains the installation files. For
example, if the files are on a floppy diskette, open the A: drive. If they're ona CD or DVD
open the D: drive or the letter of the disc drive.
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3. Within the drive that contains yourfiles, locate either a setup or install file. Double-clicking
on this file should start the installation for the program, game, or utility. If you see multiple
setups orinstall files, try to locate the Application file or double-click each of setup orinstall

files until you find the file that starts the installation. Many times the icons associated with the
installation files have the same name.

An alternate method of starting the installation in Microsoft Windows
1. Click Start and Run.
2. In the Run Window, type x\setup or x\install where x is the letter of the drive you wish to

start the installation from. For example, if you are attempting to install a program from the
floppy disk drive you would type a:\setup or a:\install.
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Chapter — 6
Software
Objective of learning
= Software —definition
= Interaction of software’s with hardware
= Different types of software’s — System, application, device drivers etc.
= Different storage media
= Third party softwares,archive software

Software
The software is the information that the computer uses to get the job done. Software needs to be

accessed before it can be used. There are many terms used for process of accessing software including
running, executing, starting up, opening, and ot hers. Computer pro grams allow users to c omplete
tasks. A program can also be referred to as an application and the two words are used interchangeably.

Examples of soft ware programs or applications would be the Operating System (DOS, Windows,
UNIX, MacOS and various others), Word processor (typing letters), Spreadsheet (financial info),
Database (inventory control and address book), Graphics program, Internet Browser, Email and many
others. As well any document that you create, graphic you design, sound you compose, file you make,
letter you write, email you send or anything that you create on your computer is referred to as
software. All software is stored in files.

Software is stored on a disk, card, tape or one of the dozens of otherstorage devices = =

available. There are millions of different pieces of software available for almost every.

conceivable need. Software is available commercially through stores and mail order

and also available on the Internet. Software is also available through an Open Source

license which allows anyone to use the Open Source software free of charge as long as

the license is ma intained. If you can't find the applicationthat you need software development
companies can customdesign software for you.

The three basic types of software are; commercial, shareware and open source software. Some
software is also released into the public domain without a license.

Commercial software comes prepackaged and is available from software stores and through the
Internet.

Shareware is software developed by individual and small companies that cannot afford to market their
software worldwide or by a company that wants torele ase a demonstration versionof their
commercial product. You will have an evaluation period in which you can decide whetherto purchase
the product or not. Sharewar e software often is disabled in some wa y and has anotice attached to
explain the legal requirements for using the product.

Open Source software is created by generous programmers and released into the publicdomain for
public use.There is usuall y a copyright notice that mustremain with the software product. Open
Source software is not public domain in thatthe company or individual that develops the softwa re
retains ownership ofthe program but the software can be used f reely. Many popular Open Source
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applications are being developed and upgraded regularly by individuals and companies that believe in
the Open Source concept.

Operating Systems

All computers need some sort of Operating System(OS). The majority of modern home computers use
some form of Microsoft's operating systems. The original Microsoft operating system was called DOS
(Disk Operating System) though most computers use Windows. Windows comes in v arious versions
beginning with version 3.x then 95, 98, ME, XP, Vista and currently version 7. A few computers use
IBM's O/S2. Apple's Mac use their own operating system beginning with OS 1 though to OS 10.x In
the past large companies and institutions would have an operating systemdesign exclusively for them
but as the commercial operating systems become more sophisticated the benefits o f this practice is
becoming less apparent. Some computerp rofessionals, Internet Service Providers (ISP) and
mainframe computer users use an operating system such as UN IX (or avariant such as Linux),
Windows NT or 2000 (Win2k) or one of the othernetworkor serverbased operating systems.

The operating system controls the input and output or directs the flow of information to and fromthe
CPU. Much of this is done automatically by the system but it is possible to modify and control your
systemif you need to.

Most computer users will run Microsoft W indows, Mac OS or Linuxas their operating system. These
OS are Graphic User Interface (GUI) which allows the userto control or run the computer using a
Mouse and Icons. The user simply moves the mouse on a flat surface, rolls the trackball, or moves
their hand overthe touchpad to control a pointer. They then choose the option they want by pressing a
button or touching the pad. Without a GUI the user controls the comp uter using the keys on the
keyboard. This is referred to as a Command Line Interface (CLI)

Disk and Storage
Disks and cards are used to store information. All information on computers is stored in files. The size
of a file is measured in bytes. A byte is approximately one character (letter a', number ‘1, symbol '?'
etc....).A byte is made up of 8 bits. A bit is simp ly an on or an off signal which passes through the
computers circuitry. Every piece of software can be broken down into a series of on or off signals or
its Binary Code.

- 4 bitequalto 1 Nibble

- 8bitequaltol Byte

- 1024 bytes is a Kilobyte (Kb).

- 1024 kilobytes is a Megabyte (Mb).

- 1024 megabyteis a Gigabyte (Gh).

- 1024 gigabytes is a Terabyte (Th)

- 1024 terabyteis a Perabyte (Pb)

- 1024 perabyteis a Exabyte (Eb)
Disk are a common way of transporting information such as bringing files home fromwork or sharing
files. Floppy disks have become less usefulas f ile sizes increase and Compact disks (CDs), Flash
drives and Digital Video Devices (DVDs) are becoming more popular. Most software is sold on a CD.
Internal Hard disks are the most common storage device.
Compact disks or CDs can store lar ge amounts of information. One disk will store 650 Mb. One ty pe
is a CD-ROM which stands for Compact Disk Read Only Memory. Another type is a CD-RW which
stands for Compact Disk - Read/Write. CD drives can copy information or burn information on to a

97



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

blank CD. Common Re ad Only CD blanks canonly be written toonce though more expensive
Read/Write CD's can be used overand overagain.

DVD disks canstore 4.5 Gb onstandard disk, 8 Gb on a dual layer disk and 16 Gb on a blue-ray disk.
Digital recorders allow you to store large files, such as movies, ona single disk.

Hard disks store the majority of information on today's modern computer. Some of the first hard disk
stored 10 to 40 Mb. Today the standard hard disk stores 150 Gb or more (this humberis constantly
increasing). Information can be stored and deleted as necessary. As files get larger the speed that hard
disks can read and write become more important.Flash drive or thumb drives range in size.

Floppy disk or diskette comes in two basicsiz es; 5.25 inch and 3.5 inch. B oth have low and h igh
density versions though 3.5in ch high density disks are the mostcommon though many modern
computers are being sold without floppy disk drives.

Approximate printed

Disk size | Amount of storage 8.5 x 11 inch pages

3.5 high density 1.44 Mb 720 pages

CD 650 Mb a small library

DVD 45 Gb a feature length movie

DVD duallayer |8 Gb a long feature length movie with extras

There are many other storage devices including tapes, Panasonic's LS120 3.5 inch diskettes, lomega’s
Zip & Jazz disks, VCR tape and many others. Innovation in storage technology is advancing rapidly
and some technologies become obsolete. Information is stored in an electromagnetic form much like a
cassette or video tape.

Note:

Keep disks away from strong electric orma gnetic fields in cluding xrays? Be aware of high
electromagnetic areas in the room such as televisions, speakers, hi gh tension wires, etc... Use disks
only at room temperature and keep themo ut of direct sunlig ht. If possible avoid passing
eglectromagnetic storage devices through airport x-rays. In theory information stored on a disk will last
indefinitely butthe physical storage device will wear outwith usag e and time so be suretoback up
(copy) yourimportant files to a second storage device.

Computer software

Computer software, or just software, is a collection of computer programs and related datathat provide

the instructions telling a computerwhat to do and how to do it. We can also say software refers to one
or more computer programs and data held in the storage of the computer for some purposes. In other
words software is a set o f programs, procedures, algorithms and its docu mentation. Program software
performs the function of the program it implements, either by directly providing instructions to the
computer hardware orby serving as inputto a nother piece of softwar e. The term was coined to

contrast to the old term hardw are (meaning physical devices). In contrast to hardware, software is

intangible, meaning it " cannot be touched”. Software is also sometimes used i n a more narrow sense,
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meaning application software only. Sometimes the term includes data that has nottraditionall y been
associated with computers, such as film, tapes, and records. Examples of computersoftware include:

- Application software includes end-userapplications of computers such as word processors or
video games, and ERP software for groups of users.

- Middleware controls and co-ordinates distributed systems.

- Programming languages define the syntaxand semantics of computer programs. For example,
many mature banking applications were written in the COBOL language, originally invented in
1959. Newer applications are often written in more modern program ming languages.

- Systemsoftware includes operating systems, which govern computing resources.

- Testware is software for testing hardware or a software package.

- Firmware is low-level software often stored on electrically programm able memory devices.
Firmware is given its name becauseit is treated like hardware and run (“executed") by other
software programs.

- Shrink ware is the older name given to consumer-purchased software, because itwas often sold
in retail stores ina shrink-wrapped box

- Device drivers control parts of computers such as disk drives, printers, CD drives, or computer
monitors.

- Programming tools help conduct computing tasks in any category listed above. For
programmers, these could be tools for debugging orreverseengineering older

e

T T~

Owerview

Operating System

A layer structure showing where operating system is located on generally used software systems on
desktops

Software includes all the various forms and roles that digitally stored data may have and play in a
computer (or similar system), regardless of wh ether thedatais useda s code fora CPU, or other
interpreter, or whether it represents other kinds of information. Softw are thus encompasses a wide
array of products thatmay be developed using different techniques such as ordinary programming
languages, scripting languages, microcode, or an FPGA configuration.

The types of software include web pages developed in languages and frameworks like HTML, PHP,
Perl, JSP, ASP.NET, XML, and desktop applications like OpenOfficeorg, Microsoft Word developed
in languages like C, C++, Java, C#, or Smalltalk. Application software usually runs on an underl ying
software operating systems such as Linux or Microsoft Windows. Software (or firmware) is also used
in video games and for the configurable parts of the logic systems of automobiles, televisions, and
otherconsumer electronics.

Computer software is so c alled to distinguish it from computer hardware, which encompasses the
physical interconnections and devices required to store and execute (or run) the software. At the
lowest level, executable code consists of machine language instructions specific to an individual
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processor. A machine language consists of groups of binary values signifying processor instructions
that change the state of the computer from its preceding state. Programs are an ordered sequence of
instructions for changing the state of the computer in a particular sequence. It is usually written in
high-level programming languages that are easier and more efficient for humans to use (closer to
natural language) than machine language. High-level languages are compiled or interpreted into
machine language object code. Software may also be written in an assembly language, essentially, a
mnemonic representation of a m achine language using a natural language alphabet. Assem bly
language must be assembled into object code via an assembler.

Types of software

1. System software
System software provides the basic functions for computerusage and helps run the computer hardware
and system. It includes a combination of the following:

- Device drivers

- Operating systems

- Servers

- Utilities

- Windowsystems
System software is resp onsible for mana ging a variety of independ ent hardware components, so that
they can work together harmoniously. Its purpose is to unburden the application software programmer
from the often complex details of the particular computer being used, including such accessories as
communications devices, printers, device readers, displays and keyboards, and also to partition the
computer's resources such as memory and processortime in a safe and stable manner.

2. Programming software
Programming software usually provides tools to assista program mer in writing computerprograms,
and software using different programming languages in a more convenient way. The tools include:
- Compilers
- Debuggers
- Interpreters
- Linkers
- Text editors
An Integrated development environment (IDE) is a single application that attempts to manage all these
functions.

3. Application software
Application software is developed to aid in any task that b enefits from computation. It is a broad
category, and encompasses software of many kinds, including the internet browser being used to
display this page. This category includes:

- Business software

- Computer-aided design

- Databases

- Decision making software

- Educational software

- Image editing

 Industrialautomation
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Mathematical software

Medical software

Molecular modeling software

Quantum chemistry and solid state physics software

Simulation software

Spreadsheets

Telecommunications (i.e., the Internetand everything that flows on it)
Video games

Word processing

Users oftens ee things differently than programmers. Peoplewhou se modern general purpose
computers (as opposed to embedded systems, analog computers and supercomputers) usually see three
layers of software performing a variety of tasks: platform, application, and usersoftware.

Platform software: Platform includes the firmware, device drivers, an operating system, and
typically a graphical user interface which, in total, allow a user to interact with the computer
and its peripherals ( associated equipment). Platform software often comes bundled with the
computer. On a PC you will usually have the ability to change the platform software.
Application software: Application software or Applications are what most people think of
when they think of so ftware. Typical examples include office suites andvideog ames.
Application software is often purchased separately from computer hardware. Sometimes
applications are bundled with the computer, but th at does notchan ge the fact thatthey run as
independent applications. Applications are usually independent programs from the operating
system, though they are often tailored for specific platforms. Mostusers think of compilers,
databases, and other "systemsoftware™ as applications.

The software's license gives the user the right to use the software in the licensed environment. Some
software comes with the license when purch ased off the shelf, or an OEM license when bundled with

hardware. Other software comes with afree software license, granting the recipient the rights to
modify and redistribute the software. Software can also be in the form of freeware or shareware.

4. Third-party Software
Third-party software generally falls into the following somewhat overlapping groups.

Commercial software products are developed, distributed and maintained undera licensing
agreement with a vendoror organization, generally for a fee. Commercial software products
are normally installed like the vendorsupplied software, butin a separate directory.

The authorofsoftware identified as shareware, would normally expect some payment for
downloading the softwareandaccompanying documentation. The paymentis often voluntary
and made to a specified organization.

According to the 'Free Software Foundation', freeware is software thateveryoneis free to copy,
modify and redistribute. The word "free" pertains to freedom. It does notimply thatit is free of
charge, so anyone can sell free software so long as they don't impose any new restrictions on its
redistribution oruse.GNU software is an example of the freeware. The right to redistribute the
software is legally bound with the condition that the distribution includes original code,
complete documentation including the changes made.

Total absence of copy right protection is the characteristic of public domain software. Anyone
can copy, modify or useit in any way the wish. The author has no exclusive right and has no
legal responsibility associated with the use of the software.
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5. Archiwe sites
Publically accessible software, including shareware and freeware, may be accessed via anonymous
FTP or the WWW from an archive site on the internet. A network search utility named archie may be
used to search databases of Anonymous FTP host directories and locate specific software.
Some well-known archive sites in U SA include the GNU archive site and UUNET. Popularbus vy
archive sites often may have mirror sites which keep copies of specific directories or files to make
them quickly available to local users and to re duce the load on the original site. For example,

ftp.uwsg.indiana.edu/pub  mirrors several popular software distributions including, gnu, linux, mosaic,
netscape, perl5,and sendmail.
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Chapter - 7
Input and Output Devices

Objective of learning
= Introduction to Inputand outputdevices
= Different types of input devices
= Different types of output devices
= Uses of 10 devices

Introduction

The computer will be of no use unless it is able to communicate with the outside world. Input /Output
devices are required for users to communicate with the computer. In simple terms, input devices bring
information INTO the computer and output devices bring information OUT of a computer system.
These input/output devices are also known as peripherals since they surround the CPU and memory of
a computer system. Some commonly used Input/ Qutput devices are listed in table below.

Input Devices Output Devices
1. Keyboard
2. Mouse
3. Joystick
4, Scanner
5. Light Pen
6. Touch Screen
7. Monitor
8. LCD

9. Printer

10. Plotter

[1. Input Devices

(a) Keyboard

Itis a text base input device that allows the userto input alphabets, numbers and other characters.
It consists of a set of keys mounted on a board.
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Alphanumeric Keypad

It consists of keys for English alphabets, 0 to 9 numbers, and special characters like +

—/*() etc.

Function Keys

There are twelve function keys labeled F1, F2, F3... F12. The functions assigned to these keys differ
from one software package to another. These keys are also userprogrammable keys.

Special-function Keys

These keys have special functions assigned to them and can be used only for those specific purposes.
Functions of some of the important keys are defined below.

Enter
It is similar tothe ‘return’ key of the typewriter and is used to execute a command or program.

Spacebar
It is used to entera space at the current cursor location.

Backspace

This key is used to move the cursorone position to the left and also delete the characterin that position.

Delete
It is used to delete the characterat the cursor position.

Insert
Insert key is used to toggle between insert and overwrite mode during data entry.

Shift
This key is usedto type capital letters when pressed along with an alphabet key.Also used to type the
special characters located on the upper-side ofa key that has two characters defined on the same key.

Caps Lock
Cap Lock is used to toggle between the capital lock features. When ‘on’, it locks the alphanumeric

keypad for capital letters input only.

Tab

Tab is used to move the cursorto the next tab position defined in the document. Also,ltis used to insert
indentation into a document.

Ctrl
Control key is used in conjunction with otherkeys to provide additional functionality on the keyboard.
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Alt
Also like the control key, Alt key is always used in combination with other keys to perform specific
tasks.

Esc
This key is usually used to negate a command. Also used to cancelor abort executing programs.

Numeric Keypad

Numeric keypad is located on the right side of the keyboard and consists of keys having numbers (0 to
9) and mathematical operators (+ — * /) defined on them. This keypad is provided to support quick
entry for numeric data.

Cursor Movement Keys
These are arrow keys and are used to move the cursorin the direction indicated by the arrow (up, down,
left, right).

(b) Mouse

The mouse is a small device used to point to a particular place on the screen and select in order to
perform one or more actions. It can be used to select menu commands, size windows, start programs
etc.

The mostconventional kind of mouse has two buttons on top: the left one being used most frequently.

Mouse Actions

Left Click: Usedto select an item.

Double Click: Used to starta program or open a file.

Right Click: Usually used to display a set of commands.

Drag and Drop: It allows you to select and move an item fromone location to another. To achieve this
place the cursor over an item on the screen, click the left mouse button and while holding the button
down move the cursorto where you want to place the item,and then release it.

(c) Joystick

The joystick is a vertical stick which moves the graphic cursor in a direction the stick is moved. It
typically has a button on top that is used to select the option pointed by the cursor. Joystick is used as
an input device primarily used with video games, training simulators and controlling robots.
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(d)Scanner

Scanner is an input device used for direct data entry from the source document into the computer
system. It converts the document image into digital form so that it can be fed into the computer.
Capturing information like this reduces the possibility of errors typically experienced during large data
entry.

Figure 4: The Scanner

Hand-held scanners are commonly seen in big stores to scan codes and
price information for each of the items. They are also termed the bar code
readers.

(e) Bar codes

A bar code is a set of lines of different thicknesses that represent a
number. Bar Code Readers are used to input data from bar codes. Most
products in shops have bar codes on them. Bar code readers work by shining a beam of light on the
lines that make up the bar code and detecting the amount of light that is reflected back

(f) Light Pen

It is a pen shaped device used to select objects on a display screen. It is quite like the mouse (in its
functionality) but uses alight pen to move the pointer and select any object on the screen by pointing to
the object.

Users of Computer Aided Design (CAD) applications commonly use the light pens to directly draw on
screen.

(g) Touch Screen
It allows the userto operate/make selections by simply touching the display screen. Common examples
of touch screen include information kiosks, and bank ATMs.

(h)gital camera

A digital camera can store many more pictures than an ordinary camera. Pictures taken using a digital
camera are stored inside its memory and can be transferred to a computer by connecting the camera to
it. A digital camera takes pictures by converting the light passing through the lens at the front into a
digital image.
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(i) The Speech Input Device

The “Microphones - Speech Recognition” is a speech Input device. To operate it we require using a
microphone to talk to the computer. Also we need to add a sound card to the computer. The Sound card
digitizes audio input into 0/1s .A speech recognition program can process the input and convert it into
machine-recognized commands or input
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I1l. Output Devices

(a) Monitor

Monitoris an output device that resembles the television screen and uses a Cathode Ray Tube (CRT) to
display information. The monitor is associated with a keyboard for manual input of characters and
displays the information as it is keyed in. It also displays the program or application output. Like the
television, monitors are also available in different sizes.

(b) Liquid Crystal Display (LCD)

LCD was introduced in the 1970s and is now applied to display terminals also. Its
advantages like low energy consumption, smaller and lighter have paved its way
for usage in portable computers (laptops).

(¢) Printer —
Printers are used to produce paper (commonly known as hardcopy) output. Based

on the technology used, they can be classified as Impact or Non-impact printers. Impact printers use the
typewriting printing mechanism wherein a hammer strikes the paper through a ribbon in order to
produce output. Dot-matrix and Character printers fall underthis category.
Non-impact printers do not touch the paper while printing. They use chemical,
heat or electrical signals to etch the symbols on paper. Inkjet, DeskJet, Laser, |
Thermal printers fall under this category of printers. When we talk about printers A" s
we refer to two basic qualities associated with printers: resolution, and speed. & '
Print resolution is measured in terms of number of dots per inch (dpi). Print - “’\I £
speed is measured in terms of number of characters printed in a unit of time and '

is represented as characters-per-second (cps), lines-per-minute (Ipm), or pages-per-minute (ppm).

(d) Plotter
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Plotters are used to print graphical output on paper. It interprets computer
commands and makes line drawings on paper using multicolored automated =
pens. It is capable of producing graphs, drawings, charts, maps etc.Computer
Aided Engineering (CAE) applications like CAD (Computer Aided Design)
and CAM (Computer Aided Manufacturing) are typical usage areas for
plotters.

(e) Audio Output: Sound Cards and Speakers:
The Audio outputis the ability of the computer to outputsound. Two components are needed: Sound
card — Plays contents of digitized recordings, Speakers — Attached to sound card.
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Chapter- 8
Memory

Objective of learning

- Classification Of Memory
- Types Of Memory

- Types of Main Memory

- Memory Packaging

- Management of Memory

In computing, memory refers to the state information of a computing system, as it is kept active in
some physical structure. The term “memory" is used for the information in physical systems which are
fast (i.e. RAM), as a distinction from physical systems which are slow to access (i.e. data storage). By
design, the term "memory" refers to temporary state devices, whereas the term"storage" is reserved for
permanent data. Advances in storage technology have blurred the distinction a bit —memory kept on
what is conventionally a storage systemis called "virtual memory".

Colloquially, computer memory refers to the physical devices used to store data or programs
(sequences of instructions) on a temporary or permanent basis for use in an electronic digital computer.
Computers represent information in binary code, written as sequences of 0Os and 1s. Each binary digit
(or "bit") may be stored by any physical systemthat can be in either of two stable states, to represent 0
and 1. Such a system is called bits table. This could be an on-off switch, an electrical capacitorthat can
store or lose a charge, a magnet with its polarity up or down, or a surface that can have a pit or not.
Today, capacitors and transistors, functioning as tiny electrical switches, are used for temporary storage
and either disks or tape with a magnetic coating, or plastic discs with patterns of pits are used for long-
term storage.

Computer memory is usually meant to refer to the semiconductor technology that is used to store
information in electronic devices. Current primary computer memory makes use of integrated circuits
consisting of silicon-hased transistors.

Classification of Memory:

MEMORY
| PRIMARY SECOMDARY
__ STORAGE STORAGE
1 I [ I 1
3 = [ () L2 LA
DISk DISK DISk ARTRIDGH

‘PROM ‘ ‘EPROM ‘ EEPROM‘ |SRAM ‘ |DRAM ‘

[ I [ I T T T 1
‘ FPM ‘ ‘ ECO ‘ ‘ SDRAM‘ ‘ ECC ‘ ‘ DDR ‘ ‘ SGRAM‘ ‘ YRAM ‘ ‘ RORAM ‘
DR.AM SDRAM
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Primary Storage is further classified into two types i.e. ROM and RAM. Secondary storage contains the
different devices such as Floppy disk, Hard disk, Zip disk and DAT cartridge. Memory normally refers
to the amount of RAM installed in the computer. Leading companies which are the memory suppliers

are Micron, Siemens etc.

Types of Memory:

Volatile memory: (RAM)

Volatile memory is computer memory that requires power to maintain the stored information. Most
modern semiconductor volatile memory is either Static RAM or dynamic RAM. SRAM retains its
contents as long as the poweris connected and is easy to interface to but uses six transistors per bit.
Dynamic RAM is more complicated to interface to and control, and needs regular refresh cycles to
prevent its contents being lost. However, DRAM uses only one transistor and a capacitor per bit,
allowing it to reach much higher densities and, with more bits on a memory chip, be much cheaper per
bit. SRAM is not worthwhile for desktop system memory, where DRAM dominates, but is used for
their cache memories. SRAM is commonplace in small embedded systems, which might only need tens
of kilobytes or less. Upcoming volatile memory technologies that hope to replace or compete with
SRAM and DRAM include Z-RAM, TTRAM, A-RAM and ETA RAM.

Non-wolatile memory: (ROM)

Non-volatile memory is computer memory that can retain the stored information even when not

powered. Examples of non-volatile memory include read-only memory, flash memory, most types of
magnetic computer storage devices (e.g. hard disks, floppy discs and magnetic tape), optical discs, and
early computer storage methods such as paper tape and punched cards. Upcoming non-volatile memory
technologies include FeERAM, CBRAM, PRAM, SONOS, Racetrack memory, NRAM and Millipede.

Virtual memory:

Virtual memory is a system where all physical memory is controlled by the operating system. When a
program needs memory, it requests it from the operating system. The operating system then decides
what physical location to place the memory in. This offers several advantages. Computer programmers
no longer need to worry about where the memory is physically stored or whether the user's computer
will have enough memory. It also allows multiple types of memory to be used. For example, some
memory can be stored in physical RAM chips while other memory is stored on a hard drive. This
drastically increases the amount of memory available to programs. The operating system will place
actively used memory in physical RAM, which is much faster than hard disks. When the amount of
RAM is not sufficient to run all the current programs, it can result in a situation where the computer
spends more time moving memory from RAM to disk and back than it does accomplishing tasks; this is
known as thrashing. Virtual memory systems usually include protected memory, but this is not always
the case.

Protected memory

Protected memory is a system where each program is given an area of memory to use and is not
permitted to go outside that range. Use of protected memory greatly enhances both the reliability and
security of a computer system. Without protected memory, it is possible that a bug in one programwill
alter the memory used by another program. This will cause that other programto run off of corrupted
memory with unpredictable results. If the operating system's memory is corrupted, the entire computer
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system may crash and need to be rebooted. At times programs intentionally alter the memory used by
other programs. This is done by viruses and malware to take over computers. Protected memory assigns
programs their own areas of memory. If the operating system detects that a program has tried to alter
memory that doesn't belong to it, the program is terminated. This way, only the offending program
crashes, and other programs are not affected by the error. Protected memory systems almost always
include virtual memory as well.

Types of Main Memory:

Volatile memory:

Volatile memory, also known as volatile storage, is computer memory that requires power to maintain
the stored information, unlike non-volatile memory which does not require a maintained power supply.
It has been less popularly known as temporary memory. Most forms of modern random access memory
(RAM) are volatile storage, including dynamic random access memory (DRAM) and static random
access memory (SRAM). Content addressable memory and dual-ported RAM are usually implemented
using volatile storage. Early volatile storage technologies include delay line memory and Williams’s
tube.

Dynamic Random-Access Memory (DRAM):

Dynamic random-access memory (DRAM) is a type of random-access memory that stores each bit of
data in a separate capacitor within an integrated circuit. The capacitor can be either charged or
discharged. These two states are taken to represent the two values of a bit, conventionally called 0 and
1. Since capacitors leak charge, the information eventually fades unless the capacitor charge is
refreshed periodically. Because of this refresh requirement, it is a dynamic memory as opposed to
SRAM and other static memory.The main memory (the "RAM") in personal computers is Dynamic
RAM (DRAM), as is the "RAM" of home game consoles (PlayStation, Xbox 360), laptop, notebook
and workstation computers.The advantage of DRAM is its structural simplicity: only one transistor and
a capacitor are required per bit, compared to six transistors in SRAM. This allows DRAM to reach very
high densities. Unlike flash memory, DRAM is volatile memory, since it loses its data quickly when
power is removed. The transistors and capacitors used are extremely small; hundreds of billions can fit
on a single memory chip.DRAM is the most popular type of memory used in systems today. It is also
the most popular type of memory that computer users are adding to their computers for the purpose of
upgrading memory. Therefore, you must understand the different types of DRAM and what types of
DRAM outperform others.

- TypesOf DRAM:

Standard DRAM

Memory is organized into rows and columns like a spreadsheet. The information is stored in the
different cells or blocks that make up these rows and columns. With standard RAM, the CPU requests
data by sending the address of the row and the address of the column for every block of data that needs
to be read. The memory controller then fetches the information from that memory location.

Fast Page Mode (FPM)
Fast Page Mode (FPM) improves on the performance of standard DRAM by not requiring a row
address for each request to memory, assuming that the next block of data is on the same row (which in
most cases will be true).
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Extended Data Output (EDO)

Extended Data Output (EDO) memory is about 10 to 15 percent faster than FPM memory and is
usually found on 66 MHz motherboards. With EDO memory, the memory controller can read data from
a memory block while listening for the next instruction. This capability increases performance, because
the memory controller does not have to wait for the next instruction after read ng a block of memory;
while it is reading one block of memory, it is receiving the next instruction With FPM RAM, the
reading of one memory block and listening for the next instruction would be done in multiple steps.

Burst Extended Data Output (BEDO)

Burst Extended Data Output (BEDO) is a bursting-type technology. The word burst refers to the fact
that when one memory address is requested and that address is retrieved, the systembursts into the next
couple of blocks and reads those as well. The theory behind BEDO is that the system has already gone
through the trouble of locating that block, and chances are that the next request will be for the next
block, so why not take it while we are there? If that extra block is the next requested block from the
CPU, the memory controller already has the dataand can pass it to the CPU immediately.

BEDO is 50 percent faster than EDO. Because of lack of support from computer manufacturers,
however, BEDO has not been used in many systems. It seems that PC manufacturers are using SDRAM
instead.

Synchronous DRAM (SDRAM)

Synchronous DRAM (SDRAM) is memory synchronized at system speed. This synchronized speed
means that the data stored in memory is refreshed at the systemspeed and data is accessed in memory
at the system speed. SDRAM is the popular RAM in systems today. Because you are running at the
systemspeed, however, you must match the RAM with the motherboard speed. Thus, if you have a 100
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MHz motherboard, you need 100 MHz SDRAM. If you have a 133 MHz motherboard, you need 133
MHz SDRAM.

Double Data Rate Synchronous Dynamic Random Access Memory (DDR SDRAM)

Double Data Rate Synchronous Dynamic Random Access Memory (DDR SDRAM) is quite a long
name when you think about it. DDR SDRAM is based on the SDRAM concept with just one exception
- doubling the number of read or writes operations to two accesses per system clock cycle. This
effectively doubles the memory bandwidth over conventional SDRAM.  The DDR SDRAM concept
is used in AGP (Advanced Graphics Port) technology to improve  performance of graphics cards.

Rambus DRAM (RDRAM)

Rambus DRAM, a type of memory (DRAM) developed by Rambus, Inc. whereas the fastest current
memory technologies used by PCs (SDRAM) can deliver dataat a maximum speed ofabout 100 MHz,

RDRAM transfers dataat up to 800 MHz.

In 1997, Intel announced that it would license the Rambus technology for use on its future
motherboards, thus making it the likely de facto standard for memory architectures. However, a
consortium of computer vendors is working on an alternative memory architecture called SyncLink
DRAM (SLDRAM).

RDRAM is already being used in place of VRAM in some graphics accelerator boards. As of late 1999,

Intel has been using RDRAM in its Pentium Il Xeon processors and more recently in its Pentium4
processors. Intel and Rambus are also working a new version of RDRAM, called nDRAM that will

support data transferspeeds at up to 1,600 MHz
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Error Correction Code DRAM (ECC DRAM)

Many higher-end systems use a specialtype of RAM called Error Correction Code (ECC)
DRAM.NON-ECC is normally used by the end users. ON-ECC RAM checks out for any error occurred
in parity bit but does not correct it, which is performed by ECC.ECC detects problems in RAM quite
well and can fix most of them onthe fly.ECC RAM are costly as compared with NON -ECC
RAM.ECC DRAM memory requires special types of Motherboards that can support ECC DRAM.

Synchronous Graphics Random Access Memory (SGRAM)
It is streamlined to work with graphics cards. Enables fast read and write operation for the graphics
processor when working with the information in the Video frame buffer.

Video RAM(VRAM)
Memory that is optimized for Video Cards where each memory cell is dual ported. Video data can be
written to the RAM while the graphics adaptersimultaneously reads from it to refresh the display.

Static Random-Access Memory (SRAM):

Static random-access memory (SRAM) is a type of semiconductor memory where the word static
indicates that, unlike dynamic RAM (DRAM), it does not need to be periodically refreshed, as SRAM
uses bit table latching circuitry to store each bit. SRAM exhibits data remainence but is still volatile in
the conventional sense that data is eventually lost when the memory is not powered. It is also known as
Cache RAM.

- SRAM operation

An SRAM cell has three different states it can be in: standby where the circuit is idle, reading when
the data has been requested and writing when updating the contents. The SRAM to operate in read
mode and write mode should have "readability” and "write stability" respectively.

- Applications and uses:

Static RAM exists primarily as:
Integrated on chip-
o As RAM or cache memory in micro-controllers (usually from around 32 bytes up to 128
kilobytes)
o As the primary caches in powerful microprocessors, such as the x86 family, and many
others (from 8 kB, up to several megabytes)
o To store the registers and parts of the state-machines used in some microprocessors on
application specific ICs, or ASICs (usually in the order of kilobytes)
o In FPGAs and CPLDs.

Embedded use

Many categories of industrial and scientific subsystems, automotive electronics, and similar, contain
static RAM. Some amount (kilobytes or less) is also embedded in practically all modern appliances,
toys, etc. that implement an electronic user interface. Several megabytes may be used in complex
products such as digital cameras, cell phones, synthesizers, etc.

SRAM in its dual-ported form is sometimes used for real time digital signal processing circuits.
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In computers

SRAM s also used in personal computers, workstations, routers and peripheral equipment: internal
CPU caches and external burst mode SRAM caches, hard disk buffers, router buffers, etc. LCD screens
and printers also normally employ static RAM to hold the image displayed (or to be printed). Small
SRAM buffers are also found in CDROM and CDRW drives, usually 256 kb or more are used to buffer
track data, which is transferred in blocks instead of as single values. The same applies to cable modems
and similar equipment connected to computers.

Hobbyists

Hobbyists often prefer SRAM due to the ease of interfacing. It is much easier to work with than DRAM
as there are no refresh cycles and the address and data buses are directly accessible rather than
multiplexed. In addition to buses and power connections, SRAM usually require only three controls:
Chip Enable (CE), Write Enable (WE) and Output Enable (OE). In synchronous SRAM, Clock (CLK)
is also included.

«  Types of SRAM

Non-wlatile SRAM

Non-volatile SRAMSs have standard SRAM functionality, but they save the data when the powersupply
is lost, ensuring preservation of critical information. NVSRAMs are used in a wide range of
situations—networking, aerospace, and medical, among many others—where the preservation of data is
critical and where batteries are impractical.

Asynchronous SRAM

Asynchronous SRAM are available from 4 Kb to 32 Mb. The fast access time of SRAM makes
asynchronous SRAM appropriate as main memory for small cache-less embedded processors used in
everything from industrial electronics and measurement systems to hard disks and networking
equipment, among many other applications. They are used in various applications like switches and
routers, IP-Phones, IC-Testers, DSLAM Cards, to Automotive Electronics.

Cache Memory

Cache memory is a relatively small amount (normally less than 1IMB) of high speed memory that
resides very close to the CPU. Cache memory is designed to supply the CPU with the most frequently
requested data and instructions. Retrieving data from cache takes a fraction of the time that it takes to
access it from main memory. Having cache memory can save a lot of time.

Caches are organized into layers. The highest layer is closest to the device (such as the CPU) using it.
There are two levels of cache built right into the CPU. Any cache memory componentis assigned a
"level" according to its proximity tothe processor. The cache thatis closestto the processoris called
Level 1 (L1) Cache. The next level of cache is numbered L2, then L3, andsoon.

- Hit Rate

Wheneverthe CPU finds the data it needs in the cache thenit is called a cache hit. When the CPU fails
to find the datait needs in the cache that is called a cache miss. The ratio of cache hits to cache misses
is called a cache hit ratio.
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« Lewl 1 (Primary) Cache

Level 1 or primary cache is the fastest memory on the PC. It is built directly into the processoritself.
It is very small, generally from 8 KB to 64 KB, butit is extremely fastand runs at the same speed as
the processor.

« Lewl 2 (Secondary) Cache

Level 2 caches is asecondary cache to the level 1 cache, and is larger and slightly slower. Used to catch
recentaccesses that are not caught by the level 1 cache,and is usually 64 KB to 2 MB in size. Usually
found either on the same package as the processoritself (though itisn'tin the same circuit where the
processorand level 1 cache are) or on the motherboard oras a daughterboard that inserts into the
motherboard.

- Operations in Cache

Write Through and Write Back:

When the CPU writes new data to the cache, the cache controller must update main memory with the
new data. By making sure that the information in the cache is the same as that in main memory. The
cache controller is said to maintain cache coherency. If the cache controllerallows the data in the cache
to differ from data in main memory, the data is said to be stale. Every time the CPU updates the cache,
the data is automatically written through to the main memory. Which is called as Write Through Cache.
If the CPU needs to access the cache or main memory before the write through is completed, the CPU
must wait. This will slow the overall performance of the CPU. To prevent this problem the cache
controller update a small but fast buffer instead of directly updating the main memory. Because the
buffer can be faster than the main memory, the cache controller can make the cache available to the
CPU sooner. This method of updating the main memory is called a Buffered or posted write through.
The cache controller will keep track of which data is stale and only update the memory when it must,
not immediately required after every memory write. This technique is called write back or copy back.
The concept of buffering, or posting, the writes can also be applied to the write back cache to further
increase its performance as well.It results in the fastest cache.

Non-wolatile memory:

Non-volatile memory, NVM or non-volatile storage, in the most basic sense, is computer memory that
can retain the stored information even when not powered. Examples of non-volatile memory include
read-only memory, flash memory, ferroelectric RAM, most types of magnetic computer storage devices

(e.g. hard disks, floppy disks, and magnetic tape), optical discs, and early computer storage methods
such as paper tape and punched cards. Non-volatile memory is typically used for the task of secondary
storage, or long-term persistent storage. The most widely used form of primary storage today is a
volatile form of random access memory (RAM), meaning that when the computer is shut down,
anything contained in RAM is lost. Unfortunately, most forms of non-volatile memory have limitations
that make them unsuitable for use as primary storage. Typically, non-volatile memory either costs more
or performs worse than volatile random access memory. Several companies are working on developing
non-volatile memory systems comparable in speed and capacity to volatile RAM. For instance, IBM is
currently developing MRAM (Magneto resistive RAM). Not only would such technology save energy,
but it would allow for computers that could be turned on and off almost instantly, bypassing the slow
start-up and shutdown sequence.
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Non-volatile data storage can be categorized in electrically addressed systems (read-only memory) and
mechanically addressed systems (hard disks, optical disc, magnetic tape, holographic memory, and
such). Electrically addressed systems are expensive, but fast, whereas mechanically addressed systems
have a low price per bit, but are slow. Non-volatile memory may one day eliminate the need for
comparatively slow forms of secondary storage systems, which include hard disks.

- Types Of Non-Volatile Memory:

Mask-programmed ROM:

One of the earliest forms of non-volatile read-only memory, the mask-programmed ROM was prewired
at the design stage to contain specific data; once the mask was used to manufacture the integrated
circuits, the data was cast in stone (silicon, actually) and could not be changed. The mask ROM was
therefore useful only for large-volume production, such as for read-only memories containing the start
up code in early microcomputers. This program was often referred to as the "bootstrap”, as in pulling
oneself up by one's own bootstraps. Due to the very high initial cost and inability to make revisions, the
mask ROM is rarely, if ever, used in new designs.

Programmable ROM

The next approach was to create a chip which was initially blank; the programmable ROM originally
contained silicon or metal fuses, which would be selectively "blown" or destroyed by a device
programmer or PROM programmer in order to change 0s to 1s. Once the bits were changed, there was
no way to restore them to their original condition. Non-volatile but still somewhat inflexible. Early
PAL programmable array logic chips used a similar programming approach to that used in the fuse-
based PROMs. Newer Anti fuse-based PROMs (which are also referred to as one-time-programmable
(OTP) memory) are widely used in consumer and automotive electronics, radio-frequency
identification devices (RFID), implantable medical devices, and high-definition multimedia interfaces
(HDMI) due to theirsmall footprint, reliability, fast read speed, and long data retention rates.

Erasable PROMs
There are two classes of non-volatile memory chips based on EPROM technology.

- UV-erase EPROM

The original erasable non-volatile memories were EPROM's; these could be readily identified by the
distinctive quartz window in the center of the chip package. These operated by trapping an electrical
charge on the gate of a field-effect transistor in order to change a 1to a 0 in memory. To remove the
charge, one would place the chip under an intense short-wavelength fluorescent ultraviolet lamp for 20—
30 minutes, returning the entire chip to its original blank (all ones)state.

- OTP (one-time programmable) EPROM

An OTP is electrically an EPROM, but with the quartz window physically missing. Like the fuse,
PROM it can be written once, but cannot be erased.

Electrically erasable PROM

Electrically erasable PROMs have the advantage of being able to selectively erase any part of the chip

without the need to erase the entire chip and without the need to remove the chip from the circuit.

While an erase and rewrite of a location appears nearly instantaneous to the user, the write process is
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slightly slower than the read process; the chip can be read at full systemspeeds. The limited number of
times a single location can be rewritten is usually in the 10000-100000 range; the capacity of an
EEPROM also tends to be smaller than that of other non-volatile memories. Nonetheless, EEPROMs
are useful for storing settings or configuration for devices ranging from dial-up modems to satellite
receivers.

Flash memory

The flash memory chip is a close relative to the EEPROM; it differs in that it can only be erased one
block or "page" at a time. It is a solid-state chip that maintains stored data without any external power
source. Capacity is substantially larger than that of an EEPROM, making these chips a popular choice
for digital cameras and desktop PC BIOS chips.

Flash memory devices use two different logical technologies—NOR and NAND—to map data. NOR
flash provides high-speed random access, reading and writing data in specific memory locations; it can
retrieve as little as a single byte. NAND flash reads and writes sequentially at high speed, handling data
in small blocks called pages, however it’s slower on read when compared to NOR. NAND flash reads
faster than it writes, quickly transferring whole pages of data. Less expensive than NOR flash at high
densities, NAND technology offers highercapacity for the same-size silicon.

Magneto resistive RAM (MRAM):

Magneto resistive RAM is one of the newest approaches to non-volatile memory and stores data in
magnetic storage elements called magnetic tunnel junctions (MTJ's). MRAM has an especially
promising future as it seeks to encompass all the desirable features of the other popular types of
memory (non-volatility, infinite endurance, high-speed reading/writing, low cost).

The 1st generation of MRAM, such as Everspin Technologies' 4 Mbit, utilized field induced writing.
The 2nd generation is being developed mainly through two approaches: Thermal Assisted Switching
(TAS) which is being developed by Crocus Technology, and Spin Torque Transfer (STT) which
Crocus, Hynix, IBM, and several othercompanies are developing.

Memory Packaging

Memory is available in various physical packaging. Roughly in order of their appearance, the major
types of DRAM packaging include:

DIP (Dual Inline Pin Package)
This package comprises a rectangular chip with a row of pins down each long side, making it
resemble an insect. DIP was the most common DRAM package used in PCs through early 386
models. DIP chips were produced in Page Mode and Fast Page Mode, and are long obsolete.
DIP packaging was also used for L2 cache memory on most 486 and some Pentium-class
motherboards. DIP DRAM is useless nowadays.
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SIPP (Single Inline Pin Package)
This package turns a DIP chip on its side and extends all leads straight out one side, parallel to
the plane of the chip. SIPPs were intended to allow memory to be installed more densely, and
were used in a few 386SX systems, but they never caught on. SIPPs were produced in Page
Mode and Fast Page Mode form, and are long obsolete.

SIMM (Single Inline Memory Module)

This package mounts multiple individual DRAM DIP chips on a small circuit board with a card-edge
connector designed to fit a socket on the motherboard. MainstreamSIMMs have been manufactured in
two form factors:

30-pin

These SIMMs were used in a few 286 systems, most 386 systems, and some 486 systems, and were
produced in Page Mode and Fast Page Mode form. Although they are still available, 30-pin SIMMs are
obsolete. If you tear down an old system, any 30-pin SIMMSs you salvage are too small and too slow to
be useful. However, some laser printers do use them.

72-pin
These SIMMs were used in some 386 systems, most 486 systems, and nearly all Pentium-class systems
built before the advent of DIMMs. 72-pin SIMMs was produced in Fast Page Mode, EDO form, and
BEDO form. When tearing down old systems, 72-pin SIMMs may be worth salvaging, as they can be
used to expand the memory on a late-model Pentium or Pentium Pro system or to expand the memory
in some laser printers.
Figure shows a 72-pin SIMM (top) and a 30-pin SIMM. The 72-pin SIMM is keyed by the notch at the
bottom right; the 30-pin SIMM by the notch at the bottom left. The holes on either side immediately
above the bottom row of contacts are used by the slot retention mechanismto secure the SIMM in the
slot. Although it may not be visible in the reproduction, the top SIMM uses gold contacts and the
bottom SIMM tin contacts.

Figure 72-pin SIMM (top) and 30-pin SIMM
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DIMM (Dual Inline Memory Module)

DIMMs are dual-side modules that use connectors on both sides of the circuit board. SDR-SDRAM
DIMMs have 168 pins, but SDR-SDRAM is also available in 100- and 144-pin DIMMs. DDR-
SDRAM is packaged in 184-pin DIMMs, which are physically similar to standard 168-pin SDR-
SDRAM DIMMs, but have additional pins and different keying notch positions to prevent them from
being interchanged. DDR-1I DIMMs are similar to DDR DIMMs, but use a 232-pin connector. Only
SDR-SDRAM, DDR-SDRAM, and EDO are commonly packagedas DIMMs.

SODIMM (Small Outline DIMM)
A special package used in notebook computers and on some video adapters.

~—
@5 PP casia Taane onie

RIMM

A Rambus RDRAM module. RIMM is a trade name rather than an acronym. RIMMs are physically
similar to standard SDRAM DIMMs, except that the keying notches are in different locations. RDRAM

is available in 168-pin and 184-pin modules. Early RDRAM motherboards used 168-pin RIMMs. Most
current RDRAM motherboards use 184-pin RIMMSs. Figure shows the most common physical
packages for memory used in recent systems. The top module is a 168-pin PC133 SDRAM DIMM. The
bottom module is a 184-pin PC2100 DDR-SDRAM DIMM (faster DDR-SDRAM modules use the
same package). The physical dimensions of both are the same: 5.375 inches (13.6525 cm) wide by

1.375 inches (3.4925 cm) tall. The width is standardized for all memory modules to ensure they fit the
standard slot. The height may vary slightly, and is a factor only in that tall modules may interfere with
other components in a tightly packed system. Both of these modules use nine chips, which indicate that
they are Error Checking and Correction (ECC) modules. Non parity modules use only eight chips.

The major difference between these DIMMs, other than the number of pins, is .

the location of the keying notches. SDRAM DIMMSs use two notches, one
centered and one offset. DDR-SDRAM DIMMs use only one offset keyin

notch. The number and position of these keying notches ensure that only the
proper memory type can be installed in a slot and that the module is oriente

correctly. Rambus RIMMs use similar physical packaging, but with the keying
notches in different locations. Rambus RIMMs also cover the individual chips
with a metal shroud designed to dissipate heat.

DRAM Memory packaging generation:
From top to bottom: DIP, SIPP, SIMM (30-pin), SIMM (72-pin),
DIMM (168-pin), DDR DIMM (184-pin).
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Management of Memory:

Proper management of memory is vital for a computer systemto operate properly. Modern operating

systems have complex systems to properly manage memory. Failure to do so can lead to bugs, slow
performance, and at worst case, takeover by viruses and malicious software. Nearly everything a
computer programmer does requires him or her to consider how to manage memory. Even storing a
number in memory requires the programmer to specify howthe memory should store it.

«  Memory Management Bugs:

Improper management of memory is a common cause of bugs.

v In arithmetic overflow, a calculation results in a number larger than the allocated memory
permits. For example, an 8-bit integer allows the numbers —127 to +127. If its value is 127 and
it is instructed to add one, the computer cannot store the number 128 in that space. Such a case
will resultin undesired operation, such as changing the number's value to —128 instead of +128.

v A memory leak occurs when a program requests memory from the operating systemand never
returns the memory when it's done with it. A program with this bug will gradually require more
and more memory until the program fails as it runs out.

v A segmentation fault results when a program tries to access memory that it has no permission to
access. Generally a program doing so will be terminated by the operating system.

v Buffer overflow means thata program writes data to the end of its allocated space and then
continues to write data to memory that belongs to other programs. This may result in erratic
program behavior, including memory access errors, incorrect results, a crash, or a breach of
system security. They are thus the basis of many software vulnerabilities and can be maliciously
exploited.

- Early computer systems

In early computer systems, programs typically specified the location to write memory and what data to
put there. This location was a physical location on the actual memory hardware. The slow processing of
such computers didn't allow for the complex memory management systems used today. Also, as most
such systems were single-task, sophisticated systems weren't required as much. This approach has its
pitfalls. If the location specified is incorrect, this will cause the computer to write the datato some other
part of the program. The results of an error like this are unpredictable. In some cases, the incorrect data
might overwrite memory used by the operating system. Computer crackers can take advantage of this to
create viruses and malware.
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Chapter -9
Storage Devices
Objective of learning
1. Introduction to Storage Devices
2. Different types of storage devices, storage capacity
3. Floppy, CD, DVD, Blue-ray, Zipp Etc.

Introduction

We have seen that memory is an important factor in determining overall computersystempower. However,
memory provides on a small amount of temporary storage area for the data and instructions required by
the CPU for processing. Computer systems also need to store larger amounts of data, programinstruction,
and information more permanently than allowed with memory. Storage serves this purpose. Storage holds
data, instructions, and information for future use. Every computeruses storage to hold systemsoftware and
application software.

Storage, also called secondary storage, refers to the media on which data, instructions, and information are
kept, as well as the devices that record and retrieve these items. Compared with memory, storage offers the
advantage of nonvolatile, greater capacity, and greater economy. Every computer stores systemsoftware
and application software. To start up, a computer locates an operating system in storage, usually a hard
disk, and loads it into memory (RAM). When a user issues a command to start application software, such as a
word processing programora Web browser, the operating systemlocates the programin storage, such as on
a hard disk, CD, or DVD, and loads it into memory.

CD orDVD

:& “. Intemal hard dusk

e :
@ - #
Extsmal hard dssk o
.. Mmiatirs

Storage

Flast memorvcard

Carc reader

Figure: A variety of storage media

In addition to programs, users store a variety of data and information on all types of computers and digital
devices. Storage requirements among these users vary greatly. Home users, small office/business, and
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mobile users typically have much smaller storage requirements than the large business user or power
user. For example, a h ome user may need 320 billion bytes of storage, while large businesses may
require 50 quadrillion bytes of storage.

A storage medium is the physical material on which a computer keeps data, instructions, and information.
There is a variety of storage media available (Figure:). Capacity is the number of bytes (characters) a storage
medium can hold. Figure 5-61 identifies the terms manufacturers use to define the capacity of storage
media. For example, a reasonably priced USB flash drive can store 1GB of data (approximately one billion
bytes)and a typicalhard diskhas 320 GB (approximately 320 billion bytes)of storage capacity.

Items ona storage  medium remain

intact even when power is removed form R0 Approximate  Exact Number
the computer. Thus, a storage medium is J Number of Bytes of Bytes
nonvolatile. Most memory, by contrast, | (8 1 thossnd 2% or 1,04
holds data andinst ructions temporarily and Megabyte (MB) 1 million 2 or 1,048,576
thus is  volatile.  Figure illustrates the GW&(GB) 1 billon M or 1 078741 824

concept of volatility. T
A Etorage dgvice is  the mechanism | (1B) 1t 2:“"099'51"627'775

used to record and retrieve items to and | taby (P 1qudilon 2" 0r1,125,899.06 342,624

from ast orage medium. Storage devices |Cabyie (EB) 1 quatiion 2" o 1,152,921, 504 606,846 976
can function as sources ofi nput and output. /Zetiabyte (28 1 sedilon 2" or 1,180,591,620,717.411,303 424
For example, each time a storage device |Yollabyte (YB) 1 sephillion 2" or 1,208,925,819,614.629,174,706,176
transfers data, instructions, and information from {

Figure: The capacity of a storage mediumis
measured by the number of bytes it can hold

a storage medium into memory, a process called re

Sa-o:ﬂn c-uulm(-nul) u—;‘us:np

screen Gesplays and contents of most
RAM (memmory) erased when Dower is off

Figure: An illustration of volatility

input source. When a storage device transfers these items from memory to a storage medium, a
process called writing, it functions as an output source. Data and information access on storage can be
either sequential or direct. Sequential access means that data must be accessed consecutive. Magnetic tapes
allow only sequentialaccess; the tape must be forwarded or rewound to a s pecific point to access a specific
piece of data. Direct access means that data can be accessed directly without the need to pass by otherdata in
sequence. Magnetic disks and op tical disks provide direct access. Direct access is usually faster than
sequentialaccess. The speed of a storage device and memory is defined by its access time, which measures
(1) the amount of time it takes a storage device to locate an item on a storage medium, or (2) the time
required to deliver an item from memory to the processor. Compared to memory, storage devices are
slow. Some manufacturers use a storage device's transfer rate. Transfer rate is the speed with which data,
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instructions, and information transfer to and froma dev ice. Transfer rates forstorage arestated in KBps
(kilobytes per second)and Mbps (megabytes per second). Storage requirements among users vary greatly.
Numerous types of storage media and storage devices are available to meet a variety of users’ needs.
Figure: shows how different types of storage media and memory compare in terms of transfer rates and
uses. The following subsections discuss these storage media.

Magnetic Media

Magnetic media are based on a technology of representing data as magnetized spots on the tape or disk --
with a magnetized spotrepresenting a 1bit and the absence of such a spot representing a0 bit. The
alignment of the magnetized spots represents the data. Reading data fromthe media means converting the
magnetized data to electrical impulses that can be sent to the processor. Writing data to the media is the
ohpposgg; it involves sending electrical impulses from the processorto be converted to magnetized spots on
the media.

During the 1950s and 1960s, the foundation of many information systems was sequential processing
using magnetic tape master files. Magnetic tape is a magnetically coated ribbon of plastic capable of storing
large amounts of data and information at a low cost. Tape storage is an example of a sequential access storage
medium. Data must be accessed in the order in which it is stored. If the computer is to read data fromthe
middle of a reel of tape, all the tape before the desired piece ofdata mustbe passed over sequentially. This
is one disadvantage of magnetic tape. For this reason, today, magnetic tape storage is no longer used for
routine processing. Business and home users utilize tape most often forlong-term storage and backup.

Similar to a tape recorder, a tape drive, also called tape backup units (TBUSs), is used to read fromand
write data and information onto a tape. Although older computers used reel-to-reel tape drives, today's tape
drives use tape cartridges. A tape cartridge is a small, rectangular, plastic housing for tape (Figure). Tape
cartridges containing one-quarter-inch wide tape are slightly larger than audiocassette tapes and frequently
are used for active PC user and for administrators of local area networks. Many large com panies use
robotic tape storage and retrieval unit holds hundreds of high-density tape cartridges. The tape
cartridges are automatically loaded and unloaded to a tape drive as they are needed for processing.

A floppy disk, ordis kette, is a

) . Faster
portable,  inexpensive  storage tanstee A
medium that consists of a thin e
circular, flexible plastic disk with a = & Bt T T i e
magnetic costing enclosed in a 5 : i processer g
square-shaped plastic shell. A i
standard floppy disk is 3.5-inches : o Operatnz  svstem, apmlica-  Wide
and has storage capacities up to FadDuk omaen - 14
MB (@bout 500 double-space : _ - .
pages of text, several digital 0 e etk o T - b
photographs, or a s mall audio = & | Sehdovs file).
When discussing a storage medium, é Software, backups, music, the
term portable means you can LD Rl B e RRe
remove them edium from one f Tape R
computer and carry it to another :
computer. Floppy disks are not as f Flovpy disk Small files to be transported
widely used as they were 15 years ¥ ago
because of their lowst orage Slowar
capacity. A floppy disk drive is a
device that can read from and =1 Figure: A comparison of different types of storage
write to a floppy disk. Because computers today dp naadia and memory in terms of relative speed and |
you can use an external floppy disk drive, in which i rt ubes it t I

a port onth e system unit (Figure). Floppy disK OTFive access times are apout 84 milliseconds, or
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approximately 1/12 of a second. The transfer rates range from 250 to 500 KBps.

A hard disk, also called hard drive, usually consists of
several inflexible, circular metal platters coated with
magnetic oxide that can be magnetized to represent data.
The entire device is enclosed in an air-tight, sealed case
to protect it from contamination. Hard disks come in a
variety of sizes. In most personal computers, the hard disk
is housed inside the system unit (Figure). A hard disk
that is mounted inside the system unit sometimes is
called a fixed disk because it is not portable. Current

personal computer hard disks have storage capacities
Figure: A tape drive and a tape cartridge from 160 GB to 1 TB and more.

Most magnetic disks are read/write storage media;
that is, you canread from and write data on a
magnetic disk any number of times. Before you can

write on a new disk, it must be formatted. Formatting 8 ————
is the proc ess ofpreparing adis k for reading and
writing by organizing the disk into storage locations
called tracks and sectors (Figure). A track is a narrow

recording band that forms a full circle on the surface of
the disk. The trg(I:ks afrehfulgher d5i\1/2ided into sfe((:jtors.ﬁ
sector is capable of holding types of data. . ) .
typical floppy disk stores dataon both sides and has Figure: Floppy d_lskar)d extemal floppy
80 tracks oneac h side of the recording surface diskdrive

with 18 sectors per track. For reading and writing
purpose, sectors are grouped into clusters. A =
cluster, a so cal led a location unit, consists of

two to eight sectors, depending on the operating
system. A cluster is the smallest unit of space used
to store data. Even if a file consists of only a few
bytes, an entire clusteris used forstorage. Although
each cluster holds data from only one file, one file
can be stored in many clusters. Sometimes, a sector
has a flaw and cannot store data. When you formata
disk, the operating system marks these bad sectors
as unusable.

If youare using the Windows operating system, the

formatting process also defines the file allocation

table (FAT), which is a table of information used

to locate files on a disk. If you format a disk that : .
already contains data or programs, the formatting Figure: A hard disk is enclosed inside an

Procegs erases the file Iocatlor_1 information and _ airtight, sealed case inside the systemunit
Redefines the FAT for these items. The actual files
on the disk are not erased. For this reason, if you accidentally format a disk, you often can unformed it
with special software. Most floppy disks are preformatted by the disk’s manufacturer. If you must
format a floppy disk by yourself, you do so by issuing a formatting command to the operating system.

In a hard disk, the circular metal platters are assembled into a disk pack. Each platter in the pack has top
and bottom surfaces on which to store data. A diskpack is mounted on a hard disk drive that is device for

reading data from or writing data on a disk. While your computer is running, all platters in a disk pack
rotate at a hig h rate of speed, usua Ily 5,400 to 15,000 revolutions per mi nute, although only one platter is
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being read fromor written on at any one time. The platters typically continue to spin until power is removed
from the computer. The mechanism for reading or writing data on a platter is an access arm that moves a
read/write head into the proper location over a particulartrack (Figure 5-68). Each platter has two read/write
heads, one for each side. A read/write head is the mechanismthat reads items and writes items in the drive as

it barely touches the disk’s recording  surface.

Because ofthe stacked arrangement of the platters, the location of the read/write heads often is referred to by

its cylinder instead of its track. A cylinder is the vertical
Location of a single rack through all platters (Figure). Once
the read/write heads are in position, they are in the same
vertical position on all platter surfaces. If a hard disk has two
Platters (four sides), each with 1000 tracks, then it will have
1000 cylinders with each cylinder consisting of 4 tracks (2
tracks for each platter). The read/write head on the end of the
access arm hovers just above the track but does not actually
touch the surface. The distance between the read/write head
and the platter is approximately two millionths of an inch.
This small distance leaves no room for any type of

contamination. When a read/write head does accidentally
touch the plattersurface, it is called a head crash and all data

is destroyed. Data can also be destroyed if a read/write

head encounters even minuscule foreign matter on the
platter surface. Most hard disks combine the platters, access
arms, and read/write heads in an airtight sealed module,

Figure: Tracks form circles on the surface ofa
magnetic disk. The disk's storage locations are
divided into pie-shaped sections, which break
the tracks into small arcs called sectors.

thus even microscopic dust particles do not get on the
platter surface. However, even internal hard disks are
sealed tightly, head crashes occasionally do still occur.
Thus, it is crucial that you back up your hard disk

disk placed on a separate storage medium
destroyed.

The flow of data, instructions, and information to | Figure: How ahard disk works
and from a disk is managed by a special-purpose

regularly. A backup is a duplicate of afile, program, or
that you can use in case the original is lost, damaged, or

chip and its associated electronic circuits call ed
the disk controller. Be cause a disk controller
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controls the transfer of items from the disk to the rest
of the computer, it often is referred to as a type
of interface. A cont roller for a hard disk is called

; hoe— e
hard disk controller (HDC). On a personal computer, NN
the HDC either is built into the disk drive or is a Y=
separate expansion card that plugs into an expansion e —
slot. In their personal computer advertisements, L C C 0
vendors usually state the type of hard diskinterface A
supported by the hard disk controller. Thus, you P
should understand the types of available hard disk (:3‘
interfaces. In addition to USB and FireWire (external N =
hard disk interfaces), four other types of hard disk g r— > o

interfaces for internal use in personal computers N
as SATA, EIDE, SCsI, and SAS. ———

SATA (Serial Advanced Technology Attachment)
uses serial signals to transferdat a, instructions, and
information. The primary advantage of SATA SAMPLE HARD DISK CHARACTERISTICS
interfaces is their cables are thinner, longer, more Advertised capacity 120 GB

|
flexible, and less susceptible to interference than . Platters 3 |
cables used by hard disks that use parallel signals.  Read/write heads s ]‘
SATA interfaces have datatransfer rates of up to 300~ E¥!inders 16.383 ;
MBps. EIDE (Enhanced Integrated Drive Electronics) ::‘:" o;’;::l‘r':; z;"’ ‘
is a hard disk interface that uses parallel signals to g 20 c oo oo 234 441,088 E
transfer data, instructions and information. EIDE Ravolalides ner il 7.200 |
interfaces can support up to four hard disks at 137GB Transfer rate 133 MB per second |

per disk. These interfaces have data transfer rates up Access time 8.9 ms
to 100MBps. SCS | interfaces, which also use
parallel signals, can support up to eight or fifteen
peripheral devices. Supported devices include
hard disks, CD/DVD driv es, tape drives, printers,
scanners, network cards, and much more. SCSI
interfaces provide up to 320 MBps data transferrates.
SAS (Serial-attached SCSI) is a newer type of SCSI
that uses serial signals to transfer data, instructions,
and information. SAS hasman y advantages over
parallel SCSI. BExperts predict that SAS eventually
will replace SCSI.

Depending on the type of hard disk, transfer rates ra
from 15 MBps to 320 MBps. Access time for today’s

Local Disk (C:) Properties

disks ranges from approximately 3to 12 milliseconds. R e S
capacity of a hard disk is determined from the number et —
platters it contains, together with composition of the mag Lo Yl Cont J{ 2y )

costing on the platters. Figure 5-70 shows characteristics ofa - .
sample 120 GB hard disk, which include its capacity, platters,| ~ Figure:Characteristics ofa sample 120
read/write heads, cylinders, sectorsand tracks, revolutions per DB hard disk
minute, transfer rate, and access time.
Hard disks improve their access time by using disk caching.
Disk cache, som etimes called a b uffer, consists of a memor y
chips on a hard disk that stores frequently accessed items such as
data, instructions, and information. Disk cache and memory
cache workin a similar fashion. When a proce ssor requests
data, instructions, or information from the hard disk, the hard
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e (Desktop & L

disk first checks its disk cache. If the requesteditem is in disk
cache, the hard disk sends it to th e processor. If the hard disk
does not find the requested item in the disk cache, then the
processormust wait for the hard disk to locate and transfer the
item fromthe diskto the processor (Figure).

Many mobile devi ces and consumer electronics include &.,7;'14:
miniature hard disks, which provide users with greater storage
capacities than flash memory. These tiny hard disks often
have form factors of 1.8 inch, 1 inch, and 0.85 inch. Devices
such as portable media players, digital cameras, and smart
phones often have built-in miniature hard disks. Anothertype
of miniature hard disk, often calle d a pocket hard drive, is a
self-contained unit that you insert in and remove from a slot
in adevice or acom puter or plug inaUS B portona
computer.

An external hard disk is a separate free-standing hard
disk that connects with a cable to a USB port or FireWire
port onthe system unit. As withthe internal hard disk, the
entire hard disk is enclosed in a n airtight, se aled case.
External hard disks have storage capacities of up to 2T B
and more.

Figure: RAID is a group of integrated
hard disks

\

; A removable hard disk is a hard disk that you
\ insert and remove from either a dock or a
\

drive. External hard disks and removable hard
disks offer many advantages overinternal hard
‘ disks. As their prices drop, increasingly more
| users will purchase one to supplement a home
‘ or office internal hard disk. Keep in mind,
w though, that external or removable hard disks
transfer
dataat slowerrates than internal hard disks.
Most manufacturers guarantee their hard
\ disks to last somewhere between three and
‘ five years. Many last much longer with
; proper care. To prevent the loss of items store
‘ on ahar d disk, you regularly should perform

Absence of r
light is read as a
digital signal of 0

preventive maintenance such as
defragmenting or scanning the disk for
errors.

Figure: How a laser reads data on an optical disc |

Instead of storing data locally on hard disk, you can optto storeit on an Internet hard drive. An Internet
hard drive, also called online storage, is a'service on the Web that provides storage to computer users,

usually for a minimal monthly fee. Once users subscribe to the online storage service, they can save on the
Internet hard disk in the same mannerthey save on their local hard disk or any other drive. Users subscribe
to an online storage service for a variety ofreasons. One ofthe major reasons is that they can access files
on the Internet hard disk from any computer or device that has Internetaccess at any location.

For networks and other applications that depend on reliable data access, it is crucial that the data is
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available when a user attempts to access it. For these applications, some manufacturers developed a type
of hard disk system that connects several smaller disks into a single unit that acts like a single large
hard disk. A group of two or more integrated hard disks is called a RAID (redundantarray of independent
disks) (Figure). Reliability is i mproved with RAID through the duplication of data, instructions, and
information. The duplication is i mplemented in different ways. The simplest RAID storage design is
mirroring, which has one backup disk for each disk. If a drive should fail, a duplicate of the requested
item is available elsewhere within the array of disks. Although quite expensive, RAID is more reliable than
traditional disks and thus often used with network and Internet servers

Optical Media

The optical technology works like this way: a laser hits a layer of metallic material spread over the surface
of a disk. When data is being entered, heat from the laser produces tiny spots on the disk surface. To
read the datathe laser scans the disk, and a lens picks up different light reflections from the various spots.

An optical disc is a flat, round, po rtable storage medium
made of metal, plastic, and lacquer that is written and
read by a laser. Optical discs used in personal computers
are 4.75inches in diameterand less than one-twentieth of
an inch thick. Smaller computers and devices use mini
discs that have a diameter of 3 inches or less.

Some optical disc formats are read on ly, meaning
users cannot write (save) on the media. Others are
read/write, which allows users to save on the disc just
as they save ona hard disk. Nearly every personal
computer today has some type of optical disc drive
installed in a drive bay. With some discs, you can read
and/or write on one side only. Manufacturers usually
place a silk-screened label on the top layer ofth ese
single-sided discs. You insert a single-sided disc in the
drive with the label side up. Other discs are double- single track
sided. Simply remove the disc from the drive, flip it <pis 10 sage
over, and reinsert it in the drive to use the other side of of disc
the disc. Double-sided discs often have no label; instead
each side of the disc is identified with small writing Figure: An opticaldisc typically stores
around the centerofthe disc. Some drives use Light Scribe . . .
technology, which work s with specially coated optical items in a single track
discs, to etch labels dir ectly on the disc (as opposed to
placing an adhesive label in the disc).

disc: saclors
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Optical discs store items by using microscopic pits (indentations) and lands (flat areas) on the surface of the
disc (Figure. A high-powered laser light creates the pits. A lower-powered laser light reads items
from the compact disc by reflecting light through the bottom of the disc, which usually is either solid
gold orsilver in color. The reflected light is converted into a se ries of bits that the computer can
process. Land causes light to reflect, which is read as binary digit 1. Pits absorb the light; this absence of
light is read as binary digit 0. Items are commonly stored in a single track on an optical disc that spirals

from the center of the disctot he
edge of the disc. As with a hard disk,
this single track is divide d into

evenly sized sectors on which ite ms the disc to £
are stored (Figure 5-74). St /
of

Manufacturers claim that a proper ly
cared for high-quality optical disc
will last 5 years but could last up to
100 years. Figure offers some
guidelines fort he proper care of

Do not expose

sunlight

Do store the disc in

optical discs. Many different formats ; a jewel box when
. . . Do not - not in use

of optical discs exist today. Two P Do not stack discs

general categories are CDs and drink near 3 .

DVDs, with DVDs having a mu ch R o @ y

greater storage capacity than CDs.

(@)

““s Do not touch

~) the underside of
P the disc.

A CD-ROM (compact disc read-
only memory) is a type of optical
discthat users can read but not
write orerase—hence, thename
read-only. The contentsofstandard
CD-ROMs arewritten by the manufacturer and only can be read and used. A typical CD-ROM holds from
650 MB to 1GB of data, instructions, and information. Because audio CDs and CD-ROMSs use the same
lasertechnology, you may be able to use a CD-ROM drive to listen to an audio CD while using the
computer. Some music companies, however,configure their CDs so that the music will not play ona
computer. They do this to protect themselves fromcustomers illegally copying and sharing the music. The
speed of CD-ROM drive determines howfast it installs programs and accesses the disc. A CD-ROM  drive's
speed is measured by its datatransfer rate, which is the time it takes the drive to transmit data,
instructions, and information from the CD-ROM to anotherdevice. The original CD-ROM drive was a
single-speed drive with a transfer rate of 150 KB per second. Manufacturers measure all optical disc
drives relative to this original CDROM drive. They use an Xto denote the original transfer rate of 150KB
persecond. Forexample, a 48X CD-ROM drive has adatatransferrate of 7,200 (48 x 150) KB per
second. CurrentCD ROM drives have speeds ranging from 48X to 75X or faster. The higher the
umber he faster the CE ROM  drive, which results in smoother playback of images and sounds.
cture C is a compact disc that
only contains digital photographic
images saved in the jpg file format.
You can purchase Picture CDs that already contain pictures. A Picture CD is a multisession disc, which
means you can write additional data to the disc at a later time. Thus, you can have yourown pictures or
negatives recordedon a Picture CD so that you have digital versions of your photographs. The images on a
Picture CD can be printed, faxed, sent viaelectronic mail,  included in another document, or posted toa
Web site. The resolution of images stored on a Picture CD usually is 1024'1536 pixels. Many people
use Picture CD to preserve their photos.
CD-R (compact disc-recordable) is atechnology thatallows you to write on a compact disc using your
own computer. Once you have recorded the CD-R, you canread from it as many times as you desire. A
CD-R is a multisession opticaldisc which allows you to write on part of the disc at one time and another
part at a later time. However, you cannot erase the disc's contents. In orderto write on a CD-R, you must
have a CD-R drive and CD-R software. A CD-R drive can read both audio CDs and standard CD-ROMs.
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These drives read at speeds of 48X or more and write at speeds of40X or more. Manufacturers often list the
write speed first, forexample, as 40/48.

« A CD-RW (compact disc-rewritable) is an erasable multisession disc that you can write on multiple times.
CD-RW overcomes the major disadvantage of CD-R discs—that you can write on themonly once.
Reliability of the disctends to drop, however, with each successive rewrite. To write on a CD-RW, you must
have a CD-RW drive and CD-RW software. A typical CD-RW drive has awrite speed of52X or more,
rewrite speed of 32X and more, and a read speed of 52X or more, stating in the orderas 52/32/52.

- Although CD-ROMs have large storage capacities, it is not large
enough for many business applications. A storage technology
that outpaces all others is called DVD-ROM (digital video disc-
ROM). A DVD-ROM is an extremely high capacity compact disc
capable of storing from 4.7 GB to 17GB. Operating very much
like CD-ROM technology, DVD-ROM uses a laser beam to read
microscopic spots that represent data. But DVD technology uses
a laser with a shorter wavelength, permitting it to read more
densely packed spots, thus increasing the disk capacity. In order
to read a DVD-ROM, you must have a DVD-ROM drive, which
can also read CD-ROMs. DVDs are also available in a variety of
formats. You also can obtain recordable and rewritable versions of
DVD. DVD-R andD VD+R are competing DVD-recordable
formats, each with up to 4.7 GB storage capacity. Both allow
users to write on the disconce and read it many times. Instead of
recordable DVDs, however, most users work with rewritable
DVDs because these discs can be written on multiple times and
also erased. Three competing rewritable DVD formats exist, each
with storage capacities upt o 4.7 GB pers ide: DVD+RW,
DVD+RE, andDVD+RAM. You can erase and record on the -
disc more than 1,000 ti mes. To write onthe se discs, you must
have a DVD-RW drive, a DVD+RW drive, or a DVD recorder. Asthecostof DVD technologies becomes
more reasonable, many industry professionals expect that DVD eventually will replace all CD media.

- Two newer competing DVD formats are B lu-ray and HD DVD , both of which are higher capacity and
better quality than standard DVDs. A Blu-ray Dics-ROM (BD-ROM) has storage capacities of 100 GB
with expectations of exceeding 200 GB in the future. The HD ( high-density) DVD-ROM has storage
capacities up to 6 0 GB with future projections of 90 GB capacities. Another high density format, called HD
VMD (Versatile Multi-layer Disc), recently emerged as a com petitor to Blu-ray and HD DVD. Current HD
VMDs have capacities of 40 GB and more. With future technology, an HD VMD potentially will contain up
to 20 layers, each with a capacity of 5 GB. A mini-DVDthat has grown in popularity is the UMD (Universal
Media Disc), which  works specifically with the PlayStation Portable handheld game console. The UMD
has a diameter of about 2.4 inches, and can store up to 1.8 GB of games, movies, or music.

Other Types of Storage Media

There are many other storage media available for storing
data, instruction, and information. A PC Card is a thin,
credit card-sized removable flash memory device that fits
into a PC Card ex pansion slot on a personal computer
(Figure 5-76). AnEx press Cardm odule is a removabl e
device, smaller than a PC Card that fits in an Express
Card slot. Different typesand sizes of PC Cards and
BExpress Card modules are usedto add storage, additional
memory, communications, multimedia capabilities, and
security capabilities to a computer. PC Cards and Express
Card modulesarec ommonly used in notebook
computers. Some digital cameras also use PC Cards
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called picture cards.

A smart card, which is similar in size to a credit card, stores data on a thin microprocessorembedded in
the card (Figure 5-77). A smart card contains a processor and has input, process, output, and storage
capabilities. When the smart card is inserted into a specialized card reader, the information on the
smart card is read and, if necessary, updated. One popular use of smart cards is to store a prepaid dollar
amount, as in prepaid telephone calling card. Many hotels issue smart cards instead of keys to hotelguests.
With the smart card, guests gain access to their rooms and other hotel services. Other uses of smart
cards include storing patient records, vaccination data, ot her heal th-care information; tr acking
information such as customer purchases or employee attendance; storing a prepaid amount, such as
electronic money; authenticating users such as for Internet purchases or building access. Some
organizations usesmart cards as an ID card.

Flash memory cards are a type of solid-state media, which e reaserier
means they consist entirely ofelectronic components and contain
no moving parts (Figure 5-78). Common types of flash memory
cards include CompactFlash(CF),SmartMedia, Secure Digital
(SD), miscroSD, miniSD, x D.Picture Card, and Memory
Stick. Depending on the device, manufacturers claim these
storage media can last from 10 to 100years. Transfer rates
range from about 1 MBps to 20 MBps or more.

A USB flash drive is a flash memory storagedeviceth Figurej5-77 A smart card and smart
a USB port on a computer or mobile device (Figure). fl f f

drives are convenient for mobile users becausethey a Figure: Flash memory cards
lightweight enough to be transported on a keychain
or ina pocket. Current USB flash drives have data
transferrates of about 12 MBps and storage capacities
ranging from 256 MB to 64 GB. USB flash drives
have become themobile user' s primary portable
storage device, m aking the floppy disk nearly
obsolete because they have much greater storage
capacities and are much more convenienttocarry. A
special type of USB flash drive, called a U3 smart
drive, offers even more convenience because it
includes Pre installed software accessed through a
Windows-type interface. The drive designation of a
USB flash drive usually follows alphabetically after

all other disks. For example, if the computerhas one internal . ] .
hard disk (drive C) and a DVD drive (drive D) and no other Figure: A USB flash drive
disk drives, then the USB flash drive probably will be drive E. ok

Microfilm and Microfiche are used to store micro scopic
images of documents on roll or sheet film (Figure 5-80).
Microfilm is a 100- to 215-footroll offilm .Microficheisa small
sheet of film, usuall y about 4 x 6 inches. The images are
recorded on to the film using a device called a computer
output microfilm recorder. The stored images are so small .
they can be read only with a microfilm or mi crofiche reader. Microfiche
Micro film and microfiche have the longest life of any = =
storage medium ( Figure 5-81) and have widespread
applications .Libraries use these media to store back issues
of newspapers, magazines, and genealogy records. Some
large organizations sue these media to archive in
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activefis.Many banks use them to store transactions and
canceled checks. The US Army uses themto store
personnel records.

Potential Life
Many companies store data, information and Media Type Expectaney
programs on the network, which must be accessi ble
easily toa Il authorized users. A large business, — Masusticdiks 3to Jyears 200 30 years
commonly referred to as an enterprise, has
hundreds or thousands ofemployees. Optical discs Sto 10 years 5010 100 years
Enterprises use computers and computer networks to
manage and store huge volumes of data and | Microfim 100 years 500 vears

information  about customers, suppliers, and
employees. Anent erprise to rage systemis a strategy
that focuses on the availability, protection, organization,
and backupo f storage in a company. The goal ofan
enterprise storage system is to consolidate storage so
operations run as efficiently as possible.

Figure: Media life expectancies when using
high-quality media

Tape
To implement an enterprise storage system, a kel
company uses a combination of techniques. As
shown in Figure 5-82, an enterprise storage
system may use servers, a RAID system, a tape RAID
library, CD-ROM juke boxes, Internet backup,
NAS (network-attached storage) devices, and/or P |
a storage area network. In an enterprise, some
storage systems can provide more than 185 TB
of storage capacity. CD servers and DVD >
servers hold hundreds of CDs or DVDs. Some e
companies manage an enterprise storage system
in-house. Other larger applications elect to
offload all storage management to an outside |
organization oro nline Web service. An ﬂ, ,‘
enterprise's storage needs usually grow daily. - |
Thus, the storage solutions an enterprise chooses ~ Strg® 2 network : Momethacke
must be able to store its data and information

CD-ROM
jukeboxes

x

r

requirements today and tomorrow. . . .
Figure: Anenterprise storage systemuses a variety of

storage
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Chapter - 10
MS DOS

Objective of learning
= Brief understanding of DOS
= Setup files of msdos & installing msdos
= Conceptofconventional, extended and paged memory
= Working different internal dos and external dos commands

MS-DOS is themost well known ope rating system; the mostcommerc ialized version is that of
Microsoft, christened "MS-DOS". MS-DOS was created in 1981 when it was used on IBM computers.
DOS, as with an y operating system, controls computer activity. It manages operations such as data
flow, display, dataentry amongst othervarious elements that make up a system.
The role of DOS istointe rpret commands that the user enters viathe  keyboard.
These commands allow the following tasks to be executed:

- File and folder management

- Disk upgrades

- Hardware configuration

- Memory optimization

- Program execution
These commands are typed afterthe prompt, in the case of MS-DOS (Microsoft DOS, the most well
known): the drive letter followed by a backslash, for example: A:\ or C\.

LAY To execute a command type the command then hit ENTERS.

Filesin MS DOS
In a computer data is stored in files. When you run a program, MS-DOS processes the data stored in
the file and passes it to the system. In MS-DOS a file can be any size, however the file name is more
restricted, it can only have a maximum length of 8 characters plus 3 for the extension. Furthermore,
the files can only contain the following characters:

« lLettersAtoZ

» Numbers0to9

- The following specialcharacters:$~!'#% & - {}() @' _"
Thus filenames must not contain:

- Spaces

- Commas

- Backslash

- Dot (apart from the dot that separates the name and the extension)nor can they contain any of

the following list of reserved names:

- CLOCK$

- CON

- AUX

- COM1

- COM2

- COM3

- COM4
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- LPT1
- LPT2
- LPT3
- NUL
- PRN

Organizing filesindirectories or folders

Depending on its size a hard drive ma y contain several thousands of files. However, the more files
there are, the more difficult it is to manage them, this is when we need to store themin directories In
MS-DOS, directory names are also subject to the same name restrictions as files (8 characters for the
name, and an extension with 3 characters).

Installing MS-DOS
When installing MS-DOS, make sure that in the BIOS the boot diskis set to A: first, then the hard
drive (bootsequence: A:, C:) Theninsertdisk 1 in the A: drive, power up the computer, then follow
the on-screen instructions.
You must enterthe following information:

- Time and date

- Country

- The media on which to install the operating system (make sure the drive is accessible and has

sufficient free disk space)

« The storage folder for MS-DOS files

- If the MS-DOS shell should appear on each start-up

- If MS-DOS should occupy asingle partition taking up the entire hard drive

Creating asystem bhoot disk

After MS-DOS has been installed you should create a systemboot disk.

Once you have inserted a blank floppy disk into the drive enter the following command:

Format a: /s

The /s switch means "copy systemfiles™.

This floppy disk can be used to boot the systemby inserting it in the floppy disk drive and restarting
the computer.

Introduction to memory
Memory is an area where programs are stored and from where they can be executed. A PC compatible
computer has three types of memory:

- Conventional

- BExended

- Paged
The amount of memory present (and available) in a systemcan be found by running the following
command: "mem" (or "mem /c |more" for more detailed information).

Conventional memory

Conventional memory is that pa rt of memory where programs may load withoutany specific
instructions. The amount of conve ntional memory varies from 256 KB to640 KB (on all recent
computers: 386, 486, Pentium, etc.).
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The amounto f memory available is th e memory remaining after DOS has been loaded into memo ry
the operating system, device drivers and all commands loaded from the config.sys and
autoexec.bat).

Extended memory

Extended memory enables the systemto access more memory. This type of memory is available on
computers equipped with an 80286 type processororhigher. Programs normally only recognise
conventional memory addresses,to accessthe storage area located beyond the 640 KB, programs need
specific instructions. A program that manages access to extended memory, for example it prevents two
programs from using the same area of memory at the same time. This programis called "extended
memory manager".

MS-DOS comes with the standard extended memory manager called HIMEM .SYS (it is also found in
Windows 98). It is loaded in the config.sys by adding the line:

DEVICE=path/himem. sys where path is the access path to the file.

Paged memory

Another method of accessing memory beyond the first 640 KB isto use paged memory. Some
programs (few nowadays) are optimised to use this type of memory. As with extended memory, this
type of memory requires a program to manage it, it is ¢ alled "paged memory manager”. Programs
designed to use this type of memory cannotaccess it directly:the memory manager must copy sections
of 16 KB of memory (called pages) into an area (called frame segment) located in the high memory
area. This type of memory was developed before extended memory; this memory is thus slower and
only allows utilisation of one limited portion of memory at any given time.

High memory

Many systems have 384 KB of high memory (HMA, High Memory Addresses), located directly after
the 640 KB of conventional memory. This area of memory can be used by hardware. Areas not used
by hardware are called "upper memory blocks" (UMB), they allow programs to be run in pag ed
memory.

Various DOS Commands:
Selecting and Copying Text from a command Prompt Window

1. Click theicon in the upper left-hand corner of the bar on top of the window, pointto edit in the
menu that appears, and click Mark.
Click atthebeginning of the text you wantto copy.
Press and hold down the <SHIFT> key, and then click at the end of the text you want to copy.
Click theicon again, click Edit, and then click Copy.
Paste the text into a document by holding the <Ctrl> key and pressing <C>, or by selecting
Paste from the Edit menu. If you want to paste the text back into the command prompt
window, click the icon again, pointto Edit, and click Paste.

A wn

Using Wildcard Characters
Wildcard characters can be used when using Windows Search or Find, and to represent multiple files
or folders when using a command prompt. Wildcard characters are as follows:
Asterisk (*): Acts as a substitute for zero or more characters. For example, to search for or make a
changetoany .tx file that starts with G, enter G*.txt. If you want any file that has an extension
starting with .tif, enter *.tif. For all files in a particular folder, enter*.*,
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1. ATTRIB

In Windows, files and folders ha ve certain properties (called attributes) that can be confi gured. If you
right-click on the file or folder' s icon, you'll see some check boxes that allow you to change these
attributes. The ATTRIB command allows you to do this when the Windows GUI is not available. The
possible attributes, which vary based on Windows version and other factors, are as follows:

Read only: When set, this allows the file to be opened and viewed, but not changed or deleted.
Archiwe: This attribute affe cts whetherthe file will be backed upin cer tain backup schemes using a
backup program, orwhe ther running the XCOPY co mmand will cop y that particular file. F or more
inform ation, see Windows Backup help files.

Hidden: Windows hides certain files b y default; however, any file can be hidden or display ed by
changing this attribute. In 2000 and XP, when the user has enabled the showing of hidden files (in any
Windows folderin Tool s > Folder Options > View tab), icons for hidden folders and files appear
translucent.

Use
ATTRIB uses the plus sign (+) to turn on an attribute, and the minus sign (-) to turn off an a tribute.
To use ATTRIB, navigate to the folder where the desired file is located.

Parameters

+r: Sets the read-only file attribute.
-r: Clears the read-only file attribute.
+a: Sets the archive file attribute.

-a: Clears the archive file attribute.
+s: Sets the systemfile attribute.

-s: Clears the systemfile attribute.
+h: Sets the hidden file attribute.

-h: Clears the hidden file attribute.

Examples

To display the attributes of a file named chapter07.doc, navigate to the folderand enter:
ATTRIB chapter07.doc

To assign the read-only attribute to the file, enter:

ATTRIB +r chapter07.doc

To remove the read-only, hidden, and systemattributes fromall .reg files on the C: drive, including in

all subfolders, navigate to the C: drive and enter:
ATTRIB -r -h -s *.reg /s.

2. CD or CHDIR
This refers to Change Directory,and is used to change the current folder. When directions for another
command say, "navigate to the ABCfolder," this is the command that you would use to do that.

Use

When narrowing down to a subfolderwithin the current folder, type CD, followed by the subfolder
name. For example, ifthe current folder is C\ WINDOWS, and you want tona vigate to
CAWINDOWS\DESKTOP, type:

CD Desktop
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To change the cu rrent folder to a root lev el (a drive letter without any additional folders) (e.g.,
C:\Documents and Settings to C:) , make sure to enter the backslash (\) after the drive letter. For
example, if the prompt says C:\Documents and Settings> and you want to navigate to the Cdrive,

enter:
CD C:\.

3. CHKDSK (present in all versions, useful in 2000 and XP only)

CHKDSK is a program used for checking the status of magnetic drives/disks, fixing certain errors, and
even recovering readable data from bad disk sectors. It isn't particularly useful in 9x, except for
obtaining a report on files on the disk. To corre ct any disk errors on 9, run Scandisk. In 2000, and
XP, CHKDSK replaces 9Xs Scandisk. In 2000 and XP, it is easier to run CHKDSK from Windows, so
you might as well save the command-line version for when the computer is booted into Safe Mo de,
Command prompt only. When invoked with the /f and/or /r switches to run on a disk in use, CHKDSK
will prompt you to run at the next boot.

Use

Type CHKDSK followed by the drive letter and colon (:), followed by any switches (each switch must
be preceded by a space character).

Switches

/c: Use with NTFS-formatted drives only. Skips folder structure cycle checking, resulting in a faster
completion.

/f: Fixes file systemerrors on thedisk. If run ona disk currently in use, /f causes CHKDSK to be run

on the next boot.

/i: Use with NTFS-formatted drives only. Performs a less exhaustive check of index entries, resulting

in a faster completion.

/r: Recovers readable information from bad disk sectors. If run ona disk currently in use, /r causes
CHKDSK to be run onthe next boot. See the listing for the RECOVER command for anothertoolthat
can recover lost data.

/v. Displays the name of each file in every folder as the disk is checked.

/x: Use with NTFS-formatted drives only. Makes all necessary changesto any network-mapped drives
in order for CHKDSK towork onthem. /x also includes the functionality of the /r switch.

4. CLS
CLS removes all text except the main heading and prompt from the command prompt window. CLS
stands for Clear Screen.
Use
Type CLS.

5. CONVERT (XP and 2000 only)

Converts hard drive p artitions formatted as F AT and FAT32 to NT FS. CONVERT cannotconvert a
partition to any file systemotherthan NTFS.

Use

Type CONVERT followed by the drive letter and colon, and then /fs:ntfs followed by any switches. If
you were converting drive C to NTFS in the verbose mode (see the switch listings), you would type:
CONVERT C: /fs:ntfs /v

And then press <Enter>.

Switches

/fs: ntfs: CONVERT won't work without this switch following the drive letter. fs means file system.
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finosecurity: Specifies that files and folders already on the drive are accessible to everyone who uses
the computer.

/v. Verbose mode. All possible information will be displayed while the conversion is taking place.

/x: Performs all changes to network-mapped drives necessary for the conversion to take place.

6. COPY

Copies one or more files. XCOPY provides much more flexibility than does COPY.

Use
Type COPY followed by general switches, then type the path of the file(s) to be copied followed by
any switches that apply to the source files, then the path of the destination, if desired, followed by any
switches that apply to the destination. The source can be a path to a drive, folder, or file. If it is a drive
or folder, it will copy all the files in that folder to the destination, but it will not copy subfolders or any
files within subfolders. W ildcards can be used in a source. Two or m ore files or folders can be
specified in the source by using the plus sign (+) followed by a space character before each file after
the first one listed, as in:

COPY /v D:\Backup\*.dll + D:\Backup\Example.txt C:\Windows\System32
This example would copy all .dll files in the Backup folder on the D drive, but no files in subfolders of
Backup, plus the file Exampletxt to the C:\Windows\System32 folder. The /v switch verifies that each
file is copied properly.
The destination can also be a path to a drive, folder, or file. If the destination is a path to a drive or
folder, the copy will keep the name of the original file. If the destination is a file with a name different
from the original, the copy will have the new filename. If the destination is not specified, the copy will
be placed in the current folder, as long as the current folder isn't the same as the source folder; in
which case no copying will occur.

If two or more source files are specified but only one destination file is specified, the files will be
combined into a single file, assuming the file formats are compatible with each otherand can handle
such a change. Text files (.txt), for example, can be combined.

Switches
/d: If any of the source files are encrypted, this switch removes the encryption attribute on the copies.
/n: Causes the filename to be converted to one that complies with the DOS 8.3 filename convention.
Iv: Vferifies that new files are copied correctly. It is advisable to use when copying critical files. It does
cause the copying to take more time than without /v.
ly: By default, Windows prompts you to confirm that you want to overwrite an existing destination
file of the same name in the same folder; /y stops these prompts.
/-y: Turns off the /y switch. Restores prompts to c onfirm that you want to ove rwrite an existing
destination file of the same name in the same folder.
/z: In case copies are being made over a network and the network connection is lost,or one of the
computers goes off line, /z sets the copy operation to automatically resume from where it left off after
the connection is reestablished.

7. DEL or ERASE

Deletes specified files.

Use

Navigate to the folder that contains the file and type DEL or ERASE followed by the filename, and by
any desired switches. You can also enter the entire path at the prompt rather than navigating to the
folder. Multiple filknames can be entered separated by spaces, commas, or semicolons, or wildcards
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can be used. If only a folder name is entered, DEL or ERASE will de lete only the files in the root of
the folder. Subfolders and files within subfolders will not be affected unless the /s switch is used.
Switches
/f: Normally, files with the read-only attribute will not be deleted. /f overrides this and forces deletion.
/p: Prompts you to confirm that you want the file to be deleted.
/q: Prevents Windows from prompting you to confirm that you want the file to be deleted.
/s: Deletes specified files from the current folder and all subfolders. Displays each filename as the file
is deleted.

8. DIR
Displays a list of the subfolders and files in a folder or drive with some inf ormation such as total file
size, the last date and time each file was modified, and the amount of free disk space on the disk.
Use
Navigate to the desired folder and type DIR followed by any desired switches. Does not show hidden
or systemfile unless you use the /a switch.
Switches
/p: Displays onescreenata time. To continue, press any key on the keyboard.
/g: Displays the owner of each file, if applicable.
/a: Displays all files, including files with the hidden and systemattributes.
/a followed by attributes codes: displays only files or otheritems with attributes you specify.
Attribute Codes
a: Files ready for archiving only
d: Folders only
h: Hidden files and folders only
r: Read-only files only
s: Systemfiles and folders only
Each of these codes can be inversed by preceding it with a minus sign (-). For example, -r displays
only files with the read -only attribute. In addition, using multiple attr ibute codes, W indows will
display only files with all of the attributes indicated by the codes. Don't leave a space between codes

when using multiple codes. For example, to display only files that are both read only and hidden, type:
DIR /arh
/s: Lists every occurrence, in the specified folder and all its subfolders, of the specified filename.

Ix: Displays both long filenames and 8.3 filenames.

9. DEL or ERASE
Deletes specified files.
Use
Navigate to the folder that contains the file and type DEL or ERASE followed by the filename, and by
any desired switches. You can also enter the entire path at the pr ompt rather than navigating to the
folder. Multiple filknames can be entered separated by spaces,commas, or semicolons, or wildcards
can be used. If only a folder name is entered, DEL or ERASE will de lete only the files in the root of
the folder. Subfolders and files within subfolders will not be affected unless the /s switch is used.
Switches
/f: Normally, files with the read-only attribute will notbe deleted. /f overrides this and forces deletion.
/p: Prompts you to confirm that you want the file to be deleted.
/q: Prevents Windows from prompting you to confirm that you want the file to be deleted.
/s: Deletes specified files from the current folder and all subfolders. Displays each filkname as the file
is deleted.
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10. DIR

Displays a list of the subfolders and files in a folder or drive with some inf ormation such as total file
size, the last date and time each file was modified, and the amount of free disk space on the disk.

Use

Navigate to the desired folder and type DIR followed by any desired switches. Does not show hidden
or systemfile unless you use the /a switch.

Switches
/p: Displays one screen at a time. To continue, press any key on the keyboard.
/q: Displays the ownerof each file, if applicable.
/a: Displays all files, including files with the hidden and systemattributes.
/a followed by attributes codes: displays only files or otheritems with attributes you specify.
Attribute Codes
a: Files ready for archiving only
d: Folders only

h: Hidden files and folders only

r: Read-only files only
s: Systemfiles and folders only

Each of these codes can be inversed by preceding it with a minus sign (-). For example, -r displays
only files with the read -only attribute. In addition, using multiple attr ibute codes, W indows will
display only files with all of the attributes indicated by the codes. Don't leave a space between codes
when using multiple codes. For example, to display only files that are both read only and hidden, type:
DIR /arh
/s: Lists every occurrence, in the specified folder and all its subfolders, of the specified filename.
/x: Displays both long filenames and 8.3 filenames.

11. EDIT (limited use in 2000 and XP)

Starts the MS-DOS Editor, which creates and changes ASCII text files. EDIT is an antiquated text
editor that works without benefit of a mouse. It can be essentialto use if you bootinto DOS and need
to edit a text file such as autoexec.bat or config.sys. Access menu commands by pressing and holding
the <Alt> key while typing the first letter of the menu and the highlighted letter of each command.
Once you have accessed a menu, the arrow keys can be used to navigate the menus. Another way to
invoke a menu command is to highlight it by using the arrowkeys, and then press <Enter>.

Use

Type EDIT followed by the full path to the file you want to open or create, followed by any desired
switches.

12. EXIT

Closes a DOS prompt a nd many DOS pro grams. If you click the Xto ¢ lose the window in a DOS
program, you'll get a message indicating that closing the programthis way will cause any unsaved data
to be lost. While you'll rarely have any unsaved data, it is pr obably easier to use this ¢ ommand to
avoid the prompt.

Use

Type EXIT.
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13. FDISK (DOS and 9x only)

Opens a program that allows creation and deletion of partitions, and the viewing of pa rtition
information. Once the program is open, it is no longer a command-line program, but instead ism enu
based.

Use

While booted into DOS, type FDISK to open the program. Two switches will also perform functions
without opening the menu-based program.

Switches

/mbr: This will repla ce the master boot record (MBR). The MBR is the first sectoron the hard disk.
There is a small progra m in the MB R thattells the systemwhich patit ion is bootable. You cannot
boot withoutthe MB R being intact. Us e this switch to replace a dama ged MBR. This can o ccur if
there is a boot-s ector virus, or for othe r reasons. Try using this if you can't bootand you can't
determine another cause. Using this switch does not open the menu-based program.

/status: This will display information about the partition. Using this switch does not open the m enu-
based program.

/x: Ignores extended disk partition support. If you receive a disk access or stackove rflow error, use
this switch; /x can be used with /status, but if used by itself, the menu-based program does open.

14. FORMAT

Formats magnetic disks and partitions in specified file formats (FAT, FAT32, and NTFS). Works with
floppy and hard disks.

Use

Type FORMAT followed by thedrive letter and a col on, a space,then /fs: and the name of the file
system(FAT, FAT32, or NTFS). For example, to format drive E: as FAT32, you would type:
FORMAT E: /fs:FAT32

Floppy disks can b e formatted only as FAT. F AT is the desig nation for FAT16. If you omit the /fs
switch, the systemwill use the default.

Switches

/fs: folloned by the desired file system: This switch determines the file system, butif you leave it
out, Windows will use the default. For example, floppies will automatically be formatted as FAT.

/g: Quick format. Skips a sector-by-sector surface scan of the disk. Use o nly with a disk known not to
have any bad sectors.

/c: Compress newly added files. Works only with NTFS partitions.

/s: (95, 98, and DOS only) Formats a floppy and copies the three DOS files (Command.com, 10.sys,
MSDOS.sys) ontoit. This switch will work in 95 and 98, and any time the computer is booted into
MS-DOS.

15. MD or MKDIR

Stands for "Make Directory." Creates a folder or subfolder.

Use

Type MD followed by the full path of the new folder, including the name of the new folder.
Alternatively, you can navigate to the drive or fold er one level above that of the new folder, and ty pe
MD followed only by the desired name of the new folder.
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16. MOVE

Moves files or folders from one drive or folder to another. Similar to COPY, except that MOVE
deletes the source file.

Use

Type MOVE follow ed by as witch, if desir ed, then the source folder or files name, and then the
destination folderor file name. If moving more than one file, the destination must be a folder.
Switches

/y: Normally, you would be prompted to confi rm if you want to overwrite an existing destination file
or folder of the same name; /y turns off this prompt. It is notnec essary to use unless there actually is
such adestination file or folder and you want to suppress the prompt.

/-y: Turns on the prompt to confirm that you want to overwrite a destination file or folder of the same
name, if present.

17. PATH

Although "path" has a more generalmeaning, “the path" refers to the path to all of these commands. In
9x, some of theseare in the root folder of the boot drive (usually C :\), some are in the Windows folder
(usually C:\Windows), and some are in the Command folder (usually C:\Windows\Command). In
2000 and XP, commands can be found in the W indows folder (usually C\Windows or C\Winnt), and
in the System32 folder (usually C:\Windows\System32). There also mig ht be a Command folder
(usually C:\Windows\Command or C: \Winnt\Command). The PAT H command sets the c omputer to
recognize theloc ations of these commands. That is how W indows canfind each command simply
from the user entering commands at the command prompt or in the Run dialog. Run by itself, PATH
displays the current path.

Use

Type PATH followed by the path that contains commands. You can enter multiple command paths by
separating themwith semicolons (;).

Parameter

; Separates the different paths that are to make up "the path." If you use this by itself, the existing
command path will be deleted.

Example

In 9%, if you find you don't have access to all commands that should be available, type:

PATH C\;C:\Windows;C:\Windows\Command

18. REN or RENAME

Changes the name of a file or folder.

Use

Navigate to the folder that contains the file you want to rename, or to the parent folder of the subfolder
you want to rename. Type REN followed by the existing file or folder name, a space, and then the new
file or folder name. REN cannot be used to move files or folders, so you cannot enter a new path for
the file.

19. REPLACE

Replaces files in the destination folder with files in the source folder that have the same name. It also
can be used to add files to the destination folder that don't already exist there. For example, if you need
to make sure that all files on an optical disc have been copied to a folder on the hard drive, you could
use another method to c opy them again, and then get the promptto ov erwrite existing files. Using
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REPLACE with the/a s witch automatically copies only files that don't exist on the destination folder
while ignoring those files that do exist there.

Use

To replace files or folders, type REPLACE followed by the path to the source files or folders, then the
destination files or folders, followed by any appropriate switches. You can also navigate to the source
folder before running the command. If you specify neither a source nor a destination folder, the current
folder is used.

Switches

/a: Adds only files to the destination folderthat aren't there already; /a cannot be used at the same time
as the /s or /u switches.

/p: Prompts you for confirmation before replacing or adding a file or folder.

/r: Replaces read-only, hidden or systemfiles or folders. Files or folders in the destination folder with
these attributes normally would cause the operation to stop.

/w: Waits for you toins ert adisk befor e searching for source files or fo Iders. Without this switch,
REPLACE attempts to replace or add files immediately after the userpresses <ENTER>.

/s: Includes subfolders of the destination folder (not the source folder); /s cannot be us ed at the s ame
time as the /a switch.

/u: Replaces only those files in the destination folder that are older than those with the same names in
the source folder; /u cannot be used at the same time as the /a switch; /u cannot be used to upd ate
hidden or systemfiles. You'll have to remove these attributes first, using the ATTRIB command or the
Windows interface.

20. RD or RMDIR

Deletes a folder. RD stands for "Remove Directory."

Use

Type RD followed by the path to the folder you want to de lete, followed by any desired switches.
Make sure to enter the full path, starting with the drive letter. Do not navigate first to the folder you
want to delete; RD won't work if you do. Additionally, RD won't work if the folder to be deleted is a
subfolder of the current folder.

Switches

/s: Includes all subfolders and their contents.

/g: Quiet mode. Normally, a confirmation is g iven after the deletion is c omplete; /q tur ns off this
confirmation.

21. SHUTDOWN (XP only)

Allows you to shutdown, restart, or log a user off the computer. Used without switches, SHUTDOWN
will log off the current user.

Use

TypeSHUTDOWN followed by any desired switches.

Switches

-s: Shuts down the computer.

-r: Reboots the computer.

-f: Forces any running programs to close.

-t folloned by a space and a number of seconds: This se ts the timer for systemshutdownint he
specified number of seconds. The defaultis 20 seconds.
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-a: Aborts shutdown. If you run shutdown and then change your mind, during the timed interval
before the machine shuts down you can abort the shutdown by running SHUTDOW N -a.

22. SYSTEMINFO (XP only)

Displays detailed configuration information abo ut a computer and W indows, including operating
system (OS) configuration, security information, and product ID, and hardware properties, such as
memory, disk space,and network adapters.

Use

Type SYSTEMINFO. If you wantto confi gure the format of the output, use the /fo swi tch.
SYSTEMINFO is an ideal command to be accompanied bythe MORE command.

Switches

/fo followed by one of the three possibilities: TABLE, LIST, orC SV (Comma-Separated Values).
LIST is the default.

23. TASKKILL (XP only)

Terminates one or more programs or processes. Processes can be called by theirprocess ID or by their
name. View running processes by using the TASKLIST command.

Use

Run TASKLIST or Windows' Task Manager (type <Ctrl> + <Alt> + <Delete>). Once you've
determined which processes to terminate, type TASKKILL followed by the appropriate switches and
parameters.

Switches and Parameters

/pid followed by the process ID: Specifies the process ID of the process to be terminated.

/im followed by the process name: Specifies the process name (called image name) of the process to
be terminated. TASKKILL will terminate all instances ofaprocess.

/f: Terminates the process (es) by force, if necessary. Some processes will ordinarily not be terminated
without this switch. Mo st of these are crucial to the operation of Windows, so don't be surprised if
Windows shuts down if you end the wrong process.

24. TASKLIST (XP only)

Displays a list of pro grams and processes with their Process ID (PID) for all tasks runnin g on the
computer. Useful to compile data for the TASKKILL command.

Use

Type TASKLIST followed by any desired switches.

25. TYPE

Displays the text in a text file.

Use

Navigate to the text file's folder and type TYPE, or type TYPE followed by the path to the file or files
to view. To view multiple files, separate themwith spaces.

26. VER

Displays the Windows version and number.
Use

Type VER.
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27. XCOPY

Copies files, folders, and subfolders. XCOPY offers great flexibility over any other way to copy, be it
by command line or using the Windows graphical interface.

Use

Type XCOPY followed by the path to the source file or folder, then the destination file or folder, and
then any desired switches.

Switches

/w: Prompts you to press a key before copying commences.

/p: Prompts you to confirmthat you want to create each destination file.

/c: Continues copying regardless of errors.

/g: Quiet mode. XCOPY messages are not displayed.

/f: Displays filenames while copying.

/1: Displays the names of all the files that are set to be copied.

/g: Specifies that destination files not be encrypted (2000 and XP only).

XCOPY D:\*.doc c:\folder /d:03-05-2006

/u: Copies only those source files with the same names as those already in the destination folder.

/i If you have specified a folder or a file name with wildcards as the source and the destination folder
doesn't already exist, /i causes XCOPY to create the new folder. The default is for XCOPY to prompt
you to specify whetherthe destination is a folder or file.

/s: Copies folders and subfolders as long as there are files inside them.

/e: Copies all subfolders, regardless of whetherthere are files inside them.

/t: Copies the entire folder tree, but none of the files. Add the /e switch to copy empty folders.

/k: (2000 and XP) Causes the copied files to retain the read-only attribute if the source files had it. By
default, copied files do not have the read-only attribute.

/k: (9X) Causes all attributes to be copied with the files.

/r: Copies files with theread-only attribute, butis not supposedto copy the attribute. However, it
might actually copy the attribute in some cases.

/h: Copies files with hidden and systemattributes. The default is for systemand hidden files notto be
copied.

/a: Copies only files with the archive attributes.

/m: Copies only files with the archive attributes, but removes the archive attribute from the source file.
/n: Applies 8.3 file and/orfolder names to the copies. Necessary when copying files with long
filenames to systems that can handle only 8.3 filenames.

/y: Normally, XCOPY prompts you to confirm that you want to overwrite a destination file of the
same name as the one being copied; /y turns off this prompting.

/-y: Restores prompting to overwrite existing files of the same name as the one being copied.

/z: (2000 and XP only) If you are copying overa network and the network connection is lost for
whateverreason, if you used/z, copying can pick up where it left off once the connection is restored;
/z saves you fromhaving to start overagain; /zalso displays the copying progress for each file.

28. DISKPART

Allows managem ent of disk partitions.

Use

Type DISKPART followed by the appropriate switches and parameters. Run without switches and
parameters, DISKPART starts the Windows Setup partitioning  program. You'll recognize the program
if you have installed NT 4.0, 2000 or XP.
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Switches and Parameters

/add followed by the device name and the desired size,in MB, of the partition: Creates a new
partition. For example, toadd a 10-MB partition, type:

DISKPART /add\Device\HardDisk0 10

Device name is defined after the /delete switch.

Deletion Examples

DISKPART /delete\Device\HardDiskO\Partition2

DISKPART /delete E:

29. FIXBOOT

Creates a new boot sectoron the systempartition. Useful if the boot sector has been damaged.

Use

Type FIXBOOT. This will create a new boot sectoron the partition that you are logged on to. If you
want to create a boot sectoron adifferent drive, enter the drive letter followed by a colon after
FIXBOOT and a space. For example, to create a new bootsectoron the E: drive, type:

FIXBOOT E:

30. FIXMBR

Creates a new MBR on a hard drive. The MBR is the first sectoron a hard drive. A small programon
the MBR contains information about the partitions, indicating which oneis bootable, in case there are
more than one.

Use

Type FIXMBR. This will createa new MBR on the existing boot disk drive. To select anotherdrive,

enterthe device name after FIXMBR. Run the MAP command to find the device name. For example,
to replace the MBR on the first drive on the system, you can type:

FIXMBR \Device\HardDisk\0
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Chapter — 11
Microprocessor

Objective of learning
= Introduction
= Concept of cache memory, virtual memory, Control registers
= Microprocessor internal architecture
= Different types of processors
= Microprocessor family generations
= Comparison of latest available processorseries

The processor (CPU, for Central Processing Unit) is the computer's brain. It allows the processing of
numeric data, meaning information entered in binary form, and the execution of instructions stored in
memory.

The first microproc essor (Intel 4004) was invent ed in 1971. It was a 4 -bit calculation device with a
speed of 108 kHz . Since then, microprocessor power has grown exponentially. So what exactly are
these little pieces of silicone that run our computers?

Operation

The processor (called CPU, for Central Processing Unit) is an
electronic circuit that operates at the speed of an internal clock thanks
to a quat z crystal that, when subjected to an electrical current, send
pulses, called "peaks". The clock speed (also called cycle), corresponds
to the number of pulses per second, written in Hertz (Hz). Thus,a 200
MHz computer has a cl ock that sends 200,000,000 pulses per second.
Clock frequency is generally a multiple of the system frequency (FSB,
Front-Side Bus), meaning a multiple of the motherboard frequency.
With each cl ock peak, the processor performs an action that co rresponds to an instruction or a part
thereof. A measure called CPI (Cycles Per Instruction) gives a representation of the average number of
clock cycles required for a microprocessorto execute an instruction. A microprocessor power can thus
be characterized by the number of instructions per secondth at it is capable of processing. MIPS
(millions of instructions per second) is the unit usedandco rresponds to the processor frequency
divided by the CPI.

Instructions
Aninstruction is an elementary operation that the processor can accomplish. Instructions are stored in
the main memory, waiting to be processed by the processor. An instruction has two fields:

- The operation code, which represents the action that the processor must

execute; Operation | Operand
- The operand code, which defines the parameters of the action. The Code Field

operand code depends on the operation. It can be data or a memory address.

The number of bits in an instruction varies according to the type of data (between 1 and 4 8-bit bytes).
Instructions can be grouped by category, of which the main ones are:
- Memory Access:accessing the memory or transferring databetween registers.
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- Arithmetic Operations: operations such as addition, subtraction, division or multiplication.
- Logic Operations: operations suchas AND, OR, NOT, EXCLUSIVE NOT, etc.
- Control: sequence controls, conditional connections, etc.
Registers
When the processorexecutes instructions, data is temporarily stored in small, local memory locations
of 8, 16, 32 or64 bits called registers. Dependingon th e type of pro cessor, theov erall number of
registers can vary from about ten to many hundreds.
The main registers are:
- Theaccumulator register (ACC), which stores the results of arithmetic and logical operations;
- The status register (PSW, Processor Status Word), which holds system status indicators (carry
digits, overflow, etc.);
- Theinstruction register (RI), which contains the current instruction being processed;
- Theordinal counter (OC or PC for Program Counter), which contains the address ofthe nex t
instruction to process;
- The buffer register,which temporarily stores datafrom the memory.

Cache Memory
Cache memory (also called buffer memory) is local memory that reduces waiting times for information
stored in the RAM (Ran dom Access Memory). In effect, the computer's main memory is slower than
that of the processor. Therear e, however, Tg~ — — — — 1

|
types of m emory that are much faster, but Registersg o 1< Cuh :} qj
acne
q:’ Cache |::> o RAM -
=
=

I
which have a greatly increased cost. The |
solution is the refore to i nclude this type of | OF;A:("‘E) | <= as5 k) (32 MB) busses
I |=
|
|

local memory close to the processorandto

temporarily store the primary data tobe | ‘Pf;'Aﬁ”“
processed in it. Rec ent model computers
. | Systemn bus
have many different levels ofca che L
—_—_———d

memory:

- Lewl one cache memory (called L1 Cache, for Lewel 1 Cache) is directly integrated into the
processor. Itis subdivided into two parts:
o The first part is the instruction cache, which contains instructions from the RAM tha t have
been decoded as they came across the pipelines.
o The second part is the d ata cache, which contains data from the RAM and data recently used
during processoroperations.

Level 1 cache can be accessed very rapidly. Access waiting time approaches that ofinternal processor

registers.

- Lewel two cache memory (called L2 Cache, for Lewel 2 Cache) is located in the case along with
the processor (in the chip). The level two cache is an intermediary between the processor, with its
internal cache, and the RAM. It can be accessed more rapidly than the RAM, but less rapidly than
the level one cache.

- Lewel three cache memory (called L3 Cache, for Level 3 Cache) is located on the motherboard.

All these levels of cache reduce the latency time of various memory types when processing or

transferring information. While the processorworks, the level one cache controller can interface with

the level two controllers to transfer information without impeding the processor. As well, the level two
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cache interfaces with the RAM (level three cache) to allow transfers without impeding normal
processoroperation.

Control Signals

Control signals are electronic signals that orchestrate the various processor units paticipating in the
execution of an instruction. Control signals are sentusing an element called a sequencer. For example,
the Read / Write signalallows the memory to be told that the processorwants to read or write
information.

Functional Units
The processoris made up of a group of interrelated units (or controlunits). Microprocessor architecture

varies considerably from onedesign to another, butthe main elements of a microprocessor are as
follows:

A control unit that links th e incoming data, decodes it,and sends itto the execution unit: Th e
controlunit is made up of the following elements:

Sequencer (or monitor and logic unit) thats ynchronizes instruction execution with the clock
speed. It also sends controlsignals;

ordinal counter that contains the address ofthe instruction currently being executed;

Instruction register that contains the following instruction.

An execution unit (or processing unit) thatac complishes tasks assig ned to it by the instruction
unit. The execution unitis made of the following elements:

The arithmetical and logic unit (written ALU). The ALU performs basic arithmetical
calculations and logic functions (AND, OR, EXCLUSIVE OR, etc.);

The floating point unit (written FPU) that performs partial complex calculations which cannot be
done by the arithmetical and logic unit.

The status register;

The Accumulator register.

A bus management unit (or input-output unit)that manages the flow of incoming and outgoing
information and that interfaces with systemRAM;

The diagram below gives a simplified representation of the elements that make up the processor (the

physical layout of the elements is different
than their actual layout):

Transistor
To process information, the mi  croprocessor
has a group of instructions, called the

“instruction set", made possible by electronic <
i I 1 H H - Instraction an
circuits. More precisely, the instruction set is i
made with the help of semiconductors, little .
(instractions)

"circuit switches" that use the transistor
effect, discovered in 1947b y John Barden, r"gementunt
Walter H. Brattain and William Shockley who

received a Nobel Prize in 1956 for it.

ALV

FPU

Uache

L2 Cache ey

Input-out put

A transistor (the contraction of transfer
resistor) is an el ectronic semi-conductor component thathasthreeel ectrodes andis ¢ apable of
modifying current passing through itusing oneof its electrodes (called ¢ ontrol electrode). These are
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referred to as "active components”, in contrastto "passive components”, suchas resistance orcapacitors
which only have two electrodes (referred to as being "bipolar").

A MOS (metal, oxide, silicone) transistor is the mostc ommon type of transistor used to d esign
integrated circuits. MOS transistors have two negatively charged areas, respectively called source
(which has an almost zero charge) and drain (which has a 5V ch arge), separated by a positively
charged region, and called a substrate). The substrate has a cont rol electrode overlaid, called a gate,
that allows acharget o be applied to the

substrate.

When there is no charge onthe control

electrode, the positively charged substrate _—

acts asabar rier and prevents electron (negtnelchigadslcon)
movement fromthe so urce to t he drain.
However, when a ch arge is applied to the Sabstnat
gate, the positive charges of the substrate
are repelled and an egatively charged
communication channelis opened between
the source and the drain.

Control #ﬁncﬁe (qate)

(alaminiam)

Thermal paste (slicon oxide)

Drain
(negatively \'r'z 1ged silicon)

chaigad sicon)

The transistortherefore acts as aprogrammable switch,
thanks to the controlelectrode. When a charge is applied
to the controlelectrode, it acts as a closed interrupter
and, when thereis no charge, it acts as an open
interrupter.

Sc}il rce
(nagatively cha

{S:ll‘ﬁr{[:mi
cha Ec;sf ;ﬁllec};hil

Integrated Circuits

Once combined, transistors can make logic circuits, that,
when combined, form processors. The first integrated
circuit datesback to1 958 and was builtb y Texas
Instruments.MOS transistors are therefore made of
slices of silicone (called wafers) obtained after multiple processes. These slices of silicone are cut into
rectangular elements to form a "circuit". Circuits are then placed in cases with input-output connectors
and the sumofthese parts makes an "integrated circuit". The minuteness of the engraving, written in
microns (micrometers, written Apm) defines the number of transistors persurfa ce unit. There can be
millions of transistors on one single processor.

Moore's Law, pennedin 1965 by Gordon E. Moore, cofounder of Intel, predicted that processor
performance (by extension of the number of transistors integrated in the silicone) would double every
twelve months. This law was revised in 1975, bringing the number of months to 18. Moore Law is still
being proven today.

Because the rectangular case contains input-output pins that resemble legs, the term "electronic flea" is
used in French to refer to integrated circuits.

Families
Each type of processorhas its own instruction set. Processors are grouped into the following families,
according to their unique instruction sets:

- 80x86: the"X' represents the family. Mention is therefore made to 386, 486, 586, 686, etc.

- ARM

- 1A-64
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- MIPS

- Motorola 6800

- PowerPC

- SPARC
This explains why a program produced for a certain type of processor can only work directly on a
system with another type of processor if there is instruction translation, called emulation. The term
"emulator” is used to refer to the programperforming this translation.

Instruction Set

An instruction set is the sumof basicoperationsthat a processorcan acomplish. A proce ssor
instruction set is a determining factor in its archi tecture, even though the same architecture can lead to
different implementations by different manufacturers.

The processor works efficiently thanks to a limited number of instructions, hardwired to the electronic
circuits. Most operations can be performed usin g basic functions. Some ar chitecture does, however,
include advanced processorfunctions.

CISC Architecture

CISC (Complex Instruction Set Computer) architecture means hardw iring the processorwith complex
instructions that are difficult to create using basic instructions.

CISC is especiall y popular in 80 x86 type processors. This type of architecture has an elevat ed cost
because of advanced functions printed on the s ilicone. Instructions are of variable length and may
sometimes require more than one clock ¢ ycle. Because CISC-based processors can only process one
instruction at a time, the processing time is a function of the size of the instruction.

RISC Architecture

Processors with RISC (Reduced Instruction Set Computer) technology do not have hardwir ed,
advanced functions.

Programs must therefore be translated into simple instructions which complicates development and/or
requires a more powerful processor. Such architecture has a reduced production cost compared to CISC
processors. In addition, instructions, simple in n ature, are executed in just one clockc ycle, which
speeds up program execution when compared to CISC processors. Finally, these processors can handle
multiple instructions simultaneously by processing themin parallel.

Technological Improvements
Throughout time, microprocessor manufacturers (called founders)have developed a certain number of
improvements that optimize processor performance.

Parallel Processing

Parallel processing consists of simultaneously executing instructions from the same program on

different processors. This involves dividing a program into multiple pr ocesses handled in parall el in
order to reduce execution time.

This type of technolog y, however, requires synchronization and commu nication between the var ious
processes, like the divisi on of tasks in a business:work is divided into small discrete processes which
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are then handled by different departments. The operation of an enterprise may be greatly affected when
communication between the services does not work correctly.

Pipelining
Pipelining is technology that improves instruction execution speed by putting the steps into parallel.
To understand the pipeline mechanism, it is first necessary to understand the execution phases of an
instruction. Execution phases of an instruction for a processorwith a 5-step "classic" pipeline are as
follows:

- FETCH: (retrieves theinstruction from the cache;

- DECODE: decodestheinstructionand looks foroperands (registeror immediate values);

- EXECUTE: performs theinstruction (forexample, if it is an ADD instruction, addition is

performed, if it is a SUB instruction, subtraction is performed, etc.);
- MEMORY: accessesthe memory, and writes data or retrieves data from it;
- WRITE BACK (retire): recordsthe calculated value in a register.

Instructions are organized into lines in the memory and are loaded one after the other.

Thanks to the pipeline, instruction processing requires no more than the five preceding steps. Because
the order of the steps is invariable (FETCH, DECODE, EXECUTE, MEM ORY, WRITE BACK), it is
possible to create specialized circuits in the processorfor each one.

The goal of the pipeline is to pe rform each step in parallel with the pr eceding and following steps,
meaning reading an instruction (FETCH) while the previous step is being read ( DECODE), while the
step before that is being executed (EXECUTE), while the step before that is being written to the
memory (MEMORY), and while the first step in the series is being recorded in a register (WRITE
BACK).
In general, 1to 2 clock cycles (rarely ‘ LI ” DI ” EX ” MEM” ER |

more) for each pipeline step or a ;
maximum of 10 clock  cycles per ‘ u ” Dl ” EX ”MEM ” ER |

instruction shouldbe planned for. ‘ L ” DI ” EX ”MEMH R

For two instr uctions, a maximum of _

12 clock cycles are necessary LU o fex J[mem ][ er |
(10+2= 12 instead of 10*%2=20) ‘ Ll ” DI ” EX ||MEM” ER |

because the preceding instruction
was already in the pipeline. Both instructions are therefore being simultaneously processed, but with a
delay of 1 or 2 clock cycles. For 3 instructions, 14 clock cycles are required, etc.

The principle of a pipeline may be compared to a car assembly line. The car moves from one
workstation to another by following the assembly line and is completely finished by the time it leaves
the factory. To completely understand the principle, the assembly line must be looked at as a whole,
and not vehicle by vehicle. Three hours are required to produce each vehicle, but one is produced every
minute.

It must be noted that there are many different types of pipelines, v arying from 2 to 40 steps, but the
principle remains the same.

Super scaling

Super scaling consists of placing multiple processing units in pa rallel in or der to pr ocess multiple
instructions per cycle.
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Hyper Threading

Hyper Threading (written HT) technology consists of placing two lo gic processors with a ph ysical
processor. Thus, the systemrecognizes two physical processors and behaves like a multitasking system
by sending two simulta neous threads, referred to as SMT (Simultaneous Multi Threading). This
"deception™ allows processor resources to be better employed by guaranteeing the bulk shipment of
datato the processor.

Microprocessor Logic

To understand how a microprocessor works, it is help ful to look inside and
learn about the logic used to create one. In the process you can also learn
about assembly language -- the native language of a microprocessor -- and
many of the things that engineers can do to boost the speed of a processor.

A microprocessor executes a col lection of machine instructions that tell the

processor what to do. B ased on the instructions, a microprocessor does three
basic things:

Intel P4 processor
- Using its ALU (Arithmetic/Logic Unit), a microprocessorcan perform mathematical operations
like addition, subtracti on, multiplication and division. Mode rn microprocessors contain
complete floating point processors that can perform extremely sophisticated operations on large
floating point numbers.
- A microprocessor can move datafrom one memory location to another.
- A microprocessor can make decisionsand jum p toanewsetof instructions based onthose
decisions.
There may be v ery sophisticated things that a microprocessor does, but those are its three basic
activities. The following diagram shows an extremely simple microprocessor capable of doing those
three things:

—_—

This is about as simple as a microprocessor gets.
This microprocessor has:

- An address bus (that may be 8, 16 or 32
bits wide) that sends an address to memory ——

- A data bus (that may be 8, 16 or 32 bi ts decoder
wide) that can send da ta to me mory or
receive data from memory

- An RD (read) and WR (write) line to tell Instruction
the memory whether it wants to set or get regktar
the addressed location L

« A clock line that lets a clockpulse
sequence the processor

- Avresetline thatresets the program counter
to zero (or whatever) and restarts execution

3-stafe |l 3-state
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Let's assume that both the address and data buses are 8 bits wide in this example.
Here are the components ofthis simple microprocessor:

- Registers A, B and C are simply latches made out of flip-flops.
- The address latch is just like registers A, B and C.

- The programcounteris a latch with the extra ability to increment by 1 whentold to do so, and also
to reset to zero when told to do so.

- The ALU could be as simple as an 8-bit adder, or it might be able to add, subtract, multiply and
divide 8-bit values. Let's assume the latter here.

- The test register is a special latch that can hold values from comparisons performed in the ALU.
An ALU can normally compare two numbers and determine if they are equal, if one is greaterthan
the other, etc. The test register can also normally hold a carry bit fromthe last stage of the adder. It
stores these values in flip-flops and then the instruction decoder can use the values to make
decisions.

- There are six boxes marked "3-State™ in the diagram. These are tri-state buffers. A tri-state buffer
can pass al, a0 orit can essentially disconnect itsoutput(ima gine a switch that totally
disconnects the output line from thewir e that the outputis he ading toward). A tri-state buffer
allows multiple outputs to connectto a wire, but only one of them to actually drive a 1 or a 0 onto
the line.

- The instruction register and instruction decoder are responsible for controlling all of the other
components.

Although they are not shown in this diagram, there would be control lines from the instruction decoder
that would:

- Tell the Aregister to latch the value currently on the databus

- Tell the Bregister to latch the value currently on the data bus

- Tell the C registerto latch the value currently output by the ALU

- Tell the program counterregisterto latch the value currently on the data bus

- Tell the address registerto latch the value currently on the databus

- Tell the instruction registerto latch the value currently on the databus

- Tell the program counterto increment

- Tell the program counterto reset to zero

- Activate any of the six tri-state buffers (six separate lines)

- Tell the ALU what operation to perform

- Tell the testregisterto latch the ALU's test bits

- Activatethe RD line

- Activatethe WR line
Coming into the instruction decoderare the bits from the test registerand the clock line, as well as the
bits from the instruction register. :

Microprocessor Memory

The previous section tal ked about the address and data buses, as well as the
RD and WR lines. These buses and lines connect eitherto RAM or ROM --
generally both. In our sample microprocessor, we have an address bus 8 bits
wide and a data bus 8 bits wide. That means that the microprocessor can §

address (2) 256 b ytes of memory, and it can read or write 8 bits of the
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memory at a time. Let's assume that this simple microprocessor h as 128 b ytes of ROM starting at
address 0 and 128 bytes of RAM starting at address 128.

ROM stands for read-o nly memory. A ROM chip is prog rammed with a pe rmanent R OM chip
Collection of pre-set bytes. The address bus tells the ROM chip which byte to get and place on the data
bus. When the RD line changes state, the ROM chip presents the selected byte onto the databus.

RAM

RAM stands forrand om-access memory. RAM containsb ytes of
information, and the microproc essor can read or write to those bytes
depending on whetherthe RD or WR line is signaled. One problem with
today's RAM chips is that they forget everything once the power goes off.
That is why the computer needs ROM.

RAM chip

Microprocessor Performance and Trends

The number of transistors available hasahugeeffe ct on the performa nce of a processor. Assee n

earlier, a typical instruction in a processor like an 8088 took 15 clock ¢ ycles to execute. Because of the
design of the multiplier, it took approximately 80 cycles justtodo on e 16-bit multiplication on the

8088. With more transis tors, much more powerful multipliers capable of sing le-cycle speeds become
possible.

More transistors also all ow for a technology called pipelining. In a pipelined architecture, instruction
execution overlaps. So even though it might take five clock cycles to execute each instruction, there can
be five instructions in various stages of execution simultaneously. That way it looks like one instruction
completes every clock cycle.

Many modern processors have multiple instruction decoders, each with its own pipeline. This allows
for multiple instruction streams, which means that more than one instruction can complete during each
clock cycle. This technique can be quite complex to implement, so it takes lots of transistors.

Trends

the trend in processor design has primarily been toward full 32-bit ALUs with fast floating point
processors built in a nd pipelined execution with multiple instruction streams. The newest thing in
processor design is 64-bit ALUs, and people are expected to have these processors in their home PCs in
the next decade. Ther e has al so beenat endency toward special instructions (like the MMX
instructions) that make certain operations particularly efficient, and the addition of hardware virtual
memory support and L1 caching on the processor chip. All of these trends push up the transistor count,
leading to the multi-million transistor powerhouses available today. These processors can execute about
one billion instructions per second.

Intel & AMD Processors

Currently, the two large st manufacturers of C PUs in the

g world are Intel and A MD. The cur rent performance and
'nt ; market leader at the time of this writing is Intel, which is the
e’ only processor available in all current Apple computers

/ (Macbook, Macbook Pro, Mini,iM ac etc.). Intel's most

current crop of CPUs is the Core i3, Core i5, and Core i7

v
o
]
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while AMD's top off ering is the Phenom II. Though AMD is notthe market leader, many of their
products are found in high performance, budget-oriented notebookand c ustom desktop builds as well
as low-cost enthusiast-oriented desktops. AMD's highest performance processors however, have not yet
been available for mobile platforms as Intel's Core iX series are at the time of this writing.

Beneath we provide a chart which compares the relative differences in performance between competing
product lines within Intel's and AMD's offerings. We also organize these by the following classes:
high-end, mid-range and economy. It is important to note that these comparisons give a quick visual
reference as to relative absolute performance across these three categories but does not ne cessarily
indicate absolute rankings between the Intel and AMD products within those categories (for instance,
the Core i7 is on the same row in as the Pheno m Il series but offers superior general performance).
Further, the Core iX Mobile series only indicate relative performance for notebook-oriented platforms
(they are the highest performance mobile CPUs to date); it is not useful to compare themto a deskt op-
class processors such as the Intel Core i7 or the Phenom |l series.

High-End Processors
Intensive Statistical Analysis, Profesional Video/Audio Creation, Advanced 3D Graphics

AMD ! |

Phenom-Il

-

Intel Core i7 Intel Core i7 Mobile AMD Phenom Il X6

As Intel's newest flagship Intel's Core i7 Mobile features AMD's Phenom Il X6 represents the
processor, thei7 is a 64-bit unparalleled performance onindustry's first consumer class six -core
processor offering either 2, 4, notebooks, incorporating processor. The X6 offers the highest
or 6 cores of the hi ghest levelssignificant power savings while levels of performance ideal for the most
of performance available. The implementing the same features intensive of tasks - bolstered by AMD's
i7 combines Hyper Threading as the non-mobile i7, Hyper new Turbo Core technology, the X6 is
and Turbo B oost technologies Threading and Tu rbo Boost. able to optim ize performance ina
for the most demandi ng and The i7 Mobile is available on variety of situations.
advanced ofapplications. notebooks with 2 or 4 cores;

currently the 4co re version

offers higher performance in

some respects buthe at and

battery life are concerns.

AMD

PhenomrIl

-
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Intel Core i5 Intel Core i5 Mobile AMD Phenom Il X4

Based upon the same The Intel Core i5 Mobile while AMD's latest generation of consumer
architecture as thei7, the i5 is also featuring Hyper Threading class 4 core processors, the quad-core
also a 64-bit processorthat and Turbo Boost possessesa Phenom Il X4 chips are designed to
features 2 or 4 cores at a similar but lesserclass of deliver performance ideal for all kinds
similar class of performance of performance thanthe Core i7  of multimedia as well as in the most
the i7 processoratalower cost. Mobile with less cache and demanding of applications such as
The i5 features Turbo Boost  available in notebooks only  virtualization.

and Hyper-Threading with 2 cores. The i5 Mobile is

technology butdo notpossess a high performance processor

as much cache memory asthe with low energy requirements.

Intel Core i3 Intel Core i3 Mobile AMD Phenom Il X3 & X2
Derived from the same The Intel Core i3 Mobile AMD's Phenom X3 and X2 processors
architecture as the higherend descends similarly from the i3, boast3 or 2 cores that offer excellent
i5 and i7, the i3 is available presenting a fast, 64-bit performance value; great for all around
strictly as a dual core computing experience with the usage onasmall budget all while
processor. Though Hyper intelligent architecture of the i5 utilizing AMD's latest architecture

Threading is available, it does Mobile andi7 Mobile. The i3  technology seen in the Phenom Il X4
not feature TurboBoost. The ~ Mobile features 2 cores and series

Core i3 processor presents Hyper Threading but does not

higher levels of performance  include Turbo Boost

than the Core 2 ata smaller technology

S Sl

(il

CORE
Quad

inside

Intel Core 2 Quad

The Core 2 Quad features 4 processing cores to optimize gaming, video, and image processing. Built on the
same architecture as the Core 2 Duo, this processorexcels on multi-tasking with performance hungry
licati :

CORE

Extreme  inside
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Intel Core 2 Extreme

Available in both 2and 4 core versions, distinguishing features of the Extreme series include higher
bus speeds thanthe non-extreme versions,and an unlocked clock multiplier for further customization
of yourcomputing performance.

Mid-Range Processors
Speed & Multi-tasking, Adobe Creative Suite, All-Around Use, Basic 3D Graphics

s AMD: |(fAMD

( intel ? PhenomrX4 Phenom-X3

CORE
kouo

inside 4
Intel Core 2 Duo AMD Phenom | X3 & Phenom | X4

Contains two processing cores to optimize gaming, AMD’s first generation of consumer class processors

video, and image processing. Laptops with this chip featuring quad and triple core performance found in

tend to be thinnerand more energy-efficient. desktop builds. Features 64-bit computing
performance as well as AMD's Hyper Transport bus
technology.

—_—
AMD

| '/j' ju'h
II'Ite| Turion-x2
( - tri

Pentium’

inside” Lb“f “ )
Intel Pentium Dual Core AMD Turion Il Ultra /AMD Turion Il
Dual core processorbased on the Core micro The Turion Il and Turion Il Ultra are AMD's
architecture. mainstream mobile processor platform; they provide

A class beneath the Core 2 Duo and Core Duo of excellent all-around performance for multimedia

Intel's processor offerings, the Pentium Dual Core is such as high definition video. As these are often

available in current desktops and laptops. paired with AMD/ATI graphics, budget
configurations containing these processors are also
sufficient for basic 3D graphics and gaming.

inteD | (intel)

Core” Core”

Duo inside* | Solo inside -
Intel Core Duo / Intel Core Solo AMD Athlon Il X2
The Intel Core Duo and Core Solo are dual and The AMD Athlon Il X2 is a 2 core desktop processor
single core processors basedon the Core micro thatis 80% fasterthanit's single core counterpart.
architecture. The Core Duo and Core Solo offers Great for multitasking and multimedia consumption
modest performance for office and limited ona budget.

multimedia oriented tasks.
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Economy Processors
Internet Browsing, E-Mail, Microsoft Office, Simple Graphics and Games

AMD. | |

Sempron

4N

Intel Centrino/Centrino Duo AMD Sempron

A mobile-oriented processorbased upon PentiumM The AMD Sempron is a budget class processorseen
or in low costnotebooks and desktopsand are

Core Duo architectures; the Centrino also integrates considered aclass above notebook/nettop processors
wireless networking technology allowing for smaller such as the Intel Atom or the AMD Neo platforms.
sized laptops. Offers slightperformance boostover

simply choosing a core duo and dell wireless card

RLOM |
M inside y

Intel Atom AMD Athlon Neo / Neo X2
Primarily found in netbooks and net tops, this The Athlon Neo and Neo X2 are single and dual core
processor processors seenin ultra-mobile platforms such as net
has been designed with price and power bookand nettops. They are featured with ATI
consum ption in mind. As a result, it offers much integrated graphics for reasonable multimedia
less processing power playback performance.

than othercurrent Intel alternatives. This processor
is available in 1 or 2 cores, with the single core

Intel Celeron

Intel's economy model processor. Itis the most basic, and thus the slowest. It has less cache than other
Intel processors, so even ifit has the same Ghz rating as another processor, it will be slower. We usually
do notrecommend this processorbecause it offers the least in terms of longevity.

Intel Processor Series
Processor Year | Buswidth Description
4004 1971 4 First microprocessor.
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4040 1972 4 Enhanced version of the Intel 4004 processor.
8008 1972 8 First 8-bit microprocessor.
8080 1974 8 Successorto Intel 8008 CPU.
8085 1976 8 Enhanced version of Intel 8080 CPU.
8086 1978 16 First generation of Intel 80x86 processors.
8088 1979 8/16 8 bit (external) version of Intel 8086 CPU.
80186 1982 16 Next generation of 80x86 processors. Used mostly as
embedded processor.
80188 1982 8/16 Next generation of 80x86 processors. Used mostly as
embedded processor.
80286 1982 16 Second generation of 80x86 processors:
new instructions, protected mode, support for 16MB of
memory.
80376 1989 32 Embedded 32-bit microprocessor based on Intel 80386.
80386 1985 32 Third generation of 80x86 processors: 32 bit architecture,
new processor modes.
80486 1989 32 Fourth generation of 80x86 processors:integrated FPU,
internal clock multiplier.
Pentium 1993 32 Fifth generation of X86 processors:superscalararchitecture,
MMX .
Pentium Il 1997 32 Sixth generation of x86 processors.
Celeron 1998 32 Low-cost version of Pentium II, Pentium Il and Pentium 4
processors.
Pentium I 1999 32 Enhanced and faster version of Pentium II.
Pentium 4 2000 32, 64 New generation of Pentium processors.
Pentium M 2003 32 Pentium microprocessor specifically designed for mobile
applications
Celeron D 2004 32, 64 Low-cost version Pentium 4 desktop processors.
Pentium D 2005 64 Dual-core CPUs based on Pentium 4 architecture.
Pentium Extreme | 2005 64 Dual-core CPUs based on Pentium 4 architecture.
Edition
80860 1989 32 Embedded 32-bit microprocessor with integrated 3D
graphics.
80960 1988? 32 Embedded 32-bit microprocessor.
Core Duo 2006 32 32-bit dual-core microprocessor.
Pentium Dual- 2007 64 64-bit low-cost microprocessor.
Core
Celeron Dual- 2008 64 64-bit low-cost microprocessor.
Core
Atom 2008 32, 64 Ultra-low power microprocessor.
Core i7 2008 32, 64 64-bit microprocessor.
Core i5 2009 32, 64 64-bit microprocessor.
Core i3 2010 32, 64 64-bit microprocessor.
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Chapter - 12
Motherboard

Objective of learning

= Motherboard and its farm factor

= History and evolution of motherboard

= Different components on motherboard

= Different types of processorslot/sockets
Features of different MB

A motherboard is also known as a main board, sy stem board and lo gic board. A common abbrevi ation
is ‘mobo". They can be found in a v ariety of electrical devices, ranging froma TV to a computer.
Generally, they will be referred to as a motherboard or a main board when associated with a complex
device such as a computer, which is what we shall look at. Put simply, it is the central circuit board of
your computer. All other components and peripherals plug into it, and the job of the motherboard i s to
relay information between them all. Despite the fact that a better motherboard will not add to the speed
of your PC, it is none-th e-less important to have one that is both s table and reliable, as its role is v ital.
A motherboard hous es the BIOS (Basic Input/Output System), which is the simple software run by a
computer when initialy turned on. Other compo nents attach directly to it, such as the memor y, CPU
(Central Processing Unit), graphics card, sound card, hard-drive, disk drives, along with various

external ports and peripherals.

Difference between motherboards:

There are alot of moth erboards on the marketto choose from. The big questionis, how do you go
about choosing which one is right for you? Different motherboards support different components, a nd
so it is vital you make a number of decisions con cerning general system specifications before you can
pick the right motherboard.

If you purchase your case before the rest of the components, the first factor to thinkabout concerning
motherboards is the size, or form factor. A form factor is a standardized motherboard size. If you think
about fitting a mothe rboard in a case, there are a number of mounting holes, slot locations and PSU
connectors. The most popular motherboard fo rm factor today is AT X, which evolved from it's
predecessor, the Baby AT, a smaller version of the AT (Advanced Technology) form factor. Generally
speaking, nowadays a standard computer will have an ATX form factor motherboard: only special
cases require different form factors.

So now you know which size you need, what comes next? The following are all factors you need to
consider.

The first important differential is which CPU the board supports. Two of the biggest makes of CPUs at
the moment are Intel and AMD, yet you cannot buy motherboards that support the use of either: it will
support one or the other, due to physical differences in the connectors. This is often referred to as a type
of platform; for example, an ‘ Intel platform motherboard' means a motherboard with an Intel CPU.
Furthermore, you must choose a specific type of processor; for example, an AM D Athlon 64 or
Pentium 4. Therefore, you must choose which CPU you want before you can choose your motherboard.

Both Intel and AMD processors are capable of running the same applications, but there are differences in
price and performance depending on which one you choose.
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BEwlution of the motherboard

The original PC motherboard had a minimum of i ntegrated devices, just ports for a keyboard and a
cassette deck (for storage). Everything else, including a display adapter and floppy orh ard disk
controllers, were add-in components, connected viaexpansion slots.

Over time, more devices were integrated into the motherboard. It was a slow trend initially though,as
I/0 portsanddisk con trollers were often mou nted onex pansion cards e ven up to1995. Ot her
components -t ypically graphics, networking, SCSI and sound - usually remained separate. Many
manufacturers have ex perimented with dif ferent levels of integration, building in some orevenall of
these components. However, there are drawbacks. It's harder to upgrade the specification if integrated
components can't be removed, and at first hig hly integrated motherboards often required non-standard
cases. Furthermore, replacing a single faulty component may mean buying an entire new motherboard.
Consequently, those parts of the system whose specification changes fastest, particularly RAM and
CPU, tend to remain in sockets or slots for easy replacement. Similarly, partsthat not all users need,
such as SCSI, are usually left out of the base specification to keep costs down. However, it's now
common for sound, vid eo and/or network support to be included in m otherboards, particularly as
technology miniaturization has allowed greater space within the motherboard form factor and Flash
BIOS and EPROM has allowed greater support forupdated technologies.

The basic changes in motherboard form factors over the years are covered later in this section - the
diagrams below provide a detailed look at the various components on two motherboards. The first is a
Baby AT design, sporting the Socket 7 processorconnector, circa 1995. The second is an ATX design,
with a Pentium Il vSlot 1 type processorconnector, typical of motherboards on the market in late 1998.

Mother Boards Form Factors:

Early PCs used the AT form factor and 12in wide motherboards. The sheersize of an AT motherboard
caused problems for upgrading PCs and did notallow use of theincre asingly popular slim line desktop
cases. Theseprobl ems were largely addressed by the smaller version o f the full AT form factor, the
Baby AT, introduc ed in 1989. Whilst this remains a common form factor, there have beenseveral
improvements since.

All designs are open standards andas such don't require certification. A consequence is thatthere can

be some quite wide variation in design detail between different manufacturers’ motherboards.however,
keeping to the standards allows case manufacturers to develop for particular motherboard form factors,
a boon for home builders, modelers and PC technicians.

Baby AT (BAT) Motherboard Form Factor
The Baby AT (BAT) format reduced the dimensions of the motherboard to atypical 9in wide by 10in
long, and BAT motherboards are generally characterized by their shape, an

AT-style keyboard connector soldered to the board and serial and parallel Kwhoaﬂ,nmm
port connectors which are attached using cables between the physical ports [ —
mounted on the s ystemcase and corresponding connectors located on the

motherboard. ——
With the BAT design the processor socket is located at the front of the Peripheral connectors
motherboard, and full-length expansion cards are intended to extend over |PCHlSA

it. This means that removing the processor requires the removal of some or slots Iﬂl

all expansion cards first. Probl ems were exacerbated by the increasing

speeds of Pentium-class processors. System cooling relied onthe AT e
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power supply blowing air out of the chassis enclosure and,due t o the distance between the power
supply and the CPU, an additional chassis fan or active heat sink became a necessity to maintain good
airflow across the CPU. AT p ower supplies only provide 12V and 5V outputs to the motherboard,
requiring additional regulators on the motherboard if 3.3V components (P CI cards or CPUs) are used.
Sometimes a second heat sink was also required on these voltage regulators and togetherthe v arious
additional heat dissipation components caused serious obstruction for expansion slots.

Some BAT designs allow the use of either AT or ATX power supplies,and some ATX cases might
allow the use ofa Baby-AT motherboard.

LPX - Low Profile eXtension motherboard form factor

The LPX format is a specialized variant of the Bab y-AT used in low pr ofile desktop systemsand is a
loose specification with a variety of proprietary

implementations. Ry, POMSA It
BExpansion slots are located on a central riser card, allowing \\‘h\\i‘

cards to be mounted hor izontally. However, this arrangement \

can make it difficult to remove the motherboard, and the more \\ N S
complexengineering required adds to systemcosts. As the riser N ,,gm,,,:,;,‘?’
card prevents good airflow within the system case, additional GO
chassis fans are al most always needed.Used commonly in the
early 1990s, the format fell out of favor with the introduction
of the Pentium I I and AGP graphics cards in 1997. The ex tra
space and cooling required for these components highlighted
the LPX's problems, so the form factor was last used in 1998.

ATX form factor
The Intel Advanced/ML motherboard, launched in 1996, was designed to solve issues of space and
airflow that the Pentium Il and AGP graphics cards had caused the preceding LPX form factor. As the
first major innovation in form factors in years, it marked the beginning of a new era in motherboard
design. Its size and layout are completely different to the BAT format, following a new scheme known
as ATX. The dimensions of a standard ATX board are 12in wide by 9.6in long; the mini ATX variant is
typically of the order 11.2in by 8.2in.

The ATX design gets round the space and airflow problems by moving the CPU socket and the voltage
regulator to the right-hand side of the expansion bus. Room is made forthe [ = o g =
CPU by making the card slightly wider, and shrinking or inte grating "0“""""“5
components such as the F lash BIOS, I/O logic and keyboard controller.
This means the board need only be half as deep as a full size Baby AT, and

there's no obstruction whatsoev er to the six expansion slots (two ISA, one

ISA/PCI, three PCI) ||| umﬂor
Animportant innovation was the new specification of power supply for the  |pgiisa

ATX that can be powered on or off by a signal from the motherboard. Ata slots mr!
time when energy conservation was becoming a major issue, this allows :.
noteb ook -style power management and software-controlled shutdown and m
power-up.A 3.3V outputis also provided directly from the powersupply. £annectors

Accessibility of the processorand memory modules is improved
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dramatically, and relocation of the peripheral connectors allows shorter cables to be used. This also
helps reduceelectromagnetic interference. The ATX power supply has a side vent that blows air from
the outside directly across the processorand memory modules, allowing passive heat sinks to be used
in most cases, thereby reducing systemnoise.

NLX - New Low profile eXtended - form factor for motherboar ds:
Intel's NLX design, introduced in 1997, is an improvement Powsr __
on the LPX design for low-profile systems, with an emphasis e —

=
on ease of maintenance. The NLX format is smaller, V,P‘fm"""
typically 8.8in wide b y 13in long, so we Il suited for low- :/

profile desktop cases.All expansion slots, power cables and N Wemary clote
peripheral connectors are located on an ed ge-mounted riser \

esnnectors

card, allowing simple r emoval of thema in motherboard,
which is mounted on rails in the chassis. It uses a full-width
I/0 shield to allow for different combinations of rear-panel .
I/0. The design allows for use of an A GP card, but the slot
must beonthe mother board, which reduces the ease of
maintenance when such a card is implemented.

&

=]
=3

AGP p

\

A\

Rolsase nich
¥O shinld

Micro ATX motherboard form factor:
Introduced in the late 1990s, the MicroATX is basicall y a smaller version of Intel's ATX specification,
intended for compact, low-cost consumer systems with limited expansion potential. The maximum size

of theboardis 9.6in s quare, and itsde signed to f it into either a = e
RO connectors

standard ATX case or one ofthe new micro-tower desktop designs.
The double-decker 1/0 shield is the same as that on the ATXdesign, Inl
but there's only provision for up to four expansion slots as opposed to
[
=

the seventhat ATX al lows. The microATX also allows useofa
smaller power suppl y, such as the SFX design, which is reduced in |pemsa

Memory slots

both size and power output. slots m— 5
Peripheral connectors
FlexATX motherboard form factor: ——

The FlexATX is anatural evolution of the Intel's microATX form
factor which was first unveiled in late 1999. The FlexATX addendum

to the microATX specification addresses the requirements of only the s|_|tl \Iﬁl N
motherboard and not the overall system solution. As such, it does not ound VIGeo | an
detail the interfaces, memory or graphics technologies required to
. . CPU

develop a successful product design. These are left to the implementer
and system designer. The choice of processor is, however, limited to

h e ; Chipset with
socket-only designs.The principal difference between FlexATX and integrated
microATX is tha t the new form factor reduces the size oft he |gnripci graphics
motherboard - to 9in x 7.5in. Not only does this result in lower overall | slots Memory slots
system costs, it also facilitates smaller system designs. The FlexATX ——
form factor is backwards compatible with both the ATXand micro- Peripheral connectors

ATX specifications - use of the same motherboard mounting holes as
both of its predecessors avoids the need to retoolexisting chassis.
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Riserarchitectures for motherboards

In the late 1990s, the PC indu stry developed a needforari ser architecture thatwould contribut e

towards reduced overall system costs and at the same time increase the flexibility of the s ystem
manufacturing process. The A udio/Modem Riser AMR) specification, introd uced in the summer of
1998, was the beginning of a new riser architecture approach. AMR had the capability to support both
audio and modem functi ons. However, it did have some shortcomings, which were identified after the
release of the specification. These shortcomings included the lack of Plug and Play (PnP) support, as
well as the consumption of a PCI connector location.Consequently, new riser architecture specifications
were defined which combine more functions onto a single card. These new riser architectures combine
audio, modem, broadband techn ologies, and LAN interfaces onto a single card. They continue to give
motherboard OEMs the flexibility to create a generic motherboard for a variety of customers. The riser
card allows OEMs and system integrators to provide a customised solution for each customer's needs.
Two of the most recent riser architecture specifications include CNR and ACR.

CNR - Communications and Networking Riser
Intels CNR (Communication and Networking Riser)
specification defines a hardware scalable OEM motherboard
riser and interface that supports the audio,m odem, and
LAN interfaces of core logic chipsets. The main objective
of thisspe cification ist to reducethe baseline
implementation cost of features that are widely used in the
Connected PC, while also addressing specific functional
limitations of today's audio, modem, and LAN subsystems.
PC users'demand for feature-rich PCs, combined with the
industry's current trend towards lower cost, mandates higher
levels of integration at all levels oftheP C platform.
Motherboard integration of communication technologies has
been problematic to date, for a variety of reasons, including FCC and international telecom certification
processes, motherboard space,and othermanufacturer specific requirements.
Motherboard integration of the audio, modem,and LAN subsystems is also problematic, due to the
potential for i ncreased noise, which in-turn d egrades the performance of e ach system. The CNR
specifically addresses these problems by physically separating these noise-sensitive systems from the
noisy environment of the motherboard.
With a standard riser solution, as defined in this specification, the system manufacturer is free to
implement theaudio, modem, and/or LAN subsystems at a lower bill of materials (BOM) cost than
would be possibleb y deploying the same functions in industry-standard expansion slotsor in a
proprietary method. With the added flexibility that hardware scalability brings, a system manufacturer
has several motherboard acceleration options available, all stemming from the baseline CNR interface.
The CNR Specification supports the five interfaces:

- AC97 Interface - Supports audio and modem functions on the CNR card

« LAN Connect Interface (LCI) - Provides 10/100 LAN or Home Phone line Networking

capabilities for Intel chipset based solutions
- Media Independent Interface (MII) - Provides 10/100 LAN or Home Phone line Networking
capabilities for CNR platforms using the MII Interface
- Universal Serial Bus (USB) - Supports newor emerging technologies suchas xDSL or wireless
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- System Management Bus (SMBus) - Provides Plug and Play (PnP) functionality on the CNR
card.Each CNR card can utilize a maximum of four interfaces by choosing the specific LAN
interface to support.

ACR - Advanced Communications Riser
The rival ACR (Advanced Communications Riser) specification is supported by an alliance of leading

computing and communi cation companies, whose founders include 3CO M, AMD, VIA Technologies
and Lucent Technologies. Like CNR, it defines a form factor and interfaces for multiple and varied
communications and audio sub system designs in desktop OEM personal computers. Building on first

generation PC motherboard ri ser architecture, ACR expands the riser card definition beyond the
limitation of audio and modem codecs, while maintaining backward compatibility with legacy riser
designs through an industry standard connector scheme. The ACR interface combines several existing
communications buses, and introduces new and advanced communications buses answering industry
demand for low-cost, high-performance

comm unications peripherals. E.'.'.ff,m I
ACR supports modem, audio, LAN, and xDSL. Pins . HomePHA |
are reserved for fut ure wireless bus support. Be yond E__,:[,“,‘;““ ACR Wireless |
the limitations of first generation riser spe cifications, o Serial B ven |
the ACR specification enables riser-based broadband ':I“Sdl';“ :
communications, networking peripheral andaudio |
subsystemdesigns. ACR accomplishes this in an open- | | T
standards context. t ]

Although thetwo specificatio ns both offer si milar Buslamcids
functionality, the way in which they are implemented are quite ,mm ﬁ

dissimilar. In addition to the PCI additionsl plus

connector/shared slotissue, the principal differences are as follows:

- ACR is backwards compatible with AMR, CNR isn't
- ACR provides support xDSL technologies via its Integrated Packet Bus (IPB) technology; CNR
provides such support via the well-established USB interface
- ACR provides fo r concurrent support for LClI (LAN Connect Interface) and M Il (Media
Independent Interface) LAN interfaces; CNR supports either, but not both at the same time
- The ACR Specification has already reserved pins for a fut ure wireless interface; the CNR
specification has the pins available but will onl y define them when the wireless market has
become more mature.
Ultimately, motherboard manufacturers are going to have to decide whetherthe ACR specification's
additional features are worth the extra cost.

Components Of Motherboards:

When you look at the mother board inside your computer, you notice that there are a number of
different items connected to this board. The memory sockets are installed on this board; the CPU socket
is located on the motherboard, and the BIOS chip is also located on the motherboard. In this section, we
will identify the different systemboard components.
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Processor

One of the easiest items to recognize on the motherboard is the processor. The processoris usually the
largest chip on the system board and can be identified generally because it often has a heat sink or fan
located on top of it.

Classic Pentium motherboards typically have a socket 7 slot that the processor is inserted into. This
socket is implemented as a ZIF (zero insertion force) socket, which means that the processor chip can
be removed or added to the socket with very little effort. ZIF sockets typically have a lever that you
pull to pop the processorout of the socket.

Pentium 1l system boards had to implement a different socket for the Pentium Il chip because the
Pentium Il chip was designed with a single edge connectorand was inserted into the board standing up.
The processorsocket for Pentium|Il chips is called slot 1.

SIMM/DIMM sockets

When you lookat a s ystem board, one of the fir st items that shou Id stand out is the processoror its
socket; the next thing that you will usually take notice of are the memory slots that are used to install
RAM.There are typically two types of sockets to install memory: SIMM (Single InLine Memory
Module) socketsand D IMM (Dual Inline Memory Module)sock ets. Original Pentiums ystems
typically have either four 72-pin SIMM sockets, or two 168-pin DIMM sockets to installmemory.

When installing SIMMs in Pentium motherboards, you have to install themin pairs, but when installing
DIMMs, you can install them individually. The reason for the difference in the installation process is
that when installing memory, you must fill a m emory bank, which is the size of the processor’s data
path. That is, if you install 72-pin (32-bit) SIMMs onto a Pentium (64-bit) motherboard, then you have
to install two modules to fill the 64-bit data path of the processor. DIMMSs are 64-bit memory modules,
which is why you only have to installone at a time.

Cache memory

Cache memory increases performance by storing frequently used program code or data. Bec ause cache

memory is faster than RAM, the system can store information accessed from RAM in cache memory
when the data is accessed the first time. The processorcan then retrieve the information from the faster
cache memory for subsequent calls. All the processors today have integrated cache memory, which is
known as level-1 cache. The types of cache are as follows:

L1 (lewel-1) cache: Cache that is integrated within the processor.

L2 (lewel-2) cache: Cache that is located outside the processor, like on the motherboard.

Older motherboards implemented cache memory as rows of DIP chips placed directly on the
motherboard. This area was sometimes even labeled “cache.” Labels on a motherboard seem to be
something that you cannot always rely on though—ifthey are there, consider it an added bonus!

Newer systems have implemented the cache as a memory module, so you may see an empty slot on the
motherboard that looks like a place where you would installa S IMM, but it will reall y hold a cache
module. A lot of times this will be labeled as cache on the systemboard.

Expansion slot

Mostmotherboards have one or more expansion slots, which serve the purpose of adding functionality
to the computer. Even if, for example, your computer doesn’t have sound capability right now, you can
install a sound card into the expansion slot to add that capability.
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Bxpansion slots come in different  varieties on systems today, and it is e Xremely important to
understand the benefits of each type. If you look at the s ystem board, you can see a number of
expansion slots. There are probably some white narrow slots on the board, which are the PClslots. You
may also see some larger black slots; these are ISA slots.

Communication ports

Newer systemboards have communication ports integrated directly into the board. The communication
ports are also known as the COM ports. T ypically, there are two COM p orts on each s ystem, COM1
and COM2.

COM ports are also known as serial ports. The reason that they are called serial ports is because they
send data in a series—a single bit at a time. If eight bits of data are being delivered to a device
connected to the COM ports, then the systemis sending the eight bits of data, one at a time.

You usually connect an external modem, or a serial mouse, to these ports. Each of these devices is used
for communication; a modem is used to allow your computer to talk to another computeracross phone
lines, while a serial mouse is a communication device that allows you to communicate with the system.
Serial ports on the backof the systemboard are one of two types:

DB9-male is a male serial port with 9 pins.

DB25-male is a male serial port with 25 pins.

Parallel port

Another type of connector that you will have on the back of the motherboard is the parallel port. The

parallel port is also known as the printer port, or LPT1. The parallel port gets its name by being able to
send information eight bits at a time. Whereas serial ports only send one bit at a time in single file,
parallel ports send can send eig ht bits in one operation—side-by-side rather thansing le file. The
parallel port is a female port located on the back of the s ystem board with 25 pins, which is known as
DB25-female.

You connect the parallel port to a printer by using a parallel cable that has a different type of connector
at each end. On one end of the cable is a DB 25 connector that attaches to the parallelport on the b ack
of the computer (that makes sense—a female DB25 port has a cable with a DB25 male connector on it).
On the other end of the cable (the end that connects to the printer) you will have a 36-pin Centronics
connector.

Keyboard/Mouse connector

Most motherboards today have mouse and keyboard connectors that are most likely PS2 style
connectors.Older motherboards may have an older DIN keyboard connector, which you can see on
baby AT motherboards. These systems may or may not have a mouse port on the systemboard. If not,
the mouse connector was located onthe casethat the system boardwas inserted into; the mouse
connectorwould connect by wires to the systemboard.

Power connector

Located on the systemboard, you should see a type of connector that you can use to connect the power
supply to the motherboar d. All of these devices c onnected to the motherb oard need to get power from
somewhere, sothepow er supplyis con nected to the motherboard, which supp lies power to the bo ard
and its components. Therea re power cables coming fromthe po wer supply to connect tothe
motherboard with very unique connectors on the end, these may be labeled as P1 and P2, or onsome
systems, P8 and P9.You havetobe ex tremely careful to make surethatt hese connectors are inserted

169



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

properly, or you could damage the motherboard. Often, the connectors are keyed (meaning that they
can only go in one way) so that you cannot put both of the connectors in the wrong way.

Video adapter
Many motherboards today come with a built-in video adapter,sometimes called a video card or video
controller.

Hard disk controller

A controller is a device that is r esponsible for controlling data flow, so a hard drive controller is

responsible for both of the following:

1. Receiving information fromthe processor and converting or interpreting the information into signals
that the hard disk can understand

2. Sending information back to the proc essor and converting the infor mation into sig nals that the

processorcan understand.

Older drives implemented the controller as an expansion card installed into the systemthat connected
to the hard disk via a cable connection. Toda y, however, hard disk controllers are inte grated into the
hard disks. You can also find either one or two hard disk controllers on newer motherboards (for more
information, see the section titled “EI DE/ATA-2"). The controller on the motherboard has 40 pins and
connects to the drive using a 40-wire ribbon cable.

IDEATA

A number ofhard drive standards have been developed overthe last numberof years—the first major
standard being the IDE standard. The IDE (Integrated Drive Electronics) standard calls for an
integrated controller on the drive to manage information entering and leaving the hard disk.

IDE has been around since 1989. IDE drives attach to the mothe rboard by means of a 40-wire ribbon
cable. The IDE standard also allows two driv es to connectin adaisy -chain fashion,c reating a
master/slave relationship between devices. The master drive is responsible for sending and receiving
information in the chain. The IDE standard is also known as the ATA (Advanced Technology
Attachment) standard, which is sometimes known as the ATA-1standard.

EIDE/ATA-2

The EIDE (Enhanced IDE) standard followed shortly after the IDE standard. The EIDE standard is a
specification that allows fourdrives to be connected toa dual channel controller. This is usu ally
implemented as a motherboard having two controllers, one heing the pri mary controller and the other
being the secondary controller. You would then connect two drives off of each controller, making a
master/ slave chain off each controller; EIDE also supports larger hard disks; the typical size of an IDE
drive was about 504 MB. The EIDE standard is also known as ATA-2.

ATAPI

Typically, IDE devices are implemented as hard drives, but there has be en a new ATA spe cification
that has allowed other types of devices to exist on an ATA (or IDE) chain. This specification is known
as the ATA Packet Interface, which allows devices like CD-ROMs and tape drives to exist on an ATA
chain. Other types of ATAPI devices are CD writers, DVD devices,and zip drives.

ULTRA DMA
Ultra DMA drives have two major benefits over ATA drives:
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Speed: Ultra DMA devices function at double th e speed of regular IDE devices. IDE devices execute
commands at 16.6MB per second, wh ereas ultra DMA devices execute commands at 33.3MB per
second.

Reliability: Ultra DMA devices implement error corr  ection, which provides for increas ed data
reliability compared with IDE, which does not implement error correction.

To take advantage of u ltra DMA technolo gy, you need an ultra DMA drive and an ultr a DMA
compatible BIOS. In addition, you need an ultr a DMA compatible driver loaded in the operating
systemthat uses the device.

It is important to notet hat ultra DMA technolo gy is backward compatible with IDE and EIDE. For
example, if you have a motherboard with ultra DMA support, you can still plug an IDE or EIDE device
into the controllers on the motherboard. You can also take a ultra DMA drive and install it on an EIDE
board.

Floppy disk controller

Located very close to the hard disk controllers,y ou should see a smalle r floppy drive controller that
connects the floppy drive to the motherboard. This controller supports a 33-wire ribbon cable, w hich
connects the floppy drive to the motherboard. W hen connecting the floppy drive to the system, you will
notice that the ribbon cable for the floppy drive has one end where the wires are twisted. This is the end
of the ribbon cable that must be connected to the floppy drive. The opposite end is connected to the
controller on the motherboard.

SCSI controller

Some high-end machines, particularly those designed for use as serv ers, may have a controller on the

motherboard with 50 pins on it. This is the footprint of a SCSI (Small Computer System Interface)
controller on the mothe rboard. Because SCSI devices outperform IDE devices, SCSI controllers are
extremely popular for use in se rvers (which have greater hard-disk access and storage needs than
regular desktop computers).

The following list compares the various flavors of SCSI. Know them for the exam:

SCSI: SCsSl is an example of a technology that has been out for many years and has progressed within
those years. The o riginal version of SCSI , also known as SCS I-1 was an 8-bittechnolog y with a
transfer rate of 5 Mbps. One of the major benefits of SCSI is that you are not limited to two devicesin a
chain like you are with IDE SCSI-1 allows you to have eight devices in the chain, with the controller
counting as one.

Fast SCSI-2: Fast SCSI-2 increases the performance of SCSI by doubling the transfer rate. Fast SCSI-
2 devices transfer information at 10 Mbps, as opposed to 5 MBPS (SCSI-1). Fast SCSI-2 is still an 8-bit
technology and supports eight devices in the chain.

Wide SCSI-2: Wide SCSI-2 takes the data path of SCSI (8-bit) and doubles it to 16 bits; because the
width of Wide SCSI-2 has been doubled the transfer rate is also 10 Mbps. The number of devices in a
Wide SCSI-2 chain is 16.

Fast Wide SCSI-2: Fast Wide SCSI-2 is the combination of Fast SCSI-2 and Wide SCSI-2. The data
path of Fast Wide SCSI-2 is 16 bits, the transf er rate is 20 Mbps,and t he numberof devices that is
supported in the chain is 16.

Ultra SCSI: Ultra SCSI takes the transfer rate of 10 Mbps and doubles it again to 20 Mbps! With Ultra
SCSI, the bus width is only eight bits, and the number of devices that exist in the chain is eight.
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Ultra Wide SCSI: Ultra Wide SCSI is Ultra SCSI with the bus width inc reased to 16 bits a nd the
number of devices in the chain is increased to 16! The t ransfer rate of Ultra Wide SCSI has been
increased to 40 Mbps.

LVD (Ultra2): Low Voltage Differential, also known as Ultra2 SCSI, has a bus width of 16 bits a nd
supports up to 16 devices. LVD gets its reputation fromhaving a transferrate of 80 Mbps.

BIOS chip

Locating the BIOS chip on the system board is easy; it is usually rectangular in shap e and generally
features the manufacturer’s name as a lab el on the chip. Some of the popular manufa cturers are AMI,
AWARD, and IBM. The Basic Input Output System (BIOS) is the low-level program code that allows
all the system devices to communicate with one another. This low-level program code is stored in the
BIOS chip on the motherboard.

The BIOS chip is a ROM (read only memory) chip, which means that you can read information from
the chip, but you cannot write to th e chip under normal circumstances. Today’s implementation of
BIOS chips is EEPROM (Electrically Erasable Programmable ROM), which means that you can get
special software from the manufacturer of the BIOS to write to the chip.

Why would you want to erase the B 10S? Suppose, for example, that your BIOS is programme d to
supportahard disk up to 2GB in size, but that you want to install a new, lar ger hard disk instead. What
can you do aboutit? You can contact the BIOS manufacturer and get an update fo r your BIOS chip,
which is usually a software program today (in the past, you generally had toinstallanewc hip).
Running the software program writes new instructions to the BIOS to make it aware that therear e hard
disks bigger than 2GB and provides instructions for dealing with them. But before new instructions can
be written, the old instructions need to be e rased. The BIOS chip also contains code that controls the
boot process for your system. It contains codeth at will perform a power on self test (POST), wh ich
means that the computer goes through a number of tests, checking itself outand making surethatit is
okay. Once it has made it pastthe POST, the BIOS then locates abootable partition and calls on the
master boot record, which will load an operating system.

Battery

The computer keepstr ack ofits inventory in whatis known as Complementary Metal Oxide
Semiconductor (CMOS). CMOS is a listing of system components, such as the size of the hard disk that
is installed in the compu ter, the amount of RAM, a nd the resources (IRQs and 10 addresses) used by
the serial and parallel ports. This inventory list is stored in what is known as CMOS RAM, which is a
bit of a problemb ecause RAM loses its content when the power is shut off. You don’t want the
computer to forget that it has a hard disk or forget how much RAM it has installed. To prevent this sort
of problem, a small wat ch-like battery on the system board maintains enough energy so that CMOS
RAM does not lose its charge. If CMOS RAM loses its charge, it results in the CMOS content being
lost.
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Computer Motherboard and its constituent components:
A typical ATX PC motherboard with constituent componentsis given below:
3

1. Mouse & keyboard: Keyboard Connectors are two types basically. All PCs have a Key board port
connected directly to the motherboard. The oldest, butstill quite common type, is a special DIN, and
most PCs until recently retained this style connector. The AT-style keyboard connector is quickly
disappearing, being replaced by the smaller mini DIN PS/2-style keyboard connector.

The important constituent components of an ATX Motherboard are given below:
Mouse & keyboard

usB Connector Side of ATX Motherboard

Parallel port >

CPU Chip PS/2 Keyboard Connector— PS12 Mouse Connector
RAM slots

Floppy controller

IDE controller USB Ports

PCI slot Serial Comm Port

ISA slot

CMOS Battery —— Parallel Port
AGP slot

CPU slot VGA Port

Power supply plug in

1. Mouse & keyboard: Keyboard Connectors are two types basically. All PCs havea Ke y board port
connected directly to the motherboard. The oldest, butstil I quite
common type, is a speci al DIN, and most PCs until recently retained
this style connector. The AT-style keyboard connector is quickly

6 NC disappearing, being replaced by the smaller mini DIN PS/2-style

4+3V  keyboard connector.
2 NC

PSi2 Connector

Clock 3
GND 3

Data 1
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You can use an AT-st yle keyboard with a PS/2 -style socket (or the otherwa y around) by using a
converter. Although the AT connector is unique in PC s, the PS/2-style mini-DIN is also used in more
modern PCs for the mo use. Fortunately , most PCs that use the mini-DI N for both the k eyboard and
mouse clearly mark each mini-DIN socket ast o its correct use. So me keyboards havea USB
connection, butthes e are fairly rare compared toth e PS/2conne ction keyboards.

2. USB (Uniwersal serial bus):

USB is the Gen eral-purpose connection for PC. You can find USB versions of many different devices,
such as mic e, keyboards, scanners, cameras, and even printers. a USB connector's distinctive
rectangular shape makes it easily recognizahleUSB has a number of features that makes it particularly
popular on PCs. F irst, USB devices are hots wappable. You can insert or remov e themwithout
restarting yoursystem.

3. Parallel port: Most printers use a special connector called a parallel port. Parallel port carry data on
more than one wire, as opposed to the serial port, which uses only one wire. Parallelports use a 25-pin
female DB connector. Parallel ports are directly supported b y the motherboard through a direct
connection or through a dangle.

4, CPU Chip : The central processing unit, also called the microprocessor performs all the
calculations that take place inside apc.C PUs come in Variety ofshap es and sizes.
Modern CPUs generate a lot of heat and thus require a cooling fan or heat sink. The coolin g device
(such as a cooling fan) is removable, althoug h some CPU manufactures sell the C PU with a fan
permanently attached.

5. RAM slots: Random-Access Memory (RAM) stores programs and data currently being used by the
CPU. RAM is me asured in units c alled bytes. RAM has been packaged in many different ways. The
most current package is called a 168-pin DIMM (Dual Inline Memory module).

6. Floppy controller: The floppy drive connects to the computer via a 34-pin ribbon cable, which in
turn connects to the motherboard. A floppy controlleris one that is used to controlthe floppy drive.

7. IDE controller: Industry standards definet wo common types of hard drives: EIDE and S CSI.
Majority of the PCs use EIDE drives. SCSI drives show up in high end PCs such as network servers or
graphical workstations. The EIDE drive connects to the hard drive via a 2-inch-wide, 40-pin rib bon
cable, which in turn connects to the motherboard. IDE controlleris responsible for controlling the hard
drive.

8. PCI slot: Intel introduced the Peripheral component interconnect bus protocol. The PCI bus is used
to connect 1/0 devices (such as NIC or RAID controllers) to the main logic of the computer. PCI bus
has replaced the ISA bus.

9. ISA slot: (Industry Standard Architecture) It is the standard architecture of the Ex pansion bus.
Motherboard may contain some slots to connect ISA compatible cards.

10. CMOS Battery: To provide CMOS with the power when the computer is turned off all
motherboards comes with a battery. These batteries mount on the motherboard in one of three ways:the
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obsolete external battery, the mostcommon onboard batter y, and built-in  battery.

11. AGP slot: If you have a modern motherboard, you will almost certainly notice a single connector
that looks like a PCI slot, but is slightly shorter and usually brown. You also probably have avideo
card inserted into this slot. This is an Advanced Graphics Port (AGP) slot.

12. CPU slot: To install the CPU, just slide it straight down into the slot. Special notches in the slot
make it impossible to install them incorrectly. So remember if it does notgo easily, it is probably not
correct. Be sureto plug in the CPU fan's power.

13. Power supply plug in:
The Power supply, as its name i mplies, provides the necessary electrical power to make the pcope rate.
the power supply takes standard 110-V AC power and converts into +/-12-\olt, +/-5-\Volt, and 3.3-Volt
DC power. The power supply connector has 20-pins, and the connector can go in only one direction.

1 2 3 4 5 68 7 & % W

BIOS - What motherboard BIOS does for a PC:

All motherboards include a small blockofR ead Only Memory
(ROM) which is separate from the main systemmemory used for . 5 4, 1:5 17 18 19 20
loading and running software. The BIOS will mostlike ly be stored

in a 32-pin chip, which can typically be identified by a silver or gold stickerthat shows the name of the
BIOS company - such as AMIBIOS, AWARD or Phoenix - and a code that indicates the version of
code it contains. If its rectangular in shape, it's what is known as a D IP (Dual In-line Package) chip.
Older motherboards may have 28-pin DIP BIOS chips. If your BIOS chip is square with connections on
all four sides, it is in a PLCC (Plastic Leaded Chip Carrier) package. A locating notch indicates the
orientation of pin 1.

The ROM contains the PC's Basic Input/Output System (BIOS).
This offers two advantages:the code and data in the ROM BIOS
need not be reloaded each time the computer is started, and they
cannot be corrupted by wayward applications that write into the
wrong part of memory. If you havea DIP or PLCC chip that's
actually soldered to your motherboard, you'll not be able to
upgrade it by replacing the ROM. Modem-day BIOSes are flash upgradesble, meaning they may be
updated via a floppy disk or, sometimes, through Windows, to ensure future compatibility with new
chips,add-on cards and so on.

The BIOS comprises several separate routines, serving different functions. The first part runs as soon as
the machine is powered on. It inspects the computerto determine what hardware is fitted and then
conducts some simple tests to checkthat everything is functioning normally - a process called the
power-on self test (POST). If any of the peripherals are plug and play devices, it's at this point that the
BIOS assigns their resources within the system. There's also an option to enter the Setup program,
allowing the userto tell the PC what hardware is fitted. Thanks to automatic self-configuring BIOSes
this isn't used so much now, but is usefulwhen encountering systemerrors, or for optimizing a system
setup foradvanced users.

If all the tests are passed, the ROM then tries to determine which drive to boot the machine from. Older
PCs ship with the BIOS set to check for the presence of an operating systemin the floppy disk drive

first (A:), thenonthe primary hard disk drive. Later PCs have more options, including boot from a CD
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or DVD drive, or booting from a USB device. BIOS options will allow configuring the sequence of
bootdevices, which can reduce normal boottime by a few seconds.

Some BIOS's also allow booting from a hard disk drive otherthan the primary IDE drive. In this case it
would be possible to have different operating systems - or separate instances ofthe same OS - on
different drives. Many BIOSes allow the start-up process to be interrupted to specify the first boot
device without actually having to enterthe BIOS setup utility itself. If no bootable drive is detected,a
message is displayed indicating that the systemrequires a systemdisk. Once the machine has booted,
the BIOS serves a different purpose by presenting DOS with a standardised API for the PC hardware.
In the days before Windows, this was a vital function, but 32-bit "protect mode" software doesn't use
the BIOS, soit's of less benefitin modern PCs.

CMOS - complementary metal oxide silicon- RAM chips on motherboards:

Motherboards also include a separate block of memory made from very low power consumption
CMOS (complementary metal oxide silicon) RAM chips, which is kept alive by a battery even when
the PC's power is off. This is used to store basic information about the PC's configuration: number and
type of hard and floppy drives, how much memory, what kind and so on. All this used to be entered
manually, but modern auto-configuring BlOSes do much of this work, in which case the more
important settings are advanced settings such as DRAM timings. The otherimportant data kept in
CMOS memory is the time and date, which is updated by a Real Time Clock (RTC).

.

ST s

The CMOS memory is usually located with the real-time clock in the motherboard chipsetorin a
separate real-time clock chip. The PC reads the time from the RTC when it boots up, afterwhich the
CPU keeps time - which is why systemclocks are sometimes out of sync. Rebooting the PC causes the
RTC to be reread, increasing their accuracy.

In modern-day PCs the nonvolatile BIOS memory is generally an EEPROM or Flash memory chip.
There is still a backup battery involved, butits role is notto maintain the datastored in the RAM, only
to keep the RTC chip operational.

et

CPU interfaces - motherboard slots and sockets for AMD and Intel processors:
In essence,aCPU is a flat square sliver of silicon with circuits etched on its surface. This chip is linked
to connector pins and the whole contraption encased some form of packaging - either ceramic or plastic
- with pins runnin g along the flat underside or along one edge. The CPU pa ckage is connected to a
motherboard via some form of CPU interface, either a slotor a socket. For many years the socket style
of CPU was dominant. Thenb oth major PC chip manufacturers switched to a slot style of i nterface.
After a relatively short period of time they both changed theirminds and the socket was back in favour!
The older 386, 486, classic Pentium and Pentium MM X processors came in a flat square package with
an array of pins on the underside - called Pin Grid Array (PGA) - which plugged into a socket-style
CPU interface onthe motherboard. The earliest such interface for which many motherboards and
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working systems remain to this day - not least because it supported CPUs from so many different chip
manufacturers - is Socket 7.

Name

Interface

Description

Socket 1

169-pin

Found on 486 motherboards, ope rated at 5 volts and supported 486 chip s,
plus the DX2, DX4 OverDrive.

Socket 2

238-pin

A minor upg rade from Socket 1that supportedallthesame chips
Additionally supported a Pentium OverDrive.

Socket 3

237-pin

Operated at 5volts, butha d theadded capability of operatin g at 3.3 volts,
switchable with a jumper setting onth e motherboard. Supported all of the
Socket 2 chips with the addition of the 5x86. Considered the last of the 486
sockets.

Socket 4

273-pin

The first socket designed for use with Pentium class processors. Operated at
5 volts and consequently supported only the low-end Pentium-60/66 and the
OverDrive chip. Beginning with the Pentium-75, Intel moved to the 3.3 volt
operation.

Socket 5

320-pin

Operated at 3.3 volts and supported Pentiumcla ss chips from 75MHz to
133MHz. Not compatible with late r chips because of th eir requirement for
an additional pin.

Socket 6

235-pin

Designed for use with 486 CPUs, this was an enhanced version of Socket 3
supporting operation at 3.3 volts.B arely usedsince it appe ared at a time
when the 486 was about to be superseded by the Pentium.

Socket 7

321-pin

Introduced for the Penti um MMX, thesockethad provision for supplying
the split core/10 voltage required by this and later chips. The interface used
for all Pentium clones with a 66MHz bus.

Socket 8

387-pin

Used exclusively by the Intel Pentium Pro, the socket provedex tremely
expensive to manufacture and was quickly dropped in favour of a cartridge-
based design.

Slot 1

242-way
connector

The circuit board inside the packa ge had up to 512KB of L1 cacheonit -
consisting oftwo 256K B chips - which ran at half the CPU speed.Us ed by
Intel Pentium 11, Pentium Il and Celeron CPUs.

Socket 370

370-pin

Began toreplace Slot 1 onthe Celeron range from early 1999. Also used by
Pentium Il Coppermine and Tualatin CPUs in variants known as FC-PGA
and FC-PGA2 respectively.

Socket 423

423-pin

Introduced to accommodate the additional pins required for the Pentium 4's

completely new FSB. Includes an Integral Heat Spreader, which both
protects the die and pro vides a surface to which large heat sinks ¢ an be
attached.

Socket 603

603-pin

The connector forPentium 4 Xeon CPUs. The additionalpinsare f  or

providing more power to future CPUs with large on-die (or even off-die) L3
caches, and possi bly for accommodating inter-processor-communication
signals for systems with multiple CPUs.

Socket 478

478-pin

Introduced in anticipation of the introduction ofthe 0.13-micron Pentium 4
Northwood CPU at the beginning of 2002. Its micro Pin Grid Array (UPGA)
interface allows both the size of the CPU itself and the space occupied by
the socket on the motherboard to be significantly reduced.
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Socket 754

754-pin

AMD's 754-pin CPU interface form factorintroduced with its 64-bit Athlon

64 processor in the autumn of 2003, finall y replacing the longstanding and
highly succesful Socket A. Targeted at budget desktop and mobile 64 bit
computing.

Socket 940

940-pin

AMD's 940-pin CPU interfa ce form factor originally used by Opteron and
FX versions of the Athl on 64 CPU. S ubsequently replaced for use b y the
latter by Socket 939, which allowed for a less-expensive motherboard
option, one with only four layers rather than from six to nine.

Socket 939

939-pin

AMD's 939-pin CPU interfa ce form factor introduced in the summer of
2004. The Socket 939 marked the conve rgence of the mainstreamand F X
versions of the Athlon 64 CPU,wh ich had previously used different
interfaces, the Socket 754 and Socket 940 respectively.

LGAT775/
Socket T

775-pin

Land Grid Array 775: Intel's proprietary CPU interface form factor
introduced in the summer of 2004. Similar toa pin grid array (PGA), the
connection between LGA775 chip packa ging and the processor chip is via
an array of contacts rather than pins tosockets providing betterpowe r
distribution to the processor. Used for some Pentium 4, Pentium D, Core 2
Duo and Core 2 Quad CPUs.

Socket
AM2

940-pin

Released justb efore the Intel LGA771, the AM2c ame as AMD's
replacement for the Socket 939 and and Socket 754. Offering support foran
array of processors and DDR2 RAM,

LGAT771/
Socket J

771-pin

Land Grid Array 771: Released in June 2006, th e Socket J processor was
released to support Intel's Server and Workstation based Xeon pro cessor
range. The J stands for" Jayhawk," a processor to havebeen released
simultaneously but cancelled. The LGA771 supports the Dual Core Xeon
Dempsey and Woodcrest, Quad Core Clove rtown, and Core 2 Extreme
processors.

Socket 479

479-pin

Also referred to as the mPGA479M socket, Socket 479 is best known as the
CPU socket for the Intel Pentium M mobile processor. The format was also
used for desktop PCs, A sus making a drop-in board which allowed Sock et
479 CPUs to be usedin selected desktop motherboards. Intel subsequently
announced a new Socket 479 with a revised pinout for its new generation of|
Core CPUs.

Socket F

1207-pin

Released August 2006, AMD created the SocketF  as asocket 940
replacement for i ts server line processors, particularly the Opteron range,
though it also the high range Athlon 64 FX series of processors. Supporting
AMD's native quad core Opteron processors and DDR2 RAM, this sock et
gave AMD a considerable boostin server market share over Intel.

Socket
AM2+

940-pin

Released November 2007, this step up fromt he socket AM2 improved
HyperTransport support and ene rgy efficiency, though only on AM2 +
compatible chips with fully AM2+ motherboards. Seen as a halfway house
to socket AM3, takeup on the socket was arguably disappointing.

LGA1336/
Socket B

1336-pin

Land Grid A rray 1336: Introduced in November 2008, superseding the
LGAT775/Socket T, to support Intel's Core i7 Ne halem CPUs: B loomfield,
Gainestown and Westmere. DDR3 RAM is required for this socket.
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Chapter - 13
Power supply unit (SMPS)

Objectives of learning
» Power Rating and Efficiency
» Appearance of Power Supply
» Various connectors froma computer PSU
e ATvs. ATX
*  Working Of SMPS
» Failure modes
» Precautions & Applications
» Terms And Facts Related To Power Supply
« Uninterrupted power supply(UPS)

A power supply unit (PSU) supplies DC power to the other components in a computer. It converts
general-purpose alternating current (AC) electric power from the mains (110V to 120V at 60Hz [115V
nominal] in North America, parts of South America, Japan, and Taiwan; 220V to 240V at 50Hz [230V
nominal] in most of the rest of the world) to low-voltage (for a desktop computer: 12V, 5V, 5VSB,
3V3, -5V, and -12V) direct current (DC) power for the internal components of the computer. Some
power supplies have a switch to select either 230 V or 115 V. Other models are able to accept any
voltage and frequency between those limits and some models only operate from one of the two mains
supply standards. Most modern desktop computer power supplies conformto the ATX form factor.
ATX power supplies are turned on and off by a signal from the motherboard. They also provide a
signal to the motherboard to indicate when the DC power lines are correct so that the computeris able
to boot-up. While an ATX power supply is connected to the mains supply it provides a 5V stand-by
(5VSB) line so that the standby functions on the computer and certain peripherals are powered. The
most recent ATX PSU standard is version 2.31 of mid-2008.

Power Rating and Efficiency:

Computer power supplies are rated based on their maximum output power. Typical power ranges are
from 500 W to lower than 300 W for small form factor systems intended as ordinary home computers,
the use of which is limited to web-surfing and burning and playing DVDs. Power supplies used by
gamers and enthusiasts mostly range from 450 W to 1400 W. Typical gaming PCs feature power
supplies in the range of 500-800 W, with higher-end PCs demanding 800-1400 W supplies. The
highest-end units are up to 2 kW strong and are intended mainly for servers and, to a lesser degree,
extreme performance computers with multiple processors, several hard disks and multiple graphics
cards. The power rating of a PC power supply is not officially certified and is self-claimed by each
manufacturer. A common way to reach the power figure for PC PSUs is by adding the power available
on each rail, which will not give a true power figure. Therefore it is possible to overload a PSU on one
rail without having to use the maximum rated power.

This may mean that if:

- PSU A has a peak rating of 550 watts at 25°C, with 25 amps (300 W) on the 12 volt line, and
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- PSU B has a continuous rating of 450 watts at 40°C, with 33 amps (400 W) on the 12 volt line,
and if those ratings are accurate, then PSU B would have to be considered a vastly superior unit, despite
its lower overall power rating. PSU A may only be capable of delivering a fraction of its rated power
under real world conditions.

This tendency has led in turn to greatly over specified power supply recom mendations, and a shortage
of high-quality power supplies with reasonable capacities. Simple, general purpose computers rarely

require more than 300-350 watts maximum. Higher end computers such as servers and gaming
machines with multiple high power GPUs are among the few exceptions, although in recent years the
power demand of "video cards" in the ability to watch high definition (HD) media has led to even the
average ATX computer to consume between 400 and 500 watts.

Appearance of Power Supply:

Most computer power supplies are a square metal box, and have a large bundle of wires emerging from
one end. Opposite the wire bundle is the back face of the power supply, with an air vent and a IEC
60320 C14 connector to supply AC power. There may optionally be a power switch and/or a voltage
selector switch. A label on one side of the box lists technical information about the power supply
including safety certifications maximum output power. Common certification marks for safety are the
UL mark, GS mark, TUV, NEMKO, SEMKO, DEMKO, FIMKO, CCC, CSA, VDE, GOST R and
BSMI. Common certificate marks for EMI/RFI are the CE mark, FCC and C-tick. The CE mark is
required for power supplies sold in Europe and India. A RoHS or 80 PLUS can also sometimes be seen.
Dimensions of an ATX power supply are 150 mm width, 86 mm height, and typically 140 mm depth,
although the depth can vary from brand to brand.

Various“(;bnne-ct(‘)rs‘ frbm é cor>hputer- PSU.
Typically, power supplies have the following connectors (all are Molex (USA) Inc Mini-Fit Jr, unless
otherwise indicated):

- PC Main power connector (usually called P1): This is the connectorthat goes to the motherboard
to provide it with power. The connector has 20 or 24 pins. One of the pins belongs to the PS-ON
wire (it is usually green). This connector is the largest of all the connectors. In older AT power
supplies; this connector was split in two: P8 and P9. A power supply with a 24-pin connector can
be used on a motherboard with a 20-pin connector. In cases where the motherboard has a 24-pin
connector, some power supplies come with two connectors (one with 20-pin and other with 4-pin)
which can be used togetherto formthe 24-pin connector.

- ATX12V 4-pin power connector (also called the P4 power connector). A second connector that
goes to the motherboard (in addition to the main 24-pin connector)to supply dedicated power for
the processor. For high-end motherboards and processors, more power is required; therefore
EPS12V has an 8 pin connector.

- 4-pin Peripheral power connectors: These are the other,smaller connectors that go to the various
disk drives of the computer. Most of them have four wires: two black, one red, and one yellow.
Unlike the standard mains electrical wire color-coding, each black wire is a ground, the red wire
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is +5 V, and the yellow wire is +12 V. In some cases these are also used to provide additional
power to PCI cards such as FireWire 800 cards.

e 4-pin Molex (Japan) Ltd power connectors (usually called Mini-connector or "mini-Molex"):
This is one of the smallest connectors that supplies the floppy drive with power. In some cases, it
can be used as an auxiliary connector for AGP video cards. Its cable configuration is similar to
the Peripheral connector.

- Auxiliary power connectors: There are several types of auxiliary connectors designed to provide
additional power if it is needed.

- Serial ATA power connectors:a 15-pin connectorfor components which use SATA power plugs.
This connectorsupplies power at three different voltages: +3.3, +5, and +12 volts.

- 6-pin Most modern computer power supplies include 6-pin connectors which are generally used
for PCI BExpress graphics cards, but a newly introduced 8-pin connector should be seen on the
latest model power supplies. Each PCI Express 6-pin connector can outputa maximum of 75 W.

- 6+2 pin For the purpose of backwards compatibility, some connectors designed for use with high
end PCI Express graphics cards feature this kind of pin configuration. It allows either a 6-pin card
or an 8-pin card to be connected by using two separate connection modules wired into the same
sheath: one with 6 pins and anotherwith 2 pins.

- An IEC 60320 C14 connector with an appropriate C13 cord is used to attach the power supply to
the local power grid.

AT . ATX:

A typicalinstallation of an ATX forms factor computer power supply.
There are two basic differences between AT and ATX power supplies: The connectors that provide
power to the motherboard, and the soft switch. On older AT power supplies, the Power-on switch wire
from the front of the computeris connected directly to the powersupply.
On newer ATX power supplies, the power switch on the front of the computer goes to the motherboard
over a connector labeled something like; PS ON, Power SW, SW Power, etc. This allows other
hardware and/orsoftware to turn the systemon and off.
The motherboard controls the power supply through pin #14 of the 20 pin connector or #16 of the 24
pin connector on the motherboard. This pin carries 5V when the power supply is in standby. It can be
grounded to turn the power supply on without having to turn on the rest of the components. This is
useful for testing or to use the computer ATX power supply for other purposes.AT stands for
Advanced Technology when ATX means Advanced Technology eXtended.
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Classification of SMPS:
SMPSs can be classified into four types according to the inputand output waveforms
- ACin, DC out:rectifier, off-line converterinput stage
- DC in, DC out:voltage converter, or current converter,or DC to DC converter
- ACin, AC out:frequency changer, cyclo converter,transformer, phase converter
- DCin, AC out:inverter

Working Of SMPS:

Mains In Ut Out u: DC
Input pﬁ Inverter — Output —_ ? Output
rectifier w— & rectifigr u
and fitter Chopper Tiansfomes and filtr @
Chopper |,
controller '\

Input rectifier stage

If the SMPS has an AC input, then the first stage is to convert the input to DC. This is called
rectification. The rectifier circuit can be configured as a voltage doublers by the addition of a switch
operated either manually or automatically. This is a feature of larger supplies to permit operation from

nominally 120 V or 240 V supplies. The rectifier produces an unregulated D  voltage which is then
sent to a large filter capacitor. The current drawn from the mains supply by this rectifier circuit occurs
in short pulses around the AC voltage peaks. These pulses have significant high frequency energy
which reduces the power factor. Special control techniques can be employed by the following SMPS to
force the average input current to follow the sinusoidalshape of the AC input voltage thus the designer
should try correcting the power factor. An SMPS with a DC input does not require this stage. An SMPS
designed for AC input can often be run from a DC supply (for 230 V AC this would be 330 V DC), as
the DC passes through the rectifier stage unchanged. It's however advisable to consult the manual
before trying this, though most supplies are quite capable of such operation even though nothing is
mentioned in the documentation. However, this type of use may be harmful to the rectifier stage as it
will only use half of diodes in the rectifier for the full load. This may result in overheating of these
components, and cause them to fail prematurely. If an input range switch is used, the rectifier stage is
usually configured to operate as a voltage doubler when operating on the low voltage (~120 V AC)
range and as a straight rectifier when operating on the high voltage (~240 V AC) range. If an input
range switch is not used, then a full-wave rectifier is usually used and the downstreaminverter stage is
simply designed to be flexible enough to accept the wide range of DC voltages that will be produced by
the rectifier stage. In higher-power SMPSs, some form of automatic range switching may be used.
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Inverter stage
This section refers to the block marked chopper in the block diagram.

The inverter stage converts DC, whether directly from the input or from the rectifier stage described
above, to AC by running it through a power oscillator, whose output transformer is very small with few
windings at a frequency of tens or hundreds of kilohertz (kHz). The frequency is usually chosen to be
above 20 kHz, to make it inaudible to humans. The output voltage is optically coupled to the input and
thus very tightly controlled. The switching is implemented as a multistage (to achieve high gain)
MOSFET amplifier. MOSFETs are a type of transistor with a low on-resistance and a high current-
handling capacity.

Voltage conwerter and output rectifier

If the output is required to be isolated fromthe input, as is usually the case in mains powersupplies, the
inverted AC is used to drive the primary winding of a high-frequency transformer. This converts the
voltage up or down to the required output level on its secondary winding. The output transformerin the
block diagram serves this purpose. If a DC output is required, the AC output from the transformer is
rectified. For output voltages above ten volts or so, ordinary silicon diodes are commonly used. For
lower voltages, Schottky diodes are commonly used as the rectifier elements; they have the advantages
of faster recovery times than silicon diodes (allowing low-loss operation at higher frequencies) and a
lower voltage drop when conducting. For even lower output voltages, MOSFETs may be used as
synchronous rectifiers; compared to Schottky diodes, these have even lower conducting state voltage
drops. The rectified output is then smoothed by a filter consisting of inductors and capacitors. For
higher switching frequencies, components with lower capacitance and inductance are needed. Simpler,
non-isolated power supplies contain an inductor instead of a transformer. This type includes boost
converters, buck converters,and the buck-boost converters. These belong to the simplest class of single
input, single output converters which use one inductor and one active switch. The buck converter
reduces the input voltage in direct proportion to the ratio of conductive time to the total switching
period, called the duty cycle. For example an ideal buck converter with a 10 V input operating at a 50%
duty cycle will produce an average output voltage of 5V. A feedback control loop is employed to
regulate the output voltage by varying the duty cycle to compensate for variations in input voltage. The
outputvoltage of a boost converter is always greater than the input voltage and the buck-boost output
voltage is inverted but can be greater than, equal to, or less than the magnitude of its input voltage.
There are many variations and extensions to this class of converters but these three forms the basis of
almost all isolated and non-isolated DC to DC converters. By adding a second inductor the Cuk and
SEPIC converters can be implemented, or, by adding additional active switches, various bridge
converters can be realized. Other types of SMPSs use a capacitor-diode voltage multiplier instead of
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inductors and transformers. These are mostly used for generating high voltages at low currents
(Cockcroft-Walton generator). The low voltage variant is called charge pump.

Regulation

A feedback circuit monitors the output voltage and compares it with a reference voltage, which shown
in the block diagram serves this purpose. Depending on design/safety requirements, the controller may
contain an isolation mechanism (such as opto-couplers) to isolate it from the DC output. Switching
supplies in computers, TVs and VCRs have these opto-couplers to tightly controlthe output voltage.
Open-loop regulators do not have a feedback circuit. Instead, they rely on feeding a constant voltage to
the input of the transformer or inductor, and assume that the output will be correct. Regulated designs
compensate for the impedance of the transformer or coil. Mono polar designs also compensate for the
magnetic hysteresis ofthe core. The feedback circuit needs power to run before it can generate power,
so an additional non-switching power-supply for stand-by is added.

Transformer design:

SMPS transformers run at high frequency. Most of the cost savings (and space savings) in off-line
power supplies come from the fact that a high frequency transformer is much smaller than the 50/60 Hz
transformers formerly used. There are additional design tradeoffs.

Transformer size

The higher the switching frequency, the lesser the amount of energy that needs to be stored
intermediately during the time of a single switching cycle. Because this energy is stored in form of
magnetic energy in the transformer core material (like ferrite), less of such materialis needed.

However, higher frequency also means more energy lost during transitions of the switching
semiconductor. Furthermore, much more attention to the physical layout of the circuit board is
required, and the amount of electromagnetic interference will be more pronounced.

Core loss

There are several differences in the design of transformers for 50 Hz vs 500 kHz. Firstly a low
frequency transformer usually transfers energy through its core (soft iron), while the (usually ferrite)
core of a high frequency transformer limits leakage.

Copper loss

At low frequencies (such as the line frequency of 50 or 60 Hz), designers can usually ignore the skin
effect. At line frequencies, the skin effect becomes important when the conductors have a diameter
larger than about 0.3 inches (7.6 mm).Switching power supplies must pay more attention to the skin
effect becauseit is a source of powerloss. At 500 kHz, the skin depth is about 0.003 inches (0.076 mm)

- a dimension smaller than the typical wires used in a power supply. The skin effect is exacerbated by
the harmonics present in the switching waveforms. The appropriate skin depth is not just the depth at
the fundamental, but also the skin depths at the harmonics. Since the wave forms in a SMPS are
generally high speed (PWM square waves), the wiring must be capable of supporting high harmonics of
the base frequency due to effect. In addition to the skin effect, there is also a proximity effect, which is
anothersource of power loss.
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Failure modes:

Power supplies which use capacitors suffering from the capacitor plague may experience premature
failure when the capacitance drops to 4% of the original value. This usually causes the switching
semiconductor to fail in a conductive way. That may expose connected loads to the full input volt and
current, and precipitate wild oscillations in output.

Failure of the switching transistor is common. Due to the large switching voltages this transistor must
handle (around 325V for a 230 Vac mains supply), these transistors often short out, in turn
immediately blowing the main internal power fuse.

Precautions:

The main filter capacitor will often store up to 325 V long after the power cord has been removed from
the wall. Not all power supplies contain a small "bleeder” resistor to slowly discharge this capacitor.
Any contact with this capacitor may result in a severe electricalshock. The primary and secondary side
may be connected with an capacitor to reduce EMI and compensate for various capacitive couplings in
the converter circuit, where the transformer is one. This may result in electric shock in some cases. The
current flowing from line or neutral through a 2000 Q resistor to any accessible part must according to
IEC 60950 be less than 250 pA for IT equipment.

Applications of Power supply:

Switched mode mobile phone charger A 450 Watt SMPS for use in personal computers with
the power input, fan, and output cords visible

Switched-mode power supply units (PSUs) in domestic products such as personal computers often have
universal inputs, meaning that they can accept power from most mains supplies throughout the world,
with rated frequencies from 50 Hz to 60 Hz and voltages from 100 V to 240V (although a manual
voltage range switch may be required). In practice they will operate from a much wider frequency
range and often from a DC supply as well. In 2006, at an Intel Developers Forum, Google engineers
proposed the use of a single 12 V supply inside PCs, due to the high efficiency of switch mode supplies
directly on the PCB. Most modern desktop and laptop computers also have a voltage regulator
module—a DC-DC converter on the motherboard to step down the voltage from the power supply or
the battery to the CPU core voltage, which is as low as 0.8 V for a low voltage CPU to 1.2-1.5V for a
desktop CPU as of 2007. Some motherboards have a setting in the BIOS that allows over lockers to set
a new CPU core voltage; other motherboards support dynamic voltage scaling which constantly adjust

the CPU core voltage. Most laptop computers also have a DC-ACconverterto step up the voltage from
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the battery to drive a CCFL backlight in the flat-screen monitor, which typically requires around
1 kVrms. Due to their high volumes mobile phone chargers have always been particularly cost
sensitive. The first chargers were linear power supplies but they quickly moved to the cost effective
ringing choke converter (RCC) SMPS topology, when new levels of efficiency were required. Recently
the demand for even lower no load power requirements in the application has meant that fly back
topology is being used more widely; primary side sensing fly back controllers are also helping to cut
the bill of materials (BOM) by removing secondary-side sensing components such as opt
couplers.Where integration of capacitors for stabilization and batteries as a energy storage or humand
interference needs to be avoided in the power distribution, SMPS may be essential for efficient
conversion of electric DC energy. For AC applications where frequency and voltage can't be produced
by the primary source an SMPS may be essential as well. Applications may be found in the automobile
industry where ordinary trucks uses nominal 24 Voc but may need 12 Vpc. Ordinary cars use nominal
12 Vbc and may need to convert this to drive equipment. In industrial settings, DC supply is sometimes
chosen to avoid humand interference and ease the integration of capacitors and batteries used to buffer
the voltage that makes SMPS essential. In the case of TV sets, for example, an excellent regulation of
the power supply can be shown by using a variac. For example, in some TV-models made by Philips,
the power supply starts when the voltage reaches around 90 V. From there, one can change the voltage
with the variac, and go as low as 40 V and as high as 260 V (a peak voltage of 260x ¥2 alterations.

Laptops

Most portable computers have power supplies that provide 25 to 200 watts. In portable computers (such
as laptops) there is usually an external power supply (sometimes referred to as a "power brick” due to
its similarity, in size, shape and weight, to a real brick) which converts AC power to one DC voltage
(most commonly 19 V), and further DC-DC conversion occurs within the laptop to supply the various
DC voltages required by the othercomponents of the portable computer.

Serwers
Some web servers use a single-voltage 12 volt power supply. All other voltages are generated by
voltage regulator modules on the motherboard.

Energy efficiency:

Computer power supplies are generally about 70-75% efficient. That means in order for a 75%

efficient power supply to produce 75 W of DC output it would require 100 W of AC input and dissipate
the remaining 25 W in heat. Higher-quality power supplies can be over 80% efficient; higher energy
efficient PSU's waste less energy in heat, and requires less airflow to cool and as a result will be
quieter. Google's server power supplies are more than 90% efficient. HP's server power supplies have
reached 94% efficiency. Standard PSUs sold for server workstations have around 90% efficiency, as of
2010.It important to match the capacity of a power supply to the power needs of the computer. The
energy efficiency of power supplies drops significantly at low loads. Efficiency generally peaks at
about 50-75% load. The curve varies from model to model (examples of how this curve looks can be
seen on test reports of energy efficient models found on the 80 PLUS website). As a rule of thumb for
standard power supplies it is usually appropriate to buy a supply such that the calculated typical
consumption of one's computer is about 60% of the rated capacity of the supply provided that the
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calculated maximum consumption of the computer does not exceed the rated capacity of the supply.

Note that advice on overall power supply ratings often given by the manufacturer of single component,

typically graphics cards, should be treated with great skepticism. These manufacturers want to
minimize supportissues due to underrating of the power supply specifications and advise customers to

usea more powerful power supply to avoid these issues.

Various initiatives are underway to improve the efficiency of computer power supplies. Climate savers

computing initiative promotes energy saving and reduction of greenho se gas emissions by
encouraging development and use of more efficient power supplies. 80 PLUS certifies power supplies
that meet certain efficiency criteria, and encourages their use via financialincentives. On top of that the
businessesend up using less electricity to cool the PSU and the computer's themselves and thus save an
initially large sum(i.e. incentive + saved electricity = higher profit).

&1

Redundant powersupply

Life span is usually measured in Mean Time Between Failures (MTBF). Higher MTBF ratings
are preferable for longer device life and reliability. Quality construction consisting of industrial
grade electrical components and/or a larger or higher speed fan can help to contribute to a

higher MTBF rating by keeping critical components cool, thus preventing the unit from

overheating. Overheating is a major cause of PSU failure. MTBF value of 100,000 hours (about

11 year’s continuous operation) is not uncommon.

Power supplies may have passive or active power factor correction (PFC). Passive PFC is a
simple way of increasing the power factor by putting a coil in series with the primary filter
capacitors. Active PFC is more complex and can achieve higher PF, up to 99%.

In computer power supplies that have more than one +12V power rail, it is preferable for
stability reasons to spread the power load over the 12V rails evenly to help avoid overloading
one of the rails on the powersupply.

o Multiple 12V power supply rails are separately current limited as a safety feature; they are
not generated separately. Despite widespread belief to the contrary, this separation has no
effect on mutual interference between supply rails.

o The ATX12V 2.x and EPS12V power supply standards defer to the IEC 60950 standard,
which requires that no more than 240 volt-amps be present between any two accessible
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points. Thus, each wire must be current-limited to no more than 20 A; typical supplies
guarantee 18 A without triggering the current limit. Power supplies capable of delivering
more than 18 A at 12 V connect wires in groups to two or more current sensors which will
shut down the supply if excess current flows. Unlike a fuse or circuit breaker, these limits
resetas soon as the overload is removed.

o Because of the above standards, almost all high-power supplies claim to implement
separate rails, however this claim is often false; many omit the necessary current-limit
circuitry, both for cost reasons and because it is an irritation to customers. (The lack is
sometimes advertised as a feature under names like "rail fusion™ or "currentsharing".)

- When the computer is powered down but the power supply is still on, it can be started remotely
via Wake-on-LAN and Wake-on-Ring or locally via Keyboard Power ON (KBPO) if the
motherboard supports it.

- Early PSUs used a conventional (heavy) step-down transformer, but most modern computer
power supplies are a type of switched-mode power supply (SMPS) with a ferrite-cored High
Frequency transformer.

- Computer power supplies may have short circuit protection; overpower (overload) protection,
overvoltage protection, under voltage protection, over current protection, and over temperature
protection.

- Some power supplies come with sleeved cables, which is aesthetically nicer, makes wiring
easier and cleanerand have less detrimental effect on airflow.

- There is a popular misconception that a greater power capacity (watt output capacity)is always
better. Since supplies are self-certified, a manufacturer's claims may be double or more what is
actually provided. Although a too-large power supply will have an extra margin of safety as far
as not over-loading, a larger unit is often less efficient at lower loads (under 20% of its total
capability) and therefore will waste more electricity than a more appropriately sized unit.
Additionally, computer power supplies generally do not function properly if they are too lightly
loaded. (less than about 15% of the total load.) Under no-load conditions they may shut down or
malfunction. For this reason the no-load protection was introduced in some power supplies.

- Another popular misconception is that the greater the total watt capacity is, the more suitable
the power supply becomes for higher-end graphics cards. The most important factor for judging
PSUs suitability for certain graphics cards is the PSUs total 12V output, as it is that voltage on
which modern graphics cards operate. If the total 12V output stated on the PSU is higher than
the suggested minimum of the card, then that PSU can fully supply the card. It is however
recommended that a PSU should not just cover the graphics cards' demands, as there are other
components in the PC that depend on the 12V output, including the CPU , disk drives and
optical drives.

- Power supplies can feature magnetic amplifiers or double-forward convertercircuit design.
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Wiring Diagram: AT power connector (Used on older AT style main boards)
Color Pin Signal

P8.1 Power Good
P8.2 +5V

P8.3 +12 V

P8.4 -12 Vv

P8.5 Ground
P8.6 Ground
P9.1 Ground
P9.2 Ground
P9.3 5V

P9.4 +5V

P9.5 +5V

P9.6 5V

24-pin ATX12V 2.X power supply connector

(20-pin omits the last four: 11, 12, 23 and 24)

Color Signal Pin Pin Signal Color
+33 V Orange
Orange +3.3 V 1 13
+3.3 V sense Brown

Orange +3.3 V 2 14 12V
Ground 3 15 Ground Black
5V 4 16 ' Power on
Ground 5 17 Ground
5V 6 18 Ground
Ground 7 19 Ground
Grey Power good 8 20 Reserved N/C
+5V standby 9 21 +5V Red

Yellow +12 V 10 22 +5V
Yellow +12 V 1 23 +5V
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Uninterrupted power supply (UPS):

An uninterrupted power supply, also uninterrupted power source, UPS or battery/flywheel backup is an
electrical apparatus that provides emergency power to a load when the input power source, typically the
utility mains, fails. A UPS differs from an auxiliary or emergency power system or standby generator in
that it will provide instantaneous or near-instantaneous protection from input power interruptions by
means of one or more attached batteries and associated electronic circuitry for low power users, and or
by means of diesel generators and flywheels for high power users. The on-battery runtime of most
uninterruptible power sources is relatively short—5-15 minutes being typical for smaller units—but
sufficient to allow time to bring an auxiliary power source on line, or to properly shut down the
protected equipment. While not limited to protecting any particular type of equipment, a UPS is
typically used to protect computers, data centers, telecommunication equipment or other electrical
equipment where an unexpected power disruption could cause injuries, fatalities, serious business
disruption or data loss. UPS units range in size fromunits designed to protect a single computer without
a video monitor (around 200 VA rating) to large units powering entire data centers, buildings, or even
cities.

Common power problems:
The primary role of any UPS is to provide short-term power when the input power source fails.
However, most UPS units are also capable in varying degrees of correcting common utility power
problems:

1. Power failure: defined as a total loss of input voltage.
Surge: defined as a momentary orsustained increase in the main voltage.
Sag: defined as a momentary orsustained reduction in input voltage.
Spikes, defined as a brief high voltage excursion.
Noise, defined as a high frequency transient or oscillation, usually injected into the line by
nearby equipment.

6. Frequency instability: defined as temporary changes in the mains frequency.

7. Harmonic distortion: defined as a departure from the ideal sinusoidal waveform expected on the

line.

UPS units are divided into categories based on which of the above problems they address and some
manufacturers categorize their products in accordance with the number of power related problems they
address.

o

Terms in UPS

v Spikes

Spikes are very high voltages which are caused due to the switching ON or switching OFF of a large
electrical load.

v Surges
Surges are over voltages that last for more than one sine wave cycle.

v Sags
Sags are undervoltages that last for more than one sine wave cycle.

v Brown-Outs
Brown-outs are the low voltage conditions that can be present even for severalhours. This is often

created when the power demands exceed to capacity of the powersupply.
v Black-Outs
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Black-outs are nothing but no-power conditions, caused due to several factors like, short circuits, fuse
blown no voltage in the AC main etc.
v Harmonic Distortion
It is the deviation of the wave shape from a pure sine wave.
v Frequency instability and Noise are some of the other problems which way cause problemto the
system.

Technologies:

The general categories of modern UPS systems are on-line, line-interactive or standby. An on-line UPS
uses a "double conversion” method of accepting AC input, rectifying to DC for passing through the
rechargeable battery (or battery strings), then inverting back to 120 V/230V AC for powering the
protected equipment. A line-interactive UPS maintains the inverter in line and redirects the battery's
DC current path from the normal charging mode to supplying current when power is lost. In a standby
("off-line") system the load is powered directly by the input power and the backup power circuitry is
only invoked when the utility power fails. Most UPS below 1 kVA are of the ling-interactive or standby
varieties which are usually less expensive. For large power units, dynamic uninterruptible power
supplies are sometimes used. A synchronous motor/alternator is connected on the mains via a choke.
Energy is stored in a flywheel. When the mains power fails, an Eddy-current regulation maintains the
power on the load. DUPS are sometimes combined or integrated with a diesel generator forming a
diesel rotary uninterruptible power supply,or DRUPS.

A fuel cell UPS has been developed in recent years using hydrogen and a fuel cell as a power source,
potentially providing long run times in a small space.

Offline / standby

Running en normal AC power

=)

D

Charger ./ Inverter

e

Over/Under-voltage, or power loss

~ QO

Charger l Inverter

=

Typical protection time: 0-20 minutes. Capacity expansion: Usually not available

The offline / standby UPS (SPS) offers only the most basic features, providing surge protection and
battery backup. The protected equipment is normally connected directly to incoming utility power.
When the incoming voltage falls below a predetermined level the SPS turns on its internal DC-AC
inverter circuitry, which is powered from an internal storage battery. The SPS then mechanically
switches the connected equipment on to its DC-ACinverter output. The switchovertime can be as long
as 25 milliseconds depending on the amount of time it takes the standby UPS to detect the lost utility
voltage. The UPS will be designed to power certain equipment, such as a personal computer, without
any objectionable dip or brownout to that device.

[ Battery
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Typical protection time: 5-30 minutes. Capacity expansion: Seweral hours

The line-interactive UPS is similar in operation to a standby UPS, but with the addition of a multi-tap
variable-voltage autotransformer. This is a special type of electrical transformer that can add or subtract
powered coils of wire, thereby increasing or decreasing the magnetic field and the output voltage of the
transformer. This type of UPS is able to tolerate continuous under voltage brownouts and overvoltage
surges without consuming the limited reserve battery power. It instead compensates by automatically
selecting different power taps on the autotransformer. Depending on the design, changing the
autotransformer tap can cause a very brief output power disruption, which may cause UPSs equipped
with a power-loss alarm to “chirp"” for a moment. This has become popular even in the cheapest UPSs
because it takes advantage of components already included. The main 50/60 Hz transformer used to
convert between line voltage and battery voltage needs to provide two slightly different turns ratios:
one to convert the battery output voltage (typically a multiple of 12 V) to line voltage, and a second one
to convert the line voltage to a slightly higher battery charging voltage (such as a multiple of 14 V).
Further, it is easier to do the switching on the line-voltage side of the transformerbecause of the lower
currents on that side. To gain the buck/boost feature, all that is required is two separate switches so that
the AC input can be connected to one of the two primary taps, while the load is connected to the other,
thus using the main transformer's primary windings as an autotransformer. The battery can still be
charged while "bucking™ an overvoltage, but while "boosting" an under voltage, the transformer output
is too low to charge the batteries. Autotransformers can be engineered to cover a wide range of varying
input voltages, but this requires more taps and increases complexity, and expense of the UPS. It is
common for the autotransformer to cover a range only from about 90 V to 140 V for 120 V power, and
then switch to battery if the voltage goes much higheror lower than that range.

In low-voltage conditions the UPS will use more current than normal so it may need a higher current
circuit than a normal device. For example to power a 1000-watt device at 120 volts, the UPS will draw
8.32 amperes. If a brownout occurs and the voltage drops to 100 volts, the UPS will draw 10 amperes
to compensate. This also works in reverse, so that in an overvoltage condition, the UPS will need less
current.

192



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Double-conversion /online:

Typical protection time: 5-30 minutes. Capacity expansion: Several hours, the online UPS is ideal for
environments where electrical isolation is necessary or for equipment that is very sensitive to power
fluctuations. Although once previously reserved for very large installations of 10 kW or more, advances
in technology have now permitted it to be available as a common consumer device, supplying 500
watts or less. The initial cost of the online UPS may be slightly higher, but its total cost of ownership is
generally lower due to longer battery life. The online UPS may be necessary when the power
environment is "noisy", when utility power sags, outages and other anomalies are frequent, when
protection of sensitive IT equipment loads is required, or when operation froman extended-run backup
generator is necessary. The basic technology of the online UPS is the same as in a standby or line-
interactive UPS. However it typically costs much more, due to it having a much greater current AC-to-
DC battery-charger/rectifier, and with the rectifier and inverter designed to run continuously with
improved cooling systems. It is called a double-conversion UPS due to the rectifier directly driving the
inverter, even when powered from normal AC current. In an online UPS, the batteries are always
connected to the inverter, so that no power transfer switches are necessary. When power loss occurs,
the rectifier simply drops out of the circuit and the batteries keep the power steady and unchanged.
When power is restored, the rectifier resumes carrying most of the load and begins charging the
batteries, though the charging current may be limited to prevent the high-power rectifier from
overheating the batteries and boiling off the electrolyte.

The main advantage to the on-line UPS is its ability to provide an electrical firewall between the
incoming utility power and sensitive electronic equipment. While the standby and line-interactive UPS
merely filter the input utility power, the double-conversion UPS provides a layer of insulation from
power quality problems. It allows control of output voltage and frequency regardless of input voltage
and frequency.

v Hybrid topology/ double conversion on demand

These hybrid designs do not have an official designation, although one name used by HP and Eaton is
double conversion on demand. This style of UPS is targeted towards high efficiency applications while
still maintaining the features and protection level offered by double conversion.

A hybrid (double conversion on demand) UPS operates as an off-line/standby UPS when power
conditions are within a certain preset window. This allows the UPS to achieve very high efficiency
ratings. When the power conditions fluctuate outside of the predefined windows, the UPS switches to
online/double conversion operation. In double conversion mode the UPS can adjust for voltage
variations without having to use battery power, can filter out line noise and control frequency.
Examples of this hybrid/double conversion on demand UPS design are the HP R8000, HP R12000, HP
RP12000/3 and the Eaton Blade UPS.

v Ferro-resonant:
Typical protection time: 5 — 15 minutes. Capacity expansion: Seweral Hours

Ferro-resonant units operate in the same way as a standby UPS unit; however, they are online with the
exception that a ferro-resonant transformer is used to filter the output. This transformer is designed to
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hold energy long enough to cover the time between switching from line power to battery power and
effectively eliminates the transfer time. Many ferro-resonant UPSs are 82-88% efficient (AC/DC-AC)
and offer excellent isolation.The transformer has three windings, one for ordinary mains power, the
second for rectified battery power, and the third for output AC powerto the load.

This once was the dominant type of UPS and is limited to around the 150 k\VVA range. These units are
still mainly used in some industrial settings (oil and gas, petrochemical, chemical, utility, and heavy
industry markets) due to the robust nature of the UPS. Many ferro-resonant UPSs utilizing controlled
ferro technology may not interact with power-factor-correcting equipment.

v DC power
Typical protection time: Sewveral hours. Capacity expansion: Yes

A UPS designed for powering DC equipment is very similar to an online UPS, except that it does not
need an output inverter, and often the powered device does not need a power supply. Rather than
converting AC to DC to charge batteries, then DC to AC to power the external device, and then back to
DC inside the powered device, some equipment accepts DC power directly and allows one or more
conversion steps to be eliminated. This equipment is more commonly known as a rectifier. Many
systems used in telecommunications use 48 V DC power, because it is not considered a high-voltage by
most electrical codes and is exempt from many safety regulations, such as being installed in conduit
and junction boxes. DC has typically been the dominant power source for telecommunications, and AC
has typically been the dominant source for computers and servers. There has been much
experimentation with 48 V DC power for computer servers, in the hope of reducing the likelihood of
failure and the cost of equipment. However, to supply the same amount of power, the current must be
same.

Applications of UPS:

' N+1
In large business environments where reliability is of great importance, a single huge UPS can also be a
single point of failure that can disrupt many other systems. To provide greater reliability, multiple
smaller UPS modules and batteries can be integrated together to provide redundant power protection
equivalent to one very large UPS. "N+1" means that if the load can be supplied by N modules, the
installation will contain N+ 1 module. In this way, failure of one module will not impact system
operation.

' Multiple redundancy

Many computerservers offer the option of redundant power supplies, so that in the event of one power
supply failing, one or more other power supplies are able to power the load. This is a critical point —
each power supply must be able to power the entire server by itself. Redundancy is further enhanced by
plugging each power supply into a different circuit (i.e. to a different circuit breaker).Redundant
protection can be extended further yet by connecting each power supply to its own UPS. This provides
double protection from both a power supply failure and a UPS failure, so that continued operation is
assured. This configuration is also referred to as 2N redundancy. If the budget does not allow for two
identical UPS units then it is common practice to plug one power supply into mains power and the
otherinto the UPS.
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'+ Qutdoor use

When a UPS systemis placed outdoors, it should have some specific features that guarantee that it can

tolerate weather with a 'minimal to none' effect on performance. Factors such as temperature, humidity,
rain, and snow among others should be considered by the manufacturer when designing an outdoor
UPS system. Operating temperature ranges for outdoor UPS systems could be around —40°C to

+55 °C.Outdoor UPS systems can be pole, ground (pedestal), or host mounted. Outdoor environment
could mean extreme cold, in which case the outdoor UPS systemshould include a battery heater mat, or
extreme heat, in which case the outdoor UPS system should include a fan systemor an air conditioning
system.

' Internal systems
UPS systems can be designed to be placed inside a computer chassis. There are two types of internal
UPS. The first type is a miniaturized regular UPS that is made small enough to fit into a 5.25-inch CD-
ROM slot bay of a regular computer chassis. The other type are re-engineered switching power supplies
that utilize dual power sources of AC and/or DC as power inputs and have an AC/DC built-in switching
management controlunits.

'+ Common Specifications of UPS

v General
—UPS Type
- Load Rating

v Input Specification
- Input Voltage
- Nominal Frequency
- Input Connection

v Output Specification
- Output Voltage
- Output Waveform Type
- Transfer Time

v Battery Specification
- Battery Type
- Battery Capacity
- Typical Battery Life
- Typical Run Time at Full Load
- Time at Half Load
- Typical Recharge Time
- Battery Expansion
- Other
- Indicators and Alarms
- Control and Monitoring Hardware and Software
— Certifications
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Chapter - 14
Assembling of the Computer

Objective of learning
=  Whyassembling to be done
= Components required for assembling
= Steps ofassembling
= Precautions to be take for assembling
= Assembling troubleshooting tips

Building a computer c an be a ver y rewarding experience. Since you’re reading this, you’re probably
thinking about building your next computer instead of buying one pre-built. This is a very viable option
these days and can bring many benefits; you can learn a lot about computer hardware by building one,
you get a totally personalized computer, you can choose better components and you may be able to save
some money and have fun. Additionally, if you are the sort of p erson who wants to understand how
things work, if you take broken stuff apart just to see how it all fits together, if you have a drawer
somewhere full of “parts” you think may come in handy someday, then you just may be in the right
place

The first step to building a computer is acquiring the parts. This guide will start with a quickexplanation
of essential parts and elaborate on themfurtheron.

A computer is made up of a case (or chassis) which houses several important internal components, and
provides places to connect the externalcomponents, including non-peripherals.

Inside the case go the following internal parts:

- Power Supply/PSU — power supply unit, converts outlet power, whi ch is alternating current
(AC), to direct current (DC) which is requi red by internal components, as wellas p roviding
appropriate voltages and currents for these internal components.

- Motherboard/Main board — As t he name indicates, this is the electronic centerpiece of t he
computer, everything else connects to the motherboard.

« Processor/CPU- central processing unit, the "brain" of the computer, most actual computation
takes place here.

- RAM - random access memory, the “short-term memory" of a computer, used by the CPU to
store program instructions and data upon which it is currently operating. Datain RAM is los t
when the computeris powered off, thus necessitating a hard drive.

- Hard Driwe/Hard Disk — the "long-term memory* of the computer, used for persistent storage —
i.e. the things stored on it remain even when the computer is powered down. The operating
system,and all yourprograms and data are stored here.

- Optical Drive — device for reading/writing optical disks. May read CDs, DVDs, or other optical
media, depending on the type. It is essential for installing many operating systems and programs.
It may be able to write some of these discs, as well. Some people like to have two such drives for
copying disks.
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- Video Card/Graphics Card/GPU -—does processing relating to video output. Some
motherboards have an "onboard" GPU built in so youdon’tneed (but may add) a separate video
card. Otherwise, you will needa vi deo card. These plug into aslot on the motherboard and
provide a place to connectamonitor to yourcomputer.

On top of the internal components listed above, you will also need these external components:
- Keyboard - fortyping on. Many motherboards won't even boot without a keyboard attached.

- Mouse — for pointing and clicking. Unless you chose a t ext-based operating system, you will
likely want one of these.

- Monitor — This is whe re the pretty pictures go. They come in many forms, the most common
being CRT and LCD.

These are the parts that a standard PC will use. We are not considering such esotericaas headless, touch
screen, or voice-controlled systems. You might want to make a check list (perhaps using a spreadsheet)
of parts to useas you go about your process of research and selection. That way you won’t find yourself
sitting down with a pile of brand new hardware only to find that you forgot an essential component.
Before you jump onto the web and start spending lots of money on expensive computer parts, there are
three important questions you should answer which will guide your purchases:

1. Whatwill be the main function of the computer?
2. What useful parts do you have on hand, from an old computer or otherwise?
3. How much can you afford to spend on the system?

Once you've gathered all of your components,tools, and manuals to gether. The page s that follow
describe the major steps in assembling a "typical” home built PC. It's a bit dated, but the basic principles
are still the same.

But every computer building project is a little different, too. Take a few moments to lookat your
particular computer and plan for yourself what is the best sequence to use. For example, the design of
your particular motherboard and case may make it easier to install the components in a different order
than the orderthat appears here. That's fine. Al so take a moment to rev iew the safety and anti-static
precautions before going any further. Few things feel quite so bad as ruining a part of your homebuilt
PC because of failure to protect it against static discharge.

Precaution

It should go withoutsaying that ALL COMPUTER ASSEMBLY MUST BE PERFORMED WITH
THE COMPUTER UNPLUGGED FROM THE ACPOWER.

Assembling of PC: Getting Ready

Before beginning toass emble your new computer, gather everything
you need (your computer toolkit, components and manuals) togetherin
one place.

Place something over your table to avoid damaging the surface. An
anti-static mat is be st because it will notonly protect your table from
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scratches, but also protect yourcomputer's components fromstatic damage.

Safety & Anti-Static Precautions

A static shock that is much too small for a human to to feel can still be
enough to fry sensitive computer components. So if you don't have an
anti-static wrist strap, stop right now and go buy one.

The anti-static kit pic tured on the right is a professionalmodel that
comes with an anti-static mat (the red thing in the picture). The strap
attaches to the anti-static mat as well as to the computer's chassis. Less
expensive ones (and even disposable ones) are also available.

The wrist strap attaches to the computer's chassis by means of a high-
tech device commonly known as an alligator clip. Connect the alligatot
clip to an unpainted, me tal part of the computer chassis, and check it
frequently to make sure it hasn't fallen off.

The wrist strap may be placed on either wrist, as long as it fits snugly.
Most people place it on their non-dominant wrist so it's less in the way
while they are working.

Anti-static kits a re sometimes called "ESD" kits. ESD sta nds for
"Electro Static Discharge." It means exactly the same thing.

Planning Computer's Assembly Sequence

Take a few minutes to | ook at your computer case, motherboard, and other parts. Try to think ahead
through the assembl y process to determine what is the best order in which to build the machine. What
you're trying to avoid is installing a component that gets in the way of installing another component latel
on. A few minutes of planning at this point can help prevent annoyance later. In most cases, however
the first part you will install in yourhomebuilt computer is the matherboard; so if you're ready,

Installing the Motherboard inyour Homebuilt Computer

Installing the mothe rboard in your homebuilt computer usually is pretty easy (though sometimes
knuckle-busting). Basically, you just line up the board with the mounting holes and rear-panel openings
and then screwit in.

Read the Manual! )
Before actually installing the motherboard, be sure to thorou ghly read |
the motherboard manual (for you young people, that's that paper thing
that came in the box) to familiarize yourself with the board's layout and ’
connections, to ma ke absolutely sure that itis compatible with the |
processor and RAM that you will be using, to make sure that the |
jumper settings, if any, are correct, and to checkfor any other warnings |
or instructions. :’:.}'.,.f :
In mostc ases, you won't actually have to do anything to the ‘!_.fﬂ}..]
motherboard. Most modern mot herboards have a "jumper-free” option

that can be selected (usually by setting a jumper, amusingly enough)that will allow you to control the
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k
motherboard settings from the keyboard during CMOS setup. When setting a jumper is required to
enable the jumper-free settings, that jumper is usually pre-set that way from the factory.

Determine Mounting Holes you will be using

About the only difficult part of installing a motherboard is matching up
the mounting holes in the mobo with the ones on the case.

In theory, the mounting hole locations are standardized withina given |
form factor; butin pra ctice, it's a rare thing to find acas e and
motherboard whose mounting holes exactly correspond. More often,
you will have to look at the  mounting holes in the motherboard to
determine which mounting holes on the case you will be using.lts good
practice to use al | oft he motherboard's mounting holes,but you
probably won't use all o f the case's mounting holes. Chances are that
the case will have "extra" holes to accomm odate different boards.

Installing the Standoffs

Once you havedetermi ned which mounting holes you will be using,
you will need toinsert standoffs in the corres ponding holes in the
computer case. Chances are that some of themwill already be installed,
and you will haveto install the rest.

There are several types of standoffs, with the ones on the right being |
the most common. The purpose of standoffs is to separate the back o1
the motherboard from the metal case. You install the standof fs in the
mounting holes in th e case that correspond to the holesin your
motherboard. e
If you don't install the standoffs, then you will most like ly damage your motherboard when you try to
install it.

The standoffs are screwed or inserted into the chassis, and the mobo in
turn is attached to the standoffs through the mounting holes in the
motherboard. This creates a small space that prevents the back of the
motherboard from shorting out against the metal case.

Again, don't be surpris ed if your motherboard has "extra" holes for
which there are no corresponding holes in the case. This is normal.
Very few cases and motherboards will match exactly. As long as you
use all the mounting holes that do match, you'll be fine. (And there's no
charge for the extra holes.) b=
Standoffs must NEVER be inserted into any of the" extra" holes, however. Standof'fs installed in holes
on the case thatdon't have corresponding holes in the motherboard canc ause the motherboard to short
out.

Install the Motherboard

Once you have the correct standoffs inserted, lay the motherboard into
the case, line up the mounting holes and the rear-panel connectors, and
screw it down.
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Usually, the easiest way to inst all a motherboard is to lay the motherboard over the standof fs slightly
forward of the rear panel connectors, then slide it back into the rear panel connectors until the mounting
holes line up. Make sure that you're not snagging any wires, and then screwthe board down.

Don't over tighten-the screws! You will crack the motherboard if you do, and then it will be useless! The
screws should be snu g, not excessively tight. Use a standard s crewdriver, not an electric one. This is
delicate stuffwe're doing here.

Attach the Power Connectors

Finally, connect the ATX power connector from the powe r supply to
the motherboard. Do this now. If you forget about it and later fire up
your computer whilethe ATX connector is not connected to an ything,
then you will fry yourcomputer's power supply.

On Pentium4 and most other high-powered computers, you will also
have to connect the P4 connector to the mothe rboard. You may also
have to connect powert o some high-end video cards and certain other
components later on in the assembly process. If you're not sure where
the connections are, read yourmotherboard's manual.

Installing the Processor

The microprocessor is often both the most delicate and the most expensive part of a homebuilt
computer. As such, it deserves and requires special care. Handle processors gingerly, and never
touch the pins or conductors with your fingers.

Anti Static Precautions

Processors are extremely sensitive to static charges and physical
shock. A static charge that's too small for a human being to even
feel can completely destroy a processor. In addition, processors can
be damaged by rough handling or being dropped.

So never handle a processor roughly, never touch the pins, and
never handle it unless you are using proper anti-static precautions. |
Handle the processor carefully, holding it only by the edges. Set it
down only on an anti-static mat or on the foam pad that it was
shipped in. Be kind to your processor, and your processor will be
kind to you.

Inserting the Processor Correctly

Processor sockets are keyed to prevent improper installation. But
because they're so delicate and the pins so fine, it's really, really
easy to permanently damage them if you're not careful.

Notice in the picture on the right that both the processor and the
socket have two corners without pins. This is to prevent the
processor from being installed the wrong way. All processors have
some system to prevent improper insertion, but they're not all the
same. Sometimes you have to look at the pins, and sometimes you
have to line up an arrow. Whatever the case, look carefully before
you insert the processor to make sure that you're inserting it
correctly. If your processor came with a manual, read it.

Modern processor sockets have a ZIF (Zero Insertion Force) design. If the processoris aligned
properly with the socket, gravity alone should cause it to drop right into the socket. You should

200



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

e a
never need to use force greater than a gentle nudge with a single finger (and the pinky finger, at
that) to insert a modern processor. Never, never, never.

Some processors have no pins. Instead, they have little bumps that make contact with the CPU
socket. They look like pimples and dimples. This design makes it nearly impossible to break the
chip while installing it, but it does sometimes cause problems if dust, hair, or other debris finds its
way to the socket. Canned air solves the problem. )
Most processors are secured by a bail mounted alongside the 7
socket. Once you've lined up the pins and allowed the processor to
drop into the socket, check to make sure that the processor is fully |
inserted and not sitting crookedly.Once you are absolutely certain |
that the processor is seated properly, gently close the bail to secure
the processor.

If you encounter too much resistance, stop and check again to
make sure that the processor is lined up correctly. If you close the
bail while the processor is not seated properly, you probably will
ruin both the motherboard and the processor.

Finished? Congratulations! Now take a breather and a swig of your favorite beverage and prepare
for the next step: Installing the CPU Cooler.

Installing the CPU Cooler

Today's fast processors generate a tremendous amount of heat. Without a CPU cooler, a pro cessor
would burn out in mere seconds.

Inadequate cooling also can result in data errors, performance problems, and reduced processor life
CPU manufacturers t ypically provide lists of " approved” coolers for their chips. These cool ers may ol
may not be any better than other coolers, but using a non-approved cooler might void the CPU' s
warranty.

To extend your homebuilt computer's life and maximize its performance while not running the risk of
voiding the CPU w arranty, | recommend that you use the b est cooler you can find that has been
manufacturer-approved for your particularprocessor. The processorcooleris not a place to skimp.

Parts of a CPU Cooler

Most CPU coolers are composed of three parts: A fan, a heat sink, and
a mounting device that attaches the coolerassembly to the motherboard
directly over the processor. A fourth element of the cooling systemis
something called "heat sink compound” or "thermal jelly," which is
applied between the heat sinkand the die of the processor to improve
heat transfer from the processorto the heat sink.

Many heat sinks come with a patch of heat sink compound pre-applied
to the heat sink itself. The actual compound is covered with a little
plastic tab during shipping. If you are using a heatsink with pre -
applied heat sink compound, then you need to peel the protective tab off the heat sink prior to installing
the cooler. Forgetting this simple step can cause serious damage to your processor. If your heat sink
doesn't have pre-applied compound, you will needto appl y a thin coating of heat sink comp ound
directly to the processor die. This also applies if, for some reason, you have removed and are replacing
the heat sink.

The old compound mus t be c ompletely are carefully removed and new compound applied b efore
replacing the cooler. Don't use steel wool or drasives of any sort! Just wipe the jelly off the processol
and the heat sinkwith a clean, lint-free cloth or papertowel.
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I suggest you use ahig h-quality thermal jelly. Arctic Silver is my personal favorite. The di fference in
price is trivial, and high-quality thermal jelly will help keep yourprocessorcooland comfy.

Mounting the CPU Cooler

The CPU cooler assembly is positioned overthe processorand is
usually secured to the motherboard by metal clips that hold the heat
sink down tightly against the processor. s
Notice that on bail-type sockets, both the socket and the heat sink are
offset from center a little to a ccommodate the bail. Make sure you
install the cooler with its offset on the same side as the offset on the
socket.

Use a slotted screwdriver too gently, but firmly, hook the retaining
clips underthe tabs on the processorsocket. Be very careful not to let the screwdrlver slip. If it scratches
the surface of the motherboard, the mobo could beruined.Some cooling assemblies use plastic clips that
simply slide strai ght down over the processor and snapinto place. These types of assemblies us ually
don'trequire any tools to install.

Don't forget to plug in the fan! In most cases, it will plug into a three-
pin connector on the mother board that is (appropriatel y enough)
labeled "CPU Fan" in te ensy-weensy letters. This istoa llow the
computer to control the fan speed based upon how hard the processoris
working.

If you want, you can "hotwire" the fan using an adaptor that directly
connects it to the power supply, which causes it to spin at full speed all 5§
the time. | don't recommend this for most users. It creates a lot of noise,
uses more power, and causes the fan to wearout sooner. Some people
also believe you can "overcool" the CPU by running the fan at full speed all the time. | personally don't
think that's possible unless you're using the computer outdoors in Antarctica, but some people disagree.
In most cases, you also can disable the fan speed control in CMOS setup, which has the same effect as
hotwiring the fan, and which | also don't recommend.

Chipset Coolers

Most modern motherboards als o have a chi pset cooler, at least on the Northbridge chipset. These are
almost always factory-installed and are adequate for all but the most intensive use. Just blow the fan out
with canned air once in a while, and replace it if it stops spinning or starts making noises.

If you do find it necessar y to replace orupgrade the factory-installed chipset cooler, the proc ess is
basically the same as installing a CPU cooler. The main difference is that chipset coolers usually are
fastened to the motherboard using spring fasteners or plastic retainers rather than a metal clip. You may
need to have access to the back of the motherboard to remove the fasteners,and you may have to instal
new fasteners if the old ones can't be removed without breaking them

Liquid CPU Cooling Systems

Water cooling is nota new idea. Liquid cooling systems have been around since the earliest days of
mainframe computing, when every IT department had a plumber on call. Nowadays, liquid CPU cooling
systems are popular mainly among PC builders who use their computers for gaming or other processor-
intensive applications.
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Not being much of a gamer myself (although I do love Microsoft Flight Simulator), my cooling needs
tend not to be very intense. And frankly, I really haven't come across a systemthat worked so hard that ¢
good fan-type coolerwasn't enough. Also, I'm a little skittish about mixing water and el ectronics; sc
most of the time | use good, old-fashioned air cooling.

But if you plan to over clock (also something I frown upon) or otherwise push your CPUto the edge
then liquid cooling can buy you a few critical degrees of extra cooling. That can make a difference while
you are, for example, in the heat of battle, saving the world from invaders from outer space.

Okay, now that we've installed the cooler, let's move on to the next step: Installing RAM.

Installing the RAM (Memory) Modules

Anti-Static Precautions

Like processors, RAM modules are extremely sensitive to sta tic
charges and should be handled very carefully. Never touch the metal
conductors, and only handle RAM modules by their edges. Nothing
feels quite as bad as destroying a perfectly good stickof RAM.

You can learn more about anti-static precautions here.

Before actually installing the RAM modules in your computer, check
again to make sure that the RAM you have is of the correct type and
speed for your motherboard. Most computers nowadays use DDR-1I or
DDR-11I memory modules, but double-check to make sure.

Proper Insertion of the RAM Modules
RAM modules are keyed with little notches that fit over corresponding |
tabs in the RAM slots. We've circled them in the picture on the right
(click the picture for a close-up).

Before inserting the RAM module, make sure that the notches and tabs
are correctly lined up. If there are more notches than there are tabs (or
vice-versa), then you have the wrong RAM for your motherboard.
Same thing goes for if the notches and tabs don't match up. You have
the wrong RAM, and all the force in the world won't make it the right
RAM.

Once you're sure you have the right RAM, to actually insert it, simply push it firmly, straight down into
the slot, and push the retainerclips inward. That's it.

Which Slots to Use

If you are using SDRAM orsingle-channel DDR-SDRAM, then it usually doesn't matter which modules
go into which slots. But a few motherboards require that you start with the first slot and fill them in
order, so you may as well do it that way.

If you are using DDR memory in dual-channel configuration, however, then you must fill the first slot of
each of the two RAM banks with an identical stick of RAM; and you must do the same with the second
slots of each bank, if you are using them. The RAM sticks in each bank must be identical to each other
In addition, althoughiit is not required, | recommend that the two banks also be identical.
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In other words, a mother board that supports dual- channel DDR will usuall y have two (or more) RAM
banks, which usuall y are identified by different color slots. Each bank has two slots, and both slo ts in
each bank must have identical RAM. So if you put a 1 GB stick of PC2-5300 667MHz DDR2 in the first
slot, then you must also put a 1 GB stick of PC2-5300 667MHz DDR2 in the second slot in order to use
the dual-channel configuration.

If you choose to use the additional banks, thent he same rule applies. Each stick in the bankmus t be
identical, but the banks need not be identical to each other. In practice, however, | usually just fill all the
slots with identical RAM sticks. Makes life easier, and I find | get far fewer conflicts this way.

When using SDRAM or DDR-SDRAM, any unused RAM slots are simply left empty. But if you are
using RAMBUS RIMM modules, then you will have to install "continuity modules” in any unused
RIMM slots. Remember: RAMBUS modules must be installed in identical pairs.

Manufacturers and Speeds

In theory, it shouldn't matter if the RAM mo dules installed in a computer are made by different
manufacturers, as long as the type and speed are the same. There are standards for this sort of things, so
memory from different manufacturers should be compatible. But sometimes subtle differences between
manufacturers can cause problems; so | recommend that you purchase RAM made by the same
manufacturer, if possible.

Also in theory, when different speed RAM modules are used, all of the RAM should clockto the speed
of the slowest module. But in reaity, I've found that mi xing RAM speeds sometimes causes sy stem
instability. I've had plenty of cases where RAM sticks that tested just fine alone wouldn't play well
together. So | strongly recommend that the entire RAM installed in your computer be of the same speed.
In fact, in practice, | just use all identical sticks in any given computer. Whenever possible, I'll even
remove perfectly good RAM when doing an upgrade, just so all the st icks | installare identical. ( And
again, you must use RAM pairs of identicals ize and sp eed when using RAMBUS or dual-channel
DDR.)Now that you've installed your computer's RAM, le t's move on tothe next step: Installing
BExpansion Cards.

Installing Expansion Cards

Depending on the moth erboard you have purchased, you may need to install one or more expansion
cards. Many new motherboards have audio, video, and network "cards" built right into them. But if not
(or if you don't want to use the integ rated cards), then you will need to installex pansion cards. If your
board has integrated cards that you don't plan to use, you should disable themin BIOS, both to avoid
possible conflicts and to avoid wasting resources on a component that's not being used.

Precautions

Like any other component in your homebuilt co mputer, you should mak e sure that the cards you are

about to installar e compatible with your motherboard and withthe operating system you planon

installing.

Compatibility becomes especially important when selecting AGP video cards, because the voltages for
the different AGP standards are different. So be especially careful that your motherboard is capable of
supporting the video card you have selected before you attempt to installit, and check to see if there are
any motherboard jumpers you have to set for the card you are installing.
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In addition, always be sure to observe anti-static precautions when handling expansion cards. Nothing is
quite as depressing as totally destroying anex pensive card b ecause you forgot to ta ke anti-static
precautions.

Proper Insertion of Expansion Cards

Like RAM, expansion cards and slots are keyed. They have little

notches with corresponding tabs in the slot that are designed to prevent
you frominstalling the wrong card.

So if the card doesn't seem to fit, check those notches and tabs. Don't
break out a hammer and try to pound it in. You probably are trying to
insert the wong kind of card (or insert the card in the wrong kind of
slot).

Notice in the picture on the right that the AGPvideoslot is set back
from the rest o f theslots and is of a diff erent size. In addition, the

various ridges, tabs,and so fort h onthe cardandt he slotare intended to he Ip preventincorrect insertion
or incompatible cards. You should read the documentation for your motherboard and cards to make sure
they are compatible.

The card shown in this picture is a network card that fits into the PCI
slot. Notice that it is keyed to the slot. (Also note that the card is only
slanted to make it easier for you to see the slot. Expansion cards, like
RAM, are pushed straight down into their slots, like in the next picture
down.)

It usually doesn't matter which PCI cards are installed in which slots.
But sometimes it does, depending on how a particular motherboard and
OS manage shared resources. So before installing PCI cards, check the
motherboard and expansion card manuals for any recom mendations for

slot assignments; and if one of more of your cards don't work (or if the y cause system instability), try
changing the slots before you trash the cards. Sometimes that's all it takes.

Once you have determined which cards will be installed in which slots,
actually installing them is simple. Place the computer on its side so the
slots onthe motherbo ard face up, align the card in theslot
perpendicular tothe motherboard (that is, straig ht up,bec ause the
computer is onits side), and p ush down until you feel the card "pop"
into place.

You may have to use some oo mph here. If the card doesn't seat itsell
using fingertip pressure, place your palmover the card and push down
firmly and evenly until you feel the card pop into place. But first check
the slots, notches, and tabs to make sure you're not trying to install the card in the wrong slot.

Finally, secure the card into place by screwing the card's metal bracket
into the screw hole over the expansion slot opening on the back of the
case. Some cases don't use screws, and instead have some sort of metal
or plastic clip that holds the card (or all of them, sometimes) in the
motherboard. Usually this is obvious, but checks the manual that came
with the case if you're confused.It's a good idea to save the slot covers
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to coverthe holes in ¢ ase you ever decide to remove the card. Using electrical tape looks tacky and
unprofessional.

Some cards may have additional connections that have to be made, such as the cable that connects a CD-
ROM drive to the sound card, or a power connector for some high-powered video cards or audio b reak-
out cards. Now let's proceed to the next step, Installing the Hard Drives.

Installing Your Computer's Hard Driwe

There are several different types of hard drives you can use in your homebuilt computer. At the time of
this revision, EIDE drives are being used less and less, and SATA (Serial ATA) drives are becoming the
new standard. And of ¢ ourse, SCSI drives are still available, though few h ome users choose SCSI
because of theirhigh cost.

This page illustrates the installation of both EIDE and SATA drives. SATA hadn't really caught on when
this computer was built. Also, installing an EIDE hard drive is slightly more involved than installing ¢
SATA drive, and some people still use them. Although the physical installation is the same (there are
only so many ways to tighten four screws, after all), SATA drives use different cables and connectors
and SATA drives don't require master/slave relationships, and therefore have no jumpers to set.

IDE Hard Drive Configuration

If you are using EIDE drives, then you will have to set the jumpers to match the drive's configuration
before you physically install the drives in the computer. If you haven't yet done this, then please click
here for detailed instructions before proceeding any further. (And if you're using SATA drives, ignore
all this talk of jumpers.)

Physically Installing a Hard Drive

The case that we're using has a detachable "cage" for the hard drives.
The cage is first removed from the case, the drives are mounted into the
cage, and the cage is reattached to the case. This design helps reduced
scraped knuckles from working in tight spaces and avoids the need to
remove the side of the case behind the mother board to access the
mounting screws.

I always prefer this sort of case design, all else being equal. It makes it
a lot easier to remove and replace the drives if the need arises or if you
want to up grade in the future. But if you plan on installing a lot of
drives in your new com puter, then you're probably better off with a ser ver-style case that has built-in
bays for them.

The hard driv e is mounted in the cage using four mounting screws.
Make sure that you use the correct holes so that the cage will fit backin
the case prop erly, and don't force the screws! Most hard drives are
made of soft allo ys that strip e asily. If the screw doesn't want to turn,
try turning it backwards until it seats itself. =
If you are mounting a front-accessible drive (such as a floppy drive or
ZIP drive) in the same cage, then make sure you mountthe front-
accessible drive in the p osition behind the openi ng in the front of the
case.Again,don't overtighten the screws! Hand-tight is plenty.
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Once you have screwed the drive into the cage, re-attach the drive cage
into the computer case. (C lick here for a hand y trick to insertthose
hard-to-reach screws.)

A lot of people ask me, "Is it really necessary to use all four screws to
mount the hard d rive?" The amswer, alas, usually is yes. Using four
screws reduces the chances of annoying buzzing caused by vibrations.
So even though it can be a pain to reach the screw holes sometimes,
you really should try to use all four mounting screws. It's just more
professional. Some cas es use friction mounts or rubberbushin gs to
reduce vibration. Using themwill help reduce yourcomputer's noise and may help protect the hard drive
from vibrations.

Connecting EIDE (PATA) Hard Driwe Cables

Now we're ready to connect the data cables and power cables. EIDE drives use flat, ribbon cables, or the
newer-style rounded cables. SATA drives use thinner, flexible cables that are easier to route through the
case and that improve airflow.

For this demonstration, we're using old-fashioned ribbon cables. E IDE hard \
drives use an 80-conduc tor cable that usually has c olor-coded connectors. “'-;g,
The black connector gets connected to the master drive, the gray to the slave

drive (if any), and the blue to the motherboard. If the connectors are not \

color-coded, then the one off-centerin the middle gets connected to the slave 2 '\ e
drive, the one on th e end closest to the one in th e middle gets conne cted to -
the master drive, and the one on the end farthest from the middle connector gets connected to the
motherboard or IDE controller card.

Let's pause for a moment to cl arify the difference between primary and secondary, versus master and
slave. Some people are uncomfortable with the "master" and "slave" terminology, and use "primary" and
"secondary" instead, thinking the two terms mean the same thing. But although they may be well-
meaning, they're wrong. Primary and secondary refer to the two controllers on the motherboard, each of
which can handle two drives: a master and a sl ave. So if all four drives are installed, there will be two
masters and two slaves, one of each on both the primary and secondary controllers.

If it really bothers you, then just set all the drive jumpers to "CS" (for "Cable Select™) and be done with
it. That's what | usually do anyway. Just be sure to attach the correct connectors to each drive. Check
here for more information about hard drive jumper settings.

You'll notice a colored stripe along one edge of the ribbon cable. This
stripe must line up with pin Number 1 on both t he IDE controllerand
the drive.

If pin Number 1 is not clearly marked on the device itself, then lookin
the manual or instructions. (On hard d rives, pin 1 usually -- but not
always -- is the one closest to the power connector.)

Most EIDE drive cables also have little raised grooves that fit into a
little notch on the connector to insure that they are attached properly,
but sometimes these are abs ent. If you attach the drive cable
improperly, the drive willno t work,and it ~may be p ermanently
damaged.

—
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Attach the cables firmly, but gently, by pushing them straight onto the connectors on the drives and the
motherboard. Make sure that the pins line up before you push. If you break a pin, you will permanently
ruin the drive or motherboard.

Connecting SATA Driwes

If you are using a SATA (Serial ATA) drive, you don't have to wor ry
about jumper settings or clumsy ribbon cables. The connectors on the
motherboard will look like those in the picture on the right.

The first drive on the primary SATA controller should be connected to
the system hard drive. Other than that, it really doesn't make much of a
difference which connectors you use for the other drives.

Once again, the cable should be inserted straight down into the

connector. Don't force it! If it doesn't seemto want to go in, make sure
that the cable is properly oriented on the connector. SATA connectors b

are keyed to preventimproper insertion, soif it doe sn't fit easily, you're probably trying toa ttach it
backwards. If you force it, you'll break it, and yourexpensive new motherboard will be ruined.

Connecting the Power Cables

Finally, attach the power connectors to the drives. Make sure that the
power connectors are attached using the correct polarity. The sockets
and connectors are shaped so that they should only fit the correct way |
unless you force them. So don't force them. If it doesn't fit without lhia
forcing, then you probably are trying to connect it backwards!
If you fire upthe computer whi le adri ve power connectoris attached &
backwards, you will imme diately and p ermanently destroy the drive,
and possibly the powe r supply and/or the motherboard. So make sure

you double check tom ake sure that all the connectors are attached
properly. Next, let's look at Installing Auxiliary Drives.

Installing Auxiliary Drives in your Computer
There are several different types of auxiliary drives available for your homebuilt computer, such as CD-
RW and DVD-RW drives, ZIP drives, tape drives, and drive-like devices such as card readers. The
installation procedures for all of these devices are quite similar.

For this d emonstration, we will be installinga CD-RW drive on an EIDE interface. Other types of
interfaces also are available (SATA and SCSI). The process is exactly the same for installing a device
like a cardr eader, except that theremay be an additional connection to the USB header on the
motherboard, orto an add-on card.

Like any other EIDE device, the first step in installing a CD-RW drive
is to de cide where it will be positionedin your particular drive
configuration (that is, as a master or a slave), and to set the jumpers
accordingly. If you don't remember how to do this, please revi ew the
pages on hard drive configuration, which begin here. (And if you're
using all SATA dr ives, ignore all this talk of masters, slaves, and
jumpers.)

Once you have decided on the drive configuration and have put the
jumpers where they belong, you can begin to physically install the
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drives. When deciding where to place the drive s, keep both convenience of use and cable routing in
mind.

In most cases, you’ll have to remove both a plastic cover and a metal plate fromthe drive bay where you
will be installing the drive. Most often, you do this by removing the plastic cover, and then prying the
metal plate from the rest of the case using a screwdriver. Always wear eye protection when doing this,

and please be carefulnot to cut yourselfand get blood all over your new comg

The next step is to insert the drive in the case. This is usually easiest to |
do fromthe front. Gently slide the drive back until its faceplate is flush
with the front of the case.

Be careful not to catch the drives faceplate against the bezel of the
case, or you may mar or damage the drive or the case. Also, don't push
too hard. If the d rive won't go in all the way, check to see what's
blocking it before pushing like Samson.

Also be careful that the drive, once inserted, doesn't come too close to
fans orpushupa gainst motherboard components. Some drives are
slightly longer than average, and if you push them in full y without lo oking first, you may damage
something on the motherboard.

Finally, secure the drive into place with the mounting screws, and
connect the dataand powercables.

The power and dat a cable connections are made in the same way as
when installing a hard drive, but there's less c onsistency regarding |
power connectors on optical drives. Some stil | use Molex connectors, §
some use SATA connectors, and a few even use old-fashioned floppy-
type power connectors. Some optical drives also have a legacy audio
connectorthat connects to the sound card. It's obsolete technology and
chances are that you don't need it. But it does no harmto connect it if
yoursound card or motherboard has a connector for it.

Installing the Cabinet Fan
While we're at it, let's also install the cabinet fan. On our case, t he cabinet o
fan is mounted in a fan shroud, which is in turn snapped into the computer —_
case. Other cases simply have holes for the fan to be directly mounted to
the case using special screws that come with the fan.
Some people aways mount the cabinet fans to blow the air outward, to
avoid sucking dust into the computer. Others say you should install the &
front panel fan to draw the air i nward, and the rear panel fan to blow the
air outward. W e say it depends. If the computer is going to be used in a
dusty place, pointthe fan to bl ow theair out to avoid dust. | f not,then
pointit in to increase airflow.

Either way, a cabinet fan ortwo will go a long way towards keeping your computer cool and comfy.
Next, let's install the Panel Connectors
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Installing the Front Panel Connectors

We're almost finished! One somewhat tediousbutvi tal stepin
assembling your homebuilt computer is to connectall those little wires
for the front-panel switches and LED's from the case to the
motherboard.

If you purchased a "barebones" computer with the motherboard already
mounted, then this was probably done for you already. Otherwise, you'll
have to do it yourself. Hopefully, you have good eyes and can read the
tiny lettering on both the connectors and the motherboard.

Each switch and LED on the front panel has a connectorattached to it
that must be connected to the appropriate pins on the motherboard.

Some of the connectors (especially the LED's) are polarized, meaning
that they have to beconnect ed in the correct polarity. Polarized
connectors haveallittle arrow or a plus sign by the positive wire, butno
keyway toprevent you from attaching them backwards. Long story
short: If one of your LED's doesn‘twork (or if it stays lit all the time),
chances are that you attached it backwards. If so, simply correct it.
Unfortunately, there's no universal rule aboutthe positions ofthese
pins. To determine the correct pins to attach the connectors to, you will have to consult the motherboard
manual or look for the teensy lettering on the motherboard adjacent to the pins.

The basic front panel headers found on most motherboards is those for the PC s peaker (the one built into
most cases that beeps when t he computer passes POST), the powerswitch, the reset switch, the hard
drive activity LED, the power LED, and sometimes a few others. Of these, the leads for the LEDs must
be connected in the proper polarity in order to work properly. The rest should be connected in the proper
polarity just for the sake of doing things professionally, but they will work even if they're attached
backwards.

Time to Double-Check
Before firing up your new computer, take a few moments to double
check the following items:

- Check all the fans tom ake surethey are properly connected.
Starting up your computer with the CPU fan disconnected will
likely kill yourprocessor!

- Make sure that all wires and cabl es are safely tied away from
the fans. Neat ness counts. Use plastic cable ties, not metal
twist-ties. If you can't get plastic cable ties, then use electrical §
tape.

- Check that all oft he power anddata cables are secu rely
connected and are attached in the correct polarity.

- Make sure that there are no tools, screws, or jumpers floating around in the case.

- Check thatall expansion cards and RAM modules are securely seated.
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Get Ready for the Moment of Truth
Everything checks outokay? Great! Now comes the moment oftruth: Get ready to startup your
homebuilt computer for the first time!

Starting Up Computer

Before starting your computer for the first time, take a moment to check, yet again, that everything is
properly connected and seated inside the box. Make sure the wires aren't blocking the fans. Makes sure
there are no screws rattling around, and that you didn't leave any tools inside the machine.

I know, you did that already on the last page.

Do it again anyway. Humor me.

Now look on the back of thec omputer on the p ower supply. Chances
are that you will see a little slider switch. Make sure that this switch is
set to the correct voltage for your part of the world.

In the United States, the correct power setting will be 110 - 120 volts.
In your part of the world, well, I have no idea. Ask someone local if
you are unsure. Plug the power cord into the p ower supply, and the
other end into a surge-protected AC power source or a battery backup.
Hook up the k eyboard, monitor, and mouse to theirapp ropriate
connectors, and press the power button.

The CMOS Setup Screen

If you havedoneev erything correctly, afteraf ew seconds you will
hear a delightful beep as the computer passes itsvery first POST
(Power-On-Self-Test), and you may be greeted by a screen that looks
something like the one on the right. (You may have to press DELETE, =
F2, orsomeoth er key tog et tothissc reen, depending on your |
motherboard. Read the manual.)

If you see something that looks like the picture shown here, then pat
yourselfon the back. And exhale. Your homebuilt computer is alive!
What you are seeing is something called the C MOS setup scre en (or
the BIOS setup screen). This is all your computer is capable of doing until you install an operating
systemon it, and the settings you select will affect the way your OS performs. Most computers come
with CMOS settings designed for Windows, so you may not need to do anything at all.

That's good for me, because there are too many BIOS versions out there for me to really guide you along
at this point. You'll simply have to read the motherboard manual and follow the instruction given there
But here are a few basic suggestions:

1. Start with the default settings. You can tweak them later if you like. Justcheck to make sure that
the time and date are correct. You can use local time or Coordinated Un iversal Time (Greenwich
Time). MostW indows machines usel ocal time, and m ost UNIX and Linux machines use
Greenwich Time; buteither will work either way.

2. If you don't know what something means, leave it alone. Uset he default settings unless you
know what you are doing.

3. Make surethat all of your drives are showin g up. If not,thenshutdow n the machine, unplug it,
and check all yourdrive connections and jumper settings again.
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4.

5.

Before installing your operating system, make sure that the CD-R OM drive is set as a bootabl e
device (unless you will be booting from a floppy for the installation, in which case make sure the
floppy drive is set as a b ootable device). You can usually find the settings for the boot sequence
in a section of the CMOS screen called, appropriately enough, Boot Sequence.

Make sure the date and time are correct before installing the OS. Incorrect dates and times can
cause all sorts of problems.

Once you've finished CMOS setup, saved the settings, and rebooted, you're ready to install the operating
system.

What if it doesn't work?

Stay calm. Anddon 't cry. Unless you're a little kid. Then you can cry if you want. The most common
reason why a new computer doesn't work is that something isn't connected or seated properly. Here are a
few very generaltips about where to start looking:

If absolutely nothing happens when you push the power button, then chances are that the power
supply isn't connected, the voltage switch is in the wrong position, or there is a tog gle switch on
the backof the power supply that is in the off position. (Checkto mak e sure the computer is
plugged into the AC po wer, as well. You wouldn't believe howoften pe ople forgetto plug the
machine in.)

If the LED's light up and the fans start turning, but nothing else happens, then most likely either
the processoror the video card is not properly seated. Power down, reseat them, and try again.

If the computer begins to fire up, but then emits a shrill alarm, power down the computerand re-
seat the RAM modules and peripheral cards. If that doesn't work, then check the motherboard
manual to see what the alarm means. (Different combinations of beeps mean different things, but
the codes are different on different motherboards, just to keep us geeks on our toes.)

Sometimes, two e Xpansion cards sharing the same resources can prevent a computer from
booting. If everything else checks out, remove all of the expansion cards except the video card,
and try to boot up again. Then re-install the cards one-by-one, starting the machine after each
card is installed to identify the problem card. Sometimes just moving the cards fromone slot to
another will make themwork. Power down and unplug the computer eve ry time you install or
remove an expansion card.

Most motherhoard manuals include helpful di agnostic and troubleshooting information. Consult
the manual befo re you get depressed. Mostproblems are simple ones that can be easily
corrected.

We hope you've enjoyed building yourown computer. It's been a lot of fun for us.
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Chapter - 15
Computer Virus

Objectives of learning:
- What is Computer Virus:
- What Does A Virus Do:
- How Does A Virus Spread:
- Infection strategies:
- Virus BExample
- Anti Virus Technologies:
- Recovery methods
- Types Of Viruses:
- Tips to protect your PC from viruses:

Introduction

A computer virus is a computer program that can copy itselfand infect a computer. The term "virus" is
also commonly but erroneously used to refer to other types of malware, including butnot limited to
adware andsp yware programs thatdonothavetherep roductive ability. VIRUS stands for Vital
Information of Resources Under Siege true virus canspread from one computer to another (in some

form of executable code) when its host is taken to the target computer; for instance because ausersent
it overa network or the Internet, or carried it ona removable medium such as a floppy disk, CD, DVD,

or drive. Viruses cani ncrease their chances ofspreadi ng to other computers by infecting files on a
network file systemor a file systemthat is ac cessed by another computer. As stated above, the term
"computer virus" is some times used as a catch-all phrase toinc lude all types of malware, even those
thatdo not have the reproductive abilit y. Malware includes computer viruses, computer worms, Trojan
horses, most rootkit s, spyware, dishonestad ware and othermalicio us and unwanted software |,
including true viruses. Viruses are sometimes confused with worms and Tr ojan horses, which a re
technically different. A worm can exploit security vulnerabilities to spread itself automatically to other
computers through networks, while a Trojan horse isa program that appears harmless buthides
malicious functions.W orms and Trojan ho rses, like viruses, may harm a computer system's data or
performance. Some viru ses and othe r malware have symptoms noticeable to the computer user, but
many are surreptitious orsimply do nothing to call attention to them. Some viruses do nothing beyond
reproducing themselves.

Virus programs:
The Creeper virus was first detect ed on ARPANET, the forerunne r of the Internet, in the early 1970s.
Creeper was an experimental self-replicating program written by Bob Thomas at BBN Technologies in
1971. Creeper used the ARPANET to infect DEC PDP-10 computers running the TENEX ope rating
system. Creeper gained access via the ARPANET and copi ed itself to the remote system where the
message, "I'm the creeper, catch me if you can!" was displayed. The Reaper program was created to
delete Creeper.
A program called "EIk Cloner" was the first computer virus to appear "in the wild" — that is, outside
the single computer or lab where it was created. Written in 1981 by Richard Skrenta, it attached itself to
the Apple DOS 3.3 operating systemand spread via floppy disk. This virus, created as a practical joke
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when Skrenta was still in high school, was injected in a game on a floppy disk. On its 50th use the Elk
Cloner virus would be a ctivated, infecting the computer and displaying a short poembeg inning "Elk
Cloner: The program with a personality.”

Before computer networks became widespread, most viruses spread onrem ovable media, particularly
floppy disks. In the early days of the personalcomputer, many users regularly exchanged information
and programs on floppies. Some viruses spread by infecting programs stored on these disks, while
others installed themselv es into the disk boot se ctor, ensuring that they would be run when the user
booted the computer from the disk, usually inadvertently. PCs of th e era would attempt to boot first
from a floppy if one hadbe en left in the drive. Until floppy disks fell out of use, this was the most
successfulinfection strategy and bootsector viruses were the most common in the wild for many years.
Traditional computerviruses emerged in the 1980s, driven by the spread of personal computers and the
resultant increase in BBS, mode m use, and software sharing. Bulletin board-driven software sharing
contributed directly to the spread of Trojan horse programs, and viruses were written to infect popularly
traded software. Shareware and bootleg software were equally common vectors for viruses on BBS's.
Macro viruses have become common since the mid-1990s. Mostofthe se viruses are written in the
scripting languages for Microsoft programs such as Word and Excel and spread throughout Microsoft
Office by infecting documents and spreadsheet s. Since Word and E xcel were also available for Mac
0OS, most could also sp read to Macintosh computers. Although most of these viruses did noth ave the
ability to send infected email messages, those viruses which did t ake advantage of the Mic rosoft
Outlook COM interface.

Some old versions of Microsoft Word allow macros to replicate themselves with additional blank lines.
If two macro viruses simultaneously infect a document, the combination of the two, if also self-
replicating, can appear as a "mating" of the two and would likely be detected as a virus unique fromthe
"parents".

A virusma y also send a web address link as an instant message toa Il the contacts on an infected
machine. If the recipient, thinking the link is from a friend (a trusted source) follows the link to the
website, the virus hosted at the site may be able to infect this new computer and continue propagating.
Viruses thatspread using cross-site scripting were first repo rted in 2002, and were ac  ademically
demonstrated in 2005. There have been multiple instances ofthe cross-site scripting viruses inthewi Id,
exploiting websites such as MySpace and Yahoo.

What Does a Virus Do?

The task of a virus is not always destructive like deleting files that may be important or something like
causing your hard drive to crash. Many viruses these days are more interested in harvesting information
from your computer and or using it as a zombie for their intentions like spam or other illegal purposes.
In times past it was often the intention of a virus to do da mage just for the sake of destruction and
maybe bragging rights among peers but almost all viruses today that are widespread have at their root
Some economic agenda.

How Does a Virus Spread?
One of the intents of all types of computer viruses that get installed on your computer will be to spread
itself. This ha ppens in a fashion that is nota Il that different from what happens with a virus in the
human population. It is through exposure that the virus spreads when the computers defenses are down
or nonexistent. Also like their biological counterpart the computer virus can be spread rapidly and are
notvery easy to getrid of.
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Because the way a virus operates is to be stealthy, coupled with the rapid communications that happen
between today’s computers, it is easy to dramatically increase the speed at which avirus that is
targeting a newly discovered vulnerability can move aroundthew eb and aroundth e world.
A virus that targets a network of computers can even more easily spread since so many computers are
connected and most likel y will have the same vulnerability and easy access to one another.O ften
viruses will spread via shared folders, email or over other media that is of ten exposed to other
computers via removable media like cds and fl ash drives.
Because there are so many types of computer viruses, avirus can infect another computer
unintentionally anytime that program is run and the virus is activated. Something like opening a email
attachment or downloading a file off the internet or giving or receiving a copy of a programor file from
a co-workers thumb drive c an expose you and others toacompute r virus.
Literally the gamut of theset ypes of computervirusescanex pose you whenever you have a
downloaded file or a external drive attached to your pc. The most common way they spread is via email
attachments or with the use or transfer of files via instant messaging.

Infection strategies:

In order to replicate itself, a virus mustbe permitted toe xecute code and write to me mory. For this
reason, many viruses attach themselves to executable files that may be part of legitimate programs. If a
user attempts to launch an infected program, the virus' code may be executed simultaneously. Viruses
can be divided into two types based on their b ehavior when they are executed. Nonresident viruses
immediately search for otherhosts that can be infected, infect those targets, and finally transfercontrol
to the application program they infected. Resident viruses do not search for hosts when they are started.
Instead, a resident virus loads itself into memory onex ecution andtransfers control to the host
program. The virus stays active in the background and infects new hosts when those files are accessed
by other programs or the operating systemitself.

Nonresident viruses

Nonresident viruses can be thought of as consisting of a finder module and a replication module. The
finder module is responsible for finding new files to infect. For each ne w executable file the fin der
module encounters, it calls the replication module to infect that file.

Resident viruses

Resident viruses contain a replication module that is similar to the one that is employed by nonresident
viruses. This module, however, is not called by a finder module. The virus loads the replication module
into memory when it is ex ecuted instead and ensures that this module is ex ecuted eachtime the
operating system is call ed to perfo rm a certain operation. The replication module can be called, for
example, each time the operating system executes a file. In this case the virus infects ev ery suitable
program that is executed on the computer.

Resident viruses a re sometimes subdivided into a ¢ ategory of fast infectors and a category of slow
infectors. Fast infectors are designed to infect as many files as possible. A fast infector, for instance,
can infect every potential host file that is accessed. This poses a special problemwhen using anti-virus
software, since a virus scanner will access every potential host file on a computer when it performs a
system-wide scan. If the virus scanner fails to notice that such a virus is present in memory the virus
can "piggy-back" on the virus scannerand in this way infect all files that are scanned? Fast infectors
rely on their fast infection rate to spread. The disaz(i\slantage of this method is that infecting many files
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may make detection more likely, because the virus may slow downa computer or p erform many
suspicious actions that can be noticed b y anti-virus software. Slow infe ctors, on the otherhand, are

designed to infect hosts infrequently. Some slow infectors, for instance, only infect files when they are
copied. Slow infectors are designedto avoid detection by limiting their actions: they are less likely to
slow down a computer noticeably and will, at most, in frequently trigger anti-virus software that detects
suspicious behavior by programs. The slow infector approach, however, does not seemvery successful.

Vectors and hosts
Viruses have targeted various types oftransmission media or hosts. This list is not exhaustive:

- Binary executable files (such as COM files and EXE files in MS- DOS, Portable Executable
files in Microsoft Windows, the Mach-O format in OSX, and ELF files in Linux)

- Volume Boot Records of floppy disks and hard disk partitions

- The master bootrecord (MBR) of a hard disk

«  General-purpose script files (such as batch files in MS-DOS and Microsoft Windows, VBScript
files, and shellscript files on Unixlike platforms).

- Application-specific script files (such as Telix-scripts)

- System specific auto run script files (such as Autorun.inffile needed by Windows to
autom atically run software stored on USB Memory Storage Devices).

- Documents that can contain macros (such as Microsoft Word documents, Microsoft Excel
spreadsheets, AmiPro documents, and Microsoft Access database files)

- Cross-site scripting vulnerabilities in web applications (see XSS Worm)

- Arbitrary computer files. An exploitable buffer overflow, format string, race condition or other
exploitable bug in a programwhich reads the file could be used to trigger the execution of code
hidden within it. Most bugs of this t ype can be made more difficult to e xploit in computer
architectures with protection features such as an execute disable bit and/or address space layout
randomization.

PDFs, like HTML, may link to malicious code. PDFs can also be infected with malicious code.

In operating systems that use file extensions to determine program associations (such as Mi crosoft
Windows), the ex tensions may be hidden from the user by default. This makes it possible to create a
file that is of a di fferent type than it appears to the user. For example, an executable may bec reated
named "picture.png.exe”, in which the usersees only "picture.png" and therefore assumes that this file
is an image and most likely is safe, yet when opened runs the executable on the client machine.

An additional method is to generate the virus code from parts of existing operating system files by
using the CRC16/CRC32 data. The initial code can be quite small (tens of bytes) and unpack a fairly
large virus. This is analogous to a biological "prion™ in the way it works but is vulnerable to signature
based detection. This attackhas not yet been seen "in the wild".

Methods to awid detection

In order to avoid d etection by users, some viru ses employ different kinds of dec eption. Some old
viruses, especially on the MS-DOS platform, make sure that the "last modified" date of a host file stays
the same when the file is infected by the virus. This approach does not fool anti-virus software;
however, especially those which maintain and date cyclic redundancy checks on file changes.

Some viruses can infect f iles without increasing their sizes or damaging the files. They accomplish this
by overwriting unused areas of executable files. Theseare called cavity viruses. For example, the CIH
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virus, or Chernobyl Virus, infects Portable Executable files. Because those files have many empty gaps,
the virus, which was 1 KB in length, did not add to the size of the file.

Some viruses try to avoid detection by killing the tasks associated with antivirus software before it can
detect them.

As computers and operating systems grow larger and more complex, old hiding techniques need to be
updated or r eplaced. Defending a compute r against viruses may demand that a file s ystem migrate
towards detailed and explicit permission for every kind of file access.

Awiding bait files and other undesirable hosts

A virus needs to infect hosts in order to spread further. In some cases, it might be a bad idea to infect a
host program. For example, many anti-virus programs perform an inte grity check of their own code.
Infecting such programs will therefore increase the likelihood that the virus is detected. For this reason,
some viruses are programmed not to infect programs that are known to be part of anti-virus software.
Another type of host that viruses sometimes avoid are bait files. Bait files (or goat files) are files that
are specially created by anti-virus software, or by anti-virus professionals themselves, to be infected by
a virus. These files can be created for various reasons, all of which are related to the detection of the
virus:

- Anti-virus professionals can use bait files to take a sample of a virus (i.e. a cop y of a program
file that is infected by the virus). It is more practical to store and exchange a small, infected bait
file, than to exchange a large application program that has been infected by the virus.

- Anti-virus professionals can use bait files to study the behavior of a virus and evaluate detection
methods. This is especially useful when the virus is pol ymorphic. In this case, the virus can be
made to infect a large number of bait files. The infected files can be used to test whethera virus
scanner detects all versions of the virus.

- Some anti-virus software employs bait files that are accessed regularly. When these files are
modified, the anti-virus software warns the userthata virus is probably active on the system.

Since bait files are used to detect the virus, or to make detection possible, a virus can benefit fromnot
infecting them. Viruses typically do this by avoiding suspicious programs, such as small program files
or programs that contain certain patterns of 'garbage instructions".

A related strategy to make baiting difficult is sparse infection. Sometimes, sparse infectors do not infect
a host file that would be a suitabl e candidate for infection in other circumstances. For example, a virus
can decide on a random basis whethe r to infect a file or not, or a virus can only infect host files on
particular days of the week.

Stealth

Some viruses try to trick antivirus software by intercepting its requests to the operating system. A virus
can hide itself by intercepting the antivirus software’s request to read the file and passing the request to
the virus, instead of the OS. The virus can then return an uninfected version of the file to the antivirus
software, so that it seems that the file is "clean”. Modern antivirus software employs various techniques
to counterstealth mech anisms of viruses. The o nly completely reliable method to avoid stealth is to
boot from a medium thatis known to be clean.

Self-modification

Most modern antivirus programs try to find virus-patterns inside ordinary programs by scanning them
for so-called virus signatures. A signature is a chg@cteristic byte-pattern that is part of a cert ain virus
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or family of viruses. If a virus scanner finds such a pattern in a file, it notifies the user that the file is
infected. The user can then delete, or (in some cases) "clean" or "heal" the infected file. Some viruses
employ techniques that make det ection by means of signatures difficult but probahly not impossible.
These viruses modify their code on each infection. That is, each infected file contains a different variant
of the virus.

Encryption with a variable key

A more advanced method is the use of simple encryption to encipher the virus. In this case, the virus
consists ofasmall decrypting module and an encrypted copy ofthe virus code. If the virus is encrypted
with adifferent key for each infected file, the only part ofthe virus that remains constantis the
decrypting module, whic h would (for ex ample) bea ppended totheend. In this case,a virus scanner
cannotdirectly detect the virus using signatures, but it can still detect the decrypting module, which still
makes indirect detection of the virus pos sible. Since thesewould bes ymmetric keys, stored on the
infected host, it is in fact entirely possible to decryptthe final virus, butthis is pr obably not required,
sinceself-modifying codeis sucha rarity thatit may be reason for virus scanners to at least flag the file
as suspicious.

An old, but compact, encryption involves XORing each byte in a virus with a constant,so that the
exclusive-or operation had only to be repeated for decryption. It is suspicious for a code to modify
itself, so the code to do the encryption/decryption may be part of the signature in many virus
definitions.

Polymorphic code

Polymorphic code was the first technique that posedaserious threat to virus scanners. Just like regular
encrypted viruses, a polymorphic virus infects files with an encrypted copy of itself, which is decoded
by a decryption module. In the case of polymorphic viruses, however, this decryption module is also
modified oneach infect ion. A well-written pol ymorphic virus therefor e has no parts which remain
identical between in fections, making it very difficult todetect directly using signatures. Antivirus
software can detect it by decrypting the viruses using an emulator, or by statistical pattern analysis of
the encrypted virusbod y. Toenable pol ymorphic code, the virus has to havea pol ymorphic engine
(also called mutating engine or mutation engine) somewhere in its e ncrypted body. See Polymorphic
code for technical detail on howsuch engines operate.

Some viruses employ polymorphic code ina way that constrains the mutation rate of the virus
significantly. For example, a virus can be programmed to mutate only slightly over time, or it can be
programmed to refrain from mutating when it infects a file on a computer that already contains copies
of the virus. The advant age of using such slow polymorphic code is that it makes it more difficult for
antivirus professionals to obtain representative samples of the virus, because bait files that are infected
in one run will typically contain identical or similar samples of the virus. This will make it more likely
that the detection by the virus scanner will be unreliable, and that some instances of the virus may be
able to avoid detection.

Metamorphic code

To avoid being detected by emulation, some viruses rewrite themselves completely each time they are
to infect new executables. Viruses that utilize this technique are said to be metamorphic. To enable
metamorphism, a metamorphic engine is ne eded. A me tamorphic virusis usua lly very large and
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complex. For example, W32/Simile consisted of over14000 lines of Assembly language code, 90% of
which is part of the metamorphic engine.

Virus Examples:

= | LOVE YOU Virus
- The virus only targets users running Microsoft Windows operating system, attacking the Outlook e-
mail programand the Internet Explorer browser, both of which are made by Microsoft.
- Victim activates the virus by opening the e-mail, then clicking on the attachment inside.
- Bestdefense, is to simply leave any unusual or unknown attachments unopened.

= Code Red
- Worms use up computer time and network bandwidth when they are replicating, and the worm called
Code Red made huge headlines in 2001.
- Code Red worm slowed down Internet traffic when it began to replicate itself and each copy of the
worm scanned the Internet for
Windows NT or Windows 2000 servers thatdo not have the
Microsoft security patch installed.
- The memory resident worm, once active on a system, first attempts to spread itself by creating a
sequence ofrandom IP addresses to infect unprotected web servers.

= WO95.CIH
- CIH virus, also known as Chernobyl, was first discovered in June 1998 in Taiwan.
- CIH is a destructive virus with a payload that destroys dataand on
April 26, 1999, the payload triggered for the first time, causing many computer users to lose their data.
- CIH is a virus that infects the 32-bit Windows 95/98/NT executable files, but can function only under
Windows 95/98 and ME.

= W32.Blaster.Worm
- W32.Blaster.Worm is a worm that exploits the DCOM RPC wulnerability (first described in
Microsoft Security Bulletin MS03- 026) using TCP port 135.
- Worm also attempts to perform a Denial of Service (DoS) on the Microsoft Windows Update Web
server (windowsupdate.com).
- Systems Affected are Windows 2000, Windows NT, Windows
Server 2003, Windows XP

= Vulnerability and countermeasures: The vulnerability of operating systems to viruses:

Just as g enetic diversity in a population dec reases the ch ance ofa single disease wiping out a
population, the diversity of software systems on a network similarly limits the destructive potential of
viruses. This bec ame a particular concern in the 1990s, when Microso ft gained market dominance in
desktop operating systems and office suites. Th e users of Microso ft software (especially networking
software such as Micros oft Outlook and Internet Explorer) are esp ecially vulnerable to the spread of
viruses. Microsoft softw are is tar geted by virus writers due tothe ir desktop dominance, and is often

criticized for including many errors and holes for virus writers to exploit. Integrated and non-integrated

Microsoftapplications (suchas Microsoft Office) and applications with scripting languages with access
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to the file system (for example Visual Basic Script (VBS), and applications with networking features)
are also paticularly vulnerable.

Although Windows is by far the most populart arget operating system for virus writers, viruses also
exist on other platforms. Any operating systemthat allows third-party programs to run can theoretically
run viruses. Some operat ing systems are more secure than others. Unix-based operating systems (and
NTFS-aware applications on Windows NT based platforms) only allow their users to run ex ecutables
within their own protected memory space.

An Internet based experiment revealed that there were cases when people willingly pressed a particular
button to download a vi rus. Security analyst Didier Stevens ran a hal f year advertising campaign on
Google Ad Words which said "Is your PC virus-free? Get it infected here!™. The result was 409 clicks.
As of 2006, there are relatively few security exploits targeting Mac OS X (with a Unix-based file
system and kemel).The number of viruses for th e older Apple oper ating systems, known as Mac OS
Classic, varies greatly from source to source, with Apple stating that there are only four known viruses,
and independent sources stating there are as many as 63 viruses. Many Mac OS Classic viruses targeted
the HyperCard authoring environment. The difference in vir us vulnerability between Macs and
Windows is a chief selling point, one that Apple uses in their Get a Mac advertising. In January 2009,
Symantec announced the discovery of a Trojan that targets Macs. This discovery did not gain much
coverage until April 2009.

= The role of software development

Because software is often designed with security features to prevent unauthorized use ofs ystem
resources, many viruses must e xploit software bugs in a s ystem or ap plication to spread. Soft ware
development strategies that produce lar ge numbers ofbug s will g enerally also produce poten tial
exploits.

Anti-virus software and other preventive measures:

Many users install anti-virus software that can de tect and eliminate known viru ses after the computer
downloads or runs the executable. There are two common methods thatan anti-virus soft ware
application uses to detec t viruses. The first, and by far the most common method of virus detection is
using a list of virus signature definitions. This wor ks by examining the content of the computer's
memory (its RAM, and boot sectors) and the files stored on fixed or removable drives (hard drives,
floppy drives), andco mparing thosefiles a gainst a database of known virus * signatures". The
disadvantage of this dete ction method is thatuser s are only protected from viruses that pre-date their
last virus definition update. The second method is to use a heuristic alg orithm to find viruses based on
common behaviors. This method has the abilit y to de tect novelviruses t hat anti-virus security firms
have yet to create a signature for.

Some anti-virus programs are able to scan opened files in addition to sent and received email messages
"on the fly" in a similar manner. This practice is known as "on-access scanning™. Anti-virus software
does not change the underlying capability of host software to transmit viruses. Users must update their
software regularly to patch security holes. Anti-virus software also needs to be regularly updated in
order to recognize the latest threats.

One may also minimize the damage done b y viruses by making regular backups of data (and the
operating systems) on d ifferent media, that are either kept unconnected to the system (most of the
time), read-only or not accessible for other reasons, such as using different file systems. This way, if
datais lost through a virus, one can start again usirzl%he backup (which should preferably be recent).
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If a backup session on optical media like C D and DVD is closed, it becomes read-only and can no
longer be affected by a virus (so long as a virus or infected file was not copied ontothe CD/DVD).
Likewise, an operating system on a bootable CD can be used to start the computer if the installed
operating systems become unusable. Backups on removable media must be carefully inspected before
restoration. The Gammima virus, for example, propagates via removable flash drives.

= Anti Virus Technologies:
Anti Virus solutions have devised a variety of techniques to detect, cure and immunize against viruses.
These technologies are ¢ onstantly being modified and refined tobe effective against the new viruses
thatare continuously being written which are as follows:
- Virus detection using Signatures
- Virus detection using TSR Guards
- Virus detection using Checksums

What to look for in an Anti-virus Software:

- Does the anti-virus p ackage come with a DOS boot disk and does it ask you to create an emergency
repair disk during installation?

- Does the anti-virus p ackage offer option for scanning thebootreco rd anda complete file scan
immediately after pre-install scan?

- Does the application checkfor file integrity?

How often can the user download virus signature updates?

- Does the anti-virus software have the option of performing a heuristic analysis?

- Is the anti-virus package capable of analyzing and disinfecting compressed archives such as .ZIP and
.ARJ files, as well as disinfecting files within the archive?

= Recowery methods:
Once a com puter has been compromised by a virus, it is usually unsafe to continue using the same
computer without completely reinstalling the o perating system. However, there are a numbe r of
recovery options that exist after a computerhas a virus. These actions depend on severity of the type of
virus.

= Virus removal
One possibility on W indows Me, W indows XP, Windows Vista and Windows 7 is a tool known as
System Restore, which restores the registry and critical systemfiles to a p revious checkpoint. Often a
virus will causea systemto hang, and a subsequent hard reboot will render a systemrestore point from
the same day corrupt. Restore points from previous days should work provided the virus is not designed
to corrupt the restore files or also exists in pr evious restore points. Som e viruses, however, disable
System Restore and other important tools such as Task Managerand Command Prompt. Anexample of
a virus that does this is CiaDoor. Howev  er, many suchviruses canb e removed by rebooting the
computer, entering Windows safe mode, and then using systemtools.
Administrators have the optiontodisa ble such tools f rom limited users for various reasons (for
example, to reduce potential damage from and the spread of viruses). A virus can modify the registry to
do the same even if the Administr ator is controlling the computer; it bl ocks all users including the
administrator from accessing the tools. The message "Task Manager has beendisabledb y your
administrator" may be displayed, evento the adminzigtlrator.
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Users running a Microsoft operating system can access Microsoft's website to run a free scan, provided
they have their 20-di git registration number. Many websites run by anti-virus software companies
provide free online virus scanning, with limited cleaning facilities (the purpose of the sites is to sell
anti-virus products). Some websites allow a single suspicious file to be checked by many antivirus
programs in one operation.

= Operating system reinstallation

Reinstalling the operating system is another approach to virus removal. It involves either reformat ting
the computer's hard drive and installing the OS and all programs from original media, or restoring the
entire partition with a clean backup image. User data can be restored by booting from a Live CD, or
putting the hard drive into another computer and booting fromits operating systemwith great care not
to infect the second com puter by executing any infected programs on the original drive; and once the
systemhas been restored precautions must be taken to avoid reinfection froma restored executable file.
These methods are simple to do, ma y be faster than disinfecting a computer, and are guaranteed to
remove any malware. If the operating system and programs must be reinstalled from scratch, the time
and effort to reinstall, reconfigure, and restore user pref erences must be taken into account. Restorin g
from an image is much faster, totally safe, and restores the exact configuration to the state it was in
when the image was made, with no furthertrouble.

Types of Viruses:
Not all computer viruses behave, replicate, or infect the same way. There are several different
categories of viruses and malware. Below | list and discuss some of the mostcommont ypes of
computer viruses

= Trojan Horse:

A Trojan hors e program has the app earance of having a useful and desired function. While it
may advertise its ac tivity after launching, this inf ormation is not appa rent to the user
beforehand. Secretly the program per forms other, undesired functions. A Trojan horse neither
replicates nor copies itself, but causes damage or compromises the security of the computer. A
Trojan horse must be s ent by someone or carried by another program and may arrive in the
form of a joke program or software of some sort. The malicious functionality of a Trojan horse
may be anything undesirable for a computer user, including data destruction or compromising a
systemby providing a means for another computerto gain access, thus bypassing normalaccess
controls.

= Worms:
A worm is a program that makes and facilitates the distribution of copies of itself; for example,
from one disk drive to another,or b y copying itself using email or anothertransport
mechanism. The worm may dodamage and compromise the security of the computer. It may
arrive via exploitation of system vulnerability or by clickihng on an infected e-mail.

= Boot sector Virus:
A virus which attaches itself to the first part of the hard disk that is read by the computerupon
bootup. These are normally spread by floppy disks.
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= Macro Virus:
Macro viruses are viruses that use another application's macro programming language to
distribute themselves. They infect documents such as MS Word or MS Excel and are typically
spread to othersimilar documents.

= Memory Resident Viruses:
Memory Resident Viruses reside in a computers volatile memory (RAM). They are initiated
from a virus which runs on the computer and they stay in memory after its initiating program
closes.

= Root kit Virus:
A root kit virus is an undetectable virus which attempts to allow someone to gain control of a

computer system. Theterm root kit comes from the Linux administrator rootuser.Th ese
viruses are usu ally installed by Trojans and & e normally disguised as operating system files.

= Polymorphic Viruses:
A polymorphic virus notonly replicates itself by creating multiple files of it, but it also changes
its digital signature every time it replic ates. This makes it difficult f or less sophisticated

antivirus software to detect.

= Logic Bombs/Time Bombs:
Theseare viruses which are programmed to initiate at a specific date or when a specific event
occurs. Some examples are a virus which deletes your photos on Halloween, or a virus which

deletes a database table if a certain employee gets fired.
Tips to protect your PC from viruses:

= The single mostimportant wa y to protectagainstinfection is toke ep yoursoftware up-to date,
including your Operating System. Check regularly for updates or set up automatic updates.

= Use quality Antivirus software from awell- known manufacturer. Check the manufacture r's
recommendations for information such as set-up and config uration.

= Avoidquestionable sites,such as sites that offer commercial software (software that you would
have to pay for normally) to download for free.

= Avoid sites that offer software hacks and cr acks. Hacks and cracks are usually a small patch or
software  file  that circumvents copy  protectionorusage restrictions.

= Never open e-mail from unknown sources. If you have any doubts aboutan e-mail, it is betterto
err onthe side of caution and delete it.
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Tips to detect computer virus:

= Your first step to detect acom puter virus is when your computer starts to runslowerth an
usual.

= Your computer crashes and/or restarts on it's own.

= Your computer stops responding and/or freezes up.

= Your applications onyourcomputer aren't working correctly.

= Your disk drives are inaccessible.

= Unusualerror messages pops up on yourscreen.

= Abnormal dialog boxes ora menu pops up on yourscreen.

= Browser does not Load Fast

= Strangefiles in Registry

Install and Configure Symantec Anti-Virus Software:
Before You Begin
To use Symantec Antivirus for Windows, you need the following:
- amachine running Windows 98, ME, NT, 2000, or XP/7
- 128 MB of available hard drive space for Windows 98, ME, NT, 2000 and XP (Note: This figure
includes space used fortemporary Windows files, the actualapplication may require less space.)
- an active Internet connection (if you planto use the product's auto-update function), including:
o Aninstalled Ethernet card and Category 5 Ethernet cable, if connecting with UTNet,
Resnet, wired Public Network, or other Ethernet connection.
o A modem that works with youroperating system, if dialing in.

Before you install Symantec Antivirus software:
« Close all open programs on your machine, so youwon't lose work when you restart the machine
during this installation.
« (Windows NT/2000/XP/7) Log in as Administrator, oras a userwith administrative privileges.

Task 1 - Install Symantec Antivirus for Windows
IMPORTANT! If youwantto update yoursoftware or schedule auto-updates, this application requires
Internet connectivity. If you begin installation when you are not connected, the programmay attempt to
make a connection to complete the installation process.
For this product to install correctly, you need to uninstall or disable any existing anti-virus applications
and restart yourmachine. Then, you should temporarily disable any firewall applications thatare
running.
1. Double-click on theinstaller. Double-click the Symantec Antivirus folder, and follow the steps
below.
2. Click Install to begin installation.
3. Click next when the installer screen appears.
4. Read the license agreement screen, and if you agreeto it, select | accept the terms of the
license agreement and click next.
5. Click next toinstall all components using the default installation path, orclick Custom to
specify components and installation path.
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6. Inthe Network Setup Type window, selectUnmanaged, and then click next.

o If yourdepartment operates amanagement console,you may be able to select Managed.
This option takes advantage of acompanion server product that automatically installs
program patches, virus definition updates, and protection policies. This means that you
do not need to configure yoursoftware for automatic updates. Checkwith your
department's network administrator to find outif you have this capability.

o If youchose Managed, enterthe management server's DNS name or IP address in the
SelectServer window.

7. Inthe Install Options window, select Auto-Protect if you want Symantec Antivirus to
autom atically monitor yoursystemas you work.

8. If youhaveanactive Internet connection, select Run Live Update toacquire the latest version
of the software and update your virus definition files during installation.

9. Click next, and then click Install.

10. If you selected Run Live Update above, the installer will automatically launch the Live Update
program. Click Next to have Live Update check with Symantec for the latest virus definitions.
When the update is complete, click Finished. If you receivean "Old Virus Definition File"
message, disregard it and click Close.

11. In the Symantec Antivirus - Install Shield Wizard window, click Finish to complete the
installation process.

12. To open the program, double-click the Symantec Antivirus Corporate Edition icon in the
Windows taskbar (Figure 1).
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Figure 1. Symantec Antivirus Main Screen
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Task 2 - Schedule daily updates of virus definition files.
You can schedule three types of scans. This documentwalks you through setting up a Scheduled Scan,
but the process is very similar for Startup Scans (defined scans that occurwhen you start your system)
and Custom Scans (defined scans that you can run manually, but that do not run automatically).
NOTE: If you selected Managed duringinstalla tion, you can skip this step. The m anagement server
will handle virus updates.
To schedule a daily virus definition update:
1. Double-click on the Symantec Antivirus icon in the Windows taskbar (if theicon is notinthe
taskbar, you must first run the program).
2. Click File, and then click Schedule Updates.
3. Select the Enable automatic scheduled updates checkbox
4. Click Schedule (Figure 2).
o You can alsomanuall y run Live Update at any time. Click Live Update from the main
program window, or click File and select Live Update.
5. In the Virus Definition Update Schedule window, selectthe Daily radio button and choose the
time of day updates should occur,and then click OK.

Virus Definition Update Schedule

wiim  Select how often ahd when pou want the definition
u update to acour.

Wiz Definition Update Schedule

Advanced

Cancel

i

Frequency ‘Wwhen
& Daily
" ekl

."I-\R.tﬁ 3 -
" Manthly Ul &M

|pdate wiruz definitions every day at 3:00 Ak

Figure 2. Symantec Antivirus Schedule Window

Task 3 - Schedule weekly system scans.
NOTE: If you selected Managed during installa tion, you can skip this step. The management server
will schedule virus scans for you. Note that for automatic scanning in Windows NT, 2000, or XP, you
must be logged into the network for a schedule scan to occur. You can press Control-Alt-D elete to
remain logged in and prevent others fromusing your computer while you're away.
To schedule weekly systemscans:

1. Double-click on the Symantec Antivirusicon in the Windows taskbar (if theicon is notinthe
taskbar, you must first run the program).
In the left column, double-click Scheduled Scans, and then click New Scheduled Scan.
Enter a Name for yourscan, and then click next.
The Enable scan checkbox is checked by default. Select the Weeklyradio button (Figure 3).
Click the drop-down time menu to specify tglzeetime the scan should occur, and then click next.
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H Daily Scan

Select how aften and when you want the scan bo ooour.

v Enable szan m

Frequency Wihen
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" wieekly
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Perform scan every day at 12:00 P

Figure 3. Automatic Scheduled Scan Options

7. Place a check next to each volume you wantto scan.
8. Click Sawe tostoreyourscheduled scan,orOptions to modify scanning options and actions.
o To edit thesettings later, click on the name of your scan in thele ft column, then click
Edit in theright side of the window.
o Torunascheduled scanimmediately, double click on its name in the left column.
Task 4 - Set advanced options.

Althoughiitis notrequired, you can seta number of other options within Symantec Antivirus.
« File System Real time Protection
These options specify what types of files should be scanned, and what should happen when the
programdetects an infected file. To set real-time virus options, click Configure, then select File
System Real time Protection. You can specif y different actions for macro viruses (sucha s

worms that e-mail your entire address book or infect Microsoft W ord documents) and non-
macro viruses:

Macro Vi l Mar-b acro ins ]

1. Achion:

|I:Iean wiruz fram file -

Clean sz from file
(uaranting infected file
Delete infected file
—|Leave slone [log only]

Clean virus from file removes the virus, but leaves the file intact.

Quarantine infected file moves the file into a protected area. To view quarantined files,
click View, then Quarantine.
Delete infected file removes the virus and deletes the file.
o Leawe alone writes to the log file, but does not remove the virus or file.
- Advanced Heuristics
Heuristics are internal program rules used to filter files and messages forviruses. You can
specify stricteror looserrules. Click Configure, and then click File System Real time
Protection. Click Advanced, and then click Heuristics. You can choose Minimum, Default,
or Maximum detection levels if the Bloodhound checkbox is enabled.
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- Microsoft Exchange Real time Protection

you can configure the scan to automatically send acustomized message to any person who
sends you an infected e-mail. To setreal-time Exchange options, click Configure, then select
Microsoft Exchange Real-time Protection.

- History Logs
Click History to view virus, scan,and event history logs. These files track the results ofall
scans, updates, detected viruses, and actions taken by the program.
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Chapter - 16
Troubleshooting

Objectives of learning:

= Whatis Troubleshooting

= Basic Troubleshooting Techniques

= Basic Troubleshooting Steps

= Five phases oftroubleshooting

= Diagnostics Software

= Basic Windows Troubleshooting Approach
= Safe Mode and Command Mode

=  Common Problems and Solutions

What is Troubleshooting

Troubleshooting the co mputer problems isa ver y vital role of the s ystem administrator hardware
technicians and s ystem specialists. Every hardware component in the computer system has its own
configurations methods and troubleshooting techniques.

There are some basic techniques and you should be aware of them.

Basic Troubleshooting Techniques

- Problems reported are just symptoms, not the cause.

- Investigate and pinpoint the real cause.

« Plan of action to correct the problem.

« Look for the cause, not the symptom.

- Organize

- Eliminate as many alternatives as possible and focus on the things that might be the cause of the
problem.

Basic Troubleshooting Steps

« Check for operator error-commands or software or hardware configurations that you may have done
wrong.

- Check that everything is plugged into either a direct power source or the PC itself is plugged in
correctly.

« Check the software, including program files and drivers are configured properly.

- Check for ex ternal signs oftrouble, such as f lickering LED power indicators or stran ge sounds or
lack of display.

- Run appropriate diagnostic programs.

- When all elsefail, disassemble the PC, disconn ect all power, remove the case, ground yourself, and
goinside to check cable and power connections and anything out ofthe ordinary.

Five phases of troubleshooting

- Phase I: Define the Problem

- Investigate the events that led up to the failure
- Askquestion to client/user
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- Phase ll: Zero in on the Cause

- For a totally random, intermittent problem, always suspect the powersupply.
« Phase llI: Conduct the Repair

- Make a Plan

- Follow the Plan from Beginning to End

- Repair or Replace

- Phase IV: Confirm the Results

- Conform Problem no longer exists

- Phase V: Document the Results

Diagnostics Software

- This software, some of which is included with the systemwhen purchased, assists usersin
identifying many problems that can occur with a computer's components.

- All versions of Windows from Windows 98 on include a set of diagnostic systemtools (accessed via
Start > Programs >

Accessories > System Tools) that can help you track down many types ofsystemproblems.

E.g. Scandisk, Disk Defragmenter, SystemInformation Tool, Dr.Watson Logging tool,

System File Checker.

Basic Windows Troubleshooting Approach
« Gather Information

- Start with the user's complaint.

- Find out about the configuration — H/W & S/W

- Locate backups,emergency repair disk (ERD), or otherexternal diagnostic orrecovery tools.

- What was going on when the systemfailed?

- Hardware problem, that must be resolved before any work on the operating systemproceeds.

- To identif y a p roblem and pinpointa r esolution you can employ a technique known as di fferential
diagnosis.

- One by one rule out the possible causes of failure by diagnosing suspected components.

- If there is, and fixing it makes the underlying problem disappear, then you have empirical proof that
your diagnosis was correct. If not, you must proceed with the process of elimination.

- Differential diagnosis on operating systemproblems

- Break the cycle into three components.

- System startup (operating systemstarts to load and it ends when controlis turned over to the user)

- The operating phase (the userand the operating systemcan use the environment.)

« System shutdown -ashutdown command is given—oroccurs unexpectedly.

Safe Mode and Command Mode

- Both Windows 98 and Windows 2000 offer safe mode.

- Safe mode loads the OS with minimal set of drivers

- If the hard disk is still functional,you may attempt to start the systemin command mode.

- Press F8 justafter the POST to getin to menu where you can get different option to boot the system
- Safe mode offers access to awider variety of tools to help isolate and repair problems.
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Common Problems and Solutions

> PROBLEM: The computer locks up and/or is acting weird:

Solutionl: If thecomp uter is frozen and will notre spondtoan y commands, it may be necessary to
press Ctrl + Alt + Del (all three keys at the same time) to bring up the Task List. Select any program
that says "Not responding™ and click the End Task button. Repeat until all tasks are ended. If this
does notwork, turn the computer off, w ait several seconds, turn the com puter back on, and let the
computer run the Scandisk.

Solution2: Reboot it. A majority of problems that occur while you are using your computer can be
fixed by rebooting. Applications sometimes don’t release memory like they should when they are
finished. The end result is your computer locks up or acts really weird. When you reboot, memory
registers are cleared and mosteverything is reset. This fixes a lot of problems.

> PROBLEM: The computer seems to be running slow.

Solution 1: Make sure that the system is running in Turbo Mode. Is the turbo led lit ? Turbo Mode
allows the computer to process information at its full potential, 33 MHz for a 33 MHz machine, and so
forth. If you are NOT in turbo mode, your system may only be running in 16MHz (which is very slow
- snail's pace by today's standards). Are the proper video drivers installed?

Solution 2: Try to cleanup your computer. Kill all TEMP files, clear CACHE on your web browser,
and get rid of the garbage (if you know it is for sure garbage and how to safely do it). Then DEFRAG
your hard drive. You really don't ever want to allow your systemto become more than 2% fragmented,
as it can really slow your systemdown.

Solution 3: Another trick, make more memory available to the system by using memory managers
intelligently and/or removing unnecessary TSR's, (Terminate and Stay Resident Programs) which
remain in memory even though you don't really know the programs are running in the ba ck ground.
Pressing Ctrl/Alt/Delete in W in95 will display a list of most of the prog rams and non-driver files that
is currently loading your systems memory. Are the drivers installed? Is the printer cable attached to
both the printer port on the back of the c omputer AND toth e printer? Is the cable a parallel
connection? If no, you will need to setup the seria | parameters. If yes, then restart the systemin DOS
mode and type AUTOEXEC.BAT >PRN and press the enter key. Most printers will then print... though
lasers and some ink jets will NOT automatically eject the paper, so you will need to press the page feed
button on the front of the printer.

> PROBLEM: The system will not come up at all, the display is blank and the computer
does not make any beep sounds from the speaker.

Solution 1: Check the power conn ectors to the ¢ ase, the monitor... and to the wall and on the Mother
Board. Are any lights coming on atth e monitor, cas e? If not,then you may have popped circuit
breaker in your house or office. Try plugging in a different electrical device or multi-meter to check
the power... it should be between 115 and 120, over

125 can easily FRY a computer and other electrical devices. If the lights are on, and the power seems
to be fine then you need to dete rmine if the fan in the po wer supply coming on? Is the monitor
powered on? Is the mon itor's video cable plu gged into the video card ? Double checkthe bri ghtness
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and contrast settings. Plug the monitor into another computer if possible to verify the monitor isn't the
Problem.

Solution 2: Are any of the drive lights on - flo ppy, hard disk, or CD R OM drives? Did they flash
during power on? If yes, then it's probably not the hard drive or cabling... if they are staying on, there a
definite problem. Check the BIOS settings. Maybe the battery is dead or too low. If the BIOS are
correct, trace the cables and double check all of the connections and jumpers. Make sure that it did not
miss any of the pins when it was installed. Also, make sure that the power connecto r is on properly;
remember “red towards power" on most drives.

Solution 3: If the monitor is working fine, and all of the rest of the stuff checks out, chances are - short
on the motherboard, bad power supply, or PC speaker connected wrong. If the PC sp eaker is wrong, you
wouldn't hear the beep codes.

Solution 4: Verify thatall of the expansion cards are fully seated in the slots. A partially inserted card
can cause thesystem not to boot - power supply fan may be on,butthe monitor is black (blank)
without any messages.

Solution 5: Try unplugging and disconne cting everything except the motherboard, PC speake r, and
video card... if it doesn't power up here, then check the RAM, video card, motherboard, and power
supply.

Solution 6: Try a different power supply - this is a very common problem. Today's power supplies are
designed to give up their lives to protect (save)the rest of your computer. Also, most of the new power
supplies being sold today we tested do NOT pass the basic tests, and use many short cuts to reduce the
cost.

Solution 7: Replace the systemRAM, or move them to different slots.

Solution 8: If all else has failed, replace the MotherBoard itself. This is a very rare problem, but does
occurin once of one-hundred plus boards.

Solution 9: Try a different CPU - also extremel y rare... in 20 years, | have only seen this twice ona
systemthat was previously working.

> PROBLEM: The keyboard doesn’t work

Solutionl. Press Ctrl + Alt + Del (all three keys at the same time) to bring up the Task List. Select
any program that says "Not responding™ and click the End Taskbutton. Repeat until all tasks are
ended. Check periodically toseeif the keyboard will work.

Solution2. Check to make sure the keyboard is still properly connected to the computer. If the
keyboard has been disconnected, youmay have to reboot yourcomputer.

Solution3. If all else fails, then turn the power off. Wait a couple of minutes before turning the
computer back on.

> PROBLEM: The computer displays a disk error or non-system disk message?

Solutionl: You may have left a disk in the A drive. Remove it and press any key on the keyboard to
reboot the computer.

Solution2: If you don’t have adisk in the A drive and the message is accompanied by a "clunking”
sound, turn the computer off and send for a technician.
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> PROBLEM: The computer starts up in "'safe mode"

Solution: Attimes yourcomputer could develop a problem which causes your machine to bootup in
what is called "safe mode". The easiestway to try and solve this problem is to run a "scandisk".

1. Click on Start, Programs, Accessories, System Tools, and Scandisk.

2. Place a check on"Automatically fix errors".

3. When Scandisk finishes, reboot your computer to see if this fixed the problem.

4. If the computerstill boots up in the Safe Mode, click on Start, Programs, Accessories, System
Tools, and Disk Defragmenter. If you receive the message "You don't need to defragment this drive
now", continue with the process anyway.

5. When Disk Defragmenter is finished, reboot yourcomputer to see if this fixed the problem.

6. If the computerstill starts up in safe mode, you need to contacta computer technician.

> PROBLEM: The printer doesn't work

If the printer will not print at all, you need to determine if the printer itself will not work or if it is not
receiving a print message from the computer.

Solutionl: Many models have a built-in self test option which allows you to print a test page by
holding down the feed button fora few seconds. The power button will begin to flash and a test page
will print. If the printer self test fails, yourproblem is with the printer itself rather than the printer
cable or computer. Should this occur, you should contact a technician.

Solution2: If the printer self test prints, the next step is to have Windows print a test page. Click on
Start, Settings, Printers, and right click onthe icon of the printer with the problem. Select

properties and press the Print Test Page button. If the test page fails to print, make sure the printer
cable is firmly seated in both the computer and the printer. You should also checkthe ends of the
printer cable to make sure that none of the prongs are bent. If the test print fails, or if the print consists
of nonsense characters orafew characters printed over many pages, you need to uninstall then

reinstall the drivers for your printer.

Note: Paper feed problems and jams can often be resolved by using paperwhich conforms with the
specifications provided by the printer manufacturer. On ink jet printers, the rubberrolls which pick up
each sheet can sometimes become coated with paperresidue which decreases the friction. Cleaning
off the residue can sometimes solve paper feed problems.

> PROBLEM: The systemsounds like it is booting but there is no video display.

Solution 1: Verify thatthe monitor is connected to the computerand power, and is turned on.
Solution 2: Check that the brightness and contrast controls are NOT at the lowest settings.
Solution 3: Replace the Video Adapter.

Solution 4: Replace the monitor itself.
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> PROBLEM: The system emits a series of beeps but does not display a message on the
screen.

Solution: Video Card or RAM memory is the usual problem. Double check the beep codes in the
motherboard manual. Remember, there are long and short be eps, like Morris code. Consult the
Technical Manual for your Mother Board, to get a description of what these codes indicate. After you
have located the code replace the indicated circuits, fix the cables, or otherwise try to solve the
problem, and boot the system. Did the beep codes change, stop, or remain?

Each BIOS has a diff erent set of "beep codes™ you motherboard manual s hould have a detailed listing
of the beeps you are hearing on YOUR system. RAM and video card are to of the mostimport ant
items on the system, next to the CPU.

If all of the jumpers are working right, there are no shorts on the mother board, and the CPU, RAM
and Video card are good and workin g properly, the system WILL start, and W ILL give you either
beep codes, number codes (displayed on the monitor), or Ne arly human understandable error
messages.

> PROBLEM: The systemdisplays a numeric error code (usually alphanumeric numbers).

Solution: Check the motherboard manual. Double check the RAM and various cards. Are they seated,
and installed correctly? Can you get into the BIOS? If yes, double check the BIOS settings. Don't
change ANY SETTINGS unless you are absolutely sure a particular setting is wrong. If you are a
novice, bring in a smart friend at this point or a consultant, and consider calling the company you
purchased the components from. This is a rare message type on today's systems.

> PROBLEM: The Screendisplays both FDD and HDD Controller Failure messages.

Solution 1: Check the Bios. If the controller is on a card (not the motherboard) then make sure the
card is properly seated in the slot and the cables are correctly set to pin 1.

Solution 2: Make sure that the data and power cables are properly connected to both the drives and the
controller.

Solution 3: If both control circuits ar e on the same interface card, this is common,replac e the
interface card.

> PROBLEM: The screendisplays a FDD Controller Failure message.

Double check the cabling and power. Did the floppy drive light up shortly after power up? Yes, did it
stay on? Yes - the cable is backwards or wrong. No, double checkthe BIOS settings. Is the Floppy
drive type correct?

Solution 1: Make sure that the data and power cables are properly connected to both the drives and the
controller.

Solution 2: Verify the drive controller is fully inserted into the Mother Board.

Solution 3: Replace the Floppy Disk Drive Controller.

Solution 4: Replace the Floppy Disk Drive.
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> PROBLEM The screendisplays a HDD Controller Failure message.

Double check the cabling. Is pin 1 in th e correct location? Is the drive hooked up correctly? Is there
more than one drive on the same cable? Are the jumpers (master/salve/cable select) set properly? Is
there a CD-ROM on that cable?

If yes, make sure the CD's jumper is set correctly.

Solution 1: Make sure that the data and power cables are properly connected to both the drives and the
controller.

Solution 2: If you have more than one drive in the computer make sure that the drive select jumpers
are properly configured. These jumpers are detailed in the Technical Manuals provided with the Hard
Disk Drives or written directly on top of the drives.

Solution 3: Verify the drive specifications are set correctly in CMOS.

Solution 4: Verify the drive controller is fully inserted into the Mother Board, if it isn't integrated.
Solution 5: Replace the Hard Disk Drive Controller.

Solution 6: Replace the Hard Disk Drive.

> PROBLEM: The screendisplays a Keyboard not installed or Keyboard Error message.

Is the keyboard plugged in? Yes, did the numlock lig ht flash after power on? No - bad ke y board or
wrong setting (check the back of the key board, and make sure it isn't set to XT mode - setitto AT
mode). When RAM is counting, can you getin to the BIOS? Try a different key board if possible.
Solution 1: Verify thatthe keyboard is connected to the computer.

Solution 2: Is the keyboard set correctly? Many keyboards still have an XT setting on the bottomor
back, which will generate errors on the newsystems.

Solution 3: Double check the BIOS - is the Keyboard turned on .If yes, and the keyboard works on a
different system, then replace the Mother Board. The circuits that control the keyboard are located on
the Mother Board itself.

> PROBLEM: The Floppy Disk Drive will not access a disk when it is installed in the
computer.

Is the disk good? Is the drive new? Is the disknew? Does the light flash when you press the enter key,
make the access sound... and then g o off? Either the heads on the drive are bad or the disk is bad. Try
the diskon a different computer.

Solution: Is the cabling and power correct? Does the floppy disk work in other computers? In some
instances, the case of the computer can bind against the floppy disk drive, preventing the motor from
spinning. If this occurs, carefully adjust the case untilthe problemis resolved, or replace the case.

> PROBLEM: The computer will not Read from or Write to a Floppy Disk Driwe.

Solution 1: Does the BIOS match the type of floppy drive you have?
Solution 2: Does the floppy drive light come on and appear to work properly? If yes, you could have
the wrong type of disk (ir ying to access a 1.44M B floppy in a 720 KB drive is impossible), orit could
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be a defective diskette (which is very common). Replace the diskette with one you knowworks and try
again.

Solution 3: Has the case or floppy drive been changed? Or removed and reinstalled? Maybe it is
bound, twisted, or out-of-level just slig htly? Are the screws on the same leve | (bottomon both s ides,
and the top holes on both sides — or in all of the holes on both sides). If this is true, then try resetting
the drive. If it is not true, then move to the final probability, Solution 4.

Solution 4: Replace the Floppy Disk Drive. If that doesn't work, replace the Floppy Disk Drive
Controller.

> PROBLEM: The computer will not Read from or Write to a Hard Disk Driwe.

Solution 1: Is the BIOS set correctly? If yes, try the "Auto detect HDD" that exists in most BIOS's to
see if the computer SEES the drive. If the drive is seen at the BIOS level, then you must be surethat
the installed settings are the same as those you are currently set at. Most drives have two or three
different settings. The general rule of thumb is drives below 540M B are usually the "normal” setting,
and drives ahove 1.6 Gig abytes are most aways LBA (Large Block Access). Disk drives b etween
those size settings could be Normal, Large, or LBA try all three of them. If the BIOS can't see the
drive at the BIOS level on the auto-detect, then you have bad power supply or a plug, cabling that isn't
connected correctly, a controller problem, or bad drive. It is also possible that the read-write
permissions have been password protected, or the drive has been locked with software.

Solution 2: Try a different Hard Disk Drive or Replace the Hard Disk Drive Controller.

> PROBLEM: The mouse does not respond.

Solution 1: Makes sure that the mouse is properly connected to the computer.

Solution 2: Make sure that the software drivers are load for the mouse (W indows95 will automatically
detect the mouse if it connected correctly and working properly - and reasonably standardized - DOS
mode usually requires drivers to be in either the Config.sys or Autoexec.bat files).

Solution 3: If you have a modeminstalled, verify the IRQ settings don't conflict.

Solution 4: Try replacing the I/O port that the mouse is connected to.

> PROBLEM: The printer will not print.

Solution 1: Verify that the printer is connected to the correct port, some scanner and SCSI port can
appear to be printer port s, and that the printer is turned on and On Line. If the failure is in Windows,
verify that it doesn'twork in

DOS mode also (from the DOS prompt, type: TYPE AUTOEXECBAT>PRN and press ent er. Laser
Printers and some Ink Jets will require a "form feed" button to be pushed, but all should have a "data"
or "working™ light on that wasn't previously on.

Solution 2: Replace the printer cable, newer printers REQUIRE an IEEE1284 cable... which looks and
feels like a regular cable, but is made with higherstandards and better components.

Solution 3: Replace the printer drivers. They may have become corrupted, over written with inco rrect
drivers, or otherwise not functioning. You might try to replace the port - on integrated computers, all
you can do is disable the integrated port(s) and plug-in an internal I/O card.
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Solution 4: Replace the printer itself. It is rare that a printer itself has a problem of this nature, but it
does occur.

Troubleshooting

You have either just finished assembling a computer or you have been using it for some time, and you
encounter problems that make you focus on your motherboard’s functionality; this is because your PC
either doesn’t boot successfully (locks in the middle of the boot process or posts error messa ges) — or
doesn’t power up or boot at all. Moreover, it could be that your systemhas simply become unstable,
exhibiting frequent crashes. Other peripherals of your PC may come into play as well, but you want to
rule out your  motherboard as a culprit — here’s wh at to do.

Before moving on, you needto have an accurate picture of your computer’s con figuration.
- In order to identify your motherboard.

- In order to gather additional information about your installed compo nents and their respe ctive
drivers.

CAUTION

Please discharge yourself of any static electricity before attempting anything on your motherboard and
while you are working. Electrostatic Discharge (ESD), which is a bit annoying but for sure harmless to
humans, is c ertainly lethal to se nsitive electronics. (For example, a few steps on a vinyl floor will
produce 12,000V of stat ic electricity - many times the destruction threshold of a t ypical electronic
component.) You will be generating static electricity whenever for example:

- You openacommon plastic bag.

- You remove adhesive tape from a container.
« You slide a circuit board on a work bench.

- You walk across a floor.

As you can see, rather common actions can potentially have catastrophic consequences. Electrical
fields can penetrate electronic devices. ESD is not selective and can damage components directly and
indirectly. In order to be on the safe side, the best idea is to use antistatic wristbands (which are also
called ESD wrist straps) - especially when handling the processor and the memory chips. You can see
an antistatic wristband pictured below. The wr ist strapis connectedt o ground through a coiled
retractable cable and 1 megaohm resistor, which allows hig h-voltage charges to leakthrou gh but
prevents a shock hazard when working with low- voltage parts. If you are willing to  ——==-_
invest in an ESD wrist strap, then please do not buy a very cheap one; because typically "'“f-:_i;f-'} 1!“
these do not have conductive fabr ic and instead use the fabr ic to holdthe metalplate = "4
against the skin, which can result in reduced ESD protection over time as the metal C/
corrodes. When using an ESD wrist band, then do not forget to attach its allig ator clip -

to a bare metal part of yourcomputer, workbench or other grounded connection.

If you do not have any ESD wrist straps, then please touch a metallic object to let the static discharge,
before you starth andling your motherboard. However, while handling the motherboard, avoid
touching any metal leads or connectors. If you will need to walk and then continue working on your
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motherboard, touch again briefly an unpainted metal part of your computer casing, before resuming
work.

CAUTION

Here are some general best-practice guidelines when working with your motherboard and its
components:

- When you intend to remove the motherboard from the computer's case, first turn everything off and
unplug the po wer cord before continuing. When working on portable computers, also remove all
batteries, PCMCIA cards and disconnect all peripherals.

- Before unplugging the power connector(s) of the motherboard, verify first that the power supply is
switched off.

- Do not use magnetic tools (like screw drivers etc).

- Prior to installing any electronic component, keep it on top of an antistatic pad or inside an antistatic
bag (formally called an electrostatic shielding container).
- Do not a llow screws or other metallic parts to come in contact with the motherboard circuit or its
components. Moreover, always weed out screws or metallic objects that may have been left inside the
computer casing.
- Make sure you place all screws youremove, in asa fe place out of the wa y. Moreover, if the screws
you haveremoved appear to be of various sizes, then keep them in separate spots and take notes

regarding where they were removed from.
- Do notremove any of the stickers on th e motherboard, because this can void your warranty.
- Have all therelevantdo cumentation handy, and study it before  acting.

NOTE Please keep in mind that this is a generic troubleshooting guide for the average user. There is
always a chance you might be facing issues that are not covered by the procedure laid out here
(especially if you have a motherboard that is ver y complex’advanced, very old or with a reco rd of
extreme incidents). In any case, and paticularly if you are evaluating the possibility of discarding your
motherboard, please consult the TSF experts at the Motherboards, Bios & CPU sub forum. If you have
questions ordo notun derstand a term or method described here, please do not hesitat e to ask.

A. You press the Power button on your PC and no message is posted on the screen.

You may be seeing absolutely no indications that your systempowers up or you may see only the CPU
fan turning. Or you may have positive indications that your systempowers up, nevertheless it does not
post anything and you are hearing beeping sounds. Anothercaseis your system does powerup bu t
shuts down within a cou ple of seconds. The following is a step-by-step procedure to troubleshoot t his
kind of incidents to the widerscope possible.

1. Confirmthat the computer and the monitor are properly plugged in an outlet or a functioning UPS.
(UPS stands for “Uninterrupted Power Supply” and is a device described and explained in step 5 of
Confirm that the power switch at the back of your computer (if present) is on ( I1=ON, O=OFF).
Confirm that the voltage selector (if present) is set correctly for your area.
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2. Confirm that the monitor is properly and securely connected to yourvideo adapter. If you have
positive indications that the motherboard comes alive, yet you see nothing on the screenand you

cannot guarantee the good functionality of the monitor in use,and then try again yourrig with another
monitor of known good functionality.

3. Confirm that the motherboard is correctly connected to the powersupply.

' I"DE power Floppy power 20 Pin ATX SATA HD power nAT 12

Older motherboards are powered through the ATX 20-pin connectoronly:

T = '
» r ] o |

ATX g . ‘
Power Connector {] I:I
- . HH
I E—

—— 11
I:I:I
DEO‘

Pentium 4 motherboards require an ATX 2.03 spec power supply, with an ATX 12V 4-pin connector
plugged to the 4-pin power headeron the motherboard:
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Even newer motherboards are equipped with an ATX 24-pin connector (instead ofthe 20-pin one)—
seetheimage on the left. Some motherboards permit thateither an ATX 24-pin or 20-pin connectoris
used (notice the cap) — see the image on the right:

4. Eliminate the possibility thatthe power button ofthe caseis malfunctioning. To do so, you will first
need to locate in yourmotherboard the Front Panel Header. This is an area, shown inside a black circle
in the following image, where the wires that come from the front panel of your computer's casing, are
connected to the respective pins of the motherboard. Every motherboard has a Front Panel Header
(some manufacturers call it a Front Panel Jumper), yetthe actual pin configuration differs from one
motherboard to the otherand you will need to consult its documentation in orderto understand the
exact layout for yourcase. Typically, the Front Panel Header will host the following connectors:
- Power Switch, a two-pin receptacle where the connector coming from the casing's power button is
plugged. Motherboards and casings typically identify this connectoras “POWER SW” or “PW”.
- Reset Switch, a two-pin receptacle where the connector coming from the casing’s reset button is
plugged. Motherboards and casings typically identify this connectoras “RESET SW”,“RESET” or
“RES”.
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- Hard Disc LED, a two-pin receptacle where the connectorcoming from the casing's LED that
signifies the Hard Disc is active, is plugged. Motherboards and casings typically identify this
connectoras “HDD LED”, “HDD” or “HD”.

- Power/Message/Sleep LED, a two-pin receptacle where the connector coming from the casing's LED
that signifies the computer is powered on, is plugged. Motherboards and casings typically identify this
connectoras “POWER LED” or “PWR_LED”.

- Speaker, a four-pin receptacle where the connectorcoming from the computer's speakeris plugged.
Motherboards and casings typically identify this connectoras “SPEAKER” or “SPEAK”.

SPEAK- —4
SPEAK+ —4

[l Fower Switch H Pils PW-—
Message LED! —l_MSG,‘Iw

Fower!
Sleep LED 21

So, first use the motherboard's documentation and theninspectvisually,in orderto locate the pins that
correspond to the Power Switch. Remove the power switch connector from the respective pins, and
then short those two pins with a small screwdriver (as shown in the picture below). If yourcomputer
now posts successfully, your problemwas caused by a faulty power button.

5. Verify thatthe CMOS jumper is setat the “Keep Data” position (pins 1-2):
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Normal  Clear CMOS
(default)

6. Verify that your power supply has enough wattage to support your system. Use TSF’s exceptional
Power Supply Information and Selection advisory — where you will also find a great PSU calculator
you can use to see if you are severely underpowered. A word of caution: aforementioned TSF advisory
is the greatest tutorial on how to select the best P SU for your system; so, do not take it lightly or for
granted that you are covered power-wise simply because your system finally boots up. Havin g a
computer on the ed ge of being adequately supplied with power can and will lead you to endless
problems and issues which may eventually hurt almostall your components (and, mainly, your
computer’s functionality and your own mental balance). Buying the best PSU for your computer
actually buys you peace of mind.

7. Verify that your power supply is operative. Find another one of known fun ctionality and equal or
higher wattage, and try powering your computer with it. Also, keep in mind that a mere statement of
the wattage is not e nough. For a power supply to be operative, th e voltage will have to be within
acceptable limits, and the delivered amperes will need to be adequate for the specific rig. Please, take
the comment from the previous step into serious consideration and, if you haven’t already done so,
study carefully the PSU selection advisory mentioned therein.

8. Verify that the CPU that you intendtousei s indeed supported b y your motherboard. Visit the

website of your motherboard’s manufacturer and find the C PU support list that corresponds to your
motherboard. If you see in this list and the rele vant supportdocumentat ion that your motherboard
supports your CPU only via a BIOS update, then download thatne wer BIOS version and the
respective Flash utility, and follow the instructions that accompany the Flash utility in orderto update
your BIOS. Beware, though! If you are required to ultimately flash your BIOS then, before moving
any further, please read now all the precautions you will need to take, which are explained in step 14

of this process.

9. Verify that the graphics card that you intend to use is working OK and is well seated. If your
motherboard has onboard video, retest it with the graphics card removed. If it does not have onboard
video, then retest this time using another compatible graphics card of known functionality. If you are
using an AGP graphics card, these are typically keyed as shown in the image below, in ord er to
prevent an inadvertent installation on a non-supp orting motherboard. However, be advised that this is
not adequate prevention for you! There is onl y one way to knowfo r sure if your graphics card is
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supported or not; and t his is to knowits ex act type and then check it outin your motherboard’s
documentation. Why is this? Because there are two versions of the AGP physical interface, for 3.3V
and 1.5V cards respecti vely. The 1.5 V version has a key further away from the external connector,
while the 3.3 V version is the opposite. However, some poorly designed older 3.3V cards incorrectly
have the 1.5V key, which may result in a burnt motherboard if installed in a AGP 4X/8X slot. So, be
very, very careful!

AGP 1.5V &H

AGP Universal I&@
AGP Pro Universal I&b&@
AGP Pro 3.3V @:bb@:fﬂ
AGP Pro 1.6V [@:rb!ﬁ:il:@

Image created by Windkin 13235, 21 May 2006 CJTC)

AGP cards are backward and forward compatible within limits. 1.5V-only keyed cards will not go into
3.3V slots and vice ve rsa (but rememb er what we’ve justtold re garding as ad yet catastrophic
exception to this rule), though “Universal” slots exist which accept either type of card. AGP Pro cards
(rarely used) will not fit into standard slots, but standard AGP cards will typically work in a Pro slot.
Some newer cards like nVidia's GeForce 6-series or ATI's X800-series only have keys for 1.5V to
prevent them from bein g installed in older mother boards without 1.5V support. The graphic co res can
only handle 0.8V for AGP8x and 1.5V for AGP4x and will be damaged by 3.3V slots. Some of the last
modern cards with 3.3V support were the nVIDIA GeForce FX5000-series and the ATI Radeon
9500/9700/9800(R350) — but not 9600/9800(R360). Additionally, moving cards between computers of
various CPU ar  chitectures may not work due to firmware issues.

10. Verify that your memory specifications are supported by your motherboard and that you have
placed the memory modules correctly (well seated in the ri ght slots). You will need to consult your
motherboard’s documentation because not all memory/slot configurations are functional; in the image
below you can see a relevant excerpt from a specific motherboard’s manual (this is just an illustrative
example —yourown motherboard may be different):
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All of the memory configurations below will cause system unable to boot.
(D8: Double Side, S3: Single Side)

CAUTION

DDR1 DDR2 DDR3 DOR4
1 memory module X D8Iss X X

X X X DsiS8
2memory modules X DSiss DSISS X

D&fss X X D58

X Daiss X D58
3 memory modules DSiss DSIss D388 X

X D&/88 DS/58 D58

Dafss X DS/58 D858

D&/ss D88 X D858

NB: Version 2.0 of this article will contain here acomprehensive guide on confirming the proper
seating of DIMM memory modules. Please check again.

Use your thumbs to press the module
into the slot. Push Hard {~20Ibs).

When the ejector pins snap up around
the module, your memory is installed.

P

i

Place the memory
module inthe slot.

The ejector clip is still
inthe “"down" position.

An important note if the memory you are using is SIMM: When installing SIMMs, it is important to
remember that most systems (Pentiumand newer), require two SIMM modules to make a single bank
of memory. Because of this, you need to fill the two slots in a bank with identical modules. However,
each bank can hold different size modules. For example, bank 1 (slots 1 and 2) may have two 32MB
modules, while bank 2 (slots 3 and 4) may have two 16MB modules. The larger modules must be in
the first bank (slots 1 and 2). For most 486-based systems,a memory bank can be single SIMM. Early

486-based systems may require four 30-pins SIMMs tomake as ingle memory bank.

An important note if the memory you are using is 184-pin Rambus R IMMSs: These require that all
empty memory slots contain a “Continuity Module” (C-RIMM), so you will need to confirm these are
also properly in place. In this case, all memory slots are filled (with either a RIMM or a C-RIMM).
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11. On motherboards equipped with jumpers to set the FSB speed, verify that the FSB-setting jumpers
are in the correct position for your CPU. Consult your motherboard’s documentation to confirm what
these settings should be. In the image below you canse e arel evant excerpt from a speci fic
motherboard’s manual (this is just an illustrative example — yourown motherboard may be different):

CPU Front Side Bus clock jumper setting

100 MHz ‘ 133 MHz 166 MHz

CPUClock | 3 T 13 1 3 1
Selector

12. On motherboards equipped with jumpers to set the Core/Bus ratio, verify that they are in the
correct position for your CPU. Consult your motherboard’s documentation to confirmwhatthe se
settings should be. In the image below you can see a relevant excerpt from a specific motherboard’s
manual (this is just an illustrative example — your own motherboard may be different):

f:\l
T
] O ] ?':—:'ij 1 ? 3 4 Core/Bus Ratio

i : H, S v [ ov | oF | oo 3
{ D ' o | oo | o | o 15
] : ol oo | oo | o 1
ni o | oo | oov | oo 15
boUd o | o | OF | oOFF 5
L1 - o | OF | OF | oF 55
Rl — OFF | o | oN | oN 6
— ofF | oF | ov | on 65
— ¥ OFF N OFF ON 7
D% O T OF | OF | OF | ON 75
T ,! oF | on o o 3
I E— ON = Short OFF = Open

13. Eliminate the possibility that your BIOS is i ncorrectly set. The first thing to doisto clear the
CMOS. You can achieve this by unplugging the powercord and then setting the CMOS jumper (see
image in step 5above)t o the “Clear CMOS” position (pins 2-3) for abouta minute. From this point
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on, whenever your troubleshooting procedure requires you to retest your motherboard undera
different configuration (e.g. other CPU, re-flashed BIOS, etc), you will have to repeat this step before
moving on. Some motherboards (like MSI KBNGM-V) are equipped with a specific switch that clears
the CMOS (you simply press the button in the middle of the connectortop side to clear the data — you
can see this switch surrounded with a blue circle in the following image):

An alternative way to clear the CMOS is by removing the CMOS ba ttery with the systemunplugged
for aboutten minutes. The C MOS battery is round and silver, and is retain ed by a small clip. Be
careful when you place it again in its position, to seat it with the correct polarity up:

Battery \_< \T"

Clip

| — .E
P R W
a = gl_. lllgIII

14. Eliminate the possibility that your BIOS is corrupt. Visit the site of your motherboard’s
manufacturer and locate the correct BIOS version for your system, as well as the respective Flash
utility, and follow the instructions that accompany the Flash utility in order to re-flash your BIOS.
Beware, though! Before moving on, ple ase read very carefully and make sure you fully understand

these important things:
- Make sure that the BIOS version you want to flash matches your motherboard model; that is, you
haven't downloaded a wrong BI (OF] version.

« If your BIOS is flash-protected, please donot enable BIOS Flash Protection under Advanced CMOS
Setup (AMI BIOS) or Advanced BIOS Features (AWARD BIOS) in the Setupme nu.
- Be very careful when flashing your BIOS, because the powershould neverbe interrupted during the
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process — using an approp riate UPS is highly advisable.

- More and more often nowadays the mothe rboard manufacturers offer to the use rs the option of
updating their BIOS online; that is, the users can vi sit the properwebsite and then update their BIOS
in pretty much the same way they update any software they have installed in theircomputer. However,
the BIOS is not just another program. The alleged benefits of this method unfortunately have not been
widely verified. On the contrary, there has been an extensive feedback from users complaining that
their online-flash attempt ultimately failed and, more often than not, resulted in serious mess-ups in the
computer. Although this troubleshooting step relates to non-booting computers that anyhow would not
be able to connect to the Internet for an online-flash, this is a prime oppo rtunity to urge the reader to
avoid using the online-flash option at  any cost, and instead adopt the simple, yet fail-safe Flash
operation: In otherwords, to search and locate the right BIOS version for their motherboard, to also
search and locate the correct corresponding Flash utility, and then to manually update the BIOS within
DOS (usually with aflopp y) in accordance withth e utility's instructions.

An alternative option for some modern motherboards is that you are given the capability of recovering
your BIOS or booting with backup BIOS — check your motherboard’s documentation to see ifthis is
applicable in yourcase. Anotheroption if you do not have Internetaccess and you do have kepta copy
of your BIOS (plus the respective Flash utility if you have an Award BIOS) is to attempt recovering
your BIOS in accordance with the following procedures:

a. For AMI BIOS: Rename the desired AMI BIOS file (which normally has an extension signifying its
version — e.g. A6712VMS.190) to AMIBOOT.ROM. Insert this floppy disk in the floppy drive. Turn
on thes ystem and pr ess and hold Ctrl+Home  to force update. Your system willr ead the
AMIBOOTROM file and recover the BIOS. When 4 beeps are heard you may remove the floppy disk
and restart the computer.

b. For Award BIOS: Make a bootable floppy disk in another PC. Copy the Award Flash utility files &
BIOS file to the bootable floppy diskette. Open Notepad and write a command line with the name of
your Flash executable followed by a space and the name of the BIOS file. Then save this to the floppy
drive and name it as Autoexec.bat. Restart your system with this floppy (it can take two minutes
before the screen comes out).

15. If you succeeded in re-flashing your BIOS, yet you are still having issues, move on to step 16. If
you cannot successfully program your BIOS after having tried all aforementioned options, it might be
that you are facing a failed BIOS chip. However, it could still be another device culpable or the whole
motherboard altogether; so it is a dvisable that you connect your motherboard to a minimumset of
known good devices (CPU with its heat sink, one me mory module, a graphics card or onboard video,
and a floppy drive) on a non-conductive surface and retry flashing your BIOS. If you succeed, you
have to troubleshoot your devices and peripherals by continuing the p rocedure. If you are still
unsuccessful, weigh the option of getting a replacement BIOS chip against the option of getting a new
motherboard.

16. Now that you have confirmed that your BIOS is OK, eliminate the possibility that your case shorts
your motherboard. To do so, remove the motherboard from the case and leave on it only the CPU with
its heat sink, the memory modules and the graphics card (or onboard video if present). Most probably
you will ne ed to unplu g and/or disconnect almost ev erything before doin g this, because you may be

247



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

running into the danger of causing damage to the components, in case you attempt such a t ask with
everything connected. Keep track of what you unplug or disconnect and from where, and take notes on
your motherboard’s manual, which you should always have handy next to you. Moreover, it is highly
advisable that you unscrew the power supply fromthe casing and you place it next to the spot on the
bench, where you are going to perform this step of the process. Take carefully the motherboard in your
hands and place it on a non-conductive surface. Make sure that the heat sink fan is plugg ed to the
motherboard and that the needed minimal components (RAM and VGA) are pr operly seated. Plug the
power connectors to the mothe rboard (see step 3 above)and ret est to s ee if any message will be
posted. If even at the bare-bones configuration still no message is posted, th en moveto step 17. If
indeed a message is posted when you power the motherboard, then check the case mounting stand offs
to verify that they are lining up correctly with the mounting holes on the motherboard and move on to

step 21.

17. Eliminate the possibility that a memory module is defective. Repeat step 16 above, this time with
one memory module at a time. Be careful to put it in the right slot according to your motherboard’s
specification. If you do achieve a post with a s pecific memory module, keep it in place and start
adding devices in accordance with step 21 below. If you still get no p ost or if your configuration
includes asing le memory module only, find anothersupported memory moduleo f known
functionality and retest your motherboard. If it posts, it was the memory and you have to replace it.

18. Verify thatthe CPU Fan is connected to the respective conne ctor. Moreover, make surethe Fan is
not defective or obstructed or contacts in anyway the CPU.

19. Eliminate the possibility that the CPU is def ective. Find a supported CPU of known functionality
and retest your motherboard. If now it posts,and you have confirmed during step 8 abovethat the
nonworking CPU is ind eed supported by your motherboard, then you are having a failed CPU. If it
still does not post, then move to step 20.

20. Verify that the motherboard is in good shape. Carefully examine it visually to determine if there
are any components (even very small ones) on the board that look burnt, meted or partially detached, if
any clip (e.g the heat sink retainer) or essential c onnector is broken, if th ere are visible traces of the
board being scratched or otherwise physically damaged. In addition, carefully examine all capacitors,
to make sure they are not bulged or leaking. In the following i |mages you can see some capacitors that
exhibit the aforementioned physicalsigns of failure: [
If yourmotherboard shows any of the above physical
damage, then you should consult the TSF experts at
the Motherboards, Bios & CPU sub forum,in order
to be advised on what to do. There are component
issues onamotherhboard thatcan be successfully
dealt with by a specialized technician, and some
other, simpler ones, where an advanced usercan
rectify minor discrepancies. However, notall repairs
will have a justifiable cost, especially for older or
generic motherboards; so,do nothesitateto posta
question in the Technical Support Forum. If your
board has no damage whatsoever, and it still does
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not post even afterthe preceding 20 steps, then you are most probably facing a dead motherboard
issue.

21. Eliminate thepossibility thattheissueis caused by a device. Place the motherboard in
aforementioned bare-bones configuration (step 16 above)back in the case (do not connect any other
peripherals yet) and retest it. If it does notpostanything,thenitis a short for sure and you have to
check the mountings as said above. If it posts again like when it was on the bench, thenit is a
peripheral issue. So, now you have to find the culpable device. Start connecting one peripheral ata
time, with this sequence:

a. Keyboard. If yours is a USB one, you may need to enable it through the SystemSetup utility. If you
have a PS/2 unit and yourmotherboard supports it, try yourset-up with this one first until the
troubleshooting procedure is successfully concluded. If, however, youronly option is a USB keyboard
and you intend, after having concluded this troubleshooting procedure, to use this USB keyboard for a
Windows XP installation, then be advised that you can face severe problems, as is explained in this
article: Universal serial bus (USB) input devices may notwork when unsigned drivers are being
installed during Windows Setup

b. VGA card (if you have been testing so far with the onboard video). Do not forget to disable onboard
video through the SystemSetup utility before moving on. Also, keep in mind the compatibility
concerns mentioned in step 9 above.

¢. Floppy disc drive. When you start adding drives, do not forget to connect themto the power supply
and the appropriate data bus. If your floppy cable has a twist, connect yourdrive to the connector after
that twist. If the floppy drive is not working when you attempt booting and its busy light comes on and
stays on,then unplug its connectorand insert its cable reversely. If the only floppy drive available is a
USB one, you may need to enable it through the SystemSetup utility. However, beware! If you intend,
after having concluded this troubleshooting procedure, to use this USB floppy drive for a Windows
XP installation, then be advised that the drives which can be used in this case are very specific ones
and can be found in this article: A connected USB floppy disk drive does not work when you press F6
to install mass storage drivers during the Windows XP installation process

d. Hard disc drive. Apart from the power connector, do not forget to set its jumpers

(Single/M aster/Slave) correctly to Single (the image below is for illustrative purposes only —consult
yourHDD’s documentation). If you’re HDD supports IDE connect it there, even if you intend
ultimately touseit ina SATA/RAID configuration. Even for an IDE drive, you might still need to
detect it through BIOS. If it is a SATA-only HDD, then you may need to enable the respective SATA
controller through the SystemSetup utility before moving on.
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e. CD-ROM drive. Again, apart from the power connectorand the bus cable, do not forget to set its
jumpers (Master/Slave) correctly, and that you might still need to detect it through BIOS.

A
I g[ig]iiiiininiiiiii|[0006

jumper

f. Remaining devices. You can continue adding all other devices (mouse, remaining fans, additional
drives, PCI cards, etc) one at a time, until you finally spot the malfunctioning one. However, generally
speaking it is a good practice to achieve a fully functioning state with your operating systeminstalled
first, and then continue with the expansion cards and the additional ha rd discs. Please keep a very
careful eye on installation instructions and r estrictions for e ach one o f them. Always consulty our
motherboards and their own documentation before moving to the next step. Do not forget to set the
jumpers in the drives according to the current setup each time and to power them correctly. Also,
every time you add another component verify that your BIOS settings reflect correctly your current
configuration before booting your system. If you move your hard disc to a SATA/RAID controller,

confiirm  that you have configured therelevant BIOS settings  correctly.

g. Special considerations. If you havearem ovable device such as a M agneto-Optical (MO) disk or a
USB Card Reader connected to the computer and you intend, after having concluded this
troubleshooting procedure, to install Windows XP in this computer,then be a dvised that in ord er to
avoid trouble you have to follow a specific procedure laid out in this article: Drive letter that is
assigned to the primary hard disk partition is not correct when you perform a CD-ROM-based clean
installation of W indows XP. If you have an lomega Zip drive onthe same integrated device
electronics (IDE) cable as the hard disk drive, then you can run into this problem: "STOP: C0000221
unknown hard error" or "STOP: C0000221 ST ATUS IMAGE CHECKSUM MISMATCH" error
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message occurs. Also,avoid having the lomega Zip drive connected during a Windows XP

installation.

B. You are hearing beeps when you power on your motherboard.

Regardless of error messages that might be posted on your screen, you might also be h earing beeps
coming from your motherhoard. Th e beeps correspond to specifi ¢ error codes which, if you
successfully decipher, can help you limit the scope of your troubleshooting endeavour to a na rrower
spectrum of potentiall y culpable components. Beware, though! The error beep code that your
motherboard is emitting, could be linked to a cause deeper than the one actually identified by the
beeps themselves — so, resist the temptation of shortcut-fixes and performthorough troubleshooting if
necessary. For example, it could be that you are getting a componenterror, but the real culpritis an
insufficient power supply; in such a case, replacing the component will not relieve you fromthe actual
problem.

1. High/Low tone (siren sound)

This means that your CPU is overheating. Immediately check and verify that the CPU heat sink is
properly installed and correctly connected to the power supply.

2. AMI Beep Codes

With AMI BIOS, your computer will give you one shorthbe ep when the system boots successfully.
Apart from beep code 8, all other error codes are fatal.

Beeps - Error message

1 short: System RAM refreshes failure

2 short: Memory parity circuit error

3 short: Base 64KB memory failure

4 short: Systemtimer failure

5 short: CPU failure

6 short: 8042 - Gate A20 (keyboard) failure
7 short: Processor exception interrupts error
8 short: Display memory read/write failure

9 short: BIOS ROM checksum error
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10 short: CMOS shutdown register read/write error

11 short: Cache memory error

1 long - 3 short: Conventional/Extended memory test failure
1long - 8 short:Display/Retrace testfailure

3. Award Beep Codes

With Award BIOS, your computer will give you one short beep when the systemboots successfully.
Beware of the fact that the Award BIOS typically is customized by the motherboard manufacturer, so
it may very well be that the generic beep codes cited below either do note xist in your own
motherboard, or you are hearing an error code that cannot be found here. It is always highly advisable
to consult your specific documentation.

Beeps - Error message

2 short: CMOS setting error

1 long, 1 short: DRAM or Motherboard error
1 long, 2 short: Monitor or display card error
1 long, 3 short: Keyboard error

1 long, 9 short: BIOS ROM error

Continuous long beeps: DRAM error
Continuous short beeps: Power error

4. IBM Beep Codes
In the original/standard IBM set of error codes, your computer will give you one shortbeep when the
system starts the self-test, followed b y a Normal Postthatindica tes itbootssuc cessfully.

Beeps - Error message

2 short: Initialization error

1 long, 1 short: Systemboard error

1 long, 2 short: Video adapter error (MDA, CGA)
1 long, 3 short: EGA/VGA Graphics adapter error
3 long: 3270 keyboard adaptererror

Repeating short: Power supply orsystemboard problem
Continuous: Power supply,systemboard, orkeyboard problem
None: Power supply orsystemboard problem

5. Compaq Beep Codes

Your computerwillg ive you oneshort beep whenthesy stem bootssuccessf ully.
Beeps - Error message

2 short: General error

1 long, 1 short:BIOS ROM checksumerror

1long, 2 short: Video adaptererror
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Chapter - 17
Computer Network

A computer network, o ften simply referred to as a network, is a colle ction of computers and devices
interconnected by communications channels that facilitate communications and allows sharing of
resources and inform ation among interconnected devices. Computer networking or Data
communications (Datacom) is the engineering discipline conc erned with the computer networks.
Computer networking is some times considered a sub-discipline of electrical engineering,
telecommunications, computer science, information technology and/or computer engineering since it
relies heavily uponthe theoretical and practic al application of thesescie ntific and eng ineering
disciplines.

The three types of n etworks are: the Internet, the intranet, and t he extranet. Examples of different
network methods are:

- Local area network (LAN), which is usually a small network constrained to asmall geographic
area. An example of a LAN would be a computer network within a building.

- Metropolitan area network (MAN), which is used for medium size area. examples fora city ora
state.

- Wide area network (WAN) that is usually a larger network that covers a large geographic area.

- Wireless LANs and WANs (WLAN & WWAN) are the wireless equivalent ofth e LAN and
WAN.

Networks may be classified according to a wide variety of characteristics such as topology, connection
method and scale.

All networks are interconnected to allow communication with a variety of different kinds o f media,
including twisted-pair copper wire cable, coaxial cable, optical fiber, power lines and various wireless
technologies. The devices can be separated by a few meters (e.g. via Bluetooth) or nearly unlimited
distances (e.g. via the i nterconnections of the Internet). Networking, routers, routing protocols, and
networking overthe public Internet have their specifications defined in documents called RFCs

> Purpose

Computer networks can be used for a variety of purposes:

Facilitating communications
Using anet work, people can com municate efficiently and easily via email, instant messaging, chat
rooms, telephone, video telephone calls, and video conferencing.

Sharing hardware

In a networked environment, each computer on a network may access and use hardware resources on
the network, such as printing a document on a shared network printer.
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Sharing files, data, and information

In a network environment, authorized user may access data and information stored on other computers
on the network. The capability of providing access to data and information on shared storage devices is
an important feature of many networks.

Sharing software
Users connected to anetwork may run application programs on remote computers.

Network Classification Categories:
The following list presents categories used for classifying networks.

Connection method

Computer networks can be classified according to the hardware and software technology thatis used to
interconnect the individual devices in the network, such as optical fiber, Ethernet, wireless LAN, Home
PNA, power line communication or Ghn.Eth ernet as it is de fined by IEEE 802 utilizes various
standards and mediums that enable communication between devices. Frequently deployed devices
include hubs, switches, bridges, or routers. Wireless LAN technology is designed to conne ct devices
without wiring. These devices use radio waves or infrared signals as a transmission medium. 1TU-T
G.hn technology uses existing home wiring (coaxial cable, phonelines and power lines) tocre ate a
high-speed (up to 1 Gigabit/s) local area network.

> Wired technologies

- Twisted pair wire is the most widely used medium for telecom munication. Twisted-pair cabling
consist of copperwires that are twisted into pairs. Ordinar y telephone wires consist of two
insulated copper wires twisted into pairs. Comput er networking cabling consist of4 pairs of
copper cabling that can be utilized for both voice and datatransmission. The use of two wires
twisted together helps to reduce crosstalk and electromagnetic induction. The transmission
speed ranges from 2 million bits per second to 100 million bits per second. Twisted pair cabling
comes in two forms which are Unshielded Twisted Pair (UTP) and Shielded twisted-pair (STP)
which are rated in categories which are manufactured in different increments forv arious
scenarios.

- Coaxial cable is widely used for cable television systems, office buildings,and other work-sites
for local area networks. The cables consist of copper or aluminum wire wrapped with insulating
layer typically of a flexible material with a high dielectric constant, all of which are surrounded
by a conductive layer. The layers of insu lation help minimize inte rference and distortion.
Transmission speed range from 200 million to more than 500 million bits per second.

- Opticalfiber cable consists ofone ormore filaments of glass fiber wrapped in protective layers
that carries a data by means of pulses of light. It transmits light which can travel over extended
distances. Fiber-optic cables are not affected by electromagnetic radiation. Transmission speed
may reach trillions of bi ts perse cond. Thetransmission speed of fibe r optics is hundreds of
times fasterthan fo r coaxial cables and thousands of times fasterthan a twisted-pair wi re.A
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recentinnovation in fiber-optic cable is the use o f colored light.Instead of carrying one message
in a stream of white light impulses, this technology can carry multiple signals in a single strand.

- Terrestrial Terrestrial microwaves use Earth-based transmitter and receiver. The equipment
looks similar to satellite dishes . Terrestrial microwaves use lo w-gigahertz range, which limits
all communications to line-of-sight. Path between relay stations spaced approx, 30 miles apart.
Microwave antennas are usually placed on top of buildings, towers, hills, and mountain peaks.

- Communications satellite— The satellites use microwave radio as their telecommunications
medium which are not deflected by the Earth's atmosphere. The satellites are stationed in space,.
These Eath-orbiting systems are capable of receiving and relaying voice, data, and TV signals.

- Cellular and PCS systems— Use several radio c ommunications technologies. The systems are
divided to dif ferent geographic areas. Each area has a low-power transmitter or radio relay
antennadevice to relay calls from one area to the next area.

- Wireless LANs— Wireless local area network use a high-frequency radio technology similar to
digital cellular and a low-frequency radio technology. Wireless LANs use spread spectrum
technology to enable communication between multiple devices in a limited area. An example of
open-standards wireless radio-wave technology is IEEE.

- Infrared communication , which can transmit signals between devices within small distances
not more than 10 m eters peerto peer or ( face to face ) withoutany body inthe lineof
transmitting.

> Scale

Networks are often classified as local area network (LAN), wide area network (WAN), metropolitan
area network (MAN), personal area network (PAN), virtual private network (VPN), campus area
network (CAN), storage area network (SAN), and others, depending on their scale, scope and purpose,
e.g., controller area network (CAN) usage, trust level, and access right often differ between these types
of networks. LANs tend to be desig ned forinternal use by an organization's internal systems and
employees in individual ph ysical locations, such as a building, while WANs may connect physically
separate parts of an organization and may include connections to third parties.

> Network topology

Computer networks ma y be classified acco rding to the network topology upon which the network is
based, suchas bus network,star  network, rin g network, mesh n etwork. Network topology is the
coordination by which devices in the network are arranged in the ir logical relations toon e another,
independent of ph ysical arrangement. Even if ne tworked computers are physically placed in a linear
arrangement and are connected to a hub, the network has a star topology, ratherthan a bus topology. In
this regard the visual and operational characteristics of a networkare  distinct. Networks may be
classified based onthe method of dataus ed to convey the data, these include digital and analog
networks.
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> Network classifications:

Networks can be classified and named by their physical extent, and intended purpose. Common types
of computer networks are outlined below.

++ Local area network

A local area network (LAN) is a network that connects computers and devices in a limited geographical
area such as home, sc hool, computer laboratory, office building, or closely positioned group of
buildings. Each computer or device on the network is a node. Current wired LANSs are most likely to be
based on Ethernet technology, although new standards like ITU-T G.hn also provide a way to create a
wired LAN using existing home wires (coaxial cables, phone lines and power lines).

Typical library network, in a branching tree topology and controlled access to resources
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All interconnected devices must understand the network layer (layer 3), because they are handling

multiple subnets (thed ifferent colors). Those inside the library, which have only 10/100 Mbit/s
Ethernet connections to the user device and a Gigabit Ethernet connection to the central router, could be
called "layer 3 switches" because they only have Ethernet interfaces and must understand IP. It would
be more correct to call them access routers, where the router at the top is a distribution router that
connects to the Internet and academic networks' customer access routers.
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The defining characteristics of LANS, in contrast to WANSs (Wide Area Networks), include theirhigher
data transfer rates, smaller geographic range, and no need for leased telecommunication lines. Current
Ethernet or other IEEE 802.3 LAN technologies operate at speeds up to 10 Ghit/s. Thisis thed ata
transferrate. IEEE has projects investigating the standardization of 40 and 100 Gbit/s.

+* Personal area network

A personal area network (PAN) is a computer netw ork used for communication among computer and
different information technological devices close to one person. Some examples of devices that are
used in a PAN are p ersonal computers, printers, fax machines, telephones, PDAs, scanners,and even
video game consoles. A PAN may include wired and wireless devices. The reach of a PANt ypically
extends to 10 meters. A wired PAN is usually constructed with USB and Firewire connections while
technologies suchas Bluetoothand infrared communication typically form a wireless PAN.

+ Home area network

A home area netwo rk (HAN) is a residential LAN which is used for ¢ ommunication between dig ital
devices typically deployed in the home, usually a small number of personal computers and accessories,
such as printers and mobile computing devices. An important function is the sharing of Internet access,
often a broadband service through a CATVor Digital Subscriber Line (DSL) provider. It can also be
referred to as an office area network (OAN).

*+ Wide area network

A wide area network (WAN) is a computer network that covers a large geographic area such as a city,
country, or spans even intercontinental distances, using a communications channel that combines many
types of media such as telephone lines, cables, and air waves. A WAN often uses transmission facilities
provided by common carriers, such as telephone companies. WAN technologies generally function at
the lower three layers of the OSI reference model: the physical layer, the data link layer, and the
network layer.

++ Campus network

A campus network is a computer network made up of an interconnection of local area networks (LANS)
within a limited geographical area. The networking equipment (switches, routers) and transmission
media (optical fiber, copper plant, Cat5 cabling etc.) are almost entirely owned (by the campus tenant /
owner: an enterprise, university, government etc.).In the c ase of a univ ersity campus-based campus
network, the network is likely to link a variety of campus buildings including, for example, academic
colleges or departments, the university library, and student residence halls.

+“* Metropolitan area network

A Metropolitan area network (MAN) is a large computer network that usually spans a city or a large
campus.
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Enterprise private network
An enterprise private n etwork is a network buil d by an enterprise to in terconnect various comp any
sites, e.g., production sites, head offices, remote offices, shops, in orderto share computerresources.

Internetwork

An internetwork is the connection of two or more private computer networks via a common routing
technology (OSI Layer 3) using routers. The Internet is an aggregation of many intemetworks, hence its
name was shortened to Internet.

Backbone network

A Backbone network or network backbone isparto f a computer network infrastructure that
interconnects various pieces of n etwork, providing a path for the exchange of information between
different LANs or sub networks. A backbone can tie together diverse networks in the same building, in
different buildings in a campus environment, or over wide areas. Normally, the backbone's capacity is
greater than the networks connected to it. A la rge corporation that has many locations may have a
backbone network that ties all of th e locations t ogether, for example, if a server cluster needs to be
accessed by different departments of a company that are located at different geographical locations. The
pieces of the network connections (for example: Ethernet, wireless) that bring these departments
togetheris often mentioned as network backbone. Network congestion is often taken into consideration
while designing backbones. Backbone networks should not be confused with the Internet backbone.

Global area network

A global area network (GAN) is a netwo rk used for supporting mobile communications across an
arbitrary number of wireless LANs, satellite coverage areas, etc. The key challenge in mobile
communications is handing off the use r communications from one local ¢ overage area to the next. In
IEEE Project 802, this involves a succession of terrestrial wireless LANs.2H

Internet

The Internet is a g lobal system of i nterconnected governmental, academic, corporate, public, and
private computer networks. It is based on the networking technologies of the Internet Protocol Suite. It
is the successor of the Advanced Research Projects Agency Network (ARPANET)d eveloped by
DARPA oft he United States Department of Defense. The Internet is also the communications
backbone underlying the World Wide Web (WWW)Paticipants in the Internet use a diverse array of
methods of several hundred documented, and often standardized, protocols compatible with the Internet
Protocol Suite and an addressing system (IP addresses) administered by the Internet Assigned Numbers
Authority and address registries. Service providers and large enterprises exchange information about
the reach ability of their address spa ces through the Border Gateway Protocol (BGP), forming a
redundant worldwide mesh of transmission paths.

Intranets and extranets

Intranets and extranets are parts or extensions of a computer network, usually a local area network. An
intranet is a set of networks, using the Internet Protocol and IP-based tools such as web bro wsers and
file transfer applications that are under the control of a single administrative entity. That administrative
entity closes the intranet to all but specific, authorized users. Most commonly, an intranet is the internal
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network of an organization. A large intranet will typically have at least one web serverto provide users
with organizational information. Ane xtranet isa network that is li mited in scope toa single
organization or entity and also has limited connections to the networks of one or more other usually,
but not necessarily, trusted organizations or entities—a company's customers may be given access to
some part of its intranet—while at the same time the customers may not be considered trusted froma
security standpoint. Technically, an extranet may also be categorized as a CAN, MAN, W AN, or other
type of n etwork, although an extranet cannot consist ofasin gle LAN; it must have at least one
connection with an external network.

Overlay network

An overlay network is a virtual computer network that is built on top of another network. Nodes in the
overlay are connected by virtual or logical links, each of which corresponds to a path, perhaps through
many physicallinks, in the underlying network.

A sample overlay network: IP over SONET over Optical

Sita Iayer,.-"'x

For example, many peer-to-peer networks are overlay networks because they are organized as nodes of
a virtual system of links run on top of the Internet. The Internet was initially built as an overlay on the
telephone network . Overlay networks have been around since the invention of n etworking when
computer systems were connected over telephone lines using modem, before any data network existed.
Nowadays the Internet is the basis for many overlaid networks that can be constructed to permit routing
of messages to destinations specified by an IP address. For example, distributed hash tables can be used
to route messages to a node having a specific logical address, whose IP address is known in advance.
Overlay networks have also been proposed as a way to improve Internet routing, such as through
quality of service guarantees to achieve higher-quality streaming media. Previous proposals such as
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IntServ, DiffServ, and IP Multicast have not seen wide acceptance largely because they require
modification of all routers in the network. On the other hand, an overlay network can be incrementally
deployed on end-hosts running the overlay protocolsoftware, without cooperation from Internet service
providers. The overlay has no control over how packets are routed in the underlying network between
two overlay nodes, but it can control, for example, the sequence of overlay nodes a message traverses
before reaching its d estination. For example, Akamai Technologies manages an overlay network that
provides reliable, efficient content delivery (a kind of multicast). Academic research includes End
System Multicast and Overcast for multicast; RON ( Resilient Overlay Network) for resilient routing;
and OverQoS for quality of service guarantees, among others

> Basic hardware components

All networks are made up of basic hardwar e building blocks to interconnect network nodes, suc h as
Network Interface Cards (NICs), Bridges, Hubs, Switches, and Routers. In addition, some method of
connecting these building blocks is required, us ually in the formof g alvanic cable (most commonly
Category 5 cable). Less common are microwav e links (as in | EEE 802.12) or optical cable ( "optical
fiber").

> Network interface cards

A network card, network adapter, or NIC (network interface card) is a piece of computer hardware
designed to allow computers to communicate over a computer network. It provides physicalaccess to a
networking medium and often p rovides a low-level addressing system through the use of addresses.
Each network interface card has its unique id. This is written on a chip which is mounted on the card.

> Repeaters

A repeater is an electronic device that receives a signal, cleans it of unnecessary noise, regenerates it,
and retransmits it at a hig her power level, or to the other side of an obstruction, so that the sig nal can
cover longer distances without degradation. In most twisted pair Ethernet configurations, repeaters are
required for cable that runs longer than 100 meters. A repeater with multiple ports is known as a hub.
Repeaters work on the Physical Layer of the OSI model. Repeaters require a small amount of time to
regenerate the signal. This can cause a propagation delay which can af fect network communication
when there are several repeaters in a row. Many network architectures limit the number of repeaters
that can be used in a row (e.g. Ethernet's 5-4-3 rule).

> Bridges

A network bridge connects multiple network segments at the data link layer (layer 2) of the OSI model.
Bridges broadcast to all ports except the port on which the broadcast was received. However, bridges
do not promiscuously copy traffic to all ports , as hubsdo, butlea rn which MACaddr esses are
reachable through specific ports. Once the bridge associates a port and an address, i t will send traffic
for that address to that port only. Bridges learn the association of ports and addresses by examining the
source address of frames that it sees on va rious ports. Once a frame arrives through a port, its source
address is stored and the bridge assumes that MAC address is associated with that port. The first time
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that a previously unknown destination address is seen, the bridge will forward the frame to all ports
otherthan the one on which the frame arrived.

Bridges come in three basic types:

- Local bridges: Directly connect local area networks (LANS)

- Remote bridges: Can be used toc reate a wide area network (WAN) link between LANSs.
Remote bridges, where the connecting link is slower than the end networks, largely have been
replaced with routers.

- Wireless bridges: Can be used to join LANs or connect remote stations to LANS.

> Switches
A network switch is a device that forwards and filters OSI layer 2datagrams (chunksof data
communication) between ports (conn ected cables) basedont he MAC addresses in the packets. A
switch is distinct from a hub in thatit onl y forwards the fr ames to the ports involved in the

communication rather than all ports connected. A switch breaks the collision domain but repres ents
itself as a broadcast domain. Switches make forwarding decisions of frames onthe basisofM AC
addresses. A switchno rmally has numerous p orts, facilitating asta r topology for devices, and
cascading additional switches. Some switches are capable of routing based on Layer 3 add ressing or
additional logical levels; these are called multi-layer switches. The term switch is used loosely in
marketing to encompass devices including routers and bri dges, aswel | as devi ces that may distribute
traffic on load or by application content (e.g., a Web URL identifier).

> Views of networks

Users and network administrators typically have different views of their networks. Users can share
printers and some serv ers froma work group, which usually means they are in the same geographic
location and are on the same LAN, whereas a Network Administrator is responsibleto k eep that
network up and running. A community of interest has less of a connection of being in a local area, and
should be thought of as a set of a rbitrarily located users who share a set of servers, and possibly also
comm unicate via peer-to-peer technologies.

Network administrators can see networks from both physical and logical perspectives. The ph ysical
perspective involves geographic locations, physical cabling, and the network elements (e.g., routers,
bridges and application layer gateways that interconnect the physical media. Logical networks, called,
in the TCP/IP architecture, subnets, map o nto one or more physical media. For example, a common
practice in a canpus of buildings is to make a set of LAN cables in each building appear to be a
common subnet, using virtual LAN (VLAN) technology. Both users and administrators will be aware,
to varying extents, of the trust and scope characteristics of a network. Again using TCP/IP architectural
terminology, an intran et is a communit y of i nterest underprivate administration usually by an
enterprise, and is onl y accessible by authorized users (e.g. employees). Intranets do not have to be
connected to the Internet, but generally have a limited connection. An extranet is an extension of an
intranet that allows secure communications to users outside of the intranet (e.g. business partners,
customers).
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Unofficially, the Internet is the set of users, enterprises, and content providers that are interconnected
by Internet Service Providers (ISP). From an engineering viewpoint, the Internet is the set of subnets,
and aggregates of subnets, which share the registered IP address space and exchange information about
the reach ability of those IP addresses using the Border Gateway Protocol. Typically, the human-
readable names of servers are t ranslated to IP addresses,t ransparently to users, via the directory
function of the Domain Name System (DNS).

Over the Internet, there can be business-to-business (B2B), business-to-consumer (B2C) and consumer-
to-consumer (C2C) communications. Especially when money or sensitive information is e xchanged,
the communications are apt to be secured by some form of c ommunications security mechanism.
Intranets and extranets can be securely superimposed onto the Internet, without any access by general
Internet users and administrators, using secure Virtual Private Network (VPN) technology
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Chapter - 18
History of Laptop

It is a little hard to determine what the first portable was orlaptop computer, the first portable
computers did not look like the book-sized and folding laptops that we are familiar with to day,
however, they were both portable and capable, and lead to the development of notebooksstyle laptops. |
have outlined several potential firsts below and how each qualifies, many of the off-site links provide
good photos of the computers that will let you see the progression indesig n.

The First Laptop may be Designed in 1979b y a Briton, William Moggridge, for Grid Systems
Corporation, the Grid Compass was one fifth the weight of any model equivalent in performance and
was used by NASA on the space shuttle programin the early 1980's. A 340K byte bubble memory lap-
top computerwith die-cast magnesium case and folding electroluminescent graphics display screen.

Gavilan Computer as the First Laptop

Manny Fernandez had the idea for a well-designed laptop for executives whowe re starting to use
computer. Fernandez, who started Gavilan Computer , promoted his machines as the first " laptop"
computers in May 1983. Many historians consider the Gavilan as the first full y functional laptop
computer.

The First Laptop Computer - Osborne 1

The computer considered by most historians to be the first true portable computerwas the Osborne 1.
Adam Osborne, an ex-book publisher found ed Osborne Computer and produced the Osborne 1 in
1981, a portable comput er that weighed 24 pounds and cost $1795. The Osborne 1 came with a five-
inch screen, modemport, two 5 1/4 flopp y drives, a large collection of b undled software programs,
and a battery pack. The short-lived computer company was neversuccessful.

More History of Laptop Firsts

- Also released in 1981, was the Epson HX-20, a battery powered portable computer, with a 20 -
characterby 4 line LCD display and a built-in printer.

- In January of 1982, Mi crosoft's Kazuhiko Nishi and Bill Gates begin discussions on designing a
portable computer, b ased on using a new liquid crystal display or LCD screen. Kazuhiko Nishi
later showed the prototype to Radio Shackwho agree to manufacture the computer.

- In 1983, Radio Shack released the TRS-80 Mod el 100, a 4 Ib. b attery operated portable computer
with a flat and more of a laptop design.

« In February 1984, IBM announced the IBM 5155 Portable Personal Computer.

- Three years later in 1986, Radio Shack released the improved and smaller TRS Model 200.

- In 1988, Compag Computer introduces its first  laptop PC with VGA graphics - the Compaq
SLT/286.

- In 1989, NEC UltraLite was released, considered by some to be the first "notebookstyle”
computer. It was a laptop size computer which weighed less than 5 Ibs.

- In September 1989, Apple Computer released the first Macintosh Portable that later evolved into
the Power book.

- In 1989, Zenith Data Systems released the Zenith Minis Port, a 6-pound laptop computer. (more
Zenith laptops)
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« In October 1989, Compaq Computer released its first notebook PC, the Compaq LTE.

- In March 1991, Microsoft released the Microsoft BallPoint Mouse that used both mouse and
trackball technology in a pointing device designed for laptop computers.

« In October 1991, Apple Computers released the Macintosh PowerBook 100, 140, and 170 - all
notebookstyle laptops.

< In October 1992, IBM released its ThinkPad 700 laptop computer.

- 1n 1992, Inteland Microsoft release APM or the Advanced Power Management specification for
laptop computers.

- In 1993, thefirst PDAs or Personal Digital Assistantsare released. PDAs are pen-based hand-held
computers.

- Wholnvented It?
The laptop computerwas invented by Adam Osborne in 1981. It was called the *Osborne 1" and
cost$1795. It came bundled with $1500 worth of programs. It had a tiny computer screen built
into it.

- Whatis a laptop computer?
A laptop is a computerthat can be folded up and carried around.

- When was the laptop invented?
The laptop was invented in 1981.

- Wherewas it invented?
It was invented by Osborne Computers, a book company that sold books to McGraw-Hill.

- How was invented?
It was invented by taking computer technology from that time and scaling it down to make a
smaller, more portable computer

Definition of Laptop:

A laptop computer, o r simply laptop (also known as notebook computer, notebook, notepad, and
incorrectly laptop ;), is a small portable computer having its main compone nts (Processor, screen,
keyboard) built into a single unit capable of batter y powered operation, which usually weighs 2-18

pounds (approximately 1 to 8 kgs), depending on dimensions, mate rials, and other variables.

It is debatable what the first notebook or laptop computer was. The first laptops did not look like the
clamshell designs that are known to us today. Howeverthe first designs could still be carried with you
and be used on a lap which has lead to the advancement of notebook style laptops. Outlined below are
some computers that are classified as the first portable computer (laptop).
The First Laptop Computer 1981: Osborne 1

271



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

The Osborne 1 was a ccepted as the first true mobile computer (laptop, notebook) by most historians.
Adam Osborne, an ex-book publisher founded Osborne Computer and formed the Osborne 1in 19 81.
This was a m obile computer (laptop, notebook) weighed closeto 11k gs and a costof $1795. The

Osborne 1 had a five-inch screen, incorporating a modem port,two 5 1/4 floppy drives, a big

collection of bundled sof tware applications, and a battery pack. The computer company was a failure
and did not last for very long.

The Epson HX-20 battery powered mobile computer (laptop, notebook) was released in 1981. This
Mobile Computer had a 20-character by 4 line LCD display and a integrated printer. It was an A4-
sized computer weighing less than 4lb, with a full-size keyboard, integrated display and printer. Epson
during that time planned its launch in the UK, priced below 1500. The Epson could run independently
of AC power for 50 ho urs using its built-in NiCad battery cells which needed approximately eight
hours fully recharge. The integrated inked-ribbon matrix printer was capable of printing graphics and
upper- or lower-case characters on to plain paper rolls. The space to the right of the screen could have
either been used by either a micro cassette drive for application or information storage or a plug in
ROM cartridge. The Epson ca me with 32K of R OM which had Microsoft B asic and the O/S loaded,

and 16K of RAM. An o ptional expansion unit which clips on the side of the case can hold an extra
16K of RAM and 32K of ROM.

1983 — Radio Shack TRS-80 Model 100 Mobile Computer (Laptop, Notebook)

In 1983, Radio Sha ck released the TRS-80 Mod el 100 Mobile Computer (laptop, notebook), a 4 Ib.
battery operated computer with a flat and more of a laptop design. The Tandy 100 was a computer
made in Japan by Kyocera. All the ROM programs were written by Microsoft,and even a few of them
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were written by Bill Gates himself. These programs included a text editor, a t elecommunication
program, which uses the built-in modem (300 b aud), and BASIC. The operating system uses 3130
bytes of the 8 KB Memory. The CMOS Processor (80c85) allows to use the Tandy 100 for 20 hours
with only 4 AA batteries (5 days at 4 hours/day or 20 days at 1 hour/day).

1984 - IBM 5155

In February 1984, IBM announced the IBM 5155 Portable Personal Computer (laptop, notebook). This
Portable PC was IBM's first carry around computer. It required AC power to be plugged in to wo rk
and weighed 13.6Kgs. IBM would seize manufacturing the 5155 laptop in April 1986.

1989 - Zenith Data Systems Laptop

i
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In 1989, Zenith Data Systems released the Zenith Minis port, a
laptop computer weighing 2.7kgs. It is regarded by many historians as one of the early "real" laptops.
It had a 20 Meg ESDI hard drive, 1.44 Meg floppy, 2400 baud built in mode m, 640K of RAM, and
had a CGA "color" LCD display. All connectivity ports were accessible via a doorin the back.

Advantages--

1. Portability - enables to carry anywhere

2. Compact - small, less space

3. Wireless Feature - enables to internet without DSL or network cable

4. "CABLE” less - no cables to attach, like cable of mouse, keyboard, etc

Disadvantages--

1. Power/Lifespan - because ofbatteries, laptops automatically shutdown unlike desktops (butcan use
adapter)

2. Sensitivity - easy to break, low resistance

3. Limit - when it goes hot, sometimes Laptops turn off.

4. Mouse Sensitivity - a mouse between g and h, or a small rectangle for moving mouse.

5. Internet - even it has wireless features Laptops cannot be fasterthan Desktops for internet
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Chapter - 19
LAPTOP MEMORY

The ability to process information that requires a attention, storage
and retrieval. Or the circuitry in a computer that stores information.

Types of Memory

Following is the types of memory used in laptop:
1) 204-pin SODIMM

2) 200-pin SODIMM

3) 144-pin SODIMM

4) 144-pin MicroDIMM

204-pin SODIMM

Approximately 2.6 in. by 1.75 in. (66 mm
by 44.45 mm) cru cial 204-pin SODIMMs
are used in DDR3 memory for laptop
computers.

In short, 204-pin small outline dual inline
memory modules (SOD IMMs) are the form
factor usedto provide DD R3 memory
modules for notebook compute rs and other
small form factor computing platforms. 204-
pin SODIMMs are currently available in PC3-8500 (DDR3 1066MHz) speeds. To use DDR3 memory,

your systemmust have botha 204-pin SODIMM slotand a chipsettha t supports DDR3 memory. A
DDR3 SODIMM will not fit into DDR2 or DDR memory sockets. SODIMMs are smaller and thinner
than regular DIMMs, and the 204-pin SODIMM PCBs are always ~2.6 inches long and are usually
around 1.75 inches high (though the heights can vary slightly). They consist of a number of memory
components (usually black) that are attached to a printed circuit board (usually green). The number of
memory components on a 204-pin SODIMM's printed circuit board (PCB) can vary, but the PCB will
always have 102 pins on the front and the back both, for a totalof 204 pins. The gold pinson the
bottomof the SODIMM provide the connection between the memory module and the memory socket.
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200-pin SODIMM

Approximately 2.625 in. by 1.25 in. (66.7 mm
by 3175 mm) 200- pin SODIMMs are
commonly foundin laptop computers.

A small outline dual inline memory module (SODIMM) consists of a number of memory components
(usually black) that are attached to a printed circuit board (usually green). SODIMMs get their name
because they are smaller and thinner than re gular DIMMs. The g old pins on the bottom of the
SODIMM provide a connection between the module and a socket on a larger printed circuit board. The
pins on the frontand backof a SODIMM are not connected.

200-pin SODIMM s are used to provide DDR and DDR2 SDRAM memo ry for notebook compute rs.
200-pin SODIMM s are available in PC2700 DDR SDRAM, PC3200 DDR SDRAM, DDR2 PC2-6400
SDRAM, DDR2 PC2-5300 SDRAM, DDR2 PC2-4200 SDRAM and DDR2 PC2-3200 SDRAM. To
use DDR or DDR2 memory, your system motherboard must have 200-pin SODIMM slots and a DDR-
or DDR2-enabled chipset. A DDR or DDR2 SODIMM will not fit into a standard SDRAM SODIMM
socket.

The number of black components on a 200-pin SODIMM can vary, but it always has 100 pins on the
front and 100 pins on the back, for a total o f 200. 200-pin SODIMMs are approximately 2.625 inches
long and 1.25 inches high, though the heights can vary. Like 144-pin SODIMMs, 200-pin SODIMMs
have one small notch within the row of pins; however, the notch on the 200-pin SODIMMs is closerto
the left side of the module.

144-pin SODIMM

A small outline dual inline memory module (SODIMM) consists of a number of memory components
(usually black) that are attached to a printed circuit board (usually green). SODIMMs get their name
because they are smaller and thinner than re gular DIMMs. The g old pins on the bottom of the
SODIMM provide a connection between the module and a socket on a larger printed circuit board. The
pins on the frontand backof a SODIMM are not connected.

144-pin SODIMMs are commonly found in noteb ook computers. 144-pin SODIMMs are available in
EDO, 66MHz SDRAM, PC100 SDRAM, and PC133 SDRAM. W hen upgrading, be sure to match the
memory technology that is aready in your system. The number o f black components on a 144-pin
SODIMM can vary, but it aways has 72 pins on the front and 72 pins on the back, for a total of 144.
144-pin SODIMMs are approximately 2.625 inches long and 1.25 inches hig h, though the heights can
vary. They have one small notch within the row of pins along the bottomof the module.

144-pin MicroDIMM

Approximately 1.545 in. by 1 in. (39.2

mm by 25.4 mm) 144-pin MicroDIMM
are commonly found in sub-notebook
computers.
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A micro dual inline memory module (MicroDIMM) consists ofanum ber of memory components
(usually black) that are attached to a printed circuit board (usually green). MicroDIMM get their name
because they are smaller than both regular DIMMs and SODIMMs. The gold pins on the bottomof the
MicroDIMM provide a connection between the module and a socketon a larger printed circuit board.
The pinsonthefront and back ofaM icroDIMM are not connected, providing two lines of
comm unication paths between the module and the system.

144-pin MicroDIMM are commonly foundins ub-notebook computers. 144-pin MicroDIMM are
available in PC100 SDRAM. When upgrading, be sure to match the memory technology that is
already in your system. (Information about which memory technology your system uses is included in
the Crucial.

The number of black co mponents on a 144-pin MicroDIMM can vary, but they always have 72 pins
on the front and 72 pins on the back for a total of 144. 144-pin MicroDIMM are approximately 1.545
inches long and 1 inch high, though the heights can vary. Unlike SODIMMSs, MicroDIMM do not have
any notches along the bottomedge.

Installing Memory into slot
This set of photos of swapping SODIMM's is a web based illustration for The Laptop Repair

Workbook. In many troubleshooting scenarios, it laptop memory will be tagged as a possi ble culprit.
The only way to eliminate memory as a potential problemis to swap it out and see if the problem is
fixed. Most laptop users don't have access to a pile of spare parts to play the swapping game, but in the
case of memory, the spare may already be available in the laptop for you. This particular Dell running
Windows 2000 was equi pped with 512 MB of RAM. One scre w removes the access panel so we can
see what we have.

Sure enough, the laptop memory is split between two SODIMM's, 256 M B each. As the modules are
facing each other in this design, you see a different side of each module in the picture to the right.
Many designs have the two SODIMM's stacked overeach otherin a deeperbay, though the connectors
are usually staggered a little so they aren't exactly in line. Many older laptops had some or all of the

systemmemory soldered tothe motherboard, which is a real dr ag if you're troubleshooting,or if a
memory chip has indeed failed. Unless you have advanced soldering skills and decent equipment,

replacing a surface mounted RAM DIMM is just nota likely repair Laptop memory modules are held

in place a little spring clip on either end. You

can pretty much always spring themback so the
SODIMM pops up on i ts own with just your
fingernails for tools. N ote the angle of the
module to the left. That's its unstrungor relaxed =
position. You have to a ngle it about the same
when you go to install it. If | kept raising the
SODIMM until it f lipped over the connector
and sat on the otherside, it wou Id look just like

the second module, wit h the label down. The

two connectors are Mirrored
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Top the left I'm
pulling out the second memor y module, you can see the two
sided connectorthat it s its in pretty clearly. When you have
two memory modules in a lapto p, it may work with either memory slot filled, or one the design may
require that one slot is always filled first. In this Dell, even though the slots are labeled "A™ and "B", it
turns out the laptop wil I run with either one filled. So it's a trivial matter to put one module aside and
install the other.

I've put aside the first SODIMM removed and I'm installing the second one from Slot A into Slot B. It
turns out the laptop wor ked fine. So | took it out and put the other SODIMM in Slot A. Laptop still
worked fine. So the problemwith the video in this case had nothing to do with the memory. If I'd been
troubleshooting a blu e screen of death (BSOD) failure on ov erheating, I'd have runthe laptopfor a
while with just one module,and if it didn't have problems, I'd have tried it for a while with the other.

The last thing you want to see when you open up your laptop to try a memory swap is permanently
installed RAM. That's the deal with this older Toshiba to the left, the 256 MB of factory installed
RAM is in the form of DIP chips soldered to the motherboard. There is a SODIMM memory slot in
the foreground which allows you to upg rade the memory capauty, but it's usually not possible to

bypass failed RAMon the motherboard. In 2 TS DR

other words, if oneo f those chips fails,
adding a SOD IMM to the system won't help
unless there's some way to inform the BIOS
to ignore the soldered RAM. | didn't find a |
jumper! Once the battery is out, we remove
the two screws that secure the memory cavity
cover. There's a scary warrantee sticker right
on the cover, scary because this notebook . :
went out of warranty 4 years ago and I'm still using it. I never buy the extended warranty on anything,
including laptops,andit drives me a little nutswhe n friends and family members tell me, "and |
bought the extended warranty you suggested." People hearwhat they want to hear.

The lid lifts away exposing the SODIMM socket, which is mounted p arallel to the motherboard.
There's only one expansion memory socket in this laptop, so upgrading from 64MB to 192MB with a
128MB SODIMM was pretty much the only option.
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Static electricity
can kill computer
parts. In over 20
years of working
with computers
I've only ever
blown up one
component with a

= static discharge, a
hard drive, and | felt it when it happened. Lots of experts will teII you that parts are always
accumulating micro-damage from imperceptible static electricity shocks from handling. Frankly, while
I understand the theory, Idon't seeit in practice, and the anecdotes I've been told about mysterious
component failure usually have far more practical explanations. | keep the memory in it's static bag
right up until I'm ready to install it in the laptop and I ground myself on a metal lamp that first, and
that's good enough forme.

Unlike regular PC DIMMs, SODIMMs for laptops are installed on an angle and then leaned down into
the latches. The picture above shows the SODIMM being inserted with the notch in the contactedge
matching thekey in the laptop memory socket. The pictureto theupperri ght shows the inserted
SODIMM sitting at its insertion angle, about 30 degrees over the horizontal. The final pi cture in the
sequence tothe right illustrates pushing the SOD IMM down a gainst the latches on the laptop
motherboard, which engage in the notches. You can also see the white plastic key coming through the
contact edge of the SODIMM, right below the corner of the second memory chip from the left.

Once the SOD IMM is s napped into place, we reinstall the
cover, secure it with tw o screws, and reinstall the battery.
When I'm working on desktops, | usually test upgrades and
repair before closing up the case, but I don't like firing up a
laptop without fully assembling it first if | don't have to.
Either the laptop will register the memory or it won’t, but
the way the sockets are designed, a SODIMM that snaps
into place is installed correctly and should work. The
Windows System Propertles screen below provides a simple check that not only does laptop recognize
the new memory, but Windows sees is as well. Memory upgrades are about the easiest laptop upgrade
you can do, because if the memory is upgradeable, you can usually get at the socket without taking the
whole laptop apart.
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Verifying the capacity of RAM|

Press Enter
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Chapter - 20
MICRO PROCESSORS

Certainly one of the most important parts in any computer is the central processing unit,or CPU. The

CPU canal so ber eferred to as a microp rocessor, or just processor, for short. Several types of
processors are used in portable systems from several different companies. Processors for portable
systems can be the same as those used in desktop s ystem, but several processor companies also make
special processors specifically optimized for use in portable systems. These are generally referred to as
mobile processors. This chapter examines primarily the mobile processors used in laptop/notebook and
otherportable systems.

2007

Next Generation
Centrino

Currently, Intel and AMD both manufacture processors designed for either desktop or mobile use, and
Transmeta makes a series of processors under the Crusoe name that are exclusively for mobile use. As
with desktop systems, the majority of mobile systems use Intel processors, and creating chips designed
specifically for mobile systems is a major part of Intel's development effort. Over the years, Intel has
introduced many different processors for mobile use. Intel has focused on mobile processors since the
386SL came out October 1990, and since then has dramatically expanded mobile processor technology
and features, up to the P entium M first introduced in March 2003. By comparison, AMD was late in
catering specifically to the mobile processor market. AMD’s first major mobile-only processors were
mobile versions of the K6-2 and K6-1lI released in 1998. In May 2001, AMD announced a line of
mobile Athlon 4 (Palomino) an d Duron CPUs. The mobile Athlon XP came in April 2002, and the
mobile XP-M processorwas introduced in March 2003.

Microprocessor Progression: Intel

The following table helps you to understand the differences between the different processors that Intel
has introduced overthe years.

No. Of CPU
Name Year 3y Microns | Clock Data width MIPS
Transistors
speed
8080 1974 6,000 6 2 MHz 8 bits 0.64
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8088

80286

80386

80486

Pentium

Pentium
]

Pentium

Pentium

4

Pentium
4

"Prescott"

LAPTOP PROCESSOR

1979

1982

1985

1989

1993

1007

1999

2000

2004

29,000

134,000

275,000

1,200,000

3,100,000

7,500,000

9,500,000

42,000,000

125,000,000

15

15

08

0.35

0.25

0.18

0.09
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5 MHz

6 MHz

16 MHz

25 MHz

60 MHz

233 MHz

450 MHz

1.5 GHz

3.6 GHz

16 bits
8-bit bus

16 bits

32 bits

32 bits

32 bits
64-bit bus

32 bits
64-bit bus

32 bits
64-bit bus

32 bits
64-bit bus

e o

64-bit bus

0.33

100

~300

~510

~1,700

~7,000

Installing a laptop CPU rarely makes sense and is often impossible. Laptops are engineered products,

with limited clearance and few exchangeable parts. If your laptop CPU works, but you think the laptop
is slow, add memory or defrag the hard drive. Even if the CPU is socketed rather than surface mounted
(soldered to the motherboard) there will be a very limited range of choices for upgrades, if any at all
are available. The upgrade CPU must be explicitly supported by the motherboard or you're wasting
your time, not to mention potentially damaging the motherboard. Even if it's possible to install a CPU
that's 20% faster, it won't make your laptop 20% faster, and in most applications, you probably won't
see any noticeable increase in performance at all.
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g The CPU heatsinkin a laptop is justascrit  ical as the CPU itself.

Every time you hear the fan come on, it's trying to cool the heat sink
metal, which in turn conducts heat awa vy from the CPU. There are
nearly an infinite number of designs for heat sinks, but laptops offera
special challenge because the heat sink has to fit in a tight space and
i promote airflow through the cooling fins. The active heat sink I'm
removing above and which is shown to the left is an integrated unit,

where the fan is part of the heat sink structure. You can see the vent to
the outside rig ht above the CPU, which is co vered with a whi te and
blue thermal pad To the right, I've stripped the thermal pad off the CPU, and you can clearly see that

this Toshiba has asu rface mounted CPU. There's
no space between the substrate and the

motherboard for pins, it's a BGA (Ball Grid Array).
Some super ambitious do-it- yourselfers might § try to
desolder the CPUwith a hot air gun, and it might
work to remove it, but | wouldn't give good odds
for getting a replacement CPU to operate with hot air

and time in production. The mainr eason for socketing laptop CPU's is
probably to allow for last-minute changes in market targeting as CPU prices
comes down and the competition heats up.

The copper pipe and radiator arrangement in the Dell to the left is cooled by
dual fans in direct communication with the outside air. The copper pipe is a
: , @ heat conductor, not an air transfer mechanism. Copper is a terrific heat
conductorand efficiently transfers heat overshort distances. The end ofthe pipe is flattened out and
attached to the thick metal plated that contacts the CPU. To the bottomleft, I'm prying up the spring
loaded retainer for the heat sink, and right below, the screwdriver is in the slotted release mechanism

for the CPU socket. Once the spring is released, the coverholding the heat sink in place lifts right up.
The heavy heat sinkplate is aligned and held from shifting by two metal pins through the

motherboard.

So the CPU in this Dell can be replaced if it's fried, but you'd have to do your homework for the model
family to determine if it can upgraded to a slightly faster unit. All CPU packages come labeled with a
little arrow that aligns with the propercormeroft he socket (below). They are also keyed with a
missing pin, so it's usually impossible to inserta CPUwrong unless you use brute force and bend a
pin. The prize for using force is that the CPU will fry. Laptop manufacturers use different methods for
thermally connecting the CPU with the heat sink, where DIY types exclusively use thermal paste. If
the CPU appears to be coated or blanketed with a permanent thermal substance, | would advise
slathering on a new compound unless the CPU arrives with up grade instructions that instruct you to
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use thermal paste. Below right you see the field of pins on the bottomof the CPU package along side
the holes in the socket.

Mobile Processor Features

As with most portable system components, the main concern with mobile processors is reducing their
size, power usage, and heat generation. This allows them to function in the tight confines of a laptop
system without ove rheating, while allowing the longest possible battery life. Mobile processors
usually differ from desktop processors in packag ing and powe r consumption, andthey canh ave
special features not found in de sktop processors. Some of the special features first debuted in mobile
processors are subsequently implemented in de sktop processors as w ell. Features unique to mobile
processors are discussed in the following sections.

SL technology and SL architecture are terms that Intel used to describe the first power-management
improvements thatwere specially designed for mobile processors and later incorporated into a ll
desktop processors. This technology was firstintroduced in the 386S L processorin October 1990 and
was the first mobile-specific PC processoron the market. The 386S L was based onthe 386SX core
(16-bit databus), with added p ower-management features that Intel then called SL technology. The
386SL was followed by the 486SL processorin November 1992, which was essentially a 486DX with
the same S L technology included in the 386SL . At first, the 486SL was a unique model. However,
starting in June 1993, SL technology was avail able in all desktop 486 processors and all Pentium
processors from 75MHz and faster. Every Intel X86 processorintroduced since then, fromthe Pentium
Il through the Pentium 4 and beyond, has incorporated SL technology.
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Chapter - 21
MOTHERBOARD

Factors of the Motherboard:

System Bus Types, Functions, and Features
Types of I/O Buses

Motherboard Components

System Resources

Plug-and-Play

Form Factors

One ofth e drawbacks of laptop systems is that the y use many nonstandard parts, including the
motherboard. Unlike desktop systems, there really aren't any industry-standard form factors for laptop
motherboards. The mobile mod ule versions of certain Intel Pentium through Pentium Il processors
included the processor and main chipset componentand were somewhat of an attempt at laptop system
motherboard standardization, but they have since been dropped because of the higher costs compared
with using discrete chips.

Generally, this means that whatever motherboard came in the system will be the one it will keep for
life. A motherboard can be replaced, but in most cases onl y with another example of the same board
from the same manufacturer. This is suitable for a repair, but obviously not an upgrade. Although the
motherboard cannot be replaced, most newer processors are socketed, making varioust ypes of
processorupgrades possible even without changing the motherboard.

Motherboard components

Laptop systems use the same basic types of memory chips as desktop systems, but not the same types
of modules. Instead of the standard SIMMs (single inline memory modules) or DIMMs (dual inline
memory modules) that desktop systems use, laptops and other portable sy stems use different modules
with smaller form factors, intended to be tter fit the more compact design of mostportables. T his
chapter examines the different types of memory chips and modules found in modern laptop and other
portable systems, and it discusses howto upgrade memory in these systems as well.

284



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Memory Standards

Older portables often used proprietary memory modules, meaning that they were customdesigned by
the system manufacturer and normally could be purchased only from that manufacturer. That not only
meant that replacing or upgrading memory was expensive, it was also harder to find, because in many
cases the memory could only be purchased from the original manufacturer. Some of the first laptop
systems in late 80s and earl y 90s used propriet ary memory cartridges that looked like modern PC
Cards but plugg ed into a dedicated PCMC 1A (Personal Computer Memory Card International
Association) memory socket inside the system. Gradually, most of the manufacturers shifted their
designs to using industry-standard memory modules, which are interchangeable, much easier to find,
and much less expensive overall. Most modern systems now use industry-standard memory modules
that are specifically designed for smaller or portable systems. Most of these industry-standard memory
chip and module designs are created by the JEDEC (Joint Electron Device Engineering Council) Solid
State Technology Association.

JEDEC

JEDEC (Joint Electron Device Engineering Council) is the semiconductor engineering standardization
body of the Electronic Industries Alliance (E IA), a tr ade association that represents allareas of the
electronics industry. JEDEC was o riginally created in 1960 and governs the standa rdization ofall
types of semiconductor devices, integrated circuits, and modules.J EDEC has about300 member
companies, including memory, chipset, and pr ocessor manufacturers aswel | as practically any
company involved in manufacturing computer equipment using industry-standard components.

The idea behind J EDEC is simple: If one company were to create a proprietary memory technology,
for example, then other companies who wi shed to manufacture components compliant with that
memory would have to pay license fees, assuming the company who owned it was interested in
licensing at all! Parts would be more proprietary in nature, causing problems with interchangeability or
sourcing reasonably priced replacements. In addition, those companies licensing the technology would
have no control over future changes made by the owner company. The idea behind JEDEC is to
prevent that type of scenario for items such as memory, by getting all the memory manufacturers to
work together creating shared industry standards covering memory chips and modules. JEDEC-
approved standards for memory could then be freely shared by all the member companies, and no one
single company would have controlovera  given standard,oran y of the companies produc ing
compliant components. FPM, SDRAM, DDR SDRA M, and DDR2 SDR AM are examples of JEDEC
memory standards used in PCs, whereas EDO and RDRAM are proprietary examples. You can find
out more about JEDEC standards for memory and othersemiconductor technology.

This chapter covers power for portable systems. Normally laptop or portable systems have options for
several sources of pow er, including AC ( alternating current; found in the wallsock ets of most
buildings), power sockets in automobiles and airplanes, and several types of batteries. This chapter
examines all the power sources found ina modern portable system and also fo cuses on po wer
management for portables.

AC/DC Power Supplies

All portable systems at one time or another must de pend on an external power source either for
operation, to recharge their batteries, or both. The most commonly used external power sources are:
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- 120V 60Hz ACwall current (USA)

- 240V 50Hz ACwall current (Europe)

- 12V DC current (auto/airplane)
Expansion Buses

In an effort to give notebook computers the kind of expandability users have grown usedtoin desk top
systems, the Personal Computer Memory Card International Association (PCMCIA) has established
several standards for credit card—size expansion boards that fit into small slots found in laptop and
notebook computers. PCMCIA was founded in 1989 as a non-profit trade association with more than
85 member companies worldwide, to establish technical standards for PC Card technolo gy. The
development and evolution of the PCMCIA's PC Card interface standard has proven to be a successful
feat of engineering in a market full of proprietary designs.

The words "Memory Card" in the PCMCIA name allude to the original 1.0 specification it released in
September 1990, which was for memory cards only. The 2.0 release that came in September 199 1
added support for 1/0 (input/output) cards as well. Subsequent releases have enhanced the standard
further, adding higher performance modes, lower power consumption, and greater compatibility. The
current PC Card Standard (Release 8.0) has added many capabilities, features, and functions, and has
grown well beyond its simple memory card origins.

PC Cards (PCMCIA)

Although they were originally called PCMCIA Cards, after the second release of the specific ation in
1991, these cards are more accurately (and officially) called PC Cards inst ead. Still, to this day many
people (including myself) often call them PCMCIA Cards, even though that is no longer technically
correct.

Modern PC Cards suppo rt a variety of applications; the functionality that can be added to a system
through PC Card technolog y is enormous. Virtuall y any type of interface or adapter that can be add ed
to adesktops ystem via ISA (industry standard architecture) orP ClI (peripheral component
interconnect) bus cards can also be added to a laptop or notebook systemvia PC Cards.

Graphics and Sound

Modern laptop computers feature integrated graphics and sound. Some recent laptops feature powerful
3D graphics acceleration and high-quality sound. However, in general, the graphics and sound features
found in laptop computers lags behind the features available with the best add-on graphics and sound
cards available for their desktop siblings.

In this chapter, you'll learn about the basic graphics and sound technolog ies as they apply to laptop
computers and how to look for laptops that have th e graphics and sound features you need. You will
also learn how to improve onboard graphics and onboard sound through internaland external upgrades
and howto troubleshoot problems you might encounter.
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Video Display System
The video subsystemof a modern laptop/notebook systemconsists of two main components:
- Video display— An LCD panelin most laptop/notebook systems

- Video adapter (also called the video chip or graphics adapter)— Built in to the motherboard in
virtually every laptop/notebook systems.Some laptops integrate the graphics as part of the
motherboard chipset, but some high-end and gaming optimized models use a discrete graphics
chip with its own video memory.

Portable System Accessories

A great many add-on devices are available for use with portable s ystems, providing functions that
cannot practically or economically be include d inside a s ystem itself. Indeed, many of the most
common uses for portable systems might require additional hardware, either because of the computer's
location or the requirements of the function.

Note that when it comes to laptop accessories, the range of available options may actually exceed
those available for desktops. Considerthat | aptop owners can choose not only from a wide array of
desktop accessories, they can also take advantage ofa large group of accessories that are meant for use
exclusively by portable systems. The only desktop accessories not available to laptops a re internal
expansion cards and sto rage drives—and in so me cases even these components can be installed in
certain laptop confi gurations. The following sections discuss some of the most common peripherals
used with portable systems.

Carrying Cases

Perhaps the most popular accessory for laptopsis the carrying case—and for good reason. Anyone
who takes an ex pensive laptop computerout in to the real world wants to be sure it will survive
undamaged. People can and do carry their laptops in briefcases, backpacks, and probably everything
short of a paper grocery bag, but for real protection, laptops should be carried in cases specifically
designed for that purpos e, with special cushioning to limit an y damage from accidental knocks and
drops.

Over the years, several different types of cushioning have been employed in laptop carrying cases. The
simplest and most common formof cushioning is a layer of foamrubb er. A handful of cases h ave
enhanced this type of cushioning by suspending the laptop in an elastic sling. A smallnumber of other
carrying cases used inflatable cushions. The inflatable cases provided a good degree of cushioning but
often required partial deflation in order to remove the laptop.
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Chapter - 22
POWER SUPPLY

Many of us own laptops where the fan seems to run an anno ying amount of the time, but it's better
than a laptop fan that doesn’t run at all. When the fan in your notebook fails, the usualsymptomis an
overheating CPU and automatic shutdown. Sometimes

the laptopruns for 10 minutes, sometimes for a half
hour, it dependson the task andthe  power.
Troubleshooting ahot CPU can be as simple as making

sure you isn’t blocking the airflow outside the laptop.

Often times, you can access the fans and he at sink
without a huge job, on t his Toshiba A65, all it takes is
some careful prying and two screws. As always, remove
the battery before working on any laptop. The first step
is removing the combination blank and hinge cover that
allows access to the two screws securing the keyboard.
It is snapped into place with little tabs on the long edge
and a big tab on each end.

The picture to the right shows how theblank and the hinge
cover are all onepiece of plastic, so you have toopenthe
screen to f ully remove the blank. | should mention for
desperate people with no mechanical skills, one non-invasive
way to extend the length of time a notebook with poor cooling
will run between shutdowns is to run it on battery and choose
the most aggressive (i.e., longest life) po wer saving mode.
BTW, I'm working on t his notebook because | was asked to
bypass the power connector as a favor. However, the owner's
got five kids in the house and | burned my finger on the metal
part of the 100 BaseT port after | got it charging again, so I'm

: afraid to re turn it for The problem | was originally asked to
fix should havetipped me off tothe overheating issues this
notebook would suffer. The pin had b roken out of the center
of the power connector on the motherboard, which meant the
battery couldn't be charged. My fix (really a kludge) was to
solder a new wire directly to the connectorand bring it out the
1/0 port blank on the back of the notebook. The coax power
cable was HUGE. Turned out to be rated for 2.0 amps. Two
screws secure the keyboard in the laptop, and it's not even
necessary todisconne ct theribbon connector from the
motherboard to access the fans. This Toshiba laptop uses two
fans, a large exhaust fan that pulls cooling air through the body of the notebook, and a smaller CPU
fan on top of the large heat sink
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The large fan to the right draws cooling air in the bottomof the laptop; the smaller fan in the center is
directly cooling the CPU. Troubleshooting overheating is
pretty much limited to making sure the laptop fans operate
and aren't completely buried in lint. This is a pr etty robust
cooling system and likely to keep mostlaptops from

shutting down from thermal overload protection, but they
stuck a P4 2.8 GHz CPU in this puppy! When | went out on
the weband read some reviews of howt his laptop QI
performed when new, | saw comments like "Keyboard gets S
too hotto type" and "Frequent shutdowns from , 4
overheating."” Sony made a WIO with the same CPU; HP |
made an Pavilion and Dell an  Inspiron. I've seen similar
overheating and battery life complaints for them As well.

As you can see to the left, there was a build-up of dust onthe CPUf an which I blewout with
compressed air, but not enough to cause any thermal shutdown issues. The reason | burned my finger
on this boat anchor is it just runs too hot as a des ign flaw. OK, I didn't get a blister, but I'm afraid to
put this laptop with a klu dged power connector in a family home. I really don't know how they could
have forced more air through this thing than with the big intake fan they are already using, so
troubleshooting includes making sure you have unobstructed airflow to the BOTTOM of the laptop for
the fan to function.| f you run the thing onabed oron g w

your lap with the fan grille blocked by your leg, it's going
to cookfor sure.

What if laptop does notturn on? Is the power adapter
plugged in both to the wall and to the laptop?

Is the battery light illuminated? (The battery light is in the |
shape of a battery; it is to the lower-right of the display. It
should be on—green or orange—whenever the laptop is

pluggedin.)

O Did you press the power button? (The power
button is in the lower-right corner of the display unit.)Note that you need only press the

power button; you do notneed to hold it down.

O
Is the power light illuminated? (The power light to the right of the battery light, to the lower right of
the display. The power light should come on—green—after you press the powerbutton.)

How do I turn off my laptop?
You turn off the laptop by holding down the power button for 10 seconds (oryou can use the hover
menu on the Home view—select the shutdown option).

What if my battery does not work? Is it properly inserted into the laptop? Did you allow for a full
charge?
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What does the battery indicator-light color mean?

-green means the laptop is plugged in and the battery is fully charged;

i yellow/orange means the laptop is plugged in and the battery is charging;
o light when the laptop is powered on means it is running on battery power;
o light when the laptop is powered off means the battery is not recharging;
Ml ed means the battery is low; it should be recharged.

How long should a fully charged battery last?

With standard operation, the battery should last approximately 3-5 hours. Certain applications, such as
video, may reduce overall battery performance. Turning the backlight off saves battery power. (Future
software releases are expected to improve battery life.

Resolving Laptop Overheating Issues
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Chapter -23
STORAGE DEVICES

The worst thing that can happen to most
laptop users, aside from the loss of the
whole laptop, is ha rd drive failure. The
hard drive holds all of your data, files, and
all your e-mails and contacts if you use
Outlook, Eudora, orany other non-portal

based e-mail. But I'm sure many more
laptops have gone to the recycling facility

with live hard drives than dead hard
drives. If you have any files you value on
your hard drive that aren't backed up, you
should invest$10or $1 5 in a USB she I

and attempt to r ecover the data. Hard
drive data recovery is t hought tobe an
arcane art, requiring expensive equipment
and a high level of tech nical skill, butall
of that only comes into play if the onboard electronics or the motor have failed. In that case, the
drive platters are removed from the metal case in a special clean room, and the data is recovered
by reading it off on a universalreader.

Most laptop owners are still very foggy as to where their data resides and consider the whole
lower part of the laptop (everything except the screen) to be part and parcel with the hard drive.
In reality, laptop hard drives are 2.5" wide, about 4" long and about a qu arter inch thick. They
weigh a couple of ounces, and can normally be accessed by removing a single screw from the
laptop, as shown above. You should always unplug the laptop and remove the battery before
attempting to do any repair work. I'll admit | left the battery in here, because | knew it had been
stone dead for some six months or more, since the AC adapter died. After removing the single
screw, you can see the 2.5" laptop hard drive installed in its ¢ age. This hard drive is an IBM
Travel star, perhaps the most common hard drive used in laptops the past couple years. Because
it's an older laptop, th ere's no shock mounting for the drive, little rubber washers that have
become a popular way to partially shield the hard drive from the vibrations that can cause head
crashes, in which case you can't recovery the data with a million dollar lab.
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The next step is to remove the whole cage from the laptop,
which involves pulling back on the cage to free the drive's
IDE interface fromthe laptop connector. You can see to the
right that the drive cage is held from lifting by two metal
tabs, and that the screw that held the plastic lid on the drive
' bay went all the wa y through and secured the cage in the
laptop. That's all that held it together, one screw, and it's a
typical arrangement. It turns out that removing the old hard
drive from the cage, once it's out, is generally a bigger job
than removing the cage from the laptop, because there are

i ——— — four screws involved and they are often over tightened and
strip when you try to remove them. But it's not necessary to take it apart any further if all you want to
recover yourold files.

To the left, I'm holdlng the n ew USB 2.0 interface that came with the hard drive enclosure The
interface is really all you need to gain access to
the old hard drive, if it's healthy, and recover
your data. The kit com es with software from
Mac usersaswel | as Windows based
machines, butmode rn operating system
versions don't even require the software.
They'll just find the new USB hardware when
it's plugged in, recognize that it's a hard drive,
and allow you to reco ver your files as long as

the file system types were compatible. I'm
holding theinterfa ce card overthe aluminum
enclosure in which you could install the drive
if you wanted to use it as a per manent external hard drive. But when | started taking the screws out of
the cage, three out of fourfought me and the fourth stripped, despite the fact | was using a high quality
screw driver. It would be easy to bend and break the remaining tab off to remove the cage, but why
bother, when the only point of the job is to recover some old files? So | plugged the interface on (to
the right), then set the whole thing down on my table with the new laptop and plugged it into the USB
2.0 port. You can see that the little green LED on the drive is lit and active, if you have good eyes and
a betterimagination.

Immediately after plugging in the USB cable,
Windows XP picked up onth e drive, and asks what
you want to do with it. Choose "View with Ex plorer"
and you'll gain access to all of the old folde rs, drag
them onto your new lapt op hard drive, and your data
recover job is complet e. Well, after you burn the
recovered files ona DVD it will be complete, and you
won't face the worry again. If the LED doesn't light
up, you could be plugg ing the USB intoan old port
that doesn't sourcethe 500 mA required, or the
interface couldbe b ad out of the box, orthe drive
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could really be dead. If you don't hear the drive spin up, you can try picking it up gently, a few inches
over thetable, and try rocking in slowly to see if you can feel the centripetal force of the disk spinning.

Local Disk (E:) &3
= This disk or device contains more than one type of
S content. /I /’ /, /, /l
‘What do you want Windows to do? docs DOS MOUSE My Documents  NCLTREE

w2 Copy pictures to a folder on my computer
.”Jj ; Microsoft Scanner and Cal zad

s I s B o I |

:;[ View a slideshow of the images Program Files Toshiba WINDOWS Windows AfCU
‘ ‘ ndow @ ond P Update Set..,

\. Print the pictures r— — 2
-w| L - - Lt
'Lflg. |fnt.’°‘"me.e‘s‘and‘v,'de?if,° i cmlﬁli’.‘ autoexec.nav  HALLOC LOGO MAESTRO mérinf

- v ) =] =]

NETLOG ~ RESETLOG  SCANDISK

This setof photos ofhard drive photos is a web based illustration for The Laptop Repair W orkbook.
To the right is a dead hard drive with the ¢ over removed. If it wasn't dead when the cover was
removed, it would be dead now, because it's not a clean roomenvironment. The slightest spec of dust
getting into a hard drive can get in between the read/write head, which floats on a cushion of air a few
millionths of an inch abovethe spinning platter, and caus e ahe ad crash. In a head crash, the head
actually touches the surface of the disk, or a bit o f foreign matter gets stuck between the head and the

disc, with the same results. The magnetic coating on the platter gets plowed up, and the data is lost
forever.

Justin casethe actuatorarm that moves the head in and outthe platter wasn't clear above, I manually
pushed it outonto the su rface to the le ft. The arm

is controlledby a voice coil, the same sort of
technology (sort of) as a loud speaker. The drive
electronics position that re ad/write head through
the magic of feedback loops. The voi ce coil
doesn't "know" where the head is, but the drive is
factory prepared with formatting sign posts that let
the electronics determine the positionby reading
the magnetic position m arkers for tracks and
sectors. In any case, there are no user serviceable

parts insidehard drives, you replace them as

whole unitsif they fail, or sendthemoutfo r
expensive datarecover y if you are desperate. If you aren't surewhet her the failure is with the hard
drive or the laptop, try mounting it in a USB enclosure.
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The two h ard drives to the right are mounted in
different style cages thatin tu rn are securedi n the
laptop by asingle screw. The laptops are generally
secured in the cages by fourscrews, andthec ages
have tabs thathookorg et hooked over the lap top's
metal structure. Unfortunately, the screws that secure
the harddrivesa re often over-tightened and over
secured with thr ead locking glues. It's are al pain if
you have toreplace a drive, and a s crew head strips
out, even if you're using the exact size Phillips
screwdriver bit.
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The Toshiba hard drive to the left is nestled in a
lightweight Toshiba business laptop,in rubb er
shock mounting. The s hock on opening upthe
hard drive bay by removing a single screw from
the bottomof the laptop was to find that the drive
isn't secured at all. It just sits tightly in the rubber
shock mountings located at the corners of the bay
(they show up as black rubber), and popsouti f
you pull up on the transparent plastic tab. Because
the object of shock mounting is to isolate the drive
from the rest of the laptop, should it be dropped or
hit, eventhe conne ctor has to float. In normal
laptop mounting, the male pins on the drive fit right into a female connector that's attached to the
laptop structure or motherboard, and provides some of the mounting strength. For the shock protected
drive, the connectoris attached by flexible wires.

The picture to the right shows the standard IDE
interface ona 2.5" laptop hard drive. If you open
up your laptop, remove the hard drive, and find
thatthere's a female connectoron thedrive, it's
almost certainly a removable genderchanger.
Some new laptops feature SATA hard drives, the
serial version of ATA or IDE drives. It makes no
. difference to the user, unless it's a higher
performance version, butthe connectoris smaller
since it uses aserial ratherthan a parallel bus.
Laptop hard drives are amazingly rugged little
things, they often get noisieras they age, buta
noisy hard drive may run for five years without
failing.
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DVD

The worst thing that can happen tomost
laptop users, aside from the loss of th e whole
laptop, is hard drive fai lure. The hard drive
holds all of your data, files, and all your e-
mails and contacts if you use Outlook, Eudora,
or any other non-portal based e-mail. But I'm
sure many more laptops have gone to the
recycling facility with | ive hard drives than
dead hard d rives. If you haveany files you
value on yourhard drive thataren't backed up,
you should invest$10 o r $15 in a USB shell
and attempt torecover the data.Hard driv e
data recovery is thou ght to be an arcane art,
requiring expensive equipment andahi gh
level of technical skill, but all of thatonl y
comes into play if the onboard electronics or
the motor have failed. In that case, the drive platters are rem oved from the metal casein aspeci al

clean room, and the datais recovered by reading it off on a universalreader.

Most laptop owners are still very foggy as to where their data resides and consider the whole lower
part of the laptop (everything except the screen) to be part and parcel with the hard drive. In reality,
laptop hard drives are 2.5" wide, about4" long and abouta quart er inch thick. They weigh a couple
of ounces,and c an normally be accessed by removing asing le screw from the laptop, as shown
above. You should alwa ys unplug the laptop an d remove the batter y before attempting todo a ny
repair work. I'll admit | left the battery in here, because | knew it had been stone dead for some six
months or more, sincet he AC adapter died. Aft er removing thesin gle screw, you can see the 2.5"
laptop hard drive install ed in its cage. This hard drive is an1 BM Travel star, perhaps the most
common hard drive usedinla ptops the past couple years. Because it's an ol der laptop, there' s no
shock mounting for the drive, little rubber washers that have become a popular way to p artially
shield the hard drive from the vibrations that can c ause head crashes, in which case you can't
recovery the datawith a million dollar lab.

There are quite a few reasons the DVD tray in your laptop might fail to o pen when you hit the eject
button. Abouttheworst thing it can be is if the motor or gear train failed, which would mean
replacing the drive. If the disc in the drive plays OK, you know that the power and the connectorare
fine. If not, you should try reseating the drive in the bay. It's also possible for the drive to be locked
in software by the operating system, or for a power management scheme to have cut power to the
drive. Check these by right clicking the drive icon and checking properties, or looking at you power
management settings. But, when all else fails and you can't get the discout of the drive; there's
always, THE MIGHTY PAPERCLIP.
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In the picture to the right, I haven't used any force at
all, beyond gently pushing in the paperclip, and the
CD tray popped out that far by itself. From here, it's
an easy task to pull it out all the way so the disc can
be removed. Below, I'm opening the DVD drive out
of a Sony Vaio, but the tray didn't spring out when
the paperclip pushed in the release, which you can
tell by feel. So | had to pull on it with my fingernail
behind the plastic fac ade while depressing the
release. It opened pretty stiffly for the first fraction of
an inch, and then pulled right out the rest of the way.
That pretty much covers what you'll encounter with

manually opening an optlcal drlve either it will pop open as soon as the paperclip works the latch, or
you'll have to help it along.

But there are instances in which the emergency
release won't get the tray to eject. The worst of these
is if a disc shattered at high speed and jammed all the
mechanics up with little shards ofplastic. You'll

know this is the case by the noise if you gently tilt the
drive back and forth. Anotherpossibility is thatan
adhesive labelpeeled off in the drive and has
gummed up the works. In either case, the odds ofthe
drive being salvageable aren't very good, but if it was

a label failure, you should be able to rescue the disc by disassembling the drive around it until the
tray ejects or the disc is accessible. And before you rush out and buy a supposed generic replacement
for the drive, remember that while the connectormay be standard, the drive shell is customized, and
youmay notbe able to transferall of the shell hardware from one drive to another for mounting.
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But there are instances in which the emergency release won't get the tray to eject. The worst of these is
if a disc shattered at high speed and jammed all the mechanics up with little shards of plastic. You'll
know this is the case by the noise if you gently tilt the drive back and forth. Another possibility is that
an adhesive label peeled off in the drive and has gummed up the works. In either case, the odds ofthe
drive being salvageable aren't very good, but if it was a label failure, you should be able to rescue the
disc by disassembling thedrive around it until the tray ejects or the disc is accessible. And before you
rush outand buy a supposed generic replacement for the drive, remember that while the connector
may be standard, the drive shell is customized, and you may not be able to transferall of the shell
hardware from one drive to anotherfor mounting.
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Chapter - 24
ASSEMBLING OF THE LAPTOP

Installing the CPU
Unlock the CPU heat sink diagonally or according to “1-2-3-4” shown on the CPU heat sink.
Improper unlocking or locking of the CPU heat sink nuts will damage the CPU.
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Unplug the CPU fan.

Use a flathead screwdriver to disengage (Open) the socket actuator, as shown in figure 2-3a below.
The socket actuator should open after only a half turn, and then you should be able to remove the
processor with your fingers.

Hint: Make sure yoursystemcan accommodate the Intel Pentium M /Celeron M Processorthat you
want to install. Check for motherboard, BIOS, and thermal compatibility by using the given
docum entation, or by contacting the vendor if necessary. This processorshould only be installed in
systems supporting the Intel Pentium M Processor.

Place new processorinto the socket. Align processor’s pin Al (shown in figure 2-4) with the arrow on
the micro-FCPG A socket.Pin Al of the processor is identified with an embroidered corner and pin Al
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of the socket is identified with a small arrow. If the processordoes not drop completely into the
socket, turn the actuator untilthe processordrops in completely.

You donothaveto pre ss down theprocessor. If the processor doesnot drop completely intothe

socket, turn the actuator untilthe processordrops in completely.

While gently holding the processor down with your finger, secure the processorin the socket by
closing the socket actuator with a screwdriver.

Your systemis set with dip-switches in order for
the new processorto function correctly. The
dipswitches can be found next to the CPU.
Consultprocessordocumentation to determine the
correct dipswitches setting shown in figure
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ihiidininin
-0 R ]

(Dothan 533) (Dothan 400 & Celeron M) plug the CPU fan.
Improper connection ofthe CPU heat sink fan and/orwithout plugging the fan connector will Damage
the notebookand CPU.
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Lock the CPU heat sink diagonally oraccording to figure shown on the CPU heat sink.

Improper unlocking or locking of the CPU heat sink nuts will damage the CPU

Hint: We recommend you to apply the given thermal grease for better heat conduction between your
CPU and the heat sink. Hint: Please check the heat sink and make sureit is in good contact with the
CPU before you turn on yournotebook. Poor contact will cause overheat and may damage your CPU
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The module should pop up into a 45 degree angle. Remove the module by pulling it gently backward.
Use side-to-side motion, if necessary, to remove. Push down the memor y module gently until t he
metal locking levers aside from the DIMM socket 1 is fastened.

The location of the notch along the gold edge of the memory module needs to be lined up with keyed
notch in the socket. Memory module can only fit in one dire ction due to the keyed notch. Wrong
orientation will cause improper installation and may damage the memory modules or DIMM sockets

If you have more than one memory module, please align the 2nd m emory module to the DIMM
socket 2. Memory should be inserted firmly at a 45 degree angle and pushed down until module snaps
into place. Memory module can only fit in one direction due to the keyed notch. Wrong orientation
will cause improper installation and may damage the memory modules or DIMM soc.
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Step4: Installing Mini PCI WLAN Card
Remove the older module (if replacing) by pulling tabs of the socket outward using your thumbs.

The module should pop up into a 45 degree angle. Remove the module by pulling it gently backward.
Use side-to-side motion, if ne cessary, to remove. Unplug the antennas. Mini PCI module should be
inserted firmly at a 45 degree angle and pushed down until module snaps into place. After the module
snaps into place, connect antennas on the MiniPClI card.

The location of the notch along the gold edge of the MiniPCI module needs to be lined up with keyed
notch in the socket. Mini PCI module can only fit in one direction due to the keyed notch.

Wrong orientation will cause improper installation and may damage the Mini PCI module or Mini PCI
socket
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Step 5: Installing Notebook Hard Drive (HDD)
Tilt up the rear of the hard drive case and pull it gently by its edges only, because static electricity can
permanently damage the computer parts. Please use the given HDD shielding tray

306



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Remove the HDD connector (if replacing the older hard drive) by pulling it away from the hard drive.
Insert the HDD connector to HDD. Make sure to align the connectorand the hard drive pin. Improper
alignment will cause damage to the hard drive and notebook. There is only 1 correct alignment and
orientation in installing hard drive and hard drive connector
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Slide the hard drive (with the connector)into the given hard drive shielding bay and fasten the hard
drive you want to install with the 4 attached Phillips screws on the side.

Failure to apply 4 screws may cause hard drive assembly to fall off in the notebookhard drive area and
will damage the hard drive and notebook.

308



I-TECH Computer Education Computer Hardware (Desktop &Laptop)

Carefully place the entire hard drive assembly into the notebook hard drive area.
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v’;.
Step 6: Installing Notebook Optical Storage Device (OSD)
Remove the two screws in order to secure the optical storage device on the bottomcase.

Pull out the optical storage device fromthe notebook, theninsert the new optical storage device.
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Make sure these screws are installed in the correct locations when reinstalling the optical stor age

device.
Step 7: Wrapping Up

Install the plastic tab and fasten 2 Phillips screws on the plastic tab.
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Install the metal shielding near the memory area and secure it with 1 Phillips screw.
Move the cables out of the way if necessary.

Align the plastic cover that is below the keyboard area and snap t he plastic cover in place. Move the
cables out of the way if necessary

Actuatoron the connectorsuld bein disengéged “OPEN” position.
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Lay the keyboard face down on top of the case. Connectthe keyboard cable and engage the cable and
connector in place by pressing down the actuator. Do not excessively bend or fold the keyboard cable.
Excessive flexing can damage the keyboard connector

‘
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Correct Keyboard Cable connection Incorrect Keyboard Cable connection.Then put the keyboard in its
normal position. Slide the metal tabs on the bottom of the keyboard into their slots in the top case and
lower the keyboard into place.Do not excessively bend or fold the k eyboard cable. Excessive flexing
can damage the keyboard

There is only 1 correct connection of connecting keyboard cable

Connect the cable under neath the hinge cover. There is only 1 correct connection of connecting the
cable. Be careful not to damage the antenna PCA that is connected to the left and right display
assembly hinges. Damaging either antenna PCA can degrade notebook performance.
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Hold the hinge coverand snap it in place. Push downward at each end of the coverto secure it.
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ly any screws will damage the notebook.

Fasten all 9 Phillips-head screws. Failure to a%)

N)
-
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Step 8: Entering BIOS

Before powering onthe notebook, plug in not ebook power adapter into the n otebook. After pressing
the power button, press <Del>immediately which will take you to the BIOS CMOS Setup Screen.
Adjust proper TIME by pressing <Enter>. Use <+> or <-> to configure systemtime.

BIOS SETUP UTILITY

\ L _m s B t——
Under “BOOT” menu in the BIOS Setup Ut|||ty press <Enter> to select the first boot device.

Insert a bootable OS C D into the OSD tray. To save/exit the BIOS Setup Screen, press “Y” to save/

exit.
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Chapter - 25
TROUBLESHOOTING

Fixing Common Laptop Problems
Liquid Spills on Laptop

I have repaired many Laptops exposed toaccide ntal liquid spills. Th is is are coverable condition in
most cases. It is most impor tant to respond to the cleanin g uppro cess as soon as possible (bef ore
corrosion ori nternal soakage occurs)! Liquid intrusion can causethefoll owing types of laptop
damage:

- Short circuit due to conductive nature of wet liquid (problem may clear as liquid dries)
- Short circuit due to dried liquid residue

- Corrosion occurs (particularly volatile with some acidic soft drinks - Coke)

- Electronic components damaged by above short circuits

Immediately when a spill occurs, turn off the laptop, invert the laptopand leave the unit upside down
(drainage) for at least 20-30 minutes. Then, remove any attached leads, remove the power unit and
battery,and allow the unit to air-dry overnight.

To remove any liquid residual: Have someone remove the keyboard assembly and perform additional
cleaning. It may help to use c otton buds and di stilled waterto remov e any contamination. Where
corrosive side effects may be suspected (with coke), gently rub any suspect areas with a cotton bud
dampened with CRC or WD-40. Dry the treated areas so that only a light f ilm of the WD-40 anti-
corrosive solution remains. While the keyboard is removed, use a b right light and magnifying lens to
inspect areas where the liquid made contact.

Laptop randomly turns off
This is often dueto:

- AC power adaptorsensing an overload of power drain

- Overheating processorduetoabuild of internal dust (clogged fan)

- AC power adaptornotable to sustain normal power needs (faulty power adaptor)
- Battery overheating, dueto internal battery fault, or charging levels
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- Intermittent short circuit or open connection (check condition of power leads)

On older Laptops, the most common reason is poor cooling. Try going somewhere air-conditioned and
seeif that helps. Inspect the areas near the internal cooling fan; see if there is a build up of dust fibers.
Easy way to check this; with the unitrunning, feel the flow of air from thec ooling outlet(s) - is the
airflow very low? If yes,and the unit is at normal operation temperature, this may indicate the internal
cooling systemis partially clogged.

Cooling Fan

Troubleshoot Laptop LCD Video Display problems

Here are some tips and tricks for troubleshooting and fix ing laptop video problems. Video issues are
very common within por table computers and with the following tips you should be able to detect and
eliminate basic laptop video problems.

Laptop LCD screen has a faint image or is very dark

Look closely at the laptops LCD screen, and see if you can see a very faint image. If you can then it is
possible that the L aptop's LCD lid close switch is stuckin  the closed posi tion. In this mode the
backlight stays off, even with the LCD lid open. This is to conserve power when the laptop is ON with
the LID closed. Check the LCD lid close switch. It is a small plastic pin located close to the back LCD
hinges. Try tapping the lid switch a few times to see if you can turn on the screen backlight. If that
does not help, then I would suggest replacing the FL inverterboard.

Laptop LCD screen is solid white color or garbled
Connect an external computer monitor to the laptop. If the external monitor display is fine, then you
have a problem with the Laptop LCD screen or the LCD cable connection. If the external monitor

image is the same as on the Laptop LCD, then it is likely to be a faulty integrated onboard video, this
means replacing the motherboard of the Laptop.
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2
LCD Screen (lid)
[ CCFL (backlight bulb)
—-— FL inverter )

lid switch

keyboard
Laptop Motherboard (base)

A typical Laptop LCD display assembly

The above simplified bl ock diagram illustrates t he basic components thatare involved ona L aptop
LCD video display problem.

Connector Locations 1 -2 - 3: Video datais sentfrom the motherboard through to the LCD screen at
connector 2. The video cable also feeds voltage to the FL inverter board at connector 3.

FL inverter PCB Locations 3 -4: This section converts the low voltage DC source (connector 3) to
high voltage AC (conn ector 4), as required to energize the backlight bulb. If the FL inverter PCB is
faulty, the LCD screen will appearas a very dim image on the Laptop display screen.

CCFL (backlight bulb): When the backlight bulb is working, you can see the image on the LCD
screen. With some Laptops, the backlight bulb is a part of the LCD screen assembly and needsto be
replaced with a com plete LCD screen assembly. It requires a specialized Laptop repair workshop to
replace the backlight bulb.

Laptop Lid close switch: This switch is a small switch (mechanical or magnetic) that is located close
to the rear displa y hinges. Most laptops will either hibernate or ope rate in standby mode whenthe
LCD is closed. This is achieved by interfacing with the Laptop's BIOS power management software.
In turn this is linked to the Windows operating system.

The Laptop is very likely infected with spyware. Spyware is software that hides on your computerand
attempts to collect information about your activity on the internet. Spyware is sometimes transferred to
your computer when you download ‘'unknown’ free software or when you link to free m usic Internet
programs (KaZaA, Limewire, BearShare, etc). The bestmethod to remove and furtherpre vent
spyware is to use Spybot.

Laptop is frozen, no response to keyboard ormouse, cannot Shutdown

With most Laptops | have seen that this will happen from time totime! The easy method to solve this
problem is:
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Disconnect the laptop power cord
Remove the battery from the laptop
Wait a short while (10 seconds)
Replace the Laptop battery into the unit
Reconnect the Laptop Power cord

Turn the Laptop on

SO ~wh e

The Laptop will start normally and be fully operational. If you were working on a Microsoft Word or
Excel document at the time of the problem, then you may find that the data has been auto-recovered
for you. In this case, you will be auto matically prompted to viewthe last document you worked on
when you open the Microsoft program.

Troubleshoot Laptop Hibernate and Standby problems

Power management options on laptops sometimes to cause problems. Hibernate and Standby modes
are power saving modes of operations to battery powered laptops.

Hibernation is a procedure by which the working state (contents) of yourwork is stored to disk before
the computer goes into hibernation or standby. When the Laptop is woken up, you are restored to the
exact place you were before. Standby and Hibernation use alow power consumption mode, with
enough powerto preserve the content of such memory. This means that Laptop computer can wake up
without a full restart and loss of work.

Laptop does not wake up from Standby or Hibernation
Here are my tested suggestions:

- Give it time - some older Laptops may take up to 30 seconds to wake up - fully

- Some Laptops have specialkeys or buttons for'Wake Up' - read the manual

- Press and hold the Laptops power button for five seconds ormore. Some Laptops are
configured to Suspend or Hibernate with a press of the power button. Holding the power button
for 5+ seconds will usually reset and reboot the Laptop

- As a last resort, remove the laptop battery and the power cord, wait 30 seconds, replac e the
batteries and reconnect the power cord

Now that the Laptop is operational, you should research the underlying problem. Typically, such
problems arise from a disagreement either between the power management features of the Laptops
BIOS and Windows.

Laptop display

A conflict with the Laptops BIOS power management and Windows power management is the most
common cause of such wake-up failure. Try different settings in the BIOS to see if that might solve the
problem. Look to see if the Laptops BIOS is configured to suspend the computer, and how it compares
with the value configured in Windows. In most cases let Windows controlthe power management.ve
been looking for an easy way to test for live laptop inverters for a couple years and | finally found a
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cheap, non-invasive method. The funny thingis I'd just ordered up a couple PC modding CCFL lamps
with inverters to do a page about testing inverters with cheap replacement lamps. I'm notsure that
would have worked given the impedance differences and the way inverters have to go through a timed
sequence of voltage ramp up and down to strike and hold the plasma. Since the impedance drops when
the tube lights and the plasma conducts, it's quite a bit more complicated thansimply providing an RF
power source. But as | was taking apart my old Toshibascreen today to expose the inverter leads for
testing, it occurred to me to try the new Cen-Tech meter | picked up at Harbor Freight a couple weeks
ago for $20. To theright I'm showing the zero (well, 10Hz is well within 1% of zero on a 20KHz
scale) reading with no power to the inverter.
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Inverters put out f airly high voltage, in the 500 V to 700 V ran ge, and a very low radio frequency,
between 35 KHz and 60 KHz on data sheets I've looked up. That's something you could easily pickup
with a spectrum analyzer and a probe for either the electric or magnet field component, but the last
spectrum analyzer | worked with cost around $ 30,000, so it's a bit out of the rea ch ofthe ho me
consumer. Now, the n eat thing about the Cen-T ech meter is it comes w ith a Hz measurement. It's
limited to 20 KHz,a fter which the display will simply show a "1" for over scale. Rather than
equipping the meter with a spe cial probe, | just held the two standard probes a fraction of aninch
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apart, and the son-of-a-gun picked up the cyclic field forthe live screenalmost an inch away from the
inverter output, as shown to the left.

The weak signal results in a lower than reality
frequency reading, and as | moved the p robes
close to the inverter output, it simpl y went off
scale. I'd try to be more technical, but the
instructions that came with the meter were so
vague aboutits cap abilities and what it's supposed
to read that I'm justassuming here. The importan t
thing is that the inverter test worked, and at no
pointam | touching the probes to exposed wires or
terminals. This beats the heck outofatest | saw a
guy recommending where he sets a multimeter to
high voltage and shorts out the live inverter. He
reported he could get a transient reading before the inverter shutitselfdo wn, and with luck, it would
still work after rebooting a few times. The inverter is designed for an RF impedance, not to drive into a
simple DC resistive load like a multimeter, and | wouldn't be surprised if that voltage test has ruined
more than a few inverters.

With my cyclic field test, | don'tsee how it can do
any damage, unless you're careless with the probes
and shortoutsomething in the screen. Then it
occurred to me that the te st could be trul y non-
invasive since laptop s creens are sothin. Toth e
left, I'm showing my newer Toshiba which |
normally run plugged intoa 19" Samsung monitor
so | can seewhat I'm typing. A little hunting
around on the outside w ith the spread probes and
the meter picked up the field tothe left. A further
small move and tothe lower left, you seethe "1"
indicating the field is off scale, higher than the
20KHz maximum frequency the meter can handle. Below, just as a proof, I'm holding the probes in the
same spot with the | aptop live, but the image diverted to the Sa msung. Hunted around forever, no
reading. So, this is probably the best use [I've gotten fromthat MSEE | earned in the RF/Radar
concentration 16 years ago!
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Of course, into ever y test procedure some rain must fall, and when | went out and tested some other
random laptops,aswell asas imple CCFL tube and inverter for molding , my $20 mete r failed to
register anything! So | borrowed a better meter from my neighbor, a Fluke 110 true RMS meter. The
Fluke specs showit's rated to 50 KHz, which turned out to be critical in the inverter test application.
As the measurement to the right shows, the Toshiba I'd originally tested has an inverter frequency of
around 33 KHz. The reading varies a little with the exact positioning of the probes, the air gap, and the
noise on the leads, but s omething in the sub 40 KHz was clear. That's why my cheap meter that is
spec'd to 20 KHz was able to pick up the field, even though it was over range, it was still within an
octave. But higher frequencies are just filtered out or immeasurable.

Hard disk
The first step whenworki ng on any notebookor laptopis to pull the bat tery. Sometimes the power

button appears to be protected, like under the lid, but it may fire up due to a mechanical jolt or a short
cause by a screwdriver, so | always take it out. This Sony VIO unit slides out of the left side after
popping off a small door. Oddly enough, some laptops use a similar method to replace hard drives
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b

When it comes to replacing hard drives in laptops,
there are easy types and hard types. But evenif yours
is the easy type, don't waste money replacing it unless
.The easy type of notebookh ard drive to replace is
reached by removing a lid on the bottomo f the
notebook, orslid outfrom th e body, almost li ke |
mentioned above. This Sony VAIO laptop,and many
others, containstheharddri  ve within the body.
Fortunately, this design doesn't make up rip the whole
top off the body, just the blue sound cover (I call it that
because it holds the speakers), which is secured in at
one point. It slides offt o the right after the screw is

removed

The inside of the Son y notebook computerbody. Theribbon cabl e thatp owers the speakers is
removed above, simply by pushing back the edges of the white connector, then pulling out the ribbon.
There's a similar connectoron the back of the ke yboard, which we lift out to the left, giving us access

- S | to. OK, I got my hand in the way a little here, but
< there's astandard 2.5" laptop hard drive in the

% metal cage with all the round holes in it. The ca ge

" is held in place with three screws, the first of

which I'm taking out. To the right is the DVD
5 drive, andif we were replacing the DVD, the

| single screw on the tab to the right of the hard

drive is all that's holding it in place.

The second fasteners holding the laptop hard drive
cageis exposed easily enough buttry getting it out
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of theguts ofthe notebookif it rolls off on its
own. The third is in th e back, after which the
whole hard drive and ¢ age lifts right out ofth e
laptop. Note the white connectoron the end of the
cage that mates to the board.

Getting the any laptop hard drive out of the cage is
simple enough if you have a quality screwdriver and
strong wrists. There are four fasteners holding the
drive itself into the cage, plus the add-on connector
= that often fools people into thinking that the laptop
: ! ; : ~ hard drive is something other than a standard 2.5"
R A\ IDE drive.
Like all things Sony, they sure do secure parts beyond any chance of breaking loose. It's possible at
this point to pull the 2.5" hard drive out of the ¢ age and leave the conn ector in place, but | figured |
take it apart just for the sake of illustration. The IDE connector is secured on both sides, after which
the VIO notebook hard drive with the connector can be lifted from the cage. Below I'm showing how
the custom connector sit s over the standard IDE connector. Installation is simply reversing all of the
steps above.

ATTENTION
4. D 20t cpn B¢ covenaEy ol
0y %3 7 el § e
200 et et & S0
= Ildpee Rpow

How can | reset CMOS/BIOS SETTINGS?
Answer:

If your computer is having issues booting, has errors during boot, afte r adding hardware is running
into issues, and/or you're having other abnormal systembehaviors that cannot be resolved though any
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other method it ma y be necessary to reset the CMOS settings and/orload the default or fail-safe
defaults. To do this follow the below steps.

Load / Reset defaults

1. Enter CMOS setup,ad ditional information ab out entering CMOS setup can be found on
document CH000192.

2. In CMOS setup look for an option to resetthe C MOS values to the default setting or an option
to load the fail-safe defaults. With many CMOS setup screens there will be a function key to
do this; for example, the F6, F11, or F12 key. Other setups may actually list an option that you
can arrow over to using the arrowkeys and press Enter.

3. When found and s elected you'll likely be asked if you're sure you wish to load the de faults
press 'Y for yes or arrowto the yes option.

Reset Configuration Data

In addition to r estoring the system defaults if you've recently added new hardware or resetting the
default values did not help resolve your bootissues you may also want to reset the configuration data.
Below are some examples of how this can be done. Keep in mind that unfortunately all CMOS screens
are different and these instructions may not be exact steps for your CMOS.

Under advanced

If you're working on a computer with a Phoenix BIOS that has Main - Advanced - Security - .... across
the top of the screen you can get to this setting by using the right arrow to move over to Advanced and
under Advanced arrow down to Reset Configuration Data and changing the value from Disabled or No
to Enabled or Yes.

Once the above has been done press the F10 key and save and exit CMOS setup.

In PnP/PCI Configurations

If you're working with a Phoenix BIOS that has several different options and one of themis PnP/PC I
Configuration move the cursor down to this option and press Enter. Withinthe PnP/PCI

Configurations change the Reset Configuration Data from Disabled to Enabled. Once the above has
been done press the F10 key and save and exit CMOS setup.
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Hardware Practical session

Session —01
1. Perform thispractical after lecture no.1, 2, 3and 4.

2. Time duration forthe same will be 30 Min.

Identification of computer parts

Faculty
Students remark suggestions

Sr. Computer

No. Components Components Specification

1| Motherboard Mother model no.

Type of Processor (Slot/Socket)

Processor socket type

Processor Speed (Mhz/Ghz)

Type of Memory slot (SSIMM/DIMM/RIMM)

How many no.of IDE connectors

How many no.of FDC connectors

No. of Pinsin Display connector

Type of Graphics slot available (AGP/PCI
EXP.)

2 | Hard disk Type ofhard disk (IDE/SAT A/SCSI)

Capacity of Hard disk provided (MB/GB)

No. of pinsin SAT A data cable

No. of pinsin SAT A power cable

Expected rotation speed of HDD

3| RAM Type ofRAM (EDO/SDRAM/DDR I 11 & 111)

Capacity of RAM (MB/GB)

Speed of RAM

No. of Pinsin RAM

4|1 ROM Name of company

USB Ports No. of Ports (Onthe back side)

No. of Ports (forthefront side)

Types ofslot provide on MB
6 | Expansion Slots (ISA/MCA/EISA/PCI)

No. of Slot provided

Tnput/output
7 | Connector Type ofkeyboard
Type of Mouse
No. of pinsin COM port
No. of Ports inPrinter port
Power Supply Type ofpower supply (AT/ATXIBTX/MIcro
8| (SMPS) on MB BT X)

Onboard NIC card
8 | available (Y/N)

Onboard Sound
9 | available (Y/N)

Onboard CNR Port
10| available (y/n)
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Session —02

Identify the computer Components: Write the
name.
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3.

a. Tomake changes in CMOS setting, which

b. Which details are stored in a standard CMOS setup?

C.

I-TECH Computer Education

Test Your Knowledge.

password you should know?
Ans:

Ans:

Practical’s (Desktop & Laptop)

You made some changes to CMOS, and nowsome options are not working properly which were running before
you made changes. Which option would you use?

Ans:

Prepare the checklist:

Activity

Results

Write down main menus available in main window.

Note down the IDE devices attached to your PC.

s oo > MR

List the size of RAM andthe cache memory

Set and change user password.
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Session—1 (Lec.5t08) uration: 60 MirD
Partitioning and Formatting of HDD:
To complete thisexperiment, you must have:

« DOS installed in your computer.
» Harddisk and startup disk.

Perform the practicals:

Switch on the machine and press Del. Or F2 Key toenter into BIOS.
Insert windows XP bootable CD into Cdrom drive.

Press any key toboot from CD while it prompts.

Press enter button to continue with booting and installation.

Navigate with the “C” or “D” button to create ordelete partition of HDD.
After creating the partition format the disk.

o0k wN e

Test your Knowledge:

1. Maximum, howmanyprimary partitions can youhave?
Ans:

2. Before deleting theextended partition, is it necessary todelete logical partitions inside the same? Yesor No.
Ans:

3. UNIX or Linux partitions are recognized by which type, by DOSFDisk utility?
Ans:

4. Note the steps touse complete hard disk asa primary partition.
Ans:

5. What arethe benefits of using FAT 32file system compared toNT FS?
Ans:

6. How defragmentation helps improve the performance of system?
Ans:

7. ltispossible to mark abadsector with the help ofscandisk?
Ans:

8. What isformatting?
Ans:
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Prepare the check list

Practical’s (Desktop & Laptop)

Sr. Activity Results
No.

1. Delete alogical DOS drive and give
the steps.

2. Create 10 partitions of the HDD and
give partition sizes.

3. What is partition table?

4. Perform surface scan andgive the
detailed information of a disk.

5. Perform the disk defragmentation and
watch the how files are arranged with
the help of surface scan.

Session — 11

Installation of windows XP

Objective
. To check necessary hardware requirements for installing windows XP.
. To install windows XP operating system on anewPC.

To complete thisexperiment you should have

. Windows XP CD.

. Hard disk Minimum 1.8 GB free space

Observation Table (Write Machine Configuration)

Sr. No. Item Specification
1 CPU Type
2 CPU Clock
3 RAM
4 Hard Disk Space
5 Disk Drive A& B
6 Hard Disk/s
7 Mouse Type (Normal/PS2)

333



I-TECH Computer Education

Test Your Knowledge:

1.

Note down the estimated time required for windows XP installation.
Ans:

In which directory windows will install?
Ans:

What isthe minimum hardware requirement of installing windows XP?
Ans:

List different versions ofwindows XP?
Ans:

What isthe command for console repairing of windows XP OS?
Ans:

Which command would you use, to check for bad sectors in HDD?
Ans:
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Lecture 9and 10 (Lec 9t010) Input & O utput Devices Duration: 30 Min.
Session -1
To complete thisexperiment, you must have

- Different types of keyboard, Keyboard cable, connectors, Toolkit and cotton andPCetc.
- Different types of mouse, cable, connectors etc.
* Monitor CRT, LCD, monitor cable, connector etc.

* PC, printer cables (USB, Serial & parallel)
Steps that can be taken todo the practical are:

1. Toidentify different types of keyboards, mouse youcan do it by seeing their connectors

r 1 ‘@-
-
‘\_//
connectors connector
2. Different types of cables and connectors are as follows:
Cable connectors

3. Different types of monitors are as follows:
Monitor Monitor

4. Different types of printer are as follows:
Printer Printer printers
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Test your knowledge:

1.

10.

What arethe different types of keyboard?
Ans:

Why yourequire cleaning of keyboard?
Ans:

Teal/Coffee has been spilled on a keyboard. What will youdo?
Ans:

Can youconnect anexternal keyboard to laptop?
Ans:

What isthe function of ‘Sleep”’ key?
Ans:

What isthe unit of measurement of resolution of a mouse?
Ans:

How does mouse pad work?
Ans:

What type of LED isused in optical mouse?
Ans:

What isspooling in printers?
Ans:

Explain the printing in laser printer.
Ans:

Prepare the check list:

Practical’s (Desktop & Laptop)

Sr. No. Activity Results
1 Identification of keyboard type
2 Keyboard connector type

3 Keyboard cleaning

4 Troubleshooting of keyboard

5 Connection of mouse to PC

6 Study of mouse button

7. Cleaning of mouse

8. Troubleshooting of mouse
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Test your knowledge (Lecture 11 -15) Memory Duration: 15 Min.

1. What iscache memory?

Ans:

2. Differentiate between RAM and ROM?

Ans:

3. SCSI port (pronounced skuzzy) stands for

Ans:

4. Howmany pinson astandard DDR RAM DIMM?

Ans:

5. What is Virtual Memory?

Ans:

prompt.

10.

11.

is a command used to switch directories in MS-DOS

is used to copy the system files from one drive toanother drive allowing that drive to be bootable

allows the user to delete and or create partitions onthe hard disk drive.

is a command which allows the user toclear thecomplete contents ofthe screen and leave only a

allows youto create your own directories in DOS.

allows youto list all the filesin a directory.
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Session — I (Till Lec 20) Assembling of Computers Duration: 30 Min.

To complete thisexperiment, you must have

P C cabinet with SMP S, Motherboard,RAM,Floppy drive,CD/DVD ROM,HDD ,Cable set, Keyboard, Mouse, Monitor

& screws .
Windows installer CD/DVD
Screw Driver set.

List the different hardware components required for assembling.

Sr.
No.

Brand name, Type Use of components/Function of
Components Required and Capacity components

Faculty Remark

O | |IN|oo|joO|dlw]|N

[N
o

[N
[N

[N
N

[
w

=
~

[N
a1

[N
(o2}

[N
~

[N
o]

Perform thefollowing procedure to assemble the machine:

1.

© NSO A®

Fix the SMPS in the cabinet.

Prepare the motherboard.

a. Install the processor on the motherboard and fix the processor fan onthe same.
b. Install RAM in the memory slot of motherboard.

Fix the motherboard in the cabinet and check thescrewfittings.

Connect the 20 -4 pinpower connector to the motherboard.

Fix the HDD, FDD & CD/DVD drive in slot provided.

Connect the data cable and power connector to the HDD, FDD and CD/DVD.
Connect theother end of data cables to the motherboard.

Install AGP/PCI Express graphics card if required.

Connect the front panel connection onthe motherboard. (On/off, Reset, HDD Led & power led).
10. Connect Front panel USB connector.
11. Connect the input and output peripheral.
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Test your knowledge:

1. What arethe types of PGA sockets, for installing the processor?
Ans:

2. Twisted cable of floppy drive cable isconnected on which side either on back of floppy drive device oron the
motherboard?
Ans:

3. Howwill youdistinguish between hard disk cable and floppy drive cable?
Ans:

4. How many pinsare there in SAT A data cable?
Ans:

5. Howto select a SMPS for assembling aPC?
Ans:
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Session 1: Laptop Maintenance and Troubleshooting (Lec 28) Duration: 25 min.
Objective: Tophysically study the different partsof the Laptop.
To perform thisexperiments the student must have the following requirements:

1. A completely dead laptop.
2. ToolKkit tophysically open the laptop.

Steps to perform the above objective:

1. First take adead laptop and physically open the laptop fromthe back side by un-winding the screws. T here will be a
sliding lock youcan slide it to remove thebattery of the laptop. Thebattery looks like this

2. Inonesmall box youcan see the RAM of the laptop and it’s two small slots to attach it. It looks like this

4. Ifyou seethe front panel ofthelaptop then you can see howhe laptop screen and keyboards are connected tothe
laptop motherboard.

5. Further if yousee inside the board then you can see the small components same as in our normal one viz. capacitors,
transistors, diodes, I1C’s, etc
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Test your knowledge:

Practicals (Desktop & Laptop,

1. Describe some advantages of laptop?
Ans:
2. What iscache memory?
Ans:
3. Where the laptop battery isexactly situated? And canit be changed?
Ans:
Check List:
Sr. No. Activity Result
1 Dead Taptop isavailable
2 A toolkit isavailable
3 The laptops screws un-winded properly
Session 2:

Objective: Troubleshooting various problems in laptop.
To perform thisexperiment thestudents must have thefollowing requirements:

1.

A laptop which is facing some problem.

Steps to be performed toachieve the objective :-

Normally now a days the new laptops does not face much problem but then too there are some common problems that can
be solved easily.

1.

If there is continuous beep sound without display while you turn on your laptop then you can just open the panel of

RAM from the back side of the laptop and just clean RAM and just attach it again to the same slot.

Test your knowledge:

If the laptop turns down frequently even after the battery is fully charged then you can just have a watch on the
battery of the laptop. Youcan also change the battery of the laptop andthen

See itsperformance.
During the windows installation if the setup is unable totake you tothe partitioning and formatting step then you can
just check out with the hard disk.

1. What isthe firststepthatisto be performed when thedisplay of laptop does not come?

2.

Ans:

Ans:

What istroubleshooting?

Check List:

Sr. No.

Activity

Result

1.

RAM cleaned due to display problem andattached tothe same slot

2.

Battery changed due to frequent shutdown of laptop evenf the battery

is fully charged
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COURSE WARE FEEDBACK FORM,

Course Name

Name of Faculty -

Subject Start Date :-

| Subject End Date :- | Date of Feedback :-

. Content

1. Isthedepthofcoverage inthe bookenoughforthe course requirements?

Yes No Average

If you have ticked ‘Average’, please list topics to be
added. If the depth of coverage is in excess, please list
topics tobe removed.

(Please tick the appropriate answer)

2. Isthematerial inthechaptersrelevant tothe course?

Relevant

Not Relevant

If you have ticked ' Average ', please list topics to be
Coveredin more detail. Ifthe depth of coverage

is excessive, please listtopicstobe coveredtoalesser

(Please tick the appropriate  answer)

Il. Organization

1. Isthematerial inthebookorganized well?

Organized Well Not Organized

Well

If you have ticked 'Not Relevant’, please list the topics
That is irrelevant.

(Please tick the appropriate  answer)

2. Whatis youropinion about the layoutand design of thebook?

Excellent

Good Average

If you have ticked °‘Average’, please give your
Suggestions on how the layout and design has to be
improved.

(Please tick the appropriate  answer)
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3. Arethefigures andillustrations informative and useful?

Useful

Not Useful

If you have ticked 'Not Useful', please list the items that
are not useful.

(Please tick the appropriate answer)

I11. Readability

1. Isthelanguage usedin the booksimple?

Simple

Too Complicated

If you have ticked 'Too Complicated', please list the
chapters where the language needs simplification.

(Please tick the appropriate  answer)

2. Istheuseofexamples /programs in the bookadequate?

Too Many

Adequate TooFew | IfYyouhaveticked Too Many'or Too Few', please

indicate thetopics where this is applicable.

(Please tick the appropriate _answer)

[Note: Please tear off this perforated sheetand send it to the Head Office]
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