Introduction of Microprocessor

& Microcontroller
ool buses 28 B nl:::l; a-:evi.ce and the communicate with outside world. Within the CPU.
jbuses cAT o i: vided in three types : address bus, data bus, or control bus local buses

i spevipl extensiONs 10 UsE outside the CPU; mostly found in microcomputer systems. The key is

(he CPU’s clock and timing regulates these buses: while i il
?:cpgndcnlﬂfthﬂt of CPU’s while in true system buses. the timing 15

52 inrerfacing Buses
,:-""-___

n computing an interface is a shared boundary across which two seperate components of a

uter system exchange information. The exchange can be between software. computer hardware,
paiphcml' devices, humans and combinations of these. Some of computer hardware devices such as
| ouchscreen can send and receive datathrough the interface while others such as a mouse. microphone
 wjaystick are one way only. Two typoes of interface- Hardware and Softwares. Buses are come in

fardware interface.

Bus formMATS

Three types of Bus Formats are available-
(a) Address Bus

(b) Data bus

(¢) Control bus.

3.2.1 Address bus

Most microprocessors can store inforamtion and instructions in a wide range of memory locations.
Usually the memory locations are in a memory chip rather than in the microprocessor. The
microprocessor needs a way to tell the memory chip which memory location it wants to put data into
ortake data from. It does this through the address bus.

The address bus is a communication link between the microprocessor and the memory chips.
Phlysicaily it is simply a group of electrical paths which are connected to RAM, ROM and the /0
tips. Through this bus the microprocessor can specify the address of any memory location in any
“ipor device. Notice in Fig. | that information travels on the address bus in only one direction from
the microporcessor to memory and 1/O. There are more details involved but this is the basic idea.
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Address bus = unidirectional (one-way )

Data bus = bidirectional (two-way)
Fig. 1 : Two different buses data and address
An address is a binary number that identifies a specific memory storage location or [
involved in a data transfer. The address bus is used to transmit the address of the location :op.m
memory of the port. An 8-bit microporcessor has 16 address pins. labelled AD 1o A15 and gy m':;
address byt has 16 lines. one for cach address pin on the processor. The address bus i§umdin.-ui.,m
(one way): address is always issued by the microporcessor, Every piece of information (instrugtjqy
and data) stored in the memory, has its location identified by a address.
Address buses are present and basically the same in all microprocessors. They are Incomore
into the system to address the memory and the [0 equipment. Address buses in various microy
differ only in width. The most common number of address connections available today is 16, wig,
some of the newer microporcessor containing either 20 or 24 connections. Most address buises ape
lhre: state connections which will go to their high impedance state at some time during nomaj
MICOProcessor operation.

The address bus consists of 16, 20, 24 or more parallel signal lines. On these lines the CPU sends
out the address of the memory location that is to be written to or read from. The number of memory
locations that the CPU can address is determined by the number of address lines. If the CPU has N
address lines then it can directly address 2 to the N power memory locations. For example a CPU
has N address Jines then it can directly address 2 1o the N power memory locations 219 or 65,536
memery locations. a CPU with 20 address lines can address 220 or | 048,576 locations, and a CPU
With 24 address lines can address 2% or 16,777,216 locations. When the CPU reads data from or
writes data to a port. the port address is also sent out on the address bus,

5.2.2 Dara Bus

Once the microprocessor has specified which memory location or device it wents to put data into
or take data from, it then needs a set of electrical paths for this information 1o travel on. This set of
paths is called the data bus.

ILis this sel of electrical paths that allows data 1o flow from one chi p to the next. Notice in Fig.
3.6 that information on the data bus travels both to and from the microprocessor, memory, and /0
devices. Eight-bit microporcessors have  data bus that is 8 bits wide; 16 bit microprocessors have
data bus that is 16 bits wide. That is the bus consists of 8 or 16 parallel connecting paths.
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! . :
s carries the data which jg being transferred throughout the system Example of data
I {3 .
s i bed
;_J;rs m instruction being read from R AM into the processar

# i being read from RAM into the processar
b esults being sent from the processor 1o AN
’ pola peing sent [_}‘om the processor to the output port,
[ pota peing read in from the port to the processor.
are & data pins on an 8-bit microprocessor labelled DO 10 D7 and the data bus has cight
T for ach pin- So that bus can carry simultaneously 8-bit data words. The data bus is bidirectional
0" that can travel in both directions,

fa bus, know as its width. is imp s how much data can be

because it det

L gize O .
of one time. _
7+ data bus is typically abidirectional bus that may in Sﬂmeprucessorsnlsobcmu]:i?igxcd_wth
ﬁn‘m information. IFan external buffer is required on this bus. it takes the form of bidirectional
B b:'ﬂ-“o,-bu_c,tmnsceivcr, )
¥ » data bus consists of &, 16, 32 or more parallel signal lines. As indicated by the double ende
r the data bus line in Fig. 3.1 the data bus lines are bidirectional. This means that the CPU
’wgundgm in on these lines from memory or from a port as well as send data out on these lines 1o
el - location or to a port. many devices in a system will have their OI.IIF.I.II.S connected to l:d!:
’mqbul the outputs of only one device at a time will be enabled. Any decvice output connect
wﬁﬁm bus must be three-state so that they can be floated when the device is not in use.
]

523 Control bus
i i ince it actually controls the
is one of the most important buses in the sytem, since it actually
mm- 3:!;1: :qu:ipamnl. Each microprocessor in production today has a slightly d'ffm."'col?luol
iws configuration. The most important control bus signals are the read and write signals since these
basic function of the memory and the input/output cucum-;-'. )
mr]:: control bus consists of 4-10 parallel signal lines. lh:CPl;lsendsau.l signals o? ;hc i?n:;tlasl
s o enable the output of addressed memory devices or port devices. Typical control u;ei-l“o ;
:munro)' read, memory write 1O read, and 1O write. To read a bute of data ﬁ'nr: a o [h:l
hestion for example the CPU sends out the address of the desired byte on rI[e e:dﬁgT:sss i i s
wnds out a memory read signal on the control bus. The memory read lsng::d e P,
smory device the output the byte of data onto the data bus where itis i
The contral bus is another gmup'of_pins on %Ixznﬁﬁ&a:gﬁwm it
sgnal. This signal is generated by the timing m:gulpu' port via the data bus. From the dalt_a bu:.uu;
i Iy one way. some lines
i i i “ach line of the control bus goes only i
m;g:'ff-f\? g:;nngil::;‘fﬁ;;” w";k, others which we will discuss later, act as inputs to the
i ‘ i 0 inly concentrates on the
Bu;niimillxl':s::‘. extremely important 1o the hardwa;c hi-sn&:::r:ers \;:'Jm"::::::: iy gts
mi ; these
ing required to achieve a particular result Sc:n:;dm e
“rite pulse widths, memory cycle time, elock pulse :
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7.7 Inverfacing Keyboard

A keyboard is an input
device, partially modeled after
the typewriter keyboard. which

Keyboard
uses an arrangement of buttons Lo
or keys. which act as electronic D —
switches. A kevboard typically
has characters engraved or
printed on the kevs and each :‘:‘ i =
press of a key typically — Bl o =
corresponds 1o a single F:n.ﬁum ¥ l_gy:_u_mmu%u!%*
symbol. However. to produce . F'&E
some symbols requires pressing (/o e () :
and holding several keys — ~_ Wi
simultaneously or in sequence. E—::

While most keyboard keys
produce letters. numbers or signs
(characters), other keys ar
simultaneous key presses can

produce actions or computer commands.  In normal usage, the keyboard is used to 1ype tey
and numbers into a word processor, text editor or other program. In a modem computer, the
interpretation of key presses is generally lefi 1o the software. A computer keyboard distinguish
each physical key from every other and reports all key presses to the controlling sofiware,
Keyboards are also used for computer gaming, either with reguler keyboards or by using keyboards
with special gaming features, which can expedite frequently used keystroke combinations,

A typical diagram of a keyboard is shown below:

Fig. 2 : Simple layout of the keyboard

There are various types of the keyboard. Some of these are as follows:

® Standard: Standard keyboards, such as the 101-key US traditional keyboard 104-key
Windows keyboards, include alphabetic characters, punctuation symbols, numbers and a
variety of function keys.

. Ltplnp.—aixt*: Keyboards on laptops and notebook computers usually have a shorter
travel distance for the keystroke and a reduced set of keys. As well, they may not have

anumerical keypad. and the function keys may be placed in locations that differ from their
placement on a standard, full-sized keyboard.

®  Gaming and multimedia:
have special keys for acc
featuresx, such as a mute
® Thumb-sized: Smaller k

Keyboards with exira keys, such as multimedia keyboards
essing musie, web and other frequently used programs and
button, volume buttons or knob and standby (sleep) button.
eyboards have been introduced for laptops, PDAs, cellphons
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Pace. The size of a standard keyboard is dictated by
keys must be large enough to be casily pressed by

ysers who have a limited works
e pmclil.:al consideration that the
|
fingers: P
umerie: Numeric keyboards contain only mumbers, mathematical symbols for addition,
¢ gpwaction, multiplication, and division, a decimal point, and several function keys.

, Chorded: A keyset or chorded keyboard is a computer input device that allows the user

o cnter charicters or commands formed by pressing several keys together, like playing
o "chord” on a piano.

virtual : Virtual keyboards project an image of a full-size keyboard onto a surface. The
' {phone uses a multi-touch screen to display a viral keyhoard.
- Touchsereens: Touchsereens, such as with the iPhone and the OLPC laptop, can bll:
used as a keyboard. It can be used as a convertible Tablet PC where the keyboard is
one half-screen.
Foldable: Foldable (also called flexible) keyboards are made of soft plastic which can
pe rolled or folded on itself for travel. It can be connested to portable devices and
smartphones.
5o these are the types of the keyboard. Some fig. of keyboard are as follows:

. e

laaronaanamenes e

s ’ Jwa s B
o I kb

i 23 0 58 B 1]
e rre——

(@)
Fig. 3 : (a) Standard keyboard (b) wireless multimedia keobyard

There are various kevs on the keyboard. Keys can be classified in some ways like as:

* Alphabetical keys: There are 26 alphabetical keys on the keyboad and they are marked
Ato Z. .

¢ Numeric keys: There are 10 numeric key on the keyboard and they are marked 0 to
9.

* Functional keys: Function keys are placed at top most on the ke)'bmrd l!"l'b_est: kg ;I:e
marked F1 to F12. each kay contains some specific program to implementations, . &
pressing these keys, it executes the related function for the program. For example F1 is
used for the list of the document. )

® Special character keys: There are some special keys on the keyhoard like as #, @, §,

(b)
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Y. ", &. ! e, this npe of kevs can be used by using the shift kcg\

*  Modifier keys: Modificr kevs are spocial kevs that |-.-..'-J1'I':- LL‘I.L"I'III-!mmi .-..Ln-.\m -

key. when the two are pressed in combination. For example. <Al + <y. in icy, e
i ; : ; ctive window. In contrast. pressing jue o e

Windows will close the program in an active wi Fikink SYINg jusy <Egy
probably do nothing. unless assigned a specific funclion in a Particular fogy I"'
themselves. modifier keys usually do nothing. The most widely-used modifier g h
the Control key. Shift kev and the Alt key. The ANGr key is used 10 acgeqg mdili:;
symbaols for keys. that have three svmbols printed on them.

.

Navigation keys: Navigation keys include a variety of keys which Move the

Covmreg “Iiti.\\-h,
Ny

Tigy,

cont 't
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- exist for displaying COMputer-

F o output:
l‘,;-'raic;i:lm d erystal display (LCD),
" cathode ray wbe (CRT)

plasma display )

gurface-conduction electron-emiyter display (SED)
prganic light-cmitting diode (O1.ED, display
penetron military aircrafi displays.

different positions on the screen, Ammow keys are programmed to move the gy I.nh
specified direction: page scroll kevs. such as the "Page Up keys and Page Dowy kt}:
seroll the page up and down. The Home key is used 1o return the Cursor to e g s
of the page where the cursor is located: the End key puts the cursor at the ggg ol
linc. The Tab key advances the cursor to the next tab stop. The Insent key js mainly g
to swiich between overtype mode. The Delete key discards the characier aheag of the
cursor’s position. The Backspace key deletes the preceding character. The | )
(Esc) is used to mitiate an escape sequenceThe Menu key or Application key i 5
found on Windows-oriented computer keyhoards. It is used launch a contexy
the keyboard rather than with the usual right mouse button,

There are several ways of connecting a kevboard usin

MR wigh

ol

st important features of a screen are its size. the colors it can display and its
mﬂ:]hw[;::“: is mEl: information about these features helow, They apply to both desktop
I e
G d LCDs. o )
M;::: How big is the screen? Typical sizes are 107 ar 12° for LCDs .:ml ;4. ‘nlﬂc:;“hi:d
’ for desktop monitors. The size is measured along the diagonal from the botto
Sl e ok sters have color
Color: Is the monitor color or black & white? Most new deskiop uhn‘;pnk:ill chdbein)
ens as they are no longer that much more expensive than black & white
:l:ll':im computer applications work better with a color monitor. —
Resolution: An 1n1agc displaycd on the screen is made up of iu[.; of unh.ti:mg,‘;n =
0 tfcvu“ look closely at the screen you may be able to see these pixels. The 1|:|q1.. it
¢ screen is how many pixels there are up and t:lm\n and |m{n left 1o n;t g
s ety of different resolutions are available. For PCs these resolut Mo
&wm“. {;"va?. i VGA is 640 x 480. This means that there are 640 pixels in each ro
across.lhemscr‘c%n and 480 pixels in each column up and down the sereen.

5.4 Display

Almost all computers have a moniitor, / )
Monitors are also known as Visual
Display Units (VDUs). Most computers { F\\_" \‘!
use this display as the main oulpul device, r L

A monitor is a piece of electrical
equipment which displays images I
generated by devices such as computers,
without producing a permanent record.
The monitor comprises the actual display
device, circuitry, and an enclosure, The
display device in modern MOnitors is
typically a thin film transistor liquid crysial
display (TF1-LCD), while older monilors
use a cathode ray be (CRT). As with

' § itor
television, many different hardware Fig. 4 Standard Moni

41

HE" for CRTS) s the number of ti
Even_ This is distinet from the me

Fig. 5 : Desktop monitor and LCD
There are two terms related with the monitors.
*  Refresh rate

* Resolution

b i ical scan
The re resh rate (most ¢ €V
resh Rate : e el g t commonly the "vertical refresh rate’ VETT!

et I draws the data it is being

R zond that display hardware draw
of times in H-SFLMMI;H s lhp;l the refresh eate includes the rcp:a:ied
asure of frume o @ video source can feed an entire
SUFCs projectors advance from one frame to

b frame is illuminated two or three times before the
Bt eac

o mea:
ing of identical frames, while mﬁf.,::fxmusl movie
e of new data w a {IisP'aT'l':d: s
ext one 24 times each second.
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next frame is projected using a shutter in front of its lamp. As a result, the movi
:;ffihﬁ'::llcsdpt'l‘ mund.l but _I:as a 48 or T2 ||J'_. Il‘l'r':ri]rth.On CRT LIIL\:;:::': }::-U?ct?r
. “i-r L] ecreases nu:kcn_ng, thereby rcr.l!l_n;m_g eye sirain. However, il"n mr“““g the
Pecitied that is beyond what is recommended for the display, damage 10 the djs I 'Tml e jy
:llg_rcfrcsli_ rate can be calculated from the horizontal scan rate by dividing t -"\ﬂ:} g e,
orizontal lines multiplied by 1.05 (since about 5% of the time it takes 1o 1cﬂﬁ||-?lc e of
Moving the electron beam back 1o the top). For instance. a monitor with a hori ot
frequency of 96 kHz at a reslution of 1280 1024 results in a refresh rote g o Sca
* 1.05) ? 89 Hz (rounded down), AN O 00 g
Resolution : The displav resolution of a digital isi i i
number of distinct pixels in cach dimension Ihatgcan I;‘;c;:sﬁ:;:\f; dlllsmyhtim““y e
-:speclml]:-' as the displaved resolution is controlled by all dilfm:.\l factors e ferm
{CR;I}} and flat panel or projection displayvs using fixed picture-clement (pix:;]?:r::‘slc iy
- One use of the term “display resolution” g lies 1o fixed-pixel- is :
dism_a_v panels (PDPs). liquid crvstal displays ?fCDs]. mkgngie:cmlg;w’:n;% o Plasima
T.Ihysrcaf number UFmiumqs and rows of pixels creating the display (e.g., Ils{;x IOE::]SImPly e
the use_or uu: wordl' resolution here is misleading. The term "display resolution” js usua'llNow qu
::::f a;::;:]\f;::nl::?; 2: cg|s Lisn?; ]J 0.;4}. wdhf-!:h :riues not tell anything about the resolul Eﬂnu:‘du:
:  whil e Yy formed. In digital measurement the displ i
be given in pixels per inch. In analo, i s 10 meh m&ﬂ_lllllun e
horizontal resolution is measured acm%sn;c::‘::: ‘]-?]tn:i}:::: \:'{I:;c: daa
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. Common Display resolutions
The most common computer display resolutions are as follows:
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Higher than 1024=76% W

(#1‘““ Graphics Adapter (CGA):
Color Graphics Adag’fel' (CGA), introduced in 1981, was IBM's first color graphics card,
githe first WIMT:nth:hm ‘-"P'-*:S" ;Slﬁndal‘d for the IBM PC.CGA card support several graphics
{ modes. The highest resolution of any mode was 640<200, and the highest color depth
o was 4-bit (16 colors). Endthe: baghest coloe Cep

CGA offers four BIOS text modes:

o 40x25 characters in up to 16 colors. Each character is a pattem of 848 dots. The
effective screen resolution in this mode is 3204200 pixels. BIOS Modes 0 & 1 select 40
column text modes. The difference between these two modes can only be seen on a
composite monitor; mode O disables the color burst, making colors appear in grayscale.
Mode 1 enables the color burst, allowing for color.
80x25 characters in up to 16 colors, Each character is again an <8 dot pattern (the
same character set is used as for 40+<25), in a pixel aspect ratio of 1:2.4. BIOS Modes
2 and 3 select 80 column text modes. As with the 40-column text medes, Mode 2 disables

the color burst in the composite signal and Mode 3 enables it.

277

P.ipt}

Fig. 6 : CGA card with Synertek SY6845

Video Grphic Array (VGA):
~ The term Video Graphics Array (VGA) refers
Mroduced with the 1BM PS/2 line nfcnmputeus_m]l%?; g
50 come 1o mean either an analog computer \:::?1:3: ‘“s|I :ndﬂrdrem;"im B i

specifically to the display hnrdwm_wc first
but through its widespread adoption has
15-pin D-subminiature VGA

@mneclor or the 640480 resolution itself.

i ile devices.
sonal computer markel, it is becoming @ popular resolution on mobile
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Video Graphics Array (VGA) was the last graphical
siandard introduced by IBA! that the majorily of PC clone
manufacturers conformed to, making it today (as of 2009) the
lowest common denominator that all PC graphics hardware
supports, before a device-specitic driver is loaded into the
computer. VGA was officially superseded by 1BMs XGA
standard. but in reality it was superseded by numerous siightly
differeni extensions 10 VGA made by clone manufaciurers
that came to be known collectively as "Super YGA™.

Fig. 7: VGA Pory

VGA is referred to as an "amay” instead of an "adapter™ because it was implementeq from
the stan as a single chip (an ASIC).

Fig. 8 : VGA 256 color palette scheme

The VGA color system is backwards compatible with the EGA and CGA adapters, and adds
another level of configuration on top of that. CGA was able to display up to 16 colors, and EGA
extended this by allowing cach of the 16 colors to be chosen from a 64-color palelte (these 64
colors are made up of two bits each for red, green and blue: two bits » three channels = six bits
= 64 different values). VGA further extends this scheme by increasing the EGA palette from 64
entries to 236 entries. Two more blocks of 64 colors with progressively darker shades were added.
along with & "blank" entries than were set 1o black.
SUPER VIDEO GRAPHICS ARRAY [BVGA)

Originally. it was an extension to the VGA (video graphics array) standard first released by
IBM in 1987. Unlike VGA-a purely IBM-defined standard-Super VGA was defined by the Video
Electronics Standards Association (VESA), an open consortium set up to promote interoperability
and define standards. When used as a resolution specification, in contrast to VGA or XGA for
example. the term SVGA nosmally refers 10 a resolution of 800 * 600 pixels. Though Super VGA
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8
i red i the same year as VGA, it wasny

i 0Pt Super VOA was defined by Visa by,
j[ Iw'g \'l.'rsi“n' it ;_-;||llc(| for resolution of 800 r
i I’lf{‘I pixels. Each pixel could therefore be any
™ i colours. 1t was quickly extended 10
48 B-bil pixels. and well beyond that in the
al 7 edrs the imerface between the video card
iﬁ""'“"\a'(j;\ or Super VGA mufﬁlur uses simple
A lagesto indicate the desired colour depth,

¢ Wm-ru:r:. so far as the monitor is concerned,

@1 neoretical fimit to the number of different
e ':;a. can be displayed. Note that this applies Fig. 9: SVGA port
& G or Super VGA monitor. While the output of a VGA or Super VGA video card is
s e internal caleulations the card performs in order 1o arrive at these output voltages are
M\ digital. To increase the number of colours a Super VGA display system can reproduce,
at all is needed for the monitor, but the video card needs to handle much larger numbers
¥ gy well need 1o be redesigned from scratch. Even so, the leading graphics chip vendors
fi, producing perts for high-colour video cards within just a few months of Super VGA's
iﬂﬂ‘hﬂim" ;
ded Graphics Array (XGA):
w;:ﬁ. the Extended Graphics Array, is an IBM display standard inl.mduced in 1990. Today.
-l,',hgmusl common appellation of the 1024x768 pixels display resolution. It was not a new and
;‘.Mdmplucmem for Super VGA, but rather became one particular subset of the broad range
f capabilities covered under the "Super VGA™ umbrella. The initial version of XGA expanded
on [BM's VGA. adding support for two resolutions:
« 800600 pixels with high color (16 bits per pixel: i.e.. 63.536 colors).
o 1024+768 pixels with a palette of 256 colors (8 bits per pixel) )
ike i sor (the 1BM 8514), XGA offered fixed function hardware acceleration 10

L W:;‘“;f 2[)[ drawin, lasks]. XGA and 8514 could offioad line-draw. bitmap-copy
g - ¥ \ jon was faster than 8514's,
fblt), and color-fill operations from the host CPU. XGA's .ﬂﬂ:"i?IErHI'IOI] was faster ! B
= more comprehensive in that it supported more drawing primitives and XGA's 16 bits per pixe
(85,536 color) display-mode. i
Super Extended Graphics Araay (SXGA)

SXGA is stands for Super eXtended
Graphics Array referring to a standard
=tilor resolution of 1280x1024 pixels. This

v resolution is the "next step” above
B XGA resolution that IBM developed in [~
0.4 standard 4:3 monitor using this
"lution will have rectangular rather than
Miare pixels, meaning that unless the
il e campensates for Fh'Ls the picturé

be distorted, causing circles to appear

-
xx i

8

Fig. 10 : SXGA PORT
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elliptical. There is al
avoid confusion wig
the most comman n
native resolution will tpically have a physical 5:4 aspect ratio. A
Tatio.SXGA is also g popular resolution for cell phone cameras. such as the Moloroly
most Samsung and LG phones. Although being taken over by newer UXGA
cameras, the 1.3 megapixel is the most common for the time being.

Liquid Crystal Display (LCD)

A liquid crystal display (LCD) is an

electronically-modulated optical device shaped into
a thin. flay panel made up of any number of color
or monochrome pixels filled with liquid crystals
and arrayed in front of a light source (backlight)
or reflector. It is often used in battery-powered
electronic devices because it requires very small
amounts of electric power.Each pixel of an LCD
typically consists of a layer of molecules aligned
between two transparent electrodes, and two
polarizing filters, the axes of transmission of which
are (in most of the cases) perpendicular 1o each
other. With no actual liquid crystal between the
polarizing filters, light passing through the first
filter would be blocked by the second (crossed)
polarizer.

£88 common | 280~960 resolution sometimes unofficially calleg »
1 the "standard” SXGA

SKG{\ "
) that preserves the common 4:3 aspeet ry
ative resolution of 17"

Wilh X

(20 m"-‘ga.pixﬂ]

There are many features of the LCDs. Some of

* Resolution: The horizontal and vertical size
Unlike CRT menitors, LCD monitors have a n

effect.

Response time: The minimum time nec

Refresh rate: The number of times per

is being given,

Matrix type: Active TFT or Passive,

Color support: How many types of colors are supported.

Brightness: The amount of light emitted from the display. )

Contrast ratio: The ratio of the intensity of the brightest bright to the darkest dark.
Input ports: (e.g.. DVI, VGA, LVDS, DisplayPont, or even S-Video and HDMI).

A simple fig. of LCD screen is shown below:
Video controller

A Video Display Controller or VDC is an integral
a video signal generator. Some VDCs also generate a !

main function. VDCs were most often used in the old home-computers of the 80s, but also in some
carly video game systems, The VDC is always the main component of the video signal generator

logic. but sometimes there are also other supporting chips used, such as RAM to hold the pixel
data. ROM 10 hold character fonts, or perhaps some discrete logic such as shift registers were

these are as follows:

expressed in pixels (e.g., 1024 x 768).
ative-supported resolution for best display

essary to change a pixel's color or brightness,
second in which the monitor draws the data it

ted circuit which is the main component i'l1
sound signal, but in that case it's not their

Comerier Orgy Nizgy,
Oy

"“-SX(“ lllu
and 19" LCD monitors. An LCD monitor p Gu.
preserving a ;] Pixe] g A
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h .
I to build a complete sysiem_ 1 gpy it's the VDC's responsibility 10 g_cncr.gl:.n;:-sc.
M the necessary video signals, such g the horizontal and vertical synchronisation |s“:r L
e ﬂbimking interval signal.Most often the Ve chip is completely integrated in the ;:3& e
in computer system, (its video RAM appears in the memory map of the main CP d{:nuv
mat CAi0NS 25 & COProcessor that can manipulate the video RAM contents independently.
wrL e it func kit
Wenl'l“ various types of the video controllor, Some of these are as follows: s
Ther “’fﬁdcu shifters. or "Video shift register based systems” are the most simple ‘}.I“:]‘Tdn ko
. ontrollers: they are responsible for the video liming signals, but they nn.rm?l:.. st
c ess the Video RAM direcily, They get the video data from the main LPlnar "]"I'h'ls
ac:im. and convert it to a serial bitstream (hence the technical name "Video shi f.. ). This
a il data stream is then used, together with the synchronisation signals. 1o oulp
"";,ml. Example of video shifier is Television Interfuce Adapter (TIA). T —
Tpl. CRTC, or CRT Controller, generates the video timings and reads video R:) Sy
K attached to the CRTC, to output it via an extemnal character generator ne
e : i ilities of the video generator dep
idea output shift register. Because the actual capabilities of the T
:n a large degree on the external logic, video generator based onh:? 'f. Ay et
a wide range of capabilities. From very slm{':g Sysiems o ¥ egh :_‘T’O' ;u o0 ysems
ing a wide range of colours. Sprites however are normally _ pport N
Zﬁmm Example of CRTC controllor is Intel 8275 bzommuar.;dh;“ |:;:1¢s§lm i
d in any mainstream system, but was u
gontroller was not use
| ‘ “RT and the external
i Yt s e s e et Sy
i I ) i dicated 1o
circuitry that is needed with a is b el
pport M based) character generators an e T
ol il i for the high-resolution and/or text-m:
mlﬂm' mgﬁb;;c;gn;ﬂf;lzt:dﬁiﬁmms hesll%:lwn for their use in the Interton VC
Signetics : itk - .
- Em:r:gps mdﬁfﬁf gwn inpl:umai CPU dedicated s;::dm?ga(ir_ﬂc :—r‘l:;.ga)i ol
coproces i dica " ! :
. :r:fnct"ldelil it iz ‘l.'h.c _nls oggmdtglhe 0| asor, for example
main CPU (central processing unit) .‘;:: af;‘::;:idm e mum_pmacmc - _cbu ;Rsaf
o s -, the colour attribute )
to Chang::t::;: tvlw (most often RAM based) themﬂlﬁze;:?éc =: s;ﬁ B s
#asloﬂwl:nmgistm and the Spite logic. Example of vi
i isi Circuit).
Numeric Television Interface
VRAM:

VRAM is a dual-ported variant of Dﬂﬁ:::
which was once commonly used to slo:-:: -
frame-buffer in some graphics adlz;ap;ior; =
nvented by F. Dill and R. Matick a1 I {Uswmm
in 1980, with a patent issucd in 1% ke
4,541,075). The first commercial u: ks
Was in the high resolution gﬁfph i:he bCIRT
introduced in 1986 by 1BM wit gl
system. VRAM has two sets of data m;g:mtﬁht
nd thus two ports that can be used sift

it

e
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The first v
ESL PO the DRAM port. is aceec ; sompuler i
traditional DRAM. The '\L\:i::ndltl.nl:‘l e R e ey

ComMriTir Qg
T ROANIg,.
Ay
oy

wide , he video port. is typically read-only ang i 3 Mily
providing a b, widi - L ol bl .
e ’w:gs- :i-ih\h::_mn Wt data channel for the graphics chipset. VRAM operates by u:ﬁ. ~
- - ¥ - st 1 [ i o
i s:;an 1_-..:d:‘ st be avcessed. but making full use of them in a simple “,al iy
Wit iml:\t Ot a display is mapped 1o 2 full word. then upon reading one worg and it
g Ciwmml * Separate row bufler, these bits can subsequently be setially sire ﬂﬁng
e c;:-ia'g n‘ili Will leave access 1o the DRAM array free to be accessed {.-c:: i the
B 3 Ihunn the row buffer is almost depleted. A complete DRAM read ¢ IW_"‘“IEJ
@ row buffer. icaving most DRAM cveles available for normg oy
. VRAM can be represented as: s
mparisi i
_\_ra___“_rl;_n_f_hﬂroma monitor standard:
1
standard | Full name el . By
Description resolution | Aspeer] oy
— ! i "
_ (pixels) ratio | depyy
| Monochrome | The ofiginal standards on IBM PCe and 1T
MDA | Disply :H.\i PC XTs with 4 KBvideo RAM. o
Adapter niroduced in 1981 by 1BM. 20330 0ex) | 2
Ry y Suppons lex )| s Ibpp
Color Introduced in 1981 by 1BM. as the first e
CGA | Graphics | olor display standard forthe 1BM PC. The | 54072000128k t6:s | 1y
Adapter standard CGA graphics cards were 160200 ) | 16:10 | 2bpp
cquipped wih 16 KB video RAM, 9020062 [ 45 | abgy
ntroduced in 1984 by IBM. A resolution of =
o g‘h::gn ::12 * 350 pili&els of 16 different colors (4 ’
Perplxel or bpp), selectable froma 64- | 640:35 b
Adaprer ::.h' paktte (2bits per cach of red-green- s T
el
Introduced in 1987 by 1BM. VGA &5
actually a set of different resolutions, but is
Video most common ly used today to referto 640 | 6402480 (307k) 4: A
VGA | Grphics | * $80pibel displays with 16cokors and - 6103502k saas | e
Array 43 aspect ratio. VGA displays and adapten | 320x200 (64k) | 16:10 | V3
re generally capabic of Mode X graphics, | 720400 (tex ) 95 be
an undocumented mode to allow increased e
non-standard resolutions. s
A video display standard created by Y
: v VESA
SVGA | Super ViGA for IBM PC compatible personal BOO600 (480k)]| 4.3 Abpp
compulers. || duced m 1989, .
An IBM display standard introduced in
Extended 1990, XGA -2 added 1024 = T68
- atend ) 2 suppont for | 1024x768 g Ebpe
GA (;:::m !‘th color and higher refresh rates, (T86k) :: I8
Improved performance, and suppon for * :
1360 = 1024 in 16 colors, i bl -
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|pT
|
!/-'I Although not an official name. thi ferm & 4‘/
| now used o refer to 1152 x 864, which &
| Fatended the largest 4:3 array yieling under one 1152864 i 8 hpp
. | Graphics million pixels. Varanis ofthis wereused | (995k) G 16
I Amay Plus | by Apple Computer fat 1152x870)and Sun | 840 <480(307K) bpp
[ Microsystems (at 1152x900) for 21-imch
| CRT displays. L
| A_wli-cly used 32 bit !'m.euio‘r_ smdu‘d. |
| with an unusual aspect mtio of 5:4 (1.25:1)
| insiead of the more common 43 (1.33:1). e 3
XGh which means that 4:3 pictures and video 1280 1024 54 b
| §XGA | Super willappear letterbored on the namower 5:4 | (1310k)
| screens. This is genenlly the physical
aspect ratio & native resolution of standard
' 17" and 19" LCD moniors. T ______ﬁ_-—-
14 inch and 13 inch notebook 2 a3
|| sxGA* Super XGA+ }?g ::mns and a few smalkr seresns. (1470K) L

5.5 Auxiliary SToragGe Devices

ofiers to compuler components,
torage, often called storage or memory. el o inrerval Of Time.
. um:r:; ::c?l:;?n; med%?lha! retain digital data used for computing for “‘\‘“""; l?:gn?n:rmlio .
o Jata storage provides one ofthe core functions of the modemn 'CWP“'_L'-‘dacnuplcd woihia
| o 5 mﬁrm fundamental components of all modern compueErs. ;";I ® foes to s form
| wtention. It is 'Oneunn(CPU. aprocessor). In contemporary Usage. MEmOn US':“m:s s Bl
oo e \mow as random access memory (RAM) and sometim ¢ - optical
| of semiconductor storage Similarty 8 monly refers 10 mabsm;"’bfi%orﬂ Ayt
| fast but temporary storage. Similarly, storage M.
| dises, forms of magnetic storage like hard di
i i d. So
permancnt nature. e | phenomeni, have heen invenie
| 5 . based on vanous natural P t . 3 backs.
A O gorge el s, and all s o o hovC S0 S
I :u]:.r:rll:' s uII'l:rs sstem usually contains v ki 8} s i::ld in a storage hicrarchy
s il} rers use 8 variety of memory [ypes, OTBAT’ he lower a storage is in
gt allf‘l\i?it : lc::l“eTﬁ h;:l\\-een performance and cosl. {:enlcfnli}- th I':u“" the CPU. This
| around the CPU, as air B . greater ils access laency 15 3 e
| = ser its bandwidth and the greate i is also guided by cost
ll::dnlinlw! E{Ii:‘:‘:;:;f;‘ to primary. seconany; T MRS

per bit.

today more com!
sks, and other types slower than
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1. Types of Srorage

There are various types of the storage like as :

®  Primary storage

®  Secondary storage

®  Tertiry storage

®  Offline storage

Hierarchy of storage is shown in the given diagram:

CoMPUTER Ogg

:IIIIluli-ii--v---.ildllp.p'.'.‘llIl‘.""'-.‘.."-’.........."l"lin.-‘
: Primary storage :
I | Cernral processing unt H
: Registers | IWiain memory :
: ogic Memory | gandom access memary :
: unk Cache bus  256-1024 WB ; '
H memary 1
: i
. % H
Frasssssnus sessssmsssnssnsEniRan e e e LT TP
. Inputioutput channel

Secondary storage Oft-line storage
Remavable media drive
dass storage device CD-RWL DVD-RW. dive
Hard de k :
2-120568 able medium
H CO-RW
&80 WB

.

RS EEEEEEAE R RIS SRR IR R RS RS

Tertiary §iorage

¥

H

H :"’”’:"‘g’" Removable |(TPIE -

- el " e}

: dive medium satem Removabie
i

D T T T T TT e T Y Y PT T T L L

Fig. 11 : Hierarchy of storage types
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rimary storage, presenily known as memory. is the only one dircetly accessible ln_lhei:lil‘U.
¢PU continuously reads instructions stored there and exccutes them as required. This led to ?
i random access memory (RAM). Itis small-sized. light, but qu ite expensive at the same time.
rticular types of RAM used for primary storage are also volatile, i.e. they _tose the mfomat::;
wered not on, In the primary storage the main memory is connected wlnh the CPU ::-1._:7;}1.;1m
w address and data bus. Secondary storage in popular usage, differs _I‘rm'n primary storage "?1:. .
s not directly accessible by the CPU. The computer usually uses its input/output Chi-’:::ra-a .
cess secondary storage and transfers the desired data using intermediate area in pnmarl:pat.ilc ilgis-.
dary storage does not lose the data when the device is powered dﬂw::i: non-vuutm i
cally also an order of magnilude less expensive than primary storage. Ir:j moder c‘f?ﬁ:hnul-o ki
Jisks are usually used as secondary storage. Some lJlJ'bc.rHamplzs oFsocun ary ?mrag ey
are: flash memory (e.z. USB sticks or keys), floppy disks, magnelic Lape. paper la;_:dc, pa pdiept
;;mludalonz RAM disks, and Zip drives. Tertiary storage or tertiary qlemoi:;j:::_w: :-:m st
of slorage. Typically itinvolvesa robotic mechanism which will mount flmsm} : -1s|hmi AT
mass storage media into a storage device according to the sysiem's dmaln_ s: B i
copied to secondary storage before use. Itis primarily used for archival of rare y da‘cc et Lt
ince it is much slower than secondary storage. Off-line storage, also known as discon bl
?; a computer data storage on a medium or device that is not uml:r_th: control of a proc;ss .;mﬂl
The medium is recorded, usually ina secondary or tertiary storage device. a.ndmc? pt.u su:: m} r:u:r =
or disconnected. It must be inserted or connecied by a human operator before a ¢ p
access it mn. )
In m:rf:rn personal computers, most secondary and tertiary storage mch
line storage. Optical discs and flash memory devices are most popuiar.l ani
removable hard disk drives. In enterprise uses, magnetic tape 15 predominant.
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a are also used for off-
to much lesser extent

2. Characreristics of STorage

Volatility s  Differentiation
: Munability L] Aucess:nbililg,
ddressability e Capacity
: :crfannancc e  Environmental Impact
So these are the various characicristics of the storage. So afier that we can start the study of the
storage device.
3.5 AGE DEUiC(

A data storage device is a device for recording (storing) informat i.E!n (data). lfgcocdi-ng can be

done using virtually any form of energy, spanning from manual power in handwriting, to acoustic
i ionsin ﬂ.mogmphic recording, 10 electromagnetic energy modulating magnetic tape and oplical
v!wll,\ gtorage deviee may hold information, process information, or both. A device that only holds
'fhﬁ-:;n,.im is a recording medium. Devices that process information may either access a separate
i rable recording medium or a permanent component Lo store and refrieve information._l'u{any data
devices are also media players. Any device that can store and playback multimedia may also

SIOrEE" idered @ media player such as in the case with the HDD media player. Designated hard

he cons
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drives are used 10 play saved or sireaming media on home theatare systems,
- : i h . a3 iz o 1 =
There are various tpes of storage device. Some of thesg are as follows:

Magnetic L]

Magneto- optical ®
(a) Magnetic Storage Device

Magnetic storage are terms from engineering
referring to the storage of data on a magnetized
medium. Magnetic storage uses different patterns
ol magnetization ina magnetizable material to store
data and is a form of non-volaile memory. The
information is accessed using one or more read/
write heads. As of 2009, magnetic storage media,
primarily hard disks. are widely used to store

computer data as well as audio and video signals.
In the field of com,

puting. the term magnetic storage

is preferred and in the field of audio and video
production. the term magnetic recording is
more commonly used. The distinetion i
storage media can be classified as eith
although in some cases the distinction is
wrile head only covers a very small part
magnetic storage media are for com
analog audio and video works on ang

increase at the expense of analog tape.
(bjOptical Storage Device

Optical storage is a term from enginecring
referring to the storage of data on an optically
readable medium. Data is recorded by making
marks in a pattern that can be read back with the
aid of light, A common modern technique used by
computers involves a tiny beam of laser light
precisely focused on a spinning disc. An older
example, that does not require the use of compulers,
is microform. There are other means of optically
storing data and new methods are in
development. The term optical drive usually refers

s less technical and more a matter of
er sequential access memo,
not perfectly clear. In the ¢
ofthe recording surface at any given time. comm
puter data mass storage on hard disks and the re

log tape. Since much of
audio and video production is moving to digital sy

Comptreg ORL‘.,\\-“E Im-;oﬂ
Mg |1

: |t Y™ nensive).
Optical : ,..,mof:s;'fwopucat Storage Device
Solid state I M o-optical driveis akind of aptical

| writing and rewriling data
:ﬁdﬂvccﬁ‘g::;tiul disc. Both 130 mm
o ma,a o) mm (3.5 in) form factors exist.
Sz}m:u:‘;logy was introduced at the end of
' ﬂ‘:;c%s. Although optical, rl.l'lt'_',' appear as
Jisk drives to 1h_c operating system and
| ot require a special filesystem (lh_r:_\r can
| dl].1;:1:1131'.@{1 as FAT. NTES, ete.). This type
| % disc consists of a ferromagnetic material
i :;]:d peneath a plastic coating. There is
qever any physical contact during n:admf \::
wing. During recording. the laser po :
Fwi':.cmdso it can heat the material up to
Ee(:ur‘tc point in a single spol.
d State
. ?::Iid-sme drive (5510) i_s a data
storage device that uses sahd-s;;tl;
memory to store pcIsisllent_daia, An- i
emulates a hard disk drive mlerfane r
S e g s
ushn; ?
:ISE?HOU]%T DI;}’IlM I{ed“yrcl:;l:: :-'-Ei:;n
] 15 0 ¢
m moric confused with a RAM

g ol af the term solid-
disk. The original mpngsics) refers L0

Fig. 12 : Magnetic slﬁmge devige

preference, Magneg;.
Ty or random access Memary
ase of magnetic wire, the read
01 uses of
cording of

stems, the usage of hard disks is expected 1y

These flash memory-based SSDs.

often packaged

i 5.
Fig. 13 : Optical Storage (Blank CD) drive i shown in fig:

. i e nd Seovential Access
10 device in a computer that can read CD-ROMs or other optical discs. Optical storage deviees 4. Random A

q 2 noded |
provide direct-aceess secondary storage that is faster than tape and less C'NPB"SJ""'I“'*'“IO'::*‘"T?:"M .
storage offers you additional flexibility in determining how much data o m':l'-' for :":: £ e |
stored on optical devices is accessed just like data on magnetic disks. Although the access

10N OF MICROPROCESSOR & MICROCONTROLLER
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. . g .o ceessed data
oL is significantly less. Optical devices are a good choice for inf rclfll::_l::;' :hg:-:ausc

iﬁ“"‘ yie cf;,m- -\mni to relegate to tape archives nor want to store on magnelic di

| g you e ;

in standard disk drive form factors. In

; N pOWEr CULAZES, ensuring 3 id stat
fetain m:f;l;:]sgaﬂ:mpr than even traditional HDDs on large files. Fig. of solid state
DRAM and some
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they

)

.:g\
L)
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Fig. 14 : Magneto-optical storage deviee

> 5 N

A\

« 1‘;_@?" .:5‘\!_ ;
2 i) f

Fig. 15 : Solid state storage (sandisk)

i o
devices rather than electron tubes, but in this context, has been adopted
i tor i v
Jectroni hanical deviees .
; ; e ﬁ'«‘lm'ﬂCClmmmﬁﬂ devices for the consumer market.
tinguisheoll-125 sreate more rugged and compact ] .
:ﬁl'ng’n-\rolmile B et 95D Lr::ll;; known as flash drives, do not require batteries. They are

as weell. Most S8 manufacturers

it il flagh S5Ds to
addition. non-volatility allows
- data persistence. SSDs are slower than

Randon

g £

N
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aceess (direct access) is the ability to access an arbitrary element of a sequence in
ime. The opposite is sequential access,
equal 1M

where a remote element takes longer time to access.
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An example of the random access is a cassetie lape ﬁ-"‘:‘i”e""ul?m\rhiw e l—aﬂ'ﬂ?
earlier songs o get to later ones) and a compact dise (random access-you Can jump righ lo

i
|
[\1 RO
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- i<ks) is performed by the disk drive
Jevel format of floppy disks (and early hard disks) is pe g Low-
; I?[\;I:ep-mcl ” ergs is most casily described with a standard 144 MB floppy disk in mind

pUCTION OF MICROPROCESSOR & MICROCONTROLLER
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&0
iy : ever, is used for semgj . vare. : h on cach of 160 tracks {
vou want), The dom access memory (RAM), however. 15 used 1or semicqp, pardWare:” ; wriios tors of 512 bytes cach on e
menmory L}m uils :;‘:1 ::'anputer; In data structures, random access implies the abilin:?’ dy evel ﬁ;mnsllmgoftll!lc ﬂopﬂ,; s:nmai :1 ;:ﬁ;:;‘;"u bytes of storage on the disk. siiog
the Nith entry in a list of numbers in constant time. Very few data structures can guaranga, - cach side) of the floppy disk, pro ks a

than arrays (and related structures like dynamic arrays). Random access is critical to many ) % |
such as quicksort and binary search. Other data SII“IJcl_III'I-‘t'n- _Slll‘h as linked lists, huriﬁc,..g "ﬂly, |
aceess 1o make for efficient inserts, deletes, or reordering of data.

I 2 % & 5 6 7 & |3@_ @]ﬁ -~

SEQUENTIAL ACCESS

RANDOM ACCESS

Fig.71 : Comparision between Random access and sequential Access,
Formatting

Before a magnetic disk can be used,

)
maps the disk's surface and determines I

2 boot secl
| Gase of loppy
sonwarc-

how data will be stored. During
formalting. the drive ereates cireular
tracks around the disk's surface, and then
divides each track into sectors. The 08
organizes sectors into groups, called
clusters, and then tracks cach file's
location according to the clusters it
occupies. Or in another word,

Disk formatting is the process of
preparing a hard disk or other storage
medium for use, including setting up an
empty file system. Large disks can be
partitioned, that is, divided into distinet

|
it must be formated. A process that e :
|
|

-&.uﬁ.}]h, ;1_.:!,—__ HITH '-;'..'.!i_Ei&": 4
(A [erml Are
AL ,:;r?"l'fi;

i S ITHAEE ) 8
U LESAEELN T e
(R R crai LR LTI

Fig. 16 : Formatting a hard drive using MS-DOS

|
sections that are formatted with their own file systems. This is normally only done on hard disks |
because of the small sizes of other disk types, as well as compatibility issues.A cormupted operatifg
system can be reverted to a clean state by formatting the disk and reinstalling the 08, as a drastic |
way of combating a software problem. There are two type of the formatting known as low-leveland |

high-level formatting.

Fig. 17 : Formatted disk

48

; the disk, and inst
e el "quick format”. In the
pass by the

S, . v
- ohr-level formatting is the process of setting upan empt
it or. This alone takes little time, and is somelimes referred 10 -T;. ?iom e

disks, both high- and low-level formatting are customartly

\When a disk is formatted, the OS creates four Areas on its 5"'{“'::._—-- =54

Boot sector - stores the master boot /
oot et &

* record, a small Program that runs

when you first start (boot) the
Computer.

o File allocation table (FAT) - a log
{hat records each file's location and
each sector's status,

e Root folder - enables the user to

store data on the disk ina logical way.
o Daia '“7|-|11heldw[:;ai::1 of the disk Fig. 18 : Formatted disk
that actually holds Data.
Storage Capacity i nornally more than the small systefm 0F

jci ter sysiems : ore | o
oA e Um:fﬁ;o:nrzwmrds. There are mainly two types oflthc caplzcllti}:lm .
e v t‘:‘[“‘;ne“tmal'arnv:ounl of stored information that a storage device orm
o Raw capacily : ibctan o .
is expressed as a quantity of bits or : . N
e ‘Itﬁ'e:'he compactness of stored information, It is the storage cap:;:);; i
: gjtﬁ\»:jm a unit of length, area or volume (€.2. 1.2 megabytes per sq
V|

5. Tracks and SECTORS <o disc. Each sector stores a fixed
iwision of atrack. on a magnetic disk or optieal disc. for magnetic

e media provides space for 512 bytes (I?r mtgwurd
- tor.Mathematically.

essible data per sec arc shaped like 8

sectorisd
m:m ofda';. The typical formatting of these

ical dises) of user-acc i .
disks) or 2048 bytes {I'o; rO::;isk w:en a center, two radii and a corresponding

i ; i k and
s rlh"l:u:i: EIP:::1:.2::|III|'.*. common disk sector actually refers 1o the intersection of a trac
::::l;:m'ml seclor. ¢ organized storage and retrieval of

organized i ific structures 1o enable th : 0

it 'S'blt:?ﬁt': 1:1:[:;::9:5::5 of thousands of &mn-uhichmtlghlly—pmkaga}once::::ﬁ

_— %’simihr in structure to the annual rings of a tree. A track hdﬁf:t::: :mu::[:nd:::ainm

- i i each one is
i the smallest unit of storage on a disk, so is fur ! :

1o be 5“:’::;: is normally the smallest individually-addressable unit ofn‘;fl':kmmthna:;mchel;ﬂ :
’;ﬁm and normally holds 512 bytes of information. The first PC hard disks typically

.'/- o \

h



N

CoMpUTE
290 BT Oy,

sectors per track. Today's hard disks can have thousands of sectors in a single tracl;
2 Reesticn

Cylindes

Fig. 19, Disk structures : A-Track,
B- Geometrical sector, C-Track sector

b. Floppy Disk Drive

Fig. 20. Representation of track ang sectory

A floppy disk is 2 data storage medium that is composed
magnetic storage medium encased in a
written by a floppy disk driv
3¥e-inch (90 mm) formats enjoyed many years as a popular and ubiguitous form of data storage ani
exchange, from the mid-1970s 1o the late 1990s. While Moppy disk drives still have some limited usss,
especially with legacy industrial computer equipment. Before hard disks became affordable, floppy
disks were often also used 10 store a computer’s operating system (0S), in addition to application
software and data. Most home computers had a primary OS stored permanently in on-board ROM.
with the option of loading a more advanced disk operaling system from a floppy, whether it bea
proprictary system, CP/M. or later, DOS. The 5%-inch disk had a large circular hole in the center for
the spindle of the drive and a small oval aperture i 4
drive to read and write the data, The magnetic medium could be spun by rotating it from the mlddﬂ.
hole. A small noteh on the right hand side of the disk would identify whether the disk wmd“m
orwritable, detected by a mechanical switch or photo transisior above it. The 8-inch, $V%-inchand
inch farmals can be considered almost completely obsolete, although 3'4-inch drives and dqsks]:
still widely available. Floppies are still used for emergency boots in aging systems which may fi

support for other bootable media such as CD-ROMs and USB devices. They are also till

square or rectangular plastic shell. Floppy disks are read and

49

of a disk of thin, flexible ("floppy")

¢ or FDD.floppy disks in 8-inch (200 mm), $¥-inch (133,35 mm), e |

n both sides of the plastic to allow the heads ofthe |
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i ively recent operaling
for setting up a new PC from the ground up, since cven L'um_l?ill'aliw.lj_ nx;r:]tn lI:;ppics.
ol like Wi ndows XPand Windows Server 2000 rely on third party drivers shippe
5 10
55t.r:fﬂi FDD is shown below:
ASImPE s

Tkt

| =1
j

Fig. 21 : FLOPPY DISC Fig. 22 : Flopp¥ disk Drive
ig. 21 ‘

B Floppy Disk Drive
i 1969 (B-inchl.
Date invented ey
1982 (3-inch)
od IBM team led by David L. Noble
:':,;:cumh; Cable

Fig. 23 : 8-inch, 5Y%-inch, and 3¥i-inch floppy di&:u:l
There are various types of the floppy dise drive. Some of these are as follows:
Sony HIFD
svi-inch floppy disk
3-inch loppy disk
fipdrive
2HD
super disc floppy

- e 8 8 8@

N
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So these are the types of the flo
Hi Floppy Disk :

The HIFD (High eapacity Floppy Disk)
was an attempt by Sony to replace their
own aging 3.5 inch floppy disk. The first
HIFD was launched in late 1998, boasting
a capacity of 150MB and backwards
compatibility with 3.5 inch floppy disks, It
was available in Parallel port and ATA
versions with a SCS1 version planned. but
never launched. A few months after launch
it emerged that the HiFD suffered from
frequent crashes during read/write
operations. and had a tendency of having
its read rate drop into the low kilobyte per
seeond range, effectively rendering it
unusable. Initially it was thought that anew
driver could solve these problems - instead,
Sony issued a full recall at the start of the
following year. The HiFD was re-released
in November 1999, now sporting a 200MB
capacity and using a USB connection for
the external drive. Sony
3Va-Inch Floppy Disk:

The three densities of 3%-inch floppy disks are
partially compatible. Higher density drives are built o
read, writeand even format lower density media without
problems, provided the correct media are used for the
density selected. Siill, a fresh diskette that has been
manufactured for high density use can theoretically be
formatted as double density, but enly if no information
has ever been written on the disk using high density
mode. The magnetic strength of a high density record
is stronger and will "overrule” the weaker lower density,
remaining on the diskette and causing problems, The
hales on the right side of a 3'-inch disk can be altered
asto 'fool' some disk drives or operating systems (others
stich as the Acorn Archimedes simply do not care about
the holes) into treating the disk as a higher or lower

density one, for backward compatibility or economical
reasons. Fig. of floppy is shown below:

ppy dise. Now we will cover one by one

CoMmrTir Org g,
Nizgp,

Fig. 24 : The HiFp

Fig: 25 :3.5 inch floppy dise
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§ 1/4" 256 Bytes disk
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o disk:

E%-lﬂcﬁ] [:qu,f: Associates introduced the first 5%-inch
in 19 5«;;_u:'|ﬁ'lc:l media. By 1978 there were more than‘ 10
FoP md ::-crs producing 5%-inch FDDs, in competing ph:,'? ical
|:acl.11 1s: hard-sectored and soft-sectored. The 5Y-inch
sk mmmi":'lldy displaced the B-inch for most applications, and
ajfquuch hard-sectored disk format eventually
the 3 .;.:d,()rigimliydesignud 1o be smaller and more practical
: he 8-inch format, the 5Veinch system was itself too large.
! thequality of the recording media grew, :hf:samf:am?ur;:
as could be placed on & smaller surfa.cc._ The :_.25—11;:5
n-[ 0 did not have a hard shell and were flimsy. The 5.2 :
dlskc:'e:cueswzrca\'ailable in a capacity of 360kb |l0w—d'm$llj:
iﬂch1 fMB high-density size; by 1994 the 5.25-inch disk was extinet

:ﬁh: 3.5-inch disks.

SUPER DISC FLOPPY: o e e
The SuperDisk, sometimes marketed by as LS _

Fig. 26 ¢ 5,25 inch floppy disc

and was replaced by the popularity

120 and a later variant LS-240, isa msh“spequ‘..:"g\gdt;; 3

ity alternative to the 90 mm (3.5 m}_. Lmd o \\
;‘fﬂi;l?y disk. The Superdisk hardware was I l;Sk o
by 3M's storage products groupeirea. Super] b

i rive, which is 2
Shuummﬂ’.: hecflobr;fﬂl?(;ho:;ﬁ?fm various disk
m'dcm d usts The SuperDisk's format wa&dﬁlgnfd.
i l;e floppy disk with its highq;r—uaplnclllj-
= u{wm‘!e !mredﬂ:smenubiquiwm I'armall wnhrtts
Mﬂdla:lm Imd'sk storage while the SuperDisk drive
o 1'”“.5'3@!“,«5 compatible with 144 MB and
ey formats. Superdisk drives seemed 10
. flnp?l;; faster 1o these sorts of djsks than
L;a?v:;?mx .44 M or 720 KB floppy drives. |
i actor, it
B g.mpﬂn}' iniroduced the Zip drive. Although it's not tru¢ 1o the ngg-éﬁlél‘m Tthsto
e b ular of the “super foppies™. 1t boasted 100 MB, l.-m:the "wg_T ok st
still became the mﬂpulfzi drives gained in popularity for several years 1 ytm o tE ho
insbaits = borsc n aspslm\dard floppy drives, since only some new comﬁthi@erwicing they
same morke! “e'?etm.;:un for the failure of the Zip Drives is alsoattributed to Nighczpricing ey
i dﬁmf'ﬂdnmztmdia were primarily popular for the excellent storage density
carried. SP

carried, but were always overshadowed by the price.
they d

Fig. 27 : Super Disc Floppy




294

Comrurer ORG-\NI?_;;”

Haob Ring

Winne Prosect Bowk,

Index Hole

Fig. 27 : Block diagram of the FDD
HARD DISK:

A hard disk drive ("hard disk",or "HDD™), is a non-volatile storage dn\fi:e\\rhichs:mg;d
encoded data on rapidly rotating platters with magnetic surfaces. Strictly speaking, "driyen refersyy
a device distinet from its medium, such as a tape drive and its tape, or a floppy disk drive and i
floppy disk. Early HDDs had removable media; however, an HDD today is typically a sealed o
(except for a fillered vent hole 1o equalize air pressure) with fixed media, A typical hard drive puy
i pin the disks and one to position the readiwrite head assembly. The disk
motor has an external rotor anached to the platters; the stator windings are fixed in place, The
actuator has a read-write head under the tip of its very end. a thin printed-circuit cable connects the
read-write head to the hub of the actuator, A flexible, somewhat 'U'-shaped, ribbon cable, seen
on below and to the left of the actuator amm in the first image and more clearly in the second,
continues the connection from the head to the controller board on the opposite side.

- It have very high data transfer rate ic. 70
migabyles per seconddata transfer rate depends on the track location, so it will be highest for dats
) and lower toward the inner teacks {where
there are I‘mw:rldnm sectors); and is generally somewhat higher for 10,000rpm drives, Secondly it
take very less timie to complete a task, currently ranges from just under 2 ms for high-end server
drives, to 15 ms for miniature drives, with the most common desktop type typically being around 9
ms. Third one is power consuption. There is very less power ponsuption. Smaller form factor drives
ofien use less power than larger drives. A simple view of hard disk is shown in fig. 20.

Innthis fig. we can see that Fach mﬁmisdhﬁdedimouaclm(mmm] in the same way. This mears
'w“hmu‘ehmdrwmwmisonammmmrmmmmmmmmmuﬂw
MAlfﬂw,mmhgm:ksmwgunummlmacylmmnmmmmmmﬁw
one track (cylinder) to another, so by placing the data that is ofien accessed together (say, a file) so thatitis
Within one <ylinder, it i not necessary to move the heads to read afl i "This improves performance. Th
cads, which is the same thing), cylinders, and seclors vary a lot; the specificationo
called the geometry of  hard disk. History of hard disk is shown below.

igitally
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Fig. 835 : A Simple view of hard disk

[ Date invented Docember 14,1954 |
i el rface ?l?s::dspter of system, P
Connects to interfa i wpic?“).
integrated into

motherboard. via one of:

® PATA (IDE) imerface

& SATA interface

o SAS interfuce

® SCSI interface

s FC interface

Market Segments \ ?:;:::gp cmp?::s \

© A HARD DISK DRIVE




croN OF MICROPROCESSOR & MICROCONTROLLER ) 297
296 Comrurir Om-\-\'r:g,m [ RO
0y

Each hard disk is represented by a separate device file. There can (usually) be opiy, ; (S

. : : 7 b : e Y tw T ter system interface (SCSI) g :
1D!; hard disks, Hard disks use multiple platters, stacked on a spindle. Each platter iy IWD' Ty, Small L!NTI'P:J g ry;disk interfaces. Now we will study one by one in the following manner:
write heads. one for each side. Hard disks use higher-quality media and a faster rotationg| sm:u"“”" gothese are ﬂ||:‘-‘l at s i
diskettes. Removable hard disks combine high capacity with The convenience of heedy ted Disk Inte . ndard
Cylinder ; _ "otom ds o “gr:mlc disk interface (IDE) is also known as Parallel ATA (PATA). It 19::: E‘K{?ﬁiﬁm i

1€ ; . : ives, -

Cylinder-head-sector, also known as CHS, was an 1[11 connection of storage 1.11:1'1{:!:? such as hard disks, sol |d|;slat:'|:’l‘;::: 7:t:rfacc (ATAJATAPI)
early method for giving addresses to each physical block fort aters. It uses the underlying AT ﬁltachm_em and AT Attachme history of incremental technical
of data on a hard disk drive (HDD). In the case of (TA standard is the result of a lang histor)

o 5. The current Parallel A : + ous incarnations exist,
flappy drives, for which the same exact floppy medium g’ﬂdlzr:mcpl. As a result, many near-synony ms.fo,mTMMA?r:'n : ||ls m:ﬁlelﬁl'n only allows
canbe truly low-level formatted to different capacities, ‘.ﬂc“;:,ding abbreviations such as IDE which are sull_mcommc[ﬂ ‘_“t;’:"l:cm)'mﬂ normally appears as
this is still true. Though CHS values no longer have a "'cl Jengths up to 18 in (460 mm). Because of this length limit ided the most common and the
direct physical relationship o the data stored on disks, able ATA. povaLe

. | computer storage interface. For many years Al ! ely been replaced
poctudo CHS values are still being used by many utliy B expensive interfoce for this applicaton. By the beginning of 2007. it had lcg

pmg:;uns_]n other words Accylinder comprises the same :fsﬂigl ATA (SATA) in new systems. History of IDE is as follows: ———
track number but spans all such tracks across cach : : devi .
platter surface that is able 10 store data. Thus, it is a Type T e
three-dimensional object. Any track that comprises the Ergfuction Moy
same cylinder can be written 10 and read from while ioi ity
the actuator assembly remains stationary, One way drive Designer e ompr ol
makers have been able to increase drive speed is by ° smmended by gl oo
increasing the num ; Fi : i
bridapa. bet of platters that can be read ata Fig. 28 : Representation of cylinders Designed 1986-87
Comparision among hard disk sectors, tracks and cylinder: Superseded by | Serial ATA
A hard disk is usually made up of multiple plagters, peaTiondime e
each of which use two heads 1o record and read data, Tracks, ylinders, and Sectars : L-; L 7
one for the 1op of the platier and one for the bottom, All Hot pluggable Mo i
m!'{muuim: stored on a hard disk is recorded in tracks, No Parallel ATA
which are conceniric circles placed on the surface of External Width 16 bils
L'-:ICIh pia_uu:r. much fike the annual rings of a tree, A Bandwidth 16 MB/s originally
Mlinder is basically the set of alltracks that all the hesgls devices | 2 (master/slave)
are currently located at, So ifa dis had four platters, it Mwax- 1 Parallel
would (normally ) have cight heads, and cylinder number -
720 (for example) would be made up of the set of eight il
tracks, one per platter surface, af track number 720, S
The fig. 22 also explains the difference all of these: ; ] Pins -

—

29 : Representation of tracks,
cylinder, and sectors

There are many types of the hard disk interfaces. Some of these are as follows:

* Integrated drive electronics (IDE)

*  Enhanced Integrated drive electronics (EIDE)

Hard Disk Interfaces

52
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Asimple diagtam of the [DE or ATA is shown below:

.‘3:'?3'.:!;5;-'_-;..:.:..,_

- ; Fig. 30 : IDE connector
cre are mainly two versions of the IDE or ATA conn

T i 23 ecier.
called the ATAJATAP! interface and second one is ATA-2 )

Enkanced Integrated Disk Interfaces (EIDE)
Modern computers come wiih EIDE (enhan

d IDE) buili i int
adequate for personal workstations. A o ced IDE) built into the main board. This js

USB Connectors
PCHCIA sﬁckTr | +T!2Uh:plli

o

¥y e ATX Connector
%__-—--— Socket 478

4
»

" TI;SDZ Port
l Ll
Conrrso'ilg

! h.i'_,_ml'inimml WE3627HF

- IRDA Connector
E -comt
it Swlteh
RS Connectors
Socket

| KBHWS  LPT
Intel 82845G:GL. Connector

Fig. 31 : Enhanced integrated disk interfaces
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The first version of

; What j5
L

formance SCSI controller can be added 1o Petfecty

4 new

| gnthe channel. SCS1 supports many -glifrmnl types of devices.
| protecols, and electrical and optical interfaces. SC
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an extra $220. IDE and SCSI disks operate at the same speed. but SCSI has advantages
,,,S"muuiwsking server because it allows many devices to be performing operations at the same
i “&rhcn they designed the EIDE standard, they needed compatibility with all the existing IDE
# " cq they didn't change the rules on the cable. An EIDE interface chip can support four
jiioE ot it has two interface cables each connecting two devices. The EIDE chip looks and acts

.d“"cﬁho IDE chips. An old IDE disk can be connected to a new EIDE connector-

w .
[it;];E connecter is shown below:
A between EIDE and IDE: _
e [DE supports only disks. EIDE supports a mixture of disks. tapes. and CDROM drives. l
: [DE supports only two devices. EIDE supports up to four devices on the same controller
chip although it uses two cables, _ -
EIDE allows disks up to | gigabyte. Larger disks may also work. but thatis up to the vendor
[BM, for example, doesn't officially support EIDE disks larger than one gigbyte
o IDE disks are cheaper and EIDE disks are expensive.
Computer System Interface -
Bﬂ;:sl pupull,:' hard disk interfice used in PCs today Ec;!he Sm;; Co:r;;ult:tr;f\:;:r[r; :.".ﬁfﬁr
i 5] and pronounced "skuzzy”. SCSI is a much more advan sk
';:dl%%mm, mas several advantages over [DE that make it preferable t]’10_r m‘a:l: :;:Tnf:iﬁ
Il in i'-ighcracnd machines, It is far less commonly used than IDE due to its @;C'SI ngi
zﬁnﬁu its advmtﬁsﬁ'm not useful for the ly|::;al|:| _horru_a Trl;':cﬁcngsé sd[elsskx ;s:;vmm.levd g
i is. In fact, while IDE is an interface. ly a systen i
m:ghgr-kvpl o Iﬁm Ic?nE;;!]l;CS[ devlriccmrkingluge:hcr to manage the flow of mrmng:
A The SCSI standards define comman
51 is most commonly used for hard‘disks and Ecagi]r
ces, including scanners and CD drives. The S

1 device types. A SCSI cable is shown below in

L

drives, but it can connect amdemtgcafumerc_iwi
suundard defines command sets forspecific periphera

| fig2s. s o
e
- —
N
TR
b (i I
g T {
et et A
SR

. —'Fi'g_ k7] : SCSI t‘Bhll.; i B
here are many types of SCS| cable. Some of these are 13 e
o [Fast SCSI

o Fast | Wide SC5I1

o Ultra SCSI
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cx::r-[::i‘s: STICSI interfaces can compare in concem of the data
evice ete. in the following fable:

-

CoMPUTER Qpg i
.
.:'-‘1'

width, transfer rage, i'“mm
| %

External
device

Dltnl Transfe r‘
connector

Inke . 7
s rmal disk drive I

conmecior

S0-pin or 68-pin +

SCSI-1 | 8bits | SMB/s | MOLEX Power -l
Connector Centronics
Fast ) S0-pin or 63-pin + H
kcs || 8bis | 10MBSs | MOLEX Poupw1 nf%‘l“
Connector density
Fast 68-pin + MOLEX
wide |16 |5 303 EAOC | gk
ide | MBY Pin SCA (Single- | - P
EM bits : Connector- e high-
Attachment) density
Ulra 30-pi F
pin or & + i
f scsi | Bbis [ 20MBls | MOLEX Pf;’:: :f?'gtm
Connector density

An example of ultra SCSI is shown below:

Fig. 33 : Ultra SCSI
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pisk Cartridges :
p;ﬂl‘:isk cartridge is a single hard disk platter
vable

ind Prulcclivc plastic shell. When the

cartridge was inserted into the

drive peripheral device, the read/write

s of the drive could aceess the magnetic data
por surface of tE}c pl{ntlcr through holes inthe - =,
g.dl—'n" disk cartridge is a direct evolution from
. disk -k drive, or the early hard drive. As the s /
density improved, even a single platter 5 /
“ould provide a useful amount of data storage
s with the benefit being easier to handle than
vable disk pack. An example of a cartridge

L
give is the 1BM 2310, Some more recent removable disk storage media are referred 0
artridges. This is most common with Zip disks. It is very rare. but not unheard of. o refer

p-inch floppy as adisk cartridge
Redundant Array of Indpependent Disk (RAID)
RAID is stands for redundant array of inexpensive disks,
usersto achieve high levels of storage reliability from low-cost and le
components, via the technique of amanging the devices into errays for redundancy.More recently.
arketers representing industry RAID manufacturers reinvented the term to describe a redundant
aray of independent disks as a means of disassociating a “low cost” expectation from RAID
iechnology. RAID is now used as an umbrella term for computer data storage schemes that can
divide and replicate data among multiple hard disk drives. The different architectures are named by
the word RAID followed by a pumber, as in RAID 0, RAID 1, RAID 2, RAID 3 etc. RAID's
various designs all involve two key design goals: increased data reliability or increased input/output
performance. RAID systems with redundancy continue working without interruption when one disks
of the array fail, although they are then \ulnerable to further failures. When the bad disk is replaced
by & new one the array is rebuilt while the system continues (o operate normally. RAID is not a good
alternative to backing up data. Data may become or destroyed without harm to the drive on
which they are stored. RAID combines two or more physical hard disks into & single logical unit by
using either special hardware oF software. There are three key concepts in RAID: mirroring, the
copying of data to more than one disk; striping, the splitting of data across more than one disk; and
error correction, where redundant data is stored to allow problems to be detected and possibly fixed
{also known as fault tolerance)-
There are various problem with the RAID. So
o Comelated failures
Atomicity
whrite cache reliability
[Equipment compatibility
Data recovery in the event of @ failed aray
[Dirive error recovery algorithms

Fig. 34: Disk Cartridge
as disk
1o the

a technology that allowed computer
55 reliable PC-class disk-drive

me of these are as follows:
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Compure X ;
g 0"‘3"«"&\“&‘ 1 are striped and written on data drives and then the stripe parity is generated, “;‘i‘i

*  Other Problems and Viruses and afterwards used 1o verfy the disk reads. Read and “ﬁtf e ‘m;?;;:;ﬂ 3
S0 these are the problems with the RAID. There is no need to detail study of eac, Prob very high in RAID 3. it is very rare in practice. One ?rthe SI?FEE:;I;JNFRMD‘
There are various types of the RAID. Some of these are as follows: RAID tm, is hat it generally cannot service multple requests simultaneously.
RAID-0:  Itis the Stripped Disk Amray with no fault tolerance 0 3isshowninfig.30. _  emented. It is composed of

and it requires at least 2 drives to be implemented. p-4 RAID 4 requires a minimum af}j drives 1o be |m];m Daml ransaction e foF

Due to no redundancy feature, RAID 0 is rAl independent disks with shared qam}' to protect the data.

considered to be the lowest ranked RAID level, Readis ﬂcepumaﬂyhighmdhtghiyaggregam!.

RAID 0 is useful for setups such as large read-

only NFS servers where mounting many disks is RAID 4

time-consuming or impossible and redundancy is

irrelevant, L R s
RAID-1: A RAID | creates an exact copy of a set of data Disks g ey ..'E’ g

on twe or more disks. This is useful when read Fig. 35 L& m el =)

performance or reliability are more important than RAID 1 ﬁ 5 55 35

data storage capacity.RAID | controller is able to

perform 2 separate parallel reads or writes per ﬁ % L__/

mirrored pair. It also requires at least 2 drives 1o i m m

implement a non-redundant disk array. High level - s ] ] k1 Diskz  Disk3

of availability, access and reliability can be achieved A [ DR

by entry-level Fie. 3% i ss all member

RAID 1 array, RAID | has many administrative . . bmk_,e.,mu-igp.mgwim parity dmd‘sdf“::::?ma::inimumm

advantages. For instance it is possible 10 "split the RAID-5: A RAID S uses ndent Distributed parity block ofdala dis

mirror”: declare one disk as inactive, do a backup Diskd  pisk1 disks.itis Indepe

of that disk, and then "rebuild” the miror. Fig. 36
RAID-2: [iis the combination of Inherently Parallel Mapping and Protection RAID array. If's

also known as ECC RAID because each data word bit is writien to data disk which

is verified for correct data or correct disk error when the RAID disk is read. [t uses

a Hamming code for error correction. Due to special disk features required, RAID 2

is not very popular among the corporate data storage masses.
RAID-3:  RAID 3 works on the Parallel Transfer with Parity technique. The least number of

disks required to implement the RAID array is 3 disks. In the RAID 3, data blocks

RAID 3 '
mm-m';:g. 39 : RAID 5 Setup
Disk 0 Disk 1 Disk 2 Disk 3
Fig. 37 —

55
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Moy
qQuirement of at least 3 drives to be implemented and N-1 array Capacity, |
reducing the write inherence found in RAID 4, RAID 5 ATy offers p; htlh'n
transaction Read rate. medium data transaction Write rate ang googd cg"“!@“
transfer rate. Example of RAID-3 is shown in fig. 32, "‘“Uﬂai\ .
RAID 5 implementations suffer from poor performance when, faced wipy

which includes many writes which are smaller than the CAPACiLY 0F 3 g0 R
RAID- 6: Itis Independent Data Disk array with Independent Distribute parity, [y P
10 be an extension of RAID level 5 with extra fault tolerance and distriy, edl““frq
scheme added. RAID 6 is the best available RAID artay for miggjy, °3
applications and data storage needs, though the controller design i5 very riticy
and overheads are extremely high. Comgie,
RAID & g
B E & =
S
Ea = & = e ]
ulululu
L . -
Disk 0 Desk 3 Dl 2 Disk 3 Diske 4
Fig. 40 : RAID 6 Setup
RAID-7:

RAID 7 is the Optimized Asynchrony arra
is considered 10 be the most manageabl
registered as a standard trademark of S
RAID-10: RAID 10 is classified as the futuristic RA

e RAID controller available, RAID 75
torage Computer Corporation,

IDconlro[lerwilhextmmehighR:lishi&.-
and performance embedded in asingle RAID controller, The minimum requirement

to farm a RAID level 10 controller is 4 data disks. The implementation of RAID 1y
is based on a striped array of RAID | array segments. RAID 10 controllers asd

arrays are suitable for uncompromising avai lability and extremely high throughpet
required systems and environment
With all the significant RAID levels

whichever level of RAID is used regul

is must as the regular tape storage is best media 1o recover from lost data seene. RAID can invalve
significant computation when reading and writing information. With traditional "real” mhmm
A separate controller does this computation. In other cases fhe operating system or simpler and less

expensive controllers require the host computer's processor to do the computing, which reduces (e
computer's performance on processor-intensive tasks.

Optical Disk

An optical disc is a flat, generally circular dise which can contain data encoded 'f‘l'l“';r.wwn:
pits.The encoding material sits atop a thicker substrate which makes uplthc hu]_k of Idccxlls:llLdi“-.‘
encoding pattem follows a continuous, spiral path covering the entire disc surface i_':h o
from the innermost track 1o the outermost track. The data is stored on the disc Wi

56

y for high 10 and data teansfer Tales g |

discussed here briefly, another important point o add isthe |
ar and consistent data backup maintenance using tape storage |
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is illumi i iode in an
ing, machine, and can be accessed when the data path is Lilumlnatcd-:"'a:;g ?{l;;la"?‘tl;d;vm
'.¢E-'1I disc drive which spins the disc at speeds of about 200 Rl'l\;i up I‘:bul il i
. of an optical disc usually has a printed label, generally made o P“Picl et ot
sldi‘ ed onto the disc itself, This (non-encoded) sidct_)!‘lhc discis iy:]l:l.a ); prpgsi nnuialntmcgr:lt‘d
e ¢lr:.nl. usually lacquer. Unlike the 3%-inch floppy disk, most optic ;W & s Ragemaiis;
mﬂwclive casing and are therefore susceptible to data transfer problems due to scrate
vironmental problems. . o ith 12 em (4.75
o cﬂlh:ir:lldis:s are usually between 7.6 and 30 cm (3 to 12 inches) in ?ﬂm&;‘;}:’:k whilc the
i hcsp) being the most common size. A typical disc is about | 2 mm (0.05 o AL
Irrn::k pitchis typically 1.6 um (microns). An optical disc is designed to suppo

[NTRODUCTION OF MICROPROCESSOR & MICROCONTROLLER

.‘ read-only (CD and CD-ROM)
o recordable (write-once, CD-R)
e re-recordable (rewritable, CD-RW). ) . D,
Om'iw :;;”t[s)m;;“;’? 3:::1’ a;!;';s::;::::’:rn lf:sl[l:snfl(zfl;lio;::: m"['l:: Oprical Storage Tech-
ﬂg:ﬁ:ﬁﬁiﬁbﬂ (OS'I:A) promotes standardized optical storage formats.
A simple view of the optical disk is shown below:
Refectve Beam

Suadrate w\- "/
[—— Q ﬁ"‘wnutﬁ:w*f
A
Magnit Laper -
-

Opcal Desk
| D

Fig. 41 : Optical disk

compact Disk .
Compaet Dise (CD) is an aptical disc used to store digital data. It was de\relupedd‘:o store
l-k atthe start, but later it also allowed to store other kinds of data. Standard C.D? harvcha mmcwr
mﬁ;n mm and can hold up 1o 80 minutes of audio (700 MB of data). The Mini CD has various
o .
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Comprieg Okt‘uw _
|£.\-|||.\
diurfu.-len ranging from 60 10 80 mm: they are sometimes used for CD singleg or duvi,_-.. i,
S1oTing up to 24 minutes of audio. o,
The technology was later

adapted and expanded to include data slur.'lgg- (ll‘LRQM. g
rewritable media CD-RW, Video Compact Dises “"Cl)],

Surw:-‘.qt;:
ﬁ{axeu\
/[ OR70p

MB

audio and data storage CD-R,
Compact Discs (SVCD).

(A)

Fig. 42 : (A) Front portion of CD (B)
There are three category of the compact disk (CD):
* CD- ROM

* CD-R

¢ (CD-RW

Now we wil| study one by one in th following manner: o o
Compact disc- read only memory(CD-ROM) / ™

®)
Back side of the CDy

CD-ROM is a pre-pressed compact disc that contains
data accessible to, but noy writable by, a computer. While \
the compact disc formar was originally designed for music

storage and playback. Five vears later CD-ROM drives
Wwere being introduced on to computers. In 1994, they called
a computer with a CD-ROM a Multimedia computer since
itcould play music and specially coded videos, CD-ROMSs
a‘epopulurl,vusedlodislribu'tctumputermfl\'\-m. including
games and multimedia applications, though any data can
be stored (up 1o the capacity limit of a disc), Although many
people use lowercase letters in this acronym, proper
presentation is in al capital letters with & hyphen

between CD and ROM. g was also suggested by some, especially soon after the lﬁd’“”"m 'z
first released, tha CD-ROM was an acronym for "Compact Disc read-only-media”. This mi -
the intention of the original team who developed the CD-ROM, and common accepance o
“memony” definition is fow almost universal, Simple view of CD-ROM is as follows:

Fig. 43 :

57

ToN OF MICROPROCEEZ0R € MICROCONTROLLER
M b

307

JxTRO!

pact Disc-Recordable (CD- R):

ion of the C isc inv  Philips and
R (Compact Disc-Recordable) is a variation of the (_f:lmpacl Disc m!:=|1|1::¢Ii':l:d:.i!Ii J.E i
A :_‘:IE:R is a Write Cnee Read Many (WORM) optical medium. Lr;(rilgh:i:;;\b:::auw il
- : i ion. The word "recordable” is
kel ircly written in the same session. The word recor . =S
e 10;3 f: ‘rl-r‘zjm audio. which can be played back by most CDD play ".“fi’:é able CD.'CD-
o “l'dula can also be written to a CD-R. so the discs are also n:!'errfld; | :CD-R T
kindﬁ? a high level of compatibility with standard CDy re_a:!crs..a\ u.-m A
Emlﬂl:f'i; of polvcarbonate with 2 120 mm or 80 mm diameter. rh'.w;cu.g i s
dise m s of 70 minutes of audio or 650 MB of data. The data bumln:u. o]aj\ e CDmhas g
'Lt, ¥ n ot be altered or erased like the data on a hard drm:_ i l;ns ks
meaning it ?;I not be able to record any more data. Some CD. h'ur_nmg Eplé:i R
mm‘f‘l. |l:‘ llowing a disc to be written to multiple times until it is f!]] N et o i
ke oll::disf meaning a computer will read a disc with multiple sess
ion on 9 ! i
ﬁ::l:laof the CD-R is shown below in the table:

| T Write time for 80 minute/700 MB
[ Drive speed Data rate CD-R JI
! inules |
IX 130 KiB/s &0 rrlf l
i 20 minutes
4X 600 Kil/s | = |
8X 1200 KiB/s | 10 m]_m.l 5
i I 6.7 minuies
12X 1800 KiB/s : s
32X 4800 KiB/s | 2.5 minut
, i | 1.5 minutes B
L 32X TRO0 KiB/s |

Compact Disc “‘?"ﬂ"”fnﬁimmg ACD-RW is a blank CD that - P?c‘::::::
iy Fw'kc.mgg-a (CD-Recordable). a CD-RW can be writen to mulip s
to by a CD burner. Unli lew cannot be changed, but it can be erased. Therefore. ‘m\\f pases
s o tm‘: {}:{w every lime you want to change the files or add new d"‘;’;'ﬂ MB. while
completely em'“:d . the most common CD-R dise capacities such as 630 and i s
s e v YR recarders ypically handle the most e ind
et Iw(r,bbula::\' disc can be written and erased roughly 1000 times. although in p
teeL b |!|mn 11 lower. CD-RW recorders can also read CD-R. dises. - &
e ate R widespread popularity of CD-R, pantly due to their higher pe
CD.M““; iI::t‘-::;rd;:; and reading speeds, and compatibility issues with CD l:admsr u:m
“niltip:t:::um CD-RW formats of different speeds spﬂti‘li'n?la:hons.e:::;: mdpa;ﬂdi‘: ?.:;::D_Rw
i i as Zip drives, Ma optical an m s '
TrT;"f.:?f.ﬁ'.-@ﬁ:ﬁ'r?cEioM and C%Tﬁlc systems and storage strategies.
[l
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Digital Versatile Disc (DVD):

!J'r'iJ'._uJ::u known as "Digital Versatile Dise", is
uses are video and data storage. DVDs are
store more

CoMimerer ()n{;,mh
AT e

an optical dise storage media fory
o of the same din
than six times as much data. There are
® DVD-ROM

e DVD-R
® DVD-RW

The term DVD ofien describe the way data is stored on the discs: DVD-ROM
Memaory) has da!u: that can only be read and not written; DVD-R and DVD4R can record
once. DVD-RW can both record and erase data multiple times. The wavelengih used b Haon)
]:!VIJ lasers |s_6.}0 nm.DVD Video and DVD Audio dises refer to properly formated andy slan
video and audio content. respecively. History of DVD is shown in table below: Siruetureg
History of DVD

: WAL 1,
nsions as compact dises (Chy
many variation of the DV, Sycly as:

My
b by

{Reag

Media type Optical dise

Capacity 4.7 GB (single-sided. single-layer)
8.54 GB (single-sided, double-layer)

17.08 GB (double-sided, double-layer-rare)

Read mechanism | 650 nm laser. 10.5 Mbiv's

Write mechanism | 10.5 Mbit/s
Usage Data storage, video, audio. DVD
DVD-R:

DVD-R is a DVD recordable format, A DVD-R typically
has a storage capacity of 4.71 GB, although the capacity of the
original standard developed by Pioneer was 3.95 GB. Both values
are significantly larger than the storage capacity of its optical
predecessor. the 700 MB CD-R - a DVD-R has 6.4 times the
capacity of a CD-R. Data on a DVD-R cannot be changed.
Recording speed is generally denoted in values of X (similar to

CD-ROM usage), where 1X in DVD usage is equal to 1.321
MB/s. A simple view of the DVD-R is shown in figure 39,
DVD recorders have several technical advantages. Some
of these are as follows:
*  Superior video and audio quality
Easy-to-handle smaller form-factor disc media, and more durable than magnetic tape.
Reduced playback wear and tear
High-quality digital copying.

Fig. 44 : Simple view of DVD-R
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jmproved editing, at least on rewritable media

[ ]
Playlisting . . —
: N::":isk of accidentally recording over existing content ar unexpectedly running out of 5P
. .
during recording
o [asy to find recordings due to chapter menu.
vD-RW: n -
g A DVD-RW disc is a rewritable optical disc with equal ———

. capacity to a DVD-R, typically 4.7 GB. The format
ﬂmj:ng:ed};y Pioneer in November 1999. Uqfilu DvD- —_ L
“ﬁM it is playable in about 73% of conventional D\-"P
R:\ -;.:s The primary advantage of DVD-RW over I'.IVD-I% is ‘

B n}abi I..il}' 1o crase and rewrite to a DVD-RW disc. According ‘
[hei'inn:cr. DVD-RW discs may be written to about I.Oﬂ]ﬂ

:;'mcS befare needing replacement, making them commr:l:lf

with the CD-RW standard. DVD-RW discs are t;orru:aﬁlc; _ »
used for volatile data, such as backups or col Lq:tmns ol . L
e e

oné benefit to usiqg a rewritable disc | e
o d“‘;:::: :lil:a.li‘:: current fastest speed & DVD-RW dise can

4

R VD-
45 ¢ Simple view of D
Fig. oW

be written 10 i8

| imple RW is
SderM:;m;I:fyltf this speed having DVD-RW2 capabilities. A simple fig. of DVD-
fix speed, wi
shown in fig. 40. |
e he first commercial optical

i is an obsolete home video disc format. and was gt .
b s (LnD];smm Wt:te d c::l:tpls provided with the Laserdisc would llaocczmc t:;-
e - Di Wd D\fa];s The standard home video laserdise is 30 cm 1 diams
505 an .

P Iy aslic .‘\]tthJgh read and featuring
and made u of two 5in; h‘SIdOd aluminum discs layered in PI I
£

i istory CD is shown below:
ies simi 1 disc or DVD. History of laser -
properties similar to a compag . &
Optical disc
MNTSC

60 minutes per side CLV
Philips & MCA

Developed by Q '

Home video
Data Storage

A simple view of the laser disc is shown below:
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g z"l'l]!}N |?,'Tpo N
— 1 Jideo. and falls Sonl'lc“-'hclc between both in terms of technical capability and picture quality
-~ D"l[;od. pcrﬁ:rmancc. History of super video cd is shown below:
5 4 MM"H' type Optical disc /1__-‘
% ﬁ:f MPEG-2 video + audio
5 n
¥ ) Up to 300 MB ! ‘Jg
Read mechanism | 780 nm wavelength \ d
¢ v semiconductor laser
. E a e ailin] EC 62107
Fig. 46: LASER DISC doad audio and video storage SUPER VIDEO CD
BLUE-RAY DISC: 2 w5
: Blue-ray Disc is an optical disc storage medium to supersede the standard DV Formay \Vagnetic tape is & medium for magnetic recording
main uses are for storing games. high-definition video and data storage with up to S0GR pér dl']h g ng' consisting of a thin magnetizable coating on a
The disc has the same physical dimensions as standard DVDs and CDs.The name Bly-ray ", j narrow strip of plastic. Nearly all recording tape

derives from the blue-violet laser used to read the disc. While a standard DVD uses 2630 nang Wn‘:.:;st:rpe whether used for recording audio or video or
Mere | js0 1

red laser. Blu-ray uses a shorter wavelength, a 405 nm blue-violet laser, and allows for almog ¢ omputer data storage. Devices that record and
times moie data storage than on a DVD.Blu-ray Disc uses a "blue” (technical ly vinlet) laser ol :ack audio and video using magnetic tape are generally

at a wavelength of 405 nm 10 read and write data. Conventional DVDs and CD . ively.
i 2 ; 5 use red an orders and video tape recorders respectively.
infrared lasers at 630 nim and 780 nm respectively. History of blue ray di Mo | clledtaperos

s 1s shown below: A device thal stores computer data on magnetic tape can I
Media type High-density optical disc e called a tape drive, a tape unit, or a streamer. The usco?
Encodi magnetic tape for computer data storage has been one 0
neoding MPEG-2, MPEG-4 AVC, and V(-1 the constants of the computer industry. In all formats. a
Capacity 25 GB (single layer) tape drive uses precisely-controlled motors o il Lap:
50 GB (dual laver) from one reel to another, passing  tape head as it do¢s./
s . i i i 42.
e ad 3 simple magnetic tape 15 shown in fig. : :
Block size 64kb ECC “There are various types of the magnetié tape. Some of Fig. 47 : Magnetic tape
Read mechanism | 405 nm laser: these are as follows:
1 a1 36 Mbit's ® Reels
2 at 72 Mbivs & Streamers
42 at 144 Mbit/s s Digital audio tape(DAT)
6 at 216 Mbiv/s & Digital linear tape(DLT)
8 at 288 Mbiv/s Biue Ravdlik & Magneticsiripe
ue Ray dis &  Sman card g, . ane bu one in the following
Usage Datastorae, |‘|J.1§1-dl'ﬁimwbo,m S0 these are all the types of the magnetic tape. Now we will study one bu
Super Video CD (SVCD): manner:
Super Video CD (Supe REELS:

i 3 for storage. Generally a

i i i ths of another material are n_.ound

IJ: ol F“ﬁjc:mﬂwﬁ:ﬂ l;:%hx: sides to retain the material wound around the core. In
reel has a eylindrical

Video Compact Dise or SVCD) is a digital formal tor storing video o

standard rompact dises. SVCD was intended as a successor to Video CD and an altemative 9
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some cases the care is hollow. although other items may e mounted on it. and grips ay
mechanically tumning the reel. The size of the core is dependent on several r““""“_- A smg
will nh\'ious.ly allow o material to be stored in a given space. H."'“_‘""I"'r' there s a limit g, o
tightly the stored material can be wound without damaging it and this limits how smal] g, e

Comptmer ORG""\"?A'n
Oy

CXigy
ey y

be. eca
Other issues affecting the core size include:
®  Mechanical strength of the core (large reels). ;
* Acceptable wming speed (for a given rate of material moving on or off the reg| 5 smaly,

core will mean that an almost empty reel has to wen faster)
® Any funetional requirements of the core.

Fig. 48 : Reel

STREAMERS:

A streamer is a data storage device that reads
and writes data stored on a magnetic tape, It is
typically used for archival storage of data stored
on hard drives. Tape media generally has a
favorable unit cost and long archival stability,
Instead of allowing random-access to data as hard
disk drives do, streamers only allow for sequential-
access of data. A hard disk drive can move its
read/write heads 1o any random part of the disk
platters in a very short amount of time, but a
streamer must spend a considerable amount oflime
winding tape between reels to read any one
particular piece of data. As a result, streamer has
very slow average seek fimes, Despite the slow
seek time, tape drives can stream data to tape very
quickly,
Digital Audio Tape (DAT) :

Digital Audio Tape (DAT) is 4 signal recording and playback medium. In appearance it is similar

Fig. 49 : Reel
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jpact audio cassetie, using 4 mm magnetic tape
w? ! I:" a protective shell, butis roughly halfthe size
« 54 mm # 10.5 mm. As the name suggests. the
g digital rather than analog. DAT has the ability
I:n;c'a' higher. equal or lower sampling rates than a
0 digital source is copied then the DAT will produce
e clone. unlike other digital media such as Digital
Jﬂ”‘ﬁfl Cassette or non-Hi-MD MiniDisc, both of which
gy data compression.Like most formats of
v cette. a DAT cassette may only be recurd;ed on
i) ide, unlike an analog compact audio cassette. History
Ds AT is shown below:

I¥

s 105

of!

Media type Magnetic tape

Capacity 120/minutes

Read mechanism Rotating head .’_‘-P._f_,-r‘

Write mechanism Rotating head, helical scan g | @
Usage Audio storage L2 24

Digital ea Tape (DLT) . o i
i ‘t:;i:inur Tl:pe (DLT} is a magnetic tape data storage (drive) m:lhm:tl,og‘ f:s\ ;L?cwhaseh
Digitallg'ﬁquipmcnt Corporation (DEC) from 1984 onwards. !n I?BJdtt;:: 1:: Sc:ul . ng}lcchnolug}' =
tion, who currently manufactures drives and hie the: tec o
2 Qma:':f: &mr:\'il&nhighur capacity is called Super DLT (SDLT). II!LT uses I:;la.na; ::;:f:‘l r:::.-‘.l
ming;vilh multipl tracks o alFinh (127 me) wide ::rﬁ:pml;:::;g?hc:; s
i tof the cartridge by means of a e : i
;ﬂ:‘:l:;:ap_;’:{: S:I\.]:dlcu:d: tape is buckled to the cantridge leader during the load process. The tape
is guidedl by 4 10 6 rollers that touch only the back Isu:h: ;f the tape.

ANDLT drives suppoﬂhfmlwmdala compms:ﬁ;a Cc::
that drive compression applied to pre-compresse %
actually make the written data Itng&l_'ﬂmn m\-mgczr:r':ss -
tumed off in the tape drive Media are guarant m-:rm“]
years of data retention under spc_cnﬁe_d env }m:;'e o
conditions.Currem manufacturers of ca!'lndgcs for :“ |hei-
SDLT market are Fujifilm, Hitachi/Maxell.A ;:.d.l i
companies/brands (even Quantum) aré co;lr:mgrsm cpied
resellers of these companies. DLT includes Wrilte

Fig. 51 : Data Linear Tape(DLT)
Many (WORM) capability.fig. of DLT is shown below:
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Magnetic Strip

A magnetic stripe card is a type of card
capable of storing data by modifving the magnetism
oftiny iron-based magnetic particles. The magnetic
stripe, sometimes called a magstripe. is read by
Physical contact and sw iping past a reading head.
Magnetic stripe cards are commonly used in crisdiy
cards, identity cards, ATM cards and transportation
tickets. They may also contain an RFID tag. a
Iransponder device and a microchip mostly used
for business premises or e:ectronic pavement, An
International Organization for Swndardization
standards, define the physical properties of the card,
including size. fleibility. location of the magstripe,
magnetic characteristics. and data formags. They
also provide the standards for financial cards,
ncluding the allocation of card number ranges o

different card issuing institutions,
In most magnetic stripe cards, the magnetic stripe iscontained j i
P : a i
stripe is located 0.223 inches from the edge of the card, and is :ln3' ?il;ld::::r:;ka:lm;}:w g
_ i + 11E Magnetjc
210bits per inch, while track o s three are typics
per inch, while irack two typically has a recording density of 75 bigg per tuyr:.,:“.lll::tﬁz:t:;[

Fig, 52 . Magetic stripe earg

Magsiripes come in two rya ieli i
e ! Invarieties: high-coercivi iC ivi
ooe::mty magstripes are harder 1o erase. and therefore a?fc(wHi “ a‘"d Ior'-\f-cncmvn
used or that need 1o have 5 long life. Low-cogr e ok

¥ (LoCo). High.

her : | Ak are frequent
CIvity magstripes require a lower amoyn of‘rr:;,gn:tfi

ers are much cheaper than machines which are capable of

n -1 Containg a seeurity gy i
: i = el Y system with tamper-
Memory). Card dagg js transferred 1 I:I::c:l::‘lgls::::r? ;m’_’ﬁcs fl-‘ﬁﬂﬁilcnll'lll'ily e iﬂp;::
Istration system through card readi i
ng devices,

12y Ty,
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W
I‘ﬂl‘ el readers. A’i'_MSCI-:. Smart cards can be used for identification. authentication. and d::;
;ﬂ’s 1;“5|—4 cards pmwdfx ] m;:a.ns_ ol eflecting business transactions in a flexible. secure, "'.“md d

5 minim"l human istervention. The international payment brands .\-Insh:r('al‘d.' bt
o wil d 1o work together to develop the specifications for the use of smart cards in pay mc'.“
%P ced as cither @ debil or a credit card. A smart card and smart card reader is shown below:

LeTIoN OF MICROPROCESSOR & Microcox Tror LER

Ry

(A) (B)
Fig. 53 : (A) Smart cards (B) Smart card reader

5.6 PRINTERS

A printer is a peripheral which
uces a hard copy of documents stored
in electronic form, usually on physical
print. media such as paper or
transparencies. Many printers are
primarily used as local peripherals, and
are attached by a printer cable or, in most
newer printers, a USB cable 10 a
computer which serves as a document
source. Some printers, commonly known
a network printers, have buill-in network
interfaces (typically wireless or Ethemet),
and can serve as a hardeopy device for
any user on the network. Individual
Printers are ofien designed to support both
Iocal and network connected users at the
$ame time.In addition, a few modern
Printers can directly imerface to electronic
media such as memory sticks or memory

Fig. 54 : Simple view of printer
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cards, or to image capture devices such as digital cameras, seanners; some prin :
With a scanners and/or fax machines in a single unit, and can ﬁmctl?n as Qho iers, Pn_n'hcu
that include non-printing features are sometimes called Mquifuncl:lgn Printers (g lery
Funetion Deviges (MED). or All-In-One (ATO} printers. Most MFPs include Printing, .
and copying among their features, Printers are designed for |0W—\'l:l]1-ll!1l.‘. ‘h"“"“"mrnum g,
Jobs; requiring virtually no setup time to achieve a hard copy of a given documen, Ha Pring
printers are generally slow devices and the cost per page is actually relatively hig, Weve,
press remains the machine of choice for high-volume, professional publishing, H
have improved in quality and performance, many jobs which used to be done by pro
shops are now done by users on local printers; see deskiop publishing,

CoMpuTER Opg NIz,
() .

mm%b

" 5 Dt
t‘mmw Prig

® Dot matrix printer
& Inkjet printer
®  Label printer

® Thermal wax transfer printer Dye- submilation pringer
* RIS printer . Laser printer

So these are the types of the printers. Now we will study one by one in Tollowing way:
1. DOT Matrix printer (DMP)

A dot matrix printer or impact matrix printer is a type of computer printer with 5 Print hegg
that runs back and forth, or inan up and down motion, on the page and prints by impact, striking
an ink-soaked cloth ribbog against the paper, much like a typewriter. Each dot js Produced by
tiny metal rod, also called a "wire” or "pin", which is driven forward by the power of 5 tiny
eleciromagnet or solenoid, cither directly or through small levers (pawls). the term do Matriy
printer is specifically used for impact printers that use a matrix of small pins to create precise dogs
The advantage of dot-matris over other impact printers is that they can produce eraphical images
in addition to text; however the text is generally of poorer quality than impact priniters that yse
letterforms. The moving portion of the printer is called the print head, and when running the printer
s a generic text device generally prints one line of text af 5 time. Most dot matrix printers have
a single vertical line of dot-making equipment on thejr print heads; others have a few interfeaved
rows in order to improve dog density. These machines can be highly durable. When they do wesr
out, it is generally due to ink invading the guide plate of the print head, causing grit to adhere to
it; this grit slowly causes the channels in the guide plate to wear from circles into avals or slats,
providing less and less accurate guidance to the printing wires.
Dot-matrix printers can be broadly divided jnto two major classes:
*  Ballistic wire printers
®  Stored energy printers
Dot marix priniers can either be character-based or line-
series of pixels across the page),
mairix printers were one of the
for home and small-office use,

® Daisy wheel printer
. Line printer
L] Page printer
.

based (that is, a single horizontal
referting 0 the configuration of the print head.At pne fime, do
MMOTE COMMON types of printers used for general use - such as
Such printers would have either 9 or 24 pins on the print head.
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¢ heads were able to printat a higher quality. Once the price of ink_jc’L pflhtm;“’::‘::
i P'T“: where they were competitive with dot matrix printers, dot matrix printers beg
: n
H r for general use. — -
ﬂﬂ:‘" # M:ualrix printers, such as the MEC P6300, can be upgraded to print m °°""d' 1[:»1;:

dnlugh the use of a four-color ribbon mounted on a mechanism that mﬁ ar“esolufiﬁﬂ»
e 07 needed. Color graphics are generally printed in four passes at stand ol e
lf;‘“rilf"':"""'.s ﬁw printing considerably. As a result, color graphics mlwke:li‘;::‘ e
::d- ;Low;,'l'_ﬁu than standard monochrome geaphics ar iin tn 214 fimes as lana

w0

ix printers are still
matrix prin
D0t
e e
-~ e -
|" bq«;-\ o
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ike cash registers, or in

.mé?:;,h very 'higlll volume
jcations like invoice printing. .

he main use of Dn_I.-Mallnx

.T are in arcas of intensive

;:[;inn-pmcessing sysiems that

out quite a lot of printing. Many

chum ies who might have started off | 3 r

with dot-matrix printers are not so k3 \\ :

g i to for printers
asily eonvineed 1o go \‘ p

pased on other technologies because

" used in low-cost, low-quality

hat they have g
1he speed ﬂtl\l's-‘:lmge L ¥ 2 - . .
:fih dot-matrix pf;rnﬂ;?éﬁmmpl?nwﬁt; Fig. 55 : Dot Matrix printer
of Dot matrix pri shown
below,

i Iows:
There are many types of dot matrix printer. Some of these are as follows
LA180 — 180 ¢fs line printer
LS120 -- 120 c/s terminal .
LA120 - 180 c/s advanced Tenmllwl
LA34 - Cost-reduced terminal printer
LA38 — An LA34 with more features
i i w & s
Rcbins 5 tcw:::ll mmw of the printer. First we will discuss advantage
There are various a.dvu!llagt
then we will discuss the disadvantage. :
i i ke carbon-
e, ik, ol s ke
-Dm s anm - i::; of the i p:rg;:ugh ajob. it could print to
iegreis pnmm‘hdmm“ﬂ than suddenly stopping mﬂwtmer-widm (8:5") paper. They
the printout gradually fades e pm‘l..te_d - - 5 upr. Ty
Wide;](clﬂ mlum:)'np::::;pemrmﬂ'" \han requiring individual sheets, making
are able to use conti g
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data logpi g Th
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2 15 1vpe ol printer allowed user control of a font's printed-size. Unlike the g
bitmap representation of typeface data. scalable typefaces used a vector-based "\‘J‘lnilim iy
are good. reliable workhorses ideal for use in situalions where printed conient js :

than quality. The ink ribbon also does not easily dry out. including both the ribh

casing as well as the portion that is stretched in front of the print head: this unique
ed in environments where printer duty can be rare,
with a Fire Alarm Contral Panel's output,
Disadvantage:

O Sloreg in
Propeny, 4
the dot-matrix printer 1o be us > ally

Dot matrix or Impact printers are usvally noisy, 10 the extent that sound dﬂ"'nlﬁning Eniclng,
are available for use in quiet environments. They can only print low resolution
limited calor performance. linited quality and comparatively low speed. While they g
paper with tractor holes, single-sheet paper usually has to be wound in and aligned by hang, yp:
is relatively inconvenient and time-gonsuming. While far better suited 1o printing on lahgjg thag
laser printer or an inkje priner, they are prone 1o bent pins (and therefore o destroved Prinlhc;
caused by printing a characier half-on and half=off the label. !
2. Daisy Wheel Printer

Daisy wheel printin
interch

2 is an impaet printing technology invented in 1969 by Drawid §, Leedt gy
angeable pre-formed type clements, each with 96 alyphs. 10 generate highquality Outtpy;
comparable to premium wpewriters such as the 1BM *Golfball" Selectric, but three times faster
Daisy-wheel printing was used in clectronic typewrilers, word processors and COMPULEF sy stems froq,

19720 early dayvs daisy-wheel printers had become the dominant technology for high-qualiy
-

Fig. 56: Metal Daisy Wheel for Xerox Fig. 57: Working of Daisy wheel printer
print. Dot-matrix impact or thermal printers were used where higher speed was required and poor
print quality was acceptable. Both technologies were tapidly superseded for most purposes when
dot-based printers-in particular laser printers-that could print any characters or graphics rather
than being restricted to a limited character set became able 10 produce output of comparable
quality. Daisy-wheel technology is now found only in some electronic typewriters. Like all othét
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!'nrjnsaan%: @ Imost @
@ due 1o their low cost, high quality of
s pability of printing in different colors.
upt ‘:not‘ use.Like most modem technologies,
o t-day inkjet has built on the progress
" by man.}- earlier versions. Among many
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qiers. daisy wheel printers are noisy, Although the daiss wheel principle is basically

i

. : e
4% 7 gte flor printing bitmap graphics. there were attempts to enable them to do s0. Mos!

AT o eel printers supported a relatively coarse and extremely slow graphics mode by printing
o e entirely out of full stops.
a 14 .
¥ st et Printer
$ | gjet printers operate by propelling e, - T 7
In

5 id & ;o I T
e droplets of liquid or molten material i ]
i ny sized page. They are the most

nype of computer printer for the general

jors. E swlett- d Canon
o ytors. Epson. Hewleti-Packard an

::: a sul:::tamial share of the eredit for the
d:pmﬂ"' of the modemn inkjetThe =mcrg_|nkg

i erial deposition market also uses inl ) . e
LY jes. There are three main technologics in use in contémporan I.I'-ﬂ:]: y ;1“ e
l?e‘: ltd continuous. The ink used is known as aqueows (1.c. I\.J\a; s
w4 ) and the print head is generally cheaper to produce than other inkje J&

rinters: thermal.
using
i ectr

sigments of dy
——

rinter

Fig. 58: Block Diagram Inkjet p

Advantages
Compared to earlier cons-mcr-h"
They are quicter in operation than

kjets have a pumber of advantages.

oriented color printers. in hee! printers. They can print finer,

pact dot matrix 0f daisywl
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smoother dega;

Comineg RO,

0 Is through higher printhead resolution, and Marm cnsume
qualgls' rlrinling are wideh available In :
sublimations. and Jacr printens. inkjets have the advantage of |
lower cos per page. For s 3
Printer manufaciurer or
silver-based photograph
Disadvantages

There are various ady antages of the ink
Iypical OFM cartridge priced at $15
liter--or $8000 per galion, )

T inkjcts wil P

prachically no wapy, u
"me inkiet pranters. monachrome ink sets are availahle cither g~
third-pamy supplicrs. These allow the inkjet printer | b

- 0 L'11I;1|-K.‘c “ilh I
t papers iraditionally used in black-and-white |1|1|-Ingr.-|||||! The

D tim ¢

jel printer. The ink is oficn VENY expensive
. containing S ml. of ink, the ink elfectively coyyg s;i)mﬂ"
: : According to the BBC (2003 Many "intelligent” ink Cartridges o, '
@ microchip that communicates the estimated ink level to the printer: this may Cause fhe o
to display an emor message. or incomectly inform the user that the ink cartridge js emply, I
cases. these messages can be ignored. but some inkjet printers will refuse 10 print with 5 r_mm
that declares itself empiy, in order 1o prevent consumers from refilling cariridges. Tpe liferj e
inkjet prints produced by inkjets using aqueous inks is limited: they will eventually fage m':‘ of
color balance may change. On the other hand, prints produced from solvent-based inkjets the
several dears before fading. even in direct sunlight, and so-called “archival inks" haye
produced for use in aqueous-based machines which offer extended life. Becayse the ink y5eq -
most consumer inkjets is water-soluble, care must be taken with inkjet-printed documenys 1o au.m'r:
even the smallest drop of water, which can cause severe "blurring” o “runming,"” Similarly, s,
based highlighter markers can blur inkjet-printed documents. The ink consumed l:I'c.unins‘ Ihm:[:
either during cleaning invoked by the user. or in many cases, performed automatically by the
total ink installeg

printer on a routine schedule - can account for a significant proportion of the
in the machine.

Even with many availabje aptions {or cost-reduction. inkjet printing usi ng desktop priniers is
costly over time due to expensive replacement ink cariridges with much lower capacity than faser.
printer cantridges. Major applications where these printers are used are for ouidoor sellings for
billboards. truck sides and truck curtains. building graphics and banners, while indogr displays
include point-of-sales displays. backlit displays. exhibition eraphics and museum graphics,
4, Line Printer '

The line printer is a form of high speed impact printer in which one line of type is printed o1
a time. They are mostly associated with the early days of computing, but the technology is siill
in use, Print specds of 600 10 1200 lines-per-minute were common,
There are Four principal of designs existed:

*  Drum printers .

*  Bar printers .

In a typical drum printer design, a fixed font character set s engraved onto the periphery
of a number of print wheels, the number matching the number of columns (letters in a line) the
printer could print. Chain printers (also known 5 train printers) placed the type on moving bars.
As with the drum printer, as the correct character passed by cach column, a hammer was fired
from behind the paper. Compared 1o drum printers, chaig printers had the advantage that the 1ype
chain could usually be changed by the operator. Band printers are a variation of chain printers,
where a thin steel band is used instead of a chain, with the characters embossed on the band.

Chain (train) printers
Comb printers
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COMPanson to more cxpensive technologio, liko T

bt o 0F Micropgec F3OR € Micgon onermon s e 32'
JF -r than a
| gers were similar to chain pringers but were slower and less expensiv e :{:;h:rp,l[,]: that
",9 avingz continuously in one dieection, the ch iracters were on fingers '"“'fnn.;. 1AM 1443,
il cﬂvt;"'ri@h' and lhcn_rlghr-rn-hn in feont of the paper An example wis ';‘;1“‘ printers
A cinters. also called line matrix printers, represent the fourth major de ; ‘,’; \mmers printed
(,,nﬂ" hybrid of dot matrix printing and line printing. In these printers, a ¢« 'mh‘ N irghtly. the entire
el o of a row of pixels at onc time By shifting the comb hack and forth |‘r-L::.|-.-l\.mcml and
'pﬁ“"“ could be printed (continuing the example. i eight cycless. The paper th

f“l ‘:I pixel row was printed. - —

o line printers used paper provided in boxes "

Al ‘:.“Jnlﬁ fan-fold forms rather than cut-
A€ nl'!l'hf-‘ paper was usually perforated 1o tear
heets- 1 sheets if desired and was commonly | J
w0 O Cith altemating white and light-green %
piﬂ“’i" owing the reader 1o easily follow a line l

o1 across the page. This technology is still in .
oftext m:um'bcl' of applications. It is usually both I "
ﬁ‘é?ﬁd has lower total cost of ownership. 3 ’

|
i ase price, consumables, paper, and r
W@“Eﬂll‘:“:han le printers. Line prin!:n
mm'lc:e 1o be used for printing box labels. meldlum |
s ¢ accounting and other large business R L
L:Tgtiuns“ Multi-part. paper forms ' printed ;‘n
operation are sometimes useful. The the
o-“‘ud character set, fixed character spacing. and
e jvely poor print quality make impact line
9 unsuitable for m-qundengc, mm
oiher applications requiring high print quality. ) d
i Alel 3 or card-
s Pﬂnt“ uter printer that prints on self-adhesive I.Lhc‘lI ml-tl:?i:ﬂ' s g
A label printer is woml!m builiin keyboards and displays, for stand-alo ook e
stock (lags). Label printers wI! bel makers, Label printers are différent lmmw;r iy PR
computer), are ofien called a 1 feed mechanisms to handle rolled stock. u?ﬂcr'ml e
Akl sF’fo'.“:xﬂ:»cl printers include RS-232 serial, U nucnl.: ks il ooy
stock. Common connectivity ':r""i de variety of applications, including wl?l:l:ing by i
Elhmﬂ.l.abc;rﬂflnlcr;a:mi: E‘ labels, blood and laboratory specimen marking.
retail price marking,

management. | | N
g e s ;encrs!ly designed for Iight-_tn medium-duly usage w
| printers arc i s
: l:m““ll'Ip lal:::.mpll:n 4" wide, They are quict .u'u! ||m.tp:nm" e
bl 510': | label printers can typically hold a large
. . 5
. f,:':::cr; for medium-volume ?tnmmrg. e
o [ndustrial label pﬂnlmmdmgm! for heavy-d

. organization. jon on location.
diswibution centers, Beie m:rrlbwfc designed foc besvy-uy 080 CL
label prin

- ion sites, where

crieal 1lations, construction Sites,

e Industrial P“}::innim'm“"s for electrical insta
Examples of appli

[
“Ul L ‘/‘1’
v

[+ :
b = “ﬂl. £
¢-.

Fig. 5% Line Printer

up to 8" wide) and

continuous operation in warchouses,
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there are po computers

* RFID .
bihe r.tfndrr.\ are specialized
printers that primt and

eneode
neode at the same time on

CoMr g ()
Ry,
124y

RFID transponders (1ags)
enclosed in paper or ,—.'ml.;hlc

s - s 1 :

“_. tfik‘u\ materials. RFID ags i A
s,f to  have prinied - &\‘

intormation for backwards 1

compatib with barcode I{ ’

systems, so humans can identify ‘I

the tag. -

® Personal label printers or
label nul:'ers are handheld or
small deskitop devices, They
are intended for home o!'ﬂug:.

small office. or small businesses Fil
ig. 60: Label Printer

use. The cost of the TS 15 nerally very low, mak g 1 ¥ I vl
b b v v
prniers 1s ger | eny low, I cm popular wiih oy
Il""l.‘

users,
6. Laser Printer
The laser printer was j
) ; s invented at Xerox in 19 y
printer is a co, v afi Crox in 1969 by researcher Gary Starkw,
on plain ;anw".]: n\T ri'}-“ ;-"_""““‘F”m printer thai rapidiy prod"ccs"hrig(iimua?'m'rkwmm
J i digital photocopiers and multifunction printers (Lffil’s).lﬁ:gmd atgd
T printers

LASFR FRINTER COMPONINT
Pr——— S jones Slam
. i ] " '-W Discharge  C0M0AD o tz::md
9 N N \
i ! i
O\
& 0 \
- \‘.
S \
4 ~ > & (“
¥ | L
;_i o d J i ° a < o
/ ' °9 o
L,:j - ;q;:_ . 1 |
S oy S ] J .[ Prlpfr Tray

Fhatoreceptor
Drum Assombily

Daveloper
Rolier

Fuger

Fig. 61: LASER Pri
: LASE t
1neex: Fig. 62 : Component of LASER Printer

65

lll\

323

4 serographic printing proce

oy ' : 55 hut ; i i

PN “d by the direct scanning of a |aser hi:llﬂrr .""m st L o RS

i any significant advantages over ather r';m #n-m-lht printer's photoreceptor. Laset PR

e can vary widely. and depends o Mhoe il oncs nkks impect yéoss. I P,
S 0n many factors. including the graphic intensity of the job

i seessed. In comparison wi i
[.¢|I15 :‘;'&E an incoming siream :;::::t |.|5€Fi printer. mast inkjet printers and den-matrin printers
Is and directly imprint it in a slow lurching process that may

TN OF MICrOpRoye
_"g:ﬂ" i lickormoy POR & Microcoxrron i E
IR

1\

AW oauses as the printer wait i
:m'l"'l‘. l:llch a large amount of da:us ikt oot ity
use a needs 10 output 1o the printing device in a rapid. continuous

¢35
F“c,,ws‘. coﬁ-’-tlfﬂb" and small bu:_inm laser printers use a toner cartridge thar combines the
potoreeepOr (sometimes called “imaging drum") with the toner supply “pin. the waste toner
hopPers {md Various wiper bladﬁ When the toner supply is consumed. replacing the toner cartridge
!mmmﬂly replaces the imaging drum, waste toner hopper. and wiper blades Some laser printers
intain & page count of the number of pages printed since lasi maintenance. On these models.
greminder Message will appear informing the user it is nearing time to replace standard maintenance

purts.
1. Thermal Wax Transfer Printer
A thermal transfer printer is a printer which prints on paper by melting a coating of ribbon
so that it stays glued to the material on which the print is applied. It contrasts with Direct Thermal
inting where no ribbon is present in the process. It was invented by SATO corporation
\he late 1940s.Usage of TT printers. in industry includes:
e barcode labels (as labels printed with thermal printer tend not 1o last long). o for marking
clothing labels (shirt size etc)
o Printing plastic labels for chemical containers {because the cheaper ©
melt in a laser printer)
Barcode printers typically come in
Although a number of manufacturers have made

sandardised on these sizes, The main application for these printers is to produce barcode labels
hipping identification. The printers use a fixed widih thermal print head, pressing

for product and s
onto a paper or plastic label, over a driven rubber roller called a platen.

Between the print head and the label is sandwiched a very thin thermal ransfer rih"b-un {‘or
sometimes called "foil"), which is a polyester film which has been coated on the label side with
4 Wi, Wax-resin of pure resin “ink”. Thermal primi:g. :mhmlnf—_ t::.mb: ::;l Itloum::c:e ﬂ::
i ing a wax-hased ink onto paper. As the paper ane 1 vel i
g:gﬁ:nya?d;:;t I?md \lie wax-based ink from the mfcr ribbon melis wu the pn;;:;. wm
cooled, the wax is permanently adhered to the paper. This type of thermal pr!n:::r uses a like-si
panel of ribbon for cach page 10 be printed. regardless of the comtents of the page.

A working diagram of thermal wax printer is us follows:

pes of plastic would

fixed sizes of 4 inches. & inches or 8 inches wide ete.
differing sizes in the past, most have now



324

Comrerer Ogg
- ANz
glLiis

e Wax-ribbon Roli

Element zac

Heat x . %
Souree
In
Frinthead

Label - ¥ m
Laal HotMeit

Ligquified wax

Thermal Transfer Printing

Fig. 63
8. IRIS Printer

A Jj:is printer is a large fi
Ciroup of Eastman Kodak, w
flow ink

Fig. 64: Working diagram of thermal WaX Pringer

mat color inkjet printer manufactured by ~ :

Bichiis vt e actured by the Graphic Comm, ication

svstem 1o produce ¢ ich is used for digital prepress proofing. Iris printers use .

& e continuous-lone output on various media. including o conlinuoys
: - Paper, canvas, silk,
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Fig. 65: IRIS PRINTER
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jinen and other textiles. the Iris printers’ four | micrometre glass jets operate continuously urer
pigh pressure. vibrated by a piezoslectric crystal to produce drops at a | mHz rate. The F';'m.‘:
are noted for their accurate color reproduction. Iris printers arc also noted for the low cost & theil
consumables compared Lo other printing technologics. Primts produced by an Iris printer ale
commonly called "lris prinis”, “lris proofs”. or simply “Irises”. The Iris printer was originally developed
by Iris Graphics. Iris printers are used in prepress proofing for color on printing jobs wher¢ color
mateh is eritical. such as commercial product packaging and magazine layout. Their output is used
1o check (proof) what the colors will look like before mass production begins., The Iris P"'“‘";’
connection with industrial printing meant the name "[ris print” was Synonymous with 2 d’fjp‘:"s“b &
prepress proof. Nash and Holbert came up with the name "digigraph” to try [0 distinguish their
work from the industrial process.

g, DYE-SUBLIMATION PRINTER:

A dye-sublimation printer (or dye-sub printer) is a computer printer which employs 3
printing process that uses heat 1o transfer dye 1o 2 medium such as a plastic card. paper. or fabn.c‘
The process is usually to lay one color at a time using a ribbon that has color panels. Most dye-
sublimation printers use CMYO colors which differs from the more recognized CMYK colors in
“hat the black dye is climinated in favour of a clear overcoating. Many consumer and professional
dye-sublimation printers are designed and used for producing photographic prints. )

Sublimation is when a substance transitions berween the solid and gas states without going
through a liquid stage: the action of dry ice exposed to room lemperature is a common ;xalnp_le-
In a dve-sublimation printer the printing dye is heated up until it turns into a gas, al which point
it diffiuses onto the printing media and solidifies. Prior to printing. the dye is stored on a cellophane
ribbon. The ribbon is made up of three colored panels (eyan, magenia. and yellow) and one clear
panel which helds the lamination ‘material for the overeoating. During the printing. the printer
rollers will move the media and one of the colored panels together under a thermal printing head,
which is usually the same width as the shoner dimension of the print media. Tiny heating elements
on the head change temperature rapidly, laying different amounts of dve depending on the amount
of heat applied. After the printer finishes covering the media in one color. it winds the ribbon on
1o the next color panel and partially ¢jects the media from the printer to prepare for the next cycle.
The entire process is repeated four times in total: the first three lay the colors onto the media o
form a complete image, while the last one lays the laminate over 10p.

The advantage of dye-sublimation printing has been the fact that it is a continuous-toneé
technology, where each dot can be any color. In contrast. inkjet printers can vary the location and
size of ink droplets, a process called dithering, but each drop of ink is limited to the colors of the
inks installed.Dye sublimation offers advantages over inkjet printing. For one. the prints are dry
and ready to handle as soon as they exit the printer. Since the thermal head doesn't have to sweep
back and forth over the print media, there are fewer moving pars that can break down. As the
dye never enters a liquid ?hm. the whole printing cycle is extremely clean; there are no liquid
inks to clean up and no print hca.\!s 1o get clogged. These factors make dye-sublimation generally
a more rchab'lu !echn_ulogy over inkjel printing. Dye-sublimation printers have some drawbacks
compared to inkjet printers. Each of the colored panels of the ribbons, and the thermal head itself,
must match the size of the media that is being printed on. Furthermore, only specially-coated flﬂpe;
can accept the sublimated ink. This means that dye-sublimation printers cannot match the flexibili
of inkjet printers in printing on a wide range of media. i

[XTRODUCTION OF MICROPROCESSOR & MICROCONTROLLER
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1/O Cards in Personal computers

APC card network adapter

| Year o [ 1990
l Superseded by | Expressed Card (2003)
Width in bits [ 32
Mumber of devices | 1 perslot
Speed | 133 MB/s
Syle | Paralle!
Hot plugging interface I| Yes
External inerface | Yes

| ———

In computing, PC card is a form factor peripheral interface designed for laptop compULErs-
Originally introduced as PCMCIA card, the PC card standard as well a5 its successors like cardbus
were defined and developed by the personal computer memory card International Association

(PCMCIA).
It was originally designed as a standard for money-expansion cards for compuler SLOFge.

5.7. Introduction MicrOpROCESSOR

The microprocessor (also known as the processor. central processing unit, or CPU) can be
thought of'as the Brain of a compuler. The business of computers in pumbers. and the microprocessor
is where numbers arc crunched. Physically. they are ittle black or gray boxes 2 litle larger than
saltiness. The CPU determines the identityof you computer mote so than anything else. Computewr
systems are typically listed and named with the name and speed of the CPU they contain,

A microporcessor is an integrated circuit built on atiny piece of silicon. It contains thousands, or
even millions, of transistors, which are interconnected viasuperline traces of aluminum, The transisiors
work together to store and manipulate data 30 that the MicrOProgessor ¢an perform awide variety of

usuful functions. The panticular function a microprocessor performs are diciated by software, Iniel’s
first micrporocessor was the 4004, 1t was introduced in 1971 and contained 2,300 wansistors. Today's
pentium (r) I processer. by contrast, contains 7 3 million transistros, One of the most common tasks
[IETOPrOCESSOrs perform is to serve as the “brains” inside personal computers. but they deliver
sintelligence” 10 countless other deviees s well. For example. they may give you telephone specddial
and redial options. automatically tum down your house's thermostat at night, and make your car safer
and more energy efficient.
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of insturction register f‘hiuh holds the instructinn while the control logic decodes it. begins

0 g il One other very important event occurs during the fietch sequence: the program gounier

ﬁ‘F", mcnlcd 50 Lhat the next fetch phase will fetch the next sequential instruction from the memory.

"'.“ s the basic sequence of events required to fetch an instruction from the memory and to begin

ccutin@ it

‘[he program counter is a register located within the register array that is used by the

scessor of track the program. Each memory location in a computer system is numbered 50

v e program counter can address the next step in a program. In this fashion the program counter
Lounts uP through the program to locate each subsequent step of instruction.

of

5.8 MicroconTroller

A microcontroller (sometimes abbreviated wC. 4C or MCU) in a small computer on 2 single
integrated circuil containing a processor core. memory and programmable intput output peripherals.
Program memory in the form of NOR flash or OTP ROM isalso often included on chip as wellasa
wpically small amount of RMA.

Microcontroller are designed for embedded applications. in contrast to the microprocessor used
in personal computers or other general purpose applications.

Microcontrollers are used in autematically controlled products and devices such as automobile
engine control system, inplantable medical devices. remote controls office machines. appliances,
power tools, toys and other embedded system. By reducing the size and cost compared to a design
uses a seperale microprogesor memory and input/output devices, microcontroller make it economical
1o digitally contro) even more devices and processes. Mixed signal microcontrollers are commen
integrating anolog companents needed to control non digital electronic systems.

Some microcontroller may used four bit words and operate at clook rate frequencies as low as 4
KHz, for low power consumption. They will generally have the ability 1o retain functionality while
waiting for a event such as butten dpress or othet interrupt power consumption while sleeping (CPU
elock and most peripherals off) may just nanowaits, making may of them well ruited for long lasting
battery application other microcentroller may some performance caritical roles where they may

need toact more like a digital signal processor (DSP). with higher clock speedsand power consumption.

7.9. Micnopmcésson of B0B0/808%/Z80 Family

This section deals with the 8080 and 8085 microprocessors from intel andd the Z80 microprocessor
manufactured by the zilog Corp.
“The 8080 and K085 are nearly identical the B0RS being a slightly improved version of the 8080,
Except for two instrugtions the instruction sets for the two chips are identical.
The 780 is a considerably enhanced version of the 8080. 1t understands all the instruction of the
8080 and many more. 1t has all the registers of the 8080 plus a number of additional registers. We will
cover only those aspects of the Z80 that are found in the 8080 and 8085 at this time.
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Commoner Ogg
Accumulator

ANIz

The 20808085 780 chips have one 8-bit accumulator, Dala i
It operates as described in the New Concepts section of 0 "

r——mwmmu —_
In B b 1

this chapier, I1s operation is shown in Fig. 3.18. The 780 g -l R
also has a second aliemate accumulator, h”“‘l
] Fig. 70 : 8080/3085/Z80 Accumulagg,
Genzral Purpose Registers R

The s_osn BO83780 chips have an abundance of general purpose registers, These Tep
amanged in pairs. Notice the arangement of ane of these pairs in Fig. 3,22, Eﬁl.eru“

Inthis Fig. & bits of data can gointoand out of either registewr B or C. or. 16 bits Can po §
out of the pair. at which point they act as one 16 bit register. 80 into
There are three sets of these general purpose register pairs. They are the BC
and the pair. The letiers B. C. D and E are assigned to stand for each register. T
stand for high and low. The HL register pair is usually used for a different purpo
pairs. We will discuss thap purpose more in a later c.h.‘-p'ltr.

Register B Register C

—_—

I 71
E T .
16 bils into ‘ SbiMJ'uumr l Sb:iisluul of

BC register register B 1 register
pair ] bII[S inlo & hulis into 16 Bits out of
0 register B register € BC register pair
i : Model of 8080/8085/780 peneral i *
Each of these registers has a mate, or “alt i - e
Program Counter

Pair, the pg: .
he letiers P,

purpose than (he Olher gy,
iy

-

wh:':-:[lrm Wmosifim?hips each have a 16 bits Program countewr

cmmslp:ztcs as described in the new concepts section of this

and the 8800 sy e OUPLET 8 S the case with the 6502 family “"“""‘"‘"j

i hyTal.mt:?é |; divided into two halves for some aperations 1111 0000 ' 0100 0001

L : its are call ) ¢

high}, and the lower byte 5 c;i:f;:"’mpf—:‘pf.mmgmm counter Py Pe,
Most of the time 1 § ) &

counier buy ther::ﬁgi:". PrOgram counter operates as one 1 bit - dg sl |

involved when division ilme?!' S sbroutines are o =

PrOgram counter wij) b mcmﬁ'llhcdisplw forthe i

i . Appear as four hexadecimal digjys 18: 72 : Sixteen bit 8080/

ndex Register () Blts. SOBS/Z80 program counter
The 8080 and 8085 have o

Fegistor, The index i i gisters. The 740 and display

in the Z80 are cach 14 bits v.':u'tlm an X index register and a Y index
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gpatus Register
The status register in the 8080 and R085

omtains five flags in an &-bit register. See '_‘15- 5"“: nyee

1.24. The Parity flag involves a topic which 1ags s

pas nol been diseussed yet. Parity ra'ﬂ:l.:a o sjz|—[~]=]

{he number of |s in 2 binary number. Even s |=|o]|=]o]=]"

parity axists when there is a even number of [ 1 [ T 4 Carry 2 (GV)
Is. For example the binary number 0110 000 b

s even parity becatse it has two 1s.and 2 s Parity Nag

an even number, Odd parity exists when there — T P

is an odd number of 1s. For example. the L Ausiliary carry (AC)
binary number 0111 0000 has odd parity Unused
because there are three 1s and 3 is an odd Zero Rag
number. It is sometimes useful to keep track Sign flag

of parity for errorchecking routines and in data

communications. 1T the parity is even, the

parity flage becomes set (1); if parity is odd,
it clears (0).

Fig. 73 : 8080/8085 status register, (b's
represent bits)

inside the 8085 there are 10 seperate register. They are called A, B. C.D.E.H.L. P.S“‘ ‘:Ic:gd
SP. All but the PSW, PC and SP registers are used for temporary storage of w!}a.tcver is neede : ¥
the program, The accumulator called A is also different from the other registers. It is used 1o accumulate
the results of various instruction like add or sub (subtract). The program Counter (PC) we have

already mentioned while the stack pointer (SP) actually holds addresses and is 16 bits wide. All rthe
others are 8 bits wide,

Complete Model

Let's look at a complete model of the 8080/8085/Z80 family of microprocessor. Refer to Fig. at
this time,
A Couple of poinis conceming difTerencesa between the BOB0/8085 and the 780 should be noted.
Fig. is a model of the 80B0/808S5. The Z80 has o additional set 0 ; alternate registers and two index
registers which are not shown in the model. The status register in the Z80 has an additional flag
called the negative Nag. And the auxillary carry flag in the 8080/8083 is usually called the half-carry
ag in the 280,

In our model we will not show the binary numbers that are actually in each register or location
but rather than hexadecimal numbers which appear in the display of microporcesor trainers. The
exceplion is the stvtus regisiering which both binary and hexadecimal are shown, The small h's and
b's represent the data that would be in each register or memory location. Each “h* stands for one
hexadecimal digit or nibble, which is 1o say 4 bits. Each “b" stands for 1

: bit. When we use this mo
in later chapters, we will place actual values in place of the s and b's, -
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Fig. 74 : Complete 8080/808
; S and Z80
1hcrc_|s one point of singificant d:'l’l°e:t‘-.-|1a i
6800 family. In the case of the 6502 and 68

CoMPUTER Op D
GANIZ"‘TI% p.ﬂz[)

completely independent of one another, In the $080/5085 780 lin::;; register and accumulatory

C.Dundr-,'de

microprocessor used in the popular IBM pC:.
50386 can also be used with ﬂl::s :xl. :
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“kilo” ;. Because compulers
o ter usage, the prefix “kilo” actually stands for 1,024 bytes
e lime- In c‘,’nz"mgs: a[g:l:mc numbers found in the internal operations of computers arc powrrs;f
Fhiﬂm wl:hen is 210 = | 024 bytes. It is usually indicated with the initial K or somefimes. K .
; ‘unr512Kissaidmhavcailz.mﬂbywmamsmragc.mlly it's

S cpuimpme emory si i
fusd %’fﬁ:‘;’{;“ﬁfaﬂmﬁ memory with a capacity of one megabyte (abbreviated Tm o | MB)

!u;-:g= 1,024,576 memory |ocations,
,s -
1. Difference berween Microporcessor and MicroconTroller

5.1
Microprocessor Microcontroller
t Read Write . Read only Read write
me':f;;?aé'“} mEmoTy Microcontroller oo mory”  memory
= Serial
Micro == Serial Timer el Imerface
processor Sysem Imterface
S B
Timer 10 Port
[ i heart of embedded system.
P or & heart of computer system | Microcontroller &
L = Micro controlkr has external processor along

i & just a processor. Memory and [0
g cun{p::ms have to be connected
externally.
T Since memory and /0 has to be connected
externally the circuit become ?
3. Cannol be wsed in compact system and

with internal memory and /0 components.

Since memory and 10 are present mtermally |
the cireuit is small )
Tan be used in compact system and hence it 5

Z10 Mdﬂiﬁiinq " hence in efficient an al’l'v:iem_lel:mhm._ =
5. Cost of entire System NCIEasces gﬁ:f ;2::3“"" sm“:m T

A memory's address is something [i i
’ : ! s ing like we
ll::aneqbody s Iwu_su: has got an address :fenll:l::?;vrff;
5 de Evey_v house is given a unique address which is not
mjl}ieoth . Iﬁdc someone’s house there are tables, chairs, TV

: er h:njgmgs. Notiee here that vour home's address
and your home’s contents are not the same.

I:m.-h memory location ahs an address and contents. The A ddregee
o A SRS

information from it i ion i
> hnium:mmemfnmmumrm The contents is the

Typically memory addresse.
_ | ; S are numbered 0000
i:ie;_t;g;cmll o the highest location say in sorn:r]:al:"ﬁcular
- This sequential number is called address.

0000
0001
0002
0003
0004
0003
0006
0007

" Die to extermal companents the entire

power consumption i high. Hence it & not power consumption is less and can be used

[————M ! suitable 10 be used with devices running on | with device running on stored power like
|_Contenis | l stored power fike batteries. batterics, :
Contents | [7. Most of the microprocessor do not have Most of the mnmclormlkr have powe
| powersavi saving modes Iike idle mode and power
Contents r saving features. 1
Contents saving mode helps 1o reduce power
Cum | || e
Since memory and 1/0) components are all | Since ¢ : T v
Contsn 3 external each instruction will need external | operations are internal instruction hence speed
Contents | | | operation hence i is relatively slower fest,
Contents | | | 9. Microprocessor have less number of Micro controller have more number of

registers hence the programs are ¢asier 1o
wrile.

register hence more operations are memory

based.

70

Wicrocontroller are barked on haward

10. Microprocessors d on von neuman
" - i architecture where program memory and data

mode Varchitecture where program and data

stored in some me module. il are seperake, .
\ ~ Mainly used in personal compuiers. E;e ‘mainly in wa ‘machine, MP3
yers.
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%.12 RISC vs cISC

MicROPROCESSOR & MICROCONTROLLER
' (crioN 0F MICRO
r !I.'mwm :xplain in brief ?
Iy .. microprocessor 7 Explain o
oo o RISC and CISC?

CoMmrreg Ongy,
ANy,
I

! : : , -
b Lol betwoen Microprocssor and Micro conroler
(!

RISC

Architectural
Characteristic

y h)
uestions (12 Marks eac |
ips e g ard 7 Explain its characteristics with

maotherbo
do you mean by
ji. Whet aa

Instruction-set size and | Small set of instructions with ﬁmtd
instruction formats (32-bit) format and most register-
based instructions (<100)

buses 7 g
Lﬂm’ﬂ""“ﬂmlium Explain different types of:gl:msmdn different types of printers.
variable formars (16.4 s i What do you mean T

: 0 Microcontrolle
pcrmmwinns,][igg.am} | & What is Microprocessor and Mic

= cen RISC and CISC.

. =, ls Diff='°“!i" H icroiprocessor.
iﬂd’mﬂn‘g modes l Limit to 3-5 12-24 _—\—\i ; :_ Expnindl: ‘i::ﬂ :.n:;:mby nl:emm'y management an
General Purpose registers | Large numbers (32-192) of GPRS | 8-24 GPRS, mastly wiy, || 7- What 3 e
and cache design with mostly split data cache and | unified cache for e e short mote ©
instruction cache and data, recent designg |- & w;'mmn Access Memory (RAM}
use split caches, i g) Auxiliary storage device
Rate and CPI 50-150 MHz in 1993 “?'m onecycle | 33-50 MHz in 1997 with !| (c‘] M.il:l:i!:ll:‘::‘m microcontroller and microprocessor.
for almost all instructions and an | CPI between 2 and |3, 9. Differentiate between different types of printers.
1 :«plain printers. Define di
average CPI < | 5 | 10, Explain pri
CPUI Control Most hardwired without control

memeny

Most microcoded Using|

control memory (ROM;, bu|'
modern CISC also ysey

)

[

hardwired control,
ﬁ |

Very Short Answer Type Questions (2 Marks each)
L. What is auxiliary device 7
2. Cache memory is used in computer system lo ...

- An external processessor which communicate direct with all IO devices without any interventic

of CPU is called ...........

4. Which pant of the computer perform arithmetic caleulations 7

5. A process is

Short Answer Type Questions (4 Marks each)

1. Define buses 2 Explain different type of buses 7
2. What is interfacing keyboard ? Define it 7

(Raj. B.C.A. 201
(Raj. B.CA. 2005

(Raj. BCA. 2000 |
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(Raj. B.C.A. 2012)

810 chipset.
m,f_ Ig_c_.a. 2012)

(Raj. B.C.A. 2011)

2 e between this 7
r 7 Explmn;::t;cﬂr 2012, 2011, 2010)

: ethods of memory
d describe Tllaj- BCA. 2012)



