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ДИСКЕТА, HDD, ИНТЕРНИ, ЕКСТЕРНИ ДИСК. 
 

 
 
 

Јединица дискете је уређај који уписује и чита податке са дискете. Разликују се 4 
основна дела овог уређаја : 
 

- уписно - читајућа глава; 
- електромеханички део; 

- фотоелектронски систем; 
- управљачки део. 

 
Електромеханички део јединице дискете ( дискетни погон ) чине следеће компоненте : 

 
- погонски мотор који преко своје осовине обезбеђује ротацију дискете брзином од 360 об / 
мин; 
- корачни ( степ ) мотор који позиционира уписно - читајућу главу изнад одређеног цилиндра 
дискете. Овај поступак се изводи преко пужног механизма који угао обрта корачног мотора 
претвара у линеарни помак; 
- регулатор положаја главе који служи за приближавање и удаљавање уписно - читајуће 
главе. 
 

Фотоелектронски систем - најчешће комбинација LED диода - фототранзистор са 
задатком да : 
 
- идентификује почетак првог сектора у свакој стази ( помоћу индексног отвора на дискети ); 
- сигнализира положај главе изнад " стазе 00 " ; 
- детектује покривеност отвора за заштиту од уписа на дискету; 
 

Управљачки део усклађује рад контролера дискете и дискетног погона. Обрађује 
податке са контролера и формира управљачке сигнале за електромеханичке делове 
јединице, а такође контролеру шаље поруке о стању дискетног погона. 
 

Према принципу уписивања информација, диск системи се деле на магнетне и 
оптичке. 
 

Разликујемо диск - системе са заменљивим медијумом ( дискета, заменљиви тврди 
диск, заменљиви пакет дискова ) и фиксне - тврде дискове. 
 

Дискета ( floppy - еластичан, савитљив ) - од пластичног материјала, прекривеног 
магнетним слојем, у омотачу квадратног облика од пластике или пластифицираног папира 
(механичка заштита). 
 

Стандардне величине дискета : 1) 8 " ( 19,7 cm ) ; 2) 5,25 " ( 13,3 cm ) ; 3) 3,5 " ( 8,9 cm ). 
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Запис података може бити са густином : 

1. DD ( double density ) - двострука густина ;  
2. HD ( high density ) - висока густина . 

 
Уписани подаци могу бити на једној или обе стране дискете, тако да постоје 

једностране и двостране дискете. 
Да би се остварио упис података, потребно је формирати стазе и секторе у које ће се 

уписивати подаци и одредити начин организације података ( форматизовање дискете ). У 
току овог поступка дискета се дели на концентричне кругове - стазе, траке или писте, а оне 
се деле на секторе. 
 

Сектор представља основну количину меморије ( јединицу ) која се може читати или 
уписати на дискету без обзира на количину података. 
 

Кластер - формирају га два сектора ( код двостраних дискета, а код тврдог диска број 
сектора по кластеру може бити већи ). 
 

Цилиндар - две стазе са обе стране дискете на истом растојању од центра. 
 

Поступком форматизовања одређује се број стаза и величина сектора као и густина 
уписа података. 
 

Хардверско форматизовање - величина сектора дефинисана унапред, механичким 
путем, од стране произвођача; индексни отвор постоји за сваки сектор. 

Софтверско форматизовање - одређеним програмом простор на дискети се дели на 
стазе и секторе ради лакшег приступа;  

 расподела сектора се може променити са другачијим форматизовањем;  
 постоји само један индексни отвор који раздваја први и последњи сектор сваке стазе. 
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Јединица тврдог диска је уређај који уписује и чита податке по магнетној површини 
диска. Може бити : 

 
- са појединачним дисковима смештеним у касету - касетним дисковима; 
- са више диск - плоча обједињених фиксно око исте осовине у пакет - пакетима дискова. 
 

Дискови могу бити заменљиви или незаменљиви ( фиксни ) у јединици диска. 
 

Заменљиви дискови се стављају у јединицу само у време уписа или читања података. 
 

Незаменљиви или фиксни дискови чине интегрални део уређаја тврдог диска. 
Заштићени су од прашине и других утицаја, већег су капацитета, брзине, поузданости и могу 
радити у тежим радним условима. Могу бити са покретним и непокретним магнетним 
главама. Јединице дискова са непокретним магнетним главама за сваку стазу имају посебну 
магнетну главу која се стално налази изнад једне одређене стазе и само са ње чита и уписује 
податке, чиме се добија на брзини приступа подацима и повећава се поузданост. 
 

Дискови се причвршћују за заједничку осовину која ротира константном брзином 
већом од 60 об / сек.  
 

Брзина кретања медијума се повећава од центра ка спољашњим стазама. Да би се 
обезбедила константна брзина преноса, подужна густина уписних ћелија расте од 
спољашњих ка унутрашњим стазама. Код фиксних дискова са више диск-плоча и покретним 
главама између дискова се налазе полуге - носачи који на свом врху имају по две уписно - 
читајуће главе, за горњу и за доњу површину. Полуге су причвршћене за приступни 
механизам - актуатор. Актуатор представља увлачив склоп тако да се главе могу радијално 
померати. Све уписно - читајуће главе померају се истовремено, што значи да се у датом 
тренутку свим стазама које су на истом растојању од центра диска може приступити 
истовремено. Носач главе се креће по хидрауличком или електродинамичком принципу. 
Приступни механизам поставља главу на дискретне позиције управо изнад стаза диска. 

 
Пожељно је да глава буде што ближе медијуму, због јачине магнетног поља и због 

прецизности потребне за упис и читање на одређену стазу, али да га ни у једном тренутку не 
додирује. Међутим, без обзира на савремену технологију, површина диска је у извесној мери 
валовита, па је потребно обезбедити да одстојање буде довољно велико да би се избегло 
додиривање главе и површине диска. То се решава тако што велика брзина окретања диска 
доводи одређену количину ваздуха у област око главе, која захваљујући својој вискозности 
одржава главу од површине медијума на врло малом, константном растојању - ваздушни 
јастук. Ова технологија је омогућила велике капацитете дискова. Као заштита од падања 
главе на диск услед изненадног, непланираног заустављања диска ( нестанак електричне 
енергије ) користи се акумулирана енергија у кондензаторима током рада, која је довољна да 
се, чак и без спољашњег напајања јединице диска, покрене мотор за померање глава и да се 
врате главе до почетног положаја који се налази изван плоче диска. 
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Средње време потребно да глава пређе са једне случајно одабране позиције на другу 

случајно одабрану позицију представља средње време приступа, као један од најважнијих 
параметара диска. Време приступа је краће за дискове већег капацитета и мањих физичких 
димензија. 

 
Контролер тврдог диска има улогу да обезбеди све неопходне функције између CPU и 

јединице диска. Он преводи податке и команде са магистрале рачунара у контролне сигнале 
и захтевани ток података.  

Основне компоменте контролера су : 
- интерфејс према рачунару ( процесорски интерфејс ); 
- магистрале за трансфер података и контролних сигнала ( рачунар - диск и обратно ); 
- систем за откривање и отклањање грешака приликом трансфера података; 
- интерфејс према јединици диска ( драјв интерфејс ). 
 
Постоји више врста контролера : MFM, RLL, AT/IDE, SCSI, ESDI, ... 
 
Карактеристике тврдог диска су : 
 
- директан приступ подацима; 
- велика брзина приступа; 
- велики меморијски капацитет; 
- ниска цена по јединици меморије; 
- мале димензије у односу на капацитет; 
- висока поузданост. 
 
Дискови се праве од легуре алуминијума или од пластике и пресвлаче се 

феромагнетним материјалом са једне или са обе стране. Феромагнетни материјал 
представља медијум за податке и он се са ћелијама које могу да носе податке распоређује у 
концентричне кругове - стазе или траке, као код дискете. Принцип уписа и читања података 
је идентичан као код јединице магнетне траке или дискете. 

 
Пре коришћења врши се форматизовање диска које може бити : 
- форматизовање ниског нивоа ( low level ); 
- форматизовање високог нивоа ( high level ). 
 
Форматизовање ниског нивоа најчешће обавља произвођач диска и оно има улогу да 

припреми медијум за комуникацију са хардвером рачунара. Накнадно форматизовање 
ниског нивоа може да доведе до слабљења перформанси. 

Форматизовање високог нивоа или логичко форматизовање омогућава повезивање са 
одређеним оперативним системом. Овим форматизовањем сектори на диску се групишу у 
кластере ( код дискете се врши истовремено форматизовање ниског и високог нивоа ). 
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Четири гигабајта података који 
се могу сместити на DVD медије 

сасвим су довољни за потребе већина 
просечних корисника, но увек се тежи 
неком бољем и савременијем решењу. 

 
Екстерни хард дискови који 

представљају дотично боље, брже и 
практичније решење нису, наравно, 
нова појава и постоје већ дуже време 
на тржишту у разним облицима. Ови 
уређаји су првенствено намењени 
онима који имају потребу за веома 
честим трансфером велике количине 
података са међусобно удаљених 
рачунара, али и мало напреднији 

корисници сигурно у њима виде ствар 
коју би радо поседовали. Иако се 
стандардни хард диск, у принципу, 
лако транспортује и прикључује на 

други рачунар, ипак је много 
елегантније када не морате отварати 
кућиште већ преко firewire-а, или још 
боље преко USB порта, повежете хард 

диск. 
 

Да би екстерни хард диск добио 
високу оцену мора да задовољава два 
основна критеријума. Брзина рада је 
појавом USB-а 2.0 у великој мери 
решена, јер је са овим стандардом 
могуће остварити брзине трансфера 
података које не заостају много у 
односу на регуларно повезане хард 
дискове. Као друга ствар намеће се 
лакоћа транспорта и монтаже, јер 
џаба вам све уколико је уређај 

незгодан за ношење и ако вам треба 
шума каблова да бисте уређај пустили 

у погон. 
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Извор : http://en.wikipedia.org 

 
A floppy disk is a data storage device that is composed of a 
disk of thin, flexible ("floppy") magnetic storage medium 
encased in a square or rectangular plastic shell. Floppy disks 
are read and written by a floppy disk drive or FDD, the 
initials of which should not be confused with "fixed disk 
drive", which is another term for a hard disk drive. Invented 
by IBM, floppy disks in 8", 5.25", and 3.5" formats enjoyed 
many years as a popular and ubiquitous form of storage, 
from the middle 1970s to the late 1990s. However, they have 
now been largely superseded by Flash and optical storage 
devices. 

Background 

Floppy disks, also known as floppies or diskettes (where the 
suffix -ette means little one) were ubiquitous in the 1980s and 
1990s, being used on home and personal computer ("PC") 
platforms such as the Apple II, Macintosh, Commodore 64, 
Atari ST, Amiga, and IBM PC to distribute software, 

transfer data between computers, and create small backups. Before the popularization of the hard 
drive for PCs, floppy disks were typically used to store a computer's operating system (OS), 
application software, and other data. Many home computers had their primary OS kernels stored 
permanently in on-board ROM chips, but stored the disk operating system on a floppy, whether it 
be a proprietary system, CP/M, or, later, DOS. Since the floppy drive was the primary means of 
storing programs, it was typically designated as the 'A:' drive. The second floppy drive was the 'B:' 
drive. And those with the luxury of a hard drive were designated the 'C:' drive, a convention that 
remains with us today long after the decline of the floppy disk's utility. 

Floppy Disk Drive 

 
8 inch, 5 ¼ inch, and 3 ½ inch drives 
Date 

Invented: 1969 

Invented By: IBM team led by David 
Noble 

Connects to: 

• Controller via cable 

By the early 1990s, the increasing size of software meant that many programs were distributed on 
sets of floppies. Toward the end of the 1990s, software distribution gradually switched to CD-ROM, 
and higher-density backup formats were introduced (e.g. the Iomega Zip disk). With the arrival of 
mass Internet access, cheap Ethernet and USB flash drives, the floppy was no longer necessary for 
data transfer either, and the floppy disk was essentially superseded. Mass backups were now made 
to high capacity tape drives such as DAT or streamers, or written to CDs or DVDs. One financially 
unsuccessful attempt in the late 1990s to continue the floppy was the SuperDisk (LS-120), with a 
capacity of 120 MB (actually 120.375 MiB[1]), while the drive was backward compatible with 
standard 3½-inch floppies. 

For some time, manufacturers were reluctant to remove the floppy drive from their PCs, for 
backward compatibility, and because many companies' IT departments appreciated a built-in file 
transfer mechanism that always worked and required no device driver to operate properly. 
However, manufacturers and retailers have progressively reduced the availability of computers 
fitted with floppy drives and of the disks themselves.External USB-based floppy disk drives are 
available for computers without floppy drives, and they work on any machine that supports USB 
Mass Storage Devices. 
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Disk formats 
 

Floppy disk sizes are almost universally referred to in imperial measurements, even in countries 
where metric is the standard, and even when the size is in fact defined in metric (for instance the 
3½-inch floppy which is actually 90 mm). Formatted capacities are generally set in terms of binary 
kilobytes (as 1 sector is generally 512 bytes). However, recent sizes of floppy are often referred to in 
a strange hybrid unit, i.e. a "1.44 megabyte" floppy is in fact 1.44×1000×1024 bytes (which is 1.41 
MiB or 1.47 million bytes), not 1.44 MiB (1.44×1024×1024 bytes), nor 1.44 million bytes 
(1.44×1000×1000 bytes). Other formats do exist, such as 2.22 MB 5¼ inch floppy variations, as well 
as other variations for the 3.5 Inch floppy disk. 

Historical sequence of floppy disk formats, including the last format to be generally adopted — the "High Density" 3½-inch HD floppy, introduced 1987. 

Disk format Year introduced 
Formatted 

Storage capacity 
(in KiB = 1024 bytes if not stated) 

Marketed 
capacity¹ 

8-inch - IBM 23FD (read-only) 1969 79.7 ? 
8-inch - Memorex 650 1972 175.000 kB 1.5 megabit [unformatted] 

8-inch - SSSD 

IBM 33FD / Shugart 901 
1973 237.25 3.1 Mbits unformatted 

8-inch - DSSD 

IBM 43FD / Shugart 850 
1976 500.5 6.2 Mbits unformatted 

5¼-inch (35 track) 

Shugart SA 400 
1976 89.6 kB 110 kB 

8-inch DSDD 

IBM 53FD / Shugart 850 
1977 1200 1.2 MB 

5¼-inch DD 1978 360 360 KB 
3½-inch 

HP single sided 1982 280 264 kB 

3-inch 1982 360 ? 
3½-inch (DD at release) 1984 720 720 KB 

5¼-inch QD 1982 YE Data YD380 1,182,720 bytes 1.2 MB 
3-inch DD 1984 720 ? 

3-inch 
Mitsumi Quick Disk 1985 128 to 256 ? 

2-inch 1985 720 ? 
5¼-inch Perpendicular 1986 100 MiB ? 

3½-inch HD 1987 1440 1.44 MB 
3½-inch ED 1991 2880 2.88 MB 

3½-inch LS-120 1996 120.375 MiB 120 MB 
3½-inch LS-240 1997 240.75 MiB 240 MB 
3½-inch HiFD 1998/99 150/200 MiB 150/200 MB 

Acronyms:  DD = Double Density; QD = Quad Density; HD = High Density ED = Extended Density; LS = Laser Servo; HiFD = High capacity Floppy Disk 

SS = Single Sided; DS = Double Sided 
¹The formatted capacities of floppy disks frequently corresponded only vaguely to their capacities as marketed by drive and media companies, due to 

differences between formatted and unformatted capacities and also due to the non-standard use of binary prefixes in labeling and advertising floppy media. 
The erroneous "1.44 MB" value for the 3½-inch HD floppies is the most widely known example. See reported storage capacity. 
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History 

Origins, the 8-inch disk 
 
 
Drawings from IBM Floppy Disk Drive Patents 

In 1967, IBM gave their San Jose, California storage development 
center a task to develop a simple and inexpensive system for loading 
microcode into their System/370 mainframes. The 370 was the first 
IBM computer to use read/write semiconductor memory for 
microcode, and whenever the power was turned off the microcode 
had to be reloaded (System/370's predecessor, System/360, used 
non-volatile read-only memory for microcode). Normally this task 

would be done with tape drives which almost all 370 systems included, but tapes were large and 
slow. IBM wanted something faster and lighter that could also be sent out to customers with 
software updates for $5. 

IBM Direct Access Storage Product Manager Alan Shugart assigned the job to David Noble, who 
tried to develop a new-style tape for the purpose, but without success. Noble's team developed a 
read-only, 8-inch (20 cm) diameter flexible "floppy" disk they called the "memory disk", holding 
80 kilobytes. The original disk was bare, but dirt became a serious problem so they enclosed it in a 
plastic envelope lined with fabric that would remove dust particles. The new device[9], developed 
under the code name Minnow and announced as the 23FD, became a standard part of 370 systems 
starting in 1969. It was also used as a program load device for other IBM products such as the 2835 
Storage Control Unit[10]. 

Alan Shugart left IBM and moved to Memorex where his team in 1972 shipped Memorex 650, the 
first read-write floppy disk drive. The 650 had a data capacity of 175 kB, with 50 tracks, 8 sectors 
per track, and 448 bytes per sector. The Memorex disk was "hard-sectored," that is, it contained 8 
sector holes (plus one index hole) at the outer diameter (outside data track 00) to synchronize the 
beginning of each data sector and the beginning of a track. 

In 1973 IBM released a new version of the floppy, this time on the 3740 Data Entry System. The 
new system used a different recording format that stored up to 250¼ kB on the same disks, and was 
read-write. These drives became common, and soon were being used to move smaller amounts of 
data around, almost completely replacing magnetic tapes. 

The IBM standard soft-sectored disk format was designed to hold just 
as much data as one box of punch cards. The disk was divided into 77 
tracks of 26 sectors, each holding 128 bytes. Note that 77×26 = 2002 
sectors, whereas a box of punch cards held 2000 cards. 

8-inch disk drive with diskette 

When the first microcomputers were being developed in the 1970s, the 
8-inch floppy found a place on them as one of the few "high speed, mass storage" devices that were 
even remotely affordable to the target market (individuals and small businesses). The first 
microcomputer operating system, CP/M, originally shipped on 8-inch disks. However, the drives 
were still expensive, typically costing more than the computer they were attached to in early days, 
so most machines of the era used cassette tape instead. 
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This began to change with the acceptance of the first standard for the floppy disk, ECMA-59, 
authored by Jim O'Reilly of Burroughs, Helmuth Hack of BASF and others. O'Reilly set a record 
for maneuvering this document through ECMA's approval process, with the standard sub-
committee being formed in one meeting of ECMA and approval of a draft standard in the next 
meeting three months later. This standard later formed the basis for the ANSI standard too. 
Standardization brought together a variety of competitors to make media to a single 
interchangeable standard, and allowed rapid quality and cost improvement. 

Shugart moved on in 1973 to found Shugart Associates. They started working on improvements to 
the existing 8-inch format, eventually creating a new 800 kB system. However, profits were hard to 
find, and in 1974 he was forced out of his own company. 

Burroughs Corporation, meanwhile, was developing a high-performance dual-sided 8-inch drive at 
their Glenrothes, Scotland factory. With a capacity of 1 MB (MiB), this unit exceeded IBM's drive 
capacity by 4 times, and was able to provide enough space to run all the software and store data on 
the new Burrough's B80 data entry system, which incidentally had the first VLSI disk controller in 
the industry. The dual-sided 1 MB floppy entered production in 1975, but was plagued by an 
industry problem, poor media quality. There were few tools available to test media for 'bit-shift' on 
the inner tracks, which made for high error rates, and the result was a substantial investment by 
Burroughs in a media tester designed by Dr Nigel Mackintosh (who later made important 
contributions to the science of disk drive testing using Phase Margin Analysis) that they then gave 
to media makers as a quality control tool, leading to a vast improvement in yields. 

The 5¼-inch minifloppy (5.25-inch floppy) 
 
 
A double-density 5¼-inch disk with a partly exposed magnetic medium 
spun about a central hub. The cover has a cloth liner to brush dust from 
the medium. Note the "write-enable slot" to the upper right and the 
strobe hole next to the hub that regulates drive speed. 

In 1975, Burroughs' plant in Glenrothes developed a prototype 5¼-
inch drive, stimulated both by the need to overcome the larger 8-inch floppy's asymmetric 
expansion properties with changing humidity, and to reflect the knowledge that IBM's audio 
recording products division was demonstrating a dictation machine using 5¼-inch disks. In one of 
the industry's historic gaffes, Burroughs corporate management decided it would be "too 
inexpensive" to make enough money, and shelved the program. 

In 1976 two of Shugart Associates's employees, Jim Adkisson and Don Massaro, were approached 
by An Wang of Wang Laboratories, who felt that the 8-inch format was simply too large for the 
desktop word processing machines he was developing at the time. After meeting in a bar in Boston, 
Adkisson asked Wang what size he thought the disks should be, and Wang pointed to a napkin and 
said "about that size". Adkisson took the napkin back to California, found it to be 5¼-inches (13 
cm) wide, and developed a new drive of this size storing 98.5 KB later increased to 110 KB by 
adding 5 tracks. This is believed to be the first standard computer medium that was not 
promulgated by IBM. 
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The 5¼-inch drive was considerably less expensive than 8-inch drives from IBM, and soon started 
appearing on CP/M machines. At one point Shugart was producing 4,000 drives a day. By 1978 
there were more than 10 manufacturers producing 5¼-inch floppy drives, in competing physical 
disk formats: hard-sectored (90 KB) and soft-sectored (110 KB). The 5¼-inch formats quickly 
displaced the 8-inch from most applications, and the 5¼-inch hard-sectored disk format eventually 
disappeared. 

These early drives read only one side of the disk, leading to the popular budget approach of cutting 
a second write-enable slot and index hole into the carrier envelope and flipping it over (thus, the 
"flippy disk") to use the other side for additional storage. This was considered risky by some, the 
reasoning being that when flipped the disk would spin in the opposite direction inside its cover, so 
some of the dirt that had been collected by the fabric lining in the previous rotations would be 
picked up by the disk and dragged past the read/write head. In reality, since some single-head 
floppy drives had their read/write heads on the bottom and some had them on the top, disk 
manufacturers routinely certified both sides of disks for use, thus the method was perfectly safe. 

 
 
Floppy disk write protect tabs. These sticky paper tabs are 
folded over the notch in the side of a 5¼-inch disk to prevent 
the computer from writing data to the disk. Later disks, such 
as the 3½-inch disk, had a built-in slideable plastic tab to 
implement write-protection. 

Tandon introduced a double-sided drive in 1978, doubling the capacity, and a new "double 
density" format increased it again, to 360 KB. 

For most of the 1970s and 1980s the floppy drive was the primary storage device for 
microcomputers. Since these micros had no hard drive, the OS was usually booted from one floppy 
disk, which was then removed and replaced by another one containing the application. Some 
machines using two disk drives (or one dual drive) allowed the user to leave the OS disk in place 
and simply change the application disks as needed. In the early 1980s, "quad density" 96 track-per-
inch drives appeared, increasing the capacity to 720 KB. Another oddball format was used by 
Digital Equipment Corporation's Rainbow-100, DECmate-II and Pro-350. It held 400 KB on a 
single side by using 96 tracks-per-inch and cramming 10 sectors per track. 
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Despite the available capacity of the disks, support on the most popular operating system of the 
early 80s—PC-DOS and MS-DOS—lagged slightly behind. In fact, the original IBM PC did not 
include a floppy drive at all as standard equipment—you could either buy the optional 5¼-inch 
floppy drive or rely upon the cassette port. With version 1.0 of DOS (1981) only single sided 160 KB 
floppies were supported. Version 1.1 the next year saw support expand to double-sided, 320 KB 
disks. Finally in 1983 DOS 2.0 supported 9 sectors per track rather than 8, providing 180 KB on a 
(formatted) single-sided disk and 360 KB on a double-sided. Along with this change came support 
for different directories on the disk (now commonly called folders), which came in handy when 
organizing the greater number of files possible in this increased space. 

In 1984, along with the IBM PC/AT, the high density disk appeared, which used 96 tracks per inch 
combined with a higher density magnetic media to provide 1,200 KB of storage (formerly referred 
to as 1.2 megabytes). Since the usual (very expensive) hard disk held 10–20 megabytes at the time, 
this was considered quite spacious. 

By the end of the 1980s, the 5¼-inch disks had been superseded by the 3½-inch disks. Though 5¼-
inch drives were still available, as were disks, they faded in popularity as the 1990s began. The 
main community of users was primarily those who still owned '80s legacy machines (PCs running 
MS-DOS or home computers) that had no 3½-inch drive; the advent of Windows 95 (not even sold 
in stores in a 5¼-inch version; a coupon had to be obtained and mailed in) and subsequent phaseout 
of standalone MS-DOS with version 6.22 forced many of them to upgrade their hardware. On most 
new computers the 5¼-inch drives were optional equipment. By the mid-1990s the drives had 
virtually disappeared as the 3½-inch disk became the preeminent floppy disk. 

The "Twiggy" disk 

During the development of the Apple Lisa, Apple developed a disk format codenamed Twiggy, and 
officially known as FileWare. While basically similar to a standard 5.25in disk, the Twiggy disk had 
an additional set of write windows on the top of the disk with the label running down the side. The 
drive was also present in prototypes of the original Apple Macintosh computer, but was removed in 
both the Mac and later versions of the Lisa in favor of the 3.5in floppy disk from Sony. The drives 
were notoriously unreliable and Apple was criticized for needlessly diverging from industry 
standards. 

New formats, no standard 

Throughout the early 1980s the limitations of the 5¼-inch format were starting to become clear. 
Originally designed to be smaller and more practical than the 8-inch format, the 5¼-inch system 
was itself too large, and as the quality of the recording media grew, the same amount of data could 
be placed on a smaller surface. Another problem was that the 5¼-inch disks were simply copies of 
the 8-inch physical format, which had never really been engineered for ease of use. The thin folded-
plastic shell allowed the disk to be easily damaged through bending, and allowed dirt to get onto the 
disk surface through the opening. 

A number of solutions were developed, with drives at 2-inch, 2½-inch, 3-inch and 3½-inch (50, 60, 
75 and 90 mm) all being offered by various companies. They all shared a number of advantages 
over the older format, including a small form factor and a rigid case with a slideable write protect 
catch. The almost-universal use of the 5¼-inch format made it very difficult for any of these new 
formats to gain any significant market share. 
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Standard 3-inch and 3½-inch disks used the same spin speed and basic hardware interface as 
standard 5¼-inch drives, allowing them to be used with existing controllers and formats, although 
new formats were later developed that relied on the higher quality hardware in the new drive types 
(the IBM PC in particular never officially shared a format between the two drive types, though it 
was possible to misidentify the drive to the OS if desired). 

The 3-inch compact floppy disk 

The CF has a harder casing than a 3½-inch floppy; the metal door is 
opened by a sliding plastic tab on the right side. 

The original concept of the 3-inch hard case floppy disk was developed in 
1973 by Marcell Jánosi, a Hungarian inventor of Budapest Radiotechnic 
Company (Budapesti Rádiótechnikai Gyár - BRG). The system was the 
BRG MCD-1, which was patented but later the patent was not extended, 
therefore the protection was lost and Amdek released the AmDisk-3 
Micro-Floppy-disk cartridge system in December 1982. It was designed 
for use with the Apple II Disk II interface card, but has also been successfully connected to other 
computers. 

The drive itself was manufactured by Hitachi, Matsushita and Maxell. Only Teac outside this 
"network" is known to have produced drives. Similarly, only three manufacturers of media 
(Maxell, Matsushita and Tatung) are known (sometimes also branded Yamaha, Amsoft, Panasonic, 
Tandy, Godexco and Dixons), but "no-name" disks with questionable quality have been seen in 
circulation. 

Amstrad included a 3-inch single-sided, double-density (180 KB) drive in their CPC and some 
models of PCW. The PCW-8512 included a double-sided, quad density (720 KB) as the second 
drive and later models, such as the PCW-9512 used quad density even for the first drive. The 
single-sided double density (180 KB) drive was "inherited" by the ZX Spectrum +3 computer after 
Amstrad bought the rights from Sinclair. 

While all 3-inch media were double-sided in nature, single-sided drive owners were able to flip the 
disk over to use the other side. The sides were termed "A" and "B" and were completely 
independent, but single-sided drive units could only access the upper side at one time. 

The disk format itself had no more capacity than the more popular (and cheaper) 5¼-inch floppies. 
Each side of a double-density disk held 180 KB for a total of 360 KB per disk, and 720 KB for 
quad-density disks. Unlike 5¼-inch or 3½-inch disks, the 3-inch disks were designed to be reversible 
and sported two independent write-protect switches. It was also more reliable thanks to its hard 
casing. 

3-inch drives were also used on a number of exotic and obscure CP/M systems such as the Tatung 
Einstein and occasionally on MSX systems in some regions. Other computers to have used this 
format are the more unknown Gavilan Mobile Computer and Matsushita's National Mybrain 3000. 
The Yamaha MDR-1 also used 3-inch drives. 

The main problems with this format was the high price, due to the quite elaborate and complex 
case mechanisms. However, the tip on the weight was when Sony in 1984 convinced Apple 
Computer to use the 3½-inch drives in the Macintosh 128K model, effectively making the 3½-inch 
drive a de-facto standard. 
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Mitsumi's "Quick Disk" 3-inch floppies 

 
 
 
 
 
 
 
 
 

 
3-inch Quick Disk packaged as Nintendo Famicom Disk System 

 
 
A Smith Corona DataDisk 2.8-inch, actually measuring about 3 1/32-inch 
square. Note the label "A" to indicate disk side; the backside has a "B" label. 

Another 3-inch format was Mitsumi's Quick Disk format. The Quick Disk 
format is referred to in various size references: 2.8-inch, 3-inch×3-inch and 3-
inch×4-inch. Mitsumi offered this as OEM equipment, expecting their VAR 
customers to customize the packaging for their own particular use; disks thus 

vary in storage capacity and casing size. The Quick Disk uses a 2.8-inch magnetic media, break-off 
write-protection tabs (one for each side), and contains a see-through hole near center spindle (used 
to ensure spindle clamping). Nintendo packaged the 2.8-inch magnetic media in a 3-inch×4-inch 
housing, while others packaged the same media in a 3 inch×3 inch housing. 

The Quick Disk's most successful use was in Nintendo's Famicom Disk System. The FDS package of 
Mitsumi's Quick Disk used a 3-inch×4-inch plastic housing called the "Disk System Card". Most 
FDS disks did not have cover protection to prevent media contamination, but a later special series 
of five games did include a protective shutter. 

Mitsumi's "3-inch" Quick Disk media was also used in a 3-inch×3-inch housing for many Smith 
Corona word processors. The Smith Corona disks are confusingly labeled "DataDisk 2.8 inch", 
presumably referring to the size of the media inside the hard plastic case. 

The Quick Disk was also used in several MIDI keyboards and MIDI samplers of the mid 1980s. A 
non-inclusive list includes: the Roland S-10 and MKS100 samplers, the Korg sqd1, the Korg SQD8 
MIDI sequencer, Akai's 1985 model MD280 drive for the S-612 MIDI Sampler, Akai's X7000 / 
S700 (rack version)  and X3700, the Roland S-220, and the Yamaha MDF1 MIDI disk drive 
(intended for their DX7/21/100/TX7 synthesizers, RX11/21/21L drum machines, and QX1, QX21 
and QX5 MIDI sequencers). 

As the cost in the 1980s to add 5.25-inch drives was still quite high, the Mitsumi Quick Disk was 
competing as a lower cost alternative packaged in several now obscure 8-bit computer systems. 
Another non-inclusive list of Quick Disk versions: QDM-01, QDD (Quick Disk Drive) on french 
Thomson micro-computers, in the Casio QD-7 drive, in a peripheral for the Sharp MZ-700 & MZ-
800 system, in the DPQ-280 Quickdisk for the Daewoo/Dynadata MSX1 DPC-200, in a Dragon 
machine, in the Crescent Quick Disk 128, 128i and 256 peripherals for the ZX Spectrum, and in the 
Triton Quick Disk peripherial also for the ZX Spectrum and ZX Spectrum. 
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The World of Spectrum FAQ reveals that the drives did come in different sizes: 128 to 256 kB in 
Cresent's incarnation, and in the Triton system, with a density of 4410 bpi, data transmission rate 
of 101.6 kbit/s, a 2.8-inch double sided disk type and a capacity of up to 20 sectors per side at 2.5 kB 
per sector, up to 100 kB per disk. Quick Disk as used in the Famicom Disk System holds 64 kB of 
data per side, requiring a manual turn-over to access the second side. 

Unusually, the Quick Disk utilizes "a continuous linear tracking of the head and thus creates a 
single spiral track along the disk similar to a record groove." This has led some to compare it more 
to a "tape-stream" unit than typically what is thought of as a random-access disk drive. 

The 3½-inch microfloppy diskette 
 

 
 
The non-ferromagnetic metal sliding door protects the 3½-inch floppy disk's recording medium. 

 
 
Close up macro photograph of the back of a 3½-inch disk 
 
 

 

 
The basic internal components of a 3½-inch floppy 
disk: 
 
1. Write-protect tab 
2. Hub 
3. Shutter 
4. Plastic housing 
5. Paper ring 
6. Magnetic disk 
7. Disk sector. 
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Sony introduced their own small-format 90.0 × 94.0 mm disk, similar to the others but somewhat 
simpler in construction than the AmDisk. The first computer to use this format was the HP-150 of 
1983, and Sony also used them fairly widely on their line of MSX computers. Other than this the 
format suffered from a similar fate as the other new formats; the 5¼-inch format simply had too 
much market share. Things changed dramatically in 1984 when Apple Computer selected the 
format for their new Macintosh computers. By 1988 the 3½-inch was outselling the 5¼-inch. 

Note that the term "3½-inch" or "3.5 inch" disk was primarily targeted at the non-metric US 
market and was rounded from the actual metric size of 90 mm used internationally. 

The 3½-inch disks had, by way of their rigid case's slide-in-place metal cover, the significant 
advantage of being much better protected against unintended physical contact with the disk surface 
than 5¼-inch disks when the disk was handled outside the disk drive. When the disk was inserted, a 
part inside the drive moved the metal cover aside, giving the drive's read/write heads the necessary 
access to the magnetic recording surfaces. Adding the slide mechanism resulted in a slight 
departure from the previous square outline. The irregular, rectangular shape had the additional 
merit that it made it impossible to insert the disk sideways by mistake as had indeed been possible 
with earlier formats. 

The shutter mechanism was not without its problems, however. On old or roughly treated disks the 
shutter could bend away from the disk. This made it vulnerable to being ripped off completely 
(which does not damage the disk itself but does leave it much more vulnerable to dust), or worse, 
catching inside a drive and possibly either getting stuck inside or damaging the drive. On disks with 
the cover bending away the best option is to rip the cover off (to make sure it does not catch in the 
drive) and then immediately copy the data off it. Most modern floppies have a springy plastic cover 
that does not tend to bend away from the disk. 

Like the 5¼-inch, the 3½-inch disk underwent an evolution of its own. When Apple introduced the 
Macintosh in 1984, it used single-sided 3½-inch disk drives with an advertised capacity of 400 kB. 
The encoding technique used by these drives was known as GCR, or Group Code Recording. 
Somewhat later, PC-compatible machines began using single-sided 3½-inch disks with an 
advertised capacity of 360 kB (the same as a single-sided 5¼-inch disk), and a different, 
incompatible recording format called MFM (Modified Frequency Modulation). GCR and MFM 
drives (and their formatted disks) were incompatible, although the physical disks were the same. In 
1986, Apple introduced double-sided, 800 kB disks, still using GCR, and around the same time, 720 
kB double-sided double-density MFM disks began to appear on PC-compatibles. 

A newer and better, MFM-based, "high-density" format, displayed as "HD" on the disks 
themselves and storing 1440 kB of data, was introduced in 1987. These HD disks had an extra hole 
in the case on the opposite side of the write-protect notch. IBM used this format on their PS/2 series 
introduced in 1987. Apple started using "HD" in 1988, on the Macintosh IIx, and the HD floppy 
drive soon became universal on virtually all Macintosh and PC hardware. Apple's HD drive was 
capable of reading and writing both GCR and MFM formatted disks, and thus made it relatively 
easy to exchange files with PC users. Apple marketed this drive as the "SuperDrive." Interestingly, 
Apple began using the SuperDrive brand name again around 2003 to denote their all-formats 
CD/DVD reader/writer. 

It is notable that Apple was the first major manufacturer to start selling computers with 3½-inch 
disk drives as well as the first to stop shipping those in 1998 with introduction of iMac. 
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Another advance in the oxide coatings allowed for a new "extended-density" ("ED") format at 
2880 kB introduced on the second generation NeXT Computers in 1991, and on IBM PS/2 model 57 
also in 1991, but by the time it was available it was already too small in capacity to be a useful 
advance over the HD format and never became widely used. The 3½-inch drives sold more than a 
decade later still use the same 1.44 MB HD format that was standardized in 1989, in ISO 9529-1,2. 

Write-protection tab 

When the write-protect notch/tab is open, the floppy is write-protected. When the tab/hole is closed, 
the floppy is writeable. This protection is implemented by the drive hardware, and cannot be over-
ridden by software. This mechanism is similar to the audio cassette. 

Reported 3.5" DSHD FDD storage capacity 

The unformatted capacity of 3½-inch double sided high density floppy disk is 2.0 megabytes; in its 
most common low-level format it has a capacity of 1,474,560 bytes or 1.47 MB (simply dividing by 
1,000,000). In a binary prefix numbering system this is exactly 1440 KiB or approximately 1.41 
MiB. Filesystem overhead reduces the usable capacity further. 

However, neither of these numbers is generally used. The number most frequently printed on such 
floppies is 1.44 MB. This value is reached by taking the capacity in Kibibytes (binary kilobytes) and 
dividing by 1,000, to arrive at 1.44 and mis-labeling such as "MB". A person expecting the 1.44 
"MB" number to be stated in either the binary prefix or the decimal prefix would always 
miscalculate the number of floppies needed. 

Floppy replacements 

Through the early 1990s a number of attempts were made by various companies to introduce newer 
floppy-like formats based on the now-universal 3½-inch physical format. Most of these systems 
provided the ability to read and write standard DD and HD disks, while at the same time 
introducing a much higher-capacity format as well. There were a number of times where it was felt 
that the existing floppy was just about to be replaced by one of these newer devices, but a variety of 
problems ensured this never took place. None of these ever reached the point where it could be 
assumed that every current PC would have one, and they have now largely been replaced by CD 
and DVD burners and USB flash drives. 

The main technological change was the addition of tracking information on the disk surface to 
allow the read/write heads to be positioned more accurately. Normal disks have no such 
information, so the drives use the tracks themselves with a feedback loop in order to center 
themselves. The newer systems generally used marks burned onto the surface of the disk to find the 
tracks, allowing the track width to be greatly reduced. 

Flextra 

As early as 1988, Brier Technology introduced the Flextra BR 3020, which boasted 21.4 MB 
(marketing, true size was 21,040 kiB,[42] 25 MiB unformatted). Later the same year it introduced 
the BR3225, which doubled the capacity. This model could also read standard 3½-inch disks. 

Apparently it used 3½-inch standard disks which had servo information embedded on them for use 
with the Twin Tier Tracking technology. 
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Floptical 

In 1991, Insite Peripherals introduced the "Floptical", which used an infra-red LED to position the 
heads over marks in the disk surface. The original drive stored 21 MiB, while also reading and 
writing standard DD and HD floppies. In order to improve data transfer speeds and make the high-
capacity drive usefully quick as well, the drives were attached to the system using a SCSI connector 
instead of the normal floppy controller. This made them appear to the operating system as a hard 
drive instead of a floppy, meaning that most PCs were unable to boot from them. This again 
adversely affected pickup rates. 

Insite licenced their technology to a number of companies, who introduced compatible devices as 
well as even larger-capacity formats. Most popular of these, by far, was the LS-120, mentioned 
below. 

 

Zip drive 

In 1994, Iomega introduced the Zip drive. Not true to the 3½-inch form factor, hence not 
compatible with the standard 1.44 MB floppies (which may have actually been a good thing for the 
drives as it removed a big potential source of problems), it became the most popular of the "super 
floppies". It boasted 100 MB, later 250 MB, and then 750 MB of storage and came to market at just 
the right time, with Zip drives gaining in popularity for several years. It never reached the same 
market penetration as floppy drives, as only a few new computers were sold with Zip drives. 
Eventually the falling prices of CD-R and CD-RW media and flash drives, and notorious hardware 
failures (the so-called "click of death") reduced the popularity of the Zip drive. 

A major reason for the failure of the Zip Drives is also attributed to the higher pricing they carried. 
However hardware vendors such as Hewlett Packard, Dell and Compaq had promoted the same at 
a very high level. Zip drive media was primarily popular for the excellent storage density and drive 
speed they carried, but was always overshadowed by the price. 

 

LS-120 

Announced in 1995, the "SuperDisk" drive, often seen with the brand names Matsushita 
(Panasonic) and Imation, had an initial capacity of 120 MB (120.375 MiB[43]) using even higher 
density "LS-120" disks. 

It was upgraded ("LS-240") to 240 MB (240.75 MiB). Not only could the drive read and write 1440 
kB disks, but the last versions of the drives could write 32 MB onto a normal 1440 kB disk (see note 
below). Unfortunately, popular opinion held the Super Disk disks to be quite unreliable, though no 
more so than the Zip drives and SyQuest Technology offerings of the same period and there were 
also many reported problems moving standard floppies between LS-120 drives and normal floppy 
drives. This belief, true or otherwise, crippled adoption. 
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Sony HiFD 

Sony introduced their own floptical-like system in 1997 as the 150 MiB Sony HiFD. Although by 
this time the LS-120 had already garnered some market penetration, industry observers 
nevertheless confidently predicted the HiFD would be the real floppy-killer and finally replace 
floppies in all machines.After only a short time on the market the product was pulled as it was 
discovered there were a number of performance and reliability problems that made the system 
essentially unusable. Sony then re-engineered the device for a quick re-release, but then extended 
the delay well into 1998 instead and increased the capacity to 200 MiB while they were at it. By this 
point the market was already saturated by the Zip disk so it never gained much market share. 

Caleb Technology’s UHD144 

The UHD144 drive surfaced early in 1998 as the it drive, and provided 144 MB of storage while 
also being compatible with the standard 1.44 MB floppies. The drive was slower than its 
competitors but the media was cheaper, running about $8 at introduction and $5 soon after. 

Structure 
 
 
A user inserts the floppy disk, medium opening first, into a 
5¼-inch floppy disk drive (pictured, an internal model) and 
moves the lever down (by twisting on this model) to close the 
drive and engage the motor and heads with the disk. 

The 5¼-inch disk had a large circular hole in the center for 
the spindle of the drive and a small oval aperture in both 
sides of the plastic to allow the heads of the drive to read and 
write the data. The magnetic medium could be spun by 
rotating it from the middle hole. A small notch on the right 
hand side of the disk would identify whether the disk was 
read-only or writable, detected by a mechanical switch or 

photo transistor above it. Another LED/phototransistor pair located near the center of the disk 
could detect a small hole once per rotation, called the index hole, in the magnetic disk. It was used 
to detect the start of each track, and whether or not the disk rotated at the correct speed; some 
operating systems, such as Apple DOS, did not use index sync, and often the drives designed for 
such systems lacked the index hole sensor. Disks of this type were said to be soft sector disks. Very 
early 8-inch and 5¼-inch disks also had physical holes for each sector, and were termed hard sector 
disks. Inside the disk were two layers of fabric designed to reduce friction between the media and 
the outer casing, with the media sandwiched in the middle. The outer casing was usually a one-part 
sheet, folded double with flaps glued or spot-welded together. A catch was lowered into position in 
front of the drive to prevent the disk from emerging, as well as to raise or lower the spindle (and, in 
two-sided drives, the upper read/write head). 

The 3½-inch disk is made of two pieces of rigid plastic, with the fabric-medium-fabric sandwich in 
the middle to remove dust and dirt. The front has only a label and a small aperture for reading and 
writing data, protected by a spring-loaded metal cover, which is pushed back on entry into the 
drive. 
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The 3½-inch floppy disk drive automatically engages when 
the user inserts a disk, and disengages and ejects with the 
press of the eject button. On Macintoshes with built-in 
floppy drives, the disk is ejected by a motor (similar to a 
VCR) instead of manually; there is no eject button. To eject 
a disk, drag the disk's desktop icon onto the Trash icon. 

The reverse has a similar covered aperture, as well as a hole 
to allow the spindle to connect into a metal plate glued to the 
media. Two holes, bottom left and right, indicate the write-

protect status and high-density disk correspondingly, a hole meaning protected or high density, and 
a covered gap meaning write-enabled or low density. (Incidentally, the write-protect and high-
density holes on a 3½-inch disk are spaced exactly as far apart as the holes in punched A4 paper (8 
cm), allowing write-protected floppies to be clipped into European ring binders.) A notch top right 
ensures that the disk is inserted correctly, and an arrow top left indicates the direction of insertion. 
The drive usually has a button that, when pressed, will spring the disk out at varying degrees of 
force. Some would barely make it out of the disk drive; others would shoot out at a fairly high 
speed. In a majority of drives, the ejection force is provided by the spring that holds the cover shut, 
and therefore the ejection speed is dependent on this spring. In PC-type machines, a floppy disk can 
be inserted or ejected manually at any time (evoking an error message or even lost data in some 
cases), as the drive is not continuously monitored for status and so programs can make assumptions 
that do not match actual status (i.e., disk 123 is still in the drive and has not been altered by any 
other agency). With Apple Macintosh computers, disk drives are continuously monitored by the 
OS; a disk inserted is automatically searched for content and one is ejected only when the software 
agrees the disk should be ejected. This kind of disk drive (starting with the slim "Twiggy" drives of 
the late Apple "Lisa") does not have an eject button, but uses a motorized mechanism to eject 
disks; this action is triggered by the OS software (e.g. the user dragged the "drive" icon to the 
"trash can" icon). Should this not work (as in the case of a power failure or drive malfunction), one 
can insert a straight-bent paper clip into a small hole at the drive's front, thereby forcing the disk to 
eject (similar to that found on CD/DVD drives). 

The 3-inch disk bears much similarity to the 3½-inch type, with some unique and somehow curious 
features. One example is the rectangular-shaped plastic casing, almost taller than a 3½-inch disk, 
but narrower, and more than twice as thick, almost the size of a standard compact audio cassette. 
This made the disk look more like a greatly oversized present day memory card or a standard PC 
card notebook expansion card rather than a floppy disk. Despite the size, the actual 3-inch 
magnetic-coated disk occupied less than 50% of the space inside the casing, the rest being used by 
the complex protection and sealing mechanisms implemented on the disks. Such mechanisms were 
largely responsible for the thickness, length and high costs of the 3-inch disks. On the Amstrad 
machines the disks were typically flipped over to use both sides, as opposed to being truly double-
sided. Double-sided mechanisms were available but rare. 
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Current situation 
 
An example of a modern USB floppy disk drive.  

The 8-inch, 5¼-inch and 3-inch formats can be considered almost 
completely obsolete, although 3½-inch drives and disks are still widely 
available. As of 2007 3½-inch drives are still available on many desktop 
PC systems, although it is usually now an optional extra or has to be 
bought and installed separately. HP has recently dropped supplying 
floppy drives as standard on business desktops.  

 

The majority of ATX and Micro-ATX PC cases are still designed to accommodate at least one 3.5" 
drive that can be accessed from the front of the PC (although this bay can be used for other devices, 
such as flash memory readers). As of 2006, HD floppy disks are still quite commonly available in 
most computer and stationery shops, although selection is usually very limited. 

The advent of other portable storage options, such as USB storage devices and recordable or 
rewritable CDs, and the rise of multi-megapixel digital photography has encouraged the creation 
and use of files larger than most 3½-inch disks can hold. In addition, the increasing availability of 
broadband and wireless Internet connections has decreased the utility of removable storage devices 
overall. The 3½-inch floppy is growing as obsolete as its larger cousin a decade before. However, 
the 3½-inch floppy has been in continuous use longer than the 5¼-inch floppy. 

Since older PC computers often lack the ability to boot from a CD-ROM, floppies are still used for 
emergency boots in aging systems which may lack support for bootable media such as CD-ROMs 
and USB devices. They are also still often required for setting up a new PC from the ground up, 
since even comparatively recent operating systems like Windows XP and Windows Server 2003 rely 
on third party drivers shipped on floppies; for example, SATA support during installation. 
Windows Vista, thanks to Windows PE, finally allows drivers to be loaded from other than floppies 
during installation. They are also still often required for BIOS updates, and as maintenance 
program carriers, since many BIOS and firmware update/restore programs are still designed to be 
executed from a bootable floppy disk. 

Apple, the first manufacturer to popularly include 3½-inch drives as standard equipment - on the 
Apple Macintosh in 1984 - was also the first manufacturer to not include them on new machines - in 
1998 with the advent of the iMac. This made USB-connected floppy drives a popular accessory for 
the early iMacs, since the basic model of iMac at the time had only a CD-ROM drive, giving users 
no easy access to writable removable media. This transition away from floppies was easier for 
Apple, since all Macintosh models were able to boot and install their operating system from CD-
ROM early on. 

In February 2003, Dell, Inc. announced that they would no longer include floppy drives on their 
Dell Dimension home computers as standard equipment, although they are available as a selectable 
option for around $20 and can be purchased as an aftermarket OEM add-on anywhere between $5 
and $25. 

On 29 January 2007 the British computer retail chain PC World issued a statement saying that 
only 2% of the computers that they sold contained a built-in floppy disk drive and, once present 
stocks were exhausted, no more floppies would be sold. 
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The music industry still employs many types of electronic equipment that use floppy disks as a 
storage medium. Synthesizers, samplers, drum machines, and sequencers continue to use 3½-inch 
disks. Other storage options, such as CD-R, CD-RW, network connections, and USB storage 
devices have taken much longer to mature in this industry. 

Compatibility 

In general, different physical sizes of floppy disks are incompatible by definition, and disks can be 
loaded only on the correct size of drive. There were some drives available with both 3½-inch and 
5¼-inch slots that were popular in the transition period between the sizes. 

However, there are many more subtle incompatibilities within each form factor. For example, all 
but the earliest models of Apple Macintosh computers that have built-in floppy drives included a 
disk controller that can read, write and format IBM PC-format 3½-inch diskettes.  

However, few IBM-compatible computers use floppy disk drives that can read or write disks in 
Apple's variable speed format. For details on this, see the section More on floppy disk formats. 

Within the world of IBM-compatible computers, the three densities of 3½-inch floppy disks are 
partially compatible. Higher density drives are built to read, write and even format lower density 
media without problems, provided the correct media is used for the density selected. However, if by 
whatever means a diskette is formatted at the wrong density, the result is a substantial risk of data 
loss due to magnetic mismatch between oxide and the drive head's writing attempts. Still, a fresh 
diskette that has been manufactured for high density use can theoretically be formatted as double 
density, but only if no information has ever been written on the disk using high density mode (for 
example, HD diskettes that are pre-formatted at the factory are out of the question). The magnetic 
strength of a high density record is stronger and will "overrule" the weaker lower density, 
remaining on the diskette and causing problems. However, in practice there are people who use 
downformatted (ED to HD, HD to DD) or even overformatted (DD to HD) without apparent 
problems; see the Floppy trivia section. Doing so always constitutes a data risk, so one should weigh 
out the benefits (e.g. increased space and/or interoperability) versus the risks (data loss, permanent 
disk damage). 

The situation was even more complex with 5¼-inch diskettes. The head gap of an 80 track (1200 kB 
in the PC world) drive is shorter than that of a 40 track (360 kB in the PC world) drive, but will 
format, read and write 40 track diskettes with apparent success provided the controller supports 
double stepping (or the manufacturer fitted a switch to do double stepping in hardware). A blank 
40 track disk formatted and written on an 80 track drive can be taken to a 40 track drive without 
problems, similarly a disk formatted on a 40 track drive can be used on an 80 track drive. But a 
disk written on a 40 track drive and updated on an 80 track drive becomes permanently 
unreadable on any 360 kB drive, owing to the incompatibility of the track widths (special, very slow 
programs could have been used to overcome this problem). There are several other 'bad' scenarios. 

Prior to the problems with head and track size, there was a period when just trying to figure out 
which side of a "single sided" diskette was the right side was a problem. Both Radio Shack and 
Apple used 360 kB single sided 5¼-inch disks, and both sold disks labeled "single sided" that were 
certified for use on only one side, even though they in fact were coated in magnetic material on both 
sides. The irony was that the disks would work on both Radio Shack and Apple machines, yet the 
Radio Shack TRS-80 Model I computers used one side and the Apple II machines used the other, 
regardless of whether there was software available which could make sense of the other format. 
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"Sub Battle Simulator" for the Tandy Color Computer 3 was released on a "flippy" disk 

For quite a while in the 1980s, users could purchase a special tool called a "disk notcher" which 
would allow them to cut a second "write unprotect" notch in these diskettes and thus use them as 
"flippies" (either inserted as intended or upside down): both sides could now be written on and 
thereby the data storage capacity was doubled. Other users made do with a steady hand and a hole 
punch or scissors. For re-protecting a disk side, one would simply place a piece of opaque tape over 
the notch or hole in question. These "flippy disk procedures" were followed by owners of 
practically every home-computer single sided disk drives. Proper disk labels became quite 
important for such users. Flippies were eventually adopted by some manufacturers, with a few 
programs being sold in this media (they were also widely used for software distribution on systems 
that could be used with both 40 track and 80 track drives but lacked the software to read a 40 track 
disk in an 80 track drive). 

More on floppy disk formats 

Using the disk space efficiently 

In general, data is written to floppy disks in a series of sectors, angular blocks of the disk, and in 
tracks, concentric rings at a constant radius, e.g. the HD format of 3½-inch floppy disks uses 512 
bytes per sector, 18 sectors per track, 80 tracks per side and two sides, for a total of 1,474,560 bytes 
per disk. (Some disk controllers can vary these parameters at the user's request, increasing the 
amount of storage on the disk, although these formats may not be able to be read on machines with 
other controllers; e.g. Microsoft applications were often distributed on Distribution Media Format 
(DMF) disks, a hack that allowed 1.68 MB (1680 kiB) to be stored on a 3½-inch floppy by 
formatting it with 21 sectors instead of 18, while these disks were still properly recognized by a 
standard controller.) On the IBM PC and also on the MSX, Atari ST, Amstrad CPC, and most 
other microcomputer platforms, disks are written using a Constant Angular Velocity (CAV)—
Constant Sector Capacity format. This means that the disk spins at a constant speed, and the 
sectors on the disk all hold the same amount of information on each track regardless of radial 
location. 

However, this is not the most efficient way to use the disk surface, even with available drive 
electronics. Because the sectors have a constant angular size, the 512 bytes in each sector are 
packed into a smaller length near the disk's center than nearer the disk's edge. A better technique 
would be to increase the number of sectors/track toward the outer edge of the disk, from 18 to 30 
for instance, thereby keeping constant the amount of physical disk space used for storing each 512 
byte sector (see zone bit recording).  
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Apple implemented this solution in the early Macintosh computers by spinning the disk slower 
when the head was at the edge while keeping the data rate the same, allowing them to store 400 kB 
per side, amounting to an extra 160 kB on a double-sided disk. This higher capacity came with a 
serious disadvantage, however: the format required a special drive mechanism and control 
circuitry not used by other manufacturers, meaning that Mac disks could not be read on any other 
computers. Apple eventually gave up on the format and used standard HD floppy drives on their 
later machines. 

 

The Commodore 64/128 

Commodore started its tradition of special disk formats with the 5¼-inch disk drives accompanying 
its PET/CBM, VIC-20 and Commodore 64 home computers, the same as the 1540 and (better-
known) 1541 drives used with the later two machines. The standard Commodore Group Code 
Recording scheme used in 1541 and compatibles employed four different data rates depending 
upon track position (see zone bit recording). Tracks 1 to 17 had 21 sectors, 18 to 24 had 19, 25 to 30 
had 18, and 31 to 35 had 17, for a disk capacity of 170 kB (170.75 kiB). Unique among personal 
computer architectures, the operating system on the computer itself was unaware of the details of 
the disk and filesystem; disk operations were handled by Commodore DOS instead, which was 
implemented as firmware on the disk drive. 

Eventually Commodore gave in to disk format standardization, and made its last 5¼-inch drives, 
the 1570 and 1571, compatible with Modified Frequency Modulation (MFM), to enable the 
Commodore 128 to work with CP/M disks from several vendors. Equipped with one of these drives, 
the C128 was able to access both C64 and CP/M disks, as it needed to, as well as MS-DOS disks 
(using third-party software), which was a crucial feature for some office work. 

Commodore also offered its 8-bit machines a 3½-inch 800 kB disk format with its 1581 disk drive, 
which used only MFM. 

The GEOS operating system used a disk format that was largely identical to the Commodore DOS 
format with a few minor extensions; while generally compatible with standard Commodore disks, 
certain disk maintenance operations could corrupt the filesystem without proper supervision from 
the GEOS kernel. 

 

The Commodore Amiga 

The Commodore Amiga computers used an 880 kB format (eleven 512-byte sectors per track) on a 
3½-inch floppy. Because the entire track was written at once, inter-sector gaps could be eliminated, 
saving space. The Amiga floppy controller was much more flexible than the one on the PC: it did 
not impose arbitrary format restrictions, and foreign formats such as the IBM PC could also be 
handled (by use of CrossDos, which was included in later versions of Workbench). With the correct 
filesystem software, an Amiga could theoretically read any arbitrary format on the 3.5-inch floppy, 
including those recorded at a differential rotation rate. On the PC, however, there is no way to read 
an Amiga disk without special hardware or a second floppy drive,[49][50] which is also a crucial 
reason for an emulator being technically unable to access real Amiga disks inserted in a standard 
PC floppy disk drive. 
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Commodore never upgraded the Amiga chip set to support high-density floppies, but sold a custom 
drive (made by Chinon) that spun at half speed (150 RPM) when a high-density floppy was 
inserted, enabling the existing floppy controller to be used. This drive was introduced with the 
launch of the Amiga 3000, although the later Amiga 1200 was only fitted with the standard DD 
drive. The Amiga HD disks could handle 1760 kB, but using special software programs it could 
hold even more data. A company named Kolff Computer Supplies also made an external HD floppy 
drive (KCS Dual HD Drive) available which could handle HD format diskettes on all Amiga 
computer systems. They were also famous for the KCS Power Cartridge. 

Because of storage reasons, the use of emulators and preserving data, many disks were packed into 
disk-images. Currently popular formats are .ADF (Amiga Disk File), .DMS (DiskMasher) and .IPF 
(Interchangeable Preservation Format) files. The DiskMasher format is copyright-protected and 
has problems storing particular sequences of bits due to bugs in the compression algorithm, but 
was widely used in the pirate and demo scenes. ADF has been around for almost as long as the 
Amiga itself though it was not initially called by that name. Only with the advent of the Internet 
and Amiga emulators has it become a popular way of distributing disk images. IPF files were 
created to allow preservation of commercial games which have copy protection, which is something 
that ADF and DMS unfortunately cannot do. 

The BBC Micro and Acorn Archimedes 

The British company Acorn used non-standard disk formats in their 8-bit BBC Micro and its 
successor the 32-bit Acorn Archimedes. The original disk implementation for the BBC Micro 
stored 100 KiB (40 track) or 200 KiB (80 track) per side on 5¼-inch discs in a custom format using 
the Disc Filing System (DFS). 

The later BBC Master added the Advanced Disc Filing System (ADFS), which used double-density 
recording and added the ability to treat both sides of the disc as a single drive. This offered three 
formats: S (small) — 160 KiB, 40-track single-sided; M (medium) — 320 KiB, 80-track single-
sided; and L (large) — 640 KiB, 80-track double-sided. ADFS provided hierarchical directory 
structure, rather than the flat model of DFS. ADFS also stored some metadata about each file, 
notably a load address, an execution address, owner and public privileges and a "lock" bit. Even on 
the eight-bit BBC machines, load addresses were stored in 32-bit format. The BBC Master 
Compact marked the move to 3½-inch disks, using the same ADFS formats. 

The Acorn Archimedes added D format, which increased the number of objects per directory from 
44 to 77, and increased the storage space to 800 KiB. The extra space was obtained by using 1024 
byte sectors instead of the usual 512 bytes, thus reducing the space needed for inter-sector gaps. As 
a further enhancement, successive tracks were offset by a sector, giving time for the head to 
advance to the next track without missing the first sector, thus increasing bulk throughput. The 
Archimedes used special values in the ADFS load/execute address metadata to store a 12-bit 
filetype field and a 40-bit timestamp. 

RISC OS 2 introduced E format, which retained the same physical layout as D format, but 
supported file fragmentation and auto-compaction. Post-1991 machines including the A5000 and 
Risc PC added support for high-density discs with F format, storing 1600 KiB. However, the PC 
combo IO chips used were unable to format discs with sector skew, losing some performance. ADFS 
and the PC controllers also support extended-density disks as G format, storing 3200 KiB, but ED 
drives were never fitted to production machines. 
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With RISC OS 3, the Archimedes could also read and write disk formats from other machines, for 
example the Atari ST and the IBM PC. With third party software it could even read the BBC 
Micro's original single density 5¼-inch DFS disks. The Amiga's disks could not be read as they used 
unusual sector gap markers. 

The Acorn filesystem design was interesting because all ADFS-based storage devices connected to a 
module called FileCore which provided almost all the features required to implement an ADFS-
compatible filesystem. Because of this modular design, it was easy in RISC OS 3 to add support for 
so-called image filing systems. These were used to implement completely transparent support for 
IBM PC format floppy disks, including the slightly different Atari ST format. Computer Concepts 
released a package that implemented an image filing system to allow access to high density 
Macintosh format disks. 

12-inch floppy disks 

In the late 1970s some IBM mainframes also used a 12-inch (30 cm) floppy disk [citation needed], but 
little information is currently available about their internal format or capacity. 

4-inch floppies 

IBM in the mid-80s developed a 4.-inch floppy. This program was driven by aggressive cost goals, 
but missed the pulse of the industry. The prospective users, both inside and outside IBM, preferred 
standardization to what by release time were small cost reductions, and were unwilling to retool 
packaging, interface chips and applications for a proprietary design. The product never appeared 
in the light of day, and IBM wrote off several hundred million dollars of development and 
manufacturing facility. 

Auto-loaders 

IBM developed, and several companies copied, an autoloader mechanism that could load a stack of 
floppies one at a time into a drive unit. These were very bulky systems, and suffered from media 
hangups and chew-ups more than anyone liked, but they were a partial answer to replication and 
large removable storage needs. The smaller 5¼- and 3½-inch floppy made this a much easier 
technology to perfect. 

Floppy mass storage 

A number of companies, including IBM and Burroughs, experimented with using large numbers of 
unenclosed disks to create massive amounts of storage. The Burroughs system used a stack of 256 
12-inch disks, spinning at high speed. The disk to be accessed was selected by using air jets to part 
the stack, and then a pair of heads flew over the surface as in any standard hard disk drive. This 
approach in some ways anticipated the Bernoulli disk technology implemented in the Iomega 
Bernoulli Box, but head crashes or air failures were spectacularly messy. The program did not 
reach production. 

 

 

 

http://en.wikipedia.org/w/index.php?title=FileCore&action=edit
http://en.wikipedia.org/w/index.php?title=Image_filing_systems&action=edit
http://en.wikipedia.org/wiki/Atari_ST
http://en.wikipedia.org/wiki/Xara
http://en.wikipedia.org/wiki/Macintosh
http://en.wikipedia.org/wiki/Wikipedia:Citing_sources
http://en.wikipedia.org/wiki/Autoloader_%28data_storage_device%29
http://en.wikipedia.org/wiki/Iomega
http://en.wikipedia.org/wiki/Bernoulli_Box
http://en.wikipedia.org/wiki/Head_crash


Рачунарство и информатика – Рачунарски систем 

Милорад Мурић  29 Техничка школа Ужице 

 

2-inch floppy disks 

 
2-inch Video Floppy Disk from Canon. 

A small floppy disk was also used in the late 1980s to store video 
information for still video cameras such as the Sony Mavica (not to be 
confused with current Digital Mavica models) and the Ion and Xapshot 
cameras from Canon. It was officially referred to as a Video Floppy (or 
VF for short). 

VF was not a digital data format; each track on the disk stored one 
video field in the analog interlaced composite video format in either the 

North American NTSC or European PAL standard. This yielded a capacity of 25 images per disk 
in frame mode and 50 in field mode. 

The same media was used digitally formatted - 720 kB double-sided, double-density - in the Zenith 
Minisport laptop computer circa 1989. Although the media exhibited nearly identical performance 
to the 3½-inch disks of the time, it was not successful. This was due in part to the scarcity of other 
devices using this drive making it impractical for software transfer, and high media cost which was 
much more than 3½-inch and 5¼-inch disks of the time. 

Ultimate capacity, speed 

It is not easy to provide an answer for data capacity, as there are many factors involved, starting 
with the particular disk format used. The differences between formats and encoding methods can 
result in data capacities ranging from 720 kB or less up to 1.72 megabytes (MB) or even more on a 
standard 3½-inch high-density floppy, just from using special floppy disk software, such as the 
fdformat utility, which enables "standard" 3½-inch HD floppy drives to format HD disks at 1.62, 
1.68 or 1.72 MB, though reading them back on another machine is another story. These techniques 
require much tighter matching of drive head geometry between drives; this is not always possible 
and cannot be relied upon. The LS-240 drive supports a (rarely used) 32 MB capacity on standard 
3½-inch HD floppies—it is, however, a write-once technique, and cannot be used in a 
read/write/read mode. All the data must be read off, changed as needed and rewritten to the disk. 
The format also requires an LS-240 drive to read. 

Sometimes, however, manufacturers provide an "unformatted capacity" figure, which is roughly 
2.0 MB for a standard 3½-inch HD floppy, and should imply that data density cannot (or should 
not) exceed a certain amount. There are, however, some special hardware/software tools, such as 
the CatWeasel floppy disk controller and software, which claim up to 2.23 MB of formatted capacity 
on a HD floppy. Such formats are not standard, hard to read in other drives and possibly even later 
with the same drive, and are probably not very reliable. It is probably true that floppy disks can 
surely hold an extra 10–20% formatted capacity versus their "nominal" values, but at the expense 
of reliability or hardware complexity. 

3½-inch HD floppy drives typically have a transfer rate of 500 kilobaud. While this rate cannot be 
easily changed, overall performance can be improved by optimizing drive access times, shortening 
some BIOS introduced delays (especially on the IBM PC and compatible platforms), and by 
changing the sector:shift parameter of a disk, which is, roughly, the numbers of sectors that are 
skipped by the drive's head when moving to the next track. 

http://en.wikipedia.org/wiki/Sony
http://en.wikipedia.org/wiki/Mavica
http://en.wikipedia.org/wiki/Canon_%28company%29
http://en.wikipedia.org/wiki/Interlace
http://en.wikipedia.org/wiki/Composite_video
http://en.wikipedia.org/wiki/NTSC
http://en.wikipedia.org/wiki/PAL
http://en.wikipedia.org/wiki/Zenith_Minisport
http://en.wikipedia.org/wiki/Zenith_Minisport
http://en.wikipedia.org/wiki/Megabyte
http://en.wikipedia.org/wiki/Fdformat
http://en.wikipedia.org/wiki/CatWeasel
http://en.wikipedia.org/wiki/Floppy_disk_controller
http://en.wikipedia.org/wiki/Baud
http://en.wikipedia.org/wiki/BIOS
http://en.wikipedia.org/wiki/IBM_PC
http://en.wikipedia.org/wiki/IBM_PC_compatible


Рачунарство и информатика – Рачунарски систем 

Милорад Мурић  30 Техничка школа Ужице 

 

This happens because sectors are not typically written exactly in a sequential manner but are 
scattered around the disk, which introduces yet another delay. Older machines and controllers may 
take advantage of these delays to cope with the data flow from the disk without having to actually 
stop it. 

By changing this parameter, the actual sector sequence may become more adequate for the 
machine's speed. For example, an IBM format 1440 kB disk formatted with a sector:shift ratio of 
3:2 has a sequential reading time (for reading all of the disk in one go) of just 1 minute, versus 1 
minute and 20 seconds or more of a "normally" formatted disk. It is interesting to note that the 
"specially" formatted disk is very—if not completely—compatible with all standard controllers and 
BIOS, and generally requires no extra software drivers, as the BIOS generally "adapts" well to this 
slightly modified format. 

Usability 

One of the chief usability problems of the floppy disk is its vulnerability. Even inside a closed 
plastic housing, the disk medium is still highly sensitive to dust, condensation and temperature 
extremes. As with any magnetic storage, it is also vulnerable to magnetic fields. Blank floppies have 
usually been distributed with an extensive set of warnings, cautioning the user not to expose it to 
conditions which can endanger it. 

Users damaging floppy disks (or their contents) were once a staple of "stupid user" folklore among 
computer technicians. These stories poked fun at users who stapled floppies to papers, made faxes 
or photocopies of them when asked to "copy a disk", or stored floppies by holding them with a 
magnet to a file cabinet. The flexible 5¼-inch disk could also (folklorically) be abused by rolling it 
into a typewriter to type a label, or by removing the disk medium from the plastic enclosure used to 
store it safely. 

On the other hand, the 3½-inch floppy has also been lauded for its mechanical usability by HCI 
expert Donald Norman: 

“ A simple example of a good design is the 3½-inch magnetic diskette for computers, a small circle of "floppy" 
magnetic material encased in hard plastic. Earlier types of floppy disks did not have this plastic case, which 
protects the magnetic material from abuse and damage. A sliding metal cover protects the delicate magnetic 
surface when the diskette is not in use and automatically opens when the diskette is inserted into the 
computer. The diskette has a square shape: there are apparently eight possible ways to insert it into the 
machine, only one of which is correct. What happens if I do it wrong? I try inserting the disk sideways. Ah, 
the designer thought of that. A little study shows that the case really isn't square: it's rectangular, so you can't 
insert a longer side. I try backward. The diskette goes in only part of the way. Small protrusions, indentations, 
and cutouts, prevent the diskette from being inserted backward or upside down: of the eight ways one might 
try to insert the diskette, only one is correct, and only that one will fit. An excellent design. ” 
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Proper Handling 
 
Despite its vulnerability, a floppy disk is quite durable as long as you keep these few care tips in 
mind: 

1. Don't try flexing or bending them, and you might want to avoid placing heavy objects on 
them. 

2. Parts that you can see only with the protective jacket open have been placed there for a 
reason, so you might want to keep your fingers off of them. 

3. Never bring the disks close to magnets, or any really hot areas. Needless to say, the disk is to 
be kept away from chemicals such as solvents at all times. 

4. If you see the beeping light on your floppy drive that indicates the disk is being processed or 
used, then removing it (the disk) will almost certainly lead to some disk damage. Just wait 
until you're certain it is not in use. 

5. If possible, store the disks in protective plastic covers so as to avoid extreme conditions. 

 

The floppy as a metaphor 

 
 
Screenshot of the toolbar in Openoffice.org, highlighting the Save icon, a floppy disk. 

For more than two decades, the floppy disk was the primary external writable storage device used. 
Also, in a non-network environment, floppies have been the primary means of transferring data 
between computers (sometimes jokingly referred to as Sneakernet or Frisbeenet). Floppy disks are 
also, unlike hard disks, handled and seen; even a novice user can identify a floppy disk (although 
this may change as they become less common). Because of all these factors, the image of the floppy 
disk has become a metaphor for saving data, and the floppy disk symbol is often seen in programs 
on buttons and other user interface elements related to saving files. 

 

Floppy trivia 

• In some places, especially South Africa and Zimbabwe, 3½-inch floppy disks have commonly 
been called stiffies or stiffy disks, because of their "stiff" (rigid) cases, which are contrasted 
with the flexible "floppy" cases of 5¼-inch floppies. In Finnish, the term is korppu (rusk, 
crumpet, biscuit) due to its rigidity compared to 5¼-inch lerppu (floppy). 

• Even if such a format was hardly officially supported on any system, it is possible to "force" 
a 3½-inch floppy disk drive to be recognized by the system as a 5¼-inch 360 kB or 1200 kB 
one (on PCs and compatibles, this can be done by simply changing the CMOS BIOS settings) 
and thus format and read non-standard disk formats, such as a double sided 360 kB 3½-inch 
disk. Possible applications include data exchange with obsolete CP/M systems, for example 
with an Amstrad CPC. 
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• If the cable for a 3½-inch floppy disk drive is incorrectly connected to the floppy drive 
controller with a 180°-twist, the floppy drive LED will remain on. 

• In the early days, manufacturers of "single sided" floppy disks would advise consumers that 
they "certified" only one side (hence the name single-sided), and if the user wanted to use 
the other side of the diskette, they should buy the more expensive "double-sided" variety of 
floppy disks. Consumers quickly found that since some single-head floppy drives had their 
read/write heads on the bottom and some had them on the top, that the manufacturers 
ended up certifying both sides anyway, thereby making the single-sided diskettes usable on 
both sides regardless. 

• Atari developed a 3.5" 360k drive for their 8-bit line, the XF351. However the Tramiels in 
their marketing wisdom chose to avoid confusion with their ST line and it was never 
released, much to the chagrin of many 8-bit users to this day. 

• The hardware for the Atari 8-bit computer's floppy drives recognized sectors numbered 
from 1 to 720. Due to miscommunication, the Disk Operating System (version 2.0) 
recognized sectors numbered from 0 to 719. As a result, sector 720 could not be accessed by 
the DOS (but could be accessed through the ROM routines). Some companies used a copy 
protection scheme where "hidden" data was put in sector 720 that could not be copied 
through the DOS copy option. 

• On the disk drives of the Atari ST, Commodore computers, and possibly others as well, the 
drive activity indicator LEDs were software controllable. This was put to use in some games, 
for example in the ST version of Lemmings, where the LED would blink as the three last 
building bricks were used by the bridge builder lemming. In the absence of audio cues (e.g., 
when not listening to the in-game sound), this was critical to prevent the builder lemming 
from falling down after completing a bridge. 

• There were programs for the Commodore 64 computers, that made the floppy drive play a 
tune by moving its head. 

• Certain software companies used tracking outside the standard track designations for copy 
protection. One notable game that used this technique was the popular game by Brøderbund 
Lode Runner which used quarter tracks written on the original disk as a form of copy 
protection. Because many disk copying programs did not attempt to copy the secret quarter 
read/write head increment tracks this kind of protection was mostly successful to the 
average backup program. Because disk drives were unable to reliably write quarter track 
increments this provided a somewhat reliable protection in general. 

• There is an urban myth that it is safe to view a solar eclipse through the film of a floppy 
removed from its case. Despite some anecdotal support, this is in fact dangerous and can 
lead to retinal damage and even blindness.[52] Moreover, it produces poor image quality 
compared to filters designed for this purpose. 

• The holes on the right side of a 3½-inch disk can be altered as to 'fool' some disk drives or 
operating systems (others such 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. Popular modifications include:  

o Drilling or cutting an extra hole into the right-lower side of a 3½-inch DD disk 
(symmetrical to the write-protect hole) in order to format the DD disk into a HD one. 
This was a popular practice during the early 1990s, as most people switched to HD 
from DD during those days and some of them "converted" some or all of their DD 
disks into HD ones, for gaining an extra "free" 720 kiB of disk space. The success 
ratio was very high, especially as late DD disks used the same materials as HD ones, 
so they had no problem supporting the higher density. In general, only very old 
(made before 1989) DD disks were likely to exhibit faults and read/write errors. 
There even was a special hole punch that was made to easily make this extra (square) 
hole in a floppy. 
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o Vice versa, taping the right hole on a HD 3½-inch disk enables it to be 'downgraded' 
to DD format. This may sound counterproductive at first, but there are practical 
scenarios, e.g. compatibility issues with older computers, drives or devices that use 
DD floppies, like some electronic keyboard instruments and samplers[53] where a 
'downgraded' disk can be useful, as factory-made DD disks have become hard to find 
after the mid-1990s. See the section "Compatibility" above. It is important to note that 
due to read/write voltage differences in the heads of DD vs. HD disks, writing to an 
HD floppy with a DD drive (or an HD drive in DD mode) is widely considered to be a 
highly unreliable method of storing data.  

 Note: By default, many older HD drives will recognize ED disks as DD ones, 
since they lack the HD-specific holes and the drives lack the sensors to detect 
the ED-specific hole. Most DD drives will also handle ED (and some even HD) 
disks as DD ones. 

o Similarly, drilling an HD-like hole (under the ED one) into an ED (2880 kiB) disk for 
'downgrading' it to HD (1440 kiB) format. This can turn useful if there are many 
unusable ED disks due to the lack of a specific ED drive, which can now be used as 
normal HD disks. In general, they work pretty well. 

o Finally, it is possible to "upgrade" a HD disk into an ED one by drilling an ED-
positioned hole above the HD one, although the considerations made for DD vs HD 
disk material are probably not valid for HD vs ED, and such "upgraded" disks are 
probably not reliable. 

o Double disk 'upgrades' or 'downgrades' are possible by drilling ED holes into DD 
disks or taping ED disks. 

• New Order's classic dance track "Blue Monday" owes some of its popularity to the 12-inch 
version of the single initially being shipped in a sleeve designed to resemble a 5¼-inch 
floppy. Legend has it that it was so expensive to produce the sleeve that Factory Records lost 
money despite the single's runaway success. Fatboy Slim's 1995 album Better Living 
Through Chemistry features a 3½-inch floppy with the track names on its label as the main 
album art in homage to Blue Monday. 

• On the Commodore 64, the Commodore Amiga and perhaps other computing platforms, it 
is possible to control the floppy disk heads in such a way to produce specific audible 
frequencies, approximating an audible melody. This is an abuse of the hardware, and 
usually results in its early failure. 

• There were many people in the 1990s and still some in the 2000s who are not as familiar with 
computers and mistakenly think that a 3.5" floppy disk is actually the hard drive of a 
computer that you would use to install programs to, etc. They are led to think this because 
the casing on a 3.5" floppy disk is stiffer than the casing of a 5.25" floppy disk. 
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Hard disk drive 
Hard disk drive 

 
An IBM hard disk drive with the metal cover 
removed. The platters are highly reflective. 

Date Invented: September 13, 
1956 

Invented By: Reynold Johnson 

A hard disk drive (HDD), commonly referred to as a hard drive or hard disk, is a non-volatile 
storage device which stores digitally encoded data on rapidly rotating platters with magnetic 
surfaces. Strictly speaking, "drive" refers to a device distinct from its medium, such as a tape drive 
and its tape, or a floppy disk drive and its floppy disk. Early HDDs had removable media; however, 
an HDD today is typically a sealed unit with fixed media. 

HDDs were originally developed for use with computers. In the 21st century, applications for HDDs 
have expanded beyond computers to include digital video recorders, digital audio players, personal 
digital assistants, digital cameras, and video game consoles. In 2005 the first mobile phones to 
include HDDs were introduced by Samsung and Nokia. The need for large-scale, reliable storage, 
independent of a particular device, led to the introduction of configurations such as RAID arrays, 
network attached storage (NAS) systems and storage area network (SAN) systems that provide 
efficient and reliable access to large volumes of data. 

Technology 
 

A hard disk drive stores information on one or more 
rigid, flat, disks. The disks are mounted on a spindle, 
with spacers in between, and a motor on the bottom 
end of the spindle. To read and write to the surface of 
the disks, the drive uses a small electro-magnet 
assembly, referred to as a head, located on the end of 
an actuator arm. There is one head for each platter 
surface on the spindle. The disks are spun at a very 
high speed to allow the head to move quickly over the 
surface of the disk. Towards the other end of the 

actuator arm is a pivot point, and at the end is a voice coil, which moves the head. Above and below 
each voice coil is a rare earth magnet. This allows the head to move towards the center of the disk 
or towards the outside, in a radial pattern. 
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A cross section of the magnetic surface in action. In this case the binary 
data encoded using frequency modulation. 

The disk controller uses a digital-to-analog converter to control the 
flow of electricity through the voice coil(s) located on the of the actuator arm. The voice coil acts as 
an electromagnet; it produces a magnetic field that interacts with magnetic fields of the magnet 
located above and below the voice coil, which causes the voice coil to move the actuator arm, and in 
turn the head located on the opposite end of the actuator arm. So as the voice coil is pushed towards 
one end, the assembly moves the head towards the center, and when the voice coil is pushed 
towards the other end, the heads move towards the outside edge of the disk, or the heads are 
parked. The digital-to-analog converter allows the disk controller to move the head in tiny steps in 
either direction. 

The disks are made of a non-magnetic material, usually aluminum or glass, and are coated with a 
very thin layer of magnetic material. Older disks used iron(III) oxide as the magnetic material, but 
current disks use a cobalt-based alloy. 

 

 
 

 
The inside of a hard disk drive with the disk(s) and spindle motor hub removed. To the left of 
center is the actuator arm. A read-write head is at the end of the arm. The head slider is located 
just behind the head, on the underside of the arm. The orange wires on the side of the arm, connect 
the heads to the drives controller. The pivot point is the round bolt seen just before the metal plate. 
The semi-circular metal plate, top left corner, is one of the permanent magnets that are used in 
moving the arm. The voice coil is located underneath, with a second magnet below.The air filter is 
within the plastic housing in the bottom left. 

The magnetic surface of each platter is divided into many small sub-micrometre-sized magnetic 
regions, each of which is used to encode a single binary unit of information. In today's HDDs each 
of these magnetic regions is composed of a few hundred magnetic grains. Each magnetic region 
forms a magnetic dipole which generates a highly localized magnetic field nearby. The write head 
magnetizes a magnetic region by generating a strong local magnetic field nearby. Early HDDs used 
the same inductor that was used to read the data as an electromagnet to create this field. Later 
versions of inductive heads included, metal in Gap (MIG) heads and thin film heads. In today's 
heads the read and write elements are separate but are in close proximity on the head portion of an 
actuator arm. The read element is typically magneto-resistive while the write element is typically 
thin-film inductive. 
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Hard disk drives are sealed to prevent dust and other sources of contamination from interfering 
with the operation of the hard disks heads. The hard drives are not air tight, but rather utilize an 
extremely fine air filter, to allow for air inside the hard drive enclosure. The spinning of the disks 
causes the air to circulate forcing any particulates to become trapped on the filter. The spinning of 
the disks, also allows the hard disk heads to float above the surface of the disk surface using the 
same air currents. See Bernoulli's principle. 

Using rigid disks and sealing the unit allows much tighter tolerances than in a floppy disk drive. 
Consequently, hard disk drives can store much more data than floppy disk drives and access and 
transmit it faster. In 2007, a typical enterprise, i.e. workstation HDD might store between 160 GB 
and 1 TB of data (as of local US market by July 2007), rotate at 7,200 or 10,000 revolutions per 
minute (RPM), and have a sequential media transfer rate of over 80 MB/s[citation needed]. The fastest 
enterprise HDDs spin at 15,000 RPM, and can achieve sequential media transfer speeds up to and 
beyond 110 MB/s.[4] Mobile, i.e., Laptop HDDs, which are physically smaller than their desktop and 
enterprise counterparts, tend to be slower and have less capacity. In the 1990s, most spun at 4,200 
RPM. In 2007, a typical mobile HDD spins at 5,400 RPM, with 7,200 RPM models available for a 
slight price premium. 

Hard drives are precise devices, moving at very high speed, and a number of analogies have been 
made to try to describe this. One analogy, proposed by Scott Mueller, says: 

“ 
...to such a scale, the heads in this typical hard disk would be about [...] equal to 
the Sears Tower if it were tipped over sideways. These skyscaper sized heads 
would float on a cushion of air that to scale would only be 5mm thick (about 0.2") 
while [...] circling the Earth once every 5 seconds! ”

—Scott Mueller, Upgrading and Repairing PCs, 17th edition

 

Capacity and access speed 

 
 
PC hard disk drive capacity (in GB). The plot is logarithmic, so the fit line corresponds to 
exponential growth. 

The exponential increases in disk space and data access speeds of HDDs have enabled the 
commercial viability of consumer products that require large storage capacities, such as the TiVo 
personal video recorder and digital music players. In addition, the availability of vast amounts of 
cheap storage has made viable a variety of web-based systems with extraordinary capacity 
requirements, such as the search and email systems offered by companies like Google. 
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The main way to decrease access time is to increase rotational speed, while the main way to increase 
throughput and storage capacity is to increase areal density. A vice president of Seagate 
Technology projects a future growth in disk density of 40% per year. Access times have not kept up 
with throughput increases, which themselves have not kept up with growth in storage capacity. 

As of 2006, disk drives include perpendicular recording technology, in the attempt to enhance 
recording density and throughput. 

The first 3.5" HDD marketed as able to store 1 TB is the Hitachi Deskstar 7K1000. The drive 
contains five platters at approximately 200 GB each, providing 935.5 GiB of usable space. Hitachi 
has since been joined by Samsung and Seagate in the 1 TB drive market. 

Standard Name Width Largest capacity to date (2007) Platters (Max) 
5.25" FH 146 mm 47 GB [12]

 14 
5.25" HH 146 mm 19.3 GB [13]

 4 
3.5" 102 mm 1.2 TB 5 
2.5" 69.9 mm 320 GB [15]

 3 
1.8" (PCMCIA) 54 mm 160 GB [16]

 
 

1.8" (ATA-7 LIF) 53.8 mm   

Capacity measurements 

The capacity of an HDD can be calculated by multiplying the number of cylinders by the number of 
heads by the number of sectors by the number of bytes/sector (most commonly 512). On ATA 
drives bigger than 8 gigabytes, the values are set to 16383 cylinder, 16 heads, 63 sectors for 
compatibility with older operating systems. It should be noted that the values for cylinder, head & 
sector reported by a modern drive are not the actual physical parameters since, amongst other 
things, with zone bit recording the number of sectors varies by zone. 

Hard disk drive manufacturers specify disk capacity using the SI prefixes mega, giga, and tera and 
their abbreviations M, G and T, respectively. Byte is typically abbreviated B. 

Operating systems frequently report capacity using the same abbreviations but with a binary 
interpretation. For instance, the prefix mega can also mean 220 (1,048,576), which is approximately 
1,000,000. Similar usage has been applied to prefixes of greater magnitude. This results in a 
discrepancy between the disk manufacturer's stated capacity and what the system reports. The 
difference becomes much more noticeable in the multi-gigabyte range. For example, Microsoft 
Windows reports disk capacity both in decimal to 12 or more significant digits and with binary 
prefixes to 3 significant digits. Thus a disk specified by a disk manufacturer as a 30 GB disk might 
have its capacity reported by Windows 2000 both as "30,065,098,568 bytes" and "28.0 GB" The 
disk manufacturer used the SI definition of "giga", 109 to arrive at 30 GB; however, because the 
utilities provided by Windows define a gigabyte as 1,073,741,824 bytes (230 bytes), the operating 
system reports capacity of the disk drive as 28.0 GB. 
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History 
 
 
IBM 62PC "Piccolo" HDD, circa 1979 - an early 8" disk 

For many years, HDDs were large, cumbersome devices, more suited to 
use in the protected environment of a data center or large office than in 
a harsh industrial environment (due to their delicacy), or small office 
or home (due to their size and power consumption). Before the early 

1980s, most HDDs had 8-inch (20 cm) or 14-inch (35 cm) platters, required an equipment rack or a 
large amount of floor space (especially the large removable-media disks, which were often referred 
to as "washing machines"), and in many cases needed high-current or even three-phase power 
hookups due to the large motors they used. Because of this, HDDs were not commonly used with 
microcomputers until after 1980, when Seagate Technology introduced the ST-506, the first 5.25-
inch HDD, with a capacity of 5 megabytes. In fact, in its factory configuration, the original IBM PC 
(IBM 5150) was not equipped with a hard disk drive. 

Most microcomputer HDDs in the early 1980s were not sold under their manufacturer's names, but 
by OEMs as part of larger peripherals (such as the Corvus Disk System and the Apple ProFile). 
The IBM PC/XT had an internal HDD, however, and this started a trend toward buying "bare" 
disks (often by mail order) and installing them directly into a system. Hard disk drive makers 
started marketing to end users as well as OEMs, and by the mid-1990s, HDDs had become available 
on retail store shelves. 

While internal disks became the system of choice on PCs, external HDDs remained popular for 
much longer on the Apple Macintosh and other platforms. The first Apple Macintosh built between 
1984 and 1986 had a closed architecture that did not support an external or internal hard drive. In 
1986, Apple added a SCSI port on the back, making external expansion easy. External SCSI drives 
were also popular with older microcomputers such as the Apple II series, and were also used 
extensively in servers, a usage which is still popular today. The appearance in the late 1990s of 
high-speed external interfaces such as USB and FireWire has made external disk systems popular 
among PC users once again, especially for laptop users, users that install Linux in the additional 
external unit and users who move large amounts of data between two or more areas. Most HDD 
makers now make their disks available in external cases. 

Hard disk drive characteristics 
 
 
5.25" MFM 110 MB HDD (2.5" ATA 6495 MB HDD, US & UK 
pennies for comparison) 

Capacity of a hard disk drive is usually quoted in gigabytes. Older 
HDDs quoted their smaller capacities in megabytes. 

The data transfer rate at the inner zone ranges from 44.2 MB/s to 74.5 MB/s, while the transfer rate 
at the outer zone ranges from 74.0 MB/s to 111.4 MB/s. An HDD's random access time ranges from 
5 ms to 15 ms. 
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The physical size of a hard disk drive is quoted in inches. The majority of HDDs used in desktops 
today are 3.5" wide, while those used in laptops are 2.5" wide. As of early 2007, manufacturers 
have started selling SATA and SAS 2.5 inch drives for use in servers and desktops. 

An increasingly common form factor is the 1.8" ATA-7 LIF form factor used inside digital audio 
players and subnotebooks, which provide up to 120GB storage capacity at low power consumption 
and are highly shock-resistant. A previous 1.8" HDD standard exists, for 2–5GB sized disks that fit 
directly into a PC card expansion slot. From these, the smaller 1" form factor was evolved, which is 
designed to fit the dimensions of CF Type II, which is also usually used as storage for portable 
devices including digital cameras. 1" was a de facto form factor led by IBM's Microdrive, but is 
now generically called 1" due to other manufacturers producing similar products. There is also a 
0.85 inch form factor produced by Toshiba for use in mobile phones and similar applications, 
including SD/MMC slot compatible HDDs optimized for video storage on 4G handsets. 

The size designations are more nomenclature than descriptive. The names refer to the width of the 
disk inserted into the drive rather than the actual width of the entire drive. A 5.25" drive has an 
actual width of 5.75", a 3.5" drive 4", a 2.5" drive 2.75". A 1.8" drive can have different widths, 
depending on its form factor. A PCMCIA drive has a width of 54 mm, while an ATA-7 LIF form 
factor drive has a width of 53.85 mm. 

A hard disk is defined to be at "full height" if its height is 3.25". It is "half height" at a height of 
1.625". A "slim height" or "low profile" HDD has a height of 1". "Ultra low profile" drives can 
have heights of 0.75", 0.67", 0.49" or 0.37". 

Integrity 
 
An IBM HDD head resting on a disk platter. Since the drive is not in 
operation, the head is simply pressed against the disk by the 
suspension. 

The HDD's spindle system relies on air pressure inside the enclosure to 
support the heads at their proper flying height while the disk rotates. 

An HDD requires a certain range of air pressures in order to operate properly. The connection to 
the external environment and pressure occurs through a small hole in the enclosure (about 0.5 mm 
in diameter), usually with a carbon filter on the inside (the breather filter, see below). If the air 
pressure is too low, then there is not enough lift for the flying head, so the head gets too close to the 
disk, and there is a risk of head crashes and data loss. Specially manufactured sealed and 
pressurized disks are needed for reliable high-altitude operation, above about 10,000 feet (3,000 m). 
This does not apply to pressurized enclosures, like an airplane pressurized cabin. Modern disks 
include temperature sensors and adjust their operation to the operating environment. Breather 
holes can be seen on all disks — they usually have a sticker next to them, warning the user not to 
cover the holes. The air inside the operating disk is constantly moving too, being swept in motion by 
friction with the spinning platters. This air passes through an internal recirculation (or "recirc") 
filter to remove any leftover contaminants from manufacture, any particles or chemicals that may 
have somehow entered the enclosure, and any particles or outgassing generated internally in 
normal operation. Very high humidity for extended periods can corrode the heads and platters. If 
the disk uses "Contact Start/Stop" (CSS) technology to park its heads on the platters when not 
operating, increased humidity can also lead to increased stiction (the tendency for the heads to stick 
to the platter surface). This can cause physical damage to the platter and spindle motor and cause 
head crash. 
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Close-up of a hard disk head resting on a disk platter, and its 
suspension. A reflection of the head and suspension are visible beneath 
on the mirror-like disk. 

Due to the extremely close spacing between the heads and the disk 
surface, any contamination of the read-write heads or platters can lead 
to a head crash — a failure of the disk in which the head scrapes across 

the platter surface, often grinding away the thin magnetic film. For giant magnetoresistive (GMR) 
heads in particular, a minor head crash from contamination (that does not remove the magnetic 
surface of the disk) still results in the head temporarily overheating, due to friction with the disk 
surface, and can render the data unreadable for a short period until the head temperature 
stabilizes (so called "thermal asperity," a problem which can partially be dealt with by proper 
electronic filtering of the read signal). Head crashes can be caused by electronic failure, a sudden 
power failure, physical shock, wear and tear, corrosion, or poorly manufactured platters and 
heads. In most desktop and server disks, when powering down, the heads are moved to a landing 
zone, an area of the platter usually near its inner diameter (ID), where no data are stored. This area 
is called the CSS (Contact Start/Stop) zone. However, especially in old models, sudden power 
interruptions or a power supply failure can sometimes result in the device shutting down with the 
heads in the data zone, which increases the risk of data loss. In fact, it used to be procedure to 
"park" the hard disk before shutting down your computer. Newer disks are designed such that 
either a spring (at first) or (more recently) rotational inertia in the platters is used to safely park 
the heads in the case of unexpected power loss. 

The hard disk's electronics control the movement of the actuator and the rotation of the disk, and 
perform reads and writes on demand from the disk controller. Modern disk firmware is capable of 
scheduling reads and writes efficiently on the platter surfaces and remapping sectors of the media 
which have failed. Also, most major hard disk and motherboard vendors now support self-
monitoring, analysis, and reporting technology (S.M.A.R.T.), which attempt to alert users to 
impending failures. 

However, not all failures are predictable. Normal use eventually can lead to a breakdown in the 
inherently fragile device, which makes it essential for the user to periodically back up the data onto 
a separate storage device. Failure to do so can lead to the loss of data. While it may be possible to 
recover lost information, it is normally an extremely costly procedure, and it is not possible to 
guarantee success in the attempt. A 2007 study published by Google suggested very little 
correlation between failure rates and either high temperature or activity level. While several 
S.M.A.R.T. parameters have an impact on failure probability, a large fraction of failed drives do 
not produce predictive S.M.A.R.T. parameters. S.M.A.R.T. parameters alone may not be useful for 
predicting individual drive failures. 

Landing zones 
 
Microphotograph of a hard disk head. The size of the front face (which 
is the "trailing face" of the slider) is about 0.3 mm × 1.0 mm. The (not 
visible) bottom face of the slider is about 1.0 mm × 1.25 mm (so called 
"nano" size) and faces the platter. One functional part of the head is 
the round, orange structure in the middle - the lithographically defined 
copper coil of the write transducer. Also note the electric connections 

by wires bonded to gold-plated pads. 
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Spring tension from the head mounting constantly pushes the heads towards the platter. While the 
disk is spinning, the heads are supported by an air bearing and experience no physical contact or 
wear. In CSS drives the sliders carrying the head sensors (often also just called heads) are designed 
to reliably survive a number of landings and takeoffs from the media surface, though wear and tear 
on these microscopic components eventually takes its toll. The heads typically land in a "landing 
zone" that does not contain user data. Most manufacturers design the sliders to survive 50,000 
contact cycles before the chance of damage on startup rises above 50%. However, the decay rate is 
not linear—when a disk is younger and has fewer start-stop cycles, it has a better chance of 
surviving the next startup than an older, higher-mileage disk (as the head literally drags along the 
disk's surface until the air bearing is established). For example, the Seagate Barracuda 7200.10 
series of desktop hard disks are rated to 50,000 start-stop cycles. This means that no failures 
attributed to the head-platter interface were seen before at least 50,000 start-stop cycles during 
testing. 

Around 1995 IBM pioneered a technology where a landing zone on the disk is made by a precision 
laser process (Laser Zone Texture = LZT) producing an array of smooth nanometer-scale "bumps" 
in a landing zone, thus vastly improving stiction and wear performance. This technology is still 
largely in use today (2006). In most mobile applications, the heads are lifted off the platters onto 
plastic "ramps" near the outer disk edge, thus eliminating the risks of wear and stiction altogether 
and greatly improving non-operating shock performance. All HDDs use one of these two 
technologies. Each has a list of advantages and drawbacks in terms of loss of storage space, relative 
difficulty of mechanical tolerance control, cost of implementation, etc. 

IBM created a technology for their ThinkPad line of laptop computers called the Active Protection 
System. When a sudden, sharp movement is detected by the built-in motion sensor in the Thinkpad, 
internal hard disk heads automatically unload themselves into the parking zone to reduce the risk 
of any potential data loss or scratches made. Apple later also utilized this technology in their 
PowerBook, iBook, MacBook Pro, and MacBook line, known as the Sudden Motion Sensor. 
Toshiba has released similar technology in their laptops. 

Access and interfaces 

Hard disk drives are accessed over one of a number of bus types, including ATA (IDE, EIDE), 
Serial ATA (SATA), SCSI, SAS, and Fibre Channel. Bridge circuitry is sometimes used to connect 
hard disk drives to busses that they cannot communicate with natively, such as IEEE 1394 and 
USB. 

Back in the days of the ST-506 interface, the data encoding scheme was also important. The first 
ST-506 disks used Modified Frequency Modulation (MFM) encoding, and transferred data at a 
rate of 5 megabits per second. Later on, controllers using 2,7 RLL (or just "RLL") encoding 
increased the transfer rate by fifty percent, to 7.5 megabits per second; it also increased disk 
capacity by fifty percent. 

Many ST-506 interface disk drives were only specified by the manufacturer to run at the lower 
MFM data rate, while other models (usually more expensive versions of the same basic disk drive) 
were specified to run at the higher RLL data rate. In some cases, a disk drive had sufficient margin 
to allow the MFM specified model to run at the faster RLL data rate; however, this was often 
unreliable and was not recommended. (An RLL-certified disk drive could run on a MFM 
controller, but with 1/3 less data capacity and speed.) 
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Enhanced Small Disk Interface (ESDI) also supported multiple data rates (ESDI disks always used 
2,7 RLL, but at 10, 15 or 20 megabits per second), but this was usually negotiated automatically by 
the disk drive and controller; most of the time, however, 15 or 20 megabit ESDI disk drives weren't 
downward compatible (i.e. a 15 or 20 megabit disk drive wouldn't run on a 10 megabit controller). 
ESDI disk drives typically also had jumpers to set the number of sectors per track and (in some 
cases) sector size. 

SCSI originally had just one speed, 5 MHz (for a maximum data rate of 5 megabytes per second), 
but later this was increased dramatically. The SCSI bus speed had no bearing on the disk's internal 
speed because of buffering between the SCSI bus and the disk drive's internal data bus; however, 
many early disk drives had very small buffers, and thus had to be reformatted to a different 
interleave (just like ST-506 disks) when used on slow computers, such as early IBM PC compatibles 
and early Apple Macintoshes. 

ATA disks have typically had no problems with interleave or data rate, due to their controller 
design, but many early models were incompatible with each other and couldn't run in a 
master/slave setup (two disks on the same cable). This was mostly remedied by the mid-1990s, when 
ATA's specification was standardised and the details began to be cleaned up, but still causes 
problems occasionally (especially with CD-ROM and DVD-ROM disks, and when mixing Ultra 
DMA and non-UDMA devices). 

Serial ATA does away with master/slave setups entirely, placing each disk on its own channel (with 
its own set of I/O ports) instead. 

FireWire/IEEE 1394 and USB(1.0/2.0) HDDs are external units containing generally ATA or SCSI 
disks with ports on the back allowing very simple and effective expansion and mobility. Most 
FireWire/IEEE 1394 models are able to daisy-chain in order to continue adding peripherals 
without requiring additional ports on the computer itself. 

Disk families used in personal computers 

Notable disk families include: 

• Bit Serial Interfaces — These families connected to a hard disk drive controller with three 
cables, one for data, one for control and one for power. The HDD controller provided 
significant functions such as serial to parallel conversion, data separation and track 
formatting, and required matching to the drive in order to assure reliability.  

o ST506 used MFM (Modified Frequency Modulation) for the data encoding method. 
o ST412 was available in either MFM or RLL (Run Length Limited) variants. 
o ESDI (Enhanced Small Disk Interface) was an interface developed by Maxtor to 

allow faster communication between the PC and the disk than MFM or RLL. 

 

• Word Serial Interfaces — These families connect to a host bus adapter (today typically 
integrated into the "South Bridge") with two cables, one for data/control and one for power. 
The earliest versions of these interfaces typically had a 16 bit parallel data transfer to/from 
the drive and there are 8 and 32 bit variants. Modern versions have serial data transfer. The 
word nature of data transfer makes the design of a host bus adapter significantly simpler 
than that of the precursor HDD controller.  
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o Integrated Drive Electronics (IDE) was later renamed to ATA, and then later, PATA 
("parallel ATA", to distinguish it from the new serial ATA interface, SATA). The 
name comes from the way early families had the HDD controller external to the disk. 
Moving the HDD controller from the interface card to the disk helped to standardize 
interfaces, including reducing the cost and complexity. The 40 pin IDE/ATA 
connection of PATA transfers 16 bits of data at a time on the data cable. The data 
cable was originally 40 conductor, but later higher speed requirements for data 
transfer to and from the hard drive led to an "ultra DMA" mode, known as UDMA, 
which required an 80 conductor variant of the same cable; the other conductors 
provided the grounding necessary for enhanced high-speed signal quality. The 
interface for 80 pin only has 39 pins, the missing pin acting as a key to prevent 
incorrect insertion of the connector to an incompatible socket, a common cause of 
disk and controller damage. 

o EIDE was an unofficial update (by Western Digital) to the original IDE standard, 
with the key improvement being the use of DMA ("Direct memory access") to 
transfer data between the disk and the computer without the involvement of the 
CPU, an improvement later adopted by the official ATA standards. By directly 
transferring data between memory and disk, DMA does not require the 
CPU/program/operating system to leave other tasks idle while the data transfer 
occurs. 

o SCSI (Small Computer System Interface) was an early competitor with ESDI, 
originally named SASI for Shugart Associates. SCSI disks were standard on servers, 
workstations, and Apple Macintosh computers through the mid-90s, by which time 
most models had been transitioned to IDE (and later, SATA) family disks. Only in 
2005 did the capacity of SCSI disks fall behind IDE disk technology, though the 
highest-performance disks are still available in SCSI and Fibre Channel only. The 
length limitations of the data cable allows for external SCSI devices. Originally SCSI 
data cables used single ended data transmission, but server class SCSI could use 
differential transmission, and then Fibre Channel (FC) interface, and then more 
specifically the Fibre Channel Arbitrated Loop (FC-AL), connected SCSI HDDs 
using fibre optics. FC-AL is the cornerstone of storage area networks, although other 
protocols like iSCSI and ATA over Ethernet have been developed as well. 

o SATA (Serial ATA). The SATA data cable has one data pair for differential 
transmission of data to the device, and one pair for differential receiving from the 
device, just like EIA-422. That requires that data be transmitted serially. The same 
differential signaling system is used in RS485, LocalTalk, USB, Firewire, and 
differential SCSI. 

o SAS (Serial Attached SCSI). The SAS is a new generation serial communication 
protocol for devices designed to allow for much higher speed data transfers and is 
compatible with SATA. SAS uses serial communication instead of the parallel 
method found in traditional SCSI devices but still uses SCSI commands for 
interacting with SAS. 
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Acronym Meaning Description 

SASI 

Shugart Associates 
System Interface Predecessor to SCSI 

SCSI 

Small Computer 
System Interface Bus oriented that handles concurrent operations. 

SAS Serial Attached SCSI  

ATA 

Advanced Technology 
Attachment 

Successor to ST-412/506/ESDI by integrating the disk controller 
completely onto the device. Incapable of concurrent operations. 

SATA Serial ATA  
ST-506  Seagate interface 
ST-412  Seagate interface (minor improvement over ST-506) 

ESDI Enhanced Small Disk 
Interface 

Faster and more integrated than ST-412/506, but still backwards 
compatible  

 

Manufacturers 
 
 
Seagate 3.5 inch 40 GB HDD. 

The technological resources and know-how required for modern drive 
development and production mean that as of 2007, over 98% of the 
world's HDDs are manufactured by just a handful of large firms: 
Seagate, Western Digital, Samsung, and Hitachi (which owns the 

former disk manufacturing division of IBM). Fujitsu continues to make mobile- and server-class 
disks but exited the desktop-class market in 2001. Toshiba is a major manufacturer of 2.5-inch and 
1.8-inch notebook disks. ExcelStor is a small HDD manufacturer. 

Dozens of former HDD manufacturers have gone out of business, merged, or closed their HDD 
divisions; as capacities and demand for products increased, profits became hard to find, and the 
market underwent significant consolidation in the late 1980s and late 1990s. The first notable 
casualty of the business in the PC era was Computer Memories Inc. or CMI; after an incident with 
faulty 20 MB AT disks in 1985,[20] CMI's reputation never recovered, and they exited the HDD 
business in 1987. Another notable failure was MiniScribe, who went bankrupt in 1990 after it was 
found that they had engaged in accounting fraud and inflated sales numbers for several years. 
Many other smaller companies (like Kalok, Microscience, LaPine, Areal, Priam and PrairieTek) 
also did not survive the shakeout, and had disappeared by 1993; Micropolis was able to hold on 
until 1997, and JTS, a relative latecomer to the scene, lasted only a few years and was gone by 1999, 
after attempting to manufacture HDDs in India. Their claim to fame was creating a new 3" form 
factor drive for use in laptops. Quantum and Integral also invested in the 3" form factor; but 
eventually gave up as this form factor failed to catch on. Rodime was also an important 
manufacturer during the 1980s, but stopped making disks in the early 1990s amid the shakeout and 
now concentrates on technology licensing; they hold a number of patents related to 3.5-inch form 
factor HDDs. 
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• 1988: Tandem Computers sold its disk manufacturing division to Western Digital (WDC), 
which was then a well-known controller designer. 

• 1989: Seagate Technology bought Control Data's high-end disk business, as part of CDC's 
exit from hardware manufacturing. 

• 1990: Maxtor buys MiniScribe out of bankruptcy, making it the core of its low-end disk 
division. 

• 1994: Quantum bought DEC's storage division, giving it a high-end disk range to go with its 
more consumer-oriented ProDrive range, as well as the DLT tape drive range. 

• 1995: Conner Peripherals, which was founded by one of Seagate Technology's co-founders 
along with personnel from MiniScribe, announces a merger with Seagate, which was 
completed in early 1996. 

• 1996: JTS merges with Atari, allowing JTS to bring its disk range into production. Atari 
was sold to Hasbro in 1998, while JTS itself went bankrupt in 1999. 

• 2000: Quantum sells its disk division to Maxtor to concentrate on tape drives and backup 
equipment. 

• 2003: Following the controversy over mass failures of its Deskstar 75GXP range, HDD 
pioneer IBM sold the majority of its disk division to Hitachi, who renamed it Hitachi Global 
Storage Technologies (HGST). 

• December 21, 2005: Seagate and Maxtor announced an agreement under which Seagate 
would acquire Maxtor in an all stock transaction valued at $1.9 billion. The acquisition was 
approved by the appropriate regulatory bodies, and closed on May 19, 2006. 

• 2007: Hitachi releases the 1TB (1024 Gigabytes (GB) = 1 Terabyte (TB) ) Hitachi Deskstar 
7k100. 

• 2007: Western Digital (WDC) acquire Komag U.S.A, a thin-film media manufacturer, for 
USD 1 Billion. 
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Форматирање дискете или хард диска се може извршити на два начина (најчешће) 

што зависи од знања или афинитета корисника. 
 
 
I начин 
 
 
Када отворимо My Computer, кликнемо десним тастером на уређај који желимо да 

форматирамо и из приручног менија одаберемо опцију Format, након чега добијамо 
могућност избора начина форматирања као и још неке додатне опције : 
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II начин 
 
Овај начин се више користи када се први пут подиже оперативни систем, односно 

када се први пут формира хард диск и праве партиције. Такође, врло често га користе 
искуснији корисници јер пружа неке додатне могућности. Овај начин се ослања на 
Command Prompt, односно на MS DOS. 
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Подела диска на партиције, односно на мање делове, може се извршити уз помоћ 

одговарајућих програма као што је на пример Partition Magic, или можда на једноставнији 
начин, уз коришћење алата који већ постоје на рачунару, као што је Computer Management. 
Ова алатка се налази у Administrative Tools. Уколико не видите ову алатку у Start менију, 
можете је покренути на следећи начин : 

 
 Кликнете десним тастером миша на дугме Start, а затим из приручног менија 
одаберете опцију Properties; 

 
 

 
 
 

 Након тога добићемо следећи прозор где бирамо опцију Start menu; 
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 Затим кликнемо на тастер Customize, после чега добијамо следећи прозор; 

 

 
 

 Сада  кликнемо на језичак Advanced и скролујемо до краја листе где бирамо 
одговарајућу опцију за Administrative Tools; 
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 Када покренемо Administrative Tools, односно Computer Management можемо 
искористити његове велике могућности; 
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 Који су делови јединице дискете и која је њихова улога ? 

 Који отвори постоје на омотачу дискете ? 

 Које су величине дискета и густине уписа података ? 

 Шта је стаза, а шта сектор ? 

 Шта је цилиндар, а шта кластер ? 

 Који су делови електромеханичког дела јединице дискете ? 

 Која је улога фотоелектронског система јединице дискете ? 

 Која је улога управљачког дела јединице дискете ? 

 Које сигнале шаље и прима управљачки део јединице дискете ? 

 Какво је то хардверско форматизовање дискете ? 

 Какво је то софтверско форматизовање дискете ? 

 Шта је то FAT, а шта NTFS ? 

 Шта је јединица тврдог диска ? Који дискови постоје ? 

 Описати јединицу тврдог диска. Како се штите дискови од оштећења ? 

 Које су карактеристике тврдог диска ? Шта је средње време приступа ? 

 Шта је форматизовање ниског нивоа ? 

 Шта је форматизовање високог нивоа. 

 Која је улога контролера тврдог диска ? 

 Које су основне компоненте контролера тврдог диска ? 
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