
IBM Storage Products and IBM San Jose Sites 
Random Historical Facts 

Including Almaden Research Center Innovative Contributions 

• 1878: Oberlin Snuth, 18-W- 1926, was the ftrst to concci\"c and describe the 
principles of magnetic recording. The p rinciples of magnetic recurding were 
dcscribt°;J by Oberlin Smith ill 1878. 13ur it W:l S no t until 1898 th;\t :l dc\"icc using 
these principles W:'IS dcmonstr:ltcd and parented by the D:lnish inn;' lllOf Valdemar 
Po ulsen. 

• 1898: Valdemar Poulsen, 1869-19-l2, was the fust to demonstrate:l working model 
of:l magnetic recorder, :lncl obtain:l p:wmt on his illn~ntion. 

• 1898- Prescnt: Three ll1:1in appJic:lf ion :1fC:lS of magne tic H.-cording: :wdio (sound) 
recording - all there \\"as uct\vccn 1898 :lilt! 1945, \'idco (tdcnsion) recording begail 
in the 1950s, and u:U:l (computer and inslrumt.:llIation) recording abo :if:lrfed in the 
cad\' 1950s. 

• 1940's: Data was stored on punched paper tape, This medium had the ad"antages 
of low COSI , non-,"olatility, and rc:lau"ely good reliability, Howe"cr, access t.ime to 
data was Yet} long due 10 $Iow se rial access required 10 gCI to a spec ific data record, 

• 1943: 1I3 ~ 1 established a puncheu·card pbnt Ln Sa il Jose" 
• 1952: NRZ I (Non.Rcrum to Zero, IB~I) coding cre:t[ed for rape dri,"cs, This cotle 

simplificd the wa)" d:tla was reconled :tlld read, and permitted bit densities 10 exceed 
Ihc densiry of m:tgnetic transitions. 

• 1952: Reynolds 'Rey' ll . Johnson, ,"cter:1.11 im"emor arrin !d in San Jose frOIll from the 
E ndicott , NY laboratory to rec fui t -'0-50 electronic cngint:crs and C$tablis h a small 
new adnlnccd d,·n'!opmem I B~[ rcsL':lTch bbor:aory in San Jose to cope with the 
n:l sccnt data processing industry's changing technologies" 

• In a speech long afterward. Rey Johnson described his charte r fo r the new 
laboratory: " During the fust week of Janu:lry 1952, [ \\"a$ told of m)" appointment as 
West Coast Laboratory manager. I was told that I would have free re in in hiring a 
slaff of 30 to 50, and I would be free to choose projecls to work 00. One-ha lf of m~· 
pro jects were to be ne\v products and one-hal f \vere to be de"ices in support of 
customers' special engineering needs, No projects were to be duplicate$ of ,,,ark in 
progress in other Il3f>.i labor.ttories" The labora TOry was to be dedicated to 
innonrion. To be gi,"en freedom to choose ou r pro jects and our staff made the 
San Jose Labor:Hory an exciting opportunity, especially si nce funding was guaranreed 
- at least for a few years." (r ransc ript o f an address gi\"ell at a dinner mecting of the 
Independent Disk Equipment t-.lanufacrurers :\ ssoci:l.tion - IOE1\IA). 

• 1952: IB i\I est:tbl..ishcd its flIst West Coast bbor:tton· in a modest co mmcrci:l.l 
building at 99 Notrc Dame 1\,·cnoc (a former p riming establishment with fe,v 
amenities) in t!owntown San Jose. It was at this site that the newly formed team of 
free-th inking re searchers, led by Re)" Johnson, was ch:trtered to pursue radically new 
approaches to information processing problems. 

• 1952: The 113 l\1 re search team bcg:l. 1l e:\pioring several nonl technologies - most of 
which J id not work. :\Ithough many people in th c S:tn JO$C !:-ab initially thought it 
W:"IS a mistake 10 b:l.sC magnetic storagc on a disk geometry, the decision gained fa,"or 
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as solut ions were fou nd to such ke~' problems as air-b('a ring support for thl' 
re:lll/\\Tite head. 

• 1952-1956: The I B~I researcher pioneers quickly fOCllsed on what they bclic\-ed to 
be tht! single mos t promising ide:l - magnetically storing :lIld r:lnuomly :lccessing U:H:I 
on spinning disks, rem' iJing an :dtcrnativc to conn:ntiona l, ye t cumbersome, 
punched ca rd, magne tic drum and tape systems. 

• 1952·1956: The flIst Jisks \vere fashionnl wid} a hOllle works hup router frum 
Illagnesium lit hugrapher's met:l l. but this tn:ltcri:ll was soon rep!:lced b~' a spec i:ll high 
flilish :liumin lllll :llloy dut Alcoa Iud developed for the substrate of tnaw.:r LP 
reconJs. The stock m:lten:ll \\'as on l ~' 0.05 1 inch thick; so after coa ting o n one siue. 
two disks were bnullaled. cbmpcd between pbtens :lnd. while undt'r pressure, 
ht::lted in an o\'en abU\'e the anne:lling temper:lture. The res~l lcing disk was "de:ld" 
(no ringing) :l nd f:lirl~' flat . 

• The ftrst magnetic cO:lting - a mi xture of iron oxide particles in a paint base simibr 
to that lIsed as :l primer on the Golde n Ga tt! Bridge - was manually st.r:lim:d through 
nylon hosiery and po ured omo the disk from a paper cup, Th is mixru re was soon 
replaced by an epoxy base plint, which was used for tnl lly years fo r particulate disks. 
Initially the disks werc sprar-coa ted, but th is technigue could not gi\'c uniform 
surfacl·s. ~ l orc uniform coatings we re obt:lined by l spm-coating technigue in which 
a measu red amount of paint \\las app lied :It the center of a ro t:lling disk :lnd spread 
by centrifugal force. Spin coating was lIsed for m:lIly },e:lrs to COlt particulate disks. 

• Aug us t 25, 1955: San J OJ·( A1mll~)' J.\ 'OVJ broke thi s story: " IBM Pl:tns G iant New 
San Jose Plall1 - Firm e\'Cl1tuallr tna ~' cmploy mo re [han 5,000 here." 

• 1956: From the small m 1\ \ Resca rch Laboratory emerged the disk dri\'c industry. 
11)\l's four-plus years of seminal research came (0 fruition in the fo rm o f the fust 
commercial ll1a!,'11etic hard disk d rive - lIli'd 's 305 Random Access M ethod of 
Accounting a nd Conteol (RAMAC), :In I Hr.! proJuct th:\[ o ffered a rt!\'olutionary 
lpproach 10 o n-line Jireel access 10 Illassin databases. Tlus product debut signaled 
Ihe advent o f the Direct :\ ccess Storage Devicc (0 ;\ $0 ) industr )" 

• At the dawn of the disk Jri\'c industry, I B~ I's first R..-\t'.L-\ C was c:lpable o f storing 
In incredible 5 million cha r:lcters of data - roughly the complete works of 
Shakespea re - on 24-inc h platters, s1:lcked 50 high, with a d:na density o f 2,000 bits 
pCI' slJuarc inch. This Ien:l o f an~:l l density was poss ible because the magnetic 
read/write head was supported aboyc the disk surface by a hydrostacic (pressurizcd) 
air bearing. 

• Data proct!ssing c<.Juipment was typically leased in those days, but a Iv\~ l:\C could 
be purcha st!d for about S50,ooO or SIO.UOO per megabyte. 

• RA. l\lAC: This dc\-elopmellt by 113~ 1 . introduced fast -lCcess d:lta recorders using 
coated rigid disks, and heads ha\'ing r:lt1dom :lccess to an~ .. recorded track. The. 
dc\'clop ll1cnr followed the introduction of electronic computers, :lnJ it becamc 
urgent to provide data storage de\-ices h:l\'ing much faster :lccess than tape. Thc 
R,Ar.. l:\ C estab lished the generic format for all hard disk dri\'cs. in which heads fly 
close to the surface o f a disk rotating at high speed and can be mo\-ed randomly to 
any r:ldial position, 
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• Sep tember 4, 1956: T.J. \,:atson, J r., Presiuem of 1B:\1. an noullcc.:u the It:\ ~ L\ C. 
He ~aiu in part , 'This is the grC:llcs t product day in 113:\ I's history, and I belic\·c III 

the office equiprnl'llI illdustr~·." 

• This ilH'el1tioll signaled the bcgin1l1ng o f a new technology sector with forco stcd 
annual rcvcllucs in 200 1 in I.:XCCSS of S20U billion ;l no led to the creation o f 15 :\['s 
world -renowned Hard Disk Drive Di,·isio11. 

• L' ltc 1956; ·t ·he 513-acre San Jose site on Cotde Road o pened fo r business. Half o f 
thc property was left in its original agriculrural st:IIC. 

• Late 1956: lin ! formed a research o rg:"lniz:Hion to which Rcy Johnson's ad"anced 
dcnlopmcnt group. the San Jose Rese:lrch Laboratory, rcported . The labora tory's 
fLrst 1Bi-- [-owlleu home ,vas Building 025 at thc IBM Conic Road facility. 

• The year was 1956. IB!\ I had just im·cllIcd thc world's rust m:lgnc tic hard disk 
dri\"(:, ca p:lb1c of sto ring fi,·c million characte r:; of data o n 50 disks, each 2-l inches in 
dia metcr. This was just o ne of th e many Il3 I\ I milestones in the sto ragc arcna. No t 
lo ng after that, IB :--. r led the industry with 14-inch and IO-inch disk dri\'es fo r large 
computer sys tems. fir thc carl}" 1980's, I Bt-- I haLl aLlapted its tcchno logy to 3.S-inch 
;l ntl later 2,S-inch drivcs. In April 19%, continuing to build on IBM disk drin 
leadership. the world's fust magnetic disk tlrl,·c products to excecd one billion bits of 
data per square inch of disk space (t hat's equi" alenr to 62.500 double-spaced, 
typewritten pages) wc rc brought to market by IBM. 

• 1957: Illt-- I's re\·cnues wcre augmc1ltcu by the S3,200 salc o f the San Jose site's 
alfal fa . 

• 1957: "\Vrite-wide, rcau-mrrow" he:ld lksign fLrst liSCO in t:lpe dri\·cs, Now a l~o 

used in uisk dri\·c~, this tech niquc improved signal-to-noise ra tio. assuring that tlata 
could be read accurately unde r a wide range o f operating conditions. 

• 1960's: f-. lagnc lic Uisks an.: uUlIlin:LIl( furm uf storage dc\·icc, Iniri:llly. magnetic 
dmms \verc the preferred large-capac ity storage de,· ice, but tlisks we re much cheaper 
and had po tential for grea t c:lp:lci ty. 

• 1960's & '70's : IB:--' l i\ b jor Rcstmcruring led to thc formation of rhe Adnnccd 
Systcms Dcnlop l11clH Dinston (i\ SDD). Rc~· Johnson was selected as 1ll:ll1ager of 
ASDD, and G ardiner Tucker was chosen as mamgcr o f an IS-member Resea rch 
staff. Rescarch mond to Building 028. 

• 196 1: First disk dri\·e with o ne heau per disk and air bl·aring heads. 

• 1962: Co-in\"cllled the SC1TI1conduClOr diode laser, rcchnologr that enabled compact 
form-facto r packaging for oprical Uisk dri,·c produc ts. 

• 1963: First disk drin with rcmo\·ablc disk pack. 

• 1964: Cyclical Redundancy Check (CRC) Error Check and Correc tion allo wed ;l 
systcm to check itself for errors and correct most of them automatically, 

• 1964: Read b:Lck\v:l rds in tape t!m·es. Still used today, reading backwards, impro\"t'$ 
tape performance dratna tic:l lly. 

• 1966: r:irst disk drin with wOlllH.l ·COU ferrite recording heau. 

• 197 1: First nexihle "nopp~·" disk dri,·c . 
• 1971: First track-fo llowing se(\·o SYS[l'm. 

• 1971: (-" irst lubricated particulate hard disk used In a product. 
(IB~ [ 3735 Programmable ll uffered ' I·crmina l) 
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• 1973: Firs! disk dri\'e to lISC !m .... -m:rss he:Hls. lubricated di~ ks and se:IIcJ :lsst'mb!~', 
which came (0 be known as \\'inc hester disk technology, 

• 1973: Discovercd {he :ul1orpholls rare-earth/transition metal :ltloys th:lt enabled 
rewrit:lb!e magncto-optiC:l! d:lta slomge. 

• 1973: Gruup Coded Recordi ng Lmpru\'ed t:lpC perform:llice by as much as 70U 
perct·nt o\-e r pnor systems, 

• 1975: P:llentetl the "soft-atljacelll byer" magneto-resisti\'c head st.ructure that first 
pro\'ided signal characteristics cssential for pnx lucts, (US: 3.864,75J) 

• 1976: Non-removable \,\/inchcster disks led 10 a dramatic reduction in the cost of 
Jisk drin:s (10 SIOO/ r-.IB) in the IB~f 3350, which became the first successful 
\'\'inchester disk elrin! product, 

• 1976: First flexible disk dri\'C with t\\'O-sided recording. 

• 1977: The Santa T eres" Laborarory (5TL) - now known as Silicon Valley Lab (S\ 'L), 
brought programmers from sen:n different IBM South Ihy locations toge ther unde r 
the same roof 10 work in one of the flrst laboratories designed specifically for 
progr:Uluners. 

• 1978: IBt--1 rccein:d the first Redundant :\rray of Inuepentlenr Disks (RAID) 
lechnology parent (US: 4,092,732), ;\lmaden Rescarch Ccllter sc ientists im'cnled 
anJ helped Ut'\'elop new and pr:lctjcal rechniques for enluncing the performance and 
reliability, \,,'hile lowering the cost, of RA ID data -s torage sysll·ms. 

• 1978: Hierarchica l 510rage ~lanagcmenl (HSt'-f), thc fusr so ftware product that 
I11m'ell inacti\"c data from disk 10 !css-cxpensi\'(.' media. 

• 1979: First disk driyc to feature thin -fulll inducti\-e hc:tds and a run-length -limited 
(R..LL) coding sc heme. Thin-film heads led !O a new e ra in higher-pcrformance 
reco rding head design, \\'hile the "2-7" RLL coUe permitted higher perfonnance 
wh ile rt:uucing errors. 

• "Smaller, f:l ster, denser, cheape r" is the mantra of rhc dara storage industry - an 
industry ch:HaCieriled by fierce competition and rapid cha nge. In the midst of this 
never-ending re\'o lurion , one fact has rt'mained constant: I Bt\ f's ,echnological 
leadership. Jl3i\J has played a ke~' role in the dc\'elopmellt o f h:trd disk d ri\'c 
technology in Ihe p:tSI decade. Muc h of Ihe ad\'allced lechnology in thc field of dat:_ 
storage that keeps IBt\ f aheau o f thl,; competition comes from JU i\ l's Alm:lden 
Research Ccorer, 

• Jl3t\ 1 Research is one of the few industrial research orgnnizations to success fu lly meld 
fllnJ:mlental scientific rcst'arch with the dC\'clopmem o f 1I1110 \':\li\'e product-relatcd 
technologies. 

• Three IB(-'1 ;\lm:lden Rcsearch Cent er ul\'cntion:> h:n-e greatly imprO\'ed the 
efficiency of magnetic hard di sk drjyes: 

o "Banded sec lOr sen'o" disk archi tccrure increases dat:! storage capac ities by 
changi ng tht.! control clectron..ics processing of data. Because no cl1:lnges arc 
necdeu to an~' other magnetic recording components, nearly c\'\:ry disk driye 
in the indusrn' uscs thi:-; in\'t~ntion. 

o :\d:lpliYC Banc£)' Life EXlcndl't intelligently m:lI1ages the lransition between 
the aCli\'e. three idle :md stalldb\, modes to reducc disk dri\'e power 
consumption by up !O 20° 0 , incrca:-;ing mobilc system baw:ry life by 5 to 8° o. 
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o "No- II)" disk formatting sto res disk -scetor-ident.ificlI..ioll lIIfunnarion 
e!cctronicn llr. rather than in frollt of cn!ry data block on lhe disk. This 
change frees up :lbollt 10-15 percent of the disk nrca fo r sto ring more user 
data. Whe n lIsed in conjunction with the scnsiu,·c magneturesisti,·e (~ IR) 

:lnd Gi:l1H MR (G;-"IR) recording heads, this format also permits data tmcks 
to be cluser toge ther, further rnising the capacity gain. No-ID formatting 
:llso permits fnster :lnd more reliable d:H:l reading and writing oper:lrlons 
through a ,·a riety of o ther, su btler impacts. 

• .\ Imadcn innO\·nuons include building high-performance storage s~·srcms from 
COlllmon inexpcnsin: parts, clllulating costly Ill:linfr:une disk drin:s using indusu y­
standard componcnts, am.! initiating th e cre:luon of an indusHY standnrd for d:lta 
storage networks using the wetl-known and "open" internet protocol: iSCSI. iSCSI 
is :l new sl:l ndard for :lcccssing storage oycr I P nctworks. It is being sponsored by 
the I ETF st:lnda rds body and is intended to enable :lpplications that aCcess block 
sto rage uy(~r SCSI busscs or Fibre Channel networks to access srorage o,·cr IP 
networks. The potential a<.kamagcs that iSCSI offe rs :l re cxploit:ltion of low cost II' 
hardware, minimizcd total cos t of ownersh ip by Ic,·eraging exisung Ilcl>vork 
managemt:llt technology, anJ the possibility for extremely long distancc attachment 
of block storage o,·cr thc network. 

• 1980; Data Facility Data Set Scn·ices (DFDSS) enabled users to [ec!:tim and 
consolidatc unused storage space and I11m·e data bel>\'Ccn like and unlike stomgc 
devices. 

• 1981: ·111e fust use of data compaction in a hierarchical sto~ge managcment 
product. 

• A ug ust 1981: \l3i\1 :lI1llounccd its ftest cOl1uJ1crcial Pc. It callle wit h onc or two 
floppy disk drins. 

• 1983: IBi\I broke ground for Ihe Almaden Research Centcr. 

• 1984: T hin-film m:lgnero-resistin head first used in :l tape driyc. 

• 1984: IB ~I PC/ :\T introduced with 20;-..113 11:1((.1 disk dri,·c . 

• 1986: lBt--l l\lm:lden Rcsearch Cellle r full~· occupied. 

• 1986: First disk dri,'c to use thc more efficient 1-7 IU,I., code, now widel), used in thc 
industry. 

• 1987: One gigab it per squa rc inch data-density magneto-optic:ll recording with a 
blue-wavelength lase r. 

• 1988: ·lhe fust full -function, autom:nic cll\·irol1ment for managing SlOr:lgc dc\·iccs. 

• 1989: Laboratory demonstration of one gIgabit per squa re inch recording Jenslt~· in 
magnctic media; used a magncto- rl' si~ ti\·c (t\ IR) head. 

• 1989: Imprond D:l{,l Rcconling Capability (IDI{C) im prm·cd (ape C:lpaCity b,· as 
much as fIve t.imes. 

• 1989: IB;-"I PS /2 PC introduced with 30 t-.IB fixed disk drive. 

• 1990: first disk unn to usc Partial-Response, t-. ln ximum-Likclihood (PR.:.\JL) dat:l 
channel. (m~1 068J) 

• 1991: Fir~t onc -gig;lb~· t(: capacity 3.5-inch disk dri\·e; first disk dri\·c product to usc 
:1Il i\ I R head. 
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• 1991: !U:\ [ introduccd the m:lgneton:~ i s fi\'c '1\ [R' hC:ld prodllc lS. T he industry's 
:IJl IlU:l1 mte: of d:lta -densiry incre:lses doubled from the historic:11 rate of 25-30 
pcrCl'11! pet ~'e:u to GO percent per year. 

• 1991: :\ J G-tr:lck, thin -fl1m t:lre he:ld, whIch re:lJs and writes in bo th directions, 
doubling cartridge capacity. 

• 1991: Prcdicti\·c F:lilure analysis (PF.\) introduced to monito r the key disk dri\"(: 
operating parameters so impending fai lures could be J1miced allli correcteJ bdo rc 
they caused a uri\·c o r sys tcm shutdown. 

• 1993: Thc world's fIrst I-inch high, I G O capacity disk drive, storcs 354 million bits 
of data p('r Stluarc inch. 

• 1993: Imroducct! the :\DSTAR Distributed Stor:lge :\Jan:lgct (AD:-ii\l) f:l.Inily of 
clienr/sern:t d:u:l management products including backup/ rcstore :lIH1 
archi\"t:/ retrie\'c - for mlliti-platfo rm an d Inllhi-\'endor cll\"ironl11t:lIts. 

• 1993: Hard disk dri\'cs fcature th e rtrst 4-blltst-on-the-fly error-correction codc. 
Thl'SC werc the fLfS! disk-drive hardw:l re implement:lcions o f an itcmci\'c, multiple­
burst c rror-co rrection :llgo rithm. 

• 1993: No- ID and zoned sector-se rvo disk fo rmats permit higher pcrfo rm:mce and 
mo re efficient lISC o f the disk for storing data. 

• 1993: \'Vo rld ':- mos t scnsiri\"C magnetic reco rding he:lu demollSlr:Hed in the 
labo rato ry; used the g iant magncto-resisu\'e effect in:l "spin \'al\"e" dl·sign. 

• July 1, 1993: Almaden rese:lrchers used the blue hl se r solitl-s r:l.Ic light source 
demonstrat eu in 1990 to not ()n l ~' !..icmonSlr:ltc, bu t set :In optica l uat:l-s tor:lgc 
ucnsity rccord of 2.5 gig:lbits pl'r sllu:Lrc inch. 

• May 12, 1994: MuhileHI opucal disk capable of both reading :lnd writing 
announced and demonstrated . 1B ~ l's multi-Iar cr technology is incorpora ted imo the 
industry standard fo r the 2-layer LJ"D. 

• 1994: DC\'clo pmem la boratory demonstrated 10 GB t:lpe cart ridge capacity with 
9 MB/sec data ra tcs. 

• June 15, 1994: A nnounced fu st spin-nlve (Gt-. lR) head: world 's most scnsitive reau 
hC:ld. IBi\I 's introd uction of the C;:--IR hC:ld lead to doubling data density (a 100 
percent incrcase) eve ry ~·ear. From scie[~ce to products. Il3i'.! has led the industry in 
gi:lIlt ll1:lgne toresista ncc (G'\ IR) disco\"Crics and the Jet"ClopmclH o f the Gt--!R read 
hcad fo r m:Lgnct.ic h:lrJ disk dri\'cs, The increased sensiti\' ity of the Gt-. IR head (and 
its predcccssor, the MR head) pe rmill ed I B~ I to set si.. .... data-srorage-dc llSlty \vorld 
records with dcmonstrations :It 1 (1989), 3 (1995), 5 (1996). 11.6 (1997), 20.3 (1998) 
:lnd 35.3 (1999) gigabits per square inch, 

• A lm:lden's scientific understanuing o f the physics underlying the gIant 
Illagnetoresisti\·c heau has also h:ld gre:lt imp:lct on lB'\I's J c\'c!opmenr o f Ilugnecic 
ra ndom access memory - \vh ich h:ls the po tem.ial to exhibit the best properties of 
computer memories: the spced o f SRJ\t--r , the high-dens ity and low COS t of DRAt--1 
:lnd the non-t'ol:Hility o f Flash - anu aJ\'a nced 1ll3gnetic h:lru disk media. 

• M;u c h 30, 1995: Laboratory ucmonst t:ltion of three b ill ion bits (3 gigabits) per 
sq uarc inc h I"ccoruillg in m:lgncric stu r:lgc using ex tcnsions o f currently 
m:lllufactu red technology. 

• 1996: One billiun bits of J:lt:l in a sqll:lrC inch excccdcd for the flrS[ time in the 2.5-
inc h Tra\'c! star 3LP, with L3 gig:lbits/sq. in. 
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• D ecembe r 3D, 1996: 5-gigabit d:Ha-dcnsi ty magnetic rcc'>rljing demonstratcd. 

• D ecembe r 30, 1997: 11.6-gigabit d:lla -dt:nsity 11l:lg:netic recording tlemo l1 stra tc.:d. 

• 1998: T he book Mllgl/rlit R.: .. ordillg Tlk' f,rs/ 100 ) ·ran edited by Eric D. Daniel, C. 
Denis ;>.. tce. allli Mark H. Cbrk was published. T he book compares the 1956 
R:\~L\C with wtlc -o f-the-art 11)91) sto rage tech nolog~' : "RA\tAC, lhe first h:ud tlisk 
storage device, occupied a space of :lbout I million cubic centimeters ( \ cubic meter). 
:llltl it achien:d a storage density o f about 3 bits per squ:ln: mill imt·ter. :\ modem 
disk tlm'e Occllpies less th:ln 100 cm :lnu stores dat:l at :l density of more than -l 
million bits / mm. On :l bits-pc r-un.iH·olumc basis. the improve mcllt is yuite 
spcctacul:lr - :l factor of on:r 10 million. Today, the hard disk dri\"C h!"ls the highest 
areal densit), of aoy m:lgnctic recording dc,·icc." .-\ trt.:nd sited in the same book: " . . 
. the density of data storage on magnetic medi:l of all types will continue to increase. 
In p:lrTiculur. the incre:lse in the :lre:l density of hard disb from 1988- 1998 was truly 
phenomenal. !"Imollnting to o\"e[ 501)'0 annually. Tlus, in conjunction with sma ller, 
lower cost drin:~s. has orin:n the cost per mcgabpe down [Q 5 cents in 1998 
com pared with SID in 1988. The decline can not continue indefinitely, but there is no 
sign of any inuncdiate slo\\'down." 

• Septembe r 9, 1998: 1I3l\! ;\ licroJrin announced. ;\ lm:Hlen 's ;\Iicrodri\"e - the 
world 's smalles t, lightest drin' - can contain a gigaby te o f d:lta - ro ughly 10 meters 
of shcln:J books - in a Ill:uchbook-sized de\·ice wilh a data densi ty of 15.2 billion 
bit s pef square inch . The .\Iicrodri,·e brings the benefit s of magne tic JaTa SfOr:lgc -
high perfo rmance, high data density and low cost - 10 h:lndheld digital electronics, 
!'lIch as Jigit:l l Cllncras, ;>"IP3 playe rs and personal digi ta l assistants. O ne cud-sized 
i\ licrodri\-e could hold the data contained on 200 refrigeraTOr-sized Il:\;\L·\ Cs. 

• May 12, 1998: 20.3-gigabit da ta densitr magnetic n:coruing demunstra ted. 
• 199R: IOO,n Anni\'crs:lry uf the im·cnrion o f t>. lah'11ctiC Recording. " It may be called 

Silicon \ "allcy in hom:lge to th e microprocessor, but th c heritage o f the disk dri\-e in 
this region is just as sirong and just as important", sta ted Ron Kilp:ltrick, General 
:-'lanagcr, 18,\1 SlOragc S~·stems Products Di\"ision. in his open.ing remarks at the 
loo,n :\nninrS:ll)' Conference on !-. b gnc tic Rec ording and DaTa Sror:lge, sponsored 
by rhe Ins ti tute for Information Storage T echnology (115'1) and the Center for 
Sc ience, Technology and Society. 

• O c tobe r 4, 1999: JS.J gig:tbit dlla-dcnsity magnetic recording demonstr:ltcd. 

• 2000: IB (-' I awa rded the National ;" Iedal o f Technology fo r its It':ldership III 

J e\'c!opillg and commercia lizing data storage ,cchnology. 

• May 2000: :\lmaJen scientiSlS demoostratcJ holograpluc data storage, both writing 
:lnd rC:lding. at a dcnsny of 254-gigabi,s pcr ~yu:lre inch ~ 80 times d\:l l of a DVO. 
This is one o f the cw\vning nchie\·cmcllts of twO gO\'e rnmcnt/ industry /academia 
hologr:tphic sto rage resellrch consvrti:l in which .\lmaJen Took a le:ldecship role. 
I Ur-. l has l long history in pursuing the potential of holographic data storage for 
high-speed access to huge amoun lS of d:l ta. In the e:ulr 1960s, lint sc ientists 
dt.:,·c!opeJ the world 's fir st holographic data storage system - based on photograph.ic 
film - fo r an _\i t Fo rce -funded projecl. T he project succeeded, but the process 
required chemical dCH'iopmel1l, which made il quite slo\\" and read-onl~·. \\lith 
:Hkallced ull:lging technologies recently crelted for \· ideo caTllco nlers and computer 
displays, holographic sto rage is t:lIHalizingly close to realif)·. But still bcking is a 
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suitablc holugraphic storage materi:ll with aU thc properties Ilcedct! fur:1 rclj:1blc :tnt! 
:1ffortb.ble r":l<.i -write prmJucr. 

• 111I roduced in September 1998 at 340-mt-g:tbyte cap:tclry (or the cqui\":llcnt of 200 
stand;ml size floppy disks) , the 113M 1\licrodri\'c W:lS upgradcd to I-gigaby te capac ity 
in J unc 2000. 

• May 2001: 113:-.1 ships disk dri\'es with ncw ":lntifcrromagnetically coupled" 
m:lgnetic mcdi:l, developed at :\lm:lden and cn:lbling furure d:lf:l densities of 100 
gig:tbits per sYU:lre inch or more. 

• :\llll:tdcn scientists we re first to dc\'clop a re\'olutioll:t ry new threc-b.ye r fo rm uf 
Ill:lgnetic h:lrd -uisk coating th:lt is e\"cnru:llly expected to qWH.lruple the <bra density 
of curre!lT h:lru disk uri\'(' products - a b -d previously thought (0 be im possible. 
The supt'rparamagnetic effecf (dat:l is lost when the magnctic areas of the disk get 
too sm:lll) was O\'ercomc with new magnetic co:ning "aruifc rrom:lgnctjcally coupled" 
media, The new coating pennies tin~', high-dcnsiry magnetic bils to be much more 
stable rh :lIl tht:y would bc in t.r:ldilioml, single-la~'er meJia. The key to IB1\1's nt:w 
data slOrage breakthrough is a three-:lIo m-th ick b~'er of the d ement ruthenium, a 
precious metal similar 10 platinum, sandwiched between twO Ill:lgnctic layers. T he 
fact that o n I)" a few atoms could ha\'c such a dramatic impact caused some IB;\I 
scientists to refe r to the ruthcnium b )"er informallr as "pixic dust." Known 
technically as "alHifc.:rromagnc.: ticall~·-colipled (.\foe) med.ia," tht: new multi-layer 
coating is exp!"'ctcd to permit ha rd-disk dri\'cs to ~tore 100 billion bits (gig:lbits) of 
d:lta per squ:lre inch of disk area by 2003 -- as much as four times the current 
industr\" standard, 

• In May 2001, 1Bi\1 announced th:lt it was first to ~h ip AFC media i.n products - the 
IB,\I T ranist:u notcbook h:lrd-disk dri\'c products with data densities up to 25.7 
gigabits per square inch , packs d:lta nC:lrIy 13 million times as efficicn tlY:ls R.·\1\Uc. 
In time.:, IH,\ t pbns to impkmellt :\F( media across all of its disk drin producr 
lines. 

• 2001: High-end storage shifting r:lpidly ftom :ltt:lched to networked. 
• Summer 2001: 1B1\ 1's Extrel1lt: Blue Computcr Sciencc :lod ~IB:\ srudcms from 

:lrounu the globe research ["\\' 0 storage-rebted prolects at l\ lmadcn Rese:lrch Cemcr 
- the Consumers' AU-Purpose Storage :\ppliance (CASA) and In ternet Protocol 
Small Computer systl'tn Interface (iSCSI) projects. The projects arc collaborations 
betwel'n Technolo.6'Y Group and Resea rch, and explore emerging busines~ 

oppo mmities in thc stomge ficld. 

• One of many 2001 AJmaden Research Center's Storage Pro jects : De\"clopmt:nt 
of a tht:orem that could e\'entuall~' lead to ~ more efficient dat:l-compression 
algurithm thal could in turn somcday result in putting a se.:t\'er's worth of data in a 
wristwatch. 

• With further disco\'cf!CS, the \"lsion of m:-- I Fellow Emeritus Da\' iJ Thompson may 
come true. Thc scientist \\/ho pionn'Ied thin -film rccorJing heads fo r disk Jrin:s in 
the 1970's says if dat:l storage impro\'cs in thc nt:xt 35 years at the same [:lte as it has 
in the past +5, in the ye:lr 2036 a pocket si;,:ed uata storagt: system will be able to 
store c\'eryrhing it s owner sees, hears and says over:l 1 O-year pt:riou. 
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• 113 1\1 has led the way in d:Ha stor:tge tcchllotog~· fo r Ill.!:trly 50 ~· ears . Hard Disk 
StOrllge - one of th e hallmarks o f the IBM i\lm:tdcn re:tm - has :Hh"anced so me eighT 
orders o f magnitulk since the technology was born more Th:"ln -W )"e:"lrs :"lgo. 
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