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Miao» A11D ANUA'IVI na ..._ IOelmtmlm 

Zlr • D~ aocmll8 ..... lllftCI. 

'l'h• pre•1111t: iJrv'enti= rel.at•• 1mera1lr to an aat\lator pH.it.t.onina 

s llY•t• in a direat aaeee1 •toi:&I• «evi~e (DMD> ad· :mare puticalar17 to 

a . pbaH •d1tlate4 ••ZVO poaitlmdag •tho4 and appar&tU8 for Ull• wlt:h 

UZ'NW tran.aucer bed• .in a ti•k f 11•· 

CClq)Ut•:r• often irlc:lude auxiliuy 1llGDZJ' •t••IJ• unit• havinf media 

:a.o oaa whicsh data can ~ written an4 fraa which clata ou IDe read for later 

... .D1•1c drive unit• inoozporating •taclmd., aoaaonJ.)r rocacecl ri•!d -­
netics -ti.ice u• u••4 for •=rat• of dll.ta ill magD.etio fom on the cl.t.•k 

eur:faae1. De.ta is rec:orded in ooncantric, radia11::r apaaed 4-.ta 
infoftlation tracb arrayed on tm surt&c•• af the cli•ke. 'lr•saaclucer 

15 heada driven in a path r.owu« ancl away Iran the dri,,. axi• wz:S.t• d&~k ~o 

tt'lll di•kll azt.d Z'eacl data ~Z'Clll the cli•1c.I • 

All DUD •it• :linlllt b&ve a •tbocl to position each data hR4 over 
th• proper radial locatioll co ~it• a tzac::Jc and again,; to po•lcion it 

20 vel:l' el•• to the aame J.oeation to n&d th* track. With t:he higher 1.,,.1 

file• U.•1111 • voic• eo11 type of actutor, • feeclbaek Mcbam.• am•t be 

11rov1de4 to loc&t• u4 •tably bold tbe h•adl on a glve11 track. 
~i~ll::r. track •=•••lllf an« t~ac:k CollowS.nv iLre provid..S utilising a 
magnetically written pattern in tbe WD unit. A declicatelS aarvo •Y•C• 

25 eq>loy• on aurfac:e of one of the dim ill the 1)ASD on 'lbic:h to have a.11 

che cracking and access 1Dformation. A aector aervo •r•cem u••• 11m11ll 
portion• of t:rac::ka mtW9en each or bea..en aev•~•l aector• ora ~ch track 
o~ each dat:& aurface to provide the trac:Jcla§ and aoc••• infona&t!.on. A 

JO 
h¥bri.d ••:rTO ayatem u••• ~h co obtain a4YUta;•• of •di tne of ••l'WI• 

N&peto ... J:••i•ciwi (MR> heada are a ;reat &clvuacemen~ :in read/wri~• 
technology fo::r DUD. oae of the key aclvantagaa of MR beadll i• the u•• of 
••pa.rate el.....nt:• fo::r reacling an4 wziting. 'l'hl• all'*ll tile witln" 
•19Mnt to l:ie wide, almo•t •full ~rac:kpi1:csh in w.f.dth, and~· reading 

35 •l••nt co 'be narrow. Thi• writ' wide, 1"•&4 narrO'lf c:apU:t11lcy ...... the 

t:r:a.olc 111.iare;iatration <~> %equ!;rement• on th• eem ayecem b>J 
•!lea~1vely 1nc::ir:••lnl th• wid.~h of th~ •ofc-•nor rat• (RR) J:aa,cb~~ba by 

the difference in vi4thll l::tet'flfeen the read an4 wric• •1.ment•. 

'a Servo tracka are tnic:&lly w.r!tten on a 1/2 craok pltoh. A 
trditional pb&aa ~tt•::m 1• uitt•n 110 that the l'ba•• of eaab ~•t 
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cdlarlge• 21.s desrzw• for each wn.ttea ••rw tnek. J'or !norMairacr traolc 
cypea, the pba•e is aclftrlcs94 in llunt1 1 ad 3 ad ntudecl ia. :bunt 2. 

%n tJd.B fUhiOD, tile »ha•• betWMa 1'm'•C 1 od l:Qrac 2 crhanfea ,5 ~ 
!••a ••nD traek wit:ta. !'Id.• .... that a S Jibs patte~ can be 

S w.rit~en with a 80 Jibs o1ocdc. Ill tbi1 aue the 5 Mb.II period aon•:l.•ta of 
1,, 80 Jibs eloa1c8 an4 tlul pha8e of Mah 11\lnt 1• obafe4 ~ one bit: . for 

eaab ••no tz:aetc w1tten. !'hen tM dlf:ee:renc• ill ph&•• •meen the 

bllnt:• npeacs in eight ••vo trac:Jcs. '!'he eight ••rn ~racb written • 
a 1/2 trac:Jc pitch aone•poACl ~ tour data tnc:b or ~in4u•. 

10 

. \'O optild•• the ID, a rea41Dt uudUcer width t'bat :I.•_ 1~•• c~ 

sot o! the traalc pitch 1• raQLlincl.; W1~h readinv el-.nca l••• than th8 
w14th of a s1nrl• •uvo uaek. poeit:i.on 1.5.nea:riqr :bec:aae• unacceptu~ 
pDOZ" Vi.th the conventional 1/2 crac:Jc pi1:eb ••~ craoa. &.:LnMZ"iC1'. •nor 

15 cu IM · bp:owld. by w.r:ic1n; -=-~ traclcB. J'oZ' eMmple, t:be pbue 

patce:rn wriccea on a 11' track pS.cch would pnvide aoeeptu1• po.ic~ 
1£aear£qri hcRf4tvei-, thi• would clou.bl~ the time Z'afl'&ind fOZ' ••no wri~ing 

and would be prohibitively exp•n•i,,. for • ••ocor ••~ tile. 

20 J:f • conven<t1ona1 •ervo plltte:r:n !a write• on a narrow track piteh, 

tor example. 3/1 en.de pS.toh. the poaitlon l.inau1~ ~r-t• will i. 
aatiaf ied, l:Nt the patt•n. will :repeat in c=•• dat:a eylillder• iaa~•d of 
four. 'lhl• meau U&t the po•lt:l.on ez~ aignal CPDJ extends •/-1.S 

traou in•t•&cl of +/•2 t:raou.i.fon the ns repH.ta. 1ftlen •••k:l.n1. thi• 
·as sot la• in rap 1• ai;nifieut. SHk veloc1t1•• can 1:1e u b:l.gh u •o 

· or- SO tracb/e...,le. !hi.a •u• thai; position. --~ be ••~:blat:ed SO t%&e­

kll aways CheZ'efo:re, the ns_ernr ••t nevu be fZ'eau.z t:~ 1 .. s trac:b 
out of SO, ~ 3t. Jf t::ta..eZTOr i• gnat:er U&ui thl• ----~. cbe 

••ti.acor alror1~hll my aonverp on the wrong pulcion ua4 v.1ocity u4 

30 be off . by modulo three =a.cu. Al • re•ult a aonvezational ••no patten 
"'Ch a llU'l'OW tZoUJc pie.ah pac.ten f.a Wlaeeepcable. 

lt i• • princ:J.pa1 uject Of the pre••nt invctf.on to prov~4e a 
phue moclulata4 •ervo ae~hod and appai-aeua foZ' v•• •1th ll&ftC* cransduaer 

35 heada. .• 

ln Dr-1•1, the ~ect• u4 aclftft.taf•• o! the pr••a.t izl~tion are 

ad'devecl ~ a pl'&ue mo4u1•t•4 ••"° •chocS and appuatus ~o provide 

ac:aaptable poaicion li119C'l~y ~ ••no po•J.c.5.onbg wS.Q a llU'rOW 

40 tnm14ucer heac!. in a !ti•k !U.a. 'l'h• 4l•k file inalwlea at 1-t cm.a cliek · 

mc:nmted. :fOZ" rotation about an axi• and .the ti•k hA• &t 1-t. Olla di•k 

. 
' 

, 
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•urface for ator!n§ data U4 h.u • tZ'w4uoer D1DUnta4 fDZ" ...... t · aezu~ 
tlw ti•k aur!aoe f~ writing to.ad for rea•Hnf data and ••rw »&tten• 
frcim the cU.•k nr!aae. '!'he t:resduoer includu a rea4 e1cent U4 • 
wrih •J.-t. '!he red •1.nt ba• a. width.le•• than the writ• •1-..nt 

5 an4 thll read •1--t width i• lu• thu 1/2 of a data eylillder. A ••zvo 
pattern i• written on tlw data dilllc •'lrfaa• ha'ring a tracrJc pitch ~f 1••• 
tMn 1/2 of • data eyllll4e:r an4 the ••no pattern npat• in • ••1•ct:ed 
bla&zy D\lll'l1:leJ: of data ey11ndar•. 

10 The pre•enc 1nvebt1on au 1-•t l:le understood !ftlfll tbe following 
detailed daacription of 911'bnd1ment• of the invention illuetrat•d in the 
drawing, whereift 1 

J'IO. 1 i• a •c:hematie and block dia;i-• of a dat.a lt.Ol'age di•k 
15 til•r 

"PJG. a i• .. diqru' •howinf th• acc•••ing Mc:hc1111D fol' a •inf:Le 
cU.•k eurtac:e of the Qpan,cu1 of l'IG. 1 r . 

20 l'tC. 3 i• a !tloek cH.agr111 npr•••tation illu•cnting apparaeu• !or 
earzyin; out a ••rvo po1:Ltialq •~hod ln the data atorage cU•k fU.e o!! 
:Fla. l:r and· 

. . 
PlG. ' i• a clw.rt 111u•crating a •ervo patc.zn 'fZ'iC~•n oii 1/3 track 

25 pitch. 

X~ P%a. 1 there ia ehowft a partial •chama.tie block diagrma of parts 
of a d&ea. aeonf• ti•k file 10 ::l.nclucling a. dac& 1corq• macl:l:ua generally 
de•ionated u 12 u.4 a c:oncrol unit generally deaipated u :a.c~ In cbe 

30 pre!erred embodtm.nt of thi• in•ncion., cha daca •corqe medi1111 12 L• 
embodied in• rigid magnecie.dl•k drivt1 uait 12, &ltbougb other 
M~ice.lly moving MZDOzy c:onfi;u:r:atlou may 1'e uead. tJn1c 12 1• 
illµ•trated in •implif ied fom auffieient fo:r: an undereundiq of the 
p:r:eaent ift'Yencion becauae thli utility of the pr.••n~ invenc~on 1• not 

35 liai~•d to the detaU.• Of • part.icular drive unit c:onatruction. 

••S:•Z"ring now to nas. 1 and 2 of Ch• drawing~, tiu cin wiit 12 
include• a •~•oJc 1' ot 4l•u 18 baviftg at lea•~ on• IUllft•Ci,e •urfac:e 2o. 
'l'h• <U.•b 18 are -=tad 111 paz:allel for e1malcaneoua ~taticm on and by •o an integrac•d; spindle ad motoJ" •••-"lY 26. Dlta 111..:ozmatioit or& each 
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10 

d:l.•k 11 an na4 a.4/0't witt:en to bl' a eorr••pcmdlng trDHv.aer h•IUl aa 
..U1• aaru• the dist nrfaae 20. 

~an•due• bead8 28 are llCNlltl4 cm £:I.aura •priraf• 30 •=i..S 1'y 

_.. J2 •-•" t-thm: for •imltanaou• p:l'fDtal mov.-nt Uicmt: a •t.IPPOZ'~ 
apldl• 3&. One of~ a. 32 ~c:l\149• a exta•ion 31 clr:l.WD in• 

p!~1 moeion ~ • bea4 drive motu 38. Al~ 8...,.z-al drive 
a=ug._t• are OOllll¥'Pl)' use«, the ~ 38 c:aD include a w.iae ao11 

mocor •o c:oopenthl' wltb a ---~ uc1 a=• u1embb' (not •••n> 
oparat:iveJ.y oatroli•d :!ar lll.OY1D; 1:he traudu.eer hM.48 38 in 11Pc!moD1-
ln a ntial dinc:tton in ozder co P.ition the hMds .iD ~criatZ'aticm. with 
data intomation tracb or data qrllndera C2 to be follond an4 aac:••• 
pazt!cu.lar data •actor• ''· Data •tOZ'aO'• di•k !ll• 10 i• a modular unit 
ine1\ICU.Df a 1'0UillCJ 45. !he WZ'10Ua CClll{pOntll'l~B of tlW 4l•k eile 10 an 

15 controlled :I.II operaciOll i:., a1gnal8 paaracecl by oontrol mdt: 14 auc:h .. 

motor coatrol algna.1• on llM 2-'A aacl po•1cS.on control •!.pal• on 1in• 

Jar.. 

.._rows data J.nfomacicm tracb 42 ••ch at a specific ncU.&1 

ao loca~lon a:i-• UZ"e¥•4 1n a concentric patten in the mqnetlc medium. ot 

••ch d11k 1urfam 20.of data di•b 18. It. data cylinder inelud9a a aet of 
c:=r••pondiQ •~• infomation trar:k• t2 for th• data 1urf&ce• 20 in the 
data •torq• diak file 10. Data infomat4on traeu f2 incl\lcle a 

plural!~)' o! ••gmanu o.r uc. 11ctor• H. Keh i:ontelaincr a pr1Ktai1n•cl 
25 •i•• of 1ntivldua1 P"OUP• o! di.ta Zoec:orcla Which ue •aftel for later 

retrieval and \IPdl.t••· _'l'he data iafomatS.cm track• '2 ue 41.apHed at 
predat:eminecl poai.tlon• nlative to a •ervo ret:ennc:• indeX. ln Pm. 2 
one ••cto~ '' l• ill'U•tratecl •• dCTOA o with a fixed iDdAta or lllU'k -Dm:X 

hr properly 1oc:at1sacr the H.r•t data •ector. The 1oaation of ••Oh next 

30 ••otor '' i• tden"tit!ied by • aector i4entH1eation csm> JNl•• Z"•ad _., 

tru•clucer he&cl8 aa l:t'Oll\ .=-i ... 20. 

35 

Relerrlng co J'lQ. 3, th.ere 1• ehoWn a c:irau.it. 41agram ill~atz-ating 
pbu• modul&Ced ••~ apgiuat\18 for c:ra.rzying ouc the phue ~d:l&lated 

servo aethod. Of the inventiOD 94!11erally deel;ni.ted ~ tbe ref erenoe 
ll'UllU'Al 50. Appal'atua 50 iftcludaa a •en.» channel-inclucli12ct & clad1e&ted 

aervo surface 20' •hewn together with a dedlc:atecl aervo trazuaduc~ he&4 
28' ooupled to a ••no pnanpliUer (SPA) sa,·an autoia..tic: ga.ln eont~ol 
(AQC) 54 an4 a eervo i4en~if1oation (SID) filur S•. A da.~a ehannel 

'o include• • data tnucl\lcer hed. aa dl•poeed. adjacent a data •=tac:• 20, 

' 
t 

• 
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am •l•=zonta• (AB) SB,, an. aut-.tic rain c:oatrol (Mc) &O llZld • ••rvo 
tilter c2. 

While PIO. 3 •howl& ciZ'CNitZ)' SO with a dedicated ••.rvo arabiteature 

5 with nferenoe ~. it 1houlcl be lUMierstood t!Wc the invention 

&dftnt...-•1Y app11•• to .. otm: ••zvo ueh!taature1. '1'ha phaae 1n.for­
•t:lor& etored in the ••no pattema i• ,dlrive4 !»y extrac:ting • 
fUndaentlll hanlanic,, nc:h a1 J,.5 Mba, f:r:am Che z-ea6ack •isnal bl' the 

hifh-paa• SID filter 5& and 1ervo filter 82. Sifnal• f:n111 either the 
10 "94icated ••Z'WI head 38' e •HW pattern.• reacS b'/ data trUJ11duur lutacl 

28, are aaaltiplaxecl at an uaaloer aaltiplaer block &•. A aero-c::ro••ino 
c:mqiarator dataetor CG coupl•4 to the aultipl.-.~ S4 detect9 che ••:ro 
eroaa:Lng in th• ~-..ck •ipal. Tb• outpU.t of the ~·cw && i• 

•upplied to a eeZ"V'O pba•• dellOdulator 18. 
11 

Calp&Z'ator &I appU.•• • ·~· ._,,. •ipal co Che ••"° pha•~ 
4Wlao4u1•tm: 58 v1ch preei•• phaa• trlll•itionm bl.•ed on the ••ro CZ"D••lnt• 
oi t:he firet bADIDnlc •itrnal. Thi•·~• .. ,,. i•-~hlln excl11•ive OJtacl or 
XORed with a a.s Ital: ezyatal o•cillator and tlW tran•ition difference• 

20 bet.ween Ch••• two •ignal• ar• lategra~•d over a cercain periocl by ••rvD 
phue deiu:tdular:or ''· Th• illt•crrator value at che end of thi• pez-io4 i• 

proponiou.1 too the b•ad otf••t relati•• ~o TOM track eencn line. Thi• 
vala 1• referred to u the position er.l'OZ' a1gna1 (RS). 

25 In th• t~adicional pha1e pattern, although each 2'uz-1t chaDgea pha•• 
~a.s 4e1r••• :between ••Z"YO c~nu,, cha different=• MCwaan lftar•t 1 cd 
~•t 2 i• al~• 45 4991'•••· So for a given track, the ••r?OWric•r only 
ne.S. • reaolueion of '5 degree• o~ 1/8 of a period in•~••d of 22.5 

detr••• or 1/:l.I o:f a pat-iod. '!he requiract 16 •erVQ crac:ik en•• are 
30 1enerated. by ahuging th.a pha•a of ••ch bunc :Ln cw:n. That i•, a4-

vancin.g the pha•• of burst 1 by 45 d•tr••• While holding bur1t two the 

._. •• th9 prav:l_ou• track. Thu retudln; Cha ~·· of bu:r:ec 2 while 
hold.bsr burat 1 the eue •• the previoua crack. Thi• techn.iQUe tor ch• 
t~adition&l pha•• pactern track type• al\Cl bur•~ phe.aa ia aet forth in ch• 

35 to11owing Tabla 1. 
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5 

10 

15 

20 

as 

I 

aavo '1'ltAClt nn BVJS'1' 1. 3 lllWll .,.. a PDn 

0 . 0 0 

1 ,5 0 

2 &S .. ,5 
3 90 _,5 

' 9G -•o 
5 135 -10 

' 135 -3.35 

, 180 -:L35 

a 180 180 

9 ... 135 18D 

10 -135 135 

11 -90 135 

12 -90 10 

13 -cs 90 

1, •45 cs 

15 0 45 

Vain; Chia tectmS.que, a 5 Mh1 ••rvo p&tte:rn cum JM wd.cten w£th a 40 Hb1 

clock iuteacl 0£ an 80 Hb1 c:1oek. Mclitioraally, Che orig:1n'a1 22.s dags-ee 

·~95»8 can be dupl1-=-t•d 17,f ••itchiag in • 22.5 4~··· cas 118•0) delav 
during even traciw. 

R9f•n!.ag to J'!CI. '• • .~ patten writta on li3 t.raek pit:eh i• 

•hawn w1th ra«iu• cbanv•• relative ~ ve:rcic:a.l axi• and. elr~erentl&l 

30 chaqe• relative che hod.sozatal axis. Zn acc:orda:nc:e wic.h a feature of 

the ""'''"'Hment. ~be track pitch of the written. ••rvo patte~ i• 1••• t&an. . 

the conventional 1/2 track pi~ab. to provic:W aeoeptabl.e po•i.c.ion linearity 

' 
.. 

• 

1' 
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' 
with d.t.ek f:Lle inoludiq a a trauduaa%' head and thll ••no paceem 
repeat• in a ••leeted numi.:- of c:yllnd•Z"• or dau u,cu. 'l'h• ••lec:t.e4 
'number~£ 4&ta ay1bd.r. i• .. blnuy nmm.r of cylinder, •uc:h •• , a. ' or 

8. A ••Z"VO pattern repeating in 3 c:yl:LD4eJ:'8 WOU14 not be aelecsted. 

in order to Jave a P«ttern that np•t• in four traob, the phU• 

tiff••nce betwe• bur•t 1 u4 ~•t 2 mat go t1'al'oUgh 350 4efr••• in 
four traolm. 1ftlen writta Oil a 1/J tZ'&ck pit:cl'i, tbe J:Nret period ia· 

ap1lt into eighc pba••• an4 ia wr!.tta wi= a c:lecJc eight cialla th• J:Nr•c 

10 frecpenqr. Wha th• ••nta tracb u• writtea on a 1/3 tract· pitah, 12 

aezivo t~acks are writtn toz:. !our ctata cylin4en. in thi• ca•• tbe ph&•• 
l:Nr•t mu1t ~ eplic into 13 pba••• and 1• written with a clack 13 tima• 
Che IN%'•C ~reqgenc:y. For eJCUllle, if • 5 Mh• patten& .i.• l'equ.ired and 1/J 

traab •~• needed !or acoeptul• linear.icy, then the pattern cu be 

15 written wi~ a &O Nha eloc:Jc. IA thb cue the 5 Nhs period oon•illt• of 

12, 10 Mb.• clocka and the phaee of eac:h l:Nr1c. i• ch&rlg9d by on• bi~ for 

••da •er'UO i::rack Witt••· ~ latch ••Z"'l'O tJl'&CIJc WS"S.CQ' (8'JW) p:n••nt.ly 

uaecl in manufaccuring au ••l1Y ba progr .... d to w:it• u•ing eithez' 12 

or 16 bit 'WC'48 ao a 1/3 track pitch ,_ctesn i• •Ql" to impl--~. 
20 

Other in;>lenientatioa• of the invention are alao poaeibl•. Far 

example, wricin; on a 1/3 (llt> crack pitch wi~h the STM eloc::k 
oo~re•pondtnf to •13 ot the damoclulator cloak and 'fitb 12 ~it• to each 

••rvo patt•= period.. Alternative~, writing on a 'o' track pitch with 
2S the S'1W clock correilponcling to 8/5 of the demodulator cloak ancl with 10 

bit• to ••ah 1ervo pe.ttern :periocl• Another altei-native i• wri~ing on a 

1/3 track pitch and having ~ track cypee in•te&d of four c~ack type• 
ad tha BTW cloak auat ba a/3 of the demodulator c:lock. 

30 Advantage• of the 1/3 track pitol\ patt•:r11 a• l11uatratact in FIG. ' 
are that: the MR read el .... t: width c:u JM o,timbed tr&••4 an SIR acl not 

on ••rvo linearity; allowing MR rnd element• to i. l••• than 501 of the 
tr&c:lc pitch1 and wich C'br•• ••rvo ci:ac:U par daca qliDder, che qrlinder 

boundazy i• cotnc:iden~ with tile •cl;• of tbe ••rvo ~racu. Tbi• -ke• tbe 
35 plac:~t of a Glray code trac:k 1d patcern e&ay ~o· iniplemenc. Sei:w 

wrl~£ftg time for the 1/3 track pitch i• •isrnif icantly red1.ace4 a• c:ODpared 

Wb.U:e the invention. ha• been de•cribad. with reference to detail• of 

4D the illu•tratecl •bod""'Pllt•, the•• detail• are not inten4e4 to l:bait the 

•cope of the inven.t:lozi u 4efine4 in t~ appenclec1 c:lailu. 
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AIM 

at 1••~ one ti•k -=bct for rota~:L= aboU~ u Mi• a4 lavbg at 

1-t one 4i•Jc aur!ac!e for •t:oring dat&J 

cran•d1.lo•z- •a• aoated for mova.ent •=-• •a!.4 41•Jc •urfaae foz-

10 writing to and fOI' reacl!.Dg 411.ta and Hrvo patt•m• ~ ••:1.4 .U.k 

nreaae,· Uld." 

uana fer wziitin; a •8"0 patten cm ••id da~• di1k surface h&ving 

a tZ'AC:k pi'CC:b oe 1888 Chan J./3 Of & elf.ta c:y1incler and Hid •ar1r0 p&Ctem 

15 ~epeating in a ••l•oted b:Lnazy number of da~• c:y1ia4-~•· 

a·. Apparatu• .. c:laillled. in claim: 1 OZ' claill 2 wherein ••id ~ran•dl.ac•r 
mean.• lnelUdli a read el..enc tln4 • wric• el...-nt. aaid read el ... nc 

haviftt a wldch l••• than •aid wr1~• el ... n~ and. •aid read element being 

20 P'•&tez than 1/3 of a data c:yU.ndlir and ·1 ... cball 1 data ql!n4u'. 

3. J\pparatu• u claimed !n ala.la 1 ar ei.ila 2 Wherein •&id ••tvO patcern 

wr1tino •an• 1nclucl• ••• for writ:L111 ~ pita•• aoda.l&ted servo pateern. 

21 •· Appu'•tu1 •• cla!Md in UJ' precading c:laim wherein ••id ••no 
paetem wr1~1ng ••n• in.clwla lnUA9 for wri~inv • ••rvo pat:cern having a 

1/3 crack pitch and •&14 .. rvo pe.ccern repeating in. ' data c:ylindez'•· 

S. Apparatu• •• ol&iaed :i.n claim 4 whei:-ein •&id ••no paccena. w.t.tinv 

30 m8aft8 includa ·a cloc:t haviq a fraquncy eC :S.2 Cimee a bu.rat ~z-equanc:y Of 

•a1d ••rvo pateern. 

35 

6. Apparacu a.e c::lai1ad in olaila & wherein Mid ••rvo pattern l• a S Mb 

.-ctern of 12-~it word• and ••14 writing c:lock i8 • 60 HHsclock. 

., • ARHaratu.• as claimed in uy ol c1ailMI 1 co 3 where.in· eaicl ••:rvo 
pattern baa a 'O' t~ack pitch ancl ••£4 ••J:"VO pa~cen repeatiDtJ !n .& at.ta 

cyl:l.ndaz-•, wherein •aid. •cw pa.teem writil'll' uau includ• a el~ak 

having a frequency of 8/5 time• a nrac frwiuency of aaicl ••no pat:t:arn 

co Arl4 •aid •erYO pattern of 10-bic wor«a. 
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•· · ,appantua u ala!macl ~ eiw · o! al&im8 i. to 3 wherein M14 •eno 

pat•m bu a·1/3 ~pl~·_. •au._._ patcezn npeat!za9·izl 2 data 

. . . . .. 

· oyliDUn, · When.in Aid •eno i-t~am i• a ·s llBs pat:te= of '•bit: woz4a 

· u4.a&U w:l.tlilag al.oaJc .i• a •o llllil c1ooJc. · 
, . . . . 

. . 

t. ~ : .. t:W for .• ~ pmt•io.b. !OJ: ue in a di•- tile !nc:lucliq at 

· leut: .. _. di•Jc ~i:.a In ·.ntaticm Uoll~. u · ai• ad llaY!ng at: ·1-~ OM 

.U~k ~=face i.-· a-.!ng ·data UA_ ~aaaduc:el' :ia9U8 m\1111:84 for JllOWm!Dt · 

·.m:M• ni.• ti• nrf&cNt for· wricilllJ ·to · U4 hr· readtnr data Md •em 
. 

. . . 

· .· ·. ?,o · · .. :~ .p&ttca fram ea1a .din i.usr.0., •&id t:na•du.a•r •·••having· a read·· 

· .: · .. ::· ··.·: · ~i-at: ···.d • :write •J. ... 11t1 · .. u ~ .1-.,. mv.tasr a width 1••• ~ 

· , · · . .ia!.d write •~t: u4 ~i.4 ·r•acl •laeat w1d.th J;MJ.n; · CP:••C•~· t1Wi 113 of 

a.·~t:a o.v1~:· au .,~ ·nap':l.•ine :tlw · ·~ or. 

· · :LI . · w1tinf a •~·patten oa .. ~., data diu •urtace h&viq ·a tnc.k 

···20 · 

. . 

~ . . . . . 

· · · · · .pJ.c•' of i••• ~ 112 of a data cy1indeJ: Uc! ••id Nl'VD patt•a. 
. . . . . . . -· .· ·. . . . 

·' · · np.atug !n a ••1Mted W.~ .•-.r Of d&ea .cylind•n. 

. . . . 

10. A .•tbod. !or auve poeitiming ae . c:laimad 1n claim 9 Wllerein ••id · 

. . 

.. 8eno· pa.t~ea wit:ing' •tap µ.oiude• ·the atepa of wrS.t:ilaf aai., ••no 

~tt~~ with a·1/3~:r:ac:k pit~.~!ac1din9.12.b1t·w0=
• eor rQ..c.insr 

. .··.a~d. ···no ~t:h:ra in · 1our ckta er1i.Jld•n •.. 

. . 

·_.·· 21 

30. 

a.'ho\laingr 

a~· 1-t. ..._ dt•k --.~eel ·ta aai.4 ~l.nsr :for nt:a~i.oa iUol.Lc an 

axi• ucl havizig •~ leut ou 4i•k wrraae for •tniaag da"' 

· 11111P•to-reaiet~ft (D) tnn84Ucu M&U mounted Cor mavement acroaa 

·••i« tillk. •=face fozi wri,£nsr ~ and for ~eading d&ta aad ••no pa't:•ru 

tzma •Li.cl cU.•k auriaae 1 ••id llR tran•ducer IDMll8 iDclu4incr • writ:e 

elemene UIS a na4 el ... nt~ •aid zaacl •1--~ haviAsr a width 1•• ~ban 

. lS eaid write elmaent AD4 •aid :r:ead •1 ... nc width J)eing ~ea~•r thlul 1/3 af 

60. 

•.u.a ior writing ·• . •ai.d ~ti•k •v~ace a aevo patten •~ a 

.~~•zm.inad tzaoJc pi"'* .of 1•••. than 1/2 oi·a data c=.rlln4ez'.~4 ••14 

•ezw pat:ten ino11141Dg a 360° »Ma• :bunt cUfference betVMll ..,aoat 

2'unt:a. within a predet:m:mtae4 ~inuy n\lllbe:r: of ckia, cylinder•. 
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. · ·13~ A tin« ·&OW• •t:onge cl9ri.ae u. ola'-4 !a e1&i:m U 1diereia 8d4 

~ tn.ok Ditch eQU&la 1/3 ·- Mid _pnMC•ndnM 1Wauv mimber 

ot data oy2.iadan ~ '· 

U •· A di~ aaaw •ton.sr9 4wlce ~ elas-4 in c:l&S. 12. or oicwa 2.1 

.· ·~iD .llai4 ~ »at'eza wr1t_S. .... iael:w,tu & cloak ~ • 

· -~ of· 12 ~-- a ~-~ ot •&14 aavo »at.t.eza. 

. . 

1&~ -.nwa BubeMatialll'. u heninbef=a de•m:lmd witli refezaoe to 

10 . . . l'isl=• . l ,to '· .. 

. • . . . 

' 

.. 
· .... 

. . 

. · .. •_.· ... 

.. 
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