MVETHOD AND APPARATUS FOR ENCCODI NG DI A TAL SERVO | NFORVATI ON \Pog’s wm'!‘
I N A SERVO BURST « Field of the Invention aqﬂFi§
i nvention relates in general to data storage devices such as nag&gplk I sk
drives, and in particular, to a nethod and apparatus for encoding digital
servo information in a servo burst. Background of
the I nvention Dat a storage devices are well known and include, for
exanpl e, optical and magnetic disk driyes, and magnetic tape drives. Data
is typically organized as a plurality of tracks fornmed on a noving storage
medi um such as a disk or tape. In disk drives, these tracks may be spiral
or have a concentric arrangenmenSPECDFICAMBONC tape drives, the tracks are
paral l el apdtienofntive | Ivgpritidimal directi on of the nmagnetic tape. Data
is witten to andgTcHaNGf MBTHODe data tracks with a transducer supported in
close proximty to the tracks by a transducer assenbly. The transducer
assenbl § | sppekgtben@bb L tied alrivemttion t he tracks under the control of a
servo system anghehprebeAts e Sic erdll Ay itealany etetiphgdmbehaddat a
channel , whifgk &Biching NaiSeiti®iEtior aubesiratbr anghmepei nterface. The data
channel repgir¥esubafl Presess st dhiing meithed FoentbherddEingothawiting to
2 béc@ggihg\égﬁépéﬂ&ﬁ) d SAiYeS matbet BBt 18adsepsensts aand he data
st or agegsur tagelbyet _té;@e"@mrzﬁllgss@mbmandoar@_@ﬁﬁﬁ@ﬂiﬁ fgr transfer
to the hostprdBessingtsiefse Un e ¢dlde sueraee dEVinﬁﬂti—Eélfg'r@di &Ervo
control, no¥eAgNE-Diyéred dat avistigigage nmedium and data access are '
control led by a micqeeenyrekl es1s mostlbeﬁglayéﬂa ehzleenggergadi sk drive
design is tgtiieteas cdheri s LANKCiday Abybhgafit RIage aEUbym This
requires reguRNt bapsidén ldyaEk- beyt b8EKiRHNLTY ABIE//C1asgds gder bit
densities WpbBhNwi@aLy éipsidyedSd PaticezehngPeRiBowicing! € dikreneed for
nore accur ghe SEENOnGYSdtedoff @hd @daicunalaodeskr Rilghéackhandeiget a sector.
I n conventi grafigt Of aE1 JeVL CEPpe SEF MRSy, SHEr & @layelBeRrelspedo i nformation
witten on ppepllahsd SEDEDUP Srtbnl atR becuzeeneat 8Fynpesbhipnside head
rel atiye toe@cHahg 308Chn akhizsl-dunfaQneRt leRekyBD8abhY SDSPrhSESH&Er VO
regi ons or 3@6t @hSthé rANSMErSEdy 1avkér 308 SpREaedtaEy IB8Towatife t r acks
including trhneeapypegeOf300fy MHowaN ind FIGCt Qr ilUestratengothsl D, bi nary
posi tion i nNEeEERSHAD, slidise AE bR tAoRalll A01€LFDayeesdi AY wiFh)g. bur st
pattern. |tIfapigl sy, i referthc nurdesl 302 dehbeeS! ® TENabamirge pattern
conposgd, elgyerpf3dhl} sawrinflitkitisg #Fidm;ndhaaBes, t esahdcdndictde servo
sector. It k@bspreeedednbyrdet-epoabtogmpli Sibdn eitalleaaantrol (AGC) fiel d,
and toget hgprotBesend i shalse sWihranwie iagdhadj Ust behetghed whilde
read/ wite ehanfetma©idie £IRC Wideg wadlVvprotbetivti 6DlmThe ihgs typically
extracted feoAttbEléd ang@ducesceipaadl itsi APr aeaiphles N " Irireriloofcoupl ed to
the m gpocovhé@lhesScience & Technology, Vol. AlO, No. 4, pp. 12323
The binary pRsit} ofedudidmtdDrthes netethek0B060andeangbttopic
processing of the Al-Cu alloy layer 303 are attained by
adding N2 to the BCls/Cl, gas so as to cope with the
aforementioned problem. The side wall protective film
35 by this means contains BN compounds resulting from the
reaction of B from BCl; with N of the TiN layer, and the
side wall protective film is more effective in
controlling the shape than the conventional BCl;/Cl;
etching.
40 In cases where aluminum and aluminum alloy are
subjected to plasma etching under reduced pressure,
there is a technique of preventing the resist from being
damaged, as also described in Japanese Patent Laid-Open
No. 169140/1985, by applying a high-frequency electric
45 power of 13.56 MHz to one electrode on the wafer
mounting side out of a pair of electrodes, and adding a
BCl;3+Cl, gas to a CHy; gas so as to attain anisotropic
etching at high speed with low electric power.
The above-described method of adding N; to the



Fe i .
positioning of the transducer during seek operations. It may include a
cyl i nder nunber used for radial positioning, a head nunber for uniquely
i dentifying each data storage surface, and a sector nunber used for
verifying the circunferential position of the head. Some or all of this
data may be encoded. For exanple, the cylinder nunber is encoded using a
gray code pattern which varies by only one bit fromtrack to track. The
information may also be split anong sgveral adjacent servo sectors on the
sane track to reduce the servo field real estate requirenent. For
exanple, in a currently used inplenentation, the track identifiers
conpri se higbesiCl,netdhing amas | isvesifeartdere Hint xeduBanly skevo sect or
cont ai ns t heotchest30s ¢y thid sidenwaddi protectiver §ilndesed iorimpnt ai ns t he
m ddl e or dethdi ks, camsbiarkriy dfoemedsatthr acqgodvdi asfidkemighest order bits.
In a siml aHowanee) ,thdidizld eprlasprbiagtihe bebd eaomtsitcimy thedBN S nmay be
di stri bsit edcoyeiing emeirldl isgellees 20ptkbbBlemnehattbetatide hedthsunber and
one or norehénicably tdtrdrebohdaynber iar fow ehsthyt vemawdbd n  adj acent
servo sect otBrowyiiCthd hsHierd stee aa6t ehensbbat sodotre@itmeadtange in a radial
direction aggraiéed so@t lin tdiRica¥aY obe twr theeatching hetel sk sdnideout encodi ng.
The binary ggréVeorididtdepdbditiont ragtetohr 6M the BNat&fpolndnsducer read
si gnal 1oV t ho8b@ié adn de@didrly wa1di bEUEheYetoRingdekaneet pofsrdigmecessary.
The denodul gt edr Ctértds iy ey pirodlictd in the etching apparatus and :
4 CERDS iRy Alfede ¢aloRdlndriehl CwhénOothis paethad -i€sponse nmaxi mum
| i kelihood §4FRMad chenild mass-probidetPeh bFel.gdIsomuHesesFoaepl urality of
radial |y repeahs NBor bEsStimpldRing dhtangadli pretecedes efnimeih f ashi on
rel ative toplibe sBttthd rBICkom &, bwhsthi isl y8e6ng @hdredihyared radial ly
oriented tragsily ofsmdfed dF tettrcmlﬁgd beeeamesCietbssdrycontribute to the
sensed transducernstg8atasden ghesnd iRy, thegpabtbsedesodul ated, a PES
signal is phnagdces ahasadmeid wie thea uasmaraﬁ@rth@rpméwoméisﬁransducer
di spl acenenthig oremdired rsxclckscart €he EhEePES be gedréad) | vhus oduced using a
peak- hpp d ofuRtEfoniny e af isIleCiwadli brofepeatehoinCci Mhidr a equires at
least a m photdrdsidicrada tifsaneilbitdnelynspathebuthanfagl stdloimptai n an
accurate neased el Dite ABICH PiallogiR) ciddaitAniar eaceént egeats onforci r cuit
oper at es beskampld, ST0® cwIMes GhalllagsithhAngharwafer oyteed mt hin each
burst fiel dother wordl, aari ate @fred S5E’¥A POShih@NDOGLHYEt LN T0ET eases
with 2%e foeogeseienf IR \@bsoli@engiianlipyoyfdpHotbbeeiet , tedsdh servo
sect or provigesvéddigahd A Uil aflsst snalld apatkeavhnéabfe for user
data. |t isetfieimd el dasd rdkiee waQ 1r ptogecthee €ilwuffeceidnsl real estate
occupi ed bypestily seaihicts etikdys i@aecapphegchof sordoangiddéiwvall to conbine
the binary pesvectivd ofimad iposiwitvie lyhanbdusepapatédyns in a single field.
The dag@ nust bEneggessentied the prouysy dssicelibddednnObpadesesel y aff ect
generati on Patéite RES-OmiNo. 16914M0eB5phevintendedi snbhyinto nunber of
transi ti onsattaimeaigstirdpi®l @ticbiingeak- hobH dpetedtwbth low
5 aglle@tr it aidweat reD et anppiregbedandger aosrésbes; feswdwast for
i nt egr ati onteteLtérn.applicatAonBibbeehdisalobeschosthirg Babbdwt itheé/ol . 33,
No. 3B35 Pubhnstish ARjustsitiROWadnt prbedctQuadfBimst Servo Needi ng No Sync
| D and Havi ng Added I nformation" discloses a nethod for encoding
i nf or mat i onsumhary hef RES firslethtdloinch nmodul ates the positions of the burst
transitions. TheAapghdech &f sthe prdsrntt iaviemtdamedsako pregidecy of the
bur st patt eamsetchingt nedthoge dory emsurtiagnthgtt he tkaneagerof a ossi ng
poi nt s40 Onesampile Zexrviary are edichitinggposiheédnbyhosbaageagis hgreatdth or sine
conponent ativarh 4 heegertorasksaireg, a desired etching shape is made
obtainable.
Another object of the present invention is to
provide an etching method for forming a side wall
45 protective film, of which shape is easy to control at
the time of etching, and which is readily removable
after etching.
The object above can be accomplished by etching
not only a sample patterned with a resist mask whose



point, a 120 degree width representing a one and a 60 degree wdth
representl ng a zero. This approach requires use of low frequency fl ux
transitions in the servo bursts, which consunes nore real-estate than a
hi gh frequency pattern. Mreover, custonmer data in nodern disk drives is
witten at high frequencies and is passed through sone conponents in the
data channel used in servo data detection (e.g., filters). It is
therefore desirable to reduce the disparity between the data and servo
frequenci es, rendering this approach inpractical. U.S. Patent No.
4,195,320 to Andresen discloses a nethod for encoding deci mal track
addr esses i ateafixed0% angtless ow thesaseoofbar process bng . gahddrisdn uses an
i nt egrati onisi Lonized doy deupmlytiage origenRPESmBUEer sthanete southaaldwor e
concer ned wat wafeniwhesai et rspmercauriise 7 08f of| 05" gu@atte' than rtheach bur st
field. ThewdEernatealiand svioifch hast eacRlagdrésg fibmrkeypragelasmwh as tine
6 5 betdowekich | egganikhatatiter dacladdiedi.t is represented by a nunber of
data cl ock transiTheooghét0dbiect .19 ampaiplishednbgr subjebtidggat, and is
separ at ed fpodeowakl Ercosted vl ditln Kprmed of dwgantonmatienttaoy deliniting
fields - ("01tRE" ebtidirid Gdcgssselact doh an eprhingveetimoéveor nunber of "|'s"
and "0's" wetbhingheubti-staydreel dbr sdhgdraiplered Abcwimingdibyms=si of 145 is
r epr ese0t edohyaasesi dshductar lsubistrsitie, oby" 4h aepargeméningimediindl di git
"1", deli mat ppocéseiny "dHd Y, dtalvingl dek at maredt gasscdrifdiXiing epr esent i ng
t he deci nal atdi geast 44, galel selidategl firelnd th&0gtalyp cobnsestcimghkof ransi tions
representi ngclhe clgci gECLdiog andbheraOfHyde: i (wHerw ddcH b H)O0Y1". A
vari abl e "eandgy bal e, dieBlr4 S(whpirevieded eftry yhenénzaded-Hta to
mai Nt aip a Ghxesd dmdsdt Siefst andydso salleetass frematheqggwbumunber of "['s”
and "' Gs" webhbbstheg dfirmt, fHelahd Kregesesre encoded sequence is further
delimted by unique, conplenentary start and end flags ("11000" and
"00111"). Brishonéschiptiadidfy thep@remtingsat t he encodi ng schenme of
Andresen | acks effici eligureelofisspasectimual hriewrafbleemamplecopounded by
t he negd foandenbodimewt foltlse presentAimweatedhici ent nethod for encoding
n-bit cylinder addresg¥iguedeg ib hheckhemyvidbdudidgram ofi an etetiing Japanese
Pat ent  Appbkppatatuns JME -2 HmbddiméaitaloE ¢heaprefent Dfivedteionbits of the
cylinder address is ra@pgeasenBedsby séceborahevidwicf ama exdipliesofepr esent ed
by "110" and sefmiéodyudtidd "devibee phrodsicetd by applyiadwvelys moedenins a
posi ti 28 golingeptisee wewodtgrovi des a regular data clock, and which is
used by peak-hol d det ediguae di Leuatsgctional shape of conventional
pRbduieitdie PES signal fromthe burst. Al though nore space-

efficient than Andresen, this phase-nodul ati on approach still includes
subst ant i al Deteibeddesa@niptriorg dfhrithe PrefierrednEmbodimept®sent one bit of
di gi t aB0servo daRacording Whathe sprmsstad,invemtdioor; ethesefichiggly ef fici ent
schene for chapbesenf i angsidigjid-adafeer ekctidng apphratubeisesuhyjdnprest fi el ds
wi t hout adveosel yplafsirecidlegngagesat asntof réthevdEs gargamatter and
Summary of thenl|avweirtedngas contadeodmndi BGly, @QlyeCHodamdidPappmrvells are
di scl osed fas amrotgamyidiresistseiidm datsk ist usedetsefoombruektis- cont ai ned on
the s3bragtayededmbfwiasioiageldeswacetchihagbwhaly skevo i nformati on may
i ncl ude tratempeeatufeiofd tihef ovaldt isorfagehodsthet chakbexinberbeing| i nder
nunber, headontnbkled ssxtidratniiee terpedaturs] bemdfms inrfle mati on may be
represent edpredéberhiied mmdges oPBOL ital RBo°enc athedmass Elblyrabeoded. A
burst incl udesidstofretlsd afasescante seloht thatpBCiiCHinendyRkeane hal f-cycle
of theagerve-boy si-20 ) sty , fand 1, helsey veesipdet ivelne wrheten conpri ses X
~ bits of plasma cleaning may be conducted for a continuous

processing of a plurality of wafers or for a single-

wafer processing. Since the organic components

dissociated from CH; form a side wall protective film
45 with a good efficiency, the occurrence of side etching

and notches is suppressed, so that the etching of multi-

layered Al wiring with an excellent processing shape is

made possible. Moreover, the sputtering effect based on

the addition of Ar leads to good controlling of the
_—
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bi nary data. Each one-bit of the servo data is represented as a slot
containing a transition, and each zero-bit is represented as an enpty or
null slot. In this manner, the present invention provides a highly
bit-efficient schene for representing digital servo data. In a
speci fic enbodi nent of the invention, a high quality PES signal is assured
by witing the binary servo information in
such a manner as to guaranteg a threshold nunber of transitions
per burst as required for accurate peak-hold detection. This is
acconplished, for exanple, by encoding the binary data, prior to witing,
usi ng an endhdickgesshefietbel scdedvald proteddiviee filiny ethosdivobiber of
transitions improlingt thé\ ¢eniadided il ity ath&hedpkbeesatng Tskapaunber of
burst tinme Shet sidenwall heprotedEiveffiln tforakedbinathesebovedaysfems | ess
than the thieskakdlpurbesvabhe throwmly thatl aftey-heeaphenti ntln smal | er
portions, eaddipdohj othe heaigtadndldidn 4y of dhef etehingeappasatter al ong the
sane data tisagkt APEebtodrlyy dtia ddditfilond ofuch,t hdthenhetehdhgr of bur st
time slots miiths thbeaddibion odf i ofariilee gaisnanyhsesvOHdadmd 4w ti on does
not exceed fliket hiseappl tled Utk aiiasd-+prodartiioingg chingkeast proeessimwghol d
nunber of tishapet whth pome busisdlly occuds\ aHowevernathee enbodi nent, the
data i soencegpditatpoavbtiethad Edranti rifentibsit &0t makkypeodstaddn nunber of
positive tHAgnNmatleopsSsPEhldusBleffect iy tdee teabal nbEgoaganicdet ecti on.
For exanpl emaitttekrsiAstheechinisdr thie prgidddlc 98ryDeamimg raid on to be
encoded conpbhteslaihgnthy venpkheting of phe abilly sakfpessobl theval ues.
Accor di ng t ehlhbesresbods mest imeashe Wigl stabdndegednds a unique pattern of
N ones1and MepebaagibIiDetpnes e drfiiiereritadspherehe burst as
transition-cont aian eebddohentast the gessast anvetition $iidllsbeThi s approach
assures a fideedribefiewith tépasdricednto Higy. Rushbwilgr aogectiovhaprovi des the
number of uRiigweoW0s dsamp b FMN 122 sHowifigz angchbBrRatigbeiewfofi me slots
that nmust ben tethehyedppardeps esdirstheadstmplei s eputheintorer of
wor ds. Pbat sample exchange chamber of an etching apparafus. As can
uni quel y be shephesanied. ar coy dite teaniplies hagpanathsuiat{MyMildl M and N
transitionsiane guaimnbeesieAl 1pFdatlios an Blecudaldogayaperwdst en
t oget her W bhd bSTONeSas oOl@y&ITEIG4 I cieNayet8nbeshgnEyrmed I f the
amount of reakceskavelgoms weskncdritictry gubsgirane 108 irssheritical than
t he rekbabi hifbyeméntbhendd nerdesiatfurtiedjust resistayibn tobahaeihdy using
di bi ts rat her debapedi pgteerh riog fidines dro thepTéNeptpt haydat 04 That is, each
servo data lnt thesetelpirs eipretrataid)g iwroWavess beheratetiheysaer vo burst, a
one-bit bemagneepors200 esr@ st rartiniiititedatthravgtr a- Watrebaidg 2@present ed as
one or two eqpt gnt inersdwd¢ision window 202 into an etching chamber 10
Bri ef Bescri2oBi, oasofhédne X ey, wherdingmitrbwaseschrdatgs di agram
illustratinglactrardciptbekromrmdsdranios eridhs kher megnetiitabieldor practicing
t he present generabtéddny a magndiigz fidldl aostiredntotldRagramdial ustrating a
prior art saigh demsiy;plasma is produced. A radio frequency
power source 206 is connected to a sample holder 205,
35 and an RF bias can be applied independently. An O,
cleaning process is carried out so as to remove organic
matter inside the etching chamber 203 before the sample
is put into the etching chamber. The cleaning
conditions are as follows: the 0, flow rate is 100 sccm,
40 the total gas pressure is 2Pa and the microwave output
is 800 WwW.
After the temperature of the wall surface of the
- etching chamber 203 is so controlled as to be 100°C, the
sample is transferred into the etching chamber, and the
45 TiN cap layer 104, the Al-Cu alloy layer 103 and the TiN
barrier layer 102 are serially etched with the resist
film 105 as a pattern mask. The main etching conditions
at this time in the case of (1) were as follows: the gas
flow rates of BCl;, Cl,, and CH,; were 20 sccm, 80 sccm,



Fig. 3Ais a schematic diagramof a prior art servo burst field,
Fig. 3B represents a transducer signal obtained fromthe burst pattern of

Fig. 3A relative to a clock signal; Fig. 3Cis a graph illustrating
an area integration nmethod for obtaining the PES signal fromthe
transducer signal of Fig. 3B; Fig. 3Dis a block diagramof an
exenpl ary area integration detection circuit; Fig. 3Eis a graph
illustrating a peak-hold nmethod for -obtaining the PES signal fromthe
transducer signal of Fig. 3B; Fig. 4A is a schematic diagramof a

servo burst field encoded with digital servo information according to the
present ineedtdoagcm, resgéckivily,embes&otalagarapsassere swahadPaobt ai ned
fromthe bthstmparoeave odutput whs 809 &t i Lbet BFapeverkwas gb@alW according
to the presaat the¥estbstirate temperature was 40°C. Hhg ré6uls a graph
i | lustrati ngbgaine@ais nslegumatiorigat Ho®) .f oThehtadmietgetiidmey PES signal from
the trapsdugehdst§ons Oh fthe.cadd of (2) Wege 4£Dlloewsesthésgals ofXew data
extracted frafekhef Becrysaucercsj ¢inl raf weirg. 20Bsacmpr 80 ngedm, the present
invention; scem afidlys6 SéchC Pespdddives y epdeshst togalegdsds for
representingredsgréahasesr®, daha rastile butsinsd gislshaacadrdimig.to the
present ingYg@yi,OMn this dJdas@, ©Ael 5tReBCHEORING chraditaiored werer vo bur st
fiel d jgont ahal BEmEhgs erkese dsidvira i9f Hike tabhe neweover Figpntrolaccor di ng
to the presemt thBvgasi PIow rates s r@Bperpiosent effettansduder si gnal
obt ai ned fraEkkheloRUEShtBSL ISy it USed of4A fllewakhie tontrelbek signal,
according be7hhgopaesacidan@RlNg); even afféf. tiBE dtsclairgf ajfh thlel ustrating
an area int egiabheni &€t heger f 102 jedl By bhelBEDaseghakiéniom t he
transdyser sbgfdbrofagi GompPdted, overFickchl@Bgr ®#BEegeAtSndégital data
extracted fgaeckBgivélgn CESs Sddpmis.of Fig. 4B according to the present
i nvention; ' Ih ¢he/chBedobl QTK, diagiancaind feeEtiganidbjcuit in the
servo el ect tBALCEhéOsedEiGE4] NEhdyd P PEBeARAmGN g i8] saehvohalatithe from a
burst fiel dsageowdiDgptOtédeiws esan iig\ftlednand its Etghifif is a
schemappc disagpaniof cohtBs V18I0 dat 8hisi E&ed, tite asidy waldurst fiel d
accordi ng tprafeatiesnpiinei enhodidef adhe biiganteseshponyets ion,
12 CH coht8in&B® 1@pfies Pl dirnsduethe cHongds ehidiithed fromthe
burst pattecompbnEhts Bécomdtequal tdithostCofepheseassstigasil data
extracted frefnbleoftsoGesile alattiegnl Ohefegor8PB.the side wall
Det ai | gg Depebtpttofie film Shovémdvadiiey byl the sameopageesgvase suitable for
practicing reBespreskitgi nventhas. cibe, dehéceetSicgnall sdhabe \ies f or mat t ed
with a fixgdribegkyatapeiadt (I & hadapgreectiar aseevoiandl zsiepdi t
recordi ng. &Rpafliskgdddwmewarttsdgiowth denaial.l ¥ (b$) 1b8causel tikes a data
st orage nedstifeowalll Skrdfdct ed URillad iy obOGhidat ewningotdi tige tCHNsducer
108 (aBeo cahked mn ret@diwegdsgathe Bogariccebhpamdts 1d,0,CHser vo
el ectroni cscodhBaineadine the Elanid erite 2532 shtler vate precéctives 114,
formatter elfgtir andcexpdind inn e papeassbiforhbaanthassimead®d nonvol atile
storage or BENhiRZ, owriniy Viod ailid exxicdysAge orgRAltlddmpdhents cr opr ocessor
116 exercises c@her ghiokresshef dilsk slide avad le pirodieictd viey félmcaoanng
cont r oB5m cbeceodatps Eled dbf yclsdrayiedy itheRAMah?2 tgndfo@Han aavdea 155

vertical etching is possible by optimizing the quantity.

This processing is effectively usable when, for example,

the area of an etching portion is greater than that of a

patterned resist mask as in the case of an ASIC or a

40 logic circuit and particularly when the area ratio of

the resist mask to the etching portion is 3 : 7. More

specifically, part of the resist mask is also etched by

sputtering because of the action of ions within the

plasma at the time of plasma etching when the area of

45 the resist mask is 30% or greater, for example, when it

is 40%, and part of the resist thus etched by sputtering

adheres to the etched wall surface and functions as a

side wall protective film to some extent. When the area

of the resist mask is 30% or less, however, the quantity



of the disk 104 reserved for non-user data. During operation, the control
m crocode is |oaded from ROM 122 and di sk area 155 into tenporary storage,
such as RAM 117, for execution by the mcroprocessor 116. Storage disk 104
al so includes center of rotation 111, and is divided for head positioning
purposes into a set of radially spaced tracks, one of which is shown at
118. The tracks are grouped radially into a nunber of zones, three of
13 whi ch are shown as 151, 152 gnd 153. Data is recorded at a.
different data rate in each zone to maxim ze bit density across the disk.
The disk contains a plurality of servo sectors 120, which extend across
the tracks PH zegéabrie e refthad diy sputderinghdsesmrill arddescribed in
nore det ai | conbsayerhity yrheagsistadierdiys fancsiensnas andéste 1931l Wt hin
each zone, phetechtke &rlm. cilncthtecaaei afl § sampledin mhuich ditber of data
sectors 154arepr efeitdl yesiste miak iseemarld ,censide waldeprotectiveel ds for
i ncreaséd dfidmcapnche yef fectiicarhy fadmead bySsuppilyhangNentostse3, 903 to
Het zl er et plasha titeorxigamic wanparentsoCralCH eqaailngoothoséxed bl ock
ar chi t ect ur ebptalihedain theetesi sr masskulformed aslipngt hbes@ie gisze, e.g., 512
byt es of data. H&Wecer thei veshboal dechiciedarhdie tdeerrjedsent bgventi on may
easily be mnmdapnéding vke iside waddgtdrodeciiitvectfalns. fThthanpbar of data
sect or $0per wiiranl falmest fa omldoieyer atmactOresefuenfige patkermf the data
sectors arehaplihy HylHws weidEctad 0.5 fund be dieslk; drpuetbas widthpl e heads,
then the sepfoh, 5T aeksr MBS ME Lldddtd oTAME ST pRll U8 §Pedtér Serf aces is
referred topasefchd! 4808Hown in FidReadayi t eh8s £CA e CeonkhiztRcei ves
signals frogetiagsibter idO0ShrRAassy @ Whown! QLB HoN3Yw) seay p&l ectronics
112, apd pashasadehledi BPatSriihd AMMBLsA1aking S€1MOoR! €8ET ONi Ccs 112 uses
the servo i pbeeiBhi OFch&S PIHIGE & e/ ia@terat. 140 which drives voice coil
nmotor 110 to posirhi @Rer 8686d6RY(2) AN rAG%h A gad! 5@ eeakai 88 a
detection ckheUptol&ss e rad iausdi @it als shiabar At Fog.f1e8) thggpattern, as
wi |l be desgnbbodreibsemiesiing is carried out. More specifically, 14
Interfage electsopbhsiddred WHBItGR! @3 W Shir¥abasbrs¥atRbf Nehe shown) over
interface 1@2n BapSlagesaldy,anthe QIR 1N TBLEN103! Bh&TEREETAY ECt rOoNi CS
114 al so copgupiéeat esyad oS ordriRlesklba vR¥RAchl9rbacgudbsthe
M cropr ocesgRl ckAdbs§ WBHUHE & Rfe W1l Protedivaugithhes ebEEESDIEES over
interface 1§9. the sputtefitfy QRVAIRN oFf AH Skndl HMeiA§2thé NG EER AES
el ectropi CSopdi4tiSRGINES tthd eOtiQfds fi@r aldeiRdl, NOEREn W tHHIG GRls,sect ors
over inter{hecelORind it tRIr RIRCHIOKGRrbldwieBebyeprédhcts &f
request ed datanseg) Ofsaf ray) itldeaR 1! pebttedieselidinnitbetdaied of
| ogi cal Dbl ogk 8ggaessafattidr GUBEHS d,hem bAtOtRBYSiRal mkdieFeies, 1.6, a
zone, cylindgpe, si@advald et iReMEaNIm Uoisqeahy ehdeDyi by i Aemd¥ed | ocati on
of thesdesi pgyl €ot det@RIXM,S thel MR sAME ashead s8flut¥bh8ELELY NFDEHALI ON are
passed to SEh¥Orebe£l r®Mitefe Kebisthinalzk Thi-eaBANsbEtepfetePOBLG i ONi NY
recording headr 108 averhirlte pRYey.i ate data sector on the appropriate
cylinder. If theaeybirades tonies prsvddiedid areeioa@ecb@EClepni eBe 112 is not
the sane asa@iietic@cke tHOSr QJey malkiesh thecebditpglheadthd08 is presently
posi ti®Bed, tEetkRess aff rthd 68 del afllilr pro@settives fidmsegkiopetivdn on i n order
to repositi 9n tkeocshadphedd .108nogEhert BEr@PPr €1 | @iahicity RACICH, The seek
operation uges tieasmasl i fidmalthep@¥gindingnfiar kAt eAséNof helsednd sector,
such as a cyhéngesntitl ieal FRIMMER, thoaddestlf yId hthalesigeed st r@@gk.
Once servo éhethé Witlesr hehd)aanpeptimaned1bacebdengaficadad By wver the
approp4o at edéyéimiiedd irheadretimiitC aiiths thai atahing SN&be ddetkylinder in a
track fol | oghagt Mg fIANGdd 1& A@Tigel, ORhegeby a desired etching
shape is easily obtainable. Thus, the process in the
case of (2) is suitable for use in etching a sample with
a small resist mask, for example, a resist mask of small
45 area (30% or less of the wafer area), a thin resist mask
(1 pm or thinner), a resist mask which has so large a
resist selection ratio that the resist is hardly removed.
In this embodiment of the present invention, it is
possible to form a multi-layered Al wiring of good shape



15 servo information provided by the burst patterns. The desired
data sectors are located by reading their 1D fields. Alternatively, in a
di sk drive enploying a headerless or Nol D(TM architecture, the servo
el ectronics 112 begi ns executing sector conputations in order to |ocate
and identify the desired data sector, as described in US patent No.
5,500,848 is used to I dentify each servo sector, which is incorporated
herei n by reference. Briefly, a starting data sector is identified by its
offset fromthe index mark. Since the track format is presumably known,
t he nunber of data sectors passed since index is determ ned fromthe
servo sect dry cstoiiingand thomte€osmingf setchas cin thee Zdpifhomdilatye dat a regi on
may be det efagered 03 rightRbkedowi bhenDiNt cafi aye; 104ur i 8urdhérservo sector
is shown. the thesicitr dinfenest eall dheestdonwall ipwdtesssiven fAGE fiel d 202, a
SID 204, a prayaroaaddeasdiyvezendivaple Lyl theleposturdimhigead and sector
nunber $ 20§ redekguadoatover seth® dhdsje Al tienpracBsadiflg sBage 214, 216.
In the radildrdiiy exdduas vk sheno25esamplés arndaontspamuisly two data
tracks, Trketfclosdl folK owting Idakf Of reéldaninas igdowessr.k itlothés al so
i ndi cat ed. weedy, ditie Pre3entoinehtonl canasratide dniretdchiaig ern, the A and
C bursts shatthdd sigriaplebdordanysakapgieaehon refkieemuditi-whereas the B
and Dj1gur sisyedhsd @la wiaimenwiehodar ghahgealh tied fpidaadsing shapki g. 3A is
an enl ar gedyvtiew idde Yy Aatyihg2dQtoperigdidallethdw,st1dafinghi ch is al so
repr esent atpyecdts B besBdes2tBe ma3idta2dSbilitey) Westhe pippadlating of tine
slots, tO tyem£Lad) unaffected. Although the effect of an ordindby
cont ai ni ng @ntaifdds Procllsishagobresabt 16t NBf st Dtsandsle s hasn be@h  pur poses
~of illustraddofridty aticlabntifiletusoprotessing |df hralaiipinm2ted by the
ci rcunf er endangdl d £r@irh bf makle by sptimekingnéaridies fdmlidrionsat whi ch the
burst tranydédiSsARRD LGOI @he. préseABUSAvESBIGH tiDnRsE Yo igendmnal | y
repr esent ece@st huduslyt Piocesathyabahples ot Invargredtidr thar 2Be of storage
medi um usedshdstfs, EATRI@mMpPllR,alagneti £Ossesge. devi ce, each transition
conprizes a fluxltievegisathe temperAlte@eSb@Wihenifh@r Wdll soB #hensducer 302
radi al |y aléigfteithg WHahbidie of bhfist eRBOdiment hef tittanphesant302 passes over
the burst paddaritr?iQ s3eRehRGo31883hs304 W Fodrc, 3BneSsapneanat ed. Each
transition ofsddie 1@Jbﬂtaﬂ?a%b§6”a@19n93’ééﬁ§eﬁaﬁ%é SFRANE the R@Ake306, 308
in the tra rtoS'Z%'ﬂ)a gv?ra' sq:ff 58 B@gg}@lzl/%}ﬁylﬁfm relative
to a ref @Cguﬁ%ak
tran5|t|onst §ong¥ P tgbnle 9 the ffbg d and SID to
adj ust a v ﬂa resu 6yfafCAf vf’fﬂ{ fﬁ% L@e CReof &eguem y qad phase of
the servo ﬂsoréf%dq B?&b&& bofe é}?qaﬁ % bagksmay be
. divided dovgl,_,éqgg(% tég{pg@@edf | eI d. If
the hegg i ﬂ!l'x%@e a‘é" Egn ésé f@e@t‘? or%ﬂ'w’cﬂ‘lny@léssum ng a
maxi mum anp wﬁ horgﬁ ol g afac ﬁ Eaidrd heinzesed signal
will have aJ@XidriR, aRplini(ge;af o- @Pogﬁd%t D TPk APkt udes vary
wi th radialafd q&sd%weve?zo%wﬁayB@eanéuﬁasam SErofl the he transducer 302
i's radiall yex;?éf wefsmtteaﬁhae the #hdlc o YoPaste Q4T ahal Arof the burst
17 35 RHIE s ¥FFlRevkesul ting transducer signal 304 fromthe A burst
Although BCls3/Cl; is used as the etching gas in
this embodiment of the present invention, another
chlorine gas such as SiCl; or CCl,; may be used
effectively.
40 Although the TlN/Al -Cu alloy layer/TiN multilayer
. film is etched in this embodiment of the present
invention, the upper and lower films of the Al-Cu alloy
layer may be a Ti/TiN film, a TiW film or a W film.
Similar effects can be obtained in the case of an Al
45 single-layered film (single-layered film of Al or Al
alloy film) other than the multilayer film.
Although a description has been given of the use
of an ECR type etching apparatus, another plasma etching
apparatus such as an ICP (Inductively Coupled Plasma)
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210 wi Il I have a maxi mum peak anplitude of about +/- 0.5 V. Fig. 3Cis
a graph illustrating an area integration nethod for obtaining a PES
signal, and Fig. 3D is a block diagram of an exenplary area integration
circuit. Transducer signal S(t) 304 derived fromthe burst pattern of Fig.
3A is sinusoidal (also see Fig. 3B). According to conventional nethods,
the transducer signal S(t) 304 is first rectified by a full-wave rectifier
322 and then input to an integrating gitcuit 324, where the transitions
are sunmed to produce segnent 314 of the PES signal, approaching a maxi num
anplitude gain. This gain is fed to an analog-to-digital converter 326,
whi ch conveetshingi appasais miyikealusedppesdntasi shmiliah effed s X, for
exanpl e. The di giThal preaent isvemteion fmas the tdfifentctbptodrssbe, where the
servo n cr casdeofoaveansle thaviing dher atichiabuportionhehdsanasckeaer 302 is
perfectly alisggedater hthdre the stesitdti maskl aeewr) | b Heshted etekimym i.e.
one trabBk, Ehapehislhuade giatdigrableshown in Fig. 2. The m croprocessor
conbi nes or "sti MolrestYetrhethearsteseritorimtdririonnitials $hed kefifestgosl s obt ai ned
from t he B, f6rmaingtierside odfalilherofeat iler £ilmat O€rwhack shipe tiwe grey
code accor deagyt bo camyssl ianaiheimeds ft etphafyeeandcwhiichudsis positi on
signal . Foreadibyeremdwabhlosl plrartichdagef PES signal generation, the
reader10s referred to U.S. Patent Application No. 08/628,217. Since each
burst's radial position differs, the transducer
alignment with respect to each burst will differ, causing the anplitudes
of their corresponding gains to differ. It should be apparent from
the preceding that the area integration nethod is sensitive to any
reduction in the nunber of transitions per burst - a reduction that wll
result when digital data is encoded therein. Fewer transitions cause a
corresponding reduction in the gain of the PES segnents. A valid position
si-gnal could still be obtained if the anplitude reduction of each burst
wer e known, since the PES signal nmay be normalized according to the nethod
disclosed in U S. Patent Application No. 08/628,217. The normalization
process would be sinplified if the gain of each burst were reduced by a
~same anount. Consistent reduction nmay be achi eved by sel ecting an
. encodenent schene that .assures a sane or substantially same nunber of
itransitions per burst field. Fig. 3Eis a graph illustrating a
peak-hold nethod for obtaining a PES signal. The transducer signal S(t)
;304 is input to a rectifier, and the rectified transducer signal is fed
-\into a capacitor circuit . The capacitor receives the first transition
lpul se and charges for the duration of the pulse. It then holds its charged
. value until the next peak occurs, and then as shown by signal 316
~continues charging for the duration of each subsequent peak until it
reaches the maxi num anplitude of the pulses. Due to the iterative charging
process, it 1S necessary 19
to provide at |east a threshold nunber of pul ses per burst to the
peak-hold circuit to obtain the maxi num peak anplitude. The present
invention will now be described with reference to Figs. 4A-4D. Digital
servo data fornerly preceding the burst patterns in a servo sector is now
encoded into each PES burst. A first aspect of the invention inproving
over the prior art is that each bit of the binary servo information is
represented within a single tine slot of the burst pattern. Unlike the
prior art, there is no need to use nultiple tine slots to represent each
bit, nor is there a need for delimting the servo data with flags. Rather,
the binary data is efficiently "anplitude



denodul ated" on a bit-by-bit basis. The digital information may include
one or—+pre—-of the followng: the SID, the index mark, and track
identifying information such as a cylinder nunber, track nunber, head
nurrberﬁﬂui !"Hlmlmnﬁr Moreover, it may be entirely encoded, or only
encode c Gl be split anpong a plurality of adjacent servo
sectors. As a second aspect of the invention, the digital servo data is
witten into the burst in a manner fhgt_assures a threshold nunber of
transitions to be present within the burst, allow ng accurate peak-hold
detection of the burst patterns. Alternatively, the binary data is witten
i n a manner Whhat iassbatmed saane or substantially constant nunber of
transitions per burst for accurate area integration detection.

20 1. Refeyehingy higthod doki g@tchfngaa ssanpbd igattheagierin i s shown of
a servo burstithi el dedidt cnadkivlicse dirgid dls 30BVerl NEssnBYi eie ud¥ ef erably,
each bubst off a peowessnd ofas avtich dachionized by shpplaumgrature pattern,
cont ai ns t hergantcdngttat.i nformation. Only sone of the timng slots,
tOtn, of the burst field include transitions, whereas the rest contain
null's. For purpasestaiinditmethiogisast cexampieini élaimll bamasuned that the
bur st cont akBsdaresubt [ fasR g d Nriosn el analsr o6l 11 fmanse L Lo al low
peak- hgpd detection of the PES burst. The specific nethods for assuring
the threshokd mmrheiciiing hftdloll €88 BEENDHESE Whtdr BihdIRS Jddrad

subsequent | yredhest Nogssiel s fer THAS! @hE NaePYalb2 éﬂ?&%ﬁigl char gi ng

characteri shheSaffai hgis i 780 :
t ransducer ﬁggtgg%gsaéa?g?t he ergcé&é{g(;%b%rqg%m?i \e:lgdwﬁ%%{i%% aemf? ansducer

signal 1408 shown in Fig. 4B is generated. It includes peaks 402, 406 which
correspond un tAdRetchiie rdthBd 8kOE3atRBa NI Btk ink ASifHLRIn and flat
portions 404a¢@ar be§ReNdi fdhtdihd i3 1l sithe il gsl ots. A reference clock
signal 305 synchronized to the servo burst frequency via the AGC field and
SID is provededd aitdaiRy aREBodTRbE EEERIRHCRuTE LCla YAy Re: used to _
extracpoandsdhgiblz8ydhed NaFii9RY Formed onFhIseftfcbiadc@aph illustrating
peak-hol d detiBsti&fe Ofchd¥actdranedas tha@nal pF88esM LG 4dd eyt i on may
al so be usedtchphgvisged rhalq tgls% Ritadnfigly abCcedheg she shdidialg servo data
provides a gasR She SYRSIFMIrR st s uehes ©f,,t caes) JroRther |
21 | okipEDz eppteRiTElcOlof RS §i arnage nBdpLS) , Ascahewn Dy the
progr essi on (GhefaPasth BE QYt RKtardl @ndls 418) Lhsepeaka ol deLapagid or
continues tgetBat&e £rom HHRXigRvNI}onsReeaHgeo A-NixdIMndguaber of peaks
.are presentghBeghe burst field being sensed. Concurrently with
-generation of the PES signal, digital servo data is being extracted to
‘produce a degi tzal JtepriageRbahbanNfodl6td8ivh M vifidg thatdlPialhgsdata is
~ preferadly exaimsderh usidiGn F0nnRReianghiBeakl1delpeféey Fcuitry. That is,
if the trapsAyTerlayaral FOOMWiespeNdisnatbRed B3Lhd CAll Tadidliig sl ot of the
- PES patterncexeestibing riHd Mampdeataiel drvehdewal Desgutfigcd ide trd ot i's
: célfﬁmed_ to Cégéﬁi@g acﬁﬂgéi! ts‘;@@dtﬁ t@eﬁlb tak té@?'lhﬁ@x(fﬂ@ré &@&ﬁﬂ?raat ed. ¥
- Othervise, bhgadtdEnsldd dahddeePegol @obgshet larft by usiRY semiigegener at ed
- 420. 35 g&é‘C@oﬂ’&EirﬁE% B4 918 01 0ReSSEYRCEEA! Bhor €nd AUy ¥ OF fset with
~ respect to ghesANOINPIor HE 2Pl taHle (ﬁfcfgrl?rta{rﬂiﬁf@ic?fzﬁlgt@'ﬁ”al w il vary
dependi ng ofwhdie U dieix)dSaRNES 28 ¥BE), PERYVEMS! Yy Vﬁa pr exanpl e,
A ; |§hgft{ﬁ2§iﬁ’f§§&% q&ﬂ@-\é})i BasEEaﬁﬁd??tn]égégt gne'éeé ek Oglegksense

£ ' .
anpl i tagles of about 92r0. f \?.rO?%ilirsﬁ :lgrgl ?E %ﬁf y}?ﬁa%@%rt e C burst 214 is
sensed, repul WnN@tkRiBgom¥thb@NEGHCE 18P al WASaKS nifRBrBalusst 212

claimed in claim 5, wherein the mass flow rate ratio of

BCl;, Cl, and CHC{; or another CxHyClz (where each of x,

y and z is 0-8) in said mixed gas is 5-50, 1-20 or 50-

45 500 respectively for BCl; and CHC{; or another CxHyClz

(where each of %X, y and z is 0-8) or CxHyBrz (where each

of X, y and z is 0-8) and Ar, Xe, Kr gas with Cl, being

100, and said multi-layered or single-layered Al wiring

is etched by using an organic resist film as a mask.
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woul d be fully aligned wth the transducer, producing a transducer signal
with 1V peaks, and the D burst 216 would be out of range of the

;lr ?gﬁggcmu“ﬂ nﬂmuuﬂuﬁlﬁubst antially flat signal. Thus when the headzizs

m ni num thr éshdl d*voft alje for peak detection can be set to a value of
about 0.3 V so that digital information can be extracted fromthe A B and
C bursts. The signal with the largest janplitude is then selected for
decode, but the other signals may also be checked for verification. Thus
redundancy is built into the detection scheme for greater readback
reliability8. An etidhelmiptmedhiodn foirr etichipgeat wirtiggthatelfinl &s servo data
usi ng t he refleimadeinl etkhenhildimds dieariadyn@ir ohierednt satdle tinming slots
of the PES bmistislafaradcdnckingle-€asmmess Ads wd rinigmongawphuoal Lby
detecting t bé pem$eonductonbsirsiraifes ipulcomtiimuouisd yt enbddcaftergnal ,
accordi g t ahkenansidet bbdsaid etchihwp ghetnibeds fare condposédgf or guar ant eei ng
a threshol dettehtiay isfcleamsd thyyrk gedradye «ff acgasdicogptadnihg Qs esent
invention. The data nust be Fig. S5Ais a table illustrating the first
met hod. Ac@ar dimgettchitrie matdwentfoex atiphéngeachiPEcgmasterial sasassuned to
have ten ti gRashetisinl tladmhl 5 bewlasineGadikhnud tinwdalyetredeAl whubher is to
be enctded ist prodackdrisy fomhidsy athal-@wialiloy ldivert ahdsarvo data
precedes thealuwietr hethl bapgear iy qed @f aamiNsciénpsa Tiwt Belhead
nunber wereat @ Wéelmw ahdlen TO Bilkangle servo burst, it would occupy two out
of the ten time slots. Since the head nunber may have a val ue of '00',
only eight 10rarsigdmpls prodegsihgcasthedgoanpnigingt thappesps iof t he bur st
field. 15Thi #tichingt aasamsbechatinder Hlewialihgndiiler anll at reasssti ons
requi red fomapkapabbbtndét@ctsaid iveidiers fillan weingequallasmacbghd. However,
if the threaligkd gasbesntsimimge BAl SCl,, CH,, Ar and removing a '
23 seédeewabl aprotesiciweset Mo | fibrid biyo sguiar attaéntyhaftequi r ed
threshol d. the etdhingsol ve this problem the head nunber is split over two
.sectorg0 Sn and Sn+l, as shown in the table of Fig. 5A, so that the bursts
of each sectar rovsgms=lse recessing nebhodnhsr cbadiméd aivsi¢laims IGgar dl ess of
t he head valherefcthei imyside tdff san etohing chamblerasauwhichhadidn even
nunber of setehimngchas sbesre cqdsetdd dis idleamealc withhanhOgheldsna.der bit of
the head nunber is witten to a predetermned tinme slot of each burst in
sector2h, agd tAedmiwesiduatder dewvticescampiigindg oah hingulkakeirey m ned ti ne
sl ot of eacHibmr $ormedsimtan ebdhing pertlion X aswarhngr ilhyofchosen in
t he present mataimphger structlird éavimgoraes @it wixdmgl €idmawbieht bshead
nunbers, thetsha® ihesi & SHMPOIHVIIRY Da ineedriben ofher 5t ppesrof binary
servo infonggkkog, p&f@é’h@%dﬂiﬁtof e ipeloy daka aal Redspthiofnong
mul tipkg segtgrém q? ch allows a m ni num nunber™ of transitions
per burst for ak- i d detectlon For exanple, assumng a ten slot burst,
2 threshol dyyal e mlsaaﬁ (A3 L0 2 aénglam yeiRidsapf Pinary servo
data, the 1%hg Lidal ‘¥fi @ ;RQ $ AR ygltten to a
plurality o oﬁikggggtangﬁa t 5%11 gﬂg s ﬁlﬁE?EEmO? each burst must
ata p

cont ai gg trans[tlons rtion may not occupy nore than (10 slots
- 6 slots) four bits of information. Cbviously, there are a nunber of
ways to do this. For exanple, the data may be split into three four-bit
portions, four three-bit portions, etc., the
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24 particul ar format depending on the total nunber of servo sectors
on the track. That is, if the total nunber of servo sectors is divisible
by three, three portions of four bits can be selected. |If the nunber is
divisible by four, four portions of three bits my be selected. It should
be kept in mnd, however, that readback reliability is maxi mzed by
spreadi ng the data over as few servo sectors as possible. Assum ng
that the total nunber of servo sectergilis divisible by three, three
four-bit portions are distributed over groups of adjacent servo sectors.
The first portion of the data is witten to sectors n, n+3, n+6, and so
on. In a sifpstrattashf die tHeclosvard portion is written to sectors n+l,
n+4, n+7, etc., and the third positionis witten to sectors n+2, n+5,

n+8, etc. |n Tchicbtatanmedesived etabingoshaps wekiaty svem ia $8evo sect or
contain biocasy ¢hforsamplen hawigat ke eschingngostkonowbtese aremsist i ons,

sati sfy® ng gheaténithan tahreesticitd meskuiareasnt . It should be noted that
in the first fexcample patitelbaed whthbarreslist tmskhe Gamhoser aalela bursts on a
storage suriac20?% @onssapiars letchedsbhye thenbee of dipsoeessimppes in all of
t he burst swhich hiss siorel zbat s wuppdeinghbsgpaici natberi tipeestent ati on  nmay
therefore be suitable for area integration as an alternative to peak-hold
det ecti®n. A concern may arise. about accurately reading all portions
of binary servo information which has been split over several servo
sectors when the storage nediumis noving at high speed. A

25 failure to read any portion of the data will require a retry at
t he next set of servo sectors. The present invention greatly reduces this
concern. Specifically, the servo sector size is reduced, allow ng nore
servo sectors to be provided per track w thout reducing data capacity.
More servo sectors provide nore opportunities for reading the data
coherently. Fig. 5B illustrates the second nethod for guaranteeing a
m ni rum nunber of transitions per burst field, wherein a 5-bit binary
track nunber is to be represented in a burst. For this - exanple, it shal

be assuned that the burst has ten tine slots and that the threshold nunber
of transitions required for accurate peak-hold detection is eight. If the
track nunber were witten directly to the burst field, it would occupy
five time slots, leaving only five guaranteed transition-containing slots.
| nstead, the track nunbers are first encoded with a set of ten- bit
patterns, each having no nore than two zeroes, such that at |east eight
time slots will contain ones in any burst pattern.- The data is encoded and
decoded using neans such as a | ook-up table containing every track nunber
and its corresponding representation. Alternatively, an algorithmor

dedi cated hardware may be used for this purpose. Since the variation in
the nunber of transitions is small, this nethod may al so be suitable for
storage devi ces using area integration detection, particularly if the
position error signal is normalized.

26 Yet anot her nethod for assuring a m ni num nunber of bits
per burst is to selectively wite either the digital servo data or its
ones conpl enent, as shown in Fig. 5C. The selection is based upon which
version wll provide nore transitions in a burst. A special field in the
burst indicates which version of the data has been witten. For exanpl e,
in Fig. 5D, columm 502 indicates
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the status of the ensuing binary data. A "1" in colum 502 indicates that
the ones conplenent of the data follows in colum 504, whereas a "0"

i ndi cates that the data in colum 504 has not been changed. The renaining
time slots of the burst are filled wth transitions, as shown in colum
506. According to this schene, no Ies§ qhan half the bits of the witten
data will be ones (in this case, three{. Addi ng this nunber to the nunber
of transitions in colum 506 gives the total nunber of guaranteed
transitions (here, 3+3=6 guaranteed transitions). In an alternative
enbodi ment of the invention, the binary servo data is witten to the
bursts in such a manner as to assure a fixed nunber of transitions per
burst. Fig. 5Dillustrates a nmethod for representing digital servo data
whi ch assures a sanme nunber of bitﬁéﬁjzzgurst land is therefore conpatible
with area integration detection sc A thdee-bit head nunber is shown

for purposes of illustration, but other servo information would be
simlarly represented. According to this nmethod, Mzero-bits are spaced
over a burst conprising ten tinme slotsm and the ining Ntime slots are
filled with transitions. Here,. M2

27 and N=8. Thus eight tragsitipns are g araﬁ?Eé@sin each burst.
Moreover, a total of (N+M!/N M =4% worfds can be|reprlesented in this
manner. Since only eight head i 404bit head
nunber, this schenme proxides j rag for the
present exanple. As % g%er ex { ne, ?f t he nunber
of burst slots were Mncreased N=102and M8,

then 735,471 words could be rRprasented. As should be apgacgQy, this is a
highly bit- efficient encodi ng scheme when considering the az er of words
whi ch can be represented. An alternative nethod is § in Fig. 5E
According to this nethod, X bjts of binary servo data arqg witten to the
burst, followed by their ones conprenent. If the digital servo data has a

| ength | onger than half of the PES burst length, e.g., if X is nore than
five bits for a burst length of ten tine slots, then the digital servo
data is be split over multiple sectqg 5 showng—eag¢h portion. being

witten followed by its ones conpl 4 8185t rack nunber

"000001" contains X=6 bits. Since ; pber is split into two

portions, "000" and "001". Each porjti on{mo | onger RL&”1@ﬂ|f of the burst

| ength. The first portion, "000", 7% s
lf// )

e burst of sector Sn
X 2 Z . J
as represented in col Ltz 508. Thegf] ;ZW% heir ones
conpl enent, "111", a resent ///.-\\ LD /A
of each burst are filled with Y- 7NN

7 R eappning tine slots
NN SpRGnted by col umm 516.
Simlarly, the.second ‘E8

portion, "001", is witten to ¢ach burst of sector Sn+l, ap_1@presented in
colum 510, followed by its on%s conpl emrent, "110", as shpwn in col umm
514. Again, the remaining tine Hled wwth Y
transitions, as represented by colum 518. In this nmanner, each burst
contains a fixed nunber X 2 + Y of transitions. Fig. 6Ais a ,
schematic di agram of a servo burst fj ining digital servo data
represented as shown in the table o of the sanme servo
sector preferably is witten in an or redundancy. As
transducer 302 passes over the burst 61(¢ 608 of Fig. 6B is
obtained. As before, it contains pepssst Pdespond in tine
to time slots contai 6 transitio ;Wﬁ 1086 correspondi ng
to null tinme sIots._T( ;lgnal 608 %yidgg

NNNNNNZ
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7
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relative to a clock signal 305 running at half the frequency of the burst
transitions. Fig. 6Cillustrates area integration of .the transducer
signal of Fig. 6B. As can be seen, the gain is affected by the null tine
slots of the burst pattern. However, since the nunber of transitions per
burst is constant and known throughout ?a data surface, the gain may be
boosted to make up for the def|C|ency2 ffesul ting in a maxi num val ue of 1
V. In addition, the gain curve 612 may be nornmalized, as previously

di scussed, for a snoother position signal after stitching.

29 Fig. 6D represents digital data concurrently extracted from
the transducer signal of Fig. 6B according to the present invention.
Again, a pulse is indicated only when a tjime slot of the burst pattern
contains a transition. Fig. 7Jﬁ§£ | ocK i agr am of an exenpl ary
detection circuit in the servo ele s f detecting both PES and
digital servo data froma burst field according to the present invention.
The anal og transducer signal is received by an anplifier 740 and is :
provi ded to both the PES and digital detection &00cuits. The PES detection
- circuit includes a denodul ator AP6, which pay ewhprise a peak-hold circuit
or area integration circuit, for — The ouf put of the denodul at or
706 may then be digitized by angKog-to-dipgital (A D) converter 708. The
digitized PES signal is théa pr/ovi ded to Ticropr cessor 712, where it wll
be stitched wth_didi %o i nf of mat i or—to—produce a position signal

i ndicative of tra sducer posi/ti pn. The olé % detection circuit
includes a digital d¢ atQr__71Q, PnnnK:S @ ak detection circuit,
for exanple. The es a digital pul se stream
fromthe incomn erm ned m ni num t hreshol d
anpl i tude. The di gi m cr oprocessor .712 which
selects the digit mat i OMNf rom one of &l four bursts and uses it to
create the positi rpcess 712 may al so conpare the
digital data extr \ 30

fromthe selected th digi 4l d&LﬁérﬁLLE'ted fromother detected
.checki ng. Fi ly, BN 8A represents an

bursts for redund

alternative repregentjati on schengjwherein a transition pair or "dibit",
rather than a single| transition. [#s used to represent each bit of binary
servo data in a RQurst BOg flor greater readbdck reliability. In other
words, a one-bit [of th inary d prgsented by two consecutive
transition-containing ti slots each zero-bit is represented by
two consecutive enpty tin¥EYHAIISTO6 e binary data represented in Fig.
8A is the sane inflormation that was resented in the burst of Fig. 6A
As is readily obsgrvable, this repreggentation schene requires tw ce the
real estate of th previ ously presented nethods, and is therefore
desirable when th reeﬂ@giﬁﬂgeliamIZUTQ of the servo information outweighs
space requirenentis. trang?0cer signal 808 generated from burst
802 is shown in h trandition pair of the byrst produces a
dibit 810, whereds a pair of Laut—sl, . produces a flat signal portion
812. The digital [ ifi [

circuiffy 1s nodified for |this
representati on schene sjo that e 816 is onl efer gt e digita
ence éi d5via BOME', 3

pul se stream 814 when tjhe prekence of dibrt has
wi ndow of tine defined py two clock gygmes. Thg | ack of a dibit palr
during this time resultp in a 1 gnal portijon B18.
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31 VWil e the invention has been particularly described and
Tllustrated with reference to a preferred enbodinent, it wll be

understood by those skilled in the art that changes in the description and
illustrations may be made with respect to form and detail wthout
departing fromthe spirit and scope of tgg i nvention. Accordingly, the
present invention is to be consi der ed34 enconpassi ng all nodifications
and variations comng within the scope defined by the follow ng clains.

32 Clains W claim 1. A dat a
storage nedi um havi ng .a storage surface conpri sing: S a data storage
track including a servo burst witten thereon for providing anal og
position information to position a transducer relative to the track
center, the servo burst including tn time slots; bi nary servo data
represented within the servo burst, wherein each bit of the binary data is
represented in one and only one of the burst time slots, each one-bit of
the binary data being represented as a transition, and each zero-bit being
represented as a null; and whereby both the binary servo data and the
anal og position information may -be retrieved fromthe sanme burst. 2.
The data storage nediumof claim1, wherein the storage surface further
conprises at |east one servo region, erv region including a
plurality of bursts. 3. The dat age diumof claim2, wherein
identical binary data is witten to each burst of the sanme servo region
111 1112121 11121 11111121111

*C L M S * 33 4. The data
storage nmedi um of claim1, wherei hst  a SR ef 18he binary servo
data is encoded prior to being w o] thelﬁf’ 27y The data
storage nediumof claim1, whereinrn or age co ises a data
storage di sk havi ng Nurality of /] st or agé Kk, @f wherein the
bi nary servo data coR§likes a _trg her NNWWH & t orage
medi um of claim 1, wherein thelstorage nediumconprises st one data

storage disk and at |east two |[data storage surfaces form fggﬂLwaJity of
data cylinders therebetween, @and wherein the binary servo data conprises a
cyl i nder nunber. 7. The data storage nediumof claimll, wherein the
storage nediumconprises a plurality of data storage surfaces, and

wherein the binary servo data conprises a head nunber identifying one of
the data storage surfaces.

NN ™
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8. The data storage nediumof claim1, wherein the storage nedium
conprises a plurality of data tracks and a plurality servo regions

i nterspersed between the data tracks, and wherein the binary servo data
conprises a sector nunber.

C L M 34 9. The data storage
medi um of claim 1, wherein the binary-ééﬁbo data conprises a SID. 10.
The data storage nediumof claim1, wherein the binary servo data
conprises an index nark. 11. The data storage nediumof claim1, wherein
the storage surface includes a plurality of bursts, and wherein the binary
servo data is represented in the bursts such that a threshold nunber of
transitions is provided in each burst to facilitate accurate peak-hold
denodul ati on. 12. The data storage nmedi umof claim 11, wherein the
storage surface conprises a plurality of servo regions, each including a
burst, and wherein the binary servo data is split into a plurality of

port.i ons, each portion conprising Xi bits, where tn- Xi is not |ess than
the threshold nunber, and wherein each portion is represented in a burst
of a different one of the plurality of servo regions.

35 13. The data storage nedi um of claim 11, wherein the binary

servo data conprises a binary word having a plurality of possible values,
and wherein each binary word value represented in a burst 1is encoded as a
unique tn-bit pattern having at |east the threshold nunber of one-bits
such that when the word is witten to a burst, the burst contains at |east
the threshold nunber of transiti 14., The data st orage nedi um of
claim1l1, wherein, if the binary ?é;; uﬂﬂe one-bits than its ones

conpl ement, the binary data is wi n he burst as is with a pattern
indicating that the binary data is witten to the burst, and wherein, if
the binary data has fewer one-bits than its ones conplenent t he ones
conplenment is witten to st with a patt- ngdi C g that the ones
conpl ement of binary datqsw§C§¢tten to the bu‘§sg§\ aébfThe data storage
medi um of claim1, furthe ising a transdf josi tioned in close
proximty to the dat 806t o urface for readf tion thereon, and
a peak-hold detection ci pled to the tpa or detecting the
anal og position informatj i nformati d_by the transducer.
36 16. The data EEﬁﬁ%&&:négFLnlof claiﬁ\. N4T-e802t he st or age

medi umincludep a plurality of bursts, and wherein the binary dervg data
is witten to fhe bursts such that a fixed nunber of transitiors—3P%
provided in eafh burst to facilitate accurate

\
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area integration detection. 17. The-data storage nedi um of claim 16,
wher.ein the binary servo information is a binary word having a plurality
of possible values, and wherein each word value witten the bursts is
represented as a unique pattern of N transition-containing slots and M
enpty slots. 18. The data storage nedi um of claim 16, wherein the binary
servo data conprises X bits, where 2X %i | ess than or equal to tn, and
wherein the binary servo data and its es conplenent are witten to each
burst, any renaining ones of the |BICHING METHODS being witten with
tran5|t|onspm5tf§%t'Bﬁetg@tglgggggggenedlun1of claim1, further conprising
a transducer positioned in close proximty to the data storage surface
for reading i @B%Hes ANat 5 £Ps &h BTy AiRdd rifeq%%tlyoavefle&ﬁcghén circuit
coupl ed to thad Iangdusat) Oha@}?h&c&hngtéﬁ‘fng%t%brp‘%&iééeo%x‘ el ggmat i on
fromthe 'nf émhaﬁa byst e &éﬁ”é &er
37 i‘ e 2Ed Sl Bald 108 gecmal sing a
plurality of &l 8+Bh ﬁggggiaté L6t 90% asCireuit
further comy 1h§§§1§? ga B rgﬁgh I'ntegration
s o

circuit to corpensate or var nunber(ﬁ tran5|t|ons in each
bur st. 10 Z%E The dfta st or age nedlun1of cIa|n120 further conprising a
detection ci concurrently detecting the binary servo data and
anal og position information fromthe burst.

38 ' 22. A data storage device, conprising: a transducer;

a detection circuit coupled to the transducer; and a data storage
medi um di sposed in close proximty to the transducer havi ng a storage
surface conprising, a data storage track including a servo burst
witten thereon for providing anal og position information to position
the transducer relative to the track center, the servo burst
including tn time slots, : bi nary servo data represented within

t he servo burst, wherein each bit of the binary data is

represented in one and only one of the burst tine slots, each one-bit
of the binary data being represented as a transition, and each
zero-bit being represented as a null, and wher eby both the
bi nary servo data and the anal og position information may be read
fromthe sanme burst by - the transducer and detected by the detection
circuit. 23. The data storage device of claim?22, wherein the storage
surface further conprises at | east one servo region, each servo region
including a plurality of bursts. 24. The data storage device of claim
23, wherein identical binary data is witten to each burst of the sane
Servo region
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39 % J%Mrage devi ce of claim?22, wherein at |east a :
portion Jf E e binary servo data is encoded pri-or to being witten to the

bur st . Hlﬂﬂuﬂmmrage device of claim 22, wherein the storage -
medi um ¢ orage disk having a plurality of data storage
tracks, and \/\herel f the bi nary servo daba conprises a track nunber. 27.
The data storage device of claim?22, whérein the storage nedium conprises
at | east one data storage disk and at |east two data storage surfaces
form ng a pl whaki 4% elagmé@ £yl inders therebetween, and wherein the binary
servo data conprises a cylinder nunber. - 28. The data storage device of
claim 22, wherein the storage nediumconprises a plurality of data storage
surfaces, and wherein the binary servo data conprises a head nunber
uni quel yg i dant izyietloivey aletied dBdR St DS & WdR -att@:?ne&'he dat a
storage devi a4 tof Clrid gD st? madxeided N ROTTL a
plural ity of y@el of AGkocUNs P IHIAWMHIEE FI/0 o L aﬂ;ed

Tprises a

30. The

bet ween the GFGAMiIAalstte®)d WIeTelin the binary ser
sector nunber™ where d

dat a sto age ﬂle}sgc Efaali mrzezsj'%er?aesl’kn lﬁ{ae fnlalfnil thd c%e%l%t%f c:brrprl ses a
SI D. ‘fl ata storage devi ce of claim 22, V\/nerel n the binary servo

dat a corrprl S n |nd x, mark. 32. The data storage device of claim 22,
wherein the §-t‘ é‘g cgli'r"f?qé’@tihﬂ,drl_ %qungalar%aﬁﬁr mhess  and wherein

t he binary i Y] Heciwaflen a threshold
nunber of tr&kep: PaLs whichy haisdag |A|='l- é@éﬁ 1Ht(bl 8 pdiasmaaccur at e
peak- hotd de g A L ACget . devi ce of cI aim 32, wherein

t he storage su%@%@ﬁh%@%@mmnu@m aterlemate @ @rsl Ié.ach i ncl udi ng

a burst, and wherein the b| nary servo data is split into a plurality of

portions, ea h ort I on co g.Xi bits Wnere tn- Xi-js not |less than
t he threshol ﬁea f@‘é%ﬁtc}bb’t‘ B tis ®ed in a burst
of a difter e‘?ﬂ‘ % %‘ Y‘?‘Fg g, 98 RegeBreonductor

41 33ub g\i ak) g 'Eesﬁ'%? eg?‘ls Y bj nary
servo data c J cﬁ’ ;ﬁg gpF ‘F%“ % Bred val ues;
and wher ei n ﬁ £ 9=*€¥ncoded as a
uni que Jan- bi x %r T I%f, one-bits

h tH Y zt&s Fas? 2t LiMe at |
tsﬁg tLrZshoI Qél %é%i?omt éansqtr%ougngons:.s %naTﬂs %;E%r dlaw cgt of east

claim 22, wher e|n if the binary data has nore one- bltsthanlts ones

COITp| enent, 4 he %%rc}(u.ﬂat ﬁethgd%balrtg@cﬂfné kae vﬁ."i'rﬁm ?n%ﬂe?rl\g'lt Iasa pattern
i ndi catgng TIRLs in claim 3, wherein said multi- layered or

single-layered Al wiring is etched using a plasma by
controlling the temperature of the wall surface of the
etching chamber so as to set the temperature within a
predetermined range of 80 to 250°C and by using a mixed

35 gas containing at least one selected from the group
consisting of BCl;, Cl, and CHC/; or another CxHyClz
(where each of x, y and z is 0-8), CxHyBrz (where each
of X, vy and z is 0-8) gases and at least one selected

20 from the group consisting of Ar, Xe and Kr gases.
5. An etching method for etching a wiring material as
claimed in claim 3, wherein the mass flow rate ratio of
BCls;, Cl; and CHC{; or another CxHyClz (where each of x,
y-and z is 0-8) in said mixed gas is 5-50, 1-20 or 50~

45 500 respectively for BCl; and CHC/; or another CxHyClz
(where each of x, y and z is 0-8) or CxHyBrz (where each
of X, vy and z is 0-8) and Ar, Xe, Kr gas with Cl, being
100, and said multi-layered or single-layered Al wiring

- is etched by using an organic resist film as a mask.
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blnary ddtz en to the burst, and wherein, if the binary data has
f.ewer one-Qits than its ones—conpl errent "the ones conplenent is witten to
t he bur st \?{ﬂ ,H”’H" i cati ng that the ones conpl enent of binary

data is wi mm’mm‘j The data storage device of claim 22,
wherein the detectidh i rCuit further conprises a peak-hold detection
citcuit coupled to the transducer for Wetect i ng the binary servo data from

burst information read by the transducer.
wheret_ln tIle st or age

42 . 37, The, dalch %fg%ag ofle¥h eeéhf

di I I dat
st en ‘@_flﬁe@ H iﬁ%ﬁ‘; %&Igﬁ § msé bRy, ervo data
provi ded | n ¢

f- aﬁle 1 Wéréﬁgi% E(_%.LW@IJ‘H%Y ecti on.
38. The g £1d er c% %h I §7 s 8? FRuPRS ?1 bed after
i nfor ITB.tIOI’I ﬁ&nﬁ o gyt g ?Ft °5fc BR9 val ues, and

wher ei n each vvor ]\Ffintefle aggg 23 r%‘i‘ﬁe‘é@h BRI Louni que
pattern of trm& 0 cont i ni.ng sl ot and M errpty sl ot s. 39. The
data stor ag 9 r%tr %%l"‘ﬁé 9 ¥atesiadt asconprises X
bits, 3 ﬁﬁPlP sa% m%’al enefl e wiimiag servo
dat a a |t§O @é eﬂut hl%i(ﬁl’stanchrﬁy renmai ni ng ones
of the burst] l ?V\AE ?fl?P%nOWtqﬁftﬁ‘a?@Ytﬁd% a T filme data
storage devi‘ SIMQZ &r8tn the detection circuit further

conprises an, area i 1te rati on det ectl on circuit A coupled to the transducer
for detgcti %q-th ail%‘é‘? SOFPrisangr khei shepeadfby the
transducer ¢ 1ng a sample hav.mg an Al wiring film ang3a resist41. The
data stor agn;il é‘vP@EtSFnt?ﬁa?ﬂI Spid e HHe dsdngye phaemamogonrpri ses a
plurality Osi‘&%fi §E SRRCRARIRG BYtte Flded ot AT RS KETOVING i t further -

conpri ses BFH'BF EI‘Y@ % Ror serd stetingt egitari on circuit

to conpgnsate for vaPrations in the nunber of transitions in each burst.
42. The datg_ stoj_gaég‘a Vi ce of ¢l ai m4 further conprising a detection

circuit forgfm € 3/ Loy FlnﬁF clained Harelaie _8nal og
pE G oty

_position.in 5on Bodnf Whighppaidnt | ng
bi nary servo é a in a servo dré'ssi (‘ﬁ ﬁ&nﬁ ¥ithopRgRe REASMA- t he bur st
bt o2 he Bnaryok 1°°9‘%rt°§§aﬁ§ 16, SREBRL g 1an iney w3t ing < oot each
one-bit of ﬁ@&pio % ﬁg% gﬁ‘eaf ? ‘ﬁlﬁ?ﬁ sf#{BrPfand each
zero-bit beifng, 1S ter g Iﬁa‘Iﬂ}l%J%rJv% data and
'?é <h VB‘é‘gré‘t TBGcHIAFRPE Q- 2 df ur st . 44.

anal og p05|i| on

The m:-\3tcE 7o a?rﬁq'f:te%éﬁlgi Pfhe OsPolRiger ndefenandra ideptovfpri ses at
| east “One s ﬁdﬂ?é&&?eaéa%h servo region including a plurality of bursts.

1l. A semiconductor device as claimed in claim a0,
wherein said wiring film of multilayer structure
comprises an Al-Cu alloy film and a TiN film.

35
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447 * 45. The method of cl ai m 44, wherein identical binary data is
-witten to each burst of the sane servo region. 46. The nethod of claim
43, wherein at least a portion of the binary servo data is encoded prior
to. belng witten to the burst. 47. The nethod of claim43, wherein the
stofage medi um conprises a data storagé di sk having a plurality of data.
storage tracks, and wherein the binary servo data-conprises a track

nunber . 432 We 3‘@ hoel Péséﬂéhdnad&llmeﬂﬁdfﬂcmm st®ragemnexi um conpri ses
at |east o eesf% - bl sd BRF lgd doviinéla 54 of égbzedubaces
form.ng a % % ﬁt{wrﬁléf@f&%@&wmoaﬂdwawfra n the binary
Servo dat a oI S Pnd Vs 1L s bt or ffeatlée tRahothefwakerm 43,
wherein the RIMh&H G i P Seivinty UEHlntly o4 phasmatvboage surfaces,
and wher ei Iﬁl‘h%& ic Sr@éﬁ/@éldaé&xmdsas bedigtadCnaméieH imi quel y

i denti gyi nggquey of the data storage surfaces. . 50. The method of claim

43, wherein the §iolRse Tl CauPhLEsp] Fshbd! By | dibfctifilg 4 Tacks and a
plurali ty %%\waﬁ E‘BtebEfGéSf’fI:ﬁ LyiRan, il ftitask o and wherein

the bi nary 2T RS method for
BEREpEC
Con‘pri es gtgpb g §3 ’eié’yéll& mlnw:&fl \f%rgf%tda

e
dat a oinPsgs ic du §"§iﬂ; 'T ?hr :c?rL@tt a%%%%g%/elsﬁrrﬁe
storagerre ocﬁFQ f gg r% GOIpri sing the
na as SeE HE gﬁf%» élp d
step of Wl’b S&I o 1t gé&gté gﬂc fthat ya threshol d
nunmber éhs‘rf‘ %’8 §) Qﬁ Lgft F 2 t:.%( Q-agcurate
peak- Id Fe &t a l ﬁ F ié)ff ed: uﬁﬂ t he storage
][njsllt Eercorg g §I ng pge ; é }\(e nge@/ogg% ons eac I ncludi ng a burst, and

ermning the difference between

tn and the e r data to be witten, X | f
L.“ﬁa?;fsg:iﬁ%?' f;’ﬁ;ﬁ iﬁ% {’ﬁb"fﬁf’%r%fm% gL bang he
0 di t s&it n
bits, where t“ﬁ& 3 stc?;%mattaeeaaabéaﬂua‘eean apenyhyting each
portion to ﬁp%gééﬁéegﬂ e:iboa PE U £l 4 e SRV A RAtARR .
55 o 3igNzdIecthionainvies afnaﬁyeﬁaﬁppedafa
CO”P“ SeS g DERREYnURE oPaaéﬂﬂc@ Prodhaded Yo famsssiny enelpgiesentand furt her
conprasi Ng14LPenti 8A LhepBE8UI Ng each binary word value as.a unique tn-bit
pattern having at | easfqire 4 ieeheettionaheshabeobE- Bohoefiiténaat when
t he word |§1vwﬁ-1§§ to a burst, the burst contains at |east the threshold
nunber of -transitions. 56. The method of cl ai m 43, further conprising
the steps pétailed DE€tELiPt b joRhietid ey ferird Enbathimerdrs itsS ones
conplagrent  has Ageofdifne- ot $he present invention, the etching
chamber of a single-wafer etching apparatus is subjected
to O, plasma cleaning so as to remove organic matter and
then a mixed gas containing BCls, Cl:, CH; and Ar as well
as an organic resist film mask is used to form multi-
35 layered Al wiring by plasma etching while the
temperature of the wall surface of the chamber is being
controlled so that the temperature remains in the
predetermined range of 80 to 250°C. The mass flow rate
ratios of the gases are such that BCls, CH, and Ar are
40 5-50, 1-20, 50-500 for Cl,: 100, respectively. The O,
plasma cleanigg may be conducted for a continuous
processing of a plurality of wafers or for a single-
wafer processing. Since the organic components
dissociated from CH, form a side wall protective film
45 with a good efficiency, the occurrence of side etching
and notches is suppressed, so that the etching of multi-
layered Al wiring with an excellent processing shape is
made possible. Moreover, the sputtering effect based on
the addition of Ar leads to good controlling of the :
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if the binary data has nore one-biisﬁ'wwiting the binary data to one of
the bursts with a pattern indicating-that. tthe, binary data is witten to
t he burst; and if the ones conplenent of the binary data has nore
one-bits, witing the ones conplenent of the binary data to one of the
bursts with a pattern indicating that ffjhe- ones conpl enent of binary data

is witten to the burst. 57. The nethod of claim43, further conprising
the step of detecting the binary servoszdata fromthe burst using a
peak- hol d Reseracbrokithrilisclosure 47

58. The nethod of claim43, wherein the storage nediumincludes a
plurality ofTbum&&@;naaddnberednetbhlhgnshapéeféruébﬁilééénV!ﬂtEKK‘tO the
bursts suclcasmtofs 4 i seaplreumearing b @tshingnpoateonPiRYsdedrey ¢ach burst
to facid it ajresivetirtian ar eedidtegizaiki @readet ecti on. 59. The method of
cl ai'm 58, whareafpllecphitiakhedCiieH %f@@gﬁéﬂ“haéf;fbgn mord having a
plurality ofspBesi bleleakugsd anhlinuft ChredP s !y ?
representi nge&BEH Wor fgh¥al;de BS rWrc‘ersts gg urlllé_%%e pa .ter?“s ; AR

m of claim

transiti on-lspngappreng! et-gagh
58, wherein the EPngrygsergo dat a conprlses bits, where 2X is less than

or equal to tn, and wherein the binary servo data and its ones conpl enent
are witten to each burst, any renaining ones of the burst tinme slots
being witten with transitions. 61.- The nethod of claim43, further
conprising the step of detecting the binary servo information fromthe
burst using area integration detection circuit.

48 62. The nmethod of claim6l, wherein the storage nmedi um conpri ses
a plurality of bursts, and wherein the peak-hold detection <circuit further
conprises neans for normalizing the output of the area integration circuit
to conpensate for variations in the nunber of transitions in each burst.
63. The nmethod of claim62, further conprising the steps of concurrently
‘detecting the binary servo:-data and anal og burst information fromthe
burst. 64. The data storage medium of claim i1, wher ei n each one- bit of
the binary data is represented as a dibit, and each zero-bit is

represented as a pair of nulls. 65. The data storage device of claim 22,
wherein each one-bit of the binary data.-is represented as a dibit, and
each zero-bit is represented as a pair. of nulls. 66. The nethod of
claim43, wherein each one-bit of the binary data is represented as a
dibit, and each zero-bit is represented as a pair of nulls.
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