.15 March 2006 METHOD AND APPARATUS FOR RECOVERI NG LOADI UNLOAD ZONE REAL
'ESTATE ON DATA STORAGE MEDI A | N DATA STORAGE DEVI CES TO | NCREAQ¥arsh BAGHA
STORAGE CAPACI TY THERECF BACKGROUND OF THE | NVENTION 1. Technical Field

[ 0001] The present invention relates in general to inproved utilization of
+di sk storage space in a hard disk drive and, in particular, to an inproved
nmet hod and apparatus for recovering previously unutilized |oad/unload zone
real estate on the disks of hard disk drives. 2. Description of the Rel ated
Art [0002] Cenerally, a data access and storage system consi sts of one or
nmore st WMBTEH OBVANBSAPRARA FUS FOR RECOVERING 1LiGAD/UNDOABIZGNErREALTEdi a.
For exanpl gsTA TEON DAT A STORAGIEMIEBIA IN [IKAPASPORAGE DEVICGES G St or age

devi ce (DASD) OF INEatASE XK DATA STORMGFPCAPACIIFIHEREQYF o' e di sks and
a disk control | er To manage rocal operattons concerning tne disks. The hard

di sks thenselves are usually made of alum numalloy or a m xture of glass

and ceramc, and are covered with a nmagnetic coating. Typically, one to six

di sks are stacked verti is turned by a disk

drive notor at several fﬁ%bﬁ%@g(ﬁ@@%%%é%%ﬂi@?e (rpm. [0003] A

typi cal HDD, al sp ilizes an actuator assenbly. The actuator npbves magnetic
hteaf Bield

read/ wite e desired location on the rotating disk so as to wite

information to or read datf\ fromthat | ocation. Wthin nost HDDs, the
magned 9001 dhe/Ripsenk invention relats in esperahtodmpseyedattilization ofydisk sloragespase 8 ves
to me nical | or; a e a 0 n the
head gln S?( fl ég U%;a’theﬁ%ﬁ "Q%gﬂf)vé}gsy o‘%ld %?{eﬂog |Lme %%giesro yﬁ%ﬁ%@

s hapeqbrd\@ousgl unlgilizeé toadtuniloag zane réahesatel cen t]he)dlshs ofttarddsk daivéor m di st ance
fromthe surface of the rotating disk, thereby preventing the head from
undesirably contacting the disk.

2. Description of the Related Art

[0002] Generally, a data access and storage system consists of one or more storage devices that
store data on magnetic or optical storage media. For example, a magnetic storage device is
known as a direct access storage device (DASD) or a hard disk drive (HDD) and includes one or
more disks and a disk controller to manage local operations concerning the disks. The hard disks
themselves are usually made of aluminum alloy or a mixture of glass and ceramic, and are
covered with a magnetic coating. Typically, one to six disks are stacked vertically on a common

spindle that is turned by a disk drive motor at several thousand revolutions per minute (rpm).

[0003] A typical HDD also utilizes an actuator assembly. The actuator moves magnetic
read/write heads to the desired location on the rotating disk so as to write information to or read
data from that location. Within most HDDs, the magnetic read/write head is mounted on a
slider. A slider generally serves to mechanically support the head and any electrical connections
between the head and the rest of the disk drive system. The slider is aerodynamically shaped to
glide over moving air in order to maintain a uniform distance from the surface of the rotating

disk, thereby preventing the head from undesirably contacting the disk.



15 March 2006 [0004] Typically, a slider is formed with an aerodynam c
pattern of protrusions on its air bearing surface (ABS) thatlSéviatsh@§0¢ he
"slider to fly at a constant height close to the disk during operation of
the disk drive. A slider is associated with each side of each platter and
flies just over the platter's surface. Each slider is nmounted on a
suspension to forma head gi nbal assenbly (HGA). The HGA is then attached
to a sem-rigid actuator armthat supports the entire head flying unit.
Several sem-rigid arns may be combined to forma single novable unit having
ei t her [0004] TRsEalBearslide i9forenedaviet dn Jrvdimamibpatdri 9f pyosivsions pAGfr beagngpead
and arm assenbly is linearly or pivotally nmoved utilizing a nagnet/coi,

st r uct srace h@BS}lﬁlabmad?iﬁséh? slider 20 {Ipiate cerstant hgight closedigythe disk diringopestion vom
i's nmou d . base at. r t] LC i.n P | ted.
The. bae 4t v oo 1€ PR’ Vil cBh ot SR hOS pERERELS s RisPrafE,

syst enplaertQfRBC! Bs@dslider s anAONAY oRNdsiBBahsiGs $& fnY al Beadefignbiag abdeaiblyo
contam nants can enter and adversely affect the reliability of the slider

f1yi ngts9s). Thadl@Asis. theah attachad e gt Sepms-riged) agtyaton armghedr suppReEs Ueherlee dleaps
f .t that is. i gl ' to t ' .rent .
The ar ik SEflor Sover sebi vty BT 8 st SRR 1o R0 g el BnRBlc St BaViRE "

magni teiger @lintdidestinig 61d rotd§ pivigallbeadhgyistetn.nead approaches a desired track,
a reverse polarity signal is applied to the actuator, causing the signal to
act as a brake, and ideally causing the read/wite head to stop and settle

di i red . | i i ves. | l
L ot o8 B, 050 S5RLYRE Al 4 Bl | BREANT oyl itSoine B3dbualon
spi nni si@ichlirs khaplis oftert Galkedya dsite coi athtong(\VON) WTHei stgoopes MCHNS, malted to a

"unl oaded"” off of the disk back onto the ranp_ when the reading and wjting
oper at basp Platg er cawipramewhich the spipdle) iy afsogupwnted. dhe b&ﬁeeaas(smgmgm despigales he

the. di A LGt o6 BbY AOLERG R SRRl ok b uf L Bl 3 Ul RUBRIT10 O
t he slémdere thdthordonkanhinents cakemtemnandeatvgeelytadfedi thi relidblity addieislideadlyingroved5 i s
not ust%g éigk.St h%nd&}naen? ris ff(e)é to the motor, the VCM develops force or torque that is
substantially proportional to the applied current. The arm acceleration is therefore substantially
proportional to the magnitude of the current. As the read/write head approaches a desired track,
a reverse polarity signal is applied to the actuator, causing the signal to act as a brake, and ideally

causing the read/write head to stop and settle directly over the desired track.

[0006] In hard disk drives, load/unload (L/UL) designs are used to "load" the slider down from a
ramp onto the spinning disk prior to any data reading and writing operations, and "unloaded" off
of the disk back onto the ramp when the reading and writing operations are complete. As shown
in Figure 1, the area of contact on the disk surface is typically located adjacent to the outer radial
edge 11 of the disk 13 and is known as the "load/unload zone" 15. Since the contact of the slider
17 with the disk can damage the disk, the load/unload zone 15 is not used to store data or fdr
reading and writing operations. Load/unload zone 15 extends inward for a prescribed radial
distance Z to an inner radial position 19. The first (radially outermost) read/write track 21 is
located radially inward of inner radial position 19. Additional read/write tracks 25 are located

radially inward of first track 21. Load/unload designs reduce the problems of head-disk stiction



reading and witing operations. Load/unload zone 15 extends inward for a
prescribed radial distance Z to an inner radial position 19.15MachRp6h
‘(radially outernost) read/wite track 21 is located radially inward of
‘inner radial position 19. Additional read/wite tracks 25 are | ocated
-radially inward of first track 21. Load/unl oad designs reduce the problens
of head-disk stiction -2 15 March 2006 and nedi a damage from shock as the
fly height (e.g., the height at which a slider flies above the surface of a
spi nning di sk) continues to decrease. These designs al so have the advant age
of raddoelip gamege fomshogk aothe YOROFt (igueheheighisat sitacted shderfliesishoye the UL
schenmes poteptially r medi a damege fro |ider- di k cont act during

| oadi AErasfdPHA samnaésdfiﬁg) QoRHRugS ﬁ@%ﬁraﬁ%ek "i% SIgRR & gli‘?"le 8/29NFagF of
speed that this danmage is specifically associated with
t he sag?§ nerggﬁﬁn@aOr edges of the block-like sliders digging into the
di sk surface upon inpact. The resulting damage in the L/UL zone of the disk
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prior art. In an alternate enbodi mrent of the present invention, alnost the
“entire load/unload zone is recovered and avail able for readil$gMareti 2806t i ng
operations by aligning the first track with the center of the |oad/ unl oad
(L/UL) zone and proceeding radially inward fromthere as descri bed above.
~Both of these enbodi nents make significant additional surface area on the
di sk available where, in the prior art, no data was stored, thereby

i ncreasing the efficiency and storage capacity of the hard disk drive.

[ 0009] The problem of disk damage during L/UL is reduced by designing the

air bearing, suspension, SEVMMARY OFf THEINVENHIONEters (e.g., disk and
L/ UL speeds) such that head-disk contact is elimnated or reduced.

Alternatively, the slider itself can be processed in such a way that any

cont ac does qccur causes mage. or a cantabl . anm f
danmgdtobone el o AT ik SERBstat o BRIRE Py BB i ARGt
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10010] The foreggjng and ot her objects and advantages of the present .
i nvent¢eater if ithe feadimieadedyUL) gortard priepedieg) radialbyhmveard from, thereas descriped

foll OVQb%Qe.dEB%i &Fﬂe&eéﬁﬁdd%%&g nfke %ﬁ%{fﬁcraﬁtf Slditeshal SFRRAIFEN, t‘ﬂ[e difieRBlifsiENt
i nvention,” Taken in conjunction w e appended clarns and the
where, in the prior art, no data was stored, thereby increasing the efficiency and storage capacity

of the hard disk drive.

[0009] The problem of disk damage during L/UL is reduced by designing the air bearing,
suspension, ramp, and disk drive parameters (e.g., disk and L/UL speeds) such that head-disk
contact is eliminated or reduced. Alternatively, the slider itself can be processed in such a way
that any contact that does occur causes no damage or an acceptably small amount of damage to
the disk. Rounding, which also is referred to as "blending," slider corners and/or edges so that
no sharp points (regions of high stress concentration) are presented to the disk surface during
contact, is a demonstrated way to reduce disk damage from L/UL. Slider corner and/or edge
rounding may have the added benefit of reducing disk damage associated with mechanisms other
than L/UL, such as reading or writing in the presence of operational shock, disk defects, or
particles. By reducing the severity of slider-disk impacts, corner and edge rounding can
additionally reduce particle generation in the drive, and thereby improve drive reliability. Yet
another benefit results from rounding, smoothing, or chamfering the rough, saw-cut edge of the
slider and removing any poorly-attached particles that would otherwise be released into the drive

upon contact.



acconpanyi ng drawi ngs. 15 March 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0011] So that the manner in which the features and advant ageld March206

“invention, as well as others which will beconme apparent, are attained and
can be understood in nore detail, nore particular description of the
invention briefly sunmmari zed above nmay be had by reference to the
enbodi nent thereof which is illustrated in the appended draw ngs, which
drawings forma part of this specification. It is to be noted, however,
that the drawings illustrate only an enbodi nent of the invention and

therefore are not to be considered limting of its scope as the invention
may admt to other equally effective enbodingnts: [0012] Figure 1 is a
schemd0P W0]ptherforeespeoandother ebiesis a1d advapisgenel A presanisiRveiog Wikl be spagnt ar t
di sk doi yoie LOAE]InFIAULE. Fn 1vie? GORETRAIG AL M8 UL ANG: BFORCIIEALHf
ard di's ri've constructed in  accordance Wt e present I nvention,
[ 0014 ]enbadithént ofl the Presnt anveatlos hlesin Corlutdtioni with @lie appdttd @himk aad fthé st
enbodi ment of the hard disk drive of Figure 2 and is constructed in
accor (RERYBPAUYINE dlBWiMgSesent i nvention; [0015] Figure 4 is a schematic plan
view of a portion of a second enbodi nent of the hard disk drive of Figure 2
and is constructed in accordance with the present invention; [0016] Figure 5
is a schematic side view diagramof a slider and di sk used in the hard disk
drive of Figure 2; [0017] Figure 6 is a schematic end view di agram of a
slider and disk used in the hard disk drive of Figure 2; 15 March 2006
[0018] Figure 7 is a schematic plan view of a portion of another
configuration used by the hard



di sk drive of Figure 2 and is constructed in accordance with the present

i nvention. 15 March 2006 DETAI LED DESCRI PTI ON OF A PREFERRED 1ENBGCH REDGT

[ 0019] Referring to Figure 2, a schematic drawi ng of one enbodi ment of an
information storage systemconprising a magnetic hard disk file or drive
111 for a conputer systemis shown. Drive 111 has an outer housing or base
113 containing a plurality of stacked, parallel nagnetic disks 115 (one
shown) which are closely spaced apart. Disks 115 are rotated by a spindle
notor assenbly having a central drive hub 117. An actuator 121 conprises a
plurality of parallel BRIEEBESCRIFEIONOK THE PRAWINGS t he form of a conb
that is pivotally nounted to base 113 about a pivot assenbly 123. A
controller 119 is also nounted to base 113 for selectively noving the conb
of ar relatjve di sks. , L..in £ h jren 0] h,arm
125 hﬁoéjfseonﬁ}aﬁgﬂ? Fg%g?rt lnawﬁfcé;}g? %aggl% :ftunlfi [ %&é’\%@tﬁl g%bgf{cl)lgdl n%%%%n\ggs ggegggsnsi on
127. AtKRgREticIc Wik aktome tappirea) Sl e@iined afi®agh ibe utiddittedd ®Nmares Hetdid! mode29
(shown schematically) and secured to a flexure that is flexibly nmounted to
each Paspataridgseriptipn of theinveriinpriely Wexmarizedpbeve sy|bg haddy m%qranqert@ ithe

and/ or net i I e - rea. qf i 1 The
ovel <BPoanpel e Yhichits HRshatelaf f ChRenBl L LANTRR SHIH W A5

sl i defof 129 spadificdiioa ¢t ¥av bk edtedNhowswre thatahe H2avinddBlustratd @hlyl&PemBodigieat | y
bonded to the end of suspension 127. The head is typically pico sjze

(appr oXitheinaextiomay therefe age BUdo baicensdrsyd Hadtingeiviyscopeas therianentioprmay
intermatallli teri . so may be fenmto size (approximately 850
X 700%‘;“5656 O(rEr}ilecgr 8H§;ya%f§ﬁe§ni$§g%1rlg§&%‘§§{cféd agai nst the surface of disk 115 (in
the:range two to ten grans) by suspension 127. [0021] Suspensions 127 have a
spring-like.quality whi ch bi ases, or urges the slider air bearing surface
agai nd00%2] Fignral isa sehismatician vewafiaopprien ohe canyensieasl digk psadinebiEe¥t t he
sl i dery: .disk surface. A voice coil 133 housed within a conventi onal

voi ce Coi I ndbtor magnet assenbly 134

[0013] Figure 2 is a schematic plan view of one embodiment of a hard disk drive constructed in

accordance with the present invention;

[0014] Figure 3 is an enlarged schematic plan view of a portion of a first embodiment of the

hard disk drive of Figure 2 and is constructed in accordance with the present invention;

[0015] Figure 4 is a schematic plan view of a portion of a second embodiment of the hard disk

drive of Figure 2 and is constructed in accordance with the present invention;

[0016] Figure 5 is a schematic side view diagram of a slider and disk used in the hard disk drive

of Figure 2;

[0017] Figure 6 is a schematic end view diagram of a slider and disk used in the hard disk drive

of Figure 2;



(top pole not shown) is also nounted to arns 125 opposite the head gi nbal
assenblies. Myvenent of the actuator 121 (indicated by arrowS5I8Gajichidp06
controller 119 noves head ginbal assenblies radially across the data

- storage tracks on the disks 115 until the heads settle on the target
tracks. The head gi nbal assenblies operate in a conventional manner and

al ways nove in -8 15 March 2006 uni son wth one another, unless drive 111
uses nul tiple i ndependent actuators (not shown) wherein the arnms can nove

i ndependently of one another. [00221 Drive 111 enploys a | oad/unload (L/UL)
desi gri0018]\iigare 7 iea sthedeitic plh viswl sfadgsiion vhandth@naoafizamBion Weéd B eherBar@nt 0
the spinning disk 115 prior to any data reading and witing operations, and
unl oadtsk &ive offFignee 2 prkisiraairustadointageordanas wiklethe pikserieiadeniptand wri ti ng
operations are conplete. As shown schematically in Figure 3, the area of
contact on the surface of disk 115 is typically |ocated adjacent to the
outer radial edge 311 of the disk 115 and is known as the "l oad/unl oad
zone" 315. The | oad/ unl oad zone 315 extends radially inward for a
prescribed radial distance Z to an inner radial position 319. However, the

| oad/ unl oad zone 315 also nmay be located at a radially inward position (not
shown) adjacent to the hub 117 (Figure 2) of the disk 115 rather than the
outer radial perinmeter or boundary of the disk 115. Since the contact of
prior art sliders with conventional disks can damage the disks, historically
the | oad/unload zone is not used to store data or for reading and witing
operations. However, with the nethod and apparatus of the present

i nvention, the | oad/unload zone 315 is available for such operations.

[ 00231 In one enbodi nent of the present invention (Figure 3), the first
read/wite track 321 is .located in the | oad/unload zone 315 at an
interface between the | oad/unload zone 315 and a renainder 316 of the data
storage area, or slightly radially inward fromthe interface. The



interface is defined as the area of disk 115 that is |ocated at the

i ntersecti on between the |oad/unload zone 315 and t he remai nibekMagh®006 t he
data storage area. Thus, with respect to the first read/wite track 321

the slider 129 "straddl es"” the interface such that an inner radial portion
of slider 129 is located over the remainder 316, and an outer radial portion
of slider 129 is |ocated over |oad/unl oad zone 315, as shown, as data is
read fromor witten to track 321. Oher read/wite tracks are | ocated.
radially inward of the first read/wite track 321. [0024] In anot her

enmbodi nrent of t N ' ' ' [ ite track
251 18 Tocat e ERBIFED ﬁgﬁﬁ?’é@@%ﬁﬁ@éﬁm@ﬁ%ﬁ?mwy 218 of

t he | oad/ unl oad zone 415 -9 15 Nhrcg 2006 }hat is radial spaced apart from
a r enal30d8} Refegring tqﬂguaa%a %cbama@% Epang of one ¢rb 3 3§HB matipiypterage
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por ti on] phaglass kutdd hotishad of Baseddatwatandkiayta plivalify mﬁastadkeﬁy\pﬂallélhﬁagmne diskad
outer radial boundaries 420, 418 of ]| oad/unload zone 415. Thus, . wt
respect 1% éoner %f@lwfldﬂhlcb ige sloselyrspacesl prart. oé%ﬁlﬁ"dl bneger @iafed by ﬁﬁ@fﬂee@f’w ely

over t d d sh r nto
track %S%?[Ilnggi& % ac ﬁg?tﬁ 86‘?1?3‘8?3 7ar§\qﬁﬁcggaz% edr adrlﬁ gllr %sdall Iﬁ)\[/\ngﬁdI?o?%dr}eﬁe?l rst
r ead/ wadthatot z[r&fskl 242&:ne stwvn) @i thehforh odaeoalbshatl mphfo&ﬂilyimoﬁrhed tol tezael /1 Uk oo
zone 415, [0025] A_number of conponent | evel file |evel control

par ame? Erot apssmbbie 4230 Af eantiof e lsaﬂé%ﬁ‘ﬁpp@ﬂﬁ% gseok13; 198 spleetevshy MONinenttf on
| n rec&yrﬁg bpgmast ﬂs%fsartlvﬁtooﬁgﬁg o of the | oad/unload zone for dat a

ead/ wite opera ons or exanple, at the conponent |evel, the slider nmay
be oriented relative to the disk so as to have a p05|t|ve pitch static
attitude }}ESA@F:ASshowns?lchemat'calIg2 I n F| g posi tive pitch static
attit utfi92 enf ShPWny ¢3¢l ARGk SRR ??’déﬁt 9% Q35 agtilexprsd or

to the %tb%mgt&rsa&%n%wam 1A hdghant aah/%aﬁe ﬁgneﬁhea SO0Ra8fis hidRinfldl HeS s

when t e sl
129 (shown schematically) and secured to a flexure that is flexibly mounted to each suspension

127. The read/write heads magnetically read data from and/or magnetically write data to a data
storage area of the disks 115. The level of integration called the head gimbal assembly is the
head and the slider 129, which are mounted on suspension 127. The slider 129 is usually bonded
to the end of suspension 127. The head is typically pico size (approximately 1250 x 1000 x 300
microns) and formed from ceramic or intermetallic materials. The head also may be femto size
(approximately 850 x 700 x 230 microns) and is pre-loaded against the surface of disk 115 (in

the range two to ten grams) by suspension 127.

[0021] Suspensions 127 have a spring-like quality which biases or urges the slider air bearing
surface against the disk to enable the creation of the air bearing film between the slider and disk
surface. A voice coil 133 housed within a conventional voice coil motor magnet assembly 134
(top pole not shown) is also mounted to arms 125 opposite the head gimbal assemblies.
Movement of the actuator 121 (indicated by arrow 135) by controller 119 moves head gimbal
assemblies radially across the data storage tracks on the disks 115 until the heads settle on the

target tracks. The head gimbal assemblies operate in a conventional manner and always move in



is not ina "flying" state. In this configuration, the trailing edge 501 is
inclined at an angle Nto approach the data storage nedi um 155Mbeh@086t he
" leadi ng edge 503, and thereby reduce the probability of contact between the
Il eadi ng edge 503 and the data storage nmedium 115. Orienting the slider 129
at a positive PSA reduces the risk of damagi ng the data storage nmedium 115
while allow ng data operations in the | oad/ unload zone. [0026] Another
conponent | evel parameter that enhances the success of reading and witing
data in the |oad/unload zone is providing at | east one | andi ng pad 505

(Fi gurgifoh @ftht b ahéte! vhiSs dadlkariantisdsomaltip®d iddePerdedt latigtorsl gotSéhbwn)V t h
the I andi ng pad 505 in fhis position, the |anding pad 505 reduces the

probabwharexyltbéadns@mtmcmmécnendmthe@mn@heotéﬂer der 129 and data storage medi um
115. If contacts do occur, the | anding pad 505 tends to nmake contact the
data storage nedium 115 rather than the slider 129 itself and thereby
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detail's of inplenenting th araneter are disclosed in U S Patent No.
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medi um 115, I n one i npl enent ati on, velocity is reduced from
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damage to the t stora medi um 1 t her erasure dat a ,recor ded
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are di'scussed in the paper, Magnetic Erasures Due to Inpact | nduced
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referenc
contact of prior art sliders with conventional disks can damage the disks, historically the

load/unload zone is not used to store data or for reading and writing operations. However, with
the method and apparatus of the present invention, the load/unload zone 315 is available for such

operations.

[0023] In one embodiment of the present invention (Figure 3), the first read/write track 321 is
located in the load/unload zone 315 at an interface between the load/unload zone 315 and a
remainder 316 of the data storage area, or slightly radially inward from the interface. The
interface is defined as the area of disk 115 that is located at the intersection between the
load/unload zone 315 and the remainder 316 of the data storage area. Thus, with respect to the
first read/write track 321, the slider 129 "straddles" the interface such that an inner radial portion
of slider 129 is located over the remainder 316, and an outer radial portion of slider 129 is
located over load/unload zone 315, as shown, as data is read from or written to track 321. Other

read/write tracks are located radially inward of the first read/write track 321.

[0024] In another embodiment of the present invention (Figure 4), the first read/write track 421
is located in the load/unload zone 415 adjacent to a boundary 418 of the load/unload zone 415



[0028] Another file level paraneter that reduces the risk of danage to the
‘data storage medium 115 while perform ng data operations in thdatcb2806nl oad
~zone is a manufacturing bumin cycle. Wth this paraneter, |oad/unload

- cycles are performed with the slider 129 on the data storage nedium 115
“during manufacturing of the data storage device 111 prior to any servo
witing operations in the data storage area. These cycles renove
abnornmalities present in the data storage area and on the slider 129 such
that, if damage to the data storage area occurs during this phase of

manuf aghiikirfially R0eRaghiREa% fRffalidens M of the ddalstoraf®aRge IrtfheavetSor@ppegd out
so that no data’is witten in the damaged portion. %0029] The present

i nvent thoris approximatelyzas shearadiahpenteiod! thpioadmloadaronael er er sitghtly rediplly inward

significantly .affect. {he rforman of, read/wite ratd Qns. in

| oad/ U Itgﬁaa(g%}rﬁgmeﬁoﬁe %égﬁxﬂegt,el 4t &?ng @8@5’gﬁgrntfonl cffgd\?% ?Ht ﬁ’gtslssl IP%ag%IFa.Lbfélt can
be or it fey bahwakh VR el die ddraadibiB@Barie¥erdioyn 8 45l0ag/uhivall Zbhe4 5.1 Tias, 129
has a biased roll static attitude. As shown in Figure 6, the biased roll

st at i cwah réspeddo krackid2 i, tleadslisler 520 iseeated endirely os @heoss ontitsty aves the loadpnload

being closgr. to ,the data stor medi um 115 t han,4n paner. _radi.al . edge 603
of the?¥Fi ér aﬁﬁng?’ﬁst‘#ﬂ%s ls\/ﬁﬁgqﬁm OF STHUERL 'S § Cﬁo%@ﬂrprtheﬁée%ﬂ‘fvgfé F%cgﬁgaalre edge
601 i sjobted raBsll2invid ANt réhdsRiteardcki4Dg, domha oftviiigilare ATBsllduatelilih thef or e
the inner radi al” edge 603, and thereby reduce contact between the inner

r adi al loedigeloa@3onal X. he data storage nmedium 115. This forces all of the
potential damage to 11 15 March 2006 occur at the outer radial periphery
of the | oad/unload zone aligned with the outer radial edge 601 of the

sli der[tobiﬂ- AThuSbert dfecdmpinehi ldvey amd @ icvel36RE6 pembRrIBehaRdco! fadigitmge t o
the data 'storage nmedium 115 or thermal erasure within the region radially

| nwar daccpmplistneens of dhe pragpat siventionin waeyaume e dragion portiongif ¢he foadamidag zone

L el dhRTRE e BhAARY F e RbBR! o'E LABSRER 1LV TRE SIBE Ry BE bABKES 2!
relative to the disk so as to have a positive pitch static attitude (PSA). As shown schematically
in Figure 5, a positive pitch static attitude is defined by a trailing edge 501 of the slider 129 being
closer to the data storage medium 115 than a leading edge 503 of the slider 129 when the slider
is not in a "flying" state. In this configuration, the trailing edge 501 is inclined at an angle N to
approach the data storage medium 115 before the leading edge 503, and thereby reduce the
probability of contact between the leading edge 503 and the data storage medium 115. Orienting
the slider 129 at a positive PSA reduces the risk of damaging the data storage medium 115 while

allowing data operations in the load/unload zone.

[0026] Another component level parameter that enhances the success of reading and writing data
in the load/ﬁnload zonc is providing at least one landing pad 505 (FigUi*e 5) on the slider 129
adjacent to or at the trailing edge 501. With the landing pad 505 in this position, the landing pad
505 reduces the probability of direct contact between the slider 129 and data storage medium
115. If contacts do occur, the landing pad 505 tends to make contact the data storage medium
115 rather than the slider 129 itself and thereby reduce the probability of damage to the data
storage medium 115. The details of implementing this parameter are disclosed in U.S. Patent

No. 5,796,551 to Samuelson, which is incorporated herein by reference.
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is non-zero. The skew angle a is defined as the angle between a centerline
736 of the slider 729 and a centerline 734 of the slider 129 5Marchi2§06
perpendicular to radii of the data storage nedia 115. 1In Figure 7, the

1 eading outer radial corner 730 of slider 729 is radially aligned with the
outer edge 718 of the |oad/unload zone 715. Skewi ng the slider 729

i ncreases the size of the |oad/unload zone because of the increased radial
profile of the slider 729 relative to the nedia 115. Thus, the size of the
| oad/ unl oad zone is reduced and the data storage area is effectively
increased by designing a systemw th approxinmtely zero skew at the

| oad/ unl oad zone, as _shown by slider 129 in Figure 7. @(£0031[ Several ot her
opti on[é)DZ?)hOnsmérthe|fdadcvqrba\raaua’elt6er0§ the pressnt im\@nn@lwemcl escemptrodling Hiel lodé

reducm al of ‘the data,siaorage fro at i gnal
S peodsvaroramcah i s B -l Bag PgetRiS adiigh B LS bbb 3ol PRI g2 BTG
unl oadgg v i daes %fatge thediflg 193! an TheiRPRmeNRMoHMhd Jléad Llkeity Rere@ticRMi RS
paraneters, this process reduces danage to the data storage nedi um 115 and

t her rraﬂypmahpnomanbﬂoajhvdomecs)tqjepproxnmahﬁéy dat rarrémoa@eo medage dameghide theaditabl e
isto wite-veri data when the d t hat itten in the,.l oad/u

e SOEH Fied kit S BefErgiey ¢t foioided Spdlain Pt spri R SRt e
corr eC&d ¥npdef bithReflBlealitsr Y99 dridefe uaﬁ@,forrgget rln}édlﬁﬂfjl 151€A dSifBRal queﬁ‘aals%vga&dlﬁ%es
to fail record, then the same area can be mapped out so that data i's no

wr i t t ethetnoalterasugaare discassed i theepaper Magnef OBBBYreydPucandripert Jpdncadelnterfacil t o

ongor HEalE @i HeREOHAR SocT Yt S0k i Treoukibry bR AP drar” B85 ey e

in thezooroem;dplngncgfp&ﬁ@d dedeth 15 Rf@6ear ea. The | oad/ unl oad zone typi cal |y
has no ECC bytes since data is not normally witten there. However, wth

the present invention, ECC bytes are used in the SJ20020147US1 12 15

d'vg,[ ghi @82@5{&88%/6}: ﬁie a\q?lrng).rr]efj‘B% t&g{] rgﬁué"es e rlnlge% dgrrr]lggne {5 trhnBc‘llata sf%ortatg]g trnedlu gy
115 while performing data operations in the load/unload zone is a manufacturing burn-in cycle.
With this parameter, load/unload cycles are performed with the slider 129 on the data storage
medium 115 during manufacturing of the data storage device 111 prior to any servo writing
operations in the data storage area. These cycles remove abnormalities present in the data
storage area and on the slider 129 such that, if damage to the data storage area occurs during this

phase of manufacturing, then a damaged portion of the data storage area is mapped out so that no

data is written in the damaged portion.

[0029] The present invention also utilizes a number of optional parameters which can
significantly affect the performance of read/write operations in the load/unload zone. For
example, at the component level, the slider 129 can be oriented relative to the data storage
medium 115 so that the slider 129 has a biased roll static attitude. As shown in Figure 6, the
biased roll static attitude is defined by an outer radial edge 601 of the slider 129 being closer to
the data storage medium 115 than an inner radial edge 603 of the slider 129. In this way, if
contacts do occur, the outer radial edge 601 is inclined at an angle 2 to contact the data storage
medium 115 before the inner radial edge 603, and thereby reduce contact between the inner

radial edge 603 and the data storage medium 115. This forces all of the potential damage to
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can be recovered. This enhancenent inproves recovery of any data that is

| ost after being recorded in the |oad/unl oad zone. Furtherndbféylaich268t a is
recovered with ECC bytes, the system can be designed to nap out the sane
region so that the data is noved to another | ocation and data is no | onger
recorded in the sane area in the future. [0033] The present invention also
i ncl udes a nunber of optional paraneters that are nore difficult to

i npl enent, but can have a dramatic affect on the performance of the data
storage device when data is read fromor witten to the |oad/ unl oad zone.
These paraneters include rounding the corners of the slider 129 (see
Figures 5 and 6). Rounding the corners of the slider |ocated at

i ntersections between the | ead] a railing edges 503, 501, and t i nner
and ouPEfr 2t hEPuter Btk BersTsTy Hhe 10&3@?@3@ é%“e@g‘ﬁf“éf_g i fhee%efge‘ile\@%iﬁe bhE
slider o#dR e 129¢ ’ﬁlﬂfs?th_%tﬁ()%ﬁit‘y_)@qht‘drﬂaﬁﬁée dﬁ?f@hk&ah%ﬂﬂdﬂhz}ﬂ tb MheSdata
paraneter are disclosed in U S Patent Nos. 6,069,769, and 5,872,686, both
t o Dor stomage stediim 1{thprthermad erasersrwidvimthedregion eddinllyyinwardefrem dke oyteroRige ofinot her
par amet.er, 1 nclude rovidi na.th ta storage area with a thermally
COI’]dUChe\} A ‘hnrko gﬁ%agy)‘érs‘%g@?ﬁbeﬁ}’%%a), silicon substrate, or like substrates

wth simlar thermal diffusivity to reduce thermal erasure of data recorded
in the data storage area _when contact between the slider 129 and _the data

st or ag&03BLIn addition, & slkidsr 429 {dashedanesbmpy be erprnied at wesken arelg fodiigurs d) tebs
d he potsntial f : ' |
Gubst r BisdheR0 TRl o N LfReq & B8 e bifle SRRt L line FROVENE URNS 70l 258

heat i ngnd\heshtdrlige 334 ofathe slidet 229 that RefbepdicularSohadil ¢t the data stofdgelmadidEls, ayer s
605 that _are thermal |y conductive renove heat_away fromthe_ point of
cont acin Figuek 7ythedeading enter; rafhabrorner, BVR1 sliger Bonis dadialbopligned sithdhe OPEE hi gh

enough r r@kh .4 d a e t - ki t he
ASNET SO D T IR e Rt SRy 5 B, SFEf TEF inclbBR Y WanS e e of
sof t er loadtupload lzonerbecgusehe thelinoyeaseshradial prodileraf theistider T3%wslaive it the, medial

mat er i at .woul d ad t nerally smpot,her . finish in ord .0,reduce
The’T 1 TS, THES ool R JodufoRCRRER Heudllal\GE dhla Matad Ao I ifcclifer]
conpr i sRkecasdies) deyighimgtalbastetlveith approximately zero skew at the load/unload zone, as shown

by slider 129 in Figure 7.

[0031] Several other optional but significant parameters at the file level of control include
reducing a rotational speed of the data storage medium 115 from rotational speeds typically used
in the prior art when the slider 129 is loaded and unloaded with respect to the data storage
medium 115. Like the previous parameters, this process reduces damage to the data storage
medium 115 and thermal erasure of data recorded in the data storage area. Another variable is to
write-verify data when the data that is written in the load/unload zone to confirm that the data
written in the load/unload zone was written correctly. If the data is written incorrectly and the
same area continues to fail record, then the same area can be mapped out so that data is not

written to the same area in the future.

[0032] Yet another parameter is to provide error-correction-code (ECC) bytes in the load/unload
zone that are longer than conventional ECC bytes that one skilled in the art would provide in the
remainder of the data storage area. The load/unload zone typically has no ECC bytes since data

is not normally written there. However, with the present invention, ECC bytes are used in the

$J0920020147US1 -12-



| oad/ unl oad zone of the data storage area is a last area witten to by the
“head, or remapping the |ogical block address (LBA), whi ch wolfl Mafchr20hér
Teduce errors in the | oad/unl oad zone. -13 15 March 2006 [0035] Finally, a
parity sector nay be inplenmented in the data storage area to inprove
recovery of any data that is |ost after being recorded in the | oad/unl oad
zone. See, e.g., US. Patent No. 5,745,453, to |Ikeda, which is incorporated
herein by reference. In | oading and unloading on data, an error mechani sm
is introduced that is independent of the witing and reading of data. This

means {aghRidad Z0fe GRd ﬂﬁ&%té R gBehUe BHmYI 8D thAN e SHCI isVIBSt, hdsd offhe RSt agtaand
when an error may be induced. In such a situation, on track parity by

i t sel f carsbeiotcovetedablThis QMlahcmf:ntt nmpt@Vparrcqoyery( of annydatst that is Jqst agier @Pltner

rmans. Taed i 15 PAT R 20 o BB e 17k REERL D B VSR b Y IR

track. ¢ hd Gedpgndl 8l Bap bbtathetgaﬁteeregtbﬁ 5O tHASthE Uafe RMmevdd RC4HotEe 16&iaH P! e
i ndependent ertor events (different 1/ul incidents) and the data is not

r ecovedatbiseno Whgsrmmrd@tmmhesmncereahteﬁle fugirero correl ati on between 1/ul and
reading data in the affected area since there could be years between reads.
Thus, it is insufficient to just have parity on the track. [0036] As an

exanpl fo38) PAE | ¥seﬁt’§ﬁ\%ﬁt16ﬁ‘rh1§ﬁ1ﬂc'fl§feé ta hesb¥h 8f @ptibedl epdramdteRAkHak Yard G54r0"
per 4 data sectors (with or without interleaving). If any given "event"

hits odifficudhtd seplemenpfbut kas hper atdyars@tc affeht ont the gledfoonanast & the adatan sforage

smal | ef ect . si ze t he S a fl bahi l.ity that not her such vent
o] nfivican oS cala ssga dront of mizidin he JoRDimnd ahn 1 TBOR: Bimeide ing e
coul d @)38in g%é BofnBtsSof tR@ElideY 1§9t<seelmg@.réswm deAMANMRLthE BERER dhthé sliddrnce
S5 sectors IS a constant percentage of "a track 'no natter how arranged.

[ 0037] lodatedlatitritersedtions hetsveen did keading and tmrlmt@lgeméoa}gé@dt glnds'élesnmen@mddxuteg

data fr mo a Eac arlt set ted.fo sector in the
1/ ul Bﬁ@ eté 6&&,3/%&:]3%%: 338?5 GQTa stre éveﬂl 3}1 inder (1125 and e fHl storage
medium 115. Details regarding this parameter are disclosed in U.S. Patent Nos. 6,069,769, and

5,872,686, both to Dorius, et al, which are incorporated herein by reference.

[0034] Another parameter includes providing the data storage area with a thermally conductive
underlayer 605 (Figure 6), silicon substrate, or like substrates with similar thermal diffusivity to
reduce thermal erasure of data recorded in the data storage area when contact between the slider
129 and the data storage medium 115 occurs. The thermally conductive disk underlayer 605
reduces the potential for thermal erasure. In contrast, conventional glass substrates have low
thermal conductivity, which results in localized heating when the slider contacts the disk.
Substrates or thick underlayers 605 that are thermally conductive remove heat away from the
point of contact quickly, thus the temperature at the contact point cannot rise high cnough for
thermal induced erasure of data. See the "Transactions of the ASME" paper, described above.
Similarly, the slider material can be made of softer material, more thermally conductive material
like silicon, and materials that would lead to a generally smoother finish in order to reduce the
likelihood of damage and thermal erasure. Yet another parameter comprises specifying that the
load/unload zone of the data storage area is a last area written to by the head, or remapping the

logical block address (LBA), which would further reduce errors in the load/unload zone.
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zone wll always be corrected (other error nechanisns aside). This is nore
‘of a "radial" parity arrangenent, where the parity set conprlisdMarcht20Deast 2
“tracks. In situations where the error mechanismis not coupled to the
-access nmechanism data scrubbing is required. Data scrubbing involves the
reading and testing of the parity sets to ensure validity (a standard
solution in RAID, nenory systens, etc.). The concept is to force a
correlation between error incidents and accesses. In this case, the parity
sets nust be checked before the nunber of errors on a track is -14 15 March
2006 likely to exceed m Any errors found during scrubbing are corrected
fromthe pa[itY. The downside to data scrubbing is the performance hit:

t her e [0833tFihallya apasity eenteri may heiimplpmented éry gleudats HOTARE rarefy totigProys 1§soNESHn

of ton g cta w143 B g aetdrfiee Lt R ASEd Lo et 3 O D 1R

times.s 7434 43AhD kb, MHiE0 sLinebrpdedietbhérth by réfercgiver antieadihguhll Undirpnee. | f
a parity set has an error, it can still be recovered. However, the data may
not bedate @ovesrasdnedhapise isfintraducgdithat is andependenh of dheopaitingjandggadigg o data.

A ALY S TR M e

on an ror

gener ahhphe HRLE. Sin SWBh @ituRISbY tradkgdrRy BRYtse18 s R réliwble.i Wigh' ort irigk pafity
non-traditional application. For exanple, when a picture is taken with a
di gi t dbr eryrethar tipeeofcrfoy gofrsctigminthe systemeas @anaximum caneciydo cABeCth EITpwer

a1 o8 meape e SRR PR BB Bidnty eRbcet el CRE R on E SR, B " ¥

acceptthatgthdad arel oM drivgs earetack @ie hefmileipRoBidepehdeny errér evdhid €di€ferentilfuber
way, the delay tine is required for_performng the scrub. In a nusic device
(e. g. ,ingipents) angethedatpaisingh recoverphe) dhis cannpeeys singe there {seng sorselptien hetwger he
Power O}ﬂﬁ%g%@%ﬂg ath iFl‘Hlé gffé&é’d alel &M@ SherWcbhid b heafPblwiln reddS20rHifaf: i S
needed, and ‘Shut®o he drrve.

insufficient to just have parity on the track.

[0036] As an example, a parity system can be instituted where there is 1 parity sector per 4 data
sectors (with or without interleaving). If any given "event" hits only one sector of this parity set
(due to clever interleaving, or small defect size), there is a finite probability that another such
event will hit this track again (it is known to happen on this track). This hit could also be in this
parity set. Interleaving does not change this, since 5 sectors is a constant percentage of a track

no matter how arranged.

[0037] A solution to this problem is to create the parity sets including data from out of harms
way. Each parity set is limited to one sector in the l/ul zone, thus any number of errors in the l/ul
zone will always be corrected (other error mechanisms aside). This is more of a "radial" parity
arrangement, where the parity set comprises at least 2 tracks. In situations where the error
mechanism is not coupled to the access mechanism, data scrubbing is required. Data scrubbing
involves the reading and testing of the parity sets to ensure validity (a standard solution in RAID,
memory systems, etc.). The concept is to force a correlation between error incidents and

accesses. In this case, the parity sets must be checked before the number of errors on a track is

-14-



[0039] The anount of performance that is |ost due to scrubbing depends on
how nmuch scrubbing is needed per incident. |If any 1/ul eventl5ddarcb3g8e
‘errors, then a scrub is needed after every |load. The nunber of tracks that
need scrubbing depends on determ nation of the landing |ocation. The entire
zone may need to be scrubbed. A "best case" (no errors found) scrub requires
[ peri od*nunber tracks*nunber heads]. The nunber of tracks appears to be a
significant fraction of the drive (>1%, otherwise it would not be
worthwhile to put data in the zone. For exanple, if there are 100 tracks *

2 headsgedy t3@REecdPM And GREOHSIdAMETHEGublEHg tade pofréaednfidie the auty. The

Al t hough this solution solves the data integrity issue if the s.crubbi,ng
frequecgbxﬂsi® 19 gnta sarpkbipe s dhenpetferrpanse hig theveyishpigh.a pebign cwith gowtiplo401
The present. i nyventi.on ver al V. - A h LSk dr i o at.us
and nerFngaho%so °§t‘?’rd% ’egl%? rﬁl% §'§ct6r?i att(?llgliga@\n%% %&%ﬁlen%prgééejﬁr?éklsﬁ'\l}gn al\{%ﬁaﬁpig]f] gzlgs

hard dividsSartdiadw oEef e dotiheln RAHD @yitemb | iy isudoneds thebabkgrdind dipmgadRrtimhiesl
estate | ocated in the | oad/ unl oad zone. roxi mately one-half of the

. AD
| oad/ UnIRAID henpurpeser efcssyuhbing g gaerameatfwép taderancea dif Bgpaaityl setviras an egror, it

oper at i ons. formng afirst r i LNni. i i atel .

adj acent sﬁgp ¥ﬂéecqvﬁﬁegir F;‘BY %Fr’ etgggc{ag "%a&eﬁﬁ(tgg%f %ﬁlggrgg 12 gor{lgmgﬁgwp?%g%g%”shg
radi al theréfonakidthbuodats beubbihg thd &ray isGRPERNttbRAAL" | ocation of first tracks
in the prior art. Alternatively, alnost the entire |oad/unload zone is

recovered and avail able for reading and witing operations by aligning the

first ke wth the cen t /. L/ U ne .an F edi ng
i ot PO bl Bres B, AP0 SneyEE ab BRI FFubie bidpeRAE (A EpRA T he
si gni fthe aftbr példrdtiodanddtaiBUUidogumiel§, hsrethigy néli tekangVadlb'atihe inaaiod-traditidriag
prior art, no data was_ stored, ther,e% i ncreasing the efficiency and

st or ag@PEeBis: thpr sxample, Wapria gicswre dy falren Witb@adigitaricamsras Hieedfi 5t 1s Py uRidhtge
poar it SRS, B 8} FHBGARCLE BT, Ihil RAVESBo onfBRl PrieP ek B,
scrubbing. The only way to be sure that it takes place is to force it to occur either before
accepting data from the camera, or before posting "write complete." Either way, the delay time
is required for performing the scrub. In a music device (e.g., MP3), the situation is similar.
Unless the drive is performing the power management and buffering, the host will just spin up,

read what is needed, and shut off the drive.

[0039] The amount of performance that is lost due to scrubbing depends on how much scrubbing
is needed per incident. If any 1/ul event can cause errors, then a scrub is needed after every load.
The number of tracks that need scrubbing depends on determination of the landing location. The
entire zone may need to be scrubbed. A "best case" (no errors found) scrub requires
[period*number_tracks*number heads]. The number of tracks appears to be a significant
fraction of the drive (>1%), otherwise it would not be worthwhile to put data in the zone. For
example, if there are 100 tracks * 2 heads at 3600 rpm, 3.2 seconds are required to perform the
scrub. Although this solution solves the data integrity issue if the scrubbing frequency is high,

the performance cost is very high.
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contact is elimnated or reduced. Alternatively, the slider itself can be
“processed in such a way that any contact that does occur caueMared 2886mge
‘or an acceptably small anount of danage to the disk. Rounding, which also
is referred to as "blending,"” slider corners and/or edges so that no sharp
‘edges are presented to the disk surface during contact, is a denonstrated
way to reduce disk damage fromL/UL. Slider corner and/or edge roundi ng may
have the added benefit of reducing di sk damage associ ated with nechani sns
other than L/ UL, such as reading or witing in the presence of operational

shock, [004GKTepRRER, ln@et’ntlpﬁrﬂals géesal dayaﬂite@hsmm@atmelssehﬁrenawa@fus #ldi dethedli sk
i npacts, coner and eﬁgg roundi ng can additional ]y reduce particle genéLatl on
in t hecongirpsied innercorisnet Withhyiho wsesgnt jevention apilizes yhard gisksn thah gecysn

resul t}ﬁ&oﬁ&m oW N Yread ATRO g%&?y ofr e%haﬁgtééé' WEafed® ih© IOEE@?%H %9&6 of

t he slider and renovi ng any p {fac particles t erw se
be rel Apgrodimditly brivehalf |ox7ehemxm1/1mbasudaz¢ne ikSrebbveréd m@&vﬁﬂﬁbla]fok’\hedcbng lard

i nventi on has been shown or described jn onl% some of its fornms, it should
be appatesCPeBtioRLEE ferninger first repdlvwaits traplgtbeginning ingmediately adiasent thhe | s

Chveninnd fidld® B, AR ABAERRad Phh M H6RRAI GO TRy TRAPTAE (b e
st or agrofiegmdiohdly hkatiordaifafist arage iretheuptioc @pr i Altergativedy,0uinddstotha eaira

storage device with a rotatable datfa storage nedi um havin recordabl e data

st or aglea%(rl@laa%ﬁan@a @aayqsﬁf elah%ﬁ% let afea?mapﬁradswtlag @@P&a.%sﬁs igeingdhe

stora

dat o 0 RaCkwRRIng cELE B RIDGIB AT Dok %@Bme%@g%ﬂ ARfpdigr 20

st or agheneea:tl dtm:ﬁb)ed iiiaivet HEhesé edmbodﬂnmtsamphs sﬂgmffcampadcﬁtlinrmﬂ atirfeceasrea oudbe

deflneéi L ing. e eof the sljder belgg % er to.the dafta st or age
1sk avalla e where, 1n t prior art, no data was store there y increasing the etfficiency an

storage capacity of the hard disk drive.

[0041] The problem of disk damage during loading and unloading operations is reduced by
designing the air bearing, suspension, ramp, and disk drive parameters, such that head-disk
contact is eliminated or reduced. Alternatively, the slider itself can be processed in such a way
that any contact that does occur causes no damage or an acceptably small amount of damage to
the disk. Rounding, which also is referred to as "blending," slider corners and/or edges so that
no sharp edges are presented to the disk surface during contact, is a demonstrated way to reduce
disk damage from L/UL. Slider corner and/or edge rounding may have the added benefit of
reducing disk damage associated with mechanisms other than L/UL, such as reading or writing
in the presence of operational shock, disk defects, or particles. By reducing the severity of
slider-disk impacts, corner and edge rounding can additionally reduce particle generation in the
drive, and thereby improve drive reliability. Yet another benefit results from rounding,
smoothing, or chamfering the rough, saw-cut edge of the slider and removing any poorly-

attached particles that would otherwise be released into the drive upon contact.



medi um than a | eadi ng edge of the slider, such that the trailing edge
"approaches the data storage medi um before t he | eadi ng edge ahuMarrbri6¢
~reduces contact between the | eading edge and the data storage nedi um
providing a |l anding pad on the slider adjacent to the trailing edge for
reduci ng direct contact between the slider and the data storage nedi um
reducing a load velocity of the slider to reduce damage to the data storage
medi um and thermal erasure of data recorded on the data storage nmedi um due
to an i npact between the slider and the data storage nedium the |oad
vel oci [0p4DEWTledt imestiby has beetneshaWn\MridehbrtHed in ohlydsimerolvies farospit dhddie beat a
st orage nedi u per f. rnln | oad/ unl.oad cycl es th the s|ider on the data
st or ag@PRaEat &mhya? B ﬂt?ffa‘e £ itig ngf sq h@lteévﬁ.{ﬂg% Shssepiibietq va1qhsicHANESS any
servo orage area to renove abnornalities
presen%ﬁPﬁ&?%ggﬁggg&??gééggPéﬁggggh%ﬁut'at, if danage to the data storage
area occurs during this phase of manufacturing, then a damaged portion of
the data storage area is mapped out so that no data is witten in the
damaged portion; and witing data to and reading data fromthe | oad/ unl oad
zone of the data storage area. 2. The nethod of claim 1, further conprising
orienting the slider relative to the data storage nmediumso that the slider
has a biased roll static attitude defined by a outer radial edge of the
slider being closer to the data storage mediumthan a inner radial edge of
the slider, such that the outer radi al edge approaches the data storage
medi um before the inner radial edge, and thereby reduces contact between
the inner radial edge and the data storage nedium -18 15 March 2006 3. The
met hod of claim 11, further conprising reducing a rotational speed of the
dat a
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storage nedi um when the slider is | oaded and unl oaded with respect to the
data storage nediumto reduce damage to the data storage nedisditghd0®her nal
erasure of data recorded in the data storage area. 4. The nethod of claim
1, further conprising wite-verifying data when data is witten in the

| oad/ unl oad zone to confirmthat the data witten in the | oad/unl oad zone
was witten correctly. 5. The nethod of claim1, further conprising

provi ding error-correction-code bytes in the | oad/unload zone and
increasing a length of the error-correction-code bytes to i nprove recovery
of any dabaTHELLABMPBost after being recorded in the | oad/ unl oad zone. 6.
The nmethod of claim1, further conprising rounding coners of the slider, the
coners being |located at intersections between the |eading and trailing
edges and!t he 4 Asthed ghircisesing 2 datavierage c@pR§EY of pdatperoragssBediynt REPrising ess

bet ween t he Sdri)yqa’l'hg aé’@at%hs?orgg’bt BevilcOhAHC TRELBI data stbPBe MREIAGE Rbing! 21 M 1,
further conprising providing the data storage area with a thermally

conduct i vigcardrbler flaty storage araacander ioadniard eagsthatecoptprisrst mporéienofiéy date t he dat a
storage asrtc?rg\gem?:{;: ag&) Qtsﬂ&ér ﬁ@i‘h ) Hiad r§4d'i eJataaﬂgn tan&’ V\Qﬁlﬁlg dﬁ%ot[) El’%edaﬁgs di um
8. met hod o of a

occurs. f 1ncreaSing a data Storage capacit ata storage
medi um cuoorpgaadang:  providing a data storage device with a rotatable data

storage red! UM A ik BRLHRPE A\ Rrat a9, 4188 ADdiA Legdupload zone

that conprises a rage area, and a s aving a
head for piehdiarig atmide defioerd bynal tnailing iedge afahaslidsr béieg diata to sheodaysomgea;

orienting_the i der rel ative.to the da t.or medi um so .t hat the slider
has a poslinf‘r‘%%aﬁ’i % ieﬁdlgg §fi?ec°% isilg%esuéé?tlla?iéw %%Erég t ‘? ia}pprr?ﬁché’ﬁghee % % the
sl i der bestorggecinediamh befort e Badisg sdger and eherebydieduet katach beeaedh nig: kadjeg of t he

slider, such that Hhe traiI%n@.edge approaches the data storage nmedi um
before th&ef hietegass BAd P her eby reduces contact between the | eading

providing a landing pad on the slider adjacent to the trailing edge for reducing direct
contact between the slider and the data storage medium;

reducing a load velocity of the slider to reduce damage to the data storage medium and
thermal erasure of data recorded on the data storage medium due to an impact between the
slider and the data storage medium, the load velocity being defined by a rate at which the
slider moves toward the data storage medium;

performing load/unload cycles with the slider on the data storage medium during
manufacturing of the data storage device prior to any servo writing operations in the data
storage area to remove abnormalities present in the data storage area such that, if damage to
the data storage area occurs during this phase of manufacturing, then a damaged portion of
the data storage area is mapped out so that no data is written in the damaged portion; and

writing data to and reading data from the load/unload zone of the data storage area.

2. The method of claim 1, further comprising orienting the slider relative to the data
storage medium so that the slider has a biased roll static attitude defined by a outer radial
edge of the slider being closer to the data storage medium than a inner radial edge of the
slider, such that the outer radial edge approaches the data storage medium before the inner
radial edge, and thereby reduces contact between the inner radial edge and the data storage

medium.
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edge and the data storage nmedium -19 15 March 2006 providing a | andi ng pad
on the slider adjacent to the trailing edge for reducing di r détMagbgprt
between the slider and the data storage nedium reducing a |oad velocity of
the slider to reduce danmage to the data storage nediumand thermal erasure
of data recorded on the data storage nedium due to an inpact between the
slider and the data storage nedium the | oad velocity being defined by a
rate at which the slider noves toward the data storage medi um perform ng
| oad/ unl oad cycles with the slider on the data storage nedi um during

manuf act uti ng O metkodyek daiay briygher apputngfepering ¢ rofpfrnaleipsed of the dag

oper ati Ongorhgt fmbBudakien tht AHAYas M8l Al iRSHAYE wiANRRIB! tottheJatRlsRyRBt i n the
data storage area such that, if danage to the data storage area occurs

during t hinediyRde eeduge dpmags tocthe Aath storagm Bsdiymapad-shsamal sssstregt dgte reqorledqgat a

st or age ail;l%daguxg@p%@%ieaput so that no data is witten in the damaged
portion; witing data to and reading data fromthe | oad/unl oad zone of the
data storage areas; and specifying that the | oad/unl oad zone of the data

storage ajea i’ﬁleﬁnétﬁ&it of lwljtr&lgle&n{pﬂsig%( €N§irtél€erirfﬁﬁgdat? whid'&atiRLd,0f claim

1, further conprising I nplenenting a par sector In the data storage area
to i nprovie theelvad/enlgadofone tycafitma thahthe date Wren imthe deadhmlaad zerecwasdeditenn t he
| oad/ unl o&%egtﬁpe. 10. The method of claim1, further conprising witing a
first track T the | oad/unload zone at an interface between the | oad/unl oad
zone and a renai nder of the data storage area. 11. The method of claiml,

further conpri.sin i tdng a firs rack in the | oad/ unl.oac adj acent
to a boungary 0 rﬁ%}\é\&# %flac [l?nll’(glé@wg(c)%lné&fs hatP' s ' Epalce OgﬁJéterP (%fo (rhiz)ﬁﬁgs lr%emai nder
of the load/unload zone and increasing a length of the error-correction-code bytes to improve

recovery of any data that is lost after being recorded in the load/unload zone.

6. The method of claim 1, further comprising rounding corners of the slider, the corners
being located at intersections between the leading and trailing edges and the inner and outer

radial edges to decrease contact stress between the slider and the data storage medium.

7. The method of claim 1, further comprising providing the data storage area with a
thermally conductive underlayer to reduce thermal erasure of data recorded in the data

storage area when contact between the slider and the data storage medium occurs.

8. A method of increasing a data storage capacity of a data storage medium, comprising:

providing a data storage device with a rotatable data storage medium having a
recordable data storage area and a load/unload zone that comprises a portion of the data
storage area, and a slider having a head for reading data from and writing data to the data
storage area;

orienting the slider relative to the data storage medium so that the slider has a positive
pitch static attitude defined by a trailing edge of the slider being closer to the data storage
medium than a leading edge of the slider, such that the trailing edge approaches the data
storage medium before the leading edge, and thereby reduces contact between the leading

edge and the data storage medium;
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the data storage area. 12. The nethod of claim11, further conprisin
orienting the slider relative to the data storage nediunlsolﬁﬁéwfbaeoélider
has an approxi mately zero skew angl e defined by an angle between a
centerline of the slider and a tangent that is perpendicular to a radius of
the data storage nmedium such that a size of the | oad/unload zone required
by the data storage device is reduced. -20 15 March 2006 13. A nethod of

i ncreasing a data storage capacity of a disk, conprising: providing a hard
disk drive with ar

ot at abl e, di sk havi a recordabl e data storage area and
T sadl unt onrovital S anhRar e RS Y hfteRoh TRl <ten i SHRTRGRE on and

slider hagontagt Rtwdie @@ sliadr an€adidag sidedganfedi@ny, and witing data to the data
storage area; grlenti&gﬁ%he sl.i der. relaékve to thg di sk so that the slider

has a positi vE&Iysineaoad ylqery obihe shidsy o radier Aaprasyo thedptaisiorags msdy@ B¢ ¢ he

slider bejhBhat basiRé of @atd RBordedkn tHaAAtadtdr8RGhdAUINE d@Ct00n indph@ betwedRthe SUCh
that the traili ng edge approaches the di sk before _the |eading edge, and
a

t hereby Hidauawsthe dafa storase Imedipnpitheciond ¥elocityeingdstingeby 2 &ats Algvigytieand t he

di sk; proyidei Hsked tdwAPPihE Hath §era@mkMigms! | der adj acent to the trailing edge
for reducing a probability of direct contact between the slider and the

di sk; reduci myrfarmiagdoadéingnaftaycles vwithethg|slidusron gher dati sterage presipbiduring of

damage to i : g f t. ! due to
an i rrpactm%ﬁeh?mv\gléﬁgtoﬁgﬁesF%tag{&%lﬁggflﬁi%f?s} ,anydt rgol&gg@é\?g Sgﬁﬁing%%j%%%defi ned
by a rat esterageréacte reevesibneofanalifiepvsesertondirecdatasordgesdeea pish tlat. it danagedl/ unl oad

cycles w d{nﬂ Stodge Wda RBurk B@r.ir% (il e J}an{ﬁﬁﬁ%ﬂﬁ% Lhéénnagdz%%teﬁ‘ ortifRbf di sk
drive prior 0 any servo witing operations int ata storage area to
renove athedatastbiagé arsa smeppewt ouit sp thitaodiataas wtittendg ¢healamagslyoitianhat , i f damage
to the data S%vg{igggatéa%%gd reading data from the load/unload zone of the data storage areas; and

specifying that the load/unload zone of the data storage area is a last area written to by

the head.

9. The method of claim 1, further comprising implementing a parity sector in the data
storage area to improve recovery of any data that is lost after being recorded in the

load/unload zone.

10.  The method of claim 1, further comprising writing a first track in the load/unload

zone at an interface between the load/unload zone and a remainder of the data storage area.

11.  The method of claim 1, further comprising writing a first track in the load/unload
zone adjacent to a boundary of the load/unload zone that is spaced apart from a remainder of

the data storage area.

12. The method of claim 1, further comprising orienting the slider relative to the data

storage medium so that the slider has an approximately zero skew angle defined by an angle
between a centerline of the slider and a tangent that is perpendicular to a radius of the data
storage medium, such that a size of the load/unload zone required by the data storage device

is reduced.
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occurs during this phase of manufacturing, then a damaged portion of the
data storage area is mapped out so that no data is witten il M#ehd8¥mged
portion; orienting the slider relative to the disk so that the slider has a
biased roll static attitude defined by a outer radial edge of the slider
being closer to the disk than a inner radial edge of the slider, such that
the outer radial edge approaches the disk before the inner radial edge, and
t her eby reduces contact between the inner radial edge and the disk; reducing
a rotational speed of the disk when the slider is |oaded and unl oaded with

respect tb-t hedicthed P Incratipge? drittitrass BPacHy ot 4Rk SHEPHYRE mal erasure of data

recorded in thevididgh Raflt dskodtfeWiBa rovdidbleedideRay fngi aGcdiddble BREflo@d ded S
witten in the | oad/unload zone to confirmthat the data witten in the

| oad/ unl oid 22epdainioad zope thatepmeries aeeign offhe datdrtalgse b AN BFHdE P T ode
bytes in ﬁeg@fdr%gfngghﬁgx@n?&ﬁ‘%vrﬁiﬂg dhtR &0 BE 8N Bordgd #BPLh  of the

error-correction-code bytes to inprove recovery of any data that is |ost
after being riesiénedihg slifiertmgativeotedthariika thafrtbe shidp hap jat osigivel ateh staticand
readi ng . > ] . 2 15
Var ch 3008 4 e B R e g A A R A a88 o o e
of the slthelelider, st tha dherfeaikngadige appranches ¢he disk befrrethe deadingredsey endiberabit he

| eadi ng, AL Bhobdbl L IBGRAA R ol BRI RO AYTg 2l 2l edges o decr ease

a probabili _ Ct stress between er and the disk. 15. The
met hod of cl girenidi8g a fandinp ead eothpslidet atyacpntde theitnading ledgedat mdwtingaage area with

e RSy ARISELRY B R Probeb Ly of therml
slider and t heduingla loatwisity of the slider to reduce a probability of damage to the disk and

thermal erasure of data recorded on the disk due to an impact between the slider and the disk,
the load velocity being defined by a rate at which the slider moves toward the disk;

performing load/unload cycles with the slider on the disk during manufacturing of the
hard disk drive prior to any servo writing operations in the data storage area to remove
abnormalities present in the data storage area such that, if damage to the data storage area
occurs during this phase of manufacturing, then a damaged portion of the data storage area is
mapped out so that no data is written in the damaged portion;

orienting the slider relative to the disk so that the slider has a biased roll static attitude
defined by a outer radial edge of the slider being closer to the disk than a inner radial edge of
the slider, such that the outer radial edge approaches the disk before the inner radial edge, and
thereby reduces contact between the inner radial edge and the disk;

reducing a rotational speed of the disk when the slider is loaded and unloaded with
respect to the disk to reduce damage to the disk and thermal erasure of data recorded in the
data storage area;

write-verifying data when data is written in the load/unload zone to confirm that the
data written in the load/unload zone was written correctly;

providing error-correction-code bytes in the load/unload zone and increasing a length
of the error-correction-code bytes to improve recovery of any data that is lost after being
recorded in the load/unload zone; and

writing data to and reading data from the load/unload zone of the data storage area.

-21-



16. The method of claim13, further conprising specifying that the

| oad/ unl oad zone of the data storage area is a |last area wildt\d#ck@ody the
head. 17. The nmethod of claim 13, further conprising inplenenting a parity
sector in the data storage area to inprove a probability of recovery of any
data that is lost after being recorded in the |oad/unload zone. 18. The

nmet hod of claim 13, further conprising witing a first track in the

| oad/ unl oad zone adjacent to at an interface between the |oad/ unl oad zone

and a rennj nder, of st or ge area., 19. The nethod_of claim 13,
further chhp r.@en@et&ﬁf togr? .y g caERTiing roRaE £as Bade J6fe j acent

to a radi @blmee@mueg,r lokdted af inteRRctionaBbturbar 1240 and Qrail Hgeedg®y 4HAKhOfTnnet ai m 13,
further conprising orienting the slider relative to the disk so that the

slider haddeytes %ﬁfigﬁéﬁ@ﬂw?@? 8 Pé‘!?éwl‘é(rﬂjlCé“%fsfrﬁ%d’ewe&FPeasrll'ﬂFrea“Sé'[‘%een a
centerlinggof the slider and a tangent that is perpendicular to a radius of
the di sk, such that a size of the | oad/unl oad zone required by the hard
disk drive is reduced. 21. The nethod of claim?7, wherein the thernally

conduct i Vﬁ. undgyel rﬁ?&ﬁ&d bfSclgnS i, GO SHPNIARSEvidiag theTH'zﬁa 0Bt EQQreQ withl £1 M 15,
wherein the thermally conductive under ayer is a silicon ubstrate. -22
thermally conductive underlayer to reduce a probability of thermal erasure of data recorded

in the data storage area when contact between the slider and the disk occurs.

16. The method of claim 13, further comprising specifying that the load/unload zone of

the data storage area is a last area written to by the head.

17. The method of claim 13, further comprising implementing a parity sector in the data
storage area to improve a probability of recovery of any data that is lost after being recorded

in the load/unload zone.

18. The method of claim 13, further comprising writing a first track in the load/unload
zone adjacent to at an interface between the load/unload zone and a remainder of the data

storage area.

19.  The method of claim 13, further comprising writing a first track in the load/unload

zone adjacent to a radial centerline of the load/unload zone.

20. The method of claim 13, further comprising orienting the slider relative to the disk so
that the slider has an approximately zero skew angle defined by an angle between a
centerline of the slider and a tangent that is perpendicular to a radius of the disk, such that a

size of the load/unload zone required by the hard disk drive is reduced.

21. The method of claim 7, wherein the thermally conductive underlayer is a silicon

substrate.

22. The method of claim 15, wherein the thermally conductive underlayer is a silicon

substrate.
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