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METHOD AND APPARATUS FOR RECOVERI NG LOAD/ UNLOAD ZONE REAL ESTATE ON DATA
.. STORAGE MEDI A | N DATA STORAGE DEVI CES TO | NCREASE A DATA STORAGE CAPACI TY
, THEREOF BACKGROUND OF THE I NVENTION 1. Technical Field [0001] The present

i nvention relates in general

fn a

hard di sk drive and, in particular, to an inproved nethod and

apparatus for recovering previously unutilized |oad/unload zone real

estate on the disks of hard disk drives.
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nore di sks

to inproved utilization of disk storage space

2. Description of the Related Art
nor e
For

and a disk controller to nanage | ocal operations concerning the disks. The

hard di sks thenselves are usually made of alumnumalloy or a m xture of
glass and ceramc, and are covered with a nagnetic coating. Typically, one
to six disks are stackedgXeKGROUNDOF THRINVENTOINd! e that is turned by

a disk drive notor at several thousand revolutions per mnute (rpm. [0003]
A typical HRnaia@Fitid! i zes an actuator assenbly. The actuator noves
magnetic read/wite heads to the desired |ocation on the rotating disk

as to
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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.
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glide over noving air in order to maintain a uniformdi stance fromthe
..surface of the rotating disk, thereby preventing the head from undesirably
contacting the disk. [0004] Typically, a slider is forned with an
aerodynam c pattern of protrusions on its air bearing surface (ABS) that
~enabl es the 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 nounted
on a susgen3|on to forma head gi nbal assenbly (HGA). The HGA is then
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ot or ,eithfed Namvr Bewrisico ¢ e Bivetal bearipgeystmt is  substantial ly proporti onal
to the applied current. The armacceleration is therefore substantially
proportional to the nmagnitude of the current. As the read/wite head
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ensure that no contaminants can enter and adversely affect the reliability of the slider flying over
the disk. When current is fed 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 for
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




of the disk back onto the ranp when the reading and witing operations are
..conplete. As shown in Figure 1, the area of contact on the disk surface is
typically | ocated 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
“wi th the disk can damage the disk, the |oad/unload zone 15 is not used to
store data or for reading and witing operations. Load/unload zone 15
extends inward for a prescribed radial distance Z to an inner radial
position 19, The first Lradlall y outernost) read/wite track 21 is |ocated
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of a spinning disk) continues to decrease. These designs al so have the
advant age of reducing power consunption. 10007] However, as stated
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e overall storage capacity of the drive by 5 to 15%. Thus, an improved method and

system for overcoming these problems to better utilize the L/UL zone is needed.
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(0008) One enbodi nent of a hard diisk drive apparatus and net hod constructed
-.in accordance wth the present invention utilizes hard disks that recover
the historically unused read/ wite space ' or real estate located in the

.l oad/ unl oad zone. Approxi mtely one-half of the |oad/unload zone is
“tecovered and available for reading and witing operations by fornmng a
first (radially outernost) read/wite track beginning i nmedi ately adjacent
to the inner radial edge of the | oad/unload zone and proceeding radially
inward fromthere to the "conventional" |ocation of first tracks in the
prior art. In an alternat SEHHARYOF THEJIRVENTEEANt i nvention, al nost the
entire | oad/unload zone is recovered and available for reading and witing
operations by aligning the first track with the center of the |oad/ unl oad

(L/ UL)[0ee8]e0rnempodiaracdbng haatldiak |dyive rppardni e rhdiR6E castdens ih hesbrdaheve.
Bot h of t hese enbodi nents_nake significant additional surface area on the
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Al ter ﬁs%d/wreyﬁaqkrl@gmwm%@@tplfy adiasepidoghe buss dial gdga efthe leadjunledsbzongny
cont acf, 4t gqﬁgn & nmount, of
damatgfa%{n{i c]:l? &J[:eﬁg&g gﬁﬁgtoﬂﬁ%ﬁsﬁ&nwﬁ?rgﬁ a so&lyng éHlrﬁ(l'-: elr;rlg)éﬁp)o afgﬂ% k) I des m ttlw
sl i derprivoer $n amd]ltmate(dgtbsdmnt béthe pRaesttiavention) Aindst(the entad %mumwihoﬁbr ess
centratlon [ ted to the di,sk surface during contact, is a
n§§ F%?Pé%rek)}\és}d Wildie ansnwgng pRaTtionsIby @lgpwerth% & tragh yidy thedge
roundi ﬁd‘ilﬁ ),bfd;, f | W th
nmec han({agtﬁsmzt er t g’ﬁaqggﬁ“ sughdngs]:9 I?%e%cln %agll Gm%ﬁgig@ggcﬁgg of
oper ataboval Bethadkthesd iemibodimientst makemlgmﬁcant;addmonai surface area on the disk available

where, in the prior art, no data was stored, thereby iricreasing 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 damhge from L/UL. Slider comer 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 preseénce 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,iand thereby improve drive reliability. Yet
another benefit results from rounding, smoothing, ofi chamfering the rough, saw-cut edge of the
slider and removing any poorly-attached particles th::it would otherwise be released into the drive

upon contact.




particles. By reducing the severity of slider-disk inpacts, corner and edge
..tounding can additionally reduce particle generation in the drive, and
thereby inprove drive reliability. Yet another benefit results from
.roundi ng, snoothing, of chanfering the rough, saw cut edge of the slider
‘and renovi ng any poorly-attached particles that would ot herw se be rel eased
into the drive upon contact. -4 [0010] The foregoi ng and ot her objects and
advant ages of the present invention will be apparent to those skilled in
the art, in view of the follow ng detail ed description of the preferred
enbodi mrent of the present invention, taken in conjunction with the appended
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can be understood in nore detail, nore particular description of

i nvent§ieipdypentrofythe presgns wéfantm\t@{emy asajungtiomyvithethe rapperded oclaiis and the
enbodi g éﬁ?{ chis illustrated in the appended draw ngs, which
dramnngs&?% éfpa“pﬂgof 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 |imting of its scope as the invention
may admt to other equally effective enbodi nents: [0012] Figure 1 is a
schematic plan view of a portion of a conventional disk used in a prior art
di sk drive;



[0013] Figure 2 is a schematic plan view of one enbodi nent 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 enbodi nent 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 enbodi nent of the hard disk i drive of Figure 2 and is
constructed in accordance with the present invention; [0016] Figure 5is a
schematic side view diagramof a slider and disk used in the hard disk
drive of Figure 2; [ F BEAGRIPITON QK THEBRAWENGSyi ew di agram of a
slider and disk used in the hard disk drive of Figure 2; [0018] Figure 7
is a schematic plan view of a portion of another configuration used by the
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shown) \é\/g.i ch are cl ors{ej y i}paced apart. Disks 115 are rotated by a spindle
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cont r cldiret tolitkerieguallyseffartivea tmbodimeh@se 113 for sel ectively noving the conb
o'arms 125 relative to disks 115.

[0012] Figure 1 is a schematic plan view of a portion of a conventional disk used in a prior art

disk drive;

[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;

-5-



[0020] In the enbodi nent shown, each arm 125 has extending fromit at |east
..one cantilevered |oad beam or suspension 127. A magnetic read/wite
transducer or head is nmounted on a slider 129 (shown schematically) and
,secured to a flexure that is flexibly nmounted to each suspension 127. The
fead/wite heads magnetically read data fromand/or magnetically wite data
to a data storage area of the disks 115. The level of integration called
the head ginbal assenbly is the head and the slider 129, which are nounted
on suspension 127. The slider 129 is usually bonded to the end of
suspend0b¥ Higure Tripa pehgmatis plappviewof p perieen of ansthes spniisuratinnetsgd byshe kardooo
x 300 tallic terials. The
head a 1&]} &ﬁ&é@ﬁp@{}&% %{Eggﬂgﬁmeﬁﬁ{&&%@ﬁ %gﬁ PO PV REO o ons) and is
pre- Ioaded agai nst the surface of disk 115 (in the range two to ten gramns)
by suspension 127. [0021] Suspensions 127 have a spring-like quality which
bi ases or urges the slider air bearing surface against the disk to enable
the creation of the air bearing fil mbetween the slider and disk surface.
A voice coil 133 housed within a conventional voice coil notor nagnet
assenbly 134 (top pole not shown) is also nounted to arns 125 opposite the
head gi nbal assenblies. Mvenent of the actuator 121 (indicated by arrow
135) by 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 unison with one another, unless drive 111 uses nultiple

i pendent actuators (not shown) wherein the arns can nove i ndependently
o™one anot her. [0022] Drive 111 enploys a | oad/unload (L/UL) design in
which the slider 129 is | oaded down




froma ranp (not shown) onto the spinning disk 115 prior to any data
..feading and witing operations, and unloaded off of the disk back onto the
ranp when the reading and witing operations are conplete. As shown
schematically in Figure 3, the area of contact on the surface of disk 115
*s typically |l ocated adjacent to the outer radial edge 311 of the disk 115
and is known as the "load/unload zone" 315. The | oad/unl oad zone 315
extends radially inward for a prescribed radial distance Z to an inner
radi al position 319. However, the |oad/unload zone 315 also may be | ocated

at a radially i%@ﬁﬁ%ﬁéé%ﬁ?ﬁ@ﬁ%?@;ﬁ%@b EREOSIMENE 17 (Figure

2) of the disk rat her t e outer ra perineter or boundary of

t he di ' . f r i -1 h. Nt
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met hod and apparatus of the present invention, the |oad/unload zone 315 is
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the intertace” such
i’er ¢ of arperi2t oelativf tosdiskddi 5129 is | ocated over the remainder 316, and
amouter radial portion of slider 129 is |ocated over |oad/unload zone
315, as shown, as data is read fromor witten to track 321. O her
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321. n anot her e e present invention (Figure 4), the
first loeddtamior suspenghn 421, A magmetiatreatl/writet transtioad bohéabid mameedidba abijecent

toa bf’iﬂ‘@ﬁ‘&% %%l'?&:n'?gtic}illl"ﬁ z{na%géul{'gé ?oag flexure tﬁailiSls 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




-9 that is radially spaced apart froma renmai nder 416 of the data storage
.area. In the version shown, this is approximtely at the radial center of
t he | oad/ unl oad zone 415, or sli ghtly radially inward of the radi al
.center. The radial center is defined as that portion of disk 115 that is
Pocated about half way between the inner and outer radial boundaries 420,
418 of | oad/unl oad zone 415. Thus, wth respect to track 421, the slider
129 is located entirely or alnost entirely over the |oad/unload zone 415,
as shown, as data is read fromor witten to track 421. Qher read/wite
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acconpl i shnment of the present invention in recovering at |east a portion of

the load/unl gad zone for data read/wite operations. For exanple, at the
compontdf22] Rk 111 paplays adpadfunloat (IgEiLa design in ahichi the stidert 129 igileided dowm t o
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t he slafdbe diskOl15 rather than the outer radial perimeter or boundary of the disk 115. Slnce the
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




adj acent to or at the trailing edge 501. Wth the |anding pad 505 in this
..position, the landing pad 505 reduces the probability of direct contact
between the slider 129 and data storage nmedium 115. If contacts do occur,
.the landing pad 505 tends to nake contact the data storage nedium 115
rather than the slider 129 itself and thereby reduce the probability of
damage to the data storage medium 115. The details of inplenenting this
parameter are disclosed in U S Patent No. 5,796,551 to Sanuel son, which
s inc rporated herejn by reference. -10 0 [00271 One of the file |evel
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medi um 115 while perform ng data operations in the | oad/unload zone is a
manuf acturing bumin cycle. Wth this paraneter, |oad/unload cycles are
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damagdor data meaddetie apemtinge  Borsxapyley ras tlthnampg)n'ehtl Ievel, the slider may be oriented
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/unload zone is providing at least one landing pad 505 (Figure 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.




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. [0029] The
present invention also utilizes a nunber of optional paraneters which can
.significantly affect the performance of read/wite operations in the
t oad/ unl oad zone. For exanple, at the conponent |evel, the slider 129 can
be oriented relative to the data storage nedium 115 so that the slider 129
has a biased roll static attitude. As shown in Figure 6, the biased rol
static attitude is defined by an outer radial edge 601 of the slider 129
being closer to the data storage nediun1115 than an inner radial edge 603

of th 0 cy ter radial
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al (@0 VG é%mﬁﬁ’rtpﬂrat“ﬁjeheﬁ‘%}fl ¥ IClefgEc-718 of the | oad/ unl oad zone 715.
Skewi ng the slider 729 increases the size of the |oad/unload zone because

of the increased radial profile of the slider 729 relative to the nedia
[0028] Another file level parameter that reduces the risk of damage to the data storage medium

115 while performing data operations in the load/unload zone is a manufacturing burn-in cycle.
With this parameter, load/unload cvcles 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/unioad 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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115. Thus, the size of the |oad/unload zone is reduced and the data storage

..area is effectively increased by designing a systemw th approxi mately
zero skew at the | oad/unload zone, as shown by slider 129 in Figure 7.

.[ 00311 Several other optional but significant paraneters at the file |evel
‘of control include reducing a rotational speed of the data storage medi um

115 fromrotational speeds typically used in the prior art when the slider

129 is | oaded and unl oaded with respect to the data storage nedium 115.

Li ke the previous paraneters, I s process reduces, damage to the data
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nappedﬁﬁﬁﬁa%éﬁﬂ%ﬁ'aﬁonﬁé?%g‘il canly re&/VFF@*t en to the same area in the future.

[ 00321 Yet another paranmeter is to provide error-correction-code (ECO
bytes in the | oad/unload zone that are |onger than conventional ECC bytes
t hat oj#@38Kinl ddditionpa shder 720 (dushiedllipespyuiagiebeioniented at & ekl agide V(Figine Thaha
storage area. The | oad/unload zone typically has no ECC bytes since data
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E
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nunberlidf Dinisi dreadizpafl hrEb&t/snlbihtoms i@ rédiced and the data storage area is effectively
increased by designing a system with 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
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difficult to inplenent, but can have a dramatic affect on the perfornmance
..of the data storage device when data is read fromor witten to the
| oad/ unl oad zone. These paraneters include rounding the comers of the
.slider 129 (see Figures 5 and 6). Rounding the corners of the slider
tocated at intersections between the |eading and trailing edges 503, 501,
and the inner and outer radial edges 603, 601, decreases contact stress
between the slider 129 and the data storage nedium 115. Details regarding
this parameter are disclosed in U S. Patent Nos. 6,069,769, and 5,872, 686,
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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 enough 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.




of any data that is |ost after being recorded in the | oad/ unl oad zone. See,
.e.9., US. Patent No. 5,745,453, to I keda, which is incorporated herein by
reference. In |oading and unl oading on data, an error nechanismis
.introduced that is independent of the witing and reading of data. This
‘means there is no correl ation between when the sector was |ast accessed and
when an error may be induced. In such a situation, on track parity by
itself is not reliable. Wth on track parity (or any other type of error
correction), the system has a maxi num capacity to correct merrors. That
means that the error nust be detected prior to exceeding merrors on the
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[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 Vul
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. Inlthis case, the parity sets must be checked before the number of errors on a track is
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I nvol ves 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
iikely to exceed m Any errors found during scrubbing are corrected from
the parity. The downside to data scrubbing is the performance hit: there
is still a problemw th nultiple- revolutions for wites, plus down tine to
do thﬁ E;ubbln The, trick th data scruybbing is when and how often to
do it. kel RAP¥SEES HenAny eporss g alirine e g&@fﬁoqmcwarfmg thepenity. mddie | n
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det ai |j§.R AIM e Mﬁsséldfscﬁﬂa@fng lwgﬁmm&efaﬁn foletAlke” Iftdﬁﬁltme@has an errar
non-traditional® ‘application” For~ exanple, en a pict S ken WI’[]h a

di gi t alan cstileba redolveredr i Howiesers phen datp, mahewot dbatracweretd ghomndf tthe drivé eaower

s sh of f. This I aves no opportunit ackground scrubbing. The only
way tglthﬁéef%‘i?r‘é” ﬂ‘&t fa scruhbing, ea”E’é‘yP%n‘%/tch‘ﬁbf'og it to occur either before

accepting data fromthe canera, or before posting "wite conplete."” Either
way, the delay time is required for performng the scrub. In a nusic
devi cd0038] dn thevmayent chge, tietfteguenny dnd tenimglofiscrubbing dspertdhmn theiapplidation and

p orJni ng t he d bufferin t he,,. vvi.II 'ust i n. up,
P, R o R e BTG BRI e B B R P by g dcrpadifon P
per f orapphésiochh&For Eganhp1s twithea pictuseis Ui\t B%ﬂﬂﬁczﬂbr&' QKe aﬁcéhsssgﬁﬂ bpithg s
needed per incident. 1f any 1/ul event can cause errors, then a scr ub is
neededlatg mmegvzg}t%/thega@e power is shut off. This leaves no opportumty for background

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 l/ul event can cause etrors, 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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The nunber of tracks that need scrubbing depends on determ nation of the
..landing location. The entire zone nmay need to be scrubbed. A "best case"
(no errors found) scrub requires [period*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 heads at 3600 rpm 3.2 seconds are required to
performthe scrub. Although this solution solves the data integrity issue
i f the scrubbing frequency_ is high, the performance cost is very hi h 90
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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.
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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 causes no damage
‘or an acceptably small anmount of damage to the disk. Rounding, which also
is referred to as "blending,"” slider coners and/or edges so that no sharp
“edges are presented to the disk surface during contact, is a denonstrated
way to reduce disk damage fromLIUL. Slider conmer and/or edge roundi ng nay
have the added benefit of reducing disk damage associated with mechani sns
other than L/1JL, such_as reading or witing _ in the presence of

oper at 0843 WaHe dhe inypriiondiasdeem shayyn %dqspnb@sm @)y perae ef iy fams, §éh@llllidtb§¢ of
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Yet anwithwit degireihg fromaiel bdope fof o in@antidhNg, snnothlng, or chanferlng the

rough, saw cut edge of the slider and renoving any poorly- attached

particles that woul d otherwi se be released into the drive upon contact.

[ 00421 Wil e the invention has been shown or described in only sonme of its

forms, it should be apparent to those skilled in the art that it is not so

limted, but is susceptible to various changes w thout departing fromthe

scope of the invention. CLAIMS What is clained is: 1. A nethod of

i ncreasing a data storage capacity of a data storage nedi um conpri sing:

providing a data storage device with a rotatabl e data storage nedi um havi ng

a recordabl e data storage area and a | oad/ unl oad zone that conprises a

portion of the data storage area, and a slider having a head for reading

q!’a fromand witing data to the data storage area; orienting the slider
ative to the data storage nediumso that the slider has a positive

pitch static attitude defined by a trailing edge of the slider being closer

to the data storage
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~medium than a | eading edge of the slider, such that the trailing edge
..approaches the data storage nmedium before the |eading edge, and thereby

reduces contact between the | eading edge and the data storage nmedi um
providing a |l anding pad on the slider adjacent to the trailing edge for
Teducing direct contact between the slider and the data storage nmedi um
reducing a |l oad velocity of the slider to reduce danage to the data storage
medi um and thermal erasure of data recorded on the data storage nmedi um due
to an inpact between the slider and the data storage nedium the |oad
velocity being defined by a rate atpy@fsthe slider noves toward the data
storage nedium perform ng |oad/unload cycles with the slider on the data
storage nedi um during nmanufacturing of the data storage device prior to
any servo witing operations in the data storage area to renove

abnor ngfiti.efiREgRENt in the data storage area such that, if damage to the
data storage area occurs during this phase of manufacturing, then a

damage ori . I S _nappe t ata is
ook o b s of HEeABhEs iRhUAAR .ot ATARRES O heBiint ool SpRE,
conpri si ng mbiidiid Hdath berdeiddeice wathad iotRalile datastdigdedmedionAGR ing B bictiflable

that the slider has a biased roll static attitude defined by a outer radial
edge olata sterage aregaandidiopdupload gone; that gpmprisena ppBioagd thedata sioraserren, iapd er
radi al ' . - r ' e approaches

t he dasfhgglgﬁaov?%ﬁgéeggr?g Pt%g lgg??%&f%g%%%gﬁngiigtlag#h%ddgaé?ggﬁge ?%g’r eby reduces
contact betovianing hite slidee relativk @l thedige aodgt heedilanh a0 sharthg elidee diab @ pBitde The

od of claimJl, furiher conprising reducing a. rotational speed of the
). Y sH‘E?}'aﬁ@“’ ﬁ@&f%#%é{@ﬁ Whe ‘Eﬁlli"&‘nggesOP g"é:dg&ieérhﬁl%n?%%etﬂ t?wt%tar SlOFget t o
the dahadighAhaos IMRgWagt @f 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;

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 agbnormalities 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.
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

-18-
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reduce danage to the data storage nedium and thernmal erasure of data
.recorded in the data storage area. 4. The nethod of claim1, further
conprising wite-verifying data when data is witten in the |oad/unl oad
zone to confirmthat the data witten in the |oad/unload zone was witten
torrectly. 5. The nethod of claim11, further conprising providing
error-correction-code bytes in the 1|oad/unload zone and increasing a

| ength of the error-correction-code bytes to i nprove recovery of any data

that is |lost, after being recorded in the, | oad/unload zone. 6., The, net hod of
cl'ai m e SRR Lr G Falh PAGE ESHNED BIBFe (hna AL SaoRLb iRy

bei Ng k@eRk 8ntadt HetW&nhIBS neNadRetaReNd theddie sdtdpd ndddishrk @l | | ng edges and
the inner and outer radial edges to decrease contact stress between the

slider and the data storage medium O 7. The nethod of claim11, further
conprising -providi na.the data,storage.area wth .hermal |,y ndyctive
cndor 1 Syer s PebaRar e TafFut Sl Gudhk 8 sBlioth FReeths HER Sotfsge
area wWiediuOwhae thdoSlidee a8 144aed shil d@loaapd Wille rddpécd t61RE AR HBALL MAKEH B 8.
The nethod of claim1, further conprising specifying that the |l oad/ unl oad

zone dreduggedangpestosthe datrestaragn medivm) ansh thares) expsurg ef detg tggondpd imdhel datg.
The rre%(&gge f_claiml, further conprising inplenenting a parity sector in
arc-s

t he da 8?'age area to inprove recovery of any data that is |ost after

being recorded in the | oad/unload zone. 10. The nethod of claim11, further
conprising witing . a first track in the | oad/un|l oad zone at an interface
bet weeh t hel heomgihgd o sdpimohefugher eommsisingweie-virifying data when datags waittea.ing 1

TR UPlolChP e o RS uOE AL Bl 1L OR BahiRhd 98 Wb wiften

spaceccoapatiy. from a remai nder of the data

5. The method of claim 1, further comprising 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.

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. The method of claim 1, further comprising specifying that the load/unload zone of the

data storage area is a last area written to by the head.
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storage area. 12. The nethod of claim11, further conprising orienting the
..slider relative to the data storage nediumso that the slider 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 13. A nethod of increasing a data storage
capacity of a disk conprising: providing a hard disk drive with a

r ot at Sk n reco | e data.storage area and a Ioad/unload
zone t at gt‘?“?p ‘gf al&f"f’l ]onﬁc‘j‘ ST HENRIET 22 é@gﬁaﬁau%& @abarity ectog in ds datay i ng
a heagorhgs aﬂega&trﬁgro@atr@cofvé@mf%9 difd thaQ 16@ ket Belh% ?edé?d ﬁt ¢ fAEARIER:
orienting the slider relative to the disk so that the sli as a positive
pitch 2n8tic attitude defined by a trailing edge of the sllder bei ng
closer to the disk than a | eading edge of the slider, such that the
trailing edge approaches the disk before the |eading edge, and thereby

reduce).a Theokaiod iof ¥laith 19mﬁtor§ﬁwwtlhgalma%@g i€ 88 0adrtnlbhe zslﬂéeh
providing a | anding pad on the slider adjacent to the trailing edge for

r educidgnigriags batween the Joasundeadzone anda sermaipdard e datrestetagelareaand t he di sk;
reducing a |l oad velocity of the slider to reduce a probability of damage to
the disk and thermal erasure of data recorded on the disk due to an i npact
bet weell. t heTtsl inethod afdldifel, dusher dohgprisingashritied adirbtytrde®i in ghél &fddnadboddyzomer at e
at which the slider noves foward the di sk; -20 perform ng | oad/ unl oad

cycl edgeent tpRbaundary of the load/upload zemg ﬂﬁblsmmﬁa@@@ ffonya semainder afgheidatrsk
(’ﬂ\;e Rhe k9 any servo witing operations in the data storage area to

r ve abnornalities present in the data storage area such that, if danmage
to the data storage area occurs during this phase of manufacturing, then a

danma orti on t orage area IS nappeq. .
ge& P e me d OP glal furt er co %Jpnsmg orlientmg %Pe sqlder 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

13. A method of increasing a data storage capacity of a disk, comprising:

providing a hard disk drive with a rotatable disk 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 disk so that the slider has a positive pitch static attitude
defined by a trailing edge of the slider being closer to the disk than a leading edge of the slider,
such that the trailing edge approaches the disk before the leading edge, and thereby reduces a
probability of contact between the leading edge and the disk;

providing a landing pad on the slider adjacent to the trailing edge for reducing a
probability of direct contact between the slider and the disk;

reducing a load velocity 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;
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out so that no data is witten in the danmaged 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 |oaded and unl oaded with respect to

the disk to reduce da e to the disk and thernal. erasure of data recorded
in the dataP® ng@a%glé’?éﬁﬂ@%w@rﬂ?ﬁhﬁe erathe dinkugag ananyfaghyringeef the t he

| oad/ upl®aflsiZ ARGe tcl:ﬁdf%f hiyMst gt W‘Piﬁﬁ%%%ﬂiﬁo% Iih LRE dagjersﬁgaéeoﬁn%%l Raghwone

was witten corre y; providing error-correction-co tes 1n the
| oad/ wabinoasklies erezent in tlvr &us stngrge atearsgthnthat, if ddweagerto die data stecige areacmders

bytes to.inproye recovery of. any data th s lost atter being recorde I n
Che T GiRgRS Pt A aiefrng et A drmageh noriion A2uhertpteistoser rird {SBappe
| oad/ ugt 98 that AP Eatdlis Whet! Bl e BhRARADAAGR. 14. The nethod of claim 13,
further conprising rounding corners of the slider, the corners being

| ocat ed at drienting élast $lisles réletiveciorthe ldisk| soathiatnthe shidert hiagid biaspdenddjesatanattitude

i nner d ter _radial .ed t o.decrease a obahi lity. of contagt siress
bet wedTERE DY Aoy ) it ObihelcRadrd g SonE g G o ies fodi) B 1 e
CONr isHiday sREWPYhAithe dubte rd@hPeddeOiRFSachEE etk Rfork HRE MRek YaBigN HYGt a8
under| ayer to reduce a probability of thermal erasure of data recorded in

t he dahereby mduegs contast bitweerciha innst raseal wdgmandibe diskder and the di sk occurs.
L Y L e
head. respkct 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.

14.  The method of claim 13, 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 a probability of contact stress between the slider and the disk.

15.  The method of claim 13, further comprising providing the data storage area with a
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.
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17. The method of claim 13, further conprising inplenmenting a parity sector
..ln 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 nmethod
of claim 13, further conprising witing a first track in the |oad/unl oad
zone adjacent to at an interface between the | oad/unload zone and a

remai nder of the data storage area. 19. The nethod of claim 13, further
conprising witing a first track in the | oad/unl oad zone adjacent to a

radlal cent rlin d/unl oad zqne. .20, The nethod of c
furt her r?th ﬁg Q S@H@eg CPRBHSIAG | implemenfige tahBarHVsSEc@b ne H%ﬁ gattﬂhe

sl i der, 6}% &= RPRASIERIRIALARY Of RESUR By dal Boths oy ARCOLRE 1OBHIRTH &

centerli tha 'S perpen icu
of t hehedlmk/unkadizobdhat a size of the |oad/unload zone required by the hard
di sk drive is reduced. |

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.



