1 A SWEEPER BURNI SH HEAD ARRANGEMENT AND METHOD FOR
BURNI SHI NG A SURFACE OF A DI SC FIELD OF THE | NVENTI ON
[001] The present invention relates to disc drive
systens, and nore particularly, to nmethod and
apparatus for burnishing asperities or surface
irregularities fromthe surdface of a disc. BACKGROUND
OF THE I NVENTI ON [002] In data processing systens,
magnetic disc drives are often used as storage
devices. In such devices, read/wite heads |ocated on
a slider (or an air bearing) are used to wite data
on or reach SWEEPEROBURNISH|READIABRANGEMEBYNTIi sc. The
head is | NI MEPHODEFORIBUYRNISHINGIarSURPACE sc and
i sol ated therefrom by aggrhnida! mof air. The
thickness of the thin filmof air depends on the
disc's rotational speed and the shape of the air
bearin Eq surface. During drive operations, the fly

FIELD@F JME BYVENd1@¥ad conti nuously changes as the head
pitches and rolls with the varying topography of the
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the varying topography of the disc. If the quality of the disc or the read/write head is poor,

occasional rubbing or sharp contact may occur between the disc and the head. Such contact

may damage the head or the disc, which can cause a loss of valuable data.

[003] To efficiently accommodate changes in disc data storage characteristics (i.e., ever-
narrowing recording track widths and increases in linear magnetic recording density), the
head fly height (or slider clearance) is progressively being decreased. These decreases in fly
height can cause the contact frequency between disc and head to increase. To prevent
damage to either the disc or head for such low slider clearance, it has been recognized that

the surface of the disc should be very flat and free of bumps.

[004] As the head/disc interface of the magnetic hard drive approaches the near-contact

region, the number of the thermal asperities (TA’s) detected by the magnetic heads is




region, the nunber of the thermal asperities (TA'S)

detected by the nmagnetic heads is 2 quickly rising to

an unnmanageabl e | evel. These thermal asperities not

only render recording tracks unusable for data

recordi ng, but al so degrade the magneti c heads and
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enough to poten trlke a flying read/wite head
and cause data errors or head crashes. The glide head
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large variances in fly height. Variations in the burnish step can ultimately lead to a decrease
in data yield efficiency. However, a burnish head that includes a complex AAB surface and

an inefficient configuration of burnish pads can also lead to yield loss.

[008] Because of the tight fly control required for the glide process in the flight variation
typical of the burnish head air bearing surface, the traditional burnish head is not suitable to
be also used as a glide head. Thus, the glide/burnish process has relied on a lengthy two
head process. Each switch between the glide and burnish steps requires use of a separate
head.



typi cal of the burnish head air bearing surface, the
traditional burnish head is not suitable to be also
used as a glide head. Thus, the glide/burnish process
has relied on a lengthy two head process. Each switch
bet ween the glide and burnish steps requires use of a
separate head. 3 [009] TBe objective of the
burnishing is to renove the | oose and soft particles
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increasing the likelihood of particle embedding.

[012] Figure 1 depicts a conventional arrangement 10 in which a disc 12 is mounted on a
disc rotational mechanism. The disc 12 is rotated in the rotational direction indicated by

arrow 32,

[013] During burnishing operations, an arm 14 is moved with a seeking velocity, indicated
by arrow 26. The arm 14 is translated at the seeking velocity by a translation mechanism

(not shown in Figure 1). The arm 14 has a first end 16 and a second end 18. At the second

end 18 a burnishing head 20 is mounted and has a gradual ABS surface (not shown).




i ncreasing the likelihood of particle enbedding. [012]
Figure 1 depicts a conventional arrangenent 10 in
which a disc 12 is nounted on a disc rotationa
mechanism The disc 12 is rotated in the rotationa
direction indicated by arrow 32. [013] During

burni shing operations, an a4m 14 is noved with a
seeking velocity, indicated by arrow 26. The arm 14
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SUMMARY OF THE INVENTION

[016] There is a need for an improved burnishing arrangement increasingly required by
ultra-smooth and ultra-thin overcoat magnetic media, achieving a more complete wiping of
loose particles and surface contamination, more aggressive wedge cutting of asperities and
surface conditioning and more efficient particle deflection. Further, there is a need for
improved burnishing heads that attack defects and scrub and stir up surface contamination
and loose particles on the surface, while providing an effective compression of the incoming

air and creating a stable air bearing and consistent finishing wipe during a head seeking

operation between the disc inner diameter and the disc outer diameter.




Wi pi ng action so that |oose particles and surface
contam nation can easily escape the burnishing rails,
especially in cases of disc rotation and head sweep.
This poses a limtation to production tests that is
proportional to rotation speed and seeking rate.
SUMVARY OF THE | NVENTI ON [ 036] There is a need for an
i mproved burni shing arrangenent increasingly required
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[020] The foregoing and other features, aspects and advantages of the present invention

will become more apparent from the following detailed description when taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[021] Figure 1 is a schematic top view of a burnishing arrangement constructed in

accordance with conventional designs.

[022] Figure 2A depicts a bottom view of a burnishing head employed in the burnishing

arrangement of Figure 1.



mechani smthat rotates a disc and neans for burnishing

the disc. [019] The earlier stated needs are net by a

still further enbodi ment of the present invention

whi ch provides a disc burnish head conprising a slider

having a bottom surface, a |eading edge and a

trailing edge. Side rails p6oject fromthe bottom

surface and extend substantially in parallel along
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burhi sh pads project fromthe bottomsurface and form
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substantially across the trailing edge. [020] The
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DESCRI PT) ON OF THE, DRAW NGS [021] Figure 1.js.a .
[025] < Epmatt 0%7(35 ngrhegd Hisplauen M@?%Aﬁrﬂiﬁﬁsmm features in
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] Figure 2A depicts a bottom view of a burnishing
head enpl oyed in the burnishin arrangenent of Figure
a
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[029] Figure 8 is a bottom view of a burnishing head formed in accordance with other

embodiments of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[030] The present invention addresses problems related to the burnishing of discs
employed in disc storage, including those of removing particles, asperities, cutting defects
and asperities and conditioning the media surfaces with reduced particle embedding. This is
achieved, at least in part, by arrangéments and methods of the present invention which
provide for the sweeping of the burnishing head across the disc at a skewed angle. A
skewing of the arm to which the burnishing head is attached causes the burnishing head to
be skewed relative to a disc diameter perpendicular to the sweeping direction. This achieves
a more complete wiping of loose particles and surface contamination, a more aggressive
wedge cutting of asperities and surface conditioning, as well as more efficient particle

deflection than conventional non-skewed head burnish arrangements. Employing a




[027] Figure 6 is a perspective view of a burnishing
head i n accordance with enbodi nents of the present
invention. [028] Figure 7 is a bottomview of the
bur ni shing head of Figure 6. [029] Figure 8 is a
bottom vi ew of a burnishing head forned in accordance
with other enbodinents of The present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 030] The
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{033] The burnishing head 50 has a pair of side rails 52 (seen in more detail in later
figures) and a central longitudinal axis 60. Inthe embodiment of Figure 3, the central

longitudinal axis 60 of the burnishing head 50 is aligned with the arm axis 58.

[034] In contrast to the non-skewed arrangement of Figure 1, the skewed arrangement of
Figure 3 in accordance with embodiments of the present invention exhibits a skewing of the
burnishing head axis 60 with respect to the diameter 54 of the disc 12, this diameter 54
being perpendicular to the sweeping direction 56. The skewing angle a is between about 5°

to about 30° in certain embodiments, between about 10° to about 25° in certain other

embodiments and is between about 15° to about 20° in especially preferred embodiments.




[032] An arm 44 has a first end 46 and a second end 48
on which a burnishing head 50 is attached. In a
bur ni shing operation, the arm44 is translated in a
sweeping direction 56, as indicated by the arrow. The
rotational direction of the disc 12 is referenced by
arrow 32. A translation nekhani sm 64 is indicated
schematically and serves to translate the arm44 in
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Figure 3 is the deflection action created by the skewed slider/rails. Deflection action
prevents loose particles from being embedded into the disc surface, such as shown in prior
art Figures 2b and 2c. Instead, refer to Figure 4, which depicts in isolation a burnishing
head constructed in accordance with embodiments of the present invention and presented at
a skewed angle. The particle 30 deflects off the skewed rails 52. The axes 62 of the rails
are skewed at the skewing angle a (e.g. about 15° to about 20%) with respect to the diameter

54 that is perpendicular to the sweeping direction 56.

[039] Figure 5 shows another embodiment of the present invention in which the arm axis

58 and the burnishing head axis 60 are not aligned. In this exemplary embodiment, the arm



performance and ABS desi gn/ HGA processes. In such
enbodi nents, an in-situ adjustnment in the skew angle
may be nmade to change the angle at the first end 46 of
the arm 44. [036] The skewed head burni shing of the
present invention is considered to create a nore

conpl ete w ping action that9 catches | oose particles
and surface contam nations, enploying the skewed air

axis 5B @ﬁ;ﬁdrilﬂal 3 thididnieter S dnd is &rF&dxmmwcé SRping tieclich 56. The
ping_action renoves the |oose, parti cé@ and surfac
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. The,slider/r ed es ther |Is 52 for ctive
mmnt%%ﬁ%wwﬁén@gg? R diamgrer 3¢ M@Pﬁﬂ?&fﬂ[ﬂm g Weeping
directiotiisgher enhanced due to the lower fly height that is
achi eved because of the skewing of the air bearing.
There is a less efficient conpression of incomng air,
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a burnishing head constructed in accordance with
[041] e Abrogitree of diffefent Hesignsdoethe burnishing lead amay tm&!sldny@dimhout

The rticle 30 deflegts off the
depareEHiH T, fPGe S5t BiesBRlrksHiSn offopRyer Efepee? 628 Betc e
embodiinehB3®f % Hamifiin@Rdideha fnd. f@rticake uhh@/dnttﬁb p«bgw ird@ntion for
with respect to the diameter 54 that is perpendicul ar

burnishiigs he sweeping direction 56. [039] Figure 5 shows
anot her enbodi nent of the present invention in which
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Figureak depi&is thesemimdahémlof Fogurd @ irda hotesre sctgmagin dlelve The burnishing
head 30 Has Q%ioﬁgrlnas{xrfgc% "}Ohﬁ?om \Aﬁﬁ& e A‘ﬂ&r dt cu?tmg and congmomng features
project. Extended side rails 52 extend along substantially the entire length of the burnishing
head 50a. The side rails 52 have central longitudinal axes 62, as discussed earlier. The

extended side rails 52 provide edge wiping for a consistent finish-cleaning.

. [043) The extended side rails 52 are connected by a front wall 80 located at a leading edge
72 of the burnishing head 50a. The trailing edge 74 of the burnishing head 50a is open. The
front wall 80 serves to block particles from entering the slider/burnishing head 50a. The

front wall 80 interacts with passing defects prior to their reaching the matrix 76 of discrete

pads 78. Because of this, the burnishing head embodiment 50A results in a slight decrease




burni shing head axis 60, however, is set by the head
gi nbal assenbly at the angle a (the skew angle) wth
respect to the dianeter 54 that is perpendicular to
the sweeping direction 56. As the arm44 is
translated in the sweeping direction 56, the
burni shing head axis 60 mfintains its skewed angl e
relative to the diameter 54 that is perpendicular to
in burh{3Bing \WBEiebdieknesl dsQBiipaitd 36 the[ddlinidie of Fiamre Sitwliclowill be
mechanism 66 controls the speed of rotation on the
describ¢dlaternhi ch  may have an effect on the burnishing with
the skewed angl e arrangenment of the present
eadin
o441 ARG R 80, SRR BB el MBI loading
edge ’HQSGDeflqnﬂonhme nigated by angled waljs 84 m deflectpartigesaway fom the
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embecpieégngmclﬂsn Fartherodue tawtae @npmg:p@@ké@y@htgm@gﬂegtsme ralls 52, there
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[042] Figure 6 depicts a perspective view of a first
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roj ect rails 52 extend al ong
substantially the entire I ength of the burnishing
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connected by a front wall
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articles fromentering t
burnisHinglpads 78 riviesthy wgh Iﬂmﬂm&ﬂm anfidefects; o m:ry\mtesa@e burnishing is
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embodiment of Figure 6 and 7. Further, the embodiment 50b includes side rails 52 that have
a thicker portion 92 towards the leading edge and a thinner portion 94 towards the trailing

edge when seen in bottom view, such as in Figure 8.

[047] Each of the burnishing heads 50a and 50b include extended continuous side rails and
distributed burnishing pads 78. The burnishing pads 78 attack the defects and scrub and stir
up surface contamination and loose particles on the surface of the disc 12. The side rails 52

provide an effective compression of the incoming air and create a stable air bearing and

consistent finishing wipe during head seeking between the disc inner diameter and outer




pads 78. Because of this, the burnishing head

enbodi nent 50A results in a slight decrease 10 in

bur ni shi ng aggressi veness as conpared to the

enbodi nent of Figure 8, which will be described
later. [044] In addition to the front wall 80, steps
82 are provided at the comdids of the |eading edge 72.
Defl ections are created by angled walls 84 to defl ect

diamdit! 1A edreBteAVEiishing Wipd1& thderid o fbuntighihg fccriifzal in@redustion
t he advant ages, prOV|ded by .t he res%yé | nveption is

where there|eaigts sybgipatisl waltw,tloafﬂ%ﬂtSPw@ste?tF 4§ N6t he
burni sh pad and side rails, leading to a reduction in
e 1, it is to be
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clearly hnddritood that thefsame mjmbvag eﬁllpstratnoolaeé exgropls pnlyrand is not to be
ert ai he i nvent i t he de
taken B g of T BROpTEE schph 06 I pasRtiRverg o s e L b e
termsiof tiRSIppERIRAINAME, 4mM and about 6m Such depth has an
effect on the flying characteristics of the
bur ni shi ng pad, such as the suction force. [046]
Fi gure 8 depicts another enbodi nent of the burnishing
head 50b in which a front wall 80 is not provided.
I nstead, a | eading edge opening 90 is created between
the extended side rails 52. An advantage of the open
| eadi ng edge is a direct asperity cutting and
conditioning by the matrix 76 of burnishing pads 78.
Particles and defects are allowed to enter a
bur ni shing head freely. Hence, because of the direct
interaction of the matrix of burnishing pads 78
directly with the particles and defects, a very
aggressive burnishing is acconplished. The extended
side rails 52 act to provide a conplete w ping action
as in the enbodinment of Figure 6 and 7. Further, the
enmbodi nent 50b includes side rails 52 that have a
t hi cker portion 92 towards the | eadi ng edge and a
t hi nner portion 94 towards the trailing edge when
seen in bottomview, such as in Figure 8. [047] Each
of the burnishing heads 50a and 50b i ncl ude extended
conti nuous side rails and




di stri buted burnishing pads 78. The burni shing pads 78
attack the defects and scrub and stir up surface
contanmi nation and | oose particles on the surface of
the disc 12. The side rails 52 provide an effective
conpression of the inconin% air and create a stable
air bearing and consistenti2fini shing wi pe during head
seeki ng between the disc inner dianeter and outer 11
What @i Glaimhezt Is: A consi stent finishing wipe at the end of
burnishing is critical in production where there
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' been dﬁﬁgﬁd g daBdand | ustrated in deta|I it is to be
clearly understood that the sanme is by
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by way of limtation, the scope of the present
i nvention being Iim'ted only by the terns of the

appenddtie edettiodof cldm 1\Wdereirsthelbainisting Bead is atfached twomh arm
of burni shi ng a syrface of ~a di Sét conpri si.,n

having g centyah dongiudignlseds, SiecpraRedg qa*urlmswmﬁg Hizggtion and being
I The
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attached to an arm having a central | ongitudinal
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rectanB 8P a4 RhtrAlQohAdfRiIdRNE £AL BBgféd AR theArm 3xisThe net hod

of claim2, wherein the burnishing head is

subst antially rect angul ar and has a central

9 ngi t "f’g{: ﬂl%iho%x 'Dsgla‘ff'm %greir{ %IQ b&&?sh%%nﬂle%ﬁ hﬁs ragl V\;I;B] edges

met hod urni

extendifig hlongvah bxie paaiel texhcemh #ds.al ong an axis parall eI to
the armaxis. 5. The nethod of claim4, wherein the

armaxis is skewed fromthe disc
5. The method of claim 4, wherein the arm axis is skewed from the disc

diameter by an angle of between about 5° to about 30°.

6. The method of claim 4, wherein the arm axis is skewed from the disc

diameter by an angle of between about 10° to about 25°.

7. The method of claim 4, wherein the arm axis is skewed from the disc

diameter by an angle of between about 15° to about 20°.

8. The method of claim 7, wherein the rail axis is skewed relative to the arm

axis.

9, The method of claim 1, wherein the burnishing head is attached to an arm

having a central longitudinal axis, the arm being translated in a sweeping direction that is




di aneter by an angle of between about 5 to about 30.
6. The nethod of claim4, wherein the armaxis is
skewed fromthe disc dianeter by an angle of between
about 10 to about 25. 7. The nethod of claim 4,
wherein the armaxis is skewed fromthe disc dianeter
by an angle of between abold 15 to about 20. 8. The
nmet hod of claim7, wherein the rail axis is skewed
perpez\[lﬁd:lﬁir! tva dﬁs& dghﬁet_alf, ?e lﬂxilzishing heafﬂ‘l&iﬁ@idb@tdnd tidllyaicatangular with
) erein_ the burnishin ead |s. attache 0 an arm
rails hawpg i‘@g&“é@ﬂlt P thﬂbﬁfﬁ%k%fﬂr&iaﬂai it%a‘e{bllﬁﬁ digniige ng
translated in a sweeping direction that is 13

perpendi cular to a disc dianmeter, the burnishing head
b#d.ng Thbmethodioficlajm O whensinthe bumishing head irajl anesargyskewed

from th? gﬁé?g]%{e?%&y%%%gﬁgﬁ%@&%? %Eﬁ?‘ﬁl%?n t‘gg‘}% gﬁy‘g tnOt thge di sc

burni shing head rail axes are skewed fromthe disc
di ameter by an angl e of between about 5 to about 30.

111. ThEhermethed oftlaim &, wherein jhe bumnishingchasd rail ayes 3t tkewed

i S, ar f [ [ oer by an
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of claim9, wherein the burnishing head is adjustably

nte on the arm and furt{her conprisin diystin

TR ihe Moot Sl 5 @%F‘Fr@ the Burnishine head i odlisahly pidinted

Cat . _ L h ‘&s
onthEre é%klﬁive tolat%&r@&g?l& @I g‘r}gfﬂl g?#@%lé.;f%l’ﬂe rretﬁﬁlgg@ g‘% m?I.aism
relative 1o tHearinheeis toskpw ithes gmisking heatyail hzedietativato the dissalipmeter.

about 500 ips to about 1500 ips during the sweeping.

14. The nmethod of claim 13, wherein the disc is

r p3.at etthainefda of cfhifd 11 RSthetddniisig¥otabing it disk at Betwen

di sc burni shing arrangenment, conprising:
about 500 ips to about 1500 ips during the sweeping.

14.  The method of claim 13, wherein the disc is rotated at about 1100 ips during

the sweeping.

15. A disc burnishing arrangement, comprising:
disc rotation mechanism that rotates a disc having a surface to be burnished;
an arm mounted to a translation mechanism that translates the arm in a
direction perpendicular to a disc diameter; and
a burnishing head attached to the arm and having a central longitudinal axis
and rails with longitudinal axes, wherein the rail axes are skewed relative to the disc

diameter when the arm is translated.

16.  The arrangement of claim 15, wherein the rail axes are skewed at an angle of

between about 15° to about 20°.



di sc rotation nmechanismthat rotates a disc having a
surface to be burnished; an armnounted to a
transl ati on nechanismthat translates the armin a
direction perpendicular to a disc dianeter; and a
burni shing head attached to the arm and having a
central |ongitudinal axis 14nd rails with | ongi t udi nal
axes, wherein the rail axes are skewed relative to the
dizc Thameangemeiterf cldim 16 whersin thaash beee centg! lopgiudinal axis
arrangenent of. clai.m 15, wherei.n the_ raijl e .
and thE piRiRbiR he) Sxisnd e gatace sy dp Phalst gAp ek gis. the
arm axié beind skeltd a bh angle BEBétweén soat 13°46 abydted0e kdlativeao atiedisc
~ has a central |ongitudinal axis and the burnishing
diametggad axis and the rail axes are aligned in parall el
Wth the armaxis, the armaxis being skewed at an
angl e of between about 15 to about 20 relative to the
digc Thasreipemedtof cHim 6, whegimthatrmhach eéntral Bngitudinal axis
wherein the armhas a gentral |ongitudinal axi,s and
and the hurmisiying head ﬁé‘si‘\‘@g&‘eﬁ‘ﬁ @ ie pleeavedayifh cespeot i 1Be awa awy
with respect to the armaxis. 19. The arrangenent of
claim 15, further conprising an adjustable nount at
oh® efbc arartghment ofi laimwtfi, flrtheheorhprising an adjusielle mognt at one

t d I Yy adj pst abl h_t hat, .
end offfit A fy o BPursbuhe R R ofhnftc g Bub Pl adilifatfe gych tha
the busfisiafld heddaRisoand et Rilxedare QRO atlaf adfus@bRraigRsvish redfect to
A di sc burnishing arrangenent, conprising: a disc

the arm@kit i on nmechani smthat rotates a disc; and means for
bur ni shing the disc. 21. A disc burnishing head
conprising: a slider having a bottom surface, a
| 2adi ng distouraisking afravdenicng con@eising:

a disc rotation mechanism that rotates a disc; and

means for burnishing the disc.

21. A disc burnishing head comprising:
| a slider having a bottom surface, a leading edge and a trailing edge;
continuous side rails projecting from the bottom surface and extending
substantially in parallel along two sides of the slider; and
a plurality of discrete disc burnish pads projecting from the bottom surface
and formed in 2 matrix pattern between the side rails and extending substantially across the

traveling edge.

22.  The head of claim 21, further comprising a front wall projecting from the

bottom surface and extending between and connected to the side rails.




continuous side rails projecting fromthe bottom

surface and extending substantially in parallel along

two sides of the slider; and a plurality of discrete

di sc burnish pads projecting fromthe bottom surface

and fornmed in a matrix pattern between the side rails

and extendi ng substantially5across the traveling

edge. 22. The head of claim 21, further conprising a

f 2ant What hegdrod] cmmlngﬁirﬁmmddmsmg)mgsnnﬂmﬂrwewm corners of

te%ﬂ@ng bet ween and connected to the side rails. 15
the le “head of claim22, further conprising steps in
the front wall at comers of the |eading edge. 24 The
head of claim 22, further conprising steps in th
f2ént Whe heagfoficheiml 23afirthgr coaprisinggepsTin shenfow Véﬁfll ofjthe lpading
23, wherein the steps are angled outwardly between the
| eadi ng edge and the sides of the slider to forma
defl ection surface. 26. The head of claim 21, further
conpr|3|ng an open | eadi ng edge between the
?

~ rad s, Thnbeadof davm %whpts@uptat:ﬁ’épﬁarmaélsleéwmélyci’cfween the
7. The head
leading dRg; B 0 ctdés GRS Aag e AMIRRGP Bl T ep at &
Ieading edge end of the side rails. 28. The head of
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side rzfxfs%&@ﬁl fé ﬂﬁ&u@faaﬁeﬂﬁa@é bﬂ@ﬁds sﬁ@staﬂmﬁ{ @S%gs 9k 1&ddfigedge.

wherein the side rail have a bet ween
about 4m and about 6m

edge.

27.  The head of claim 25, further comprising at least one step at a leading edge

end of the side rails.

28.  The head of claim 26, wherein the steps are angled outwardly to form a

deflection surface to deflect particles away from the sides of the slider.

29.  The head of claim 21, wherein the side rails have a depth of between about

4pm and about 6pum.




