A BURNI SH HEAD FIELD 5 This invention relates to burnishing of a disc, in
particular, to a burnish head for levelling irregularities on a disc
surface. BACKGROUND 10 Digital data is commonly stored in hard disc drives
in concentric circular tracks on a disc surface. Reading and witing of
data are carried out by a read/ wite head. The read/wite head is held
close to the disc surface and nowgeifkmn iagk to track radially with
respect to the disc surface as the disc is spun. The distance separating
the read/wite head and the disc surface is commonly known as flying
hei ght. Curfiamtly, to increase recording density of a disc, individual bit
sizes have to be 15 decreased. This requires operational flying height to
be correspondi ngly decreased, thereby bringing the head closer to the disc
surf aBe- Biis Buehiosrases tIaIbOMﬂ[sim:lth)f'the il b&GcaM bacgnngadsl Lo 1haYe, a certain
snmoot hness _tqQ mnimze i nadvertent contact between the head and any
i rregul arf %ﬁ@§“§ﬁ8ha 4H5SHEerities on the disc surface during nornal
readi ng/witing operations. 20 Burnishing is a process to obtain a certain
| evel of of the disc surface by reducing irregularities on the
di sc surf@ggﬁ&Qﬂﬁéﬁps typically carried out by flying a burnish head at a
predet er m ned burni sh head fIying height over a spinning disc. The burnish
head | yi r than the operational flying height
of a0 eﬁd?‘%‘ﬂ%ﬁ‘gﬁ*e‘if&“m& gL e gl st Speele cnbly s disgirer ne
di sc sur flaedingxtdcwdiing fabawe: dahedlour i Sfeadre@act Hekd/ itng rchﬂé/iwgm he@ﬂ & held closc
mechani ca| e burnish essent t hat t he
bur ni sh ﬁegy ?Sm%meﬁg?mh%mb “%E%%[%Bﬁ*ﬁgfggﬂwmfﬁﬁﬁﬁqﬂﬁﬁ “é“%?ﬁﬁéwc
_dlstancerenmamn Uhemmumma$hah@aﬁcaﬂdMHMdeusmﬂﬁuﬁ&@ﬁe&dyﬁh@gmhh?mem
~ bur ni shi r S s becaus rface S, coate athin
nedi a ovg?g8B %ggﬁ'LUH?H%ngﬁumWHcghdmﬁgymb ﬁﬁiﬁrBVé Yok mfﬂﬁﬁgﬁ AP 8h head
fliek> t ocleotose ithes reduar ednmt‘@uaﬂffm@ he&ﬂh Bk rbsEpheiadty dyphed) 1[1Mcl€}0ﬁpr ise a
[S)la.:jgerar 2%&8 a&, F}\eﬁ)lewdpqéseé t¥) tlﬁjdlgc SUT ace %ﬁ"é?ggtspelgﬂg‘ 1§ lthcdg cpqugfa% mgadsq t(-)r aev%
Ti G Al , O4ceggnal sm@@nhlrcamlgerumimmm@lv&rtmmmﬂbezwmthcﬂhcﬁd Z@l anfhecdolavitiad dutly of
ads are rface of is facing the disc,
ahlch cang%%g%§%%ngﬂmﬁQ%U%% oA PR %Q?mﬁﬁygﬂé%%&ﬁmuﬂﬁ | east one of the
plurality of pads conmes into contact wwth the disc for levelling surface

irr eﬂ)”' a'ﬂu[qiis%ﬁlgqpa })Qgcsq itosﬁ)'laihg ?cer(ain level of smoothness of the disc surface by reducing

irregularities on the disc surface. This is typically carried out by flying a burnish head at a
predetermined burnish head flying height over a spinning disc. The burnish head flying height is
necessarily lower than the operational flying height of a read/write head, so that, as the disc spins,
any asperitics on the disc surface extending above the burnish head flying height are mechanically

25 removed by the burnish head. It is essential that the burnish head flying height be well controlled
to maintain a proper distance between the burnish head and the disc surface during the burnishing
process. This is because the dise surface is coated with a thin media overcoat for protection, which

may be destroyed il the burnish head flies too close to the disc surface.

30 Burnish heads typically comprise a slider baving a plurality of pads and supported by a suspension.
These pads are usually made of the same material as the slider, such as TiC-AlLQ; and can range
from 0.1 mm to 0.7 mm in size. The plurality of pads are disposed on the surface of the slider that
is facing the disc, which can be called the slider air bearing surface. At least one of the plurality of
pads comes into contact with the disc for levelling surface irregularities on the disc.
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1 In the past, burnish heads were manufactured by wheel grinding. This
limted the design of the pads to sinple geonetrical shapes such as

di anonds, rectangles and triangles. The nost conmonly wused burnish head
used to be one with di anond-shaped pads, having a waffle pattern cut
directly into the slider air bearing surface by wheel grinding. 5 Today,
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plurality of pads having a graduated surface.

20 According to another aspect of the present invention, there is provided an apparatus for levelling
surface irregularities on a disc. The apparatus comprises a head assembly supported by a
suspension; the suspension being attached to actuator head mounting arms. The apparatus further
comprises a burnish head mounted on the head assembly. The burnish head comprises a slider
having an air bearing surface, a leading edge and a trailing edge. A plurality of pads is disposed on

25 the air bearing surface, with at least one of the plurality of pads having a graduated surface.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the present invention are described with reference to the

30 accompanying drawings, in which:

Figure 1 is a plan view of an air bearing surface of a burnish head in accordance with a preferred
embodiment of the present invention;
Figure 2 is a three-dimensional view of the air bearing surface of Figure 1;

35 Figure 3 is a simulated air flow on the air bearing surface of Figure I;



35 Figure 3 is a sinmulated air flow on the an bearing surface of Figure 1

2 Figure 4 is a sinmulated air pressure distribution on the air bearing
surface of Figure 2; and Figure 5 is a plan view of an air bearing surface
of a burni sh head in accordance with a second enbodi nent of the present
invention. 5 DETAILED DESCRI PTION I n accordance with the preferred
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the burnish head is brought into its operating position at a predetermined burnish head flying

height above the disc surface and the disc is spun. The generated lift tilts the slider 12 so that the

trailing edge 18 is positioned nearer to the disc than the leading edge 16. In this way, at [cast some

25 of the burnish pads 30 come into contact with asperities or unwanted pariicles on the disc swface.

Burnish pads 32, 34 on the last row 28 of burnish pads 30 and farthest away from the midline 20
are configured such that they each have a graduated surface facing the disc. The graduated surface
is formed by the burnish pads 32, 34 each having a step 42, 44 on their surfaces facing the disc, as
30 shown in Figure [, Preferably, cach of the air bearing pads 22 also has a graduated surface formed
by having a step 46a, 46b, 46¢ on its surface facing the dise. As can be seen in Figure 2, cach step

descends from a trailing portion of a pad to a leading portion of that pad,

In the preferred embodiment, the slider 12, tncluding the air bearing surface 14, is made of TiC-

35 ALO; The air bearing surface 14 having a plurality of pads is created mainly by two lon-milling
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air bearing forces needed to batance the gram load, which is a known

quantity, can then be determined. Once the desired air bearing forces are determined, the step

height needed to achieve the necessary air pressure to produce the desired air bearing

25 then be worked out,

forces can

As can be seen in Figure 2, each of the plurality of pads has a fi

let 50 that joins the pad to the air
bearing surface 14. The filfet 50 helps to smoothen

air flow around the plurality of pads during the

burnishing process, as shown in Fi gure 3. This is to minimise any accumulation of debris around

30 the plurality of pads and on the air bearing surface [4. In addition, the air bearing surface 14 and
the plurality of pads are coated with diamond-like carbon to improve their wear performance and
thus increasc operational life of the burnish head.

With reference to Figure 4, during burnishing, among the plurality of pads, air pressure is
35

significantly much greater over pads that have a graduated surface, e, the three air bearing pads



bearing surface 14. The fillet SO hel ps to snoothen air flow around the
plurality of pads during the burnishing process, as shown in Figure 3.
This is to mnimse any accunul ati on of debris around 30 the plurality of
pads and on the air bearing surface 14. In addition, the air bearing
surface 14 and the plurality of pads are coated mﬁth di anond-1i ke carbon
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15 Anothehmhgpght of the invention is an apparatus for levelling surface
irregularities on a disc. The apparatus conprises a head assenbly
supported by a suspension. The suspension holds the head assenbly at a
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The foregoing describes preferred embodiments of the present invention. However, it is
understood by those skilled in the art that many variations or modifications in details of design or
construction may be made without departing from the present invention. For example, the

25 graduated surface can be formed by other embodiments such as slopes, curved gradients, or other
suitable formations instead of steps. For graduated surfaces formed by steps, such steps may have
edges with different shapes instead of simple curves or oblique straight edges. The number of pads
altogether, whether they be air bearing pads or burnish pads, the individual pad sizes, and the
distribution pattern of the pads, may all be varied. The number and locatjon of pads having

30 gradualed surfaces may also be varied. The shapes of the pads may be other shapes such as circles

or teardrops or a combination of different shapes that are suitable for allowing smooth air flow

around the pads.



25 graduated surface can be forned by other enbodi ments such as sl opes,
curved gradients, or other suitable formations instead of steps. For
graduat ed surfaces formed by steps, such steps nay have edges with

di fferent shapes instead of sinple curves or oblique straight edges. The
nunber of pads altogether, whether they be air bearing pads or burnish
pads, the individual pad sizes, and the distribution pattern of the pads,
may al |l beC#psied. The nunber and | ocation of pads having 30 graduated
surfaces may al so be varied. The shapes of the pads nay be ot her shapes
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trailing end. 2. The, burnish head of claim1, wherein each of said first,
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2. The burnish head of claim 1, wherein each of said first, second, and third
pads has a fillet that joins each of said pads to said air bearing surface.

3.  The burnish head of claim 1, wherein each said step of said first, second,
and third pads has a height ranging from 100 nanometers to 500
nanometers.

4. The burnish head of claim 1, wherein said step of each of said second
and third pads has a straight edge at an oblique angle to said trailing end.

5. The burnish head of claim 1, further comprising:
a back row of burnish pads having a plurality of pads including said
second and third pads, wherein each of said plurality of pads in said back
row is proximate said trailing end.

6.  The burnish head of claim 5, wherein said second and third pads are
disposed farthest away from a midline of said slider in said back row, said
midline being parallel to direction of motion of said burnish head relative
to said disc.



4. The burnish head of claim1, wherein said step of each of said second
and third pads has a straight edge at an oblique angle to said trailing
end. 5. The burnish head of claim11, further conprising: a back row of
burni sh pads having a plurality of pads including said second and third
pads, wherein each of said plurality of pads in said back rowis proximte
said trailing_end. 6. The burnish head of claim5, wherein said second and
third padd- ar d hedipisbeteachet Haist Talihercomaisiadl i ne of said slider in
sai d back row, said phirality ng feisngn palidllircbedglsudate oncladingnddionirstf said
burni sh head glative 4 fh‘?rd;;?:! disc. 6 7. The burnish head of claiml1,
further conprising:’ a plu Ity of pads on said air bearing surface
including said first, second, and third pads. 8. The burnish head of claim
7, wher ei B. sailthiepburrash tiyeard gfadmirhuf7t heterebongaid selaralit afgpags fudwer of
burni sh pads %ﬁ‘g’%@g: on said air bearing surface between said first,
second, and third pads. 9. The burnish head of claiml1l, wherein said first
pad is an air beari E95&ISd rPW/S ‘?523%0'13 i BRARHarSIe oR BRlE, AruPeaEg
conpri sing: asptfacabetweai saidrfirbte aecogd paratsthinicpadtt. ng said first pad on
said air bearing surface proximate said | eadi ng end wherein each of said
plurality_, of_air bearing p has a, graduat urface fornmed. by a step
P scendi ngd oul BB PRIl SRt BeRPRrgh ot el br S SR aTeaa B Pakbum oai d
| eading end towards said trailing end. 11. The burnish head of claim 10,
further cepprirakmM@inishMaddadf dainPd, Riher ebnRadi@n said air bearing surface
bet ween said plural |it>( ;?f i.r gear.l n%aoaads angd sal dd %.rz%l I 19 enddof. sai d
air bearing sur f aRePlurality of air bearing s including said first pad on said air
bearing surface proximate said leading end wherein each of said plurality
-of air bearing pads has a graduated surface formed by a step ascending
outward from said air bearing surface in a direction from said leading end

towards said trailing end.

11.  The burnish head of claim 10, further comprising:
a plurality of burnish pads on said air bearing surface between said
plurality of air bearing pads and said trailing end of said air bearing
surface.

12. The burnish head of claim 11, wherein said plurality of burnish pads
includes said second and third pads.

13. The burnish head of claim 11, wherein each of said plurality of air bearing
pads is larger in size than each of said plurality of burnish pads.

14. The burnish head of claim 11, wherein said plurality of burnish pads are
disposed on said air bearing surface in an array laterally symmetrical
about a midline of said slider, said midline being parallel to direction of
motion of said burnish head relative to said disc.

15. The burnish head of claim 11, wherein each of said plurality of burnish
pads is substantially elliptical in shape.



12. The burnish head of claim1l, wherein said plurality of burnish pads

i ncl udes said second and third pads. 13. The burni sh head of claim 11,
wherein each of said plurality of air bearing pads is larger in size than
each of said plurality of burnish pads. 14. The burni sh head of claim 11,
wherein said plurality of burnish pads are disposed on said air bearing
surface in an array laterally symetrical about a mdline of said slider,
sai d m dl itGe Héiengupestalnleall dfocidimetct,iwheedin sait pamaity cfabainixir padb ihead
relative to saj i i f claim1l1l, wherein each of
sai d pIuraIit?bg% ﬁ?ﬁFiﬁanggﬁgngi&%éggggﬁgpglIy elliptical in shape. 7 16.
The burni sh head of claim 11, wherein said plurality of burnish pads is
coat ed wi ti. a Tthedmomeshl ndeed obclaon 1o athargin dach Fheaib yuriabity dfezidbebring ai m
10, wherein eaahs®d sSBsAnBhN Sliplidal @ sRhpebearing pads is substantially
elliptical in shape. 18. Thée burnish head of claim 10, wherein said
plurality of air bearing pads is coated with a dianond-1ike carbon
coating. 18. Ahedppaishtigad of claendlQ, iwtersinr $aid elunatiygefl ir bearsg pada igi sc,
the appar at us cosRIPKitS aamdnBeRe @rbeARbYtiryPPorted by a suspension; the
suspensi on being attached to actuator head nounting arnms; and a burnish
head nounted on the head assenbly, the burnish head conprising: a slider
havi ng an18i r Abeappaigtusfardeselliag | ssatioggiraey)ariiesren ko digcetie appafgtyst
side, and an eppRsisire;:second side, a first pad proxinmate said | eading end

and havi ng a graduat f far ] in mard.from

said air bearing s%r egaéieQ N 95#?’8@?8%?8%@?5@3’?3@%.35‘%9%%'%0@% s said

trailing end, afashedbitagaatgiwadrreentag @msi 88dsi de of said trailing end

and a burnish head mounted on the head assembly, the burnish head
comprising:

a slider having an air bearing surface, a leading end, a trailing end,
a first side, and an oppgosite second side,

a first pad proximate said leading end and having a graduated
surface formed by a step ascending outward from said air bearing surface
in a direction from said leading end towards said trailing end,

a second pad proximate said first side of said trailing end and
having a graduated surface formed by a step ascending outward from
said air bearing surface in a direction from said leading end towards said
trailing end, and

a third pad proximate said second side of said trailing end and
having a graduated surface formed by a step ascending outward from
said air bearing surface in a direction from said leading end towards said
trailing end.

20. The apparatus of claim 19, wherein each of said first, second, and third
pads has a fillet that joins each of said pads {o said air bearing surface.

21. The apparatus of claim 19, wherein each said step of said first, second,
and third pads has a height ranging from 100 nanometers to 500
nanometers.



having a graduated surface formed by a step ascending outward from said
air bearing surface in a direction fromsaid | eading end towards said
trailing end, and a third pad proxi mate said second side of said trailing
end and having a graduated surface fornmed by a step ascending outward from
said air bearing surface in a direction fromsaid | eading end towards said
trailing end. 20. The apparatus of claim 19, wherein each of said first,
second, aR@.t Aihedapprrdtishaisciaint i1P| stherdiatsgidistep ebebactohf saiddsquantsl gnd sai d

air bearing SghifRB8ds hdsa s-'fﬁﬁgﬁt%tﬁg’@éﬁén %h&u@bg%l%gto MpiraiiRg@Aen said step

of said first, second, and third pads has a hei rangi ng from 100
nanoneters to 500 nanoneters. 8 22. The apparatus of claim 19, wherein
sai d step2df daetamfarghiscdfséronto amdercimbaid madShHmdafustheai:gmrléage at an

ggl :j qger ﬁnglhehte gdsg %dm%w bNBuRh p2ds himﬂgadommtty%f r@%dghr@dug@:gg sa%ﬁg e; n
i ur ni u urni

Srurality of BRaRd AerdBrH6o08: WheRia shah i PLER N L PafnaRarn Bah S

said plurali tpo\ﬁfa%@d@(imt%aﬁld thaithkg endw are proximate said trailing end
24. The apparatus of claim 23, wherein said second and third pads are

di sposed bart hgat \guew,f4 U Aaffh Ui ngrofematdasLidsly 10 Riih hagk naw said

m dl i ne b&ing ara o0 difection O A Ai ad relatlve
to said disc. dmoswéaréf@ﬁradv%fr@m 2 Inaifdfime of Sﬂ)lﬁ’e?"é‘ﬁh”‘i;&?'é PARKO%G Srih

further conprhdéine baingl paraliet ¥ Gfredtatts ob mat@indofasdid iranishchead feaaléve

i ncl udi ng sai %é,;j i second, and third pads. 26. The apparatus of claim
25, wherein said plurality of pads further conprises staggered rows of
bur ni sh pads di sposed on said air bearing surface between said first,
second, aRfl. tfihedppadsius of claim 19, wherein said burnish head further comprises:

a plurality of pads on said air bearing surface including said first,
second, and third pads.

26. The apparatus of claim 25, wherein said plurality of pads further
comprises staggered rows of burnish pads disposed on said air bearing
surface between said first, second, and third pads.

27. The apparatus of claim 19, wherein said first pad is an air bearing pad.

28. The apparatus of claim 27, wherein said burnish head further comprises:
a plurality of air bearing pads including said first pad on said air
bearing surface proximate said leading end wherein each of said plurality
of air bearing pads has a graduated surface formed by a step ascending
outward from said air bearing surface in a direction from said leading end
towards said trailing end.

29. The apparatus of claim 28, wherein said burnish head further comprises:
a plurality of burnish pads on said air bearing surface between said
plurality of air bearing pads and said trailing end of said air bearing
surface.

30. The apparatus of claim 29, wherein said plurality of burnish pads includes
said second and third pads.



27. The apparatus of claim 19, wherein said first pad is an air bearing
pad. 28. The apparatus of claim27, wherein said burnish head further
conprises: a plurality of air bearing pads including said first pad on
said air bearing surface proxi mte said | eading end wherein each of said
plurality of air bearing pads has a graduated surface forned by a step
ascending outward fromsaid air bearing surface in a direction fromsaid

| eading end towards said trailing end. 29. The apparatus of claim 28,

wher ei 3 Saﬁdbbltﬂeniaﬁbarﬁﬁ&dof ¢ldithe?9,cohprdis esich of gidr plurahity aff diubaasghg gads .
on said air c ; i aring pads an
sai d traiIing?%ﬁgngﬁgéfE}%%%ﬁ%ﬂgggﬂzgfgﬁpﬁggéﬁhg%ybﬁﬁgﬁgﬁﬁgfatus of claim
29, wherein said plurality of burnish pads includes said second and third
pads. 9 3B2. Ththcapppaeitus off clainai 28, 20herdierssich paatityobf dwircispl pedd iary of

ai r bearing dof A" GfE 4P SRt BaBaTh A oAl IIbIR! dnimelridr ni f

pads. 32. The par at us,. aj ereln sa ur al i f burni sh pads
are di sposed nguéﬁ gigine Bgéfiidrr%"z r]GQEjre”i’W'% amawaé\‘?u%%fr?‘?@ trical
about a mi dl i meotidn sbsald diurnieh hesdirdlativdltorsaichdisng parallel to direction of
notion of said burnish head relative to said disc. 33. The apparat us of

claim 29, erei n _each of id urality of bupni.sh pa J ially
el liptical®dn ﬁﬁaﬁ%ﬁ)a@&fs E?fksl a%?&r i e%ﬂfe%qfhpﬁaz ,pIMfyePLEglﬁ%ﬁsé?ﬁ% ality
of burni sh pads sulsstaotialtyeellipficdh imsb@p@ond- | i ke carbon coating. 35. The

apparatus of claim 28, wherein each of said plurality of air bearing pads

wher oin st it appelAtE o PRuBLPP wnElain SEi BREBRY G Burfisl Badiie ke

carbon coat i ngoat@! with a diamend-like carbon coating.

35. The apparatus of claim 28, wherein each of said plurality of air bearing
pads is substantially elliptical in shape.

36. The apparatus of claim 28, wherein said plurality of air bearing pads is
coated with a diamond-like carbon coating.
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