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 comonly 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 mWVEBEERFISSHHEABCK 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. @&IEEBntly, to increase recording density of a disc, individual bit
si zes have to be 15 decreased. This requires operational flying height to
be correspondi ngly decreased, thereby bringing the head closer to the disc
surf ace. TAis @W@wwlé@étmmmcgfa dishdn girSenlyuefdomishdedbior sviliinge a certain
smoot hnesg 4.0kl && shipadvertent contact between the head and any
irregularities such as asperities on the disc surface during normal

readi ng/witing operations. 20 Burnishing is a process to obtain a certain
| evel of oy of the disc surface by reducing irregularities on the
di sc sur égggé$his Is typically carried out by flying a burnish head at a
predeterm ned burnish head flying height over a spinning disc. The burnish
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mechani cgb b oo of:-BRDYR0nRYA 0% AU D130 ARy with rebecP® Wil Alredddal s he
burni sh head flying i ght cont rol to maintain a pro

di st ance %?étlw@élh Thi élswmﬁewtweém TgasldvIith éeaduagd; the dist auréaceligcpmgonly pown
bur”'Sh'%Qﬂ.BEHQQQSCmJQM§t6§m£§£@&§ﬁﬁ&ﬂﬁmﬁﬁ%@aﬁﬂ£ﬁﬂﬁﬁmﬁ§m§ﬁ%¥%§«%b%@ a thin
medi a over coa protection, wh may destroyed if the burnish head
f1i ek t osleprased This reqeechnsmtisnnl flvias hoigh (Eon orrstpondingy dopqepedalbfrgbsc onpr i | s e a
slider haowngsg% alemledarc@dsblttx t&fdlse@g%ac@rm SSHRIRAL bRk, Be SHSREASI R8s to K

pads are usually made of the sane material as the slider, such as

Ti C AL203 cer#ig spegihnesig animizs inadvertepipenipes betwremihe headsipg any impelasitigy aech ty of
pads are g bﬁ)@ﬁ%@n% cﬁé&%m%é&%fd%?g If&mél h&adbivwifine bi@kiond.s facing the disc,

whi ch can be called the slider air bearing sur%ace At | east one of the
plurality of pads comes into contact wwth the disc for levelling surface

i rregyl arfhigin9 a bResdtSbtaid R certain 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 flyving height of a read/write head, so that, as the disc spins,
any asperities 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 disc surface is coated with a thin media overcoat for protection, which

may be destroyed if the burnish head flies too close to the dise surface.

30 Bumish heads typically comprise a slider having a plurality of pads and supported by a suspension.
These pads are usually made of the same material as the slider, such as TiC-Al,O;, and can range
from 0.1 mm to 0.7 mun 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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| 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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arns. The apparatus further conprises a burnish head nounted on the head
assenbly. The burnish head conprises a slider having an air bearing
surface, YMBRYg edge and a trailing edge. A plurality of pads is

di sposed on 25 the air bearing surface, with at |east one of the plurality
of pads having a graduated surface. BRI EF DESCRI PTI ON OF THE DRAW NGS These
and bt herAgeidagtte ongrarerteldbe prewsst infentione thereds pievidedw/eniflolread fas buishing bed
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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 éctuator 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 1;




35 Figure 3 is a sinmulated air flow on the air 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 burnish head in accordance with a second enbodi ment of the present
invention. 5 DETAILED DESCRI PTION I n accordance with the preferred
enbodinedﬁg@¢4ﬁWthﬂégéﬁtmﬁwvwm&mﬁmﬁmFWQMP@rQWEMngﬁ@c@Hﬁﬁe¢2E@d of a
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an array laterally symetrical about a mdline 20 of the slider 12. This
mdline 20 is parallel to the direction of notion of the burnish head
rel at? ve RETAHLIYDESCREBEIONf the plurality of pads is substantially
elliptical in shape. Arow of three air bearing pads 22 are di sposed
adj acent the | eading edge 16. Three staggered rows 24, 26, 28 of burnish
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disc is spun. generate lift tilts the slider th he trailing
edgelis |<§Hwaquth wtish padsand the 1BcSh@Wcﬁ8§emplh%mﬁvm@mlé}amdﬁ&heévgfemw@ ofn this

way, at l’tﬁﬁﬁ&h}ﬁl@é’rﬁ) 1gélsﬁgse&£lﬁacleh{rtﬂé§ﬁhr%aeq g0 cone into contact with
asperities or unwanted particles on the disc surface. Burnish pads 32, 34

on the last row 28 of burnish pads 30 and farthest away fromthe nldllne 20
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surface formed by having a ste b,” 46¢c on its surface tacing the
di sc. As Fkeip0 §7@”e nl he@lr%egmg@a& 22@@q§atg fign the slider 12 when, during burnishing,

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 least some

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

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 1, Preferably, each of the air bearing pads 22 also has a graduated surface formed
by having a step 46a, 46b, 46¢ on its surface facing the disc. As can be seen in Figure 2, each step

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

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

35 ALQO;. The air bearing surface 14 having a plurality of pads is created mainly by two ion-milling




descends froma trailing portion of a pad to a | eading portion of that pad.
In the preferred enbodi nent, the slider 12, including the air bearing
surface 14, is made of TiC 35 Al 23 The air bearing surface 14 having a
plurality of pads is created mainly by two ion-mlling 3 processes. In the
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pad to t hbe mirtish head. To arrive at an appropriate step height, the desired flying height should first be

specified, so that the desired air bearing forces needed to balance 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 forces can

25 then be worked out.

As can be seen in Figure 2, each of the plurality of pads has a fillet 50 that joins the pad to the air
bearing surface 14. The fillet 50 helps to smoothen air flow around the plurality of pads during the
burnishing process, as shown in Figure 3. This is to minimise any accumulation 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 with diamond-like carbon to improve their wear performance and

thus increase 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, i.e., the three air bearing pads




bearing surface 14. The fillet 50 hel ps to snmoothen 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 vvith di anond-1i ke carbon
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steps 72, 74 a strai i ng edge.
15 Anot hetrallalgpégﬁt of the invention is an appar atus 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 location of pads having

30 graduated 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&laindi vi dual pad sizes, and the distribution pattern of the pads,
may all be varied. 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
such as di rAlbesﬁshdmeadfealmdnidﬁsga)discattmdmbiisham:ictmnmﬁsin@ffer ent shapes that are
suitable fo oW n ot und .t he..na 5. Cains 1. A

bur ni sh hea%jﬂﬁ 51 hat‘)]m %fl an?earm ‘ﬂl%ag% aq?aﬁlmgt?g%enalmsl i 1119 ((?,ggh%lfi ising: a slider
havi Mg an aaplutséiraf mgisshapﬁ@den the airdadimguddgat wasi oae ¢fitbd plimijlyefipels and 5 a
plurality of pa n_the air bearing surface, at |east one of the
plurality of %ﬁgggg é{i}faﬁe%sa %creaduat ed surface. 2. The burnish head of claim

1, wherein the graduated surface is forned by a step 10 3. The burnish
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the step descends fromthe tralllng portion to the Ieadi ng portlon 4. The
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6. The burnjs 1, wherein the at | east one of the plurality
of pads is nrn(al?t?)q%elggrl g"%%é‘d di sposed adj acent the | eading edge of the

slider. 7. The burnlsh head of claim1l, wherein each of the at | east one of
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wher ei n is dispose acen |I|ng e
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5. The burnish head of claim 2, wherein the step has a straight edge at an oblique angle to the
trailing edge.

20 6. The burnish head of claim 1, wherein the at least one of the plurality of pads is an air bearing

pad disposed adjacent the leading edge of the slider.

7. 'The burnish head of claim 1, wherein each of the at least one of the plurality of pads isa
burnish pad.
25
8. The burnish head of claim 7, wherein the burnish pad is disposed adjacent the trailing edge of
the slider. ‘

9. The burnish head of claim 8, wherein the burnish pad is disposed farthest away from a midline
30 of the slider, the midline being parallel to direction of motion of the burnish head relative to
the disc.

10. The burnish head of claim 1, wherein the plurality of pads comprises a row of air bearing pads
disposed adjacent the leading edge of the slider.
35




9. The burnish head of claim@8, wherein the burnish pad is disposed
farthest away froma mdline 30 of the slider, the mdline being parallel
to direction of notion of the burnish head relative to the disc. 10. The
burni sh head of claim1, wherein the plurality of pads conprises a row of
air bearing pads disposed adjacent the | eading edge of the slider. 35 6
11. The Qur Mheshurigedaddt ddimiSorwBereinhierpdurality hepads firtabn coypodes plaghsret uevwsher
conprises s d.ro ds sed adjacent the trailing
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an array la erall rlcaY 31|ne ST 88F° "Phe i di i ne
beingSparaIb%msbmmmhwﬁatlon of nntlon of t he burnlsh head relative to the
disc. 10 14. The burni sh head of claim1, wherein each of the plurality of
pads is substantially elliptical in shape. 15. The burnish head of claim
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tcﬁgt ;Bgar ;‘f P/mmAgect)r?rﬁP% aéta inid mehofl t%: sgldgrerl{!glrm me%glgg %)gréil?eg% arreétaoglezxﬁlgp %nnofd IS¢,
suspensi on mebmgmamm@dﬂmdmﬁoﬂadkuator head nount i ng ar ns; and 20 a burnlsh
head unted on the head assenbly, the burni sh head conprising: a slider
having an air bearing surface, a | eading edge and a trailing edge; and a
pl ur al i t yl4doThpladssidicap obdadman whereinghch df d@rplurglitg of fade B sulstantidysilipticd iof  t he
plurality aﬁ ads havi ng a graduated surface. 25 17. The apparatus of
claim 16, ePeln the graduated surface is forned by a step. 18. The
burni sh head of claim 17, wherein the at |east one of the plurality of pads
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the step etr
15 carbon coating.

16. An apparatus for levelling surface irregularitics on a disc, the apparatus comprising:
a head assembly supported by a suspension; the suspension being attached to actuator head
mounting arms; and
20 a burnish head mounted on the head assembly, the burnish head comprising: -
a slider having an air bearing surface, a leading edge and a trailing edge; and
a plurality of pads disposed on the air bearing surface, at least one of the plurality of

pads having a graduated surface.
25 17. The apparatus of claim 16, wherein the graduated surface is formed by a step.
18. The burnish head of claim 17, wherein the at least one of the plurality of pads comprises a

leading portion and a trailing portion, and further wherein the step descends from the trailing

portion to the leading portion.

30
19. The apparatus of claim 17, wherein the step has a height ranging from 100 nanometers to 500
nanometers.
20. The apparatus of claim 16, wherein the at least one of the plurality of pads is an air bearing
35 pad disposed adjacent the leading edge of the slider.




portion to the |l eading portion. 30 19. The apparatus of claim 17, wherein
the step has a height ranging from 100 nanoneters to 500 nanoneters. 20.
The apparatus of claim 16, wherein the at |east one of the plurality of
pads is an air bear 35 pad disposed adjacent the |eading edge of the
slider. g 7 21. The apparatus of claim 16, wherein the at |east one of the
plurality of pads is a burnish pad. 22. The apparatus of claim 21, wherein
t he burnigh. pad is n i der.

25° The dapiieibabipf bERGRTe BRLEE R kTRl Ui dEp L s aRulnb el art hest
away froma mdline of the sllder t he nldllne being parallel to direction
of notion,,o0f, t he bur nj reI t|ve Q 0 .24. .The appar at us
of clai mrbeIrth?rgtluho %mmrﬁﬁ cim”tl o pta1 gd légl hﬁ?sleg %d Camtrt%‘wr%lfmgaedg Ef’eiarl ng
pads 5 di spothedlidd) acent the Ieadlng edge of the slider. 25. The apparatus
of claim22, wherein the plurality of pads further conprises staggered rows
of 15 burni sh pads di sposed adjacent the trailing edge of the slider. 26.
The apparzt Uise qpparatuabfald, 22yvaireé thedamishhd tshigspadied et hwgy foads midlinkar ger
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symmet ri cal thaldout a ntdllne of the slider, the ntdllne bei ng paraIIeI to
direction of motion of the burnish head relative to the disc. 28. The
apparatus of claim 16, wherein each of the plurality of pads is

subst ant i2dl Tiye apiphnatps bCedimi 16, wikGeis Hepéural 29 of phlieccappiassatrog obdir edagingpatis,

‘é‘gg[le'ng tgeles’po‘é&f‘adjacXm%e1Qa?dmge'dgec%%aserge"“th a diamond-like carbon

25. The apparatus of claim 22, wherein the plurality of pads further comprises staggered rows of
15 burnish pads disposed adjacent the trailing edge of the slider.

26. The apparatus of claim 23, wherein each of the air bearing pads is larger in size than each of

the burnish pads.

20 27. The apparatus of claim 16, wherein the plurality of pads is disposed in an array laterally
symmetrical about a midline of the slider, the midline being parallel to direction of motion of

the burnish head relative to the disc.

28. The apparatus of claim 16, wherein each of the plurality of pads is substantially elliptical in
25 shape.

29. The apparatus of claim 16, wherein the plurality of pads is coated with a diamond-like carbon

coating.




