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 the disc surface. Reading and witing of
data are carried out by a read/wite head which is held very close to a

di sc and noved fromtrack to tradBERNIEHEAD: | s spun, such that the head
effectlvely flles over the disc, at a distance conmonly known as the
flying he g To increase recording density of a disc, individual bit

si zes nath Iy have to be decreased. This requires the flying height to be
15 correspondi ngly decreased, bringing the head closer to the disc. At such
close pro the disc surface needs to have a certain snoothness to
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Burnishing 1s a process by which a certain |evel of snoothness of the disc
can be achieved, by 20 reducing irregularities on the disc surface. This is
typi cal | woaaerednput by flying a burnish head at a predeterm ned hei ght
over a spinning disc, comonly known as burnish head flying height. This
hei ght is necessarily lower than the operational flying height of a
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0.2 mmto 0,5 The, pads are di sposed on a surface of the slider that is
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During burnishing, at |east one of these pads cones into contact with the
disc to

Burnishing is a process by which a certain level of smoothness of the disc can be achieved, by

20 reducing irregularities on the disc surface. This is typically carried out by flying a burnish head at
a predetermined height over a spinning dise, commonly known as burnish head flying height. This
height is necessarily lower than the operational flying height of a read/write head, so that, as the
disc spins, any asperities on the disc surface that extend to above the burnish head flying height are
mechanically removed by the burnish head. It is essential that the burnish head flying height be

25 well controlled to maintain the proper distance between the burnish head and the disc surface
during the burnishing process. This is because the disc is coated with a thin media overcoat for
protection, which may be destroyed and lead to disc corrosion if the burnish head flies too close to

the disc.

30 Bumish heads typically comprise a slider having a plurality of pads. These pads are usually made
of the same material as the slider, such as TiC-AL,Os, and can range from 0.2 mm to 0.5 mm. The
pads are disposed on a surface of the slider that is facing the disc, which can be called the slider air
bearing surface. During burnishing, at least one of these pads comes into contact with the disc to
level surface irregularities such as asperities. The pads also generate a positive air pressure that is

35 usefl for allowing flying height to be regulated by varying angular velocity of the disc. There




| evel surface irregularities such as asperities. The pads al so generate a
positive air pressure that is 35 useful for allowng flying height to be
regul ated by varying angular velocity of the disc. There 1 have al so been
di scl osed burni sh heads having two air bearing rails, each rail coinciding
with the |I|eading edge of the slider and one side of the slider. These
rails aré?vslEviseydisdossd bypiglhheadehayingrinaiic bearing reile cp¢haaid feiekiding with thet he
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design of the pads to sinple geometrical shapes such as di anonds,

rect angl e§rodrgmiq ifhioghesdiderthe npst conmmonly  used head used to be one with
di anond- shaped pads, having a waffle pattern cut directly into the slider
air bearin surface by wheel grindin 10 Today, ion-mlling has overtaken
wheel? gr ilﬁ&eﬁ@“é%milih heads rromaeeag %fgbwwheﬁl mﬁ@gcwrr@s@d gign oighe h as
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fundanmental issues of maintaining the burnish head flying height and

ensuring flying stability to 15 reduce extraneous burnish head novenent
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According to one aspect, there is provid bur ni'sh urni shing a
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bur ni sh hgadmpmynted on the head assenbly. The burnish head conprises a

slider having an air bearing surface, a leading edge and a trailing edge.

A plurality of pads are disposed on the air bearing surface, and at | east
SUMMARY

20 According to one aspect, there is provided a burnish head for burnishing a disc. The burnish head
comprises a slider having an air bearing surface, a leading edge and a trailing edge. A plurality of
pads are disposed on the air bearing surface, and at least one of the plurality of pads is a curved

elongated pad.

25 According to a second aspect, there is provided an apparatus for levelling surface irregularities on
a disc. The apparatus comprises a head assembly supported by suspensions; the suspensions 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 are disposed on the air bearing surface, and at least

30 one of the plurality of pads is a curved elongated pad.

BRIEF DESCRIPTION OF THE DRAWINGS

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

35 accompanying drawings, in which:




30 one of the plurality of pads is a curved el ongated pad. BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her aspects and advantages of the
present invention are described with reference to the 35 acconpanying
drawi ngs, in which: 2 Figure 1 is a plan view of an air bearing surface of
a burnish head in accordance with a preferred enbodi nent of the present
invention; Figure 2 is a three-dinensional view of the air bearing surface
of Fi gur q?lélume 515%'pga'ﬁr\@ev§0f'aﬁ af b§dﬂﬂélsﬁrf£g ofd lgurﬂgﬁe}%ﬁ&'[neacgdr Etl: Hf”i dt he air
beari ng surface of gure 2; Figure 4 1s a side view o earlng
surface GﬁmF¢§ﬁméfﬂw§ﬁ@ﬁFﬁg@@ﬁﬁulated air pressure dlstrlbutlon Figure 5
is a si mﬁlﬁﬁ'@gls%'tﬁreé HiWQbhal ﬂ@w%f{hegr?%dnﬁlgs g,tcé @%ﬁg&é LFigure 1; and Figure
6 is a plan view of an air bearing surfacé of a burnish head in accordance
with 2 sdésnyd ismlre%ebﬁur@ﬁﬁtsur@ﬂmtrgvetlm @sisp i peaviegiires of BIERRY LED DESCRI PTI ON
I n accor danees Walsfiet e &rﬂefa%rﬁe%gesﬂn%'o@ eqfshwﬁ B ?éatalr %]' on,
Figure 1 and Figure 2 show 15 a slider a bu nls hea an air
beari ng sigtfitygien;14 having a | eadi ng edge 16 and a trailing edge 18. The
slider aipgigppeaf a'?;gmﬁ&{&f gpﬁowlénahé aff b&rﬂgw acéoiﬁpl N, ze. The plurality of
pads are disposed on the air bearin ace inan array laterally
symet ri dagure @GtPI@W@Wfdplaﬁéeaz’@gé\ﬁrchhefa hqrin@lelﬂeaqlp acgdyflancerivih p prREO®D bei ng
paraﬂjelE&go&ﬁﬁmdkﬁgghkgﬂuggmﬂgt|on of the burnish head relative to the
disc. The plurality of pads include a row of air bearing pads 22 di sposed
adj acent the |eading 20 edge 16 and a row of burnish pads 26 disposed
adj acent pieatiEpipEstkeAes 18. Two curved elongated pads 28, 30 are al so
di sposed on the air bearing surface 14 substantially between the air
bearing pads 22 and the burnish pads 26. The curved el ongated pads 28, 30
are al so dhshrrsd Wﬂh@fl@ﬁr@i}e}ré’d SYHRRLdal Sifhe ;ﬁ@&h&tm\%nﬁérﬂi:igﬂ:% lzagd Fithte dhdwt O

achieve symmetrical air pressure distribution on 2, as shown
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20, and curves outward
disposed on the air bearing surface 14 in an array laterally symmetrical about the midline 20 of the

slider 12, this midline 20 being parallel to the direction of motion of the burnish head relative to
the disc. The plurality of pads include a row of air bearing pads 22 disposed adjacent the leading
20 edge 16 and a row of burnish pads 26 disposed adjacent the trailing edge 18. Two curved
elongated pads 28, 30 are also disposed on the air bearing surface 14 substantially between the air
bearing pads 22 and the burnish pads 26. The curved elongated pads 28, 30 are also disposed
laterally symmetrical about a midline 20. This is to achieve symmetrical air pressure distribution
on the slider 12, as shown in Figure 3, in order to minimise roll. Each curved elongated pad 28, 30
25 begins substantially in the middle of the slider 12 adjacent the midline 20, and curves outwardly to

end adjacent the trailing edge 18 away from the midline 20.

The air bearing pads 22 are substantially elliptical and typically larger than the burnish pads 26
which have a substantially tear-drop shape. The tear-drop shape can increase pad area coming into
30 contact with the disc for burnishing, while smoothening air flow to minimize any accumulation of
debris around the pads. Each of the air bearing pads 22 has a graduated surface formed by having a
step 24 on its surface facing the disc. Each step 24 descends from the trailing portion of the pad to
the leading portion of the respective pad, as shown in Figure 2. The air bearing pads 22 generate
lift on the slider 12 when, during burnishing, the burnish head is brought into its operating position

35 at a predetermined flying height above the disc and the disc is spun. The generated lift tilts the




end adjacent the trailing edge 18 away fromthe mdline 20. The air bearing
pads 22 are substantially elliptical and typically larger than the burnish
pads 26 which have a substantially tear-drop shape. The tear-drop shape
can increase pad area comng into 30 contact with the disc for burnishing,
whi | e snvqtheninqlalr flowto mnimze any accunul ation of debris around
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lift on thg,s!ider 12 when, during burnishing, the burnish head is brought
into its operating position 35 at a predeterm ned flying hei ght above the
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reduce the probability of di sk damage.
the preferred embodiment, the slider 12, including the air bearing surface 14, is made of TiC-

20 Al;O;. The air bearing surface 14 having a plurality of pads with some pads having steps, and the
curved elongated pads 28, 30 is created mainly by two ion-milling processes. In the first ion-
milling process, areas designated as pads 22, 26 and curved clongated pads 28, 30 on the air
bearing surface 14 are masked. It should be noted that areas designated as steps on the pads are
specifically left unmasked. Ion-milling is then performed, etching away about 300 nanometers

25 from the unmasked areas. The first ion-milling process thus creates the steps 24. In the second ion-
milling process, areas designated as pads 22, 26 and curved elongated pads 28, 30 on the air
bearing surface 14 are masked, including the areas designated as steps 24. Ton-milling is then
performed, etching away the unmasked areas to a depth of about 5 um from the original air bearing
surface 14, The second ion-milling process thus creates the pads 22, 26 and the curved elongated

30 pads 28, 30 having a height of 5 um on the etched air bearing surface 14, with the pads 22 having
the steps 24 created by the first ion-milling process.

In the preferred embodiment as shown in Figures 1 and 2, all the steps 24 have a curved edge that
is laterally symmetrical about the major axis of the elliptical pads. Each step 24 is typically several

35 hundreds of nanometers in height, ranging from 100 nanometers to 500 nanometers. The ideal




In the preferred enbodinent, the slider 12, including the air bearing
surface 14, is made of Ti G 20 A120G3_ The air bearing surface 14 having a
plurality of pads with sone pads having steps, and the curved el ongated
pads 28, 30 is created mainly by two ion-mlling processes. In the first
ion- mllin rocess, areas designated as pads 22, 26 and curved el ongated
pads 28, h@@g r thi desiged pitch dgreinfigensibe ]ftfaéémq@&lV%lp@tyr@alsmmIMHM(mlldS pibernot ed
that are t unmasked.
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t he unnmagkiedingeiedlow. The first ion-mlling process thus creates the steps
24. In the second ion- mlling process, areas designated as pads 22, 26 and

curved el ongated pads 28, 30 on the air bearing surface 14 are nasked
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other factors such gram |'oad on the suspensi on supporting the

bur ni sh ﬂéa@%aew@dw@é@m@ﬂfb&@@w@ air flow. 5 As can be seen in Figure
2, the plurality of pads and the curved el ongated pads 28, 30 have a fillet
50 where they join the air bearing surface 14, so as to snoothen air flow
on the ailp atssher prbodiment afe burgish headsss sy in Figuga . ehesurvihelengatedpadsni m se
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surface 14, further reducing the probability of particlés accumil ating

ar ound tﬁhelﬁﬁilm%‘h pads 26. To inprove their wear performance and thus

20
Another aspect of the invention relates to an apparatus for burnishing a disc. The apparatus
comprises a head assembly supported by suspensions, and the suspensions are attached to actuator
head mounting arms. The apparatus also comprises a burnish head mounted on the head assembly,
the burnish head being as described in any of the above embodiments.

25

Whilst there has been described in the foregoing description preferred embodiments of the present
invention, it will be understood by those skilled in the technology concerned that many variations
or modifications in details of design or construction may be made without departing from the
present invention. For example, although two symmetrical curved elongated pads are depicted,

30 symmetry is not a necessary condition. The number of air bearing pads and burnish pads, as well
as their distribution pattern, may be varied. The height of the curved elongated pads and plurality
of pads with respect to the air bearing surface of the slider may also be varied. The shapes of the
pads may be other shapes such as circles or rectangles. The pads may or may not have a graduated

surface each, and the graduated surface may be other embodiments such as a slope or curved




i ncrease operational life of the burnish head, the plurality of pads and
the curved el ongated pads 28, 30 can be coated with dianond-Ii ke carbon.
15 I n anot her enbodi nent of the burnish head, as shown in Figure 6, the
curved el ongated pads 28, 30 each have an asymmetrical U shape, begi nning
adj acent the burnish pads 26 and the mdline 20 of the slider 12,

ext endi ngradisntsr B padschalioasiersgthe dges € tavodiffsieatdy thhged milgs inveadef thdmplenal | y
ar chi ng Qﬁﬁ% I QAlly the mddle of the slider 12 to the
trailing edge 13%5@59 rgﬁégﬁﬁgénldllne 20. 20 Anot her aspect of the
invention relates to an apparatus for burnishing a disc. The apparatus
conpri ses a head assenbly supported by suspensions, and the suspensions are
attached to actuator head nounting arns. The apparatus al so conprises a
burni sh head nmounted on the head assenbly, the burnish head being as
described in any of the above enbodi nents. 25 Whilst there has been
described in the foregoing description preferred enbodi nents of the present
invention, it will be understood by those skilled in the technol ogy
concerned that many variations or nodifications in details of design or
construction may be made without departing fromthe present invention. For
exanpl e, although two symmetrical curved el ongated pads are depicted, 30
symmetry is not a necessary condition. The nunber of air bearing pads and
burni sh pads, as well as their distribution pattern, may be varied. The
hei ght of the curved el ongated pads and plurality of pads with respect to
the air bearing surface of the slider nay al so be varied. The shapes of the
pads nmay be ot her shapes such as circles or rectangles. The pads may or may
not have a graduated surface each, and the graduated surface nay be other
enbodi ments such as a slope or curved 5 gradients. For pads having steps,
the steps may have differently shaped edges instead of the sinple curve,
such as an oblique strai ght edge. 6 CLAI M5




1. A burnish head for burnishing a disc, the burnish head conprising: a
slider having an air bearing surface, a |l eading edge and a trailing edge;
and 5 a plurality of pads disposed on the air bearing surface, at |east one
of the plurality of pads being a curved el ongated pad. 2. The burnish head
according to claim1, wherein the at | east one of the plurality of pads
conpri seLAMEurved el ongat ed pads di sposed laterally symetrical about a
m dline of the 10 slider, the mdline being parallel to direction of notion
of the burnish head relative to the disc. 3. The burnish head according to
clai m 2, whé&heimishdgadfooburnipang aise theerhish/horipetmpdsipsids begi ns  adj acent t he
m dl i ne of r t I the trailing
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edge away fromt ine O rni sh head according
to clai m 3, 2 pestis] pr@fé@frspgsedphéietamw@mg\ﬁe@acaa@kﬁgatoe@ofpmwﬁhﬁwﬁmds begi ns
subst anti al .41 9M4RE g of the slider. 5. The burnish head according
to claim 3, mﬂ%r§?% eag%hofathe two curved el ongated pads further 20
begi ns adj acent a row of pads disposed adjacent the trailing edge, extends
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claim6, wherei'n each air earing pad conprises a leading portion and a
trailing portion, and each air bearing pad has graduated surface. 8. The
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substanti al | pti cal i n shdpe. according to
claim6, wh @ew- tbm@ldbnwfathq tliderpd p@meﬁ Oﬁltw«?trﬁé fo endafhie¢onbibe priting adge apas

di sposed adhaGedmiilgs I diid9 edge. 7 10. The burni sh head according to
clal?gQ wherein the burnish pads have a substantially tear-drop

4. The burnish head according to claim 3, wherein each of the two curv¢d elongated pads further

begins substantially from the middle of the slider.

5. The burnish head according to claim 3, wherein each of the two curved elongated pads further
20 begins adjacent a row of pads disposed adjacent the trailing edge, extends towards the leading

edge alongside the midline, and arches backwards from substantially the middle of the slider.

6. The burnish head according to claim 2, wherein the plurality of pads comprises a row of air

bearing pads disposed adjacent the leading edge.

25
7. The burnish head according to claim 6, wherein each air bearing pad comprises a leading
portion and a trailing portion, and each air bearing pad has graduated surface.
8. The burnish head according to claim 6, wherein the air bearing pads are substantially elliptical
30 in shape.

9. | The burnish head according to claim 6, wherein the plurality of pads further comprises burnish

pads disposed adjacent the trailing edge.




shape that tapers towards the | eading edge. 11. The burnish head according
to claim9, wherein the air bearing pads are larger in size than the 5
burni sh pads. 12. The burni sh head according to claim11, wherein the
plurality of pads are disposed laterally synmmetrical about the mdline of
the slider, the mdline being parallel to direction of notion of the

bur ni sh H@adhe iz heed twortdng talélgion 9, hheikB: thhenikiupads bive heddiaaiediytai-dgpt o
claiml1l, wh t s and at | east one curved el ongated
pad are coatg{é tﬂat ﬂa%m%\%raiﬂlé}éf&&%g%gr bon coating. 14. An apparatus for

| evel I'i ng surface irregularities on a disc, the apparatus conprising: 15 a
head ass . . i |.ng..at ed to
hoad aSSSDLY. AUARRRAS Ity FBRIRY At e PUIRRTRLODS RSk REthASH
assenbl y, thenibupads.sh head conprising: a slider having an air bearing
surface, a leading edge and a trailing edge; and a plurality of pads

di sposed on the air bearing surface, at |east one of the plurality of pads
20 is a ddr Vexdbvehignirad extopdand.to dibim ITvéempphe pltabityad ool dientispbesd ddterblin 14,

wherein the r ed
el ongat ed pﬁﬁéﬁsg%gggﬁ?gdgbgﬁt%%@% r| caeggggﬂ?ﬁ%mdﬁ?[?% \gﬁl ﬁ(ﬂ‘rvf
slider, thethgbuinishéeddetlagvepathaldisel to direction of notion of the burnish
head;gel ative to the disc. 25 16. The apparatus according to claim 15,
wher el n each of the two curved el ongated pad begins adjacent the mdline
of the sll3dé&he mgsheedd acedjdingamtlainhb whewin theplualiyef asdaynd tdenst dne cwivetl | ne.
17. The appg r.aj each of the two curved
el ongat ed padﬁgﬁatérﬁtpﬁ(g%gcg%%gh%ﬁg% slék(gﬁ%w{(&% omthe mddle of the
slider. 18. The apparatus according to claim 16 wherein each of the two
curved el@ngat, (o 38 ST TN 11 TCY gl o T-To TN L) glga posed

adj acent the t@ﬁ f19'?sn8 ed%ggsg&tend%ﬁtaggfas?og Sﬁath &SB gg{gZI ongsi de the
m dl 1he, andhesd@kresblysumoneedisy Srursnﬁmlgrwb@t:awwwiohybmmttWMdtoeaCturatOt headsl i der .

mounting arms; and

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

20 is a curved elongated pad.

15. The apparatus according to claim 14, wherein the at least one of the plurality of pads
comprises two curved elongated pads disposed laterally symmetrical about a midline of the
slider, the midline being parallel to direction of motion of the burnish head relative to the disc.

25
16. The apparatus according to claim 15, wherein each of the two curved elongated pad begins

adjacent the midline of the slider and ends adjacent the trailing edge away from the midline.

17. The apparatus according to claim 16, wherein each of the two curved elongated pad further

30 begins substantially from the middle of the slider.

18. The apparatus according to claim 16, wherein each of the two curved elongated pad further
begins adjacent a row of pads disposed adjacent the trailing edge, extends towards the leading

edge alongside the midline, and arches backwards from substantially the middle of the slider.
35




35 8 19. The apparatus according to claim 15, wherein the plurality of pads
conprises a row of air bearing pads di sposed adjacent the | eading edge.
20. The apparatus according to claim 19, wherein each air bearing pad
conprises a |leading portion 5 and a trailing portion, and each air bearing
pad has a graduated surface. 21. The apparatus according to claim 19,

wher ei n tiReThd appietas iaegrdpads clainel s whetianid @irhlity ef padptingaises avowshaipe. 10 22.

The appar atg&mﬁéﬁa%gfg Se&é)de%lelﬁ't lg'ﬂ?ihna%‘éggﬁ{ ein the plurality of pads further

conprises burn pose the trailing edge. 23. The
apparatus according to claim 22, mhereln t he burni sh pads have a

subst ant |2@| jl'1>fe atapggrgtuggcggrdm%quguﬁ m%hérgﬁ%g& agrq) aEl Q%ledn%gsdal lga%m g)gg}og 15 24.

The appar at us cord arin

larger in sarzieittahimgpph@n dod emihsibr beardhg . pa@ Bas a'@r@uaprbaurm&us accor d| ng to claim
14, wherein the plurality of pads are disposed laterally 20 symretri cal
about a mdline of the slider, the mdline being parallel to direction of
nmot i on of21. Theapparntos sdeotdardo clelmltd. whertip theher betarstg. pa@are SheamipPhacléptiss] in
according tg g laim14, wherein the plurality of pads and at |east one
curved elongated pad are coated with a dianond-1i ke carbon coating. 25 9

10 22. The apparatus according to claim 19, wherein the plurality of pads further comprises burnish
pads disposed adjacent the trailing edge.

23. The apparatus according to claim 22, wherein the burnish pads have a substantially tear-drop
shape that tapers towards the leading edge.
15
24. The apparatus according to claim 22, wherein the air bearing pads are larger in size than the

burnish pads.

25. The apparatus according to claim 14, wherein the plurality of pads are disposed laterally
20 symmetrical about a midline of the slider, the midline being parallel to direction of motion of

the burnish head relative to the disc.

26. The apparatus according to claim 14, wherein the plurality of pads and at least one curved

elongated pad are coated with a diamond-like carbon coating.
25




