~ ef €3e~[ (1 6T?E0. t r: r '~ - 8 D E C 2003 1 Specification HARD DI SK
BURNI SHI NG HEAD BACKGROUND OF THE I NVENTION m ~ The present invention

rel ates generally to burnishing devices for hard di sks, and nore
particularly to a burnish head having a plurality of burnlshlng pads.
Description of the Prior Art A hard disk is cleanéd and burnished foll ow ng
the deposition of thin filmlayers to renove debris and asperities fromthe
surface. Such debris and asperities nust be renoved, or at |east reduced in
hei ght, to enable a slider to fly snoothly over the disk surface. As slider
flying heights becone |ower for inproved higher density disks, the disks
must be burnished to a greater , f <n - éﬁ[gigpggoa extent than was
her et of ore necessary to | ower the prolectlon uch asperities and
to nore efficiently renove disk surfate debris. Several different

bur ni shing pad designs are currentl g uﬁﬁ&&ﬁﬁd Some heads have a burni shing
ri dge providing a burnishing edge that extends across the entire front
surface of the head. O her bur ni shi ng nenbers on
the left side and right S|de 0 ?&e gﬁﬁﬂﬁ@ﬁ“ﬁgfﬁﬁéﬁf but have a | engt hw se
channel between the left and right burnishing nenbers. In such heads, a
significant portion of the burnishing head does not burnish the disk,
resulting in significant i i n the burnishing process. A furt her
prior art burnishing head 2N WHE INVENTEQN 4, 845,816. It has a
waffl e type pattern of burnishing pads that is, a pIurallty of di anond
shaped burni shing pads that are di sposed on the burnishing head surface.

The di anond shaped pads are oriented such that the point of each dianond
shaped pad is directed towards the nedia to be burnished. In distinction to
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The present invention relates generally to burnishing devices for hard disks. and more

particularly to a burnish head having a plurality of burnishing pads.

Description of the Prior Art

A hard disk is cleaned and burmshed following the deposition of thin film layers to

remove debris and asperities from the surface. Such debris and asperities must be removed, or at
least reduced in height, to enable a slider to fly smoothly over the disk surface. As slider flying

heights become lower for improved higher density disks, the disks must be burnished to a greater



-t hi $"pad configuration, burnishing pads of the present invention each have
a straight burnishing ' . , edge that is directed towards the nedia to be
burnished. In a prior art variation of this waffle patterned head the

| eadi ng burni shing pads nay be triangularly shaped, as are the |eading pads
of the present invention. The present invention includes a different

bur ni shing pad configuration fromthat described in copending U S. patent
application serial no. 09/190,946, to which cross-reference has been nade
above. Specifically, the present invention includes two burnishing pads at
the rearward surface and one at the | eading surface, whereas the invention
described in the ,. - 8 DE ~ 2003 cross-reﬁ:ﬂéﬂé?@ﬂ@nﬂication has two
| eadi ng surface burnishing pads and ope rearward surface burnishing pad. A
need therefore exists for inprovenents in burnishing heads that renove
debris an i L]8es a greater degree than has been previously
necessary Qx@}ﬁgﬁ%fr ‘Ba’!ésglr? t et[‘%ﬂ’i?é’g‘f‘?%ﬁ’ 9 OWar deecpreiedsion heighi of gudheaperities Bndto more
pIuraIitye Ewbtrnisqg$ pads in _a unique configuration that acconplishes
these restlts. “SOVRE rippqedebrig/ENTI ON The bur ni shing head for hard disk
processing includes a solid body having generally rectangul ar surfaces,

i ncl udi ng an uppErR! different durmashingr prds tésipgs pad cetdnflnGRilizA, T KOAL mykf ace, | a

rear surface and two side surfaces. A plurality of burnishing pads Are?

di sposed bisishingeidge prvistrigng bpahiay ef@CBat kRRIPAGSS %ﬁe‘fnzheaﬁgfﬂssi }gt,gc Qf $ f?}ﬁé

each pad has a burnishing edge that is generally para

surface ahedt Iﬁh@foﬂfr&t@é&i&@iﬁﬂ@lﬁ vt B el tion of ia travel . The
bur ni shing pads are preferably ébnf?%%?ggngﬁé S G%EES?PB%EWQH¥ﬁQQ&wﬁng
pad i s ceburfighihy hedS BRSIGTe RG] e,the front surface of the head, followed
by two middl e pads fhat are %égg%%éﬁmyﬁl%mgﬁﬁééﬂkgﬁéﬁPgméﬂ@mﬂbmshkpmmﬁ

si ngl e cemtsiual haaqdi ear m.ddl e dis forned behind the two mddle
pads, and WO T ear azsg%z&cg?{ K |O§‘[§’(§§&P“Pﬁ§’§‘gskﬁé@:é%FSalﬁhl?LtImBIEthatdiiS&n&bﬂﬁn@in t he

rear surf ol A head. .In the preferred enbodi nent the pads are
general ly %rfandh@g?w¥ﬁ1%%588m5ﬁ@gpﬁﬁaﬁuter surface of the |eading and

rearwar d padsliﬁn&qpered. The met hod for nmanufacturing the burnishing
er prior art burnishing head is described in U S, Patent 4,845,816. It has a waffle

type pattern of bumishing pads; that is, a plurality of diamond shaped burnishing pads that are

disposed on the burnishing head surface. The diamond shaped pads are oriented such that the
point of each diamond shaped pad is directed towards the media to be burnished. In distinction to
this pad configuration, burnishing pads of the present invention each have a straight bumnishing
edge that is directed towards the media to be burnished. In a prior art variation of this walffle
patterned head the leading burnishing pads may be triangularly shaped, as are the leading pads of
the present invention.

The present invention includes a different burnishing pad configuration from that

described in copending U.S, patent application serial no. 09/190,946, to which cross-reference has

been made above. Specifically, the present invention includes two bumishing pads at the

rearward surface and one at the leading surface, whereas the invention described in the



.. '8 D E C 2003 head, includes the steps of making a series of parallel
cuts in a surface of a solid body of material. The burnishing pads result
frommaterial that renmains followng the cuts. It is an advantage of the
present invention that a nore efficient burnishing head is provided. It is
anot her advantage of the present invention that a burnishing head is

provi ded having a plurality of burnishing pads, each of which includes a
straight burnishing edge that is generally orthogonal to the direction of
hard disk nmedia travel. It is a further advantage of the present invention
that a burnishing head is provided that is ea§a Dgugzgﬁﬁgcture in quantity
and mai ntain high accuracy. It is yet3 anot her Hd f the present
invention that a burnishing head is provided which includes two effective
burnishin? edﬁes whi ch_extend across the width of the burnishing head. It
i's yet aCTUFTHERnd\ipnlicaien bas twrelepding ewfack busishingrpatfiahd andHaRisRisag,kead
is provided which includes two burnishing pads formed proximte the rear
sur f ace, bymishingpad. t hey are in close proxinmty to the surface being
bur ni shed, whereby efficient, effective burnishing is achieved. These and
ot her features: acd theheford agas &Y i th b2 i i 1.l _becope apparent
to those skilled in the art uponrﬁgggﬁﬁgé?ﬂémfoi;Q%F%gsg%¥éﬁP@@ S8 408t i on
YDVII;:A\(;\;] Nglgkgﬁnhesf Rae6Rer Bk Bia BYAcB prel/igllfsrlyg I§ecgsfsar§f.h o present 1%\S/en|ti|(\>ln ;E)%ides a

burnishing head with a plurality of burnishing pads in a unique configuration that accomplishes

these results.

SUMMARY OF THE INVENTION

The burnishing head for hard disk processing includes a solid body having generally
rectangular surfaces, including an upper surface, a burnishing pad surface, a front surface, a rear
surface and two side surfaces. A plurality of burnishing pads are disposed upon the burnishing
pad surface. The pads are shaped such that each pad has a bumnishing edge that is generally
parallel to said front surface and therefore orthogonal to the direction of media travel. The
burnishing pads are preferably configured such that one frontward leading pad is centrally
disposed proximate the front surface of the head, followed by two middle pads that are disposed in
a spaced apart relationship. A single centrally disposed rear middle pad is formed behind the two
middle pads, and two rear pads are disposed in a spaced apart relationship at the rear surface of
the head. In the preferred embodiment the pads are generally triangular in shape and the outer

surface of the leading and rearward pads is tapered. The method for manufacturing the burnishing



of the present invention disposed in association wwth a hard disk; Fig. 2
is a perspective view of a preferred enbodi mrent of the hard di sk burnishing
head of the present invention as depicted in Fig. 1; Fig. 3 is a top plan
view of the burnishing head depicted in Fig. 2; Fig. 4 is a side

el evati onal view of the burnishing head deplcted in Fig. 2 Fig. sis a
front el evational view of the burnishing head depicted in Fig. 2; Fig. 6 is
a rear elevational view of the burnishing head ﬂf icted in Fig. 2; Fig. 7
is a side el evational V|em1dep|ct|ng t he burfn& E' Qﬂﬂ di sk surface 30
utilizing the present invention; Flg 8 is atop plan V|em/dep|ct|ng a
first burnishing pad cutting step for manufacturing the burnishing head
depicted in Fig. 2; Fig. 9 is a top plan view depicting a second burni shing

pad cut hésaginsh@es &9&%9%3&% 45@%. %f{}graﬂglrc‘a S ggrbi‘c%%?'a gglpd l():c%lggf L Fi ﬂé 2;

and Fig. 10 is a top Ing a urni shing

step fo bur ni. head cted in Fig. 2. DETAILED

DESCRIP#?%ﬁﬁ#fﬁﬁéééﬁﬁ%&ggﬁﬁﬂnﬁﬁﬁéghwgm*§lA@ﬂﬂﬁﬂggFéHSln Fig. 1, the hard

di sk burnlshhdg hea 10 of the present invention is formed froma generally
|88

solid, rect aqyapipeo L disr Biepamt deetiorathal 2 masei effciant biwpshingundadcie 14

that is s
provided.

, ¢! ;. - 8 DE C 2003 s Fig. 1 is a perspective view of the burni sh head

It is another advantage of the present invention that a bumishing head is provided having a
plurality of burnishing pads, each of which includes a straight burnishing edge that is~ generally
orthogonal to the direction of hard disk media travel.

It is a further advantage of the present invention that a burnishing head is provided that is
easy to manufacture in quantity and maintain high accuracy.

It is yet another advantage of the present invention that a burnishing head is provided
which includes two effective burnishing edges which extend across the width of the burnishing
head.

It is yet a further advantage of the present invention that a bumishing head is provided
which includes two burnishing pads'formed proximate the rear surface, such that they are in close
proximity to the surface being burnished, whereby efficient, effective burnishing is achieved.

These and other features and advantages of the present invention will become apparent to
those skilled in the art upon reading the following detailed description which makes reference to

the several figures of the drawings.

IN THE DRAWINGS



“: 8'D E C 2003 6 engagable with a generally depicted head support appar atus
16, a burnishing pad surface 18 having a plurality of burnishing pads 20
fornmed thereon, a front surface 22, a rear surface 26 and side surfaces 28.
The head 10 is designed to burnish the surface of a hard di sk 30 which
rotates towards the front surface 22 in the direction of arrow 34. Further
details of the burnishing head 10 are next described with the aid of Figs.
2-6. As depicted in Figs. 2-6, a plurality of burnishing pads 20 are forned
on the burnishing pad surface 18 of the head _}% DEE mi shi ng pads 20
project outwardly fromthe surface 18, and eac i eferably oriented
such that a straight burnishing edge'%o of each pad 20 faces towards the

front surfacegg?2 t ead 10 reby.the bur.nj shing edge 40 of each pad
20 is gener aleTlg' rl)g% Al P%f&f % ngfq\fg‘ﬁ? %gﬁlfsﬁ“g?é‘??ﬁ “Iéenar,eéer“tt Hitsahen disposedan
medi a trgveLtdire tion 34 Thus, the burnishing edge .40 of each pad 20
forms thE PRHFnTGNARAradisk for collecting debris and interacting with -
asperities projecting fromthe disk surface 30. Each burnishing pad 20 is
preferably fofifediisigpezspestivanigw efia tfaped enisbdimmt of thé Rird diskeburSstih 2142 -
The preferred pad configuration includes a | eading pad 44 that is fornmed
cent r al | e presedténventomtassiepitad ¢ Big, 1;a | eft nmiddle pad 46 that is formed at
the left edge 48 of the pad surface 18 and a right mddle pad 54 that is
formed at theFigi Dbt tesiglen SBwef tHehRird - rearward, niddle pad
58 is formed rgarmarﬁfg'and centF?Fqﬁggﬁ%%%g&ggégnfggghd 54. Two rear pads
60 and 62 ar epidif] d. 58 and, are spaced, apart in a
simlar manng;lgtﬁ@gg S e%gﬁg)\ﬁfgfgé%oﬁége ggmggglg%gaede%p}cﬁamgg font vi ew
depicted in Rqg.c 5. A he.three. | eadi tri.angul ar pads 44, 46 and 54 are

si zed and pogﬁgfgggéh)ﬁ%ﬁmbﬂﬁngWéfﬂgéﬂpﬂ ingriorad dopicted indlig R pad 44, 46 and
54 are , " -..8 oEC 200 ajiqned such that when conbined they effectively
extend across lg'f‘?g‘SFlE‘Falr elgyaitonal vigw efithe hasnishisg heash depigied iBigwit h no gaps in

t he conbi ned | eadi ng edge. That is, each front edge 40 of each triangul ar
pad 20 has a H&nge sKetdryrtional wigwalepicting¥hg buiBishinga b yljsktshefadeBoARI b inbapgul ar
pads 58, 60 and 62 are sized and positioned such that the |eading edges 40
. of thesePrppgalonegnfienst i vel y extend across the width A of the head 10 with no
gaps in the conbined | eadi ng edge thereof. The configuration of the
triangul ar pdtg 840a livevibe depiddh et sifirti SO i :

wher ei n each 3-pad gg?i(speciﬁ;cally pad set 4@%“%%“%§§%g§f§%§%g83§&§%% 58,
60 and Gni hﬁgaqygﬁagnﬂgqp ef fective burnishing edge that extends
across the width A of the héad 10. Thus, each head 10 effectively has two
conbi ned bur ni;shi; : extend across i.ts wdth A one conbined edge
bei ng for ned @}lé Ignlggé %Zf'l%‘g?{e %lg{fﬁr% %ﬁeﬁa‘rd;‘%““ﬁ%afagg. pégncéﬂnéqgost‘eé’, Or WARHAGGRE t he
head 10 §mﬁgﬁéﬁﬂ£0%&§“ oc_tign on the surface of a hard disk 30, two
bur ni shi ng edges® pass bver thé& t°884tion. In the preferred enbodi nent,
enhanced heagggigtornaqaglLs ?Ptalned by nodifications to the |eading

bur ni shi ng pad 44 'HAPPRE Ve depighing & Kid Puputhingsmdgntting atepSpemidifaating, t o
prevent i gougi.ng of the disk surface and to facilitate the flying

char act & %h“@H@P%@éalﬁ@~%as di scussed herebel ow), the outer surface
42 of the leading pad 44 is tapered. That is, as is best seen in the side
view of Fig. 4, the outer surface 64 of pad 44 is tapered froma point 66
approximately 1 /2 of the pad |l ength back fromthe edge 40 at a slope angle

x of appr oxi TEDETAILED DESCRESTIONGETHIER FRRRIED EAASSD RS O M t he
bur ni shing edge 40. The two rear pads an aré tape simlar
manner, as i sdepbel adrisn R ; J: fi ant revent. scratchi ng of
t he hard Qiskssugface by Fﬁgg?%ggﬁggﬁﬁ%%%%ﬁ%%x5%39@§P§ﬁ8R§PPB“Wh“2@FFd

cont act st dgdnBny %lffge%tagéulgr%%dg LE&rag

mic material 12 having an upper surface 14 that is




' B '~~~ Lu~3 8 the outer surfaces 68 of the pads 60 and 62 are tapered
rearwardly froma point 70 towards the rear apex 72 of the pad 62 at a

sl ope angle u of approximately 1-3 degrees. As is best seen in the top view
of Fig. 3 the triangular pads 20 in the preferred enbodi nent have the
foll owi ng approxi mate sizes, |ocations and rel ationships. Were the length
of the burnishing edge 40 of a pad 20 is z, the wdth A of the head 10 is
3z and the length B of the head 10 is approximately 4z. The di stance d

bet ween the pads 20 is approximtely equal to the length 1 of a pad 20, and

the corner angle y of the pads 20 is approxigmt he pad

configuration depicted in the preferred e%%ﬁnﬂrﬁci@qg particul arly

useful for a burnishing head 10 havi a wdth A of approximately 1.5mm

havi ng burni s{;}i@ng pads 20 fornmed with a height h of approximtely

0. 1- 0. 2mPneaErbleovitls e, gebermly dbpiltedtisa be i thin.the-scppe. of the
rp3® SPIIRE 1Y b it B4 e

i nvention having a corner angle y that 'is erent’ from a(—S?Fy1841 ,

whi ch geteviag bylurelgy bt SurhBhiah 396 hapes .and rel ative |ocations of
the triangul ar pad?fI and cha?%?%lgi%%pﬁ%etﬁaf ’éf@f’t?‘\‘n‘gc%@aé 163y Suffpqg. 267anids a

si de el e¥akisQpals Y& € Lehi.ng the burni shing of the surface 30 of a disk
by the bur ni sh hseg% %éjg‘%dﬁhés g?ségé‘éﬂfo #W@hfhewfamf@éprcbdiddm Inéhicbi ratatdshe

bur ni sh LS .supported by the head support apparatus 16 above the
surface g)g@a g?sltge %?%I?u %5@5i%ﬂmﬂkgni0ﬁarmw %tFluﬂleBdatailerMﬂfe%mm 2GHiI169
asperitigs zﬁtcﬁnd.bdﬁbr%s 75 are shown on the surface 30. A significant
characteri St c ot ofhEp thefidpffigs. Rdad 10 is that the frontward tapered
surface 64 ofA 'Eihe_ t|£%gig'ng bur ni shing pad 44 generates a hydrodynam c force
wi th the novi g denipted inoBigs 1206t hplusilitg eft@réhigd pddd 0NBY kg Sk 110 produce a
positive pitch, such that the frontward surflg:% 22 of thee(ﬂglg el@’rﬁfligﬂg

o - 8 DoHE UG0S I tiwkoue 10 NehebihigRe 301500 ' The tapered surfaces
68 of the two rear burnishing pads 60ggn§ Gf&(ggcﬁg{ﬁ%requgmﬁélé‘%”iﬂg@ls’and

hydr ody nauh paprie prefirebly Qribktoy i f1 .cantact,.on the di sk surface 30.
Thus, the |eading surf%';tctz,\l 22 0 tﬂ%ts%ggﬂ&%gbws?ﬂgé@ 41 67 eachnpady2@ ifaces

surface QB3@arddes 84S sh t4yaid.bng re urhgce 26 i s disposed closer to the
di sk surface 30, v'vhesrgﬁc; Z'E%éfl%%rg?ﬁdsﬂi ﬁvg'e thefyryshipg, edgsA@sofseach A6d 268s and

60 are |lReahpd,s8 Lally ¢loser to the disk surface 30, as shown in Fig.
7. Ther e%eor e?pahe%vg)sq %)leerﬁfnfti S8 acfigéﬁé oglisenal toythe mediadravel wireeticad 4bYThii ehe
posi ti vel.y.;Bi; d head 10, the burnishing edges 40 of the pads 44, 46, 54,
58, 60 aﬁﬁ‘“@ﬁﬁégdeﬁéﬁto?%ﬁ°ﬁya%%mmeI@ﬁmgrpemm fohellesing delirised Tte@bhg
debris Z;l té) a.progressively lower projection height as the asperities and
debris padkisperlies proisotiag ifrﬁmtéadishguxfacbaaeﬁaaubmmhgga&m%%réﬁragfy g

bur ni shiﬁgéjgadsl. Al@%iﬁgné]ai cant advantage of the burnishing pad o ientéiti on
of the Hisvlan veape iabh haOa flst dutatsuifid 42U ITHe SrifgbIRALS 65131E
’diJ‘Sposeclj at thgﬁr earward surface 26 of the hezl)gé 12, q’%heo%?%%ﬂén%@eéﬁd 62
'pr ovi de 1adingmad At it ngfornigasnddllyah thd@ort SWRSE 256 8§8 we he. bur ni shi ng
head 10 and the di sk surface 30, wher e%y the two ﬁ?‘ﬁ?‘gﬁ%‘g?%ﬁ'@b’é%%méf t he

rear padsthe@efoaige 62 opthe whd surfQs i £k : . $hj of, the surface 30.
Additionally, the sgaceél5 aparrt é?g%doz&@?gxﬁﬁ%i%'ﬁ%igi p@blsrﬁé‘g’r‘aglﬁ&ﬂ‘ﬁi%ﬁi efdgepads

60 and 6@ ofithetpag shERMWRN dA S e, 26, 0f %? bur ni shing head 10 provi des
excel | ent system sti ffness. Mfﬁg@ F’éc?dl‘? Haedt aﬁsg’é’ﬂfdarﬁﬁwﬁidl)b%@me@mﬂmomhaced

apart pgadat 0 ith. th i sk _surface, which tends to prevent
burni s h?ng L%eagg 5??.0:?%%% r}g'%c?]s @Lﬁrﬂgﬁg a5 disposed ssarwardiy of ppdSBiadi ng: spagedeped
stabili 0.1 he burni shi head during use. As will be obvious to those
skilled&¥ﬁﬁﬁﬁéqg ?r?ﬁ@d$ggﬁﬂﬁﬂ-edge'taper angle x and trailing edge taper
angle u, tog tﬂiJ with the velocity of the disk in direction 34, can each
be adj ust ed THSOEHPE nthecrent viewdepinied irchigr 5 ahethies ldaa, maﬁ,ﬁﬂﬁfﬁﬁggz %% of
t he heg%@négcludlggeéhe ;Iylng hei ght and pitch angle to t e differing
requir arg riem end posifioredtd fshie gt thdi1644; ile.the sri ul ar pad
-~ configuration depicted hereabove is a prg%g%%gg@23£§GP§%%ﬁqf6$aPﬁggaﬁi
bur ni shing head size descri bed above, |arger or snmaller burnishing heads
may advantageously be fornmed with a greater or fewer nunber of triangul ar
pads which are disposed in configurations other than as depi cted hereabove.
These ot her configurations as nay be advant ageously devel oped, but which
nonet hel ess include the nultiple discrete burnishing pads of the enbodi nent
10 descri bed hereabove, are considered by the inventor to be within the
scope of the invention described herein. Additionally, burnishing heads
having nul tiple discrete burnishing pads having shapes other than
triangul ar, such as rectangul ar, square, and pol ygons which are each
oriented to have a straight burnishing edge that is parallel to the front



“Fig.! 8 depicts a strip 80 of ceramic material which is bonded to a grinding
fixture (not shown), and fromwhich a plurality of burnishing heads 10 are
to be formed. As depicted therein, a first series of parallel cuts 84 have
been nade by a dianond saw into the surface of the strip 80. The cuts 84
are spaced apart a distance z along the front surface 22 of the strip 80,
are made at an angle y of approximtely 41 degrees to the front surface 22,
and have a width w of w=zSiny. Thereafter, as depicted in Fig. 9, a second
series of parallel cuts 88 are made in the surface of the strip 80 at an
angle v that is equal to y of approximtely 41_?fﬂggg§%qg®e cuts 84 are
spaced a s - 8 DEC 200 11 distance z apart on r surface 22 of the
strip 80 and al so have a width w. Theréafter, as depicted in Fig. 10, a
third series of parallel cuts 94 are made in the surface of the strip, 80.
The t hi raligaed sush thft whenscobined dhqyaeffeptively extendrasrops ghetfuld yyiftic@) 2f thy fronfe
strip 80 and are spaced the distance 1 (the |length of the burnishing pads
40) apardurfadeh22 thithr tb §&¥s 1afthe wb@biddd Nadiag @dgé. dThatdis cepohlfrono edge 44 of sach
therefore to be understood that when the three sets 84, 88 and 94 of

di amond SR A haRs Qg&i%m@%t ¥ %l;tbl?\/’.’;’.uﬁfrﬁfaﬁy%e & SihAdulertyaas 58 60

plurality rough head 00 have ornmed in"the strip 80, and each

head 100_wi h | ur.al i f.triangul ar e J Q4

ey ghi oo e SR I gl et Yl ! P TRpR BT RUIUULAB IR padll,
into the surface, he strip 80. Thereafter, the.individua ads. 1 are
separ at e¥f 5| %P?'é‘gt?‘ é}(?lt itenbegd A awith Mo s5ey 1 gier WF&‘?QQFW ?4%‘#5?“"?5% ngge _
bur ni shing head devices 10, as is next described. After the sertes of three
cuts 84, cafigariomal Hectrigpmuarinads B8 ont the head AR cpm g Jhnghy of subre Adadsetfoo
are diced off the strip at lines 108 and de-bonded from the grinding
fixture wheeinghelwhpad ohGpedifitiaily darbdet hbddsnd I0@ndpad st 85 98@nd AY) eadaredliied on
a fixture for the | apping and coating processes that follow In the

pr ef er r e tbrmaneifedive burgsh i @a@SthataRhddcros teyvititheinsfithe lewad 0 h&halks edblithead e

al i gned together on the fixture for efficient processing. Thereafter, a

First hyde efynaely had BRPEMDIRN dullfsHimkEpePBEE exléifl dords e wi@AK, 10 cahibiasded
to the fixture is conducted utilizing a.coarse grit hydrodynam c | appi ng

device, ag ggﬁgﬁggm& Pouh ga%ﬂg%lgtf(hgl tl'lgxgﬁu:l:a@ lpLJT&?_ Bleleford RecIAGRE TR R NEBLS P4 ©

then cl ea a secon odyna apping 1s conducted using a fine
it hyd iC.l [ i b SaK tQ. ' [ - t.
Ther eat t & S AGoG o B AR RSHE off b dRiag Rk il RS RO alle T8

tapers of the | eadi burni shing pad 44 and the ( .. 1 8DE 0b3 12
rear bur ni shi Fﬂg&ﬁé’ g&@ eﬁ??ﬂd‘gﬁngregh%%dd Bf/rtf‘fnt?f"?ﬁ?éf opaigsd Eﬁ “%??ﬁf{%ﬁtéonﬁljt? gned
heads 100 at the appropriate taper angle, The aligned heads. are then

cl eaned ddesiingrhupishing pad 44 aé@f‘b‘bf?af Rishing W%ﬂ/‘é‘f’%‘@a@i' n%ef”éic?}ﬁ'ef‘é?réﬁ?%
formed on the burnishing pads by placing_the fixture with aligned_heads
into a vaouging ofthedisk sanfide appto/hcilitatetthe Bying clrmactanigtiastal teAlend) 16 (astdisusssg
techniques that are well known to those skilled in the art. Thereafter, the
al i gned hemtdow), ehadexdrantdad 42r dnhd Redifg pddideis tepeeain €thabisdas sdpsicteend irathe
finished individual burnishing heads 10. To utilize the individual _

bur ni shi RgleR@AAst Hif, 4, 8RR S@hck 84 BLRHIEA it GapBred AORENSIIRG6APBIoREnaldly 1068
Fig. 1, using an assenbly positioning tool as is known to those skilled in
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preferably using ultrasonic eani ng ow power |evel and thereafter at
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checked for its gramload characteristics. The i . 1. . burnishing head 10
of the prselffmer@dge F9OHrdwads, 60mndrd2aandradiowi aagaft eontaet i the surfecs of ithp disle 3on
characteristics is capable of acting as a slider and flying over the
surface of a hard disk where the additional paraneters such as the gram

| oad of the burnishing head suspension assenbly and the constant |inear

vel ocity of the hard disk to be burnished are appropriate. Wile the

i nventi on has been shown and described with regard to certain preferred
enbodi nents it is to be understood that certain alterations and

nodi fications in formand detail will occur to those skilled in the art
followng review of this specification. It is therefore intended ,4 -~ 8
DEC 2003 13 by the inventors that the follow ng clainms cover all such
alterations and nodifications that include the true spirit and scope of the
i nvention set forth herein. '



~ 14"- 8 D EC 20~~ CLAIMS 1. A burnishing head for hard di sk processing,
conprising: a solid body including an upper surface, a burnishing pad
surface, a front surface and a rear surface; a plurality of burnishing pads
bei ng di sposed upon said burnishing pad surface, each said burnishing pad
havi ng a burni shing edge that is generally parallel to said front surface,
and wherein a left rear burnishing pad is fornmed at a |l eft side edge of
said body and a right rear burnishing pad is formed at a right side edge of
said body. 2. The burni shing head as described in claim1l wherein each said

bur ni shing pad has a triangul arly shaped outgj'SEEHgG@wng. The burni shi ng
head as described in claim1l wherein said burn¥s ' are disposed in a
configuration on said burnishing surfage such that the burnishing edges of
a pluraléé¥ of said pads effectively forma conbi ned burni shing edge that

ext ends Buter sprigpesta offthe pidd Goemd 62i dré ciptred PArgaBE fidh & ?B'bﬁt'@g A8 the
bur ni shing edge. 4. The burni shing head as described in claim3 wherern

sai d bur rPastapery efdheqmdfe2gus slopOdhald \FHUEES xRS i ned burni shi ng
edges, wherein each of said conbiﬁ%d ed%@? extéﬁggqg%gggs the width of said

head. 5. The bur ki bt RENGAGhARHIE réfbﬁg i?f?l%'%ia{n% \r/\,h g%?gf?lgeuhpsai dd![ ﬁ;t

and right rear burnishing pads are forne

sl opes t eudbgigesel ce. .6. The burnishing head as described in
claim1 wherein ?a?%g%%llé(ﬁ%{lé %Ppsr?ff'w&teﬁgas’i%ca?%sr?ﬁ‘élr%loﬁ%hlléﬁ bifhere dlie leggth

surface, I i ng burnishing pad being forned with a tapered outer
sur f ace toﬁgl'lte %g{‘ng%gng eg%%\gci 8fls"’ Ragi 20 1% .¢ba Wislthy A 96 the ads b isl 3handnths binpth I epgke

ls- -8 Eg‘gi 120203 7. A burnishing head for hard di sk processing, -conprising:
a solid BISy gﬁpﬂr@xw 41| Vhe distaneeqlibetweenithé pas 0 ik ApproA At 2EH PR e
sur face, a burnlshln% pad surface, a front surface, a rear surface and two
side sur {cggt@sl; of a pad 20, and the comer angle y of the pads 20 is approximately 41°. The pad
configuration depicted in the preferred embodiment 10 is particularly useful for a burnishing head
10 having a width A of approximately 1.5mm having burnishing pads 20 formed with a height h
of approximately 0.1-0.2mm. Of course, bumish.heads may be formed within the scope of the
invention having a corner angle y that is different from approximately 41°, which generally results
in changing the shapes and relative locations of the triangular pads, and changing the length B of
the head 10. |
l Fig. 7 is a side elevational view depicting the burnishing of the surface 30 of a disk by the
burnish head 10 of the present invention. As depicted therein, the burnish head 10 is supported by
the head support apparatus 16 above the surface 30 of a disk that is moving in direction 34
Upwardly projecting asperities 74 and debris 75 are shown on the surface 30. A significant
characteristic of the burnishing head 10 is that the frontward tapered surface 64 of | the leading

burnishing pad 44 generates a hydrodynamic force with the moving air close to the surface 30 of

the moving disk to produce a positive pitch, such that the frontward surface 22 of the head 12 flies



“a pl'urality of burnishing pads being di sposed upon said burni shing pad
surface, each said burnishing pad having a triangul arly shaped outer
surface and a burnishing edge that is generally parallel to said front
surface; said burnishing pads being configured upon said burnishing pad
surface such that one frontward | eading pad is disposed proxinmte said
front surface, two mddle | eading pads are di sposed rearwardly of said
frontward | eading pad in a spaced apart relationship, one rear m ddle pad
i s disposed generally rearwardly of said mddle | eading pads and generally
bet ween said two m ddl e | eadi ng pads, and two rear pads are di sposed

rearwardly of said rear mddle pad in a spaced 81?5& Zegatl onshi p, and
wherein a |l eft rear burnishing pad is fornmed at de edge of said
body and a right rear burnishing pad $s forned at a ri ght side edge of said

body. 8. abbhe thetuFace oy thehisk. aﬁl ﬁ%%cf slﬁﬁgce's @ GF Al t\g?] Fear glmlﬁgmg%égs %Qiail{d
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have a Cﬂn g rnlsgln% that extends across said width of said
head. 10. The® gsﬁ‘?r Ge Kéd h?i‘ésl’f)r jsreiged by dhendlizk whifacei 30, sbiectad W r ear
pads are forned with a tapered outer surface that slopes towards said rear
surface {IIGICH Fstaer 261@ ispecdisiaser tothadjshaafica30, ddemby detbuitishih@bdpe 40
wherein said front leading pad is fornmed wwth a tapered outer surface t hat
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10, the burnishing edges 40 of the pads 44, 46, 54, 58, 60 and 62 sequentially encounter and
remove the asperities 74 and debris 75 to a progressively lower projection height as the asperities
and debris pass beneath the increasingly lower burnishing edges 40 of the burnishing pads.

A significant advantage of the bumishing pad orientation of the present invention 10 is
that two burnishing pads 60 and 62 are disposed at the rearward surface 26 of the head 12, The
two pads 60 and 62 provide two bumishing edges 40 at the lowest height between the burnishing
head 10 and the disk surface 30, whereby the two burnishing edges 40 of the rear pads 60 and 62
provide for efficient bumishihg of the surface 30. Additionally, the spaced apart disposition of the
two rear bumnishing pads 60 and 62 at the rearward surface 26 of the burnishing head 10 provides
excellent system stiffness. That is, the pads 60 and 62 create two spaced apart points of contact
with the disk surface, which tends to prevent burnishing head roll motion during burnishing, thus
providing improved stability to the burnishing head during use. As will be obvious to those

skilled in the art, the leading edge taper angle x and trailing edge taper angle u, together with the

velocity of the disk in direction 34, can each be adjusted to control the aerodynamic characteristics
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3dEA = be formed with a greater or fewer nurnbér of triangular pads which are disposed in configurations
other than as depicted hereabove. These other configurations as may be advantageously
developed, but which nonetheless include the multiple discrete burnishing pads of the
embodiment 10 described hereabove, are considered by the inventor to be within the scope of the
invention described herein. Additionally, bumnishing heads having multiple discrete burnishing
pads having shapes other than triangular, such as rectangular, square, and polygons which are
each oriented to have a straight bumnishing edge that is parallel to the front surface are also
considered to be within the scope of the invention. A preferred manufacturing method for the
burnishing head 10 is nekt described with the aid of Figs. 8-10.
; Fig. 8 depicts a strip 80 of ceramic material which is bonded to a grinding fixture (not
shown), and from which a plurality of burnishing heads 10 are to be formed. As depicted therein,
a first series of parallel cuts 84 have been made by a diamond saw into the surface of the strip 80.
The cuts 84 are spaced apart a distance z along the front surface 22 of the strip 80, are made at an
angle y of approximately 41 degrees to thg front surface 22, and have a width w of w=zSiny.

Thereafter, as depicted in Fig. 9, a second series of parallel cuts 88 are made in the surface of the

strip 80 at an angle v that is equal to y of approximately 41 degrees. The cuts 84 are spaced a
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distance z apart on the front surface 22 of the strip 80 and also have a width w. Thereafter, as
depicted in Fig. 10, a third series of parallel cuts 94 are made in the surface of the strip 80. The
third series of cuts 94 are parallel to the front surface 22 of the strip 80 and are spaced the distance
 (the length of the burnishing pads 40) apart. The third set of cuts 94 have a width d equal to 1. It
is therefore to be understood that when the three sets 84, 88 and 94 of diamond saw cuts have
been made into the surface of the strip that a plurality of rough heads 100 have been formed in the
strip 80, and each head 100 will have a plurality of triangular shaped rough pads 104. The height
h of the pads 104 will be generally equal to the depth of the cuts into the surface of the strip 80.
Thereafter, the individual heads 100 are separated, cleaned, polished and finished to form a
plurality of final burnishing head devices 10, as is next described.

After the series of three cuts 84, 88 and 94 are made in the strip, the individual rough
heads 100 are diced off the strip at lines 108 and de-bonded from the grinding fixture (not shown).
The individual heads 100 are cleaned and assembled on a fixture for the lapping and coating
processes that follow. In the preferred manufacturing process approximately twenty rough heads
100 are aligned together on the fixture for efficient processing. Thereafter, a first hydrodynamic
lapping of the rough pads 104 on the head 100 attached to the fixture is conducted utilizing a
coarse grit hydrodynamic lapping device, as is knowh to those skilled in the art. The assembled
heads are then cleaned and a second hydrodynamic lapping is conducted using a fine grit
hydrodynamic lapping device, as is .known to those skilled in the art. Thereafter, the aligned

heads are cleaned again. Next, the front and rear tapers of the leading burnishing pad 44 and the
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rear burnishing pads 60 and 62 are formed by further lapping of the aligned heads 100 at the

appropriate taper angle. The aligned heads are then cleaned again. Thereafter, a carbon thin film
overcoating is preferably formed on the burnishing pads by placing the fixture with aligned heads
into a vacuum chamber and épplying the overcoating utilizing sputtering techniques that are well
known to those skilled in the art. Thereafter, the aligned heads are de-bonded from the fixture,
cleaned and inspected as finished individual burnishing heads 10. |
To utilize the individual bumnishing heads 10, each head is bonded to a suspension device
16, see Fig. 1, using an assembly positioning tool as is known to those skilled in the art. The head
10 and a suspension device are thereafter cleaned, preferably using ultrasonic cleaning at a low
power level and thereafter at a high power level. The assembled bumnishing head 10 may
thereafter be inspected utilizing an optical interferomefery instrument to determine the surface
flatness of the pad outer surfaces 42 and the angle of the tapered surfaces 64. The suspension
assembly and burnishing head is thereafter checked for its gram load characteristics. The
{ | IE burnishing head 10 of the preferred embodiment, with appropriate size and pad configuration
characteristics is capable of acting as a slider and flying over the surface of a hard disk where the
additional parameters such as the gram load of the bumishing head suspension assembly and the
constant linear velocity of the hard disk to be burnished are appropriate.
While the invention has been shown and described with regard to certain preferred
embodiments it is to be understood that certain alterations and modifications-in form and detail

will oceur to those skilled in the art following review of this specification. It is therefore intended
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by the inventors that the following claims cover all such alterations and modifications that include

the true spirit and scope of the invention set forth herein.
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CLAIMS

1. A burnishing head for hard disk processing, comprising;

a solid body including an upper surface, a burnishing pad surface, a front surface
and a rear surface;

a plurality of burnishing pads being disposed upon said burnishing pad surface,
each said burnishing pad having a bumishing edge that is generally parallel to said front
surface, and wherein a left rear burnishing pad is formed at a left side edge of said body and

aright rear burnishing pad is formed at a right side edge of said body.

2. The bumnishing head as described in claim 1 wherein each said burnishing pad has

a triangularly shaped outer surface.

3. The burnishing head as described in claim 1 wherein said bumnishing pads are
disposed in a configuration on said burnishing surface such that the burnishing edges of a
plurality of said pads effectively form a combined burnishing edge that extends across a

width of said head without any gaps in said combined bumnishing edge.

4. The burishing head as described in claim 3 wherein said burnishing pad
configuration includes two said combined burnishing edges, wherein each of said combined

edges extends across the width of said head.

5. The burnishing head as described in claim 1 wherein each said left and right rear
burnishing pads are formed with a tapered outer surface that slopes towards said rear

surface.

6. The burnishing head as described in claim 1 wherein a leading burnishing pad is
formed on said burnishing surface, said leading burnishing pad being formed with a tapered

outer surface that slopes towards said front surface of said burnishing head.
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7. A burnishing head for hard disk processing, comprising:

a solid body having generally rectangular surfaces, including an upper surface, a
burnishing pad surface, a front surface, a rear surface and two side surfaces;

a plurality of burnishing pads being disposed upon said burnishing pad surface,
each said burnishing pad having a triangularly shaped outer surface and a burnishing edge
that is generally parallel to said front surface;

said burnishing pads being configured upon said burnishing pad surface such that
one frontward leading pad is disposed proximate said front surface, two middle leading
pads are disposed rearwardly of said frontward leading pad in a spaced apart relationship,
one rear middle pad is disposed generally rearwardly of said middle leading pads and
generally between said two middle leading pads, and two rear pads are disposed rearwardly
of said rear middle pad in a spaced apart relationship, and wherein a left rear burnishing pad
is formed at a left side edge of said body and a right rear burnishing pad is formed at a right
side edge of said body.

8. The burnishing head as described in claim 7 wherein said rear middle pad and said

two rear pads have a combined burnishing edge that extends across a width of said head.

9. The burnishing head as described in claim 8 wherein said front leading pad and
said two middle leading pads have a combined burnishing edge that extends across said
width of said head.

10. The burnishing head as described in claim 7 wherein said two rear pads are formed

with a tapered outer surface that slopes towards said rear surface of said head.

11. The burnishing head as described in claim 10 wherein said front leading pad is

formed with a tapered outer surface that slopes towards said front surface of said head.



