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LEVEL' FLYI NG BURNI SHING HEAD W TH & RCULAR BURNI SHI 0 016 -
a

*PADS 5 FI'ELD OF THE | NVENTI ON This invention rel

to a burnishing head used to burnish the surface of nmagnetic or

magnet o-optical 10 nenory disks to renove defects such as asperities and
cont am nati on. BACKGROUND COF THE | NVENTI ON Typi cal nenory
di sks conprise a substrate plated 15 wkh a hard material such as a ni ckel
phosphorus all oy. The ni ckel phosphorus is then "textured" (i.

roughened) . An Under| ayer , a ggeti-gynkd YRR sHTNGIBERS! O OBt | Cai
material, and a protective overcoat_are ﬁen osited on the nickel

phosphorus, e.g., by 20 spnﬂW%?ﬁrEFRCqﬁth%ﬂﬁNysﬂlg RBRSf acturi ng process

| eaves the surface of the disk in a slightly roughened condition often
with asperities, voids, or cont am. nat i on. A nenory disk

such as the type used in a conmputer 25 hard disk drive, is-generally
mount ed on & spindle "driven by a notor to rotate the disk at high
speed. A read/ wite head, kept in close proximty to the surface of
the rotating disk, reads or wites data on the disk. The read/wite
head is separ at BSELRoQF: FHEJINVENTION.e 30 by an air bearing created by

the high speed rotat 'I‘ﬁﬂ.sOf:anenttl% FedlateH 2 d P idhiiRAhddd /s this

air beari ng ﬁ %1r of aftorom mately one m Croj nc

al t hough t hi s h‘é?gh rhis H‘agnetdd%/e%u‘??@f% GFAL The

cl oser thelPeadhemory Héaits to remove defects such as asperltles and
contamination.

BACKGROUND OF THE INVENTION
Typical memory disks comprise a substrate plated
- 15 with a hard material such as a nickel phosphorus alloy.
The nickel phosphorus is then "textured" (i.e.,

roughened). An underlayer, a magnetic alloy or
- magneto-optical material, and a protective overcoat are
then deposited on the nickel phosphorus, e.g., by
20 sputtering. The memory disk manufacturing process
leaves the surface of the disk in a slightly roughened
condition often with asperities, voids, or
contamination.
A memory disk, such as the type used in a computer
25 hard disk drive, is generally mounted on a spindle
driven by a motor to rotate the disk at high speed. A
read/write head, kept in close proximity to the surface
of the rotating disk, reads or writes data on the disk.
The read/write head is separated from the disk surface
30 by an air bearing created by the high speed rotation of
the disk. The read/write head flies on this air
bearing, e.g., at a height of approximately one
microinch, although this helght is getting lower with
advancing technology. The closer the read/write head
35 is to the disk surface, the more information that may
be written on the disk. Thus, it is desirable for the
read/write head to fly as close as possible to the



.

35 is to the disk surface, the nore information that may be witten

"on the disk. Thus, it is desirable for the read/ wite head to fly as
ctl ose as possible to the - 2-

di sk. The precision with which the read/wite head flies

over the menory disk requires that care is taken during manuf act uri ng
of the disk to assure that there are naz-5 asperities or contam nation on
the surface of the disk that are large enough to interfere with the
read/ wite diiskd. If a defect on the disk surface contacts the

read/ wite head duri use, the read/ e heaq or the di sk. may, be
damaged. To prevent eﬂ&egﬁe&}s&gﬁt \M’lﬁ'&uﬁg} nead/wridavhaad sand

the disk, it isover thepmememy diskeredmifeamtthn date I8 ft%l@arﬁr&uxqg{gec'f S
tAhf‘Eu?L.esLfﬁgehﬁﬁﬁﬂggcmﬁﬁbe PR aieR 0, U TR e Amenay ok
manuf acturi Ag t 8FBABIELIGSpER ppggamlnatapmm ahenanirfade @f the disk
surface that mayhat Nt ak-bar e lLe of a
bur ni shi ng head i's descri be f%angﬁ g& 1&1%%%/5\@11& %urtj‘ag:&a @%é‘%@%&

Bur ni shi ng head2e8Se rﬁgnﬁofﬂ& §FtiPanshe Sk surfacegentagtisythe 1 shows
an enl arged vi emaﬁ/whEtBOhéam dunnguufsét;e thle FdMhSHhdRPO2 tid h a

plurality of shin ach burni shi 4 1s dlannnd
shaped and has sﬁarp eg g? gaﬁﬁgeg EdQeP*EVERY §ﬂ§@396ﬁ%5
prot rusi onk%on bﬁbwﬁennthedrshddwrﬁaeehead and tthe disk,r dtaties beneath

bur ni shi ng head;g orf?ntBEBnkéﬂggg ?%%ﬂ %hﬁgggsga q}f%h a%%'g%%%cg% edge

10. Fi gure ustrates burnishin
suspensi on ar m $Rabyaret harger enoughs te dnserferewwich @@e read/etrdttieng i n
the direction oheadtow 16. The high speed rotation of disk 14 creates

an air cushion or < s s .
A "burnishing head" is used in magnetic disk or

15 magneto-optical disk manufacturing to remove asperities
or contamination from the disk surface that may
interfere with the read/write head. An example of a
burnlshlng head is described in U.S. Patent No.
4,845,816.

20 Burnishing heads use rhomboid or diamond shaped
pads. Figure 1 shows an enlarged view of the bottom
surface of a burnishing head 2 with a plurality of

"burnishing pads 4. Each burnishing pad 4 is diamond
shaped and has sharp edges 6 and 8. Edges 6 and 8

25 contact and cut protrusions on the memory disk surface
as the disk rotates beneath burnishing head 2.
Burnishing head 2 also has a tapered leading edge 10.
Figure 2A illustrates burnishing head 2 attached to a
suspension arm 13 over the surface of a disk 14, which .

30 is rotating in the direction of arrow 16. The high
speed rotation of disk 14 creates an air cushion or
bearing over the surface of disk 14.  Lift is created
under burnishing head 2 when the air bearing contacts
tapered leading édge 10 and the large air bearing

35 surface area, which is formed by the bottom of pads 4.

As shown in Figure 2A, burnishing head 2 flies



bearing over the surface of disk 14. Lift is created under bur ni shi ng

*head 2 when the air bearing contacts . tapered | eadi ng edge 10 and the
large air bearing 35 surface area, which is formed by the bottom of pads
4. As shown in Figure 2A, burnishing head 2 flies

- 3- over the surface of disk 14 at a slope angle [err],

approxi mately 0.015 degrees. Because bug-ni shing head 2 flies at angle
[err], any contact between burnishing head 2 and the surface of disk

54 i's primrilyoaért bhet BacEhBe of ?1%$9%41%t ﬁTQq 'Eﬂ ﬂeﬂ% eﬂge 18 wears
own nore st of burnishin : shown in
Figure 2A, the %#%f%‘%@agagx ?s°ﬁ degreesnce BeG urnl%&&?ﬁéhﬁaﬂ<214
and the | eadi ngfbilge 4§ amgdeddst angecdhtack betweébpwﬂlﬁml@ H@aalr e
dierr] is less n e auge urni shi.n ad s n _angl e
[grr]] Flgu e éﬂ& EHL EﬁLfQS& ggrﬁlgﬁl%Q h&a r&“@ﬁ&ﬁyhéé E%@h%ﬁﬁﬂﬂ h
use. As sh%@ﬁelhaFlgﬁh@SZBtraginnbuedgehlﬁQWBaaﬁ dokni eerat t he
same angle [er rquidReyl edhnenedeestOot H%%ﬁ&hggh}%%@df s ghd

di stance d[err], frg e samne nce
d[err] as shownr®n %E?ezéA thﬂoﬁﬁﬁéﬂ-lnghédge 18; F-&l B ﬂgs‘i}@@@elsldof Wor n

burn:shlngdheadaﬁohasdbskn14 andggha 4&@&1n§héaﬁedlgt§%09 @h%%%hé%fdu
trailing edge ure i g gr.eater than distance dlerr] in
Fi gure 2A gaég%r %ﬁﬁlég WBPRT Bu ﬁ&Sﬁbgié? i;éhﬁﬁﬁ¥§?ectlve 20
t han bur nikhi ngoweaiisking head is Atsan hngﬁesﬂlngF&gadeZZBommbmmea rolls
as it f"eﬁufﬂfﬁhiﬁg ﬁEé&a§etﬁ£tdh§5 EéenAQ%ghpb&tﬁfuse Wrni shing

head 2 will cause a .cor contact” the surface
of disk 14, whi 3R yllilegmr%%uwogarhumr-ﬁgmgobgadg%rflmetseatd&me to

di sk 14. same Bamigighd ng 'bﬁédlgaaiﬁgcéageeh.é &2, b&ﬁh@@h&ﬁ?ﬁh@hﬁ 3

di anond pads 4 from ann are I nt ende accept
debris as prot rtfidndt %F%nfﬁtd#rgh %lskhé4suﬁh%ﬁgtﬂs(ﬁhﬂ(?ﬂ?e ,

debris terds toas distance d;, as shown in Figure 2A. However, the
trailing edge 18 of worn burnishing head 3 has been
worn away. Thus, distance d, of trailing edge 18 in
Figure 2B is greater than distance d,, in Figure 2A.
Accordingly, worn burnishing head 3 is less effective
20 than burnishing head 2.

Also, burnishing head 2 sometimes rolls as it
flies over the surface of disk 14. Any roll of
burnishing head 2 will cause a corner on trailing end
18 to contact the surface of disk 14, which may result

25 in scratching, gouging or other damage to disk 14.

Burnishing head 2 has channels 12, which separate
diamond pads 4 from each other. Channels 12 are
intended to accept debris as protrusions are cut from
the surface of disk 14. However, debris tends to

30 accumulate in channels 12. With the accumulation of
debris in channels 12, debris contamination may be
spread to other parts of the memory disk, as well as to
other memory disks upon which the burnishing head is
subsequently used. The accumulated debris may gouge or

35 otherwise damage areas of the memory disk which the
debris contacts. Debris accumulation is caused by the



30 accunulate in channels 12. Wth the accumul ation of debris in

: channel s 12, debris contam nation nay be spread to other parts of the
-menory disk, as well as to ot her menory di sks upon which the
bur ni shing head is subsequent|ly used. The accunul ated debris may gouge
or 35 ot herwi se danage areas of the nenory di sk which the debris
contacts. Debris accunul ation is caused-by the
-4- strai ght sides of channels. 12 disrupting and reflecting air

f1 ow through chatmalight? sddeisngfushamdis iz digruptineah® . réfbact iker e

I's generally so | ﬁ% ;r r nggﬂ
manuf act uri ng g‘ir[)?ggg);?}ﬁrr?ugr’?:@ém 10%1(&&%&%]#%@5}8 i Si ze thng
channel s 12, typead Ry 023695 itherss i@cmralslyssome Rﬁﬁlfdltmlt to cl ean

channel s 12 of %Ehxa&?aﬂﬁba@tﬁ&d 'Elle burrBiHHi nifa iRy from the
cut protrusions is %\i‘ t he channe s 12 the debri s-t'ends to 10

accumul at e Wi t hPEOFRES H-é‘n t]t?'t hd qees‘i‘?itfehe small SiRLe Rlesent in
channel s 12 andchh@nkedek 10f, &Jypzfdalyly 0. ddts)lmblcéwrutﬁfdssu lt 1s

Figure 3Ais a qr for ne 4.5 ml
di grmnd pad bur% gﬁlﬁgqﬁe%’g c%"ﬁa@rg hal 917%()?@(]%]5]“ ?ch u%’r%% of the
bur ni shi ng headresidswed i §'mn$de|cstqaoddhrltmd'smtskuh¢ ezt mndta‘tmioné'rﬁs
term"4.5 ml" ge,ggq:s ithed f&‘fze\""c‘ﬂéi‘)rfglst he Crﬁ?f&é%’?gs cfpéa ysen di anond

pads 4. The vertic axl s i.s aver age termned by a

\
glider head9 (A3ggumglpker "Hé'é’d-ﬂ &he channplg ‘%l&%d:?d: %s‘fe%ﬂ-‘iﬂ%k for the
presence of aspalirea@y presRitdSrcHdithelis ks Wd@the lackd &f ideF FEsW

o Vo E‘n‘igﬁmséd FaprEltdZon al axis s the test radii of 25 the
di sks tested. The | iFiguxet I32diianandymagila ghowilny itshe perﬁdmamage dnt
vol tages of fiveg,disalgs %Qj 0€ g mil %%ﬂéﬁrﬁi Wi tlibéguar.ﬂléiat a
poi nts represents t hé avera e h e IV
15 term *70%" describes the 81ze of the burnlshlng head
and is understood by those skilled in the art. The
term "4.5 mil" refers to the width of the channels 12
between diamond pads 4. The vertical axis is the
average hit voltage determined by a glider head. (A
.20 glider head is a test head used to test a disk for the
presence of asperities and voids on the disk surface.
A glider head provides an output "hit voltage"
indicative of the size of the asperity or void
encountered.) The horizontal axis is the test radii of .
25° the disks tested. The line with diamond data points is
the average hit voltages of five disks before
burnishing. The line with square data points
represents the average hit voltage of the same five
disks after two passes with diamond pad burnishing
30 head. Figure 3B is a graph similarly depicting the
performance of the same burnishing head after eight
hours of continuous use. Figure 3B also depicts the
_initial average hit voltages of five unburnished disk
and the average hit voltages on the same disks after
35 two passes.with the used diamond pad burnishing head..
The used diamond pad burnishing head damaged the disks



disks after two passes with dianond pad burni shing 30 head. Figure 3B is

a graph simlarly depicting the performance of the same burni shing

head after eight hours of continuous use. Figure 3B also depicts the

initial average hit voltages of five unburnished disk and the average

hit voltages on the same disks after 35 two passes with the used di anond

pad burni shing head. The used dlan%nd pad burni shing head danaged t he

di sks at the radii 1340 and 740 as illustrated by the

2- pass dat a Ilne havi ng hi gher hit voltage than the initial

data line. at eﬁéaéhbv\h?‘%h Mmguveo1asbilhushiragedebyt Rhes2-pass

asynmetrical . Qwﬁﬁﬂmh@@dﬁaﬁiﬁ?ea'Higﬁgfdhie §6§ES§e thanO¥Bk §H%t iaiface
i on such that “any protru5|ons on

of disk 14 in %ggciflc dir
surface of dlslé:1 neet cutting edges 6 and 8 of dianond pads 4 at the

greatest oblique anghe gioswnbir. Figupéhe; hﬁfdish&ﬁghhéad pr @grusi on shoul d

b | d f h h
Chan confr o e aeFiddnl PoEhdSha padad SHe' 1AHEREEE Badkravel " Th
further | ioNes the ﬁuré&ceoufodlskahéllnfabapecsﬁmngdhredtion,

rel ative to di siudi ey | 5R5Eet 088 I8 Lhe! lerkackeas AGRU%E o

illustrated in Figure 2. ures 4 | ustra
al i gnment  of meékn??ﬁt%ﬁg ?ﬂﬁ?ﬁsﬁlﬁﬁdhﬁaﬁg diamapdopadiet abukhed to a

suspensi on armgﬁhangﬁtcbbk;éder@ﬁglengossleQ In 8theet wepasf é&EﬁW 18.
Fi gure 4A _shows_ burni shing_.h ed to sus n5|on r such
that bur niahi ndPTOCTUFRR Sk aﬂd%ﬂe sf#%ﬁév Feu BP?eE tPeF§F|9E
suspensi on armhMBCG&nﬁngtmdgesﬁlag &eaﬂaﬁnersthanwoonfroneedaallraﬂsverSe"
suspensi on ar m PSS, L Bage ¢, 811 8, ° thHesRA b "0 LR bix
suspensi on armllmlt%£FhQTﬁ%Ie?ﬁ#Qms%fn@rhﬁab o8 bgrnmghmngshaad"zn | i ne"
relative to disk 14 because tapered edge 10 is the
15 leading edge as illustrated in Figure -2. .
Figures 4A and 4B illustrate the alignment of
prior art burnishing heads 2A and 2B when mounted to a
suspension arm 13 over disk 14 rotating in the |
direction of arrow 18. Figufe 4A shows burnishing head
20 2A mounted to suspension arm 13 such that burnishing
head 2A is in a transverse direction relative to
suspension arm 13. Thus, burnishing head ZA is known
as a "transverse" burnishing head. Figﬁre 4B shows
burnishing head 2B mounted to suspension arm 13 such
25 that burnishing head 2B is in line with suspension arm
13. Thus, burnishing head 2B is-knéwn as an "in-line"
burnishing head. The way in which burnishing heads 2A
or 2B are mounted to suspension arm 13 depends on the
alignme it of diamond pads 4 (in phantom lines in
30 Figures 4A and-4B) and which edge is the tapered
leading edge 10 (Figure 1). As discussed above,
cutting edges 6 and 8 of diamond pads 4 are more
efficient if they meet asperities 20 at the greatest
angle péssible. If burnishing heads 2A and 2B are
35 incorrectly mounted to suspension arm 13, cutting edges
6 and 8 will not contact asperities 20 at the desired



bur ni shing head. The way in which burnishing heads 2A or 2B are
*nounted to suspension arm 13 depends on the al i gnnent of di anond pads
4 (in phantomlines in 30 Fi gures 4A and 4B) and which edge is the

t aper ed | eadi ng edge 10 (Figure 1). As discussed above, : cutting
edges 6 and 8 of dianond pads 4 are nore efficient if they neet
asperities 20 at the greatest angké-possi ble. If burnishing heads 2A
and 2B are 35 incorrectly nmounted to suspension arm 13, cutting edges

6 and 8 will notangiet.actThasperddresiOredquired dmrm@l manufacturlng so

- 6- | dd t t hat

di anond paggg4ear E%?sﬁat%onefcéjsfﬁgl:%ﬁ% %#iggon%%:‘ﬁ&gﬁ#% e%‘ﬂls 2A andaZB

and al so in the bvswmishigimiheads ZArand 2B @ik aksd A mnche Bréunsisgessi on
h

o Lo S0t chintg e G098 G5 glaplabion 14 £1145 e

direction rﬁlatlve t.0 suspen5|on ar
bur ni shi ng nigiday heads|3Aiand 2B are ﬁ&@lmd&Q ocw@q:tn ne

whet her the headurbdtﬂUﬁﬂﬁémaﬁﬁbe to dlis éhéidﬁ3$¥ﬁri§h'Qﬂb whi ch

edge is.the 10 _ leadin urnls | head
in accordance wt Hn&lylgz%r"f@e%‘ﬁwsr‘lng i’fﬁq ded nesed atFl?Ei"}/ St ipinptesat
have a curved 15hegaeest tp ateteameirss rrgrtiers uhethdad! 1y DnetdesPoréom
surface of the [ S r ed to i,din the flow
of air between t e Faggﬁgn%m%sqi%goq@a%é}éﬁﬂ %%%?m’[ﬁ a‘fl?%n of debris
agai nst t hd9%addeading egge. debris nay freely escape beneath the

burni shing 20 head, thereby avoiding contam nating different areas of

t he magnetic di ot her magnetic disks with accunul at ed resi due.

I n one enbodi ne bur ni shi ng head has thirteen circular

bur ni shi ng pads On thebhmmm@nrngﬂhsaa in accordance with our invention

includes a plurality of pads that have a curved

15 geometry and are arranged symmetrically 6n the bottom
surface of the burnishing head. The pads are curved to
aid in the flow of air between the pads and to help
prevent the accumulation of debris against the pads.
Thus, debris may freely escape beneath the burnishing

20 head, thereby avoiding contaminating different areas of
the magnetic disk and other magnetic disks with
accumulated residue. '

In one embodiment, the burnishing head has
thirteen circular burnishing pads on the bottom surface

25 of a square burnishing head are symmetrically arranged
about the point of suspension. The burnishing head
does not have a tapered leading edge. Because there is
no tapered leading edge and the pads are symmetrically
arranged, the lrurnishing head flies level, i.e.,

30 parallel to the memory disk. Accordingly, all
burnishing padé are used simultaneously, which evenly
distributes wear on all the burnishing pads. The even
wear of the burnishing pads increases the durability of
the burnishing head. |

35 The burnishing head is symmetrical which
eliminates problems encountered during manufacturing



25 of a square burnishing head are symetrically arranged about the.
: poi nt of suspension. The burnishing head does not have a tapered

‘| eadi ng edge. Because there is no tapered | eadi ng edge and t he pads
are symetrically arranged, the burnishing head flies level, i.e., 30
parallel to the nenory disk. Accordingly, all bur ni shing pads are
‘used sinmul taneously, which evenly -@Fstributes wear on all the
bur ni shi ng pads. The even wear of the burnishing pads increases the
durability of and ndinthiridnichitige teatnisShing headJheubhrassbhag head is

T it ot (RO Ehd B CREEUAL TER LA bSaFBRNRET Of'

det er mi ni ng whihgadiimest | face celativehtogthe rotationsofftbe serfiacee to

the rotation ofa. dgyi, s aof n;gmﬁ IS f the
burnishing 5 hgaédh%fésgﬁéu S r%llsnlf)'ai_nﬁeg ve?'(tﬁ’i BEtE§§e§Mgﬁ§§g|¥g._

Thus, the BurnihgpdpIrapids anmwgwgbmW%hf-ggght ovexrdthaadiglky be
used as either ﬁxaé,anﬂ\{@rmnbwm%I Read ishgadn@¥ePBalblhitR€sRiAG Shi ng
head. 10 BRIEF CRI PTI OF DRAM!NES F%%uée 1, ..

il lustrates in34f 1y TR Rty as elfher 3 bragsypLRgnaupRyshing
bur ni shi ng heathead or an if+Diviesbw¥nishifd® hebdstrate a side view of an
unused di anond pad burni shing head and a worn di anond 15 pad burni shing
head, respectively, over the surface of a rotating nenory disk.

Fi gures 3AGnd BRLEE DESCRERTIS( D _THE { BRAWENGS of an unused di anond
pad burni shing head ﬁ!épf@elsffﬁhs rat&¥’ PhSPLAH beaw ehkebottofhad been
used for eight hours. 20 ) Fﬂﬁures 4A and, 4B |#Iu3trate In plan view a
transverse diaﬁﬂﬁﬁé%ﬁﬁi?ﬁn?ﬂ@%ﬁW@P e%ﬂdahﬂr%ﬁspﬁngi gad.  djanond pad
burni shing head, respbgire€lIn and 2B illustrate a side view of an

unused diamond pad burnishing head and a worn diamond

15 pad burnishing head, respectively, over the surface of
a rotating memory disk.

Figures 3A and 3B are graphs of the performance of
an unused diamond pad burnishing head and the same
burnishing head after it had been used for eight hours.

20 Figures 4A and 4B illustrate in plan view a
transverse diamond pad burnishing head and an in-line
diamond pad burnishing head, respectively.

Figures SA and 5B are bottom plan and side views,
respectively, of a burnishing head in accordance with

25 the invention. T

Figure 6 is a side view of a burnishing head
having dome shaped burnishing pads.

Figure 7 is a partial bottom plan view of a
burnishing head with bu:nishing pads having a polygonal

30 geometry, such that thexe are at least five sides.

. Figure 8A is a side view of a slider for a read-
write head with a symmetric air bearing surface in
accordance with the invention.

Figure 8B is a plan view of the slider of Figure

35 8A.
' Figure 9 is a side view of a burnishing head in



Fi gures 5A and 5B are bottom plan and side views, respectively, of a

*bur ni shing head in accordance with 25 the i nvention. Figure 6
is a side view of a burnishing head havi ng done shaped burni shi ng
pads. : Figure 7 is a partial bottom plan view of a bur ni shi ng
head wi th burni shing pads having a polygonal 30 geonetry, such that there
are at least five sides. Figu8e 8A is a side view of a. sllder for
a read- wite head with a symmetric air bearing surface in

accordance W th dderdiusdd Wieh th r an vi ew of the :
slider of Fi gure 35 < 1nven€igH SVQP g% \s/{|3 FoF <&‘)?Ibﬁrm shi ng

8A
head in rotating memory disk. -8- accordance with the
i nvention over the sWifne®f16A and I@Baéfé'ggﬁ&ﬁﬁéyoﬂ'éﬁe %erform%ngﬁ
a

Fi gures 10A and a of , th erfo nce unuse ,
circular pad burni %ﬁ ‘%“%e%‘ﬁ% %s%‘ﬁé m%%hmg h%%@ andethet had
been used f& eisgime burnimhirgg head after Flguhad 1Beeh| UsédaEsp efghtan

view a burnishigg,.g, head connected to a suspension armover the rotating
surface of a magnetlc di sk. 10 Figure 12 is a side view of a pair of
bur ni shi ng headFigureriklackliMatrates tp phan boiewna sufntsising a
magnetic di sk. head conné'_dtﬂé!i &d % %L@Hﬁeﬁs%ﬁnai‘th udi ng
bur ni shi ng pads Sh?f %ﬂ%a sem -ciycl #bg{é%%&éﬁggiﬁﬁéN

Fi gures 5A and 3BT |41’e?ff of a bur ni shi ng head 100 in

accordancel@ith the iFigund a2 is a ﬁd&lrﬁéd‘\ o5 4NhsabptéonbyiersRin
bur ni shi ng headh%%g %.91 I@oq] e, SB @ q’ q VI e dol]; t?éjéurlnss&]éggcggag 20

Bur ni shi ng head nprise
magnet:.c d:.sk

Figure 13 shows a plan view of a slider including
burnishing pads shaped in a semi-circle.

<18

DETAILED DESCRIPTION

Figures 5A and SB illustrate an embodiment of a
burnishing head 100 in accordance with the invention.
Figure S5A is the bottom view of burnishing head 100.

20 Figure 5B is a side view of burnishing head 100.
BurniShing head 100 comprises a body 102 and a
plurality of burnishing pads 104. Body 102 of
burnishing head 100 is symmetrical about the orthogonal
axes 105, 107 (shown in Figure S5A) about the point of

25 contact with suspension arm 120, as shown in Figure SB.
For instance body 102 may be square or round, although
body 102 may be other shapes if the point of contact
with suspension arm 120 is moved to compensate for the
weight distribution. Body 102 is approximately 0.078

30 __inches by 0.078 inches (distanca A in Figure 5A) and
approximately 0.035 inches in height from the

burnishing surface 106 of burnishing pads 104 to an
upper surface 108 of body 102 (distance B in Figure
5B) . The physical dimensions are merely by way of
35 example, and do not limit the sdope of the invention.
The invention may be embodied in burnishing heads of



pldrality of burni shing pads 104. Body 102 of bur ni shing head 100 is

;symmetri cal about the orthogonal axes 105, 107 (shown in Figure 5A
about the point of 25 contact with suspension arm 120, as shown in Figure
5B. " For instance body 102 may be square or round, although body
102 may be other shapes if the point of contact W th suspension arm
120 is noved to conpensate for the -giei ght distribution. Body 102 is
approximately 0.078 30 inches by 0.078 inches (distance Ain Figure SA) and
approxi mat el y OpofR&ri BgReg.i n hei ght fromthe burnishing surface 106 of

bur ni shi ng pads 104 surface 108 of bod di stance B in
Fi gure 5B). The tﬁ?EFcﬁFedgﬁgﬁ§?8ﬁss %&5? 5 exanpl e,
and do not I|n1burhesh¢ngepaﬂsthe4|bnehhmnﬁshlng'ﬂaadlﬂaﬂul<It iRy be

nbodi ed b
erbocl e |1 b Gh3BEBRlA Rollyer,  chas ch, B S shpe of
bur ni shi ng §adsbqnn1§hlngrpadn|ﬁg4hmaw dag felrt. |§urnlshum@emﬁthndp4homever

t hat the number d shi_n Eﬁ&%
Bur ni shi ng padsa€€4symﬁeégieslgkﬁg§r|c H %g?%én onagg?%ton1suf?%ce 110
of body 109°8¥oliP2t AEOBEL B&oﬁEFh89@§aiOBXEFOiQ@Mm%ﬂ7|G$h°Wn im gure

SA) fromthe COEigﬁfeDBANtfQBmSuﬁEe&&hQac%r Polizt of sudp éHEEMh'd%dqﬂ&Ve
5B. Burni shi.ng surﬂaces .of 10__bur |sh|nﬂ E ads 104 are Q%% el to

bot t om sur f ace ?h 1gUXRe B caPuX; n bottom
surface 11D0elihunaishlngepadedlberaablpamaglburMGShnu;om surfead 1A®.in a

particul ar di fe’fhé‘-"&%@b%ﬂéﬁﬂ ng‘%gngeme r 8 ngﬁsur 104 S Boriegpuse

bur ni shing surfaces ce, a symretri cal
ar r angenent Suﬁfaﬁarhighﬁhgmsaa§e§0¢h@r@s@@bf@ﬁ'@@;gnxngnhurnNSHMHQ

around the poi nheQifi £00t 24t a%hbtieﬁaaasaq&e%&b#%elauve%&t& ar pads 104
are appr oxi mat el g 9%5 agg es a%a% each oqther (distance Cin
Fi gure 5A). Each 559 g because urnishing surfaces 106
15 are the air bearing surface, a symmetrical arrangement
of burnishing pads 104 creates an equal amount of lift
around the point of contact with suspension arm 120.
Circular pads 104 are approximately 0.015 inches away
from each other (distance C in Figure 5A). Each pad
20 104 ig approximately 0.012 inches in diameter (distance
D in Figure 5A), although this dimension is dependent
upon the fly height requirements of burnishing head
100. In order to reduce the fly height of burnishing
head 100, the total air bearing surface area, which is
25 the area of all burnishing surfaces 106, can be '
reduced. Accordingly, when the fly height of
burnishing head 100 is reduced, the diameter of pads
104 will be reduced. '
Circular pads 104 protrude from bcdy 102 a minimum
30 of approximately 0.0002 inches (distance E in Figure
SB) if burnishing head 100 is ion milled, or a greater
amount, such as 0.004 to 0.005 inches, if burnishing
head 100 is manufactured by conventional machining. As
illustrated in Figure SB, the junctions of burnishing
35 surfaces 106 and the sides 112 of circular pads 104 are
curved. In another embodiment, the junction between



20 104 is approximately 0.012 inches in dianmeter (distance Din
<Figure 5A), although this dinension is dependent upon the fly height
requi rements of burni shing head 100. In order to reduce the fly height
of burni shing head 100, the total air bearing surface area, which is
25 the area of all burnishing surfaces 106, can be reduced.
Accordingly, when the fly height of -1gwrni shing head 100 is reduced,

t he di aneter of pads 104 will be reduced. Circul ar pads 104

protrude from beg-rkQd P 002, i nches
(distance Ein Fi gurelz_,S ﬁ-lgméﬂg %e?%urm S%Pn Q:Eead ﬁﬁ% t|9‘J?ls&|% 17‘r¥$?ed or a
gr eat er amGEAughs yadigs @ﬁamm@msthm@r@anmhm rads n04 arehead

100 is manuf act @ik tan LG IV tddaialsrr@géumw sKSwn i te
Figure 5B, the jUI’ICtIOI’lS of q{;ur I’llj i ng 35 surfaces 106 %'klé e gﬂc‘ies 112

of circul ar padS$ T} €100 FRATR CEHHRY e es; &'-Lml%yl on
bet ween 5 damage the surface of a memory -dikk. Thebyﬁﬁ&@fbﬂ

surfaces 106 an i US curv ture t hat
bur ni shi ng pads f?ﬁi %%1}1392 S%&%At alafr§/d a%’r‘?ge%ﬁa{éd“ %sb%h’f)%ﬁlq?‘?fi Fi gure
6. Thus, cit @Mﬁh s m&m@mdoxsmmnm thhendiige st hd apad@y10b

damage the surf e renche R Yol HAYY | Qi £ burni shing
surfaces 106 and si ges 112, rra be roungmsé %gghal of mi |l i ng or by

di anond bl endi n§' °°f%‘€?r¥t§'rﬁf%'éﬂﬂ17é-%f ners and sharp edges
after 1oanuf act ulm.mﬂ&y xquuemaﬁtéé |é.ridl§he1:1(émbod1meft,guiﬁ which

illustrates ano [ | rnis ea 150 has a

plurality of bu%%%ﬁg 1%%%? Pl ’f?gf n%# r@'&'ﬁ’é (R348 hat

there are at 154| with faom:olangdmall@eatiem réwsdh I@mdﬂléﬁél af@lafxgons

can 5o be usedoanr, oz, eAtes Yo% SEBENNI Ay ol LY Holied

bur ni shi ng pads¥With a greggfex Wl;bem efersidas ampraxipentagens, a circul ar
15 hexagons or octagons, can also be used. In such an

embodiment, the more sides 156  that burnishing pads 154
have, the closer the approximation to a circular
burnishing pad.
Burnishing head 100 is manufactured without a
20 tapered edge. Thus, there is no requirement that one
particular edge be the leading edge. As illustrated in
Figure SA, burnishing head 100 flies on an air bearing
above the surface 114 of disk 116 in a level manner,
e.g., with no slope angle. Burnishing head 100 flies
25 parallel to disk 116 because there is no tapered edge,
burnishing head 100 is symmetrically shaped, and the
burnishing pads 104 are"symmetrically arranged about
the point of suspension. Of course, it is possible
adjust the above factors to compensate for a d¢ ficiency
30 in one or more of the above factors. Flying parallel
to the disk allows burnishing head 100 to use all
burnishing pads 104 simultaneously, which evenly
distributes the wear on pads 104.
In one embodiment, when burnishing head 100 is
35 first manufactured, due to manufacturing imperfections,
initially it does not fly absolutely parallel to the



bur ni shi ng pad. Bur ni shing head 100 i s manufactured w thout a 20

‘tapered edge. Thus, there is no requirenent that one particul ar edge
be the |l eading edge. As illustrated in Fi gure 8A, burnishing head 100
flies on an air bearing above the surface 114 of disk 116 in a | evel
manner , e.g., with no slope angle. Burnishing head 100 flies 25
parallel to disk 116 because there is nogapered edge, bur ni shi ng head
100 is symretrically shaped, and the bur ni shing pads 104 are
symmetrically aaigmgeguebeyth uge kha Q@h?toﬁftﬁﬂsﬁﬁQﬁhgﬂingf G4 Sqe It 1S
possi bl e adj ust t he aboy actors_to_conpensat or PlClency 30

in one or nore %H bseguenk ¥ fié?ﬁr@araiﬂ9in§°pﬁhﬁlﬂéFk In; gnpfbed; sk

allors burﬂlfhlémb&@ﬁﬁeﬁep bartishihy hegd Hu&aﬁshub@taﬁﬂia139 104,
si mul t aneousl vy, i stributes_the wear.on S

In one enbodi men ragﬁgﬁ gﬁrﬁ?ﬁhﬁﬁﬁﬁheédeloﬁ i 813809 iP?FwﬁﬁﬂuW&BPﬁréa due
to nanufactﬂrlnge¢mmésfendlphus thirtynsecehlg Muthoeespebtftp &heol ut el y
parallel to thegjgr gurfac ??E PBEh@%tQ ﬁ@ﬁtweﬁﬁgogkthe

bur ni shing pads, 1t subse uen I es ara to the I n anot her
embodi ment, burbwEmislingaheadi éélgabétaﬁpuans}e bety&ealménuﬁolﬁhe di sk,

I .e. at an angl gebchdBeEngl y§s3Q55s§ggﬁags and plus thirty seconds with

respect to the di sk sur t another enbodi nt, th
burht ohi ng hoad {11 clRsRciRranare Nibheeont AYentaon, g&hery thans 15

seconds. 10 burhbshingrHaads {et§. omeadnweﬂteohgaﬂsadmaqtumsd:mmy 10
bur ni shi ng heaqéaéilﬂfﬁrg dtﬂ@'&ﬁﬁg ggsgfn§$e %kfly(Re p%&qllel <a§

surface of the WTte are nown in e art
Pat ent Nos. 3, 8&Eeoksown inqthe4agb3; Segol. $40Pa&n@t5ND@B 82855, 625.'

incorporated g4, ﬁ§46863bY4r8§2r9@69 hn@S sSHowN g2B Fhﬁ%&&%a&ét@ﬂﬂ 8B, a 15
read-write headhéggégdgg %e%L}ggLe%)o Rgvgn%wn in Figures 8A and 8B, a

15 read-write head includes a slider 140 having a
symmetrical arrangement of air bearing surfaces 142
about the point of support 144 with the suspension arm.
Air bearing surfaces 142 are the bottom surfaces of a
set of pads 145. A read-write element 147 is formed on

20 an end 148 of slider 140. (Read-write element 147 need
not be on the trailing end of slider 140, as is typical
in conventional sliders.) Also shown in Figure 8A is a
coil 150 and wire pads 152, 154 for connecting read-
write element 147 to appropriate read and write

25 electronics. As can be seen, by providing a read-write
element 147, the slider is no longer completely
symmetrical about an axis 156. However, this small
degree of assymetry does not appreciably affect the
slider flying characteristics. Slider 140 has an

30 untapered leading edge and may fly in a level manner.

As Figure 9A illustrates the distance d, from disk

116 to edge 111 of burnishing head 100 is equal to
distance d, from disk 116 to edge 113 of burnishing head
100. As burnishing head 100 is used burnishing pads

35 104 will wear away in an even manner. Thus, as shown
in Figure 9B, a worn burnishing head 101 has a height h,



symmetrical arrangenent of air bearing surfaces 142 about the point. of.

*support 144 with the suspension arm ~Air bearing surfaces 142 are the
bottom surfaces of a set of pads 145. Aread-wite element 147 is
formed on 20 an end 148 of slider 140. (Read-wite elenent 147 need

not be on the trailing end of slider 140, as is typical i n conventi onal
sliders.) Also shown in Figure 8Ais a-12- coil 150 and wire pads 152, 154
for connecti ng read- wite element 147 to appropri ate read and wite 25

el ectronics. 385 981 Ry din .ead- Al te el enment 147,
the slider is no nger conp %‘%% %\ﬁ g‘ﬁ’et":r utberﬂ’?"“h%ﬁs 156.
However, this sr?dlrlnlshlrmagp%ts otohstwmtpqmtimklylmompanayabl y affect the

slider flyi Ng ChrhvaGd IddsS word d@dr&f‘&mﬂﬁ 9})\0 |%€’gﬁ:€%é egdi ng edge

and may fly in a. evel manner The
di stance d[err] nhes s r°“‘11’6rsi<01é§g§°1 g@f 133 rhati g lesp@ 1@ i s

equal to 5 didilstaereald,f Feomdiaskkl 16 6t Qoe%e“ﬁ@f yydp ng head
100. As burni Shl 1% %d 0.,is used bg%m shi ads 35 104 wil'l wear away
in an even manner. tgfi‘n 5, 3a§nsﬁ6§m q‘%u S§BNCe \Wor ARHELENER HY

head 101 has a Ia@dgﬁtlhqﬂuse distance d, equals distance d,. Thus]2worn
| ess than hei ghlbut}[nqr Y bur ni shi ng pads
Srﬂlngjva ddi % 39 l%)ee&i'illv@vﬁ)r?‘ls bFAPER ng head 102

104 have partially worn ess
still has a bundshing dead A sll“m@o. d@i@@atls_e;_ buenislsing usado 5

di stance d4.of r omod ﬁeal:wddwrﬁ%sl&f‘bzx &&Eﬂt&?r,bumlsﬂixﬁ%&&dﬁo hadgure

s o raelegbh il ne, ot e otn FiTes, a5 i
bur ni shi ng head2BQ0a ananmd pat uam isliins e hesl die ot e $, down
st rated i n Heasen o %%qlﬂp%gcaiw%' 5 IERE VS artp e o
t he ot her hand, Wisdr aod emttimgy @dgeshe donimishiosy lddd 100 eratidvesise.
15 asperities and contamination through impact energy and
pressure generated under burnishing surfaces 106.
Impact energy is created when one of burnishing pads
104 contacts an asperity on disk surface 114, which is
rotating at high speed, typically 1500 to 8000 r.p.m.
20 The energy from the impact dislodges the asperity or
contaminant from surface 114. The other method in
which gsperities or contaminants are removed is through
- pressure generated under burnishing surfaces 106. The
pressure, which is force divided by area, generated
‘25 under each burnishing surface may be very large. There
is typicglly a downward force, or gram load, between
3.5 to 15 grams provided by suspension arm 120. The
total area of circular burnishing surfaces 106,
however, is very small as described by the following
30 equation:

A = N x wR? ' (equ. 1)
where A is the total burnishing surface area, N is the

35 number of burnishing pads 104, and R is the radius of
the burnishing surface 106 of each pad 104. Because



Wth no cutting edges, burnishing head 100 renoves 15 asperities and

scontam nation through inpact energy and pressure generated under
bur ni shing surfaces 106. | npact energy is created when one of

bur ni shi ng pads 104 contacts an asperity on disk surface 114, which is
rotating at high speed, typically 1500 to 8000 r.p.m 20 The energy from
the i npact dislodges the asperity or -13-contam nant from surface 114. The
ot her nmethod in whi ch asperities or contam nants are renoved is

t hr ough pr epauEstggn r | shy r S

pressure, which is forcgegfl%ihgggliglgegf?g_w Z}n@e?%i d éﬁ%cﬁ'u% Bach ore.
bur ni shi ng sur f SEBSKAYCHeuRdey F&Fé’e.bu ng suxfaqe,diQ&liis) vermbwiwar d
force, or gram Lagde.betrheclarge preBsurel urlledTeddl0\PaEA oW, WHRENSI ON
arm 120. The tOt?L ar.e

of__ciLrcul gr._burnishing surfaces 106, -
however, is veryoShHaf EsddggbﬁpbéﬁpﬁflfﬁéCFbHQﬂH%ﬁ}Qﬁ?tL<§£ﬁﬂéiﬁrthe
A = N x [erB] Rl aspprity or contaminant friagwuriflace 114. WTHee aktival he
total burnishin ar, .S _th . of .ni shi_ng,.pads 104,
and R 5 the rafesahePeest/(eBrabicha Wetoos hl Ward o RGN AR,
Because of burnishing pads, and flying teight), hdwewest,aldepend

bur ni shing areach theV8pkciFikl relild iRty For thd WRIAlSd di’gi@rb&"i?‘
bur ni shi ng surfgﬁgniggshs very | arge. The | arge pressure under edch

pad 104, when ntered by ‘an asperity or contam nant, propels the
5 asperitylor contanOnaet af deffesttr sach A anl@peaiitst or cdmiamitifdion

flying netgnt), SRoheng?eliesaiithd diivatd of the Mk THE bR AX
type of di sk befWgpPt pPaBbr prdBed0410 Becausengads ddfearesuch as -an
asperity or conhpR¥-BRimdBely 0.015 inches apart, residue created in
the burnishing head manufacturing process can be
15 removed easily. Therefore, unlike the diamond pad
burnishing head 2 of Figure 1, manufacturing residue
will not interfere with asperity debris being swept
away during use of burnishing head 100. In addition,
the use of circular burnishing pads 104 minimizes any
20 interference with or reflection of the air current
flowing between pads 104 because there are no straight
surfaces. Thus, there is a steady air flow between
burnishing pads 104 to sweep debris away. In addition,
circular burnishing pads 104 prevent debris
25 accumulation .along the sides of pads 104.
Figure 10A is a graph showing the performance of
an unused 13 circular bad burnishing head. As in
Figures 3A and 3B, the vertical axis is the average hit
voltage determined by a glider head. The horizontal
30 axis is the test radii of the disks tested. The line
with diamond data points is the average hit voltages of
five disks before burnishing. The line with square-
data points represents the average hit voltage of the
same five disks after two passes with a 13 circular
35 burnishing head. Figure 10B is a graph similarly
depicting the performance of the same burnishing head



I's removed fromthe surface of the disk, the debris is swept past pads
: 104. Because pads 104 are approxi mately 0.015 inches apart, residue
created in t he burni shing head manufacturing process can be 15

renoved easily. Therefore, unlike the dianond pad bur ni shing head 2 of
Figure 1, manufacturing residue will not interfere with asperity debris
‘bei ng swept away during use of burilshing head 100. In addition,

t he use of circular burnishing pads 104 m ni m zes any 20 i nterference

with or ref'ectaeeegf e1Bfichbubd’ BENbont 1 nududhiad et ﬁg@g{ﬁ; ¥ Lbbecause

there are no stra there1s a
bet ween buﬁiﬁpéﬁFﬁgtb&dsnimaﬂoam:;ésed@m yodkages ofaddive on,

circular burni Sﬁhﬁﬂrﬁiﬂﬁeaodlake&ﬁﬂt tabaverdye MTC WOLtAdeR Gl M the
si des of pads 10 re 10Ais a g aph ShOWﬁP% the er.f or mance

of an unuseﬁaTg QFﬁsﬁlﬁﬁtﬁﬁdtﬂﬁrRP§ﬁFﬁg thes use 3A and
3B, the versi capadxbarhishliagateadge Figure 108 tsamzsdmﬁrtmmml uzedn 1@ i der

T | wich ofaheniegapadbipshdfe, Bad e in U pihigd tng | 0°
di sks bef ore budhskhi wgthohs kcaneingt Hagqger.e- data points represents
the average hit vol tggﬁnggh%gg headsia..% fiigv eaieS IF ?rfatt%rr;ta‘&f) bg%%sq% with a

13 circular 35 burn

g ure 10B 1s raph sim
depi cting the peWPstamkialdy Pﬁ€d§§ hﬁ@rﬁ@@hﬂﬁ@ﬂéiif or magneto optic
- 14- abt erdssuhbnhwh&&hOEtcaat tauw ueed. Firgurpprdprélate depi cts

the initial average_hit vol t unburnlsh I sk_and the
average hit vol 18 EEIBE ﬁﬁea i?&ﬂeoml s g?fg% %§1§%meused
13 circular 5 mptadrhailnkypengohe2do aﬁag.ﬂ:ab]]eOEmjmw tQeatpartat icred 13

circul ar pad b“iBbﬁEbaglﬁeg‘inﬁfefsﬁEE' Veb&ﬁf{}%ﬁé}%ﬁé 1% mfe” 3o t hout

causi ng damag hea de o hat S
milled from the alumlnum oxide-titanium carbide body of

15 the burnishing head in a conventional manner.
Alternatively, burnishing pads 104 may be
conventionally machined out of a aluminum oxide-
titanium carbide body, and diamond blended to remove
the corners and sharp edges of pads 104. With a

20 symmetrié array of circular pads 104 and no tapered
edge on body 102, burnishing head 100 is a universal
burnishing head. Accordingly., burnishing head 100 is
easy to manufacture and install because there is no
need to determine which direction burﬁishing head 100

25 must face relative to the surface 114 of disk 116.

'~ As illustrated in Figure 5B, upper surface 108 of
body 102 is connected to suspension arm 120. An
- appropriate suspension arm is the type 2 model
~ available from Magnecom, Inc., located in San Diego.
30 As illustrated in Figure 11, memory disk 116 is placed
¢ on a spindle 122 rotated by a motor (not shown) at a
high speed in the direction of arrow 124. As memory
disk 116 rotates relative to burnishing head 100, an
actuator 128 connected to suspension arm 120 moves

35 burnishing head 100 inwardly and outwardly over surface

114 of disk 116 as indicated by arrow 130. In this way



substantially harder than the magnetic or magneto-optic 10 disk on which
it is to be used. An appropriate material is alum num oxide-titanium
car bi de such as material type no. 210 available from 3M Corporation

| ocated in Mnnesota. Circular pads 104 may be ion mlled fromthe

al um num oxi de-titani um carbi de body of 15 the burnishing head in a
conventional manner. Al ternativel yr1Burni shing pads 104 may be
conventional ly machi ned out of a al um num oxi de- titani um carbi de body,

and di anond bl ensigthiigh 18 éad 106 - es, of pads 104.
Wth a 20 syrr_rre%rﬁ_iga ar;@/ of _ Ci rcuﬁ?ﬁggﬁgéﬁogﬁgﬁggﬁg%gggr lae eg@lﬁﬁge on
body 102, bur ni ShHGFedd 6 Rf iagneticAssk 118. purni shing head.
Accordingly, burnishifm dacsthidted in Figasy 19, n@apskasigrgaangd Lost al
because there '%Lﬂ%ace 11'3?%%:%% clhetqe'_ram ne \/\Ql ceh |r,ect|0£1nlﬁjr£u shi'ng head
100 25 nust face relative t0 the strrace S4nrafe of sk’ 1168urnishing  Ag
illustrateddn Megdse 198 anpbar0Gurdre ecdiifected to dasiyeddPon SasReNess ed
to suspension aRdli®o Ayhi I jon armis, the type 2
nodel avai lLable from ﬁf%e’%&%%&%ﬁ? ﬁ%ﬁpdﬂl’lﬁ nb‘ff'é’g?}u% As

il lustrated in BSGGSe 1PP a(Fﬂgrﬂf%p'di@é-mlﬁfe t@lsuebfaces 1bh andpmiah g 122
rotated by a notrespettiivdlgnn) mituhtor 134 L | ion of
arrow 124. As ng rén i sk 116 rtﬁrat S ?ﬁ?‘gﬁ\%t}% %\E%u%#a% %g‘é% 100,
an act uat o 1128 Méct & m@%ﬁ%rﬁﬁmww@f RETOEHi ng
head 100 i Afar dilpOand Thuswabtith ewerfaued ader and 114 ahaglilsk 116 as

I ndi cated by ar [ VR « 1

5 cated B il ooyt airilehed, by byznishing headeA9¢ @nd
surface 116 of Af8netic di sk 118. As illustrated in Figure 12,

di sk 116 has a top Alth&@&ﬁ%eljtﬂ»e@&ma il}g}ém&yr{@%{r&%ﬁgihi ng

5 heads 100 and _100' are cqQnnectéd to suspension arns 20'

whi ch mai nt ai n FREPEGEAPPRoW IS SResifdic,gmbodinants fmo inatnetiondlt i ve

to surface3Sll4punpo&éd’,, the present invention is not limited thereto.

Various adaptations and modifications may be made
without departing from the scope of the invention. For
example, the burnishing head may be made from materials
other than aluminum oxide-titanium carbide. Such

20 material should be sufficiently hard to remove
asperities. The burnishing head may be coated with a
carbide by sputtering or other similar techniques to
increase the durability of the burnishing head.
Further, different sizes, shapes, and Symmetrical

25 arrangements of burnishing pads may be used and
different sizes and dimensions of burnishing heads may
be used. 1In addition, instead of using circular
burnishing pad, other curved shapes can be used, such
as ellipses, parabolas, or other similar shapes. In

30 other embodiments, only the leading sides of the pads
need to be curved, thus, the pads may be semi-circular,
for example. (See pads 160 of burnishing head 162 in
Figure 13. Semi-circular sides 164 of pads 160 face
the leading end 166 of head 162. Thusg, in this

35 embodiment{ some symmetry has been sacrificed.) as
mentioned above, the pads may also be polygons. (In



respectively. Actuator 128 noves both suspension arns 114 and 114
-simul taneously in the direction of arrows 10 130. Thus, both surfaces
114 and 114" may be si mul t aneousl y burni shed by burni shing heads 100
and 100" . Al t hough the present invention is illustrated in
connection wth specific enbodiments for instructional 15 purposes, the
present invention is not limted thereh%b ~Various adaptations and

nodi fications may be made wi t hout departing fromthe scope of the

i nvention. For .. exanmpl e, the hurnishing head may be nmpde from material s
ot her than aJLwﬁqﬂﬁﬁ%&?de4¥i?%ﬂ?ﬁ%1é%r5?ﬂ%g sheh E@XYHBPgEiHPd§hBﬁVHnEe

sufficiently hasufficiemly numeroapesidiessardheqhilyalehtngohpadsnay be

coated with a ..carbi y teri r simlar techniqgues to

i ncrease the du}%%‘ﬁ%lﬁgtéﬁg‘fe$h%f§%% hfs hﬁ%ﬁgﬁgggﬁy' anuﬂlﬁhr gﬁaf’g?ﬁr ent

si zes, shapes, <ome swhplkinicatr P8ventiomngenents of burnishing pads may be
used and g different sizes and dinensions of burnishing heads nmay

be used. In addition, instead of using circular bur ni shi ng pad, other
curved shapes can be used, such as ellipses, parabolas, or other
simlar shapes. In 30 other enbodinents, only the | eading sides of the
pads need to be curved, thus, the pads nmay be sem -circul ar, for
exanpl e. (See pads 160 of burnishing head 162 in Figure 13.

Sem -circular sides 164 of pads 160 face the | eading end 166 of head

162. Thus, in this 35 enbodi ment, sone symetry has been sacrificed.) As
ment i oned above, the pads may al so be polygons. (In

-16- addition, it should be noted that polygonal pads having sufficiently
nunmer ous sides are equivalent to pads having curved sides.) Accordingly,

all such changes cone within our invention. '
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Vhat s clained is: 1. A burni shing head for

-bur ni shi burnlshlng head conpri si ng: a body
W th at\!ﬁ‘ a plurality of burnishing pads on said
bottom \ WMereln sald bur ni shi ng pads each have a curved si de;

wherei n said burni shing head flies over .a surface of said disk. 2.
The burni shing head of O aim1, whereijg-sai d burni shing pads have at | east
one side downwardly extending fromsaid bottom surface. 3. The

bur ni shing headCaAIMSai m 2, wherein said side is curved to define a circle.
4. The burni shing pgad qfy gf@fﬂé%.;ﬁpere'” a |l eading side of said

bur ni shi ng pads has a cur ved gednetry and a trailing side of said

burni shing pad is stfai ght burnishing hemd domprigings head of Caim 2,
wherei n said burnlshhngog§d§1Q%yg BRI iy f , said burnlshlng
surface being parallel to“said botton1surface of ‘sal body

bur ni shi ng

6.
Read of CPaPhuralifyr of bygind shimg fadsy %@a%\kp@qut i on

The

bet ween sai d bueorfhicey sticireds @&ddswdirﬁsiﬁ,nge%été Usd QD gy cur ved.
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side.

2. The burnishing head of Claim 1, wherein said
burnishing pads have at least one side downwardly
extending from said bottom surface.

3. The burnishing head of Claim 2, wherein said
side is curved to define a circle. '

4. The burnishing head of Claiﬁ 2, wherein a
leading side of said burnishing pads has a curved
geometry and a trailing side of said burnishing pad is
straight. '

5. The burnishing head of Claim 2, wherein said
burnishing pads have a burnishing surface, said

. burnishing surface being parallel to said bottom

surface of said body.

6. The burnishing head of Claim 5, wherein said
burnishihg pads have a junction between said burnishing
surface and said side, said junction being curved.

7. The burnishing head of Claim 1, wherein said
burnishing pads are dome shaped.

8. The burnishing head of Claim 1 wherein said
burnishing pads are arranged in a symmetrical pattern

on saic¢ bottom surface.

_
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: The burnishing uedd of Caim1l, wherein said burnishing pads are done
=shap The burni shing head of Caim1l wherein said burnishing
'pads ﬂl,",ml mHHﬂ’l ﬂ! symmetrical pattern on said bottom surface.

urni shing head of Caim1, wherein there are thirteen

sald burnlshlng pads. 10. The burnishing head of Claim1, wherein
fthere are eight said burnishing pads. -18- 11. The burni shing head of
Claim 1, wherein there are four said burnishing pads. 12. The

bur ni shi ng heag of (Pai m Thewberreiishdaig Hl?z@{/ ofs alqafaaﬁ e, " wherelmlc?ithe@g
bur ni shing hea ' r ottaom surface has a | eadi ng edge,
3 d 1 eaarngringeen, SICH T ng pads”

wherein said | eadi ng edge 14. A burni shing
head conprising: - a body with a botton1surface and a plurality of
burni shi ng pads on s8bd beheoBusi MGy HASPIE Tty WAL PITRAR Ve
at Ieast fogr si des to g %p gonal®™ geonetr

are elg id urnlshlng pads.

11. The burnishing head of Claim 1, wherein there
are four said burnishing pads.

10 12. The burnishing head of Claim 1, wherein said
body is square.

13. The burnishing head of Claim 1, wherein said
bottom surface has a leading edge, wherein said leading
15 edge does not have a taper. ‘

14. A burnishing head comprising:
a body with a bottom surface; and
a plurélity of burnishing pads on said bottom
20 surface, wherein said burnishing pads have at least
four sides forming a polygonal geometry,
wherein said burnishing head does not have a
tapered leading edge and flies parallel to a disk that
said burnishing head is burnishing. ’
25
15. The burnishing head of Claim 14, wherein said
burnishing pads have a burnishing surface, said
burnishing surface being parallel to said bottom
surface of said body.
30
'16. The burnishing head of Claim 15, wherein said
- burnishing pads have a junction between said burnishing
surface and said sides, said junction being curved.

35 17. The burnishing head of Claim 14 wherein said

burnishing pads are arranged in a symmetrical pattern

I This Sheet Has:Been Replace THIS SHEET HAS BEEN
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wherein said burnishing head does not have a tapered | eading edge and flies
-apprOX|nater parallel to a disk that said burnishing head is burnishing.
15. The G aim 14, wherein said burnishing pads have a
bur ni shi ﬂmﬂmmmum ur n| sh| ng surface being parallel to said bottom
surface of*sé& dtbody. 3 . "The burni shing head of O aim 15, wherein
sai d bur ni shi ng pads have a Junctlon bejgeen said burnishing surface and
said sides, said junction being curved. 17. The burnishing head of

Cl ai m 14 wher ei Bnsahddbubeohi Bar#ade are arranged in a synmmetrical pattern
-19- on said bottom surface. 18. A structure conprising:
a slider having an untapered leading 5 edge and a point of contact

Wi th a suspension 18. A sgroctait® comprising an air bearing surface
that is synnetrlc the orth naI from sai d
poi nt of contact with saig %gg %ﬁﬂ‘ﬁ e)éeslead:.ng 19. A

met hod for §urnishingdgﬁeasdraapelnt af contact wimnpry stispergdiey i Si ng t he
steps of: arm; RRQVi ding a burnishing head with a bottom

an air bearing surface that is
symmetrical about the orthogonal axes from
said point of contact with said suspension
10 arm.

19. A method for burnishing the surface of a
memory disk comprising the steps of:
providing a burnishing head with a bottom
15 surface and a plurality of burnishing pads on said
bottom surface, wherein said burnishing pads have
a curved geometry; .
rotating said memoiy disk relative to said
burnishing head such that an air bearing forms
20 over the surface of said memory disk;
supporting said burnishing head on said air
bearing over said surface of said meMory disk; and
' moving said burnishing head transversely over
said surface of said memory disk so as to burnish
25 said surface of said memory diék. .

20. A method for burnishing the surface of a
memory disk comprising the steps of:
providing a burnishing head with a bottom
30 surface and a plurality of burnishing pads on said
bottom surface, wherein said burnishing pads have
at least five sides forming a polygonal geometry;
rotating said memory disk relative to said
burnishing head such that an air bearing forms
35 over the surface of said memory disk;
supporting said burnishing head on said air



15 Wl‘ur ality of burnishing pads on said

.bottom j ”ﬂ”"rﬁm'l ai d burni shing pads have a curved
'‘geonetry,« e W"ﬂncnating said nenory disk relative to said

bur ni shi ng head stichtiat an air bearing fornms 20 over the surface
~of said nenory disk; supporting said burnishing head on said
air beari ng over said surface2ef said nenory disk; and

novi ng sai d burni shing head transversely over said surface of
said menory di sk so bearbnguovweshs@id surfaceaid saitiagemeiysadidkyeamdy

di sk. 20. A ¢ b [.shing t urface of a

nenory di sk conprising_thgsg?ggsgggg BLEhihig ESa%p?S?PEVﬁ§S§1§UPHF§hing
head with a bottom 3®92id surfagefefesand mepbryadisk eb ber tbsbumgishds on
sai d _ bottosasarsapeacuhstebaiaaindmbyNsskng pads have _

at least fiye sides form ng a pol ygonal geonetfty; S s rotating
said nenory disk relative to said bur ni shi ng head such that an air
bearing forns 35 over the surface of said nenory disk

supporting said burnishing head on said air - 20-
beari ng over said surface of said nenory disk; and novi ng said

bur ni shi ng head transversely over said surface of said nenory disk so as to
burni sh said surface of said nenory disk.



