BURNI SH NG HEAD Jayadev Patel Balvinder Singh Howard J. Tenple

Background of the Invention [0001] This invention relates to burnishing
heads for burnishing magnetic di sks and methods for burnishing nagnetic

di sks. [0002] Magnetic disks are typically manufactured with the follow ng
method: 1. An alum num alloy substrate is electroless plated with a

ni ckel - phosphorus alloy. 2. The plated substrate is textured. 3. One or
nore underl ayers, one or nore maghetic |ayers, and one or nore protective
overcoats are deposited on the pl substrate. (It is also known
to deposit other layers onto theg®§§§§$§§é¥ﬁ§* I1.) 4. Alubricant is
applied to the protective overcoat. _5. The resulting disk is then
bur ni shed. [0003] During burni shing, A&Vt is rotated, and a burni shing
head flies over the disk to renove undesired contam nant particles. Such
contam nant particles can conpri seBalvi@gr Jsgler at ed during a "ki ss-buff
process or an edge buff process. Enhancing particle renoval efficiency
during burnishing is an inportant pfoveeds Teolpleective. Fig. | illustrates a
prior art burnishing head 10 burnishing a magnetic disk 12. Head 10 is held
by a suspenBadgrduhdwiiithedntéiionl2 rotates in a direction 16. Head 10 is held
at an angle a of about 15 relative to the notion of travel of disk 12.

Buri ng [0001] This invention relates to burnishing heads for burnishing magnetic disks

and methods for burnishing magnetic disks.

[0002) Magnetic disks are typically manufactured with the following method:

1. An aluminum alloy substrate is electroless plated with a nickel-phosphorus alloy.
2. The plated substrate is textured.

3. One or more underlayers, one or more magnetic layers, and one or more

protective overcoats are deposited on the plated, textured substrate. (It is also known to

deposit other layers onto the substrate as weil.)

4, A lubricant is applied to the protective overcoat.
5. The resulting disk is then burnished. -
[0003] During burnishing, the disk is rotated, and a burnishing head flies over the

disk to remove undesired contaminant particles. Such contaminant particles can
comprise Al,O; generated during a “kiss-buff” process or an edge buff process.
Enhancing particle removal efficiency during burnishing is an important process
objective. Fig. 1 illustrates a prior art burnishing head 10 burnishing a magnetic disk 12.
Head 10 is held by a suspension 14 while disk 12 rotates in a direction 16. Head 10 is
held at an angle o of about 15° relative to the motion of travel of disk 12. During

burnishing, head 10 removes contaminant particles from the surface of disk 12.



bur ni shing, head 10 renpves contam nant particles fromthe surface of disk
12. 1 [0004] Fig. 2A, 2B and 2C illustrate side, rear and bottom vi ews of
head 10. As can be seen, head 10 conprises first and second rails 18a, 18b
extending froma bottom surface of head 10. Rails 18a, 18b are parallel to
a central axis C of head 10, and conprise an inclined portion or ranp 20
that assists head 10 to "fly" above disk 12. Rails 18a, 18b have a hei ght
H of about 100 m and are formed by a mechanical machining process. Rails

18a, 18b ha de h substantlall vertical with respect to
t he body of Y@Q% 10, ﬁdz‘%’fai @t%(ﬁgﬁ‘ﬁ“?tﬁﬁlﬁe it %?@VDWW‘IS of §p3skl0- s mean

the corner where rail side walls 22 nmeet rail air bearing surface 24.)
[0005] It i §abeswenAsihlq epmprisas Arssandrssens rads Bap Binexendéngdrarn abvdemng
process. Rails fornmed by etching have a height of about 5 to 10 m (It

woul d t ake aurfaspgfhéadd Ot Railed 84 | Blaatepandleltalastmm] asisIGolgreedi @rantiei ght . ) Sone
prior art burnishing heads fornmed by etching have rounded rail corners and

sone prior aomptiseadsndinedpettiby oetaadp Jghkavdsts Adadl 1 to SHFEr ghovakllskaor Refls.
Al so, sone prior art burnishing head rails forned by etching have side

wal I's at an1gNakehar Lheid PUlofBBoM 10D nheaRESE fitheliD ar}ﬁédhéﬁleél%achm%;eas
other prior art burnishing head rails formed by etching have sid

close to Vehfdc&%! Rahp V?éb ?r«}\% SIdteh)@allQ 85 ttl%a?gre%ﬂﬂstéﬂﬁgm 9%%&1 VS[H’[ Epeﬁ{l' ng

process conditions use ormprior ar ave vertical “wal | s

when the rai,l re t 10m hi result in sloped walls if

used to form sz?g}’gf %ﬂxoﬁﬁ}%éﬁhwgﬁﬁh‘eﬁom‘fé Y B Cmrﬁf‘dﬁmefg "EA t hough
bur ni shing head 1 nprises a pair rails, it is also known in the art
to provide BUFfiral ﬁﬁ@“ﬁ@%ﬁ%“ﬁﬁVﬁ%@“Bﬁ?ﬁ@§ﬁﬁﬁ@zgﬁrfaces such as those shown

in
10005] It is also known that burnish heads have been made with etching process.

Rails formed by etching have a height of about 5 to 10 pum. (It would take a long time to
etch rails of substantially greater height.) Some prior art burnishing heads formed by
etching have rounded rail corners and some prior art heads formed by etching have fairly
sharp rail corners. Also, some prior art burnishing head rails formed by etching have side
walls at an angle, e.g. about 60° with respect to the horizontal, whereas other prior art
burnishing head rails formed by etching have side walls close to vertical. However, to
the best of our knowledge, the etching process conditions used to form prior art rails that
have vertical walls when the rails are only about 10pum high, would result in sloped walls
if used to form rails that were much higher, e.g. 75 um high.

[0006] (Although burnishing head 10 comprises a pair of rails, it is also known in
the art to provide burnishing heads having burnishing surfaces such as those shown in
U.S. Patent 4,845,816, issued to Nanis, U.S. Patent 6,267,645, issued to Burga, and U.S.

Patent Application publication US 2002/0029448A1.)



U S. Patent 4,845,816, issued to Nanis, U S. Patent 6,267,645, issued to
Burga, and U. S. Patent Application publication US 2002/ 0029448A1.) 2 [0007]
Bur ni shing heads differ in structure and function fromread-wite heads. An
exanple of a read-wite head is discussed in U S. Patent 5,949,614, issued
to Chhabra. A read-wite head is incorporated into a disk drive. Such a
head flies over a magnetic disk during use. A transducer provided at the
trailing end of the read-wite head reads data fromand wites data to the

di sk. Burni shi heads typically ] ack such transducers. [0008] Another type
of head is E@Qg]gt od 'é‘E‘{S H@g@?‘%tq‘&%r 1B ftruetiig gpd funstien Grm rWrWﬁ%éea@uch a
head conprises a sensor for sensing nmechanical inpact of the head against
asperiti es. ABgEanBRiof g revdastetps is giscyssedinid 81 Bated ddP$ Lbfistubil ® t ype as
wel |l . Such heads are discussed in by Burga et al. in US. Patent 5,963, 396
and 6, 138, 5C0hhatjr9089¢adumfipritahatiadoyporitedimid 4 diBk tidvd. | Soeh ahiend flkkiong shead 10
may contact disk 10 during burnishing and stay in the aval anche node. It

takes tine hepndiRalibkirihg usd. 68 @¥@dducer ipFided e theGRNIMGHd of BRYERI-Fiileght over
the surface of disk 10, and thereafter resune burnishing disk 10. It would

be desi rabl gedqGed R GGG rdn §nPRRIE HaQho Thic WK m}rmg ﬁe%as Q@?CQH%, Qi L Qpf ecover.
I yin r

Al so, the burnishing head 10 shows unstable f cha teristics near the
out er edge Prg hn?eréji sk 10 since the slider body is not parallel to the
direction of "the arr flow under ABS. This is undesirable for burnishi ng

oper & on DRRNES . SAROh el oS RS o b oS, K,

' mprove heglﬁ'fa%g.pggcthsa I?efad Bgrzxgli"isseg iar;gnsgf ’%9 génsing mechanical impact of the head
against asperities. Burnishing heads typically lack transducers of this type as well. Such
heads are discussed in by Burga et al. in U.S. Patent 5,963,396 and 6,138,502.
[0009] Unfortunately, from time to time, burnishing head 10 may contact disk 10
during burnishing and stay in the avalanche mode. It takes time for head 10 to “recover”
from such contact, resume flight over the surface of disk 10, and thereafter resume
burnishing disk 10. It would be desirable to reduce the amount of time required for head
10 to recover. Also, the burnishing head 10 shows unstable flying characteristics near the
outer edge of the disk 10 since the slider body is not parallel to the direction of the air
flow under ABS. This is undesirable for burnishing operation because unstable flying of

the head could result in head-disk interaction causing defect generation on the disk. It

would be desirable to improve these aspects of burnishing heads.

Summary

[0010] A burnishing head in accordance with our invention comprises rails

having outer side walls that are at an angle with respect to a central axis of the head. This



Summary [0010] A burnishing head in accordance with our invention conprises
rails having outer side walls that are at an angle with respect to a
central axis of the head. This 3 is desirable for particle renoval. Al so,
since the central axis of the slider is parallel to that of suspension, it
takes less time for the head to recover when head-di sk interaction occurs
due to better flying characteristics. [00111 I n one enbodi nent, the outer
wal I's of the side rails have an angle between 5 and 25 (and typically 15)
with respect, e centr the head. It has been denonstrated that
this angle prcie\% %foéé’ﬁftlﬁﬁeirﬁﬁlﬂyap‘g&ﬁ Sérfcééhff‘iet‘iﬁ?lé\m&&ﬁild%ﬁ@a‘faﬂ@' taithak
surface si nc the particles don't hit the ranp 20 first, but instead hit the

edge of the Of SSPENSGH: EARKEREFTRUME fY thabaap & Eesover pvhep scaskdisk lasaction wecuinder
the ranp 20 while the disk is spinning, the particles can enbed into the

di sk due t o dgetabesiar flying elearestesistied by the ranp. That is why the rails are
at an angle between 5 and 25 degrees. [00121 In one enbodi nent, the

bur ni shing HeHd] i s helmbmeandiocdahent,ahd hieerdidlBel thersidefraild igre he badlk verwa®t | on
bet ween the di sk and the head. [00131 We have discovered that 1ncreasing the

hei ght of t Senbasniastiypicaliailks) widorRpRLEE tﬁ@ceﬂfrhl@x@dﬂth@%aﬂ' $HaBGedpeads
enhances performance. The rails typically have a height greater than 30 m

and in one @ERenARAthat REL ﬁw%‘?@%egesrgg%g%%ﬁaéﬂt iplnrtltc{e§ froPmeénll Nl tu}l}gtctih & dig; hi gher

rail walls permt increased |sp ace particles
8 20, 2SSOSR Pt PR A AR PR FELPRRSE (0011

which shoves the particles. If the particles come under the ramp 20 while the disk is

spinning, the particles can embed into the disk due to vertical force exerted by the ramp.

That is why the rails are at an angle between 5 and 25 degrees.

[0012] In one embodiment, the burnishing head is held parallel to the direction of

the relative motion between the disk and the head.

[0013] We have discovered that increasing the height of the burnishing rails

compared to prior art burnishing heads enhances performance. The rails typically have a

height greater than 30 um, and in one embodiment, between 50 and 100 um. Itis

believed that the higher rail walls permit increased free space and air flow for displaced

particles to be ejected from the head/disk interface without being reattached.

[0014] We have also discovered that providing rails with side walls close to

vertical also enhances burnishing performance. In one embodiment, the side walls are at

an angle greater than 75°, and in one embodiment between 80 and 90°. We believe that

having steep rail side walls is superior because if the rail walls are not steep, the vetrtical

component of the force applied by the burnishing head to the contaminant particles tends

to drive the particles downward into the disk instead of sweeping the particles off of the



vertical al so enhances burni shing performance. In one enbodi nent, the side
walls are at an angle greater than 75, and in one enbodi nent between 80 and
90. We believe that having steep rail side walls is superior because if the
rail walls are not steep, the vertical conponent of the force applied by

t he burnishing head to the contam nant particles tends to drive the
particles downward into the disk instead of sweeping the particles off of
the 4 disk surface. Also the steep side walls result in a stiffer air
bearing due tp increased air |leakage and resylts in |ess canpliance to
surface abnSPEﬁPﬁ%?egﬁ%%mﬁﬁ?ﬂ?% e ?Smdﬁf§P 9@”%@@3“&#%%“Hggﬁﬁﬁﬁﬁﬁd t hat
ensuring that the any radius of curvature between the rail side walls and
the rail ai feakesgrandgesslis mdess comphansiets sistrce phpogmalitics ehpartigwlates. thi s radi us

of curvature is less than 0.5 mls, e.g. between 0.5 and 0.05 mls, and
typi cal |y béd0dékn 0. 2Wardvealso distaveredshdiehsueing thah Hte anh eadieasfeniature s
desirable to mnimze the radius of curvature is that if a rounded corner
hits a part betw@edltheirfisidOwaits shi thgrailgr afiid SrfacéBesiniifized. daenge the ful |
desired inmpact. [0016] A burnishing head in accordance with one enbodi nent

of our inveRhbeMimeROM ladRS of bk tureiIOVRBY Bhn 0 StEY, ¢ BABAWER! €5 bl S.05 Afisal so be
used, e.g. SIiC or carbon. [0017] These and other features of a burnishing

head in acc | ' i . ' L0 et ai
ol ow eri o BRI bHeaH2 R UTHACWEbRIGE RS [tethab it BRI A DL o oy
bur ni shi ng head .but ni shi ng a neti c.di sk. 0019].. Fig. .2A.is a side view
of e bur nASRHTHEF HEGIT e ALRe S b ¥y Skidge 9ot B PO gidigof ¢ he
bur ni shing head of Fig. 2A . o

burnishing the particle does not receive the full desired impact.

[0016] A burnishing head in accordance with one embodiment of our invention

comprises AlTiC. However, other hard materials can also be used, e.g. SiC or carbon.

[0017] These and other features of a burnishing head in accordance with our

invention are described in greater detail below.

Brief Description of the Drawings

[0018] Fig. 1 illustrates prior art burnishing head burnishing a magnetic disk.
[0019] Fig. 2A is a side view of the burnishing head of Fig. 1.

[0020] Fig. 2B is a rear view of the burnishing head of Fig. 2A.

[0021} Fig. 2C is a plan view of the bottom of the burnishing head of Fig. 2A and
2B.

[0022] Fig. 3A is a side view of a burnishing head in accordance with the
invention.

[0023] Fig. 3B is a rear view of the burnishing head of Fig. 3A.



[0021] Fig. 2Cis a plan view of the bottom of the burnishing head of Fig.
2A and 2B. [0022] Fig. 3Ais a side view of a burnishing head in accordance
with the invention. [0023] Fig. 3Bis a rear view of the burnishing head of
Fig. 3A. 5[0024] Fig. 3Cis a plan view of the bottom of the burnishing
head of Fig. 3A and 3B. [0025] Fig. 4 illustrates the burnishing head of
Figs. 3A to 3C nounted on a suspension and burni shing a nagnetic disk.
[0026] Figs. 5A and 5B illustrate a nmethod for making a burnishing head.

[ 0027] Fig. {s a battom.view of a burnishing head constructed in

accor dance [@ﬁf‘L anot heér gg]ﬁ%ﬁlia%‘rﬂ”fothﬁtwoph‘?fgh%b‘&ﬂl.Sh{"@@%} offfiig 3%a8l i s a
rear view of the burnishing head of Fig. 6A. [0029] Fig. 7 is a table
conpari ng fl3§i~ ng performance of burnishing heads in accordance with the

i nvention and burni shing heads in accordance with the prior art. [0030]
Fig. 8 is ali®b] e conpiar # ipswatenihe himishparteod nfiFige 3@ tolBd moskiedign heads

havi ng various characteristics. Detailed Description [0031] Figs. 3Ato 3C
i|lustrate audpansivisdndribgrtigac 4 AQgewiastiskuct ed in accordance w th our

i nvention. Burnishing head 100 conprises rails 102a, 102b extending froma

9356;&'1%;'[@2@1 bot t prgs SN SiResB ARAL 2 BRI ¥00maBRE & bBRSniQGRq. 1060 Of

[0027] Fig. 6A is a bottom view of a burnishing head constructed in accordance
with another embodiment of the invention.

[0028] Fig. 6B is a rear view of the burnishing head of Fig. 6A.

[0029] Fig. 7 is a table comparing flying performance of burnishing heads in
accordance with the invention and burnishing heads in accordance with the prior art.
[0030] Fig. 8 is a table comparing burnishing performance of burnishing heads

having various characteristics.

Detailed Description

[0031] Figs. 3A to 3C illustrate a burnishing head 100 constructed in accordance
with our invention. Burnishing head 100 comprises rails 102a, 102b extending from a
generally planar bottom surface 104 of head 100. Portions 106a, 106b of rails 102a,
102b, adjacent a leading edge 108 of head 100, are sloped at an angle B for aerodynamic
reasons. In one embodiment, angle (3 is 18 minutes with respect to the rest of the air
bearing surfaces 110a, 1 10b of rails 102a, 102b.

[0032] In one exemplary embodiment, rails 102 extend a height H2 between 50
and 100 pm from surface 104. Head 100 has a width W1 of 60 mils and a length L1 of

80 mils. Rails 102a, 102b extend a distance greater than half of length L1, and typically



102b, adjacent a | eading edge 108 of head 100, are sloped at an angle O for
aerodynam c reasons. In one enbodinent, angle O is 18 mnutes wth respect
to the rest of the air bearing surfaces 110a, 110b of rails 102a, 102b.
[0032] In one exenplary enbodinment, rails 102 extend a hei ght H2 between 50
and 100 mfrom surface 104. Head 100 has a width W of 60 mls and a | ength
L1 of 80 mls. Rails 102a, 102b extend a di stance greater than half of
length LI, and typically 6 extend length LI or a distance slightly |less than

| ength L1. te 112a, 112b .of rails 102 102b form an angle y of 15
with respecfg{.{%&g@émroéla%%nge él%-?lyﬁgaﬂuafgwg% ]aTheQEteHW Li2%8nk1 26 wever
are nerely exerrgl arﬁ%glm%] Bur ni_ shing head 100 may be made of any

appr opri at ef4lsi8#a 1 nan anglgy of dX%yvih eespéoh tooneengrabaxdi Gofiteadid®ad 100 can
conprise AITIiC, SiC or carbon. Alternatively, head 100 can conprise a body
of mat eri al TheseldiasnsidingilCvwanet, arelnaydy eedm@ar§. or car bon deposited thereon
e.g. by sputtering or CVD. (As is known in the art, AITiCis a two-phase

mat eri al cofq@edpi ng ABZ@Rhatedd DO mbPOSAhdRaTRY %ﬁ;{f@pﬁﬁelﬁihgrd eriglelrhs 112a,

112b of rails 102a, 102b are close to vertical: so, corners 114a, 114b

wh 1S, : i f+ Jails 102a, 102b
ere wal | sedeliode id oﬁ@&nﬂﬂﬁ%ﬁerﬁ%&:{a@&ﬁ@f% Joﬁﬁ:r gé"ﬁx!ﬂ%, glfl%cﬁfﬂoﬁ. a are

typically sharp 90 angies. [0035 I wa are illustrated as

vertical (a r ef vert.i cal |1s. 1124, cgn .be slightly
ot verti caft v Hgl i) dp KL By b fraidial iz ag B 8 195505 he
shar pness of c rnec{ﬁ:a 11313?@ 114b alg’d the vertical nature of walls 112a, 112b
i mprove t he p@F4osy Ositg 1408561 81QYFputtering or CVD. (As is known 1n the art, AITIC is

a two-phase material comprising Al,O; and TiC.)

[0034] Referring to Fig. 3C, walls 112a, 112b of rails 102a, 102b are close to
vertical. Also, corners 114a, 114b where walls 112a, 112b meet surfaces 110a, 110b of
rails 102a, 102b are typically sharp 90° angies.

[0035) While walls 112a, 112b are illustrated as vertical (and are preferably
vertical), walls 112a, 112b can be slightly off vertical, e.g. at an angle greater than 75°.
As explained above, the sharpness of corners 114a, 114b and the vertical nature of walls
112a, 112b improve the performance of head 100.

[0036] During use, head 100 is mounted to a suspension 120 as shown in Fig. 4.
A first motor (not shown) moves suspension 120 (and therefore head 100) in a direction
122 while a disk 124 being burnished is rotated by a second motor (also not shown).
During burnishing, disk 124 moves at a rate of 600 inches per second (“ips™) relative to
head 100. Head 100 typically flies at about 0.35 microinches above the surface of disk
124. Typically, during burnishing, one starts at the ID of disk 124 and moves the head

outwardly. However, in other embodiments, the head can be moved from the OD toward



[ 0036] During use, head 100 is nounted to a suspension 120 as shown in Fig.
4. A first nmotor (not shown) noves suspension 120 (and therefore head 100)
in adirection 122 while a disk 124 being burnished is rotated by a second
notor (also not shown). During burnishing, disk 124 noves at a rate of 600
i nches per second ("ips") relative to head 100. Head 100 typically flies at
about 0.35 mcroinches above the surface of disk 124. Typically, during
burni shing, one starts at the ID of disk 124 and noves the head outwardly.
However, in_other embodinents, the head can be npved fromthe OD toward 7
the ID, al tH‘SE@hﬂl’i‘H‘?g& ﬁ’és Il depirableeas)iewould tond tquisay gicanispings prisisles at

contam nant particles at the ID of the disk, and this could conceivably be
part of thethgdPof thecbivkdprdthisoienld qopedvably be paneofddrts reeondingfzoRe.g. 4, the
central axis C of head 100 is parallel to the direction of notion 128 of

di sk 124. THI0387]i s i n lodi emisidimenttofi€igarhghe cantrat axihC ol héwrlaldo id Parhigel EUNt ed i n
Fig. 1. [00381 In one enbodinent, the rails on the burnishing head are

formed by @k@itdBn of nthtioHI296r Qi 150! THWs MY HAGES She ahgle/tP ats\ﬁﬂéﬁ]laéaﬂ Fig.
5A, a copper layer 200 is deposited, e.g. by sputtering, on a body of

material 202, (B9 .1 typically Al Ti C.) 2. A photoresist layer 204 is
formed on C(?)Opger ﬂ%}?é?%ﬁ)a 3. Photoresist layer 204 is lithographically

patterned. (ln.lieu of |ithographi atternjng, jn sone enbodiments e-beam
patterning &@gﬂsed.)q@@PﬁgﬁggiﬁﬁﬂHﬁ§§g§H¥y£eEwgﬁwﬁgéﬁﬁ1We§8pPﬂ@ﬁ of body of
mat eri al 202. Typically, many burnishing heads are forned in body 202

si mul t aneoudfRing, e.g. using the following process:

1. As shown in Fig. 5A, a copper layer 200 is deposited, e.g. by sputtering, on a
body of material 202. . (Body 202 is typically AITiC.)

2. A photoresist layer 204 is formed on copper layer 200,

3. Photoresist layer 204 is lithographically patterned. (In lieu of lithographic
patterning, in some embodiments e-beam patterning is used.) (Figs. 5A and 5B only
show a small portion of body of material 202. Typically, many burnishing heads are
formed in body 202 simultaneously.)

4. The resulting structure is subjected to an etching step using an aqueous ferric
chloride (FeCls) solution to thereby transfer the pattern in photoresist layer 204 to copper
layer 200. The remaining portion of photoresist layer 204 is then removed, e.g. with
acetone.

5. Referring to Fig. 5B, the resulting structure is then subjected to a RIE process
using a mixture of fluorine and argon as the process gas. In one embodiment, the source
of fluorine is SFg, but in other embodiments, other fluorine-containing gasses can be

used. Also, in one embodiment, 20 SCCM SFs and 15 SCCM of argon flow into the



4. The resulting structure is subjected to an etching step using an agueous
ferric chloride (FeCl3) solution to thereby transfer the pattern in

phot oresi st | ayer 204 to copper |ayer 200. The remaining portion of
photoresist |layer 204 is then renoved, e.g. with acetone. 5. Referring to
Fig. 5B, the resulting structure is then subjected to a RIE process wusing a
m xture of fluorine and argon as the process gas. |In one enbodi nent, the
source of fluorine is SF6, but in other enbodinents, other
fluorine-containin SS C be used. .Al so, .in one enmhodi nent, 20 SCCM
SF6 and. 15 SKNRPPAGSn ThF SR PROEERGORIBIER RisLBiics BRI motae BEiEhi ng
process contjnues until etching is perforned to a depth from 30 to 100 pm
and in one éér%g@%m%mﬂnw%ﬂ%ﬂ%{bwwéﬁ mFﬁéB‘é&fnt-er, t he remai ni ng

portion of copper layer 202 is renoved using an aqueous ferric chloride
sol ution. 7.6 Body'hefeafigst Geiremairin? pogionie ponpat layent292iindmoivddingingar ni shi ng
heads. 8. Portions 106a and 106b are nechanically forned on the heads.

[ 0039] Furt hlgnectdefarit shlondeceiutiong t he above- nenti oned process are descri bed
in U S. Provisional Patent Application 60/773,225, filed on February 13,

2006 by Sinone @édybf ShteriaNto2tik @fén cMebidafdil RibalBuehbiigy Reaor kpi ece”,
i ncorporated herein by reference. This process is nerely exenplary. In

ot her embodigrent Sf’ort%g'?%ao&gcl%ﬁﬁafé%ecﬁﬁni%ﬁﬁcform Al nbag. 6A illustrates a

bur ni shi ng head 250 constructed in accordance Wt an alternative

oot Tent Sho "™ SRR LTSRS G SRR S5 RS0

252b are at l?g Provisional Patent Application 60/773,225, filed on February 13, 2006 by Simone
Guerrier, entitled “Method for Etching a Workpiece™, incorporated herein by reference.
This process is merely exemplary. In other embodiments, other process can be used.
[0040] Fig. 6A illustrates a burnishing head 250 constructed in accordance with
an alternative embodiment of our invention. Burnishing head 250 comprises trapezoidal
rails 252a and 252b. As can be seen, outer walls 254a, 254b of rails 252a, 252b are at an
angle © with respect to the central axis C of head 250. Angle 0 is between § and 25°, and
typically about 15°.
[0041] Fig. 6B is a rear view of head 250. As in the embodiment of Fig. 3, rails
252a, 252b have a height H3 between 30 and 100 pm, and in one embodiment, 65 pm.
The walls of rails 252a, 252b form an angle close to the vertical, e.g. greater than 75° and
in one embodiment, between 80 and 90°
[0042] In the above-described embodiments, both the outer rail walls are at an
angle © with respect to the head’s central axis C. It is primarily important for the rail wall
closest to the OD (for the case in which the burnishing head is mm@d from the ID to the

OD) to be at angle 8. The opposite wall of the opposite rail is typically at this angle for



angle O with respect to the central axis C of head 250. Angle O is between 5
and 25, and typically about 15. [0041] Fig. 6B is a rear view of head 250.
As in the enbodinment of Fig. 3, rails 252a, 252b have a hei ght H3 between
30 and 100 m and in one enbodinment, 65 m The walls of rails 252a, 252b
forman angle close to the vertical, e.g. greater than 75 and 1in one

enbodi nent, between 80 and 90 [0042] In the above-described enbodi nents,
both the outer rail walls are at an angle O with respect to the head's

central axis_C. lt.is imari,ly i rta or the rail 1. closest to the
@ (for the EH0E AV RAREH TV HPOR g ohbBgatedt ikttt Pumishie 8 Fo ¢ he
OD) to be at angle O e op ite Il of the opposite rajl _is typically at
this angle fiVe frrogh@ﬁ-&) Wﬁ%ﬁé@r%é‘%‘e pf Ve il @?1g9P$qS¥59.thf(HbFS %fhe case’in
whi ch the burnishing head is noved fromthe OD toward the ID, the angle of
the rail walprimgrpsedrtageg.the 1D is of prinmary inportance.) [0043] As

nment i oned above, one of the major advantages of a head in accordance wth
the inventi do043§ an i Apmonansmwtabove,bhy abihk itayor advantagas ofdibead i accbidgnee/. 1 n
Fig. 7 an experinment was performed in which burnishing heads were noved

toward a di skt ishehtidhds By ifiprs Mdniht infitibdits e 4. adinewiaFid 78 Tn Fichag. Heads
351, 352 and 353 were prior burnishing heads as shown in Fi gs. 1 and 2. As

can be seen ekﬁegﬁh&t Wg?]g%ﬂgfglgﬁ i@%ﬁ{?ﬁ%ﬁmish ﬁdsq{!?rg I?rio%c&'%%ag?i\glﬁk gh onl'y

reach about 1. 855 1nc ore the onset “of aval anchi ng. al anchi ng

occut S uen s BT LB A LR B S S o

can be burnishing heads as shown in Figs. 1 and 2. As can be seen in Fig. 7, on the average,
heads of this design could only reach about 1.855 inches before the onset of avalanching.
(Avalanching occurs when the head stops flying and drags on the disk.) After |
avalanching, heads 351, 352 and 353 were pulled back toward the disk ID. As can be
seen, heads 351, 352 and 353 did not recover and begin flying again until they were on an
average radius of 1.808 inches.
[0044] In contrast, heads 301, 302 and 303 (in accordance with the design of Figs.
6A and 6b) achieved superior performance. In particular, they did not begin avalanching
until they reached a radius {on average) of 1.868 inches, and they recovered at an average
radius of 1.859 inches. Thus, heads of this design exhibited superior flying performance.
[0045] Although heads in accordance with the design of Figs. 6A and 6B
exhibited superior flying performance, it is also necessary for burnishing heads to exhibit
good particle removal during burnishing. Heads having the Fig. 6A and 6B design are
not easily formed by machining. We experimented with etching techniques to determine

whether such heads could be formed by etching. Fig. 8 is a table illustrating the results

achieved during experiments with burnishing heads 401 to 406, each having selected
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seen, heads 351, 352 and 353 did not recover and begin flying again until
they were on an average radius of 1.808 inches. [0044] In contrast, heads
301, 302 and 303 (in accordance with the design of Figs. 6A and 6b)

achi eved superior performance. In particular, they did not begin aval anching
until they reached a radius (on average) of 1.868 inches, and they recovered
at an average radius of 1.859 inches. Thus, heads of this design exhibited
superior flying performance. (0045] Although heads in accordance with the
design of Figs. 6A and 6B exhi bited superior flying performance, it is also
necessary f charbeientitishandjsdvesed detow. dXurhishing hemiotd | peastai prioe art doonshinghead ng

bur ni shi ng. Heads having the Fig. 6A and 6B design are not easily forned by
machi ni ng. \déslexpenifignt edd Difdrmed b machinirgc i galBSot Iead 40 e hid MReighttegt her

such heads could be forned by etching. Fig. 8 is a table illustrating the
resul ts achpgygdl SHdoRe SYRAMARN GiskMyhd oD RiaSBNGpREAAS A dpadfR, €ach
havi ng sel ect eg 10 chagqu[a%tég}rai stei cs ag di s%ussled be}r%)w Bu?pr% s%'} r@a glgd 401

was a prior ant burnjshing head . as shown.in Figs.,.1 and 2 fornmed, by
machi ni ng. HhaerRREE Spfen s al Earenired cinnsd Mhibre 5 tens
experinments, a disk was examined wth optical jnspection apparatus to
determine t ﬁ@“tﬁiﬁlﬁ%%ﬁ“i?g?nﬂgéﬁpaﬁ?{a‘ﬁtﬂabwcé?se%{ FeMESA 22tin ip 8t 315M SHRY cant
whi ch contai ned additional Al1203 contani nant particles, and exani ned again
to get a newfeousminagfpagistsarfihadisk wia thenbugkshed mathd sinigling bérdn Dywingi shed
wi th a burnishing head. During burnishing, the head swept fromthe IDto
the OD and tbherishivag khethead heept Bonilthe 1Mditsthe WA and thembaxkaotlredd. deidiskwidsh t he
above-nenti oned apparatus to determ ne how nany contam nant particles were
renoved. then examined again with the above-mentioned apparatus to determine how many

contaminant particles were removed.

[0046] Head 401 eliminated a number of contaminant particles equal to the

number of particles added to the disk when it was dipped in tubricant, i.e. the number of

contaminant particles removed equals 100% of the number of particles added during

dipping. (During this experiment, the particles removed during burnishing were not

necessarily all the exact same particles placed on the disk due to dipping. However, the

number of particles removed during burnishing was the same as the number of particles

placed on the disk due to dipping.)

[0047] Head 402 was similar to head 401, except a) head 402 was made by

etching, b) the rail height for head 402 was 10 pum, ¢) the rail walls were at 60°, and d)

the radius of curvature at the corner of the rails for head 402 were larger (e.g. a couple of

mils) than for head 401 (which had sharp corners). As can be seen, head 402 yielded

poor burnishing performance, removing a number of particles equal to only 84.1% of the

particles that were added during the lubricant dip.
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100461 Head 401 elim nated a nunber of contam nant particles equal to the
nunmber of particles added to the disk when it was dipped in lubricant, i.e.
t he nunber of contam nant particles renoved equals 100% of the nunber of
particles added during dipping. (During this experinent, the particles
removed during burnishing were not necessarily all the exact sane particles
pl aced on the disk due to dipping. However, the nunber of particles renoved
during burnishing was the same as the nunber of particles placed on the

di sk due to di |ng ) . [00471 Head 402 was simlar to head 401, except a)
head 402 wad? ‘H@ e pE#i3yas 1By samgeasthead 497 eyaept thatthe saibbeagis Waads ¥ m c)
the rail walls mere at 60, and d) the radius of curvature at the corner of
the rails fdnstdadad1d0bh. wer eanlbarsgey, thiscagsedahe parptle rafovahtifsjenthanristos head
401 (which had sharp corners). As can be seen, head 402 yiel ded poor

bur ni shi ng pgrbpr mance, renoving a nunber of particles equal to only 84.1 %
of the particles that were added during the lubricant dip. 11 [0048] Head

403 was the gt as NeRd H0Pya E Sbe S1Ahg HE cLabl 1Rk Bm USRIy | Nt ead

of 10 m As ‘can be seen caused the artlc r enov ciency to rise

wer e much SEPRP "*?a?aid‘}?éoﬁfhwffmgﬁh%aga”ég%é%%wgﬁgﬁe ‘RO e

renoval eff|C|ency torise to 98.4% [0050] Head 405 was the sanme as head
404, exceptgﬁﬁd% the rail walls were vertical. This caused the particle

renoval efficiency to rise to 102.0% (This efficiency
[0050] Head 405 was the same as head 404, except that the rail walls were

vertical. This caused the particle removal efficiency to rise to 102.0%. (This efficiency
was possible because this head removed not only a number of particles equal fo what was
added when the disk was dipped in the contaminant particle-containing lubricant, but also
contaminant particles present on the disk before dipping.)

[0051] Head 406 was of the design in accordance with Figs. 6A and 6B. Head
406 had a rail height of 75 pum, vertical walls and sharp corners. As can be seen, head
406 exhibited a particle removal efficiency of 101.0%

[0052] The above-mentioned experiments show that one can form a burnishing
head that achieves both good burnishing performance and good flyability.

[0053] While the invention has been described with respect to a specific
embodiment, those skilled in the art will appreciate that changes can be made in form and
detail without departing form the spirit and scope of the invention. For example, the
burnishing head can be made using different manufacturing techniques, have difterent
mechanical dimensions, and be made from different materials. A burnishing head in

accordance with our invention need not have all the characteristics, and meet all of the
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was possi bl e because this head renoved not only a nunber of particles equal
to what was added when the di sk was di pped in the contam nant
particle-containing |ubricant, but also contam nant particles present on
the di sk before dipping.) [0051] Head 406 was of the design in accordance
with Figs. 6A and 6B. Head 406 had a rail height of 75 m vertical walls
and sharp corners. As can be seen, head 406 exhibited a particle renoval

ef ficiency of 101. 096[0052] The above-nenti oned experi nents show t hat one
can forma b rni shin t hat achi eves bo burn shi n er f or mance
2nd go0d 1 JAEPHE 4 bR e uAT e St P A A LB ARl oL B w 1 1
respect to a specific enbodinent, those skilled in the art wll appreciate
that change$UEEHinge Argardingly., ﬁHﬁH@Wged@P@FP”lWrtqhémveﬁ%%hrt ing formthe
spirit and scope of the invention. For exanple, the burnishing head can be
made using different manufacturing techni ques, have different mechanical

di nensi ons, and be nmade fromdifferent materials. A burnishing head in
accordance with our invention need not have all the characteristics, and
meet all of the 12 objectives set forth above. Al so, one can rotate a disk
at different velocities during burnishing. Accordingly, all such changes
cone within the invention. 13 We claim 1. A burnishing head conprising: a
body of material having a | eading edge and a trailing edge; first and second
rails extending fromsaid body of material, said first and second

13



rails conprising inner and outer walls, said outer wall of said first rai
being at an angle wth respect to a central axis of said burnishing head
such that the portion of said outer wall of said first rail closest to the
| eadi ng edge is closer to the central axis than the portion of said outer
wal | of said first rail closest to the trailing edge, said outer wall of
said second rail being at an angle with respect to the central axis such
that the portion of said outer wall of said second rail closest to the

| eadi ng edge is closer to the central axis than the portion of said outer
wal | of said second rail closest to the trailing edge. 2. Burnishing head of
claiml wherein the angles between said outer walls and the central axis
are each betWe®aMibout 5 to 25 degrees. 3. Burnishing head of claim1
wherein the height of the rails is greater than 30 m 4. A nethod for

bur ni shi ng d.- magAduiraistdng keadeopwrisingy: rotating sai d magnetic di sk; and
flying a burnishing head over said nagnetic disk, said burnishing head
conprising a bodypodf offmiterialdbaviapd Idadhgtedanshdseraibag édpiel s ext endi ng from
said body of material, said burnishing head having a | eading edge and a

trailing edge, Saisdafd fesbniads SRERIIEY fr&h'sﬁd%ﬂdﬁ@f‘ﬂ%ﬁt’eﬁblnﬁud NREAnERERUT er
walls, said outer wall of said first rail be| ng at an angle with respect to

a central a%‘é c%gfié}hg ri%f d%ﬂt&%zﬂ@fs%l a\}aﬂaotfs B%r&%%) &fa{lgaﬂ%l% outer

wal | of saidfir sest 0 ng e ge IS C

central axis.than t portion of . . D r wal | sai flrst rail cl osest
to the trai I‘”f‘ﬁt]il esé’&‘étgo as?ﬁ'?tff‘l%'ts 8? ‘Wi?‘llmﬁ ing F%ﬁl %‘8‘&8&?&*%& ool s3id O an angl e
with respect to the central axis such that the portion of said outer wall

of said secdw of s figyt gaikdesepidothpdepdingiedeg 1%%1@9@1” fosthe pessif axipihepthecent r al

axis than the
portion of said outer wall of said first rail closest to the trailing edge, said outer wall of

said second rail being at an angle with respect to the central axis such that the portion of
said outer wall of said second rail closest to the leading edge is closer to the central axis

than the portion of said outer wall of said second rail closest to the trailing edge.

2. Burnishing head of claim 1 wherein the angles between said outer walls and the

central axis are each between about 5 to 25 degrees.
3. Burnishing head of claim 1 wherein the height of the rails is greater than 30 um.

4. A method for burnishing a magnetic disk comprising:

rotating said magnétic disk; and

flying a burnishing head over said magnetic disk, said burnishing head comprising
a body of matetial and first and second rails extending from said body of material, said

burnishing head having a leading edge and a trailing edge, said first and second rails

14



portion of said outer wall of said second rail closest to the trailing edge.
5. Method of claim4 wherein the angles between the outer walls and the
central axis are each between 5 and 25. 6. Method of claim4 wherein said
rails have a height greater than 30 m7. Method of claim4 wherein the first
and second rails are symetrical with respect to said central axis to

t hereby enhance flyability of said burnishing head. 8. Burnishing head of
claiml1 wherein the first and second raiIs are synnetrical Wi th respect to

said central axis to thereb anc % P %@Id bur ni shi.n Bead

A bur ni shi n&orﬂ%“asépgc‘Bﬂ‘Hrai“g PHY! rWg %Sﬂ ‘)Btle ft'@ f"yéq sty Beinegt an agel %ga:t nd rai I s
extending fromsaid body of material by a di stance greater than 30 pm said
first and sESBRFHIYyHFME fisaiddyrnigiies hogd queh thathepgrion obsaid eerwalhed of 15
said outer walls being at an angle with respect to a center axis of said

bur ni shi ng baddrst ralraesestrio g lehdag ddga st clessetorthé Fenfral ards than theglodidnetfween 75
and 90 with respect to said burnishing surface of said body of material,

and the radsaié ootkr wall yidaid Brsbeilwhebst saihd trading edgaraiil suet wahiofsdid s@bndind
second rails and a burnishing surface of said first and second rails is

I ess than O w¥idgsat a&Qnglé\wmtr&@ectft@fhe%ﬁtml akis BEcPAhABBNSSrti6n 6 Sikd GAPT i Si ng:
rotating said magnetic disk; and flying a burnishing head over said magnetic

di sk, sai d QuRishy E&Sﬁ'{%ﬁ c(fé)s th ﬁie’]ﬁadu% J&gé‘ b Wse ttﬁ% {:%Itram thhf e and

second rail s extendin roma burnis ace o

portion of said outer wall of said second rail closest to the trailing edge.

5. Method of claim 4 wherein the angles between the outer walls and the central axis

are each between 5 and 25°,
6. Method of claim 4 wherein said rails have a height greater than 30 um

7. Method of claim 4 wherein the first and second rails are symmetrical with respect

to said central axis to thereby enhance flyability of said burnishing head.

8. Burnishing head of claim 1 wherein the first and second rails are symmetrical

with respect to said central axis to thereby enhance flyability of said burnishing head.

9. A burnishing head comprising:
a body of material; and
first and second rails extending from said body of material by a distance greater

than 30 pm, said first and second rails comprising inner and outer walls, at least one of
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body of material by a distance greater than 30 m said first and second
rails conprising inner and outer walls, at |east one of said outer walls
being at an angle with respect to a central axis of said burnishing head,
wherein said at |east one outer wall of said first and second rails forman
angl e between 75 and 90 with respect to said burnishing surface of said
body of material, and the radius of curvature between said outer walls of
said first and second rails and a burnishing surface of said first and

second railskis Ies? than 0.5 mls. 16
said outer walls being at an angle with respect to a center axis of said burnishing head,

wherein said at least one rail forms an angle between 75 and 90° with respect to said
burnishing surface of said body of material, and the radius of curvature between said
outer walls of said first and second rails and a burnishing surface of said first and second

rails is less than 0.5 mils.

10. A method for burnishing a magnetic disk comprising:

rotating said magnetic disk; and

flying a burnishing head over said magnetic disk, said burnishing head comprising
a body of material and first and second rails extending from a burnishing surface of said
body of material by a distance greater than 30 um, said first and second rails comprising
inner and outer walls, at least one of said outer walls being at an angle with respect to a
central axis of said burnishing head, wherein said at least one outer wall of said first and
second rails form an angle between 75 and 90° with respect to said burnishing surface of
said body of material, and the radius of curvature between said outer walls of said first
and second rails and a burnishing surface of said first and second rails is less than 0.5

mils.
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