BURNI SH NG HEAD Background of the Invention [0001) This invention relates
to burni shing heads for burnishing nagnetic disks and nethods for
bur ni shing magnetic di sks. [00021 Magnetic disks are typically manufactured
with the followi ng nethod: 1. An alum num alloy substrate is el ectrol ess
plated with a nickel - phosphorus alloy. 2. The plated substrate is textured.
3. One or nore underl ayers, one or nore nagnetic |ayers, and one or nore
protective overcoats are deposited on the plated, textured substrate. (It is
al so known to deposit other | aJERNIGHINGHEARubstrate as well.) 4. A
| ubricant is applied to the protective overcoat. 5. The resulting disk is
t hen burni shed. [00031 During burnishing, the disk is rotated, and a
bur ni shing head flies over the disk to renpve undesired contam nant
particles. Such contam nant particles can conprise A 23 generated during a
"Kki ss-buff' process or an edge buff process. Enhancing particle renoval
efficiency during burnishing is an inportant process objective. Fig. 1
illustrates a prior art burnishing head 10 burni shing a magnetic disk 12.
Head 10 i el d By uspension 14 while disk 12 rotates in a direction 16.
Head 10 igﬂgﬁgngéiﬁging%§pg a of about 15 relative to the notion of travel
of disk 12. During _burnishing, head 10 renoves contamni nant particles from
the surfadl08F di skThis inventgmuFiatssdo burnishing haads forcburnishiag mageetisidisks r ear and
bottom vi ews of head 10. As

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 well.)

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,O3 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.



can be seen, head 10 conprises first and second rails 18a, 18b extendi ng
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 height H of about
100 pm and are formed by a nmechani cal machining process. Rails 18a, 18b
have side walls 22 that are substantially vertical with respect to the body
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al so known that burnish heads have been made with etchjng process. Rails
formed by St Resery head, B0 comprisgh firsh andasseond rails Bag h8hextendingsoma@ boRB a | ong
time to etch rails of substantially greater height.) Sone prior art

bur ni shi ngufesadthdadriffe Rally 18l 8haregpatwdiektoracantdd dxis&l of red A8randand sone pri or
art heads fornmed by etching have fairly sharp rail corners. Al so, sone
prior art chuprideshiinginbe pertioAiol fanipd20nihek d3yiste heddl Mgolrayealivdliskvial IRzilat an
angle, e.g. about 60 with respect to the horizontal, whereas other prior art

bur ni shi nggh EI?ﬁ hhvd d fReid? HYES aBMutth@ELé'ngg,n@ Qﬁé?oﬂéé%g%é&aﬁfc@lsrﬁaéhﬂli?{fr tical.

However, to e best of our know e , the etching process conditions used
about TomPhcET: Reitr e 7 8 Bl st gtaialh by VORRER Vil B L%, R
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burni shi ng heads having burnish!n% surfaces such as those shown in U S
Pat ent 4, 848regaibside 3olled? meetNai iair beasirg sudagesdtk) 6, 267, 645, issued to Burga,
and U. S. Patent Application publication US 2002/ 0029448A1.)

[0005] 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 pm. (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 pm 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.)



2 [0007] Burnishing 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 from and
wites data to the disk. Burnishing heads typically lack such transducers.

[ 0008] Angmbﬂr t ypeB@hishiagReads dig@Gn bteuctlat 86d fASHET frbh @8adoriRt HEB@NEt i ¢ di sk
surface ch a head conprises a sensor for sensing nechanical inpact of the

head agapp %&a\n{r\ﬁ;ﬁi?%‘f %I’éaﬁ%wrﬁg‘ﬂée? is Gls&%s&?iﬂ% SBP’aIQéﬁxﬁ %'d% 6180Ksukli gpsducers of

this type as are discusse urga et a in US.

Pat ent 396 an 1 02, 9 . Unf ort ynat ro tlne to tine,

bur i shi ng R A By E SR ARG Pk BB DA NS BIRIGT 1 n the
aval anche node. |t takes tine for head 10 to "recover"” from such contact,
resume f| magetisdisk duFBg Yss /ntransgpoeg peqvided at e draflimgread of the reaskWE  bur ni shi ng
disk 10. It would be desirable to reduce the amount of time required for
head 10 headremlsdatn froal srul wtitee dita konths diskg Bugnshingheatotypiaaty taaklsechf | yi ng
characteristics near the outer edge of the disk 10 since the slider body is
not par al tredsdiicerg he direction of the air flow under ABS. This is

undesi rabl e for burnishing operation because unstable flying of the head

coul d resglopgj N heaghdhak ;Befﬁﬁ{eﬁ&fs'u@éh forldLNBpéailoh adrameal digp on the di sk.
It would be desirable to i nprove these aspech of burnishing heads. Summary

surface. Such a head comprises a sensor for sensing 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



[ 0010] A burnishing head in accordance with our invention conprises rails
havi ng 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 |ess
time for the head to recover when head-di sk interaction occurs due to
better flying characteristics. [0011] In one enbodinent, the outer walls of

the side (sajebitabiwfoe patticidngh6vaAdes W& ethce theasatktral axisafthet syiderCialphnal1d1%) that t h
respect to the central axis of the head. It has been denonstrated that this

angl e pr eB%%?en@i%ﬂ}i@f@k@@l@&s AL for Meead YR RRPRULN ReAdLAISICintdR&:tiBh Skcurs ur f ace
since the particles don't hit the ranp 20 first, but instead hit the edge of

the rail j ﬁr}gx .ficles. If the particles cone under the ranp
20 whil e 9%\4;6031%% |s§§cs[¥oaith%ﬁ?§g%s'the particles can enbed into the disk due to

verti cal I exerted by the r . That, is . why the rails are ,at an angle
bet ween s 25 Gelreebodiesh e ousontisbmeatiseaTs e sl ARE Arig o head i <
held parallel to the direction of the relative notion between the disk and
t he head. 5[o®2%] (andtymicaby dP9avthaieengct th dhe qentpleaxis of ghe hpadhltitgpbeast t he
burnishing rails conpared to prior art burnishing heads enhances

per f or mandemornEireted ghat thi¢ anglecprieventd@ntamanant pargibkes frosadngredtdingnntd Ghendiskand i n
one enbodi nent, between 50 and 100 m It is believed that the higher rail

wal I's per girfack SmEEes particles oD ARt eheramp 20 irst] BV idstdad hithd afROf theakili cl es to
be ejected fromthe head/disk interface w thout being reattached. [0014] W
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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 pm, and in one embodiment, between 50 and 100 pm. 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 vertical
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
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beari ng du |ncrease ge an esults i ess conpliance to

surface articul ates hav 0 di scovered that
ensur i nga@%%e?ﬂ re g* z!ﬁtf? an&ﬁ%W%#%a nﬂé?%iﬁlgﬁ ?@??'Q?F ‘side walls and
the rail air_bearing surface is mnimzed. In one enbodinent, this radius
of curvat @085l s | esWehpvarlep diseaveisd that gnsupag thabthe@ny radins o cOBaWIG s,  and
typically between 0.2 and 0.1 mils. W believe that the reason it is

desi r abl ebatweentheiail stde wialls and diarsil @ir beaningssutfaee is sniniszed. finane ounded cor ner
hits a particle during burnishing the particle does not receive the full
desired i éemelimedtOBikahdids SldunvRire iglessahsh 0.0 ndBcap dno&nW. 3 indomes mitbodi ment

of our invention conprises AITiC However, other hard materials can al so be

used, €. JandIyfSicAly &?«Kz&?nrbzar[cp@imllsTWéﬁelféWth%ﬂB@"reafs&ﬂitlxhr&e%xré’Jlet”b bur ni shi ng
head in accofdance with our 1nvention are described in greater detail

bel ow. B g eg U il ﬁﬁcmatmqs@ g OOAL sk padydhL byl 2C e, prior art

bur ni shi ng urnls |c drs a side view

Of‘ the buglprlmss ing ehp%?tgcle does n%t receive the full desired impact.

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

3 [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.



[0020] Fig. 2B is a rear view of the burnishing head of Fig. 2A. [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 [00241 Fig. 3Cis a plan view of the bottom of the burnishing head of Fig.
3A and 3B. 10025] Fig. 4 illustrates the burnishing head of Figs. 3Ato 3C
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bottom vi of a burnishing head constructed in accordance w th another
enbodi nent~of the invention. 10028] Fig. 6B is a rear view of the burnishing
head of Fi% 6A. [00291 Fig. 7 is a table cogﬂp.ari ng fI&yi ng perfornmance of

bur ni shi nPOR8ads i rFigtidlystmienthe bimishingdies g5-8A 18§ meuniedent g heads in
accordance with the prior art. [0030] Fig. 8 is a table conparing
bur ni shi nspspensiooramd humishingerumagretic dgkheads havi ng various characteri stics.
Det ai | ed Description 100311 Figs. 3Ato 3Cillustrate a burnishing head 100
construct @826 accaFigan@eand 5B illustrate a method for making a burnishing head.

[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 angie {3 for aerodynamic
reasons. In one embodiment, angle {3 is 18 minutes with respect to the rest of the air
bearing surfaces 110a, 110b of rails 102a, 102b.

[0032] In one exemplary embodiment, rails 102 extend a height H2 between 50
and 100 um 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



wi th our invention. Burnishing head 100 conprises rails 102a, 102b extendi ng
froma generally planar bottom surface 104 of head 100. Portions 106a, 106b
of rails 102a, 102b, adjacent a |eading edge 108 of head 100, are sloped at
an angle 0 for aerodynamic reasons. |In one enbodinent, angle 0 is 18

m nutes with respect to the rest of the air bearing surfaces 110a, 110b of
rails 102a, 102b. [0032] In one exenplary enbodinent, rails 102 extend a

hei ght  H2eh&iveRsh B9 or aaﬁtala@é)sl £15 aEs ﬁiaﬁflafgﬁl 1040utbeadlid PRaNpEbRW dth W 1
of 60 mls and a length L | of (B g mils. Ralls 102a, 102b extend a di stance
er
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102a, 102 form an angle y of 15 thr spect to a central axis C of head
100. Thedbesadifsnsionh OWHES%%F“@TXJM}’@XW%‘IW exenpl ary. 100331 Bur ni shing
head 100 may be made of any appropriately hard material. For exanple, in
one enbod[083l , heddurnipbingana ayslee madk of angagprepriately herd matatiale Fant i vel y,
head 100 can conprise a body of material such as AITiC and a | ayer of SiC
or car bonexhepbsiin et dntexdanent, leead) 10byansqpuipriee AKGCoSi(CdarfoAs i s known in the
art, AITICis a two-phase material conprising Al203 and Ti C.) 100341

Ref er ri ngAttembrily, dad Vo dafi céﬂa%ase a8y Fnatedial SuchQAITILOHA AnRereF 9fe tO
vertical. Also, coners 114a, 114b where walls 112a, 112b neet surfaces 110a,

1100 of  bAlni8icd YRR o AARLING 41D, BR, B1Bh6R 1) HOUASANYE © vl I

112a, 112 are Ustrated as Ical ®(and ar
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° angles.

[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



vertical), walls 112a, 112b can be slightly off vertical, e.g. at an angle
greater than 75. As expl ai ned above, the sharpness of coners 114a, 114b and
the vertical nature of walls 112a, 112b inprove the performnce of head
100. [0036] During use, head 100 is nmounted to a suspension 120 as shown in
Fig. 4. A first motor (not shown) noves suspension 120 (and therefore head
100) in a direction 122 while a disk 124 being burnished is rotated by a

second nMoheID,(AhsgsHAls 1§M§W@sxrabl%'x%tﬂ&'feﬂﬂ$@leﬂ% cotadind HafiRiget at a rate
of 600 inches per second ("ips") relative to head 100. Head 100 typically

flies at tﬂ?ﬁb‘hf&e%ﬁk“&xﬁr is%ﬁnﬁscoﬁ‘c?eh?\ya%}}l[)ﬁg%aﬁgffftlﬁe a?leeg%’ Eﬁooﬁ@“ Typically,

during burnishing, ohe s arts at ves the head
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contam nant particles at the ID of the disk, and this coul d concei vably be
part of ttheddeationoBmetian A8 efdisk 1240 GFIT is imcanirestéerthsciinglertt atorhich beads, t he
central axis C of head 100 is parallel to the direction of notion 128 of

di sk 124. 10lkinsouhdiimFigoit rast to the angle a at which head 10 is nounted in
Fig. 1. 100381 In one enbodinent, the rails on the burnishing head are

fornmed byjppsgjchi ng, In%nQemH&lﬁgnﬁhﬁrIu%' drAhé Bﬂnﬁhﬂ?%@% aré forfieddyown in Fig.
5A, a copper layer 200 is deposited, e.g. by spuftering, on a  body of

material 2025 @%Oﬁﬁn%%gg@ovbﬁﬁg'p%legsy AITiC.) 2. A photoresist |layer 204 is
er’ ["ayer .

formed on cop
1. As shown in Fig. SA, 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. SA 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 SFe, but in other embodiments, other ﬂuorine-contaiining gasses can be

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



3. Photoresist layer 204 is lithographically patterned. (In lieu of

| ithographic patterning, in sonme enbodi nents e-beam patterning is used.)
(Figs. 5A and 5B only show a snall portion of body of nmaterial 202.

Typi cal Iy, many burni shing heads are forned in body 202 sinultaneously.) 4.
The resulting structure is subjected to an etching step using an aqueous
ferric chloride (Fed 3) solution to thereby transfer the pattern in

phot or esi &thihggpparad(4 The etchprggrocdsagmtin@@MntiTetehing mepenforrgepora depth of
photoresist |layer 204 is then renoved, e.g. with acetone. 5. Referring to

Fig. 513, frbM80rte$00 finghdsihrone eubedihfent, Bewvesni6 e B9 |id. a RI E process using
a mxture of fluorine and argon as the process gas. In one enbodi nent, the

source 0§ fl upfddifet, %he%%ﬁlammgpdﬂo@&%bp&mgQ@?ﬁtr&no@dhﬁfng
fluorine-containi ng gasses can be used in one enbodi msnt 20 SsCcm

SF6 and 1 LN into the 8 etchl ng apparatus. The etchi ng
process c% §| nuelg{clfﬁ[og(ag {’lhﬁ%g is performed to a depth from30 to 100 m

and in on en, 65 and 100 Thereafter, the remaining
portion o? cgtplg%clyn%é%?mié&fssth?rb%\/gﬂ"l‘.ilé‘i‘ﬂbalg nis, H’@g’ﬁ “ferric chloride

solution. 7. Body of material 202 is then cut into individual burnishing
heads. 88 Porli'qrbms 1068 andy Fepbiave meelanically. framied an the fegdsred on t he heads.
[ 0039] Further details concerning the above-nentioned process are descri bed
in U S @039 si ondiurfBat detdilsApptdroiag therab6d-menti @28 prdcessedle desciteddrinary 13,
2006 by Sinone

U.S. 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 0 with respect to the central axis C of head 250. Angle 0 is between 5 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 0 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 moved from the ID to the

OD) to be at angle 6. The opposite wall of the opposite rail is typically at this angle for



GQuerrier, entitled "Method for Etching a Wirkpiece", incorporated herein by
reference. This process is nerely exenplary. In other enbodi nents, other
process can be used. [0040] Fig. 6A illustrates a burnishing head 250
constructed in accordance with an alternative enbodi nent of our invention.
Bur ni shing head 250 conprises trapezoidal rails 252a and 252b. As can be
seen, outer walls 254a, 254b of rails 252a, 252b are at an angle O with
respect tmwatohgolomnimeaity aiflyig sébiltyadF@5he cade gl whidh tle heniskeephé&adand 25, and
typically about 15. [00411 Fig. 6B is a rear view of head 250. As in the
enbodi meniowdd fFdrg theDD k@ Arg theZdX) the adpRb fltameil avallel@bit téitheliBtiveen 30 and 100
m and in one enbodinent, 65 m The walls of rails 252a, 252b form an angle
close to ﬁh§m¥¢&b&%§k&)e.g. greater than 75 and in one enbodi nent, between
80 and 90 [00421 In the above-descri bed enbodi nents, both the outer rai

wal l's are an an . W sphecte .t o I. ' t X1 . It is
primaril ylolﬁlr%or t ant‘g% @?&fo\hﬁga ?ba({vﬁ’ &W%I qtf tﬁecw%gg%@gﬁgg%hog%&ﬁ&?!‘noar%cér %ncégas ein
whi ch the burni.shing head is noved from.the IDto the_ . OD).to be at angle O.
The opposlih MRG0 IBBBERER Ir PROIY: EgpPatPYy taFie 1 Segr & for S
reasons of symetry and flying stability. (For the case in which the
bur ni shi ngkpeBmantjwas psgfosaed ingyhiehaurmshing headd werrempysd towardadjpkeOBf t he rai |
wal | closest to the IDis of primary inportance.) [0043] As nentioned
above, onduroig Hulrashimg. cFhealisianatdmgeas 087 andheadHéads 6L Gi5Aand 853 wetelpriohe
invention is an inprovenent in flyability, e.g. as showmn in Fig. 7. In Fig.
7 an 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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experiment was performed in which burnishing heads were noved toward a di sk
OD during burnishing. The disk radius was 1.87 inches. Heads 351, 352 and
353 were prior burnishing heads as shown in Figs. | 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 aval anching. (Aval anching occurs when the
head stops flying and drags on the disk.) After aval anching, heads 351, 352

and 353 V‘ﬁ%ﬁac&ﬁkﬁ&%s RRCHssEP S\Q Blﬂ 1&{1% healP40f\Wal Q?f!@le% eﬁﬁ'ﬁﬂhm@%@&? 351, 352

and 353 did not recover and egln agai n unt y were-on an

(i accor BaniEn B pls o DERGR oy Aarfhins "HHERIG Riy-d B Bdteaanid 67

perfornance In partl cuI ar, they did not begin avalanching, until they
reached al@CamuBupias therxperiasntyi diskawss %@W@é withpticH dyspeeiomappaiatuat  an
average radius of 1.859 inches. Thus, heads of this design exhibited
superi or foldetemgineahd mmlmnoécontairﬂiﬂdﬂ]pamcidsmhﬁyénnhémﬂsd indulbricaot ehiche wi t h t he
design of Figs. 6A and 6B exhibited superior flying performance, it is also

necessar yccfmmnéawdaitﬁ)halwzd)ge@ﬁﬁgnﬁiﬁaraEbmlalets an@@REMMRY hifih & FetaR¥RIcotntr | Ng
burni shing. Heads having the Fig. 6A and 6B design are not easily forned by

Eﬁﬁﬂ: REQSS“EA@&&F'Q“%%*’?‘??%SST’&&E’% ?Eﬁ’“&é”g%’?‘%ﬁmé“?’ﬁg%“‘"@%h?’? DB oG e h
406,
Liifné,sseﬁcmisﬁa ¢ B e PP AR bt DD B R By RE T Eﬁgémk%ﬁead 401

was a pri art bu nlshln as sho in Fi 2 forrred by
machi ni ngt eﬂ'ﬁ’éani“af’ gafrppit QYFImﬁ%téP“&X\g%R%PS %fdetermmeqlow 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 lubricant, 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 um, c) 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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100 m During the experiments, a disk was exam ned with optical inspection
apparatus to determ ne the nunber of contam nant particles thereon, dipped
in lubricant which contained additional A1203 contam nant particles, and
exam ned again to get a new count of contam nant particles. The di sk was
then burnished with a burnishing head. During burnishing, the head swept
fromthe IDto the OD and then back to the ID. The disk was then exam ned

agai n W t [poybp abovgedeaivwaskk Ws%@&@4620eﬂ%bﬁhmtﬂ@rahm%§mws 7¢ ARt am nant
particles were renoved. [0046) Head 401 ellnlnate a nunber of contanlnant

R ed & ot b L s gt R Shen i T B i@ R S B e

equal s 100% of the nunber of partlcles added during dipping. (During this
exper i menP6.0%he particles renoved during burnishing were not necessarily
all the exact same particles placed on the disk due to dipping. However, the
nunber of [(94P} i cl esHeaddedasdbe same dsuhead 408, axrepatbe tdibcspme was himh nunber  of
particles placed on the disk due to dipping.) [0047] Head 402 was simlar

to head 4Harpe2XEhed 48). fl‘ﬁﬁdieﬁ?@cﬂﬂ%e oRded ¥ pagickhtemgval RFfidieiRy t@tise thei ght for
head 402 mas 10 m c) the rail wall's were at 60, and d) the radius of
curvat ureggtet he corner of the rails for head 402 were |arger (e.g. a couple
of mls) than for head 401 (which had sharp coners). As can be seen, head

200 1 CifhgPosr SHER HROR BELL R B0 SERH BBl L) S
di ,p' 11 vertical. This caused the particle removal efficiency to risé to 102.0%. (This efficiency
was possible because this head removed not only a number of particles equal to 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 pm, 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 different

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

12



[ 0048] Head 403 was the sane as head 402, except that the rail height was 75
m instead of 10 m As can be seen, this caused the particle renoval
efficiency torise to 96.0% (00491 Head 404 was the sane as head 4083,
except the rail corners were nmuch sharper in head 404. This design change
caused the particle renoval efficiency to rise to 98.4% [00501 Head 405
was the sanme as head 404, except that the rail walls were vertical. This

caused  NRRILI & HhSIBYA! ARE IhEBNYad alk SPaitRreh0%ui0dfied ity of 1 ci ency

was poss e because this head renoved not only a nunber of particles equal

to what s . added when the,di sk, was di pped in the contam nant

particl e\-,\%léﬁ'flgp%i %&"ﬂrﬁB%’iYc@h?","ﬁBl}%“ggT %06960”8%'&'1“3 i gﬁrﬁloﬂarti cl es present on

t he di sk before dipping.) 10051] 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
efficiency of 101.0% [ 0052] The above-nenti oned experinents show that one
can forma burnishing head that achieves both good burni shing perfornance
and good flyability. 100531 Wiile the invention has been described with
respect to a specific enbodinent, those skilled in the art will appreciate
t hat changes can be nade in formand detail w thout departing formthe
spirit and scope of the invention. For exanple, the burnishing head can be
made using di fferent manufacturing techni ques, have different nmechanical

di mensi ons, and be nmade fromdifferent materials. A burnishing head in
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accordance with our invention need not have all the characteristics, and
neet all of the 12 objectives set forth above. Al so, one can rotate a disk
at different velocities during burnishing. Accordingly, all such changes
come 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 froma surface of said body of material, said first and
second rails conprising inner and outer walls, said outer wall of said first
rail bei Rg c(&h:an angle with respect to a central axis of said burnishing
head such that the portion of said outer wall of said first rail closest to
the | eadiyng e (S é r -@ ~central axis than the portion of said
out er maﬂl ofggﬁwgayﬁ @%ﬁfgﬁﬁn% gSest to the trailing edge, said outer wal
of said second,r at. anl%ﬁﬁge with respect to the central axis such
g egpe !

| . bein
that the port 8% ;%qmq},tlﬁri”g hayipgp cgEe A4 HUUURGFLES ai | cl osest to the

| eadi ng edge is closer to the central axis than the PortLon of said outer
wal | of said Sestanbsecend rafs gending tom@geuripcs qfisald hedy et malgriak 8314 fitste hei ght
of the rails is greater than 30 m at |east one wall of at |east one rai

f or ms an aahggicendomilpeenprisnginderd@dwiiteh walls jsaidtoutep walloif azie fipft rajbbaing ur f ace of
said body of material as neasured fromsaid plane, through said rail, to
sai d wal lat arPdiglel Wigh fedplictto Dfentraluxvadfshid baatieenhadisdetothbtethe padtios o6f sai d

first and second rails and a burnishing surface of said first and second
rails isgshigdatet RaMoPsard fitst Bail closest to the leading edge is closer to the central 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,
wherein the height of the rails is greater than 30 pum, at least one wall of at least one rail
forms an angle between 75 and 90° with respect to a plane of said surface of said body of
material as measured from said plane, through said rail, to said wall, and the radius of

curvature between said outer walls of said first and second rails and a burnishing surface

j of said first and second rails is less than 0.5 mils.

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. A burnishing head comprising:

a body of material having a leading edge and a trailing edge;
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2. Burnishing head of claim1l wherein the angles between said outer walls
and the central axis are each between about 5 to 25 degrees. 3. A
bur ni shing head conprising: a body of material having a | eading edge and a
trailing edge; 14 first and second rails extending fromsaid body of
material, said first and second rails conprising inner and outer walls,
said outer wall of said first rail being at an angle wth respect to a
central axis fukt fndisdcddrrailSdxitemdinpeftsin sai¢ Bodyheftmatbréal paid fignarelfsesa@idd out er
wal | of said first rail closest to the | eading edged is closer to the

central gk éoxﬁmc]gt {ARer a?i@rohie?’ﬁfaﬂi s§1@'0%e9Waﬂrof WAl hr@?alﬁ@élﬂ% dtianghgleai | cl osest
to the trailing e sai d outer wal said second rail being at an angle

ge
Wi th reS&ﬁﬁEeshgtw; &l‘%ﬂa m% fgélf?]&ﬁﬁge %H@atd sh thQPt'hE Rloﬁfofsaﬁalo cputer wal |

of said second rail ose I'ng edge IS oser to the central

axis than,the. n . of sajd,o ter ond r cl osest to the
trailing" %agsa“gﬁﬁ‘%@lﬂﬁlosfﬁéo Hisi! erdgf’CL@ cfoépr'tg ﬂi‘esceé‘f abgxis t fnhg‘ﬁ 30 pm and
the radi us of curvature between said outer walls of sald flrst nd second

rails anBoriompl seidentergval Leksaiddirstral glogest forthe traping sdeco sid optsr pallpt | ess than
0.5 mls. 4. A nethod for burnishing a magnetic di sk conprising: rotating
sai d nmagsed secontl sid;beangat A yrgleywith bespedt hihe genteddxiovedh thatithe pertjoeof ¢ di sk,
sai d burni shing head conprising a body of material and first and second
rails extsdeuteowhll ofvail susidai civhkess & e ading @lige RBIRED talthe Geatral dxis ni shi ng

head having a | eading edge and a trailing edge, said first and
than the portion of said outer wall of said second rail closest to the trailing edge, wherein
the height of the rails is greater than 30 um, 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.

4, 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 surface of said body of
material, said burnishing head having a leading edge and a trailing edge, said first and
second rails comprising inner and outer walls, said outer wall of said first rail being at an
angle with respect to a central axis of said burnishing head such that the portion of said
outer wall of said first rail closest to the leading edge is closer to the central 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
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second rails conprising inner and outer walls, said outer wall of said first
rail being at an angle with respect to a central axis of said burnishing
head such that the portion of said outer wall of said first rail closest to
the | eading edge is closer to the central 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

t hat t henaR@hd pRiloPdf safPdileromdiest swl secdild rSittids3eeQAREtrhifihf c8de0MSkint O t he
| eadi ng edge is closer to the central axis 15 than the portion of said outer

wal | of yRalethns SEMB thilsal éreﬁﬂepﬁggé% L%étta{‘l]%astt bRl Whingf &q%ﬁg ?IY!;E{I?&%S ahhe hei ght

of the rails 1s greater~than east one wal t least one rai

forms an_ _,anal e bet ween..75..and 90 wi th respect to a plane,ef said surface as
measur od9 BEat & ST i Enegtodunhe o HRE Krrech of e St BomaRia” ol “ang
the radius of curvature between said outer |1's _of said first and second
rails aing tsoyed e TAg fa 4 Adeas Pl and fiea Hﬂog%lem&e%mep% 3¢ | ess than
0.5 mls. 5. Method of claim4 wherein the angles between the outer walls
and t he ogtenwally ofsriddfirstand seennd rigéstand erbudnishing eBfacgof widvdshand seemndbur ni shi ng
a magnetic disk conprising: rotating said magnetic disk; and flying a

bur ni shiraily ihlesdthav @15 sidd. d magneti ¢ di sk, said burnishing head conprising a
body of material and first and second rails extending fromsaid body of
material, said burnishing head having a | eading edge and a trailing edge,
said first and second rails conprising inner and outer walls, said outer

wal I of ssal dMdiffofcHith 426hdt8in@he MR BIHWReMHeDuter walls and the central axis

are each between 5 and 25°,

6. 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 said body of material, said
burnishing head having é leading edge and a trailing edge, said first and second rails
comprising inner and outer walls, said outer wall of said first rail being at an angle with
respect to a central axis of said burnishing head such that the portion of said outer wall of
said first rail closest to the leading edge is closer to the central 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, wherein said rails

have a height greater than 30 pm, and the radius of curvature between said outer walls of
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respect to a central axis of said burnishing head such that the portion of
said outer wall of said first rail closest to the |eading edge is closer to
the central axis than the portion of said outer wall of said first rai
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 |eading edge is closer to the
central saidifssttahdpecbhérails@and  dbnrngshirgsudaceusfesnidviebt and fsewai daitsas sl 1 ai |

closest to the trailing edge, wherein said rails have a height greater than
30 m anghnth®miladi us of curvature between said outer walls of 16 said first
and second rails and a burnishing surface of said first and second rails is
less than 0.5 mls. 7. Method of claim4 wherein the first and second rails
are symetrical with respect to said central axis to thereby enhance

flyability Ofg/xétﬁdado Wi \Qhé}gmhﬁeaﬂrst %d s‘éb'cfn’&irﬁiﬁ‘!t e sﬂgfgugtéf&% \git@gﬁg ¢wherein

the first and secon ral S are central

to.th h d 9. Ab hi
head cotprid Rl BLRg erswﬁrﬁ\ﬂgﬁ Biigh B i SR Bbng rai s extonding

froma surface of said body of naterlal 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 center axis of said
bur ni shihg h&adnishvinghesdrot skilrd lavheramthe fosiend fsecoail daibsiresymmetrisalf or ns an
angl e between 75 and 90 with respect to a plane of said surface of said
body of wiet espeat toasidroeatsalarid t thereby enhance flyability of said burnishing head.

9. A burnishing head comprising:

a body of material; and

first and second rails extending from a surface of 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 said outer walls being at an angle with respect to a center axis of said
burnishing head, wherein said at least one of said outer walls forms an angle between 75
and 90° with respect to a plane of said surface of said body of material as measured from
said plane, through said rail to said outer walls, 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
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said plane, through said rail to said outer walls, and the radius of
curvature between said outer walls of said first and second rails and a
bur ni shing surface of said first and second rails is less than 0.5 m|s.

10. A method for burnishing a magnetic di sk conprising: rotating said
magnetic disk; and 17 flying a burnishing head over said magnetic disk, said
bur ni shi ng head conprising a body of material and first and second rails

extendi ng fr @gng aHukdigfieg Réadsvk OsaPiigretic d¥RE Rfd BRlrniBling héﬁcﬁ&fﬁgﬁ@irﬁr eater
than 30 Ism said first and second rails conprising inner and outer walls,

at | east, %H?oﬁ&na@ﬂglddng%ﬁggg@wvﬁd Paiis @Qteﬂzﬁigggr{)ﬂu{%élﬁfa% bhsaif6R{r to a central

axi s of said burnishing erein sal ast one outer wall of said
first and second ..rails forman.angle hetween 75 and 90 w.th. respect to a
bl ne om A RTBLA IRk Brev@L R 3 B0 -G MR AR e R BN BB U PG o o o e,
t hr ough sgid rails to said outer wall, and the radjus of curvature between

sai d outiBf ofar Wallsopt least ang ofrsatd opter Walls brige pban sl with resBegt i FEHE! sur f ace of
said first and second rails is less than 0.5 mls. 11. Burnishing head of

cl ai m 1,ax@ o paid) bumishirigrheadi wheprinijaid at lnast end euter widhplrsaielérsyantisecond2.  Met hod
of claim4, 6 or 10 wherein said body of material conprises AITIiC 13.
Bur ni shiraity fhemdn adgle bativeen 15 ahd B° Withndsphit tolagilaiernf said duifadelof sddt end a
di stance greater than half the |l ength of the burnishing head.
body of material as measured from said plane, through said rails to said outer wall, 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.

11.  Burnishing head of claim 1, 3 or 9 wherein said body of material

comprises AITiC.

12.  Method of claim 4, 6 or 10 wherein said body of material comprises

AlTiC.

13.  Burnishing head of claims 1-3, 8-9 and 11 wherein said rails extend a

distance greater than half the length of the burnishing head.

14.  Burnishing head of claims 1-3, 8-9 and 11 wherein said rails extend a

distance substantially equal to the length of the burnishing head.
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14. Burnishing head of clains 1-3, 8-9 and 11 wherein said rails extend a
di stance substantially equal to the length of the burnishing head. 18 15,
Met hod of clains 4-7, 10 and 12 wherein said rails extend a distance
greater than half the length of the burnishing head. 19

15. Method of claims 4-7, 10 and 12 wherein said rails extend a distance

greater than half the length of the burnishing head.
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