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MAGNETIC RECORDING DEVICE

The present invention relates to an improved magnetic recording
5 device having an improved slider and an improved process for magnetic
recording.

Background of the Invention

10 Current growth rates for the digital magnetic recording data storage
industry show an increase :in recording densities of 60% per year. To
continue on this growth rate curve, the recording industry is being forced
to make a number of significant changes in the design of the magnetic
recording device. Digital magnetic recording devices for data storage

18 generally comprise a thin film magnetic recording disk and a head or
transducer which is moved along or above the surface of the rotating disk

' to read and write information on the disk. Advanced high areal density,
thin £ilm magnecic recording disks comprise a rigid substrate preferably
having a dual zone textured surface, a magnetic layer such as a cobalt-

20 based metal alloy, a protective amorphous carbon layer and a lubricant
layer, such as a perfluoropolyether disposed on the carbon overcoat. The
dual zone texture of the disk substrate is made up of a highly polished
surface over the area of the disk used for reading and writing data, and a
textured surface over the area of the disk used for landing the head when

25 the recording device is not in use. The highly polished surface of the
*data zone" functions to: a) minimize interactions between the surface of
the disk and the head and b) reduce the number of errors encountered
during reading and writing operacions. No data is stored in the textured
vlanding zone" and its presence is desired to elimipate stiction upon file

30 start-up. Stiction is the tendency of a landed stationary magnetic
recording head to resist movement, e.g., translational movement along the
surface of the disk. High stiction can lead to mechanical failure of the
head or disk.

35 The transducer is attached toc a carrier or slider having an air
bearing surface which is supported during operation adjacent the data
surface of the disk by a cushion of air generated by the rotating disk.
Since recording density depends exponentially on the separation distance
becween the recording element of the head and the magnetic layer of the

40 disk, lower fly heights are needed for high areal density recording, and a
head utilizing a negative air bearing, such as described in U.S. Patent
4,894,740, may be employed to achieve high areal density. However, lower
fly heights can cause an increase in the interaction of the head with the
disk during normal flying.

45 .
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a rotational speed of about 3600 RFM to about 540C RPM and at fly heigh:

of B0 to 100 nm. It has been discovered that stiction problems are

encountered when high areal density recording devices are operated

continuously at higher speeds, e.g., 7200 and lower Ely heights. However,
20 it is desired to reduce the data access time for high areal demsity
recording by increasing the rotational speed of the disk without
ericountering the stiction problem. There still is a need in the art for a
high areal density magnetic recording device which can operate at higher
rotational speeds without stiction.
25

Summary of the Invention

A magnetic recording device of the present invention comprises:
(a) a disk; (b) a motor associated with the disk operable for rotating the
30 disk; (c) a head supported on an air bearing carrier for magnetically
reading data to or magnetically writing data from the disk: the trailing '
surface of the carrier being covered with a thin film layer preferably
having a surface energy less than 25 ergs/cm®, the layer being :immiscibile
in condensible contaminates. e.g., hydrocarbon lubricants: and (d) an
35 actuator connected to the head carrier for moving the head across the
disk.

Preferably the thin layer on the carrier ccmprises a fluoropolymer
which is preferably stabilized on the surface by physi or chemisorption,
40 ultreviolet radiation, Leat or is beam deposited onto the trailing surface
of the carrier, e.g., by ion beam or plasma polymerization or sputtering.

The thin layer coating on the trailing surface of the carrier
eliminates the stiction problem associated with high performance, high
45 density magnetic recording devices.
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5 The invention also relates to a process for magnetically reading or
writing with a magnetic recording device comprising the steps of:
{a) rctating a magnetic recording disk: and (b) aero dynamically floating
a magnetic recording head on a slider to magnetically read data o or
write data from the disk, the trailing surface of the slider having a film
10 which is immiscible in condensible contaminates and has a surface energy
less than 25 ergs/cm‘.

Brief Description of the Drawings

15 The invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 is a section view of the magnetic recording disk drive;
20 : Fig. 2 is a top view of the magnetic recording disk drive; and

Fig. 3 is a bottom view of the carrier for the magnetic recording
head.

25 Detailed Description of Preferred Embodiments of the Invention

The present invention relates to an improved high performance
digital magnetic recording device for reading and writing data
magnetically.

30

Referring to Figs. 1 and Z, there is shown a magnetic recording disk
drive of the present invention. The magnetic recording disk 2 is rotated
by drive motor 4 with hub 6, which is attached to the drive motor. The
disk comprises a substrate, a metallic magnetic layer, a carbon layer and

35 a pelymeric lubricant layer, e.g., perfluoropolyether. It is desired that
the thickness of the lubricart layer on the disk be about 5A to 25A.

A read/write head or transducer 8 is formed on the trailing end of a

carrier, or slider 10. Suitable sliders are positive or negative air

40 bearing sliders. Suitable negative air bearing sliders are disclosed in
U.S. Patents 4,894,740 and 5,438,467, the disclosures of which are
incorporated herein by reference. The slider 10 has trailing surface 9.
Head 8 may be an inductive read and write transducer or an inductive write
transducer with a magnetoresistive read transducer. The slider 10, is

45 connected to the actuatcor 12 by means of a rigid arm 14 and a suspension
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The sources of the stiction problem for high performance magnetic
15 recording devices have been discovered. First, the high rotational
speed of the recording device, (e.g., 7000 RPM or more) causes increased
frictional heating resulting in substantial increase in the vapour
pressure of the hydrocarbon lubricants used in the spindle bearing, disk
motor and actuator bearing and coil. Further, the high rotational speed:
20 causes an increase in the temperature gradient between the rotating parts
and the slider. Secondly, the lower fly height enhances the contact
between the slider and the disk increasing the chance of transfer of
contaminants. These factors in combination with the increase in air
compression and air flow experienced by the carrier due to the increased
25 flying velocity cause condensation of liquid contaminates such as
hydrocarbons, water, lubricant and the iike on the traiiing surface and
in the etch pockets of the slider after continuous operation. when the-
slider stops on the disk surface, these droplets bridge onto the disk to
create significant stiction for the slider.
30
The low surface energy film placed on the trailing surface of the
slider 10 and the etch pockets 20 of the slider 10 minimizes the build up
of condensible contamination on the slider during operation of high
performance magnetic recording devices thereby eliminating the stiction
as problem. Preferably, the entire portion of the trailing surface of the
head 8 and also the etch pockets 20 of the slider 10 are coated with a low
surface energy film to minimize any condensation of contaminates on the
slider during operation.

40 The low surface energy film preferably comprises fluoro organic
material, preferably a fluoropolymer. Fluoropolymer as used herein méans
an organic polymer which contains fluorine. The film coating the slider
preferably has a number of unigue properties. The film has a surface
energy less than 25 ergs/cm’, preferably less than 20 ergs/cm?, and

45 preferably less than 15 egs/cm* to minimize condensation of condensible
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f1 uor opol yner which is preferably stabilized on the surface by physi
or .chem sorption, ultraviolet radiation, heat or is beam deposited
onto the tra‘;ghi,)glg"wrface of the carrier, e.g., by iggrhaskpabs pl asm
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3 Preferably, the notor rotates the disk at a rotational

speed greatmnptaminates. tigniEEePAlpnenEiln had l2yg ks ginaneftion wemperRtefeer abl vy,
the thin fidm ic® greater than 25°C, preferably greater than 50°C. The film is

insoluble in hydrocarbon lubricants and immiscible in the lubricant
disposed on the disk. The thickness of the film layer on the slider will

5 be less than 100A, preferably less than 50A and most preferably less than
20A and the film will be continuous without voids on the trailing edge and
etch pockets of the slider. Preferred classes of fluoropolymers for use
in the present invention include fluorinated acrylates/methacrylates,
polyfluoroinated alkanes and polymers containing significant CF, and CF,

10 group at the surface. Preferred specific fluoropolymers are
polytetrafluorcethylene and polyhexafluoropropylene. Other suitable
fluoropolymers will be known to those skilled in the art.

The fluoropolymer can be applied to the trailing surface of slider

15 by a variety of art known processes. For example, a fluoropelymer can be
applied to the slider using a dipping process, a vapour transport process,
or a spray process. In the dipping process, a fluoropolymer of low
surface energy, e.g., poly{fluoroalkylmethacrylate) such as Fluorad FC 722
brand made by 3M Company is dissolved in a fluorocarbon based solvent,

20 e.g., perfluorohexane, at a concentra;ion of 400 - 700 ppm. Actuators
made up of suspended sliders are mounted onto a support and dipped into
the solution containing the fluoropolymer. The dip angle, and puil rate -
are adjusted to obtain the desired thickness.

25 In another embodiment, a fluoro organic material such as a
fluorinatéd long chain polar molecule, e.g., fluorinated fatty acid, are
spontaneously adsorbed onto the surface of the slider by dipping. The
molecules form a densely packed monolayer on the surface. The molecules
self -assemble where the polar groups bond to the surface and the rest of

30 the molecule having the fluorinated groups, e.g., CF, and CF, are
positioned away from the surface.

In another embodiment, a fluoropolymer can be applied to the

trailing surface of the slider by beam deposition. The fluoropolymer

35 treatment of the head is performed in-vacuo using known thin-film
processing techniques such as ion beam deposition, plasma polymerization,
or sputtering. The in-vacuo deposition of a fluoropolymer onto the
magnetic recording head can be accomplished using a plasma polymerization
technique. In this process, either sliders attached to suspensions, free

40 sliders, slider rows prior to formation of individual sliders or wafers
before slider rows are formed can be coated. A fluorinated precursor of
the desired fluoropolymer is introduced to a vacuum chamber which is
pumped to a pressure of nominally 1 mtorr. For example,
hexafluoropropane, hexafluorogropylene and Argon are flowed into the

45 plasma chamber at flows o 250 SccM, 35 ScCM and 900 SCCM, respectively.
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on the trailing end/e:zch pocke: of the head. Other film forming fluoro
organics for use as precursors in this process will be known tc those
skilled in the art.

Apother embodiment of this process also involves the formation of a
10 monolaver of fluorocorganic material on the slider surface. In this
process, a fluorocarbon gas such as perfluorocarbon C. - C,, gas, e.g.,
trifluoromethane, hexafluoroethane, octafluoropropane, etc can be
introduced to the plasma chamber and an RF plasma generated. In this
embodiment, the fluorocarbon precursors serve as the feed stock to produce
=5 fluorinacted organic fragments of the general form CxFy that are atcached
to the surfaces of the magnetic recording head. CF3 groups having a
surface erergy of nominally 15 ergs/cm2 would be the favoured attachment
species, however, CF2 groups {20 ergs/cm2) would also be desirabile.

20 A fluoropolymer may also be fcrmed on the surface of the slider
using RF sputtering from a target made from a low free energy surface
material, for example (poly)tetraflucroethylene (teflon) with a surface _
energy of 20 ergs/cm2 would be suitable. Typically an inert gas such asa
argon is used to create the necessary plasma for the sputtering process.

25 It is int:oduced to the vacuum chamber at pressures on the order of 1C
mtorr. RF power is supplied to the chamber causing ionization of the
inert sputtering gas. These inert gas ions are then accelerated Lo the
low surface energy target causing sputtering of the target. The sputtered
target fragments are then collected on the desired surfaces of the

ao magnetic recording head. This process can be conducted on suspended
heads, free heads, or can be done at the row level or wafer level.

A variation of this embodiment would entail the use of a
fluoroinated gas to create the plasma necessary for sputtering. 1In this
3s process, the proper choice of fluororgaric, e.q., tetrafluoromethane,
hexafluoroethane, etc., are expected to incorporate more CFJ into the
deposited polymer film thereby lowering the overall surface energy from
nominally 20 ergs/cm2 to 15 ergs/cm2.

40 The preseat invention also relates zo a process for magnetically
reading or writing with a magnetic recording device. A preferred
embodiment of the process comprises the steps of:

{a) rotating a magnetic recording disk at a rotational speed
45 greater than 7000 RPM; ———
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10
The following examples are detailed descriptions of the present
invention. The detailed descriptions fall within the scope of, and serve
to exemplify, the more generally described invention set forth above. The
examples are presented for illustrative purposes only, and are not
15 intended as a restriction on the scope of the invention.

Examples

Sliders
20
The trailing surface of the slider of the present invention was
coated with a low surface energy fluoropolymer by the following procedure.

25 A solution was prepared containing poly(fluorocalkylmethacrylate)
(500 ppm by weight) in a solvent. The siider is fully dipped in solution
withdrawn at a pull rate of 1 mm/sec. The slider is withdrawn from the
liquid into the sclvent vapour. .

30 Test Device

The tester comprises 2 standard spindles for disks with 7200 RPM
spinning capability. Two sliders are mounted per disk (top ané bottom)
with fixed location at the OD of the disks (about 40 mm radius).

35 Compressed air to the suspension mount allows loading/unloading the slider
on/off the disk.

The spindles are covered with a plexiglass hood, which contains
openings to allow for air exhaust. By means of a plastic tubing of
40 diameter 10 mm and length about 1 m a steady flow of hydrocarbon rich air
is injected into the plexiglass hocd from an external source.

This HC-source is an aluminum box placed cn a heacer plate. The
temperature can be adjusted. Hydrocarbon materials such as bearing grease
45 are applied to the inner bottom plate (the ‘source plate’) of the aluminum



4 16. The suspension 16 provides a bias force which urges the

slider 10 onto the surface of the recording disk 2. Referring to Fig.
3, .there is shown a bottom view of a suitable negative air bearing
slider with outer rails 18 and inner rails 19 and etch pockets 20

which are ¥p&%hons 5 fornmed between the inner and SGTF&B/Z8S
During operation of the disk drive, the drive notor 4 rotates the

disk 2 at a constant speed in the direasion of arrow 22, and the actuator
12, which is typically a linear or rotary notion coil notor, noves the 10
slider 10 generally radially across the surface of the disk 2 at a height
of less thaN 7TneMox0id hakn tdiBséLand Webi beadolmy1ACGESS adifdher ent data

t _raCkS on ﬂlug\l.(ab%e flow of alr. typic-Eli'?y 5.10&'}}!9.%5 ﬁf f&h%hl%ﬂlgﬁtéh%n me\LmegLf or

hi gh perforna netic g Lces have | scovered.
: d and I
Fi R/ISt, t he hi ? aosﬁq'afum dan ar éidL% s{”he ?se(?cs)raescr cfev?ti?é’ (e.g., 7000
RPM or nore) causes increase
5 ¢) ;Lat1on of the Test:

Clean disks are meunted to the spindles and the sliders loaded on
the disks. The plexiglass hood is covered over the spindles. The
HC-source is loaded with the appropriate grease, heater and air flow

10 turned on in order to provide a hydrocarbon-rich atmosphere within the
plexiglass hood. Head/disk pairs are run at 7200 RPM for 12 hours.

Regults
15 Sliders with fluoropolymer on tailing surface 2 - 7 gm stiction
Sliders without fluoropolymer on trailing surface 20 - 40 gm stiction

Although this invention has been described with respect to specific
embodiments, the details thereof are not to be construed as limitations
20 for it will be apparent that various embodiments, changes, and
modifications may be resorted to without departing from the spirit and
scope thereof, and it is understood that such equivalent embodiments are
intended to be included within the scope of this invention.
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(d) an actuator {12) connected to the slider for moving the head
across the disk.

20 2. The device of claim 1 wherein the film comprises a fluoropolymer.

3. The device of claim 1 wherein the £ilm is also provided in etch
pockets (20) of said slider.

25 4. The device of claim 1 wherein said motor (4) is operable to rotate
the disk at a rotaticnal speed greater than 7000 rpm.

5. The device of claim 4 wherein the fly height of the head (8) is less
than 75 nm.
30
6. A process for magﬁetically reading or writing with a magnetic
recording device comprising the steps of:
(a) rotating a magnetic recording disk (2); and
35
(b} aero dynamically £floating a magnetic recording head (8) on a
slider (10) to magnetically read data to or write data from the disk
(2), the trailing surface (9) of the slider (10) having a £ilm which
is immiscible in condensible contaminates and has a surface energy
40 less than 25 ergs/cm’.
7. The praocess of claim 6 whereir the film comprises a fluorcpolymer.
8. The process of claim 6 wherein the film is also provided in etch
45 pockets (20) of said slider.
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energy less than [err], preferably less than [err], and 45 preferably
| ess than [err] to mnimze condensation of condensible

WD.97/ 22119 PCT/ GB96/ 02805
5 contam nates. The fluoropolynmer filmhas a glass transition

t enper at ur YO972219 (Tq) of greater than 25[err]C, preferadlGI/Ee828F t han
SO[err]C. The filmis i nsol ubl e i n hydrocar bon gbbid-cant.s_and.
immiscible in the |ubricant di spdsed on the di} THIS SHEET HAS BEEN pf
the filmlayer on the slider will 5 be | ess than ].OOA, RERMACEBDI vy | Ess
t han 50A and nost preferably |ess than 20A and The=ftrtmrwrtt—ie
conti nuou9.w t moaprocEsdsodDrR1Is e 6twleirbimgabdl@sta@nds) is opergfichepeekfles of
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present invention include fluorinated acryl at es/ met hacryl at es
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fluoropolymers will be known to those skilled in the art.
The fluoropol ynmer can be applied to the trailing surface of slider 15 by -
a variety of art known processes. For exanple, a fluoropolyner can be
applied to t §g§égﬁgr usi ng a di ppi ng process, a vapour tr atSassdsosnocess,
or a spray p In the dipping process, a fluoropolynmer of |ow
surface energy, e.g., polylfluoroal kyl nethacryl ate) such as Fluorad FC 722
brand made by 3M Conpany is dissolved in a fluorocarbon based sol vent, 20
e.g., perfluorohexane, at a concentratjpp of 400 . 700 ppm Actuators
made up of suspended sliders are nounted onto a support and dipped into
the solution containing the fluoropolyner. The dip angle, and pull rate
are adjusted to obtain the desired thickness. 25 I n anot her
enbodi nent, a fluoro organic material such as a fluorinated | ong

chai n pol ar nol ecul e, fluo n-,eg0 atty id, are
spont aneousl y adsor bed oﬂho t he %%rf‘ 0

di ppi ng. The
The nol ecul es

f the Ilder
nol ecul es form a densely packed
sel f -assenbl e wherESERE R ZX - HRSH

t he nol ecul e havi ; the f uorinatad M CF[err] are
positioned away frigmthe {surface 4nbodi ment, a
fl uor opol yner can [je_appl\i ed to f\he the slider
by beam depositio ’ The fluaropdl yreeo3s gt -eihead is
per f or med in-vacu-‘using nown tAHi “hnlques such
as ion bean1dep05|aion, pliasma @l yneri zatii
)
{ (
12 4
FIG. 1
10 2
\ \
7
22
4'\/
6 O 6
O o
Co
4. |
\
127
{
\
9
16

FIG. 2



or sputtering. The in-vacuo deposition of a fluoropolyner onto the

magneti c recordi ng head can be acconplished using a plasma pol yneri zation
technique. In this process, either sliders attached to suspensions, free 40
sliders, SIEﬂﬁ&n&ﬂWS prior to formation of individual slidetfrGBssossiser s
before slider rows are formed can be coated. A fluorinated precursor of

the desired fluoropolyner is introduced to a vacuum chanber which is

punped to a pressure of nomnally 1 ntorr. For exanple,

hexaf | uor opropane, hexafl uoropropyl eney pppd Argon are flowed into the 45

pl asma chanber at flows of 250 SCCM 35 SCCM and 900 SCCM respectively.

6 The chanber pressure is set at 200 ntorr and 750 Wof RF power

at 17 kHz is used to initiate plasma formation. Deposition is
carried out for 30 - 5 60 seconds. Under these conditions, 25
Angstrom of fl uoropolyner is formed on the air bearing surface of
the slider and 40 Angstromis forned on the trailing end/ etch pocket
of the head. O her filmformng fluoro organics for use as
precursors in this process will be known to those
1 20
20 1
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skllled i naMshesasdo M ' ' Anoth nbod
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‘i nvol ves the fornati nonol ayer of fl uo rganic materi

‘the slider surface. In this process, a fluorocarbon gas such as-
‘perfluorocarbon Clerr] - Clerr] gas, e.g.g, ' tri-fluoromethane, =+ i
_hexaf | uoroet hane, octafl uoropropane, etc can be 15 I ntroduced to the

pl asma chanber and an RF plasma generated. In this enbodi nent, the

fl uorocarbon precursors serve as the feed stock t:o produce

fluorinated organic fragnents of the general form CxFy that are attached
to the surfaces of the nmagneti dAFERICARPRPRAENH PEVICE gr oups having a
surface energy of nomnally 15 x 10[err] J/n2 woul d be the favoured

2‘} t aChnegt 20 I'I‘he $RECERS unm%&?rrel:g:e% g6 Wim&ro@@d&a&géﬁr& keddr@Bhg Woul d
SO ge egl ra avd'élﬁ an 1mproved slldﬁ*: alﬂ r?’?erl ng oc%I §Ofol%e ; g on the

surfate of Spu ma target na e froma
| ow free eﬁ@ﬁﬁ?lﬁﬂfface : naterlal for exanple

(pol y)tetrafluoroethyl ene (teflon) with a surface 25 energy of 20 -x

10[ err] J/ gi&dgrbund bl deHee 1owEntfdl €.  Typically an inert gas such as

argon is used to create the necessary plasma for the sputtering

process. It is i.ntroduced t ra1tl__he v Ckﬁéﬂ‘dggﬁﬁﬁe&aﬁet%er%%f@ﬁgoﬁaé gtg,%éj;%r

of 18%morr. RFC power 1's su

cau oni zatio
the inert SPARSEEYiTFHGYERs lnel*ﬁ*é‘é% ‘inné?‘f"réiéé‘gl lté\’rees Pﬁeﬂga%%elys?at eg to 30
the | ow surfmdevermr giyis aropeth calsscAT SpELe EeFATfioe LrfistRy Jét beinpngorced
sputtered E@rn@&b 4 maghenbs siceifirvent cdlanges ed ore tdeeigte of r 8k pegdegdes of

the magnet f&ch%Q% Hebdcd1€a:gi TRl aBhOERS SebitiiiRg RRDERICESE datasSsspesded

head§5 fr egener%9§y c%ﬁlpﬁ%@ Q%hqgnﬁlﬁt m&&%ti@vifelcei’@ingoéléwgﬁcﬁ a 8¥&d or
transducer which is moved along or above the surface of the rotating disk
to read and write information on the disk. Advanced high areal density,
thin film magnetic recording disks comprise a rigid substrate preferébly
having a dual zone textured surface, a magnetic layer such as a cobalt-

20 based metal alloy, a protective amorphous carbon layer and a lubricant
layer, such as a perfluoropolyether disposed on the carbon overcoat. The
dual zone texture of the disk substrate is made up of a highly polished
surface over the area of the disk used for reading and writing data, and a
textured surface over the area of the disk used for landing the head when

25 ~ the recording device is not in use. The highly polished surface of the
sdata zone" functions to: a) minimize interactions between the surface of
the disk and the head and b) reduce the number of errors encountered
during reading and writing operations. No data is stored in the textured
nlanding zone" and its presence is desired to eliminate stiction upon file

30 start-up. Stiction is the tendency of a landed stationary magnetic
recording head to resist movement, e.g., translational movement along the
surface of the disk. High stiction can lead to mechanical failure of the

head or disk.

35 The transducer is attached to a carrier or slider having an air
‘bearing surface which is supported during operation adjacent the data
surface of the disk by a cushion of air generated by the rotating disk.——
Since recording density depends exponentially on the separation distance
between the recording element of the head and the magnetic layer of the

40 disk, lower fly heights are needed for high areal density recording, and a
head utilizing a negative air bearing, such as described in U.S. Patent
4,894,740, may be employed to achieve high areal density. However, lower
fly heights can cause an increase in the interaction of the head with the

disk during normal £lying. _ ¥
s Seo ._.Q..._S..'___._E_P -A- o595 513,
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35 BMI-95 4P e of this embodiment woul d Newgj9es RE Neyemogr 4997
“fluoroinated gas to Create the plasma necessarys >1°0r sputeri neg; ki thls >
- process, the proper choice of fluororganic, e3g.; tet ﬁafal uor oret hane, o3 o

[ XX »

-hexaf | uoroet hane, etc., are expected to |ncorporate more CF3 11t 8"t he™*

deposited pol yner fil m t hereby | owering 2he overall surface energy from 40
nom nally 20 x 10[err] J/n2 to 15 x 10 [err] J/nferr]. The
present inventimp ab&tais) Aeescd 014 RHAKESEs fé)bo@mraﬁlﬁ&élcwamr conde@@di NI

or wri ti NGoih JARENgbE Sl BEP' Lol o Efe a%sm@%; 3668 on on ¢ tng"POS! NEN

of thje process cor’r‘gl magnet ic
recordi ng YiF&Re &2 nfgof”étvfrdﬁé’fg g%’i?&mns greater than 7000 RPM

7 (b) aero dynamcally floating a magnetic recordi ng head

adj acent to Gitis PCT application US9309460, published April 14, 1994, teaches

that during operation, the head and disk are exposed to particulate
contaminates such as dust and carbon-particles fractured from the

10 protective carbon layer of the disk by head/disk contact. These particles
tend to build up on the slider and may eventually lead to head crash
during operation of the recording device. @Gitis claims vapour depositing
low surface energy polymers on the wear pad of the slider of contact

_ recording devices and a vertical side, to minimize particle build up on
15  the slider.

Conventional non contact magnetic recording devices are operated at

a rotational speed of about 3600 RPM to about 5400 RPM and at fly height
of 80 to 100 nm. It has been discovered that stiction problems are

20 encountered when high areal density recording devices are operated
continuously at higher speeds, e.g., 7200 and lower fly heights. However,
it is desired to reduce the data access time for high areal density
recording by increasing the rotational speed of the disk without
encountering the stiction problem. JP-A-7312051 shows a slider with a-

25 fluorinated film formed on the trailing surfaces to enhance the sliding
resistance characteristic. However, there still is a need in the art for
a high areal density magnetic recording device which can operate at higher
rotational speeds without stiction.

30 Summary of the Inventiom

A magnetic recording device of the present invention comprises:
(a) a disk; (b) a head supported on an air bearing slider for magnetically
reading data to or magnetically writing data from the disk; (c) a motor
35 operable to rotate the disk; and (d) an actuator connected to the slider
for moving the head across the disk, characterised in that the trailing
surface of the slider is covered with a £ilm which is immisicible in
condensible contaminates and has a surface energy less than 25 x 103 J/m?.

40 Preferably the thin layer-on the carrier comprises a fluoropolymer
which is preferably stabilized on the surface by physi or chemisorption,
ultraviolet radiation, heat or is beam deposited onto the trailing surface
of the carrier, e.g., by ion beam or plasma polymerization or sputtering.

45 The thin layer coating on the trailing surface of the carrier
eliminates the stiction problem associated w1th high performance, high
density magnetic recording devices.

AMENDED SHEET



t.he :r ot at iAMg - K 0at fly height |ess than 75 nmNew ek aavieybéxads
‘data to or wite data fromthe disk, the trailing surtageof tfle jread,»» 2333
"having a | ow surface energy film havi ng a surface, ener,gyﬁ ess t:harS o tend o?
'25X10[err] 5 and being imiscible in condensi bi’8” cBnt artFnates. o
.Preferably, the fly height is |l ess than 30 nm preferably from about

55 nmto about 70 nm nore preferably from about 55 nmto about 65 nm and

more preferabl yoraRoHy160 ﬂﬁ@ oty Totates the dlsT(hgtf oLL ﬁga )e(sl%g%l‘ eats

PIIY

detai | ed riptions. o ntd on gfeater
descrj pti g‘r?\%nf%a P e Wt AT htahgl}g&? é‘ %Pt 7a?n8mserp€8ferably' the danpiin ys t he
nor e genera&F?yde‘g?:rqnbéBChi H9"é'1‘ﬁtFo?1f &8¢ F4€eR- above. The exanpl es are
presented for illustrative purposes only, and are not 15 intended as a
restriction onhbeimeapiomhlideeisvsentd GNprocess for readlng or

i nvention coat e ow, surface ener doropdsi yner by the

fol | owi ng ‘B o%°eta‘t1“9 a magfgglc recm?amﬁ at F5h ‘B SepP YRFBRIFAOH HioRt g

polyRWI uoPo%TQQﬂtH%t4ﬁ§€F§ﬂn§tEsad on a slider to magnetically read data to or

write data from the disk, characterised in that the trailing surface of
the slider having a film which is immiscible in condensible contaminates
and has a surface energy less than 25 x 10°? J/m?.

Sli-ders 2Q1r1t1ng with a magha€il rr%EJ)ﬁﬂ gS&ngggeco%Lrig}.%ggti eldg[:eps he present

15 Brief Description of the Drawings

The invention will ﬁow be described, by way of example only, with
reference to the accompanying drawings, in which:

20 Fig. 1 is a section view of the magnetic recording disk drive;
Fig. 2 is a top view of the magnetic recording disk drive; and

Fig.-3 is a bottom view of the carrier for the magnetic recording
25 head. ' '

Detailed Description of Preferred Embodiments of the Invention

‘The present invention relates to an improved high performance
30 digital magnetic recording device for reading and writing data
magnetically.

Referring to Figs. 1 and 2, there is shown a magnetic recording disk
drive of the present invention. The magnetic recording disk 2 is rotated
35 by drive motor 4 with hub 6, which is attached to the drive motor. The
disk comprises a substrate, a metallic magnetic layer, a carbon layer and
a'polymeric lubricant layer; e.g., perfluoropolyether. It is desired that
the thickness of the lubricant layer on the disk be about sA to 25A.

40 A read/write head or transducer 8 is formed on the trailing end of a
carrier, or slider 10. Suitable sliders are positive or negative air
bearing sliders. <Suitable negative air bearing sliders are disclosed in
U.S. Patents 4,894,740 and 5,438,467, the disclosures of which are
incorporated herein by reference. The slider 10 has trailing surface 9.

45 Head 8 may be an inductive read and write transducer or an inductive write
transducer with a magnetoresistive read transducer. The slider 10, is
connected to the actuator 12 by means of a rigid arm 14 and a suspension

- AMENDED SHEET



(500 ppm Ry vei.ghs) Qt a sol vent. The slider | SA“felﬁhEmlggp% N&,éﬁ,cggptlg@a

wi thdrawn at a pull e of 1 mmisec. The slider drawn fromt
-.I iquid into the sol vent vapour. 30 Test Device : The_
tester conprises 2 standard spindles for,disks with 7200 RPM i+ .. L.t

_spinning capability. Two sliders are nounted per disk (top and bottom)
with fixed | ocation at the OD of the disks (about 40 mmradius). 35

Conpressed air to the suspension nount allows |oading/unloading the slider
on/ of f t hé6di Sipe suspension 16 provigps 3ghiggl Earcgr¥hicHveres whe 191adsn i gl ass
hood, whi ehteamnieabxface of thgpercogiing odizkl dw Referxiing ebch&iist 3, Byhameatis of a

plastic t uhbig Oboddn vidli 3FBL @LidB18MRAALi L RE beabOrld sliddawstieapiyef | OW
of hydrocgrbon il s 8hker rails '1§r 44y gig&{egoamtg 5&1%%@4&' é'ép%etggﬂsi\

Jroman
external source rce is-an um num box pl aced on
a hedter pPERYS Pehyeen the 1f"é‘?‘ﬁaéf‘ﬁtq}|’58rcraﬁ’t Be adj usted. Hydrocarbon

mat eri als such as bearing grease 45 are applied to the inner bottom
plate (the souwueéngploptetionfoft hige aliskidrime, the drive motor 4 rotates the

disk 2 at a constant speed in the direction of arrow 22, and the actuator
12, which is typically a linear or rotary motion coil motor, moves the

10 slider 10 generally radially across the surface of the disk 2 at a height
of less than 75 nm so that the read/write head may access different data
tracks on disk 2.

The sources of the stiction problem for high performancé magnetic
15 recording devices have been discovered. First, the high rotational
speed of the recording device, (e.g., 7000 RPM or more) causes increased
frictional heating resulting in substantial increase in the vapour
pressure of the hydrocarbon lubricants used in the spindle bearing, disk
motor and actuator bearing and coil. Further, the high rotational speed'
20 causes an increase in the temperature gradient between the rotating parts
and the slider. Secondly, the lower fly height enhances the contact
between the slider and the disk increasing the chance of transfer of
contaminants. These factors in combination with the increase in air
compression and air flow experienced by the carrier due to the increased
25 flying velocity cause condensation of liquid contaminates such as
hydrocarbons, water, lubricant and the like on the trailing surface and
in the etch pockets of the slider after continuous operation. When the
slider stops on the disk surface, these droplets bridge onto the disk to
create significant stiction for the slider.
30
The low surface enérgy film placed on the trailing surface of the
slider 10 and the etch pockets 20 of the slider 10 minimizes the build up
of condensible contamination on the slider during operation of high
performance magnetic recording devices thereby eliminating the stiction
35 problem. Preferably, the entire portion of the trailing surface of the
head 8 and also the etch pockets 20 of the slider 10 are coated with a low
surface energy f£ilm to minimize any condensation of contaminates on the
slider during operation.

40 The low surface energy film preferably comprises fluoro organic
material, preferably a fluoropolymer. Fluoropolymer as used herein means
an organic polymer which contains fluorine. The film coating the slider
preferably has a ‘number of unﬁgue properties. The film has a surface

BB XIOF 2 3,/m ac %103 lm
energy less than ¥, "preferably less than and

45 preferably 1ess_than &E—egs%cmz to minimize condensation of condensible

15 10" 1y7n“



WO 97/ 221385 -95-040 rﬁ Ne mocﬁa)@rozw
- box. * The box is t cl osed and heat ed to typvcall 7Q afd -an .", 2093
. adjustable flow of air, typically'l 1/mn, is f &d thnOugh thes al wmrsmaﬂ,q t;ox
- into the plexiglass hood and around t he spi ndl es as déscri bed*‘aBdve. ** °5

Operation of the Test: : Cl egn disks are nounted to the
spindles and the sliders Ioaded on t he disks The pl exi gl ass hood is
covered over the Slpl nd| es. C- sour ce | oaded with the

~appropri at®@egeRLet PREsTYEe Eash(fe?alart ?P%v\?t?.ﬁr and; ﬂ?%é’d%ﬁ“‘ ROYsrdRY Yok ovi de
a hydr ocarisonsed &f Jaltlﬁtﬁtﬁhéi@mm formatidne Deposipiaxiiglcegsitbodt fidwadd i sk
pai r s ar e souseandd 200n&iMVichese tandiatoss, 25 Angstrom of fluoropolymer is.
formed on the air bearing surface of the slider and 40 Angstrom is formed
on the trailing end/etch pocket of the head. Other film forming fluoro
organics for use as precursors in thlS process will be known to those
skilled in the art.
10
another embodiment of this process also involves the formation of a
monolayer of fluoroorganic material on the slider surface. In this
process, & fluorocarbon gas such as perfluorocarbon C, - C,, gas, e.g.,
trifluoromethane, hexafluoroethane, octafluoropropane, etc can be
15 iritroduced to the plasma chamber and an RF plasma generated. In this
embodiment, the fluorocarbon precursors serve as the feed stock to produce
fluorinated organic fragments of the general form CxFy that are attached
to the surfaces of the magnetic recording head. CF3 groups having a
surface energy of nominally 15 x 10°® J/m? would be the favoured attachment
20 species, however, CF2 groups ( 20 x 10°% J/m?) would also be desirable.

A fluoropolymer may also be formed on the surface of the slider
using RF sputtering from a target made from a low free energy surface
material, for example (poly)tetrafluoroethylene (teflon) with a surface

25 energy of 20 x 10? J/m* would be suitable. Typically an inert gas such
as argon is used to create the necessary plasma for the sputtering
process. It is introduced to the vacuum chamber at pressures on the order

of 10 mtorr. RF power is supplied to the chamber causing ionization of
the inert sputtering gas. These inert gas ions are then accelerated to

30 the low surface energy target causing sputtering of the target. The
sputtered target fragments are then collected on the desired surfaces of
the magnetic recording head. This process can be conducted on suspended
heads, free heads, or can be done at the row level or wafer level.

35 A variation of this embodiment would entail the use of a
fluoroinated gas to create the plasma necessary for spﬁttering. In this
prdcess, the proper choice of fluororganic, e.g., tetrafluoromethane,
hexafluoroethane, etc., are expected to incorporate more CF3 into the
deposiited polymer film thereby lowering the overall surface energy from

40 nominally 20 x 10'* J3/m* to 15 x 103 J/m*.

The present invention also relates to a process for magnetically
reading or writing with a magnetic recording device. A preferred
embodiment of the process comprises the steps of: -

45
(a) rotating a magnetic recording disk at a rotational speed
greater than 7000 RPM;

: MENDED SHEET
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Resul ts A -9s5-&4a d wi th fluoropol yner on tai Amem’mafgaceo Navembgrgfggy
'sti'ction Slider® w thout Eluoropolymer on trail™ig surface 20

40 gm stiction Al t hough this invention has been descri bed
'With respect to specific enbodi nent;s, the details thereof are not to
_be construed as limtations 20 for it wll be apparent that various
enbodi nents, changes, and nodi fications nmay be resorted to w thout
departing from t he e thereof, and_ it _is _understood

that such &ui vﬁ?’é%l%&é%%fﬁ’eﬁ}%até?% a E‘gn‘atl"ﬁt ESFPE817% PERd (393 PRSI t hi n

t he scope the TREatingyeiPk ek a2 fly height less than 75 nm to magnetically read

CLAI M5 1. data AonaxgmeiteC daeC droh nfed@iske etHeO it ra Bddy Nghr@acevdet g hdada

Uagneti‘3a|hé%ﬂﬁbt9 low surface energy film having a surface energy less than 25x 10 CTIM
5 -exgstem? and being immiscible in condensible céntaminates.

Preferably, the fly height is less than 70 nm preferably from about
55 nm to about 70 nm; more preferably from about 55 nm to about 65 nm and
more preferably about 60 nm. '

10
The following examples are detailed descriptions of the present

invention. The detailed descriptions fall within the scope of, and seérve
to exemplify, the more generally described invention set forth above. The
examples are presented for illustrative purposes only, and are not

15 intended as a restriction on the scope of the invention. '

Examples

Sliders

20
The trailing surface of the slider of the present invention was

coated with a low surface energy fluoropolymer by the following procedure.

25 A solution was prepared containing poly(fluoroalkylmethacrylate) _
(500 ppm by weight) in a solvent. The slider is fully dipped in solution
withdrawn at a pull rate of 1 mm/sec. The slider is withdrawn from the
ligquid into the solvent wvapour. ' ’

30 Test Device

The tester comprises 2 standard spindles for disks with 7200 RPM
spinning capability. Two sliders are mounted per disk (top and bottom)
with fixed location at the OD of the disks (about 40 mm radius).

35 Compressed air to the suspension mount allows loading/unloading the slider
on/off the disk. '

The spindles are covered with a plexiglass hood, which contains.
openings to allow for air exhaust. By means of a plastic tubing of
40 diameter 10 mm and length about 1 m a steady flow of hydrocarbon rich'air
is injected into the plexiglass hood from an external source.

This HC-source is an aluminum box placed on a heater plate. The
temperature can be adjusted. Hydrocarbon materials such as bearing grease
45 are applied to the inner bottom plate (the ‘source plate’) of the aluminum
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‘(b)  a head (8) su r bearing sli-der »:.{or m;hggetlgal onae
“reading data to or nm tlng data fromthe, dI,Sk” 3 {.c)

‘a notor (4) operable disk (2); and T d) e an act-uat or
(12) connected to the slider for nmovi ng 9t he head across t he di sk,
characterised in that the tralllng surface (9) of the slider is covered
with a filmwhich is immscible in copd | bl e contam nates and has a
surface energy |less than 25 x 10[ err] . 2.~ The device of claim1
wherein the filmconprises a fluoropolyne 3. The device of claiml

wher2in the fifMfao8esissepRrNrasevice ét’éﬁ%éb‘?&e% yoigingfdagainhonkt thelly 4.
The devi ceitdf respEan o whéish, nssiai devimeoconptisimgy:operable to rotate the disk
at a rotational speed greater than 7000 rpm 5. The device of claim4

wherein the fly

hei ghy; &@f ($)ne head (8) is less than 75 nm 6. A process

for magnetlcally reading or witing with a magnetic recordi ng device

conRr|S|ng t he step
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3.

f .
a head (8) supported on an air bearing slider (10) for
magnetlcally reading data to or magnetically writing data from the
disk;

{c) a motor (4) operable to rotate the disk (2); and

(d) an actuator (12) connected to the slider for moving the head
across the disk, characterised in that the trailing surface (9) of
the slider is covered with a film which is immisicible in
condensible contaminates and has a surface energy less than 25 x 10°
3 J/md.

The device of claim 1 wherein the film comprises a fluoropolymer.

The device of claim 1 wherein the film is also provided in etch

pockets (20) of said slider.

4.

The device of claim 1 wherein said motor (4) is operable to rotate

the disk at a rotational speed greater than 7000 rpm.

5. The device of claim 4 wherein the fly height of the head (8) is less
than 75 nm. '
6. A process for magnetically reading or writing with a magnetic

recording device comprising the steps of:

8.

pockets (20) of said slider.

(a) rotating a magnetic recording disk (2); and

(b} aero dynamically floating a magnetic recording head (8) on a

slider (10) to magnetically read data to or write data from the disk
{(2), characterised in that the trailing surface (9) of the slider
(10) having a f£ilm which is immiscible in condensible contaminates
and has a surface energy less than 25 x 107 J/m’.

The process of claim 6 whereiﬁ the film comprises a fluoropolymer.

The process of claim 6 wherein the f11m is also provided in etch

m— [T 1T
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The

process of claim6 wherein said rmthstl S operable to rotate "the di sk at

a rotational

speed greater than 7000 rpm 10. The process of claim9

wherei n thk f| yAHpagpetic secording idevide @) repding os writingrdakbmagnetically with
respect to a disk, said dev1ce.compr1smg

2.

3.

(@ a disk (2);

(b)  ahead (8) supported on an air bearing slider (10) for magnetically
reading data to or magnctlcally writing data from the disk;

© a motor (4) operable to rotate the disk (2); and

(d ° an actuator (12) connected to the slider for moving the head across
the disk, characterised in that the trailing surface (9) of the slider is covered
with a film which is immiscible in condensible contaminates and has a
surface energy less than 25 x 103 J/m2. '

The dev1ce of claim 1 wherein the film comprisés a fluoropolymer.

The device of claim 1 wherem the film is also provided in etch pockets (20)

of said slider.

4.

The device of claim 1 wherein said motor (4) is operable to rotate the disk

at a rotational speed greater than 7000 rpm.

3.
nm.

6.

The device of claim 4 wherein the fly height of the head (8) is less than 75

A process for maghetically reading or writing with a magnetic recording

device comprising the steps of:

8.

(a) rotating a magnetic recording disk (2); and

(b) acro dynamically floating a magnetic recording head (8) on a slider
(10) to magnetically read data to or write data from the disk (2),
characterised in that the trailing surface (9) of the slider (10) having a film
which is immiscible in condensible contaminates and has a surface energy
less than 25 x 10-3 J/m2.

The process of claim 6 wherein the film comprises a fluoropolymer.

The process of claim 6 wherein the film is also provided in etch pockets

(20) of said slider.

[ IIII[I LT



fm 11. A magnetic recording device for reading or witing non contact
magnetically conprising: [err] (a) a disk conprising a substrate, a

nmetallic magnetic |ayer, a carbon layer and a |ubricant |ayer;

[err] (b) a head supported on an air bearing slider for magnetically
r eadi ng data to or magnetically witing data fromthe magnetic | ayer
.on the disk, the trailing surfacgyof the slider covered with an
organic filmwhich is i mm sci bl e 1 n hydrocarbon |ubricants and has a
surface energy |less than 25 ergs/cnlﬂ [e(rjr] (c)h a notor 2000
oper abl e to,r ot t he d| rotatlona S reter than.

RPM and f|y9he a’hﬁ ‘?S#ké%a%g lp(% g le to;Fptaie thedisk .
connected t %Hee‘iSFeaFﬁS QQQerPHbad across the di sk. 12.

The devi ce of cI aim 11 wherein the filmconprises a fluoropolyner. 13.

The devi ce W} cl Eherpresshafroldim 9 wherelinithedyoheighirofitise healdy(8f isuessangs yhat e) ,
pol y(fl uor camet hacryl ate) or poly(fluoroal kane). 14. The device of claim
13 wherein the fluoropolymer is poly(fluoroal kyl nethacryl ate) or

pol y(tetrafjuor ogthydRRE kecording device for reading or writing non contact

magnetically comprising:

O (@) a disk comprising a substrate, a metalllc magnetic layer a carbon
layer and a lubricant layer;

OO0 (b)  ahead supported on an air bearing slider for magnetically reading
data to or magnetically writing data from the magnetic layer on the disk,
the trailing surface of the slider covered with an organic film which is
immiscible in hydrocarbon lubricants and has a surface energy less than 25
ergs/cm?;

O © a motor operable to rotate the disk at a rotational speed greater than
7000 RPM and fly height less than 75 nm; and

O (d  anactuator connected to the slider for moving the head across the
disk. ' '

12.  The device of claim 11 wherein the film comprises a fluoropolymer.

13.  The device of claim 12 wherein the ﬂuoropolymer is poly(fluoroacrylate),
poly(fluoromethacrylate) or poly(fluoroalkane).

14. The device of claim 13 wherein the fluoropolymer is
poly(ﬂuoroalkylmethacrylate) or poly(tetrafluoroethylene).

15.  The device of claim 12 wherein the fluoropolymer is dip applied on the -
slider.

16.  The device of claim 12 wherein the fluoropolymer is beam deposited on the
slider. '

17.  The device of claim 12 wherein the slider is a negative air bearing slider.

18.  The device of claim 11 wherein the fly height is greéter than 55 nm.

19. A process for magnetlcally reading or writing with a non contact magnetlc
recording device comprising the steps of:

I
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15. The device of claim 12 wherein the fluoropolyner is dip applied on
the slider. 16. The device of claim 12 wherein the fluoropolyner is beam
deposited on the slider. 17, The device of claim 12 wherein the slider
is a negative air bearing slider. 18. 11 The device of claim 11 wherein the
fly height is greater than 55 nm 109. A process for magnetically reading
or witing with a non contact magnetic recording device conprising the

st eps of: isk at a
rotational speeﬁoghjfgg ﬁa%laé&c re&)%‘g% d%%l\ﬂ? aq?&%{dl%l’é&f%rfgﬂepglgﬂ
dynamcally flo magneti c recording head on a slider less t han
to 75 nmfromthe rotati ng di-sk to nagnetically read data to or wite

data from tHe di(®k, ta¢so dyramically Hoatingacmagnefis gecording headion Aglider lesgani c |
film than to 75 nm from the rotating disk to magnetically read data to or write

data from the disk, the trailing surface of the slider having an organic film
which is immiscible in hydrocarbon lubricants and has a surface energy less
than 25 ergs/cm?.

20.  The process of claim 19 wherein the film comprises a fluoropolymer.

21.  The process of claim 20 wherein the fluoropolymer is, poly(fluoroacrylate),
poly(fluoromethacrylate) or poly(fluoroalkane).

22.  The process of claim 21 wherein the fluoropolymer is
poly(fluoroalkylmethacrylate) or poly(tetrafluoroethylene).

23.  The process of claim 20 wherein the fluoropolymer is dip apblied on the
slider.

24.  The process of claim 20 wherein the fluoropolymer is beam deposited on
the slider. ~

25.  The process of claim 20 whérein the slider is a negative air bearing slider.

26.  The process of claim 19 wherein the head is floated greater than 55 nm
from the disk.
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The invention relates to an improved high performance magnetic reconding device having the traiting surface (9) of the stider (10)
coated with a low surface energy film.
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