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PROCESS FOR COATING MAGNETIC RECORDING DEVICE
The present invention relates to a process for coating a magnetic

recording device with a polymeric £ilm.

Magnetic recording devices generally compriée a thin-film magnetic
recording disk and a slider or head which is moved along the surface of

the disk to read and/or write information on the disk.

Thin-£film magnetic recording disks typically comprise a substrate,
such as an aluminum-magnesium alloy with a textured surface coating such
as nickel-phosphorous, a.magnetic film such as a cobalt based metal_alloy
or a y-iron oxide film, and a protective overcoat, such as a
sputter-deposited hydrogenated carbon film. A lubricant, such as a
polyperfluoroether, is often applied to the carbon overcoat. A general
description'of the structure of such thin-film disks is given in U.S.
Patent Nos. 4,610,911 to Opfer, et al., and 4,552,820 to Lin, et al.

The lubricant on the surface of the disk functions to reduce wear
at the interface of the disk and slider or head as they are moved
relative to one another during operation. Excessive Weaf can eventually
lead to failure of the recording device. A second function of the
lubricant layer is to reduce the static friction (stiction) between the
head and disk. Excessive stiction can also lead to failure of the

recording device upon start up.

Prior magnetic recording disks employed liquid lubricants.. Liquid
lubrication is typically applied via a solvent intensive process using
fluorocarbon/chlorofluorocarbon solvents. However, the use of such

solvents is being curtailed. Further, liquid lubricants can be depleted

_due to spinfoff during operation. Also, the use of liquid lubricants can

result in variations in the thickness of lubricant over disk surface. If
the lubricant layer is too thin, iﬁ can cause excessive wear and if the
layer is too thick, it can cause increased stiction between the head and
disk. This is especially true on smooth disks, where capillary forces
and meniscus formation lead to unacceptably high stiction at the

head/disk interface.

In order to avoid the problems associated with the application of

liquid lubricants, gas phase deposition of the lubricant was developed.
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Yokoyama et al., U. S. Patent 4,816,334, issued 3/28/89 discloses gas
phase deposition of polymeric lubricants onto the surface of magnetic
recording disks. The gas phase of the lﬁbricant is created by a -variety
of techniques such as evaporation, sputtering, ion plating_gnd.the like.
In evaporation, the gaseous phase of the polymer is.formeq by.heating or
by an ion beam impinging on the surface of the polymer. The gas phase is
then deposited onto the surface of the disk to form the layer of
lubricant. Due to the relatively large size of the gaseous polymer
molecules, however, they do not adhere well to the disk surface resulting
in a f£ilm which is subject to peeling, crazing, cracking or the like. In
addition, the gas phase deposition of polymers generally results in a
film that exhibits a liquid-like behaviour wiih the associated problgm of

stiction on smooth disks.

Arai et al., U.S. Patent 4,419,404 issued 12/6/83 and Imataki et
al., U.S. Patent 4,925,733 issued 5/15/90 both disclose forming a
polymeric £ilm on the magnetic layer of a recording deviqe by plasma
polymerizing organic monomer gases. However, plasma polymerization is
deficient ibecause the depositiion process, and hence the yresultant film
composition is difficult to control. This results primarily from the
varied species impinging on the disk during the deposition process. For
example, a typical plasma comprises ions of both positive and negative
polarity (of widely varving energy), electrons, free radicals created
from the precursor,_and the parent molecule. Therefore, there still is a
need in the art for forming an effective lubricating coating on magnetic

recording devices.

It is therefore an object of the present invention to provide an
improved process for forming a lubricating polymeric coating on a
magnetic recording device,

Accordingly the present invention provides a process for forming a
polymeric film on the surface of a magnetic recording article comprising
the steps of: (i) placing the article in a chamber; (ii) evacuating the
chamber; (iii) providing a beam of ions of one sign; (iv) introducing
Precursor gas into the chamber; and (v) contacting the surface of the
article with the beam and the precursor gas to form the polymeric film on

the surface of the article.

AR
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The key feature of the present invention is forming a polymeric
film on the surface of the magnetic recording article with g;ecursor gas
using a beam of ions of one sign (ie either positive or negative charge).
The polymeric film functions as a lubricant for the magnetic recording
article to eliminate wear and reduce stiction during operaﬁibﬁ:
Typically, the prﬁcess is used to coat thin-film magnetic feco;ding
diské. Preferably, the precursor gas is a monomer gas which is
preferably flowed into the chamber and over the surface of the article
during the film forming step. In preferred embodiments the beam of ions
is positiQely charged and monoenergetic, and preferably is generated by

an ion beam generator.

The present invention also relates to a magnetic recording article
made by the process of the present invention.

The present invention will be described further, by way of example
only, with reference to an embodiment thereof, including the accompanying
dra&ing (Figure 1) which shows an assembly useful for performing the

proFess of the preferred embodiment of the present invention.

The present. invention relates to a process for forming a polymeric

film on the surface of a magnetic recording article.

Referring to Figure 1, there is shown an assembly for forming the
polymeric film on a magnetic recording device. The assembly generally
comprises vacuum chamber 10 and radio frequency gené;ated ion beam source
12. The RF source 12 generally comprises RF coil 14 (with associated
electronics) adjacent to a ceramic window 16 disposed in the wall of
chamber 10. Within the chamber are ion extraction grids 20 and 22 gas
ring inlet 24, gas inlets 26 and 28, and substrate holder 30.

In the first step of the process of the present invention, the
article (e.g. a disk) 36 is placed into the vacuum chamber 10 on
substrate holder 30. In the preferred embodiment, the process is used to
coat a thin-film magnetic recording disk. Suitable disks will generally
comprise a textured or smooth substrate comprising for example aluminum,
alumina, glass, carbon or plastic, an underlayer, e.g. chromium, a
magnetic layer comprising for example platinum, cobalt, chromium or iron
oxide, and an overcoat layer such as a carbon film. Other magnetic

recording articles such as sliders, heads, tapes or suspension structures

—ZIecording articles suck
This Sheet Has
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can also be coated with a polymeric film using the process of the present

invention.

Preferably, the ion beam source is an ion beam generator. “Suitable
commercially avallable ion beam geéenerators include D.C. fllament source
and non—fllament sources such as an inductively coupled RF source or a

microwave generated electron cyclotron resonance source.

In the second step of the process of the present invention, the
chamber is evacuated through outlet 38 preferably to a pressure less than
about 1 times 102 Torr (e.g. preferably less than about 1 times 107

Torr, more preferably less than abouf 1 times 1073 Torr).

Generally, precursor gas is then flowed into the chamber.

"Preferably, the precursor gas is flowed into the chamber during the £f£ilm

forming step and more preferably the precursor gas is flowed over the
surface of the disk 36 in contact with the disk surface during the film
forming process. In one embodiment of the process of.the present
invention, the surface of the magnetic recording artifle is exposed to
the beam of ions prior to the introduction of precursor gas into the
chamber to pretreat the surface of_the disk. Alternatively, the
precursor gas can be introduced into the chamber before the beam of ions
contacts the surface of the magnetic recording article. The precursor
gas is conveniently introduced into chamber 10 through gas ring inlet 24
comprising a ring-shaped tube having a plurality of holes difected
towards the disk 36 conveniently at a flow rate of about 1 to 15 sccm

(standard cubic centimetres per minute).

Suitable polymerizable precursor gas for use in the process of the
present invention is a monomer gas or a low molecular weight oligomer gas
preferably having a degree of polymerization of less than about 10, more
preferably less than about 5. Cohveniently, the precursor gas will have,
at ambient temperature, a partial pressure of more than about 1 mtorr,
preferably more than about S50 mTorr, more preferably more than‘about 1
torr. Suitable gases include hydrodarboh gases, halocarbon gases,
silicon containing gases and nitrogen containing hydrocarbon gases and
mixtures thereof.

Suitable hydrocarbon gases include alkanes, alkenes and alkynes

such as, hexane, pentane, cyclopentane, butene and 1,3-butadiene,
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2-butyne and benzene. Preferred hydrocarbon gases contain readily

'polymerizable moieties such as dienes, acrylates, styrene, alkenes and

alkynes.

suitable halocarbon gases include chloro and fluordcérﬁon'gases,.
such fluorinated alkanes such as carbon tetrafluoride, hexafluoroethane
perfluoropropane, perfluorobutane aﬁd perfluorocyclobutane; fluorinated
alkenes such as perfluoropropene, perfluorobutene, perfluorocyclopentene,
hexafluorobutadiene, vinyl fluoride, pentafluorostyrene, fluorinated
alkynes such as trifluoropropyne, hexafluorobutyne and fluoroacetylene,
and other halohydrocarbons such as hexafluoropropylene oxide and

copolymers of the above.

Other suitable gases include dimethyldifluorosilane,
methyltrifluorosilane, tetramethylsilane, trisilylmethane, silane,
tetraethoxysilane, trifluromethylaniline, trifluorocacetamide, and
mixtures thereof. Yet further suitable gases will be known to those
skilled fn the artf The preferred gases for use in the process of the
present invention are pentafluorostyrene and hexafluorcethane and

{
mixtures thereof.

In the next step of the process of the present invention, a beam of
either positive or negative ions are generated in the ion beam generator.
The design and operation of ion beam generators is known in the art.

Both filament and non filament, gridded and nongridded ion beam
generators can be utilized in-fhe process of the present invention.
However, to avoid source degradation and to enable beam focusing non
filament, gridded ion beam generators are generally more suitable in the.

process of the present invention.

Referring to Figure 1, the assembly for performing the process of

~ the present invention generally comprises vacuum chamber 10 and RF source

12. During the process, precursor gas and/or inert gas (such as argon,
helium, hydrogen, nitrogen, xenon or mixtures thereof) is introduced into
the ionizing chamber 40 through inlet 26. The RF coil is activated
(preferred power of about 100 to 150 watts) and radio frequency energy is
directed into the ionizing chamber 40 through ceramic window 16 to ionize
the incoming gas. Only a small portion of the incoming gas is ionized.
The un-ionized gas flows out of the ionizing chamber 40 through the grids

20 and 22 and over the surface of disk 36.
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In the film forming step of the process of the'present invention,
the extraction and containment grids 20 and 22 are oppositely charged to
a high voltage preferably d.c. of about +200 to +1000 volts for positive
grid 20 (preferably about + 300 volts) and about -50 to -390 volts for
negative grid 22 (preferably about -60 volts) to contain_substantially
all of the ions éf one sign (e.g. all of the negative ions)- in the
ionizing chamber 40 and accelerate. substantially all of the ions of the
opposite sign in a beam through the grids 20 and 22 towards the disk 36.
Preferably the ion beam comprises positive ions of the inert gas, the
precursor gas or mixture thereof and more preferably comprises positive
jons of a precursor gas. The ions in the ion beam generally have an
energy of about 100 to aboﬁt 1000 electron volt (eV), preferably about
300 eV. The ions in the ion beam are generally monoenergetic having a
narrow energy distribution of about * 10%, preferably about * 5%, more
preferably about + 2%. The ion beam may be pulsed or continuous,

preferably continuous. During the f£ilm forming step of the process,

" precursor gas is also preferably introduced into chamber 10 preferably

through gas ring inlet 24 to flow over the surface of disk 36 in

contact with the surface of the digk. The ions which are accelerated
through the extraction grid of the ion beam generator collide with
precursor gas molecules absorbed_on or contiguous to the surface of the
disk to cause polymerization of the precursof gas and the formation of a
polymeric film on the disk surface. Preferably, after the polymeric f£ilm
has been formed on the surface of the disk, the chamber is evacuated
prior to terminating the ion beam. The resulting polynmeric £ilm has

generally uniform thickness varying from 5A to 1 micron and has excellent

_ adhesion to the disk surface. The disk coated using the process of the

preferred embodiment of the present invention are suitable for both
conventional £lying head recording and also for contact recording.
Optionally, during the process of the preferred embodiment, the disk can
also be electrically biased at a potential of about 10 to 1000 volts,

. preferably -100 volts, with respect to the ion beam source to increase

the acceleration of the ions towards the disk'to improve the deposition

rate and to minimize undesired deposition of the polymer elsewhere in the
chamber.

In an alternative embodiment of the process of the present
invention, an ipn beam generator may be disposed on each side of the disk

to form a polymeric film on both sides of the disk in one operational
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step using the process of the present invention. In this embodiment, the

ion beam generators can be operated sequentially or simultaneously.

The following examples describe specific embodiments of the process
of the present invention. These detailed descriptions serve as examples

of the more generally described process set forth above.
EXAMPLE 1 - D. C. FILAMENT ION SOURCE

A thin-film magnetic recording textured disk (RMS roughness 60-70A)
comprised of: a) a nickel-phosphorous plated aluminum substrate, b) a
chromium adhesion layer, c) a ferromagnetic layer, and d) an amorphous
hydrogenated carbon protective overcoat, is placed into a vacuum chamber
equipped with a Kaufmann type ion beaﬁ source (DC filament excitation)
aﬁd evacuated to a pressure below 10~° Torr. The thin-film disk is placed
approximately 10 cm from the ion beam source at normal incidence.
Hexafluoroisopropyl methacrylate (HIPM) is allowed to flow into the ;on
beam source (controlled by a moleculér leak valve) until the pressuré in
the chamber rises to approximately 5 times 10* Torr. The ion beam
filament is charged thereby creating?a discharge in the source. Poéi;ive
ions created in the source are then extracted and accelerated to
approximately 900 eV by the ion source grids. The thin-film disk is
exposed to the HIPM generated ions for approximately 1 minute. The ion
beam source is then turned off, the gas flow terminated, the vacuum
system vented, and the thin-film disk removed from the chamber. The
mechanical performance of a disk coated in this way was evaluated using
standard contact start/stop (CSS) testing using a modified Seagate drive.
Testing was performed at 10% relative humidity (in air) using a standard
IBM slider which imposes a load of 6g on the disk. The test was
performed for 10,000 CSS cycles. No visible wear was observed. The

stiction at the end of the test averaged approximately 4g.

EXAMPLE 2 - RF ION SOURCE

A thin-film magnetic recording disk comprising a textured
substrate, a ¢hromium underlayer, a ferromagnetic layer and carbon
Overcoat was placed into a high vacuum chamber equipped with an R.F. ion
beam source. The disk was electrically grounded. The chamber was
€vacuated and then argon introduced into the chamber at a flow sufficient’

to sustain a pressure of 1 times 10 mTorr. Gaseous pentafluorostyrene
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(PFS) was introduced into the chamber at a partial pressure of 1 times
10 mTorr and was flowed over the surface of the disk during the
deposition process. The R.F. source was then charged to 100 Watts to
initiate ion generation in the ion beam source. Ion extr§ction was
accomplished with the first grid at +300 volts and the second grid at
-100 volts to form a positive ion beam. Deposition was carried out for
10 éeconds. The coated disk was then tested using standard contact
start/stop testing. The mechanical performance displayed by the
resulting disk was 41 gféms'after 10,000 contact start/stop cycles.

EXAMPLE 3 - TEXTURED DISK

A thin-film disk as described in Example 1 was placed into a vacuum
chamber equipped with an inductively-coupled, Radio Frequency generated
ion beam source. Again, the disk was placed approximately 10 cm from the
ion beam grids at normal incidence and the background pressure of the
chamber was evacuated to less than 10 Torr. Argon at épproximately 1
standard cubic centimetres per minute (sccm) was ‘allowed to flow into the
ion beam source. The RF generator was then turned on to creaqe argon
ions. The grids were electrically charged to extract and accélerate the
argon ions (ion energies of about 500 eV) toward the disk surface.
Pentafluorostyrene (PFS) was simﬁltaneously admitted to the vacuum
chamber and allowed to flow over the surface of the thin-film disk
where interaction with the argon ions led to formation of the polymer
layer. Tbe disk was exposed to the above described treatment for about
10 seconds. The chamber was then evacuated and the disk removed. CSS

testing was performed and the stiction after 100,000 cycles was 5t2g:

EXAMPLE 4 -~ SMOOTH DISK

A Nippon supersmooth carbon overcoidted thin-film disk (RMS
roughness 10-12A) was placed in the vacuum chamber housing the RF ion
source. The ion source was operated with nominally 1 scem argon and a
partial pressure of the precursor gas, hexafluoropropylene (HFP) of about
2 - 4 times that of the argon. Deposition was carried out for
approximately 15 - 30 secénds using an ion energy of approximately 500
eV. The disk was removed and CSS tested to give 11x3g after 30,000
cycles. cOhventionally lubricated disk with comparable roughness

generally display stiction in the range of 30-120g after 30,000 cycles.
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EXAMPLE 5 - DUAL BEAM OPERATION

Two ion beam generators were placed in a Vvarian 1100 disk
deposition tool in position opposing each other. Generally following the
procedures of Example 3 (PFS and argon at 1 sccm; 10 sec. dep051tlon. 300
eV ion energy) several thin-film disks were lubricated on both sides
without breaking vacuum between carbon deposition and lubricant
deposition. Each disk was succéssfully lubricated. CSS testing showed
no failures due to wear and stiction values of 3-6g were observed after

10,000 cycles.
EXAMPLE 6 - FORMATION bF A COPOLYMER FILM

Generally following the procedure of Example 3, a relatively smooth
disk (RMS roughness = 20-25A) was lubricated with a copolymer formed from
the reaction of pentafluorostyrene monomer (PFS) and hexafluoroethane
(HFE) monomer. The PFS was flowed over the disk and the HFE was
introduced into the ion beam chamber. The deposition &as done generally
in accordance with Example 3 (PFS/HFE-1:1; 300V accelerator voltage and
10 sec. deposition) and the resulting disk displayed nb wear in the CCS
testing with stiction of about 4-8g after 30,000 cycles.

EXAMPLE 7 - HEADS (SLIDER)

The ion beam coating technique described herein can also be used to
deposit polymeric films on magnetic recording heads. Following the
general procedure outlined above, a suspended magnetic recording head is
placed into the vacuum chamber and the chamber evacuated to 10°% Torr.

The head was placed approximately 10 cm from the outer grid of a DC
filament generated ion gun. Argon was introduced to the gun at a flow
rate of 5 scem. Positive Ar ions formed in the ion gun were accelerated
to 600 V and allowed to impact fhe surface of the magnetic recording
héad. Simultaneously, pentafluorostyrene was introduced to the chamber
and allowed to flow across the surface of the head. Deposition was
carried out for 5-15 seconds, after which the ion gun power was turned
off and the gas flow terminated. The resulting polymeric films ranged in
thickness between 40-120A depending upon the exposure time. Twelve heads
coated in the manner described above were used in contact start stop
testing to determine the benefits of application of the polymeric coating

to the magnetic recording head. Eight disks lubricated with two types of
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perfluoropolyether liquid lubricants, and four disks lubricated via the
ion beam polymerization of pentafluorostyrene were tested with coated ang
uncoated heads. In the case of each disk, a dramatic decrease in the
measured stiction was found regardless of the type of lubrication used on
the disk. Typically, a stiction of around 8 + 2 grams was ‘found after
10,000 cycles with an uncoated head, and a stiction of 4 + 1 gram was
found on these same disks affer,lo,boo'cycles using the heads-coated with

ion beam polymerized pentafluorostyreéne.
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CLAINS

1 .A process for forming a polymeric film on the surface of a magnetic

recording article comprising the steps of:
(i) placing the article in a chamber;
5 (ii) evacuating the chamber;
(iii) providing a beam of ions of one sign;
{(iv) introduéing precursor gaé into the chamber; and
(v) contacting the surface of the article with the beam and the
precursor gas to form the polymeric f£ilm on the surface of the

10 article.-

2. A process as claimed in claim 1 wherein the ion beam is provided by

in an ion beam generator. ’ i

3. A process as claimed in claim 1 or claim 2 wherein the ion beam is

a beam of positively charged ions.

15 4. A process as claimed in any of claims 1, 2 or 3, wherein the

precursor gas is a halocarbon gas.

5. A process as claimed in claim 4 wherein said precursor gas is

selected from pentafluorostyrene, hexafluoroethane or mixtures thereof.

6. A process as claimed in any preceding claim wherein said article is

20 a thin-film magnetic recording disk.

‘1. A process as claimed in any preceding claim wherein said ions are
monoenergetic.
8. A process as claimed in any preceding claim wherein said ions have

an energy of about 100 to about 1000 ev..
5 9, A magnetic recording article having a polymeric film on its surface
formed by the process of any preceding claim.
e ————— T ——‘_'_‘_‘__’_______,_,_-—-—-——'—’_
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