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(57) ABSTRACT 
A material, preferably a magnetic data storage disc, includes 
a carbon layer covering at least a portion of a magnetic 
substrate and a crosslinked ?uoropolymer layers covering at 
least a portion of the carbon layer. The crosslinked polymer 
layer has a thickness less than about 40 angstroms, and the 
carbon layer has a thickness less than about 100 angstroms. 
Preferred ?uoropolymers include, for example, per?uo 
ropolyethers. In some embodiments, the crosslinked ?uo 
ropolymer layer has a thickness at one point on the carbon 
layer greater than the thickness crosslinked ?uoropolymer 
layer at another point on the carbon layer. The crosslinking 
generally is performed by irradiating the lubricant material 
on the carbon layer. 
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THIN FILMS OF CROSSLINKED 
FLUOROPOLYMER ON A CARBON SUBSTRATE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under US. Provi 
sional Application Serial No. 60/088,329 ?led on Jun 4, 
1998, entitled “CROSS LINKED FLUOROCARBON 
BARRIER COATING FOR THIN CARBON FILMS,” 
incorporated herein by reference, and under US. Provisional 
Application Serial No. 60/088,130 ?led on Jun. 4, 1998, 
entitled “METHOD OF PRODUCING A ZONED SOLID 
LUBRICATED LAYER/BARRIER COATING,” incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to ?lms of crosslinked ?uo 
ropolymer that serve as lubrication and/or protection coat 
ings. The invention more particularly relates to magnetic 
storage media having a crosslinked ?uoropolymer lubricant 
layer. 
[0003] Advances in many technologies have created 
enhanced demands on materials used in the production of a 
variety of devices. Speci?cally, miniaturiZation has 
decreased tolerance levels While increasing performance 
requirements. Furthermore, coating technology has become 
extremely important since coatings can be used to alter the 
surface properties of the composite While maintaining desir 
able properties of the underlying substrate. In particular, thin 
coatings can serve to protect the underlying substrate from 
a variety of assaults. 

[0004] Data storage discs for the electronic storage of 
information are a device of particular interest. Disc drives 
for data storage can use one or more data storage discs With 
a magnetic medium for the storage of information. The 
magnetic medium generally is formed by a relatively thin 
magnetic layer on a non-magnetic substrate. Typically, the 
data is stored at speci?c locations along concentric data 
tracks. The disc drive assemblies for magnetic data storage 
include head/gimbal assemblies aligned With the disc sur 
face. The head/gimbal assemblies support transducers, such 
as magnetoresistive elements, for reading data from and/or 
Writing data to the data tracks near the disc surface. 

[0005] The read/Write head generally includes an air bear 
ing surface, Which faces the disc surface. As the disc rotates, 
the disc drags air along the air bearing surface. As the air 
passes along the air bearing surface, the air pressure betWeen 
the disc surface and the air bearing surface creates a hydro 
dynamic lifting force that causes the slider or head to de?ect 
aWay from the disc surface. Prior to rotation of the disc, the 
slider rests on the disc surface. The hydrodynamic lift is 
affected by the speed of rotation of the disc, the design of the 
air bearing surface of the read/Write head, and the preload 
force supplied to the head by the gimbal assembly. 

[0006] Discs can include separate landing Zones and data 
storage Zones on the disc surface. Information is stored in 
the magnetic media Within the data storage Zones. The 
landing Zones are used to support the slider When the disc is 
not rotating. The landing Zones also provide a takeoff and 
landing surface for the read/Write head. The landing Zone 
portion of the disc surface preferably is not used for data 
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storage since repeated contact With the read/Write head can 
destroy stored data in the magnetic medium near the disc 
surface. 

[0007] To obtain higher storage densities on the disc 
surface, ?y heights betWeen the read/Write head and the disc 
surface are being reduced. Reducing the ?y height improves 
the magnetic interaction betWeen the head and the disc 
surface to alloW correspondingly higher storage densities. 
Thus, it is important that the disc surface is suf?ciently 
smooth for a particular ?y height to reduce contacts betWeen 
the read/Write head and the disc surface. Contact betWeen 
the read/Write head and the disc surface can result in data 
loss and damage to the disc and/or the head. 

[0008] Furthermore, intermittent contact betWeen the head 
and the disc surface causes Wear of the disc surface. To 
protect the disc surface from Wear and corrosion, overcoats 
can be placed on the disc surface over the magnetic medium. 
Preferred overcoats reduce Wear and friction While main 
taining proper hydrodynamic interaction betWeen the head 
and the disc surface during rotation and during take-off and 
landing. 
[0009] Carbon coatings have been used to form protective 
layers on magnetic substrates. The coating, hoWever, 
increases the spacing betWeen the surface and the underlying 
substrate. Thus, for eXample in the production of magnetic 
discs, any performance improvement resulting from a reduc 
tion in ?y height can be countered by the presence of 
protective coatings and the like that result in an increased 
distance of the magnetic medium and the disc surface. 

[0010] Furthermore, lubricant layers generally are used on 
magnetic disc surfaces to reduce Wear and to decrease 
friction betWeen the disc surface and the head. Per?uo 
ropolyethers can be used to form the lubricant layer. A 
variety of approaches have been eXplored to secure the 
lubricant layer to the substrate such that the lubricant layer 
remains on the disc surface for a longer period of time. 

SUMMARY OF THE INVENTION 

[0011] In a ?rst aspect, the invention pertains to a mag 
netic storage medium comprising: 

[0012] a ?rst protection means for protecting a mag 
netic substrate, the ?rst protection means comprising 
a carbon material; and 

[0013] a second protection means for protecting a 
magnetic substrate, the second protection means 
comprising a crosslinked ?uoropolymer. 

[0014] In another aspect, the invention pertains to a mate 
rial comprising a magnetic substrate, a carbon layer covering 
at least a portion of the substrate and a crosslinked ?uo 
ropolymer layer covering at least a portion of a surface of the 
carbon layer, the crosslinked polymer layer having a thick 
ness less than about 40 angstroms and the carbon layer 
having a thickness of less than about 100 angstroms. 

[0015] In a further aspect, the invention pertains to a 
material comprising a magnetic substrate, a carbon layer 
covering at least a portion of the substrate and a crosslinked 
?uoropolymer layer covering at least a portion of a surface 
of the carbon layer, Wherein the crosslinked ?uoropolymer 
layer has a thickness at one point on the carbon layer greater 
by at least about 5 angstroms than the thickness at another 
point on the carbon layer. 



US 2003/0129372 A1 

[0016] Moreover, the invention pertains to a method of 
forming a lubrication layer of crosslinked ?uoropolymer on 
a carbon substrate, the method comprising irradiating 
selected portions of the substrate With appropriate amounts 
of radiation to form a crosslinked ?uoropolyer layer With 
different thicknesses of crosslinked polymer at different 
locations on the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic, perspective vieW of a 
substrate With a thin carbon coating. 

[0018] FIG. 2 is a sectional side vieW of the substrate With 
a thin carbon coating of FIG. 1. 

[0019] FIG. 3 is a perspective vieW of a magnetic storage 
disc With a thin carbon coating. 

[0020] FIG. 4 is a sectional side vieW of an embodiment 
of a magnetic storage disc. 

[0021] 
system. 

FIG. 5 is a schematic, top vieW of a disc drive 

[0022] FIG. 6 is a histogram plotting the Water contact 
angle for tWo different per?uoropolyethers at three different 
ultraviolet irradiation times. 

[0023] FIG. 7 is a plot of total and crosslinked lubricant 
thickness as a function of ultraviolet irradiation time for tWo 
different per?uoropolyethers. 

[0024] FIG. 8 is a histogram plotting Water contact angle 
as a function of ultraviolet irradiation time for a hydroXyl 
terminated per?uoropolyether. 

[0025] FIG. 9 is a plot of bonded polymer lubricant as a 
function of ultraviolet irradiation time for a hydroXyl ter 
minated per?uoropolyether With three different initial thick 
nesses. 

[0026] FIG. 10 is a histogram plotting Water contact angle 
for tWo different hydroXyl terminated per?uoro polyethers 
With and Without ultraviolet irradiation and With tWo differ 
ent initial polymer thicknesses. 

[0027] FIG. 11 is a histogram plotting lubricant thickness 
for tWo different hydroXyl terminated per?uoro polyethers 
With and Without ultraviolet irradiation and With tWo differ 
ent initial polymer thicknesses. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] Crosslinked ?uoropolymer lubricant layers formed 
over a protective carbon layer provide protection against 
corrosion and Wear in a synergistic fashion such that overall 
thickness of the protective coatings can be decreased. In 
particular, due to the corrosion inhibiting properties of a 
crosslinked ?uoropolymer layer, a signi?cantly thinner pro 
tective carbon layer can be used Without diminishing the 
collective corrosion protection to unacceptable values. In 
preferred embodiments, a layer of crosslinked ?uorinated 
polyether becomes bonded to the protective carbon layer 
during the crosslinking process. Radiation, preferably ultra 
violet radiation, is used to crosslink the polymer adjacent to 
the carbon substrate. The thickness of the crosslinked por 
tion of the lubricant layer can be adjusted by varying the 
length of time that the polymer is eXposed to crosslinking 
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radiation. The radiation can be directed during the crosslink 
ing process to selected portions of the substrate to vary the 
crosslinked polymer thickness at different points along the 
carbon surface. 

[0029] Preferred structures include a lubricant layer over a 
carbon layer as protective layers that are applied to an 
underlying material. In preferred embodiments, the carbon 
layer is applied over a magnetic medium that is used for 
magnetic data storage. In particular, magnetic discs for 
electronic data storage have a magnetic layer used for data 
storage that can be coated With a protective carbon layer. In 
use, a read/Write head or the like ?ies adjacent the disc 
surface When the disc is spinning. The head travels at a very 
small separation from the disc surface such that a lubricant 
layer improves performance at the head-disc interface. 

[0030] Generally, the lubricant layer is relatively thin, 
such that the distance betWeen the head and the magnetic 
layers are not increased too signi?cantly due to the presence 
of the lubrication layer. Also, because of the sealing property 
of a crosslinked ?uoropolymer lubricant layer, a thinner 
carbon layer can be used than Would be acceptable Without 
the lubricant layer. Without the synergistic protection pro 
vided by the combination of the thin carbon layer and the 
crosslinked ?uoropolymer, a carbon layer thinner than 100 
angstroms does not provide sufficient protection against 
corrosion in the form of oxidation and cobalt migration. 
Thus, a crosslinked ?uorocarbon layer can be used effec 
tively With a carbon layer having a thickness less than 100 
angstroms While providing adequate corrosion protection to 
a magnetic material under the carbon layer. 

[0031] The lubricant layer serves to decrease friction 
betWeen a head and the disc, to provide some additional 
protection against impact and to seal the surface to inhibit 
corrosion of underlying magnetic layers by Water coming 
into contact With the surface. Fluorine containing polyethers 
are particularly preferred in the lubricant layer due to their 
hydrophobic character. Preferred compounds for forming 
the lubrication layer include per?uoropolyethers and hydrof 
luoropolyethers. 

[0032] Suitable ?uoropolyethers include unsubstituted 
perf luoropolyethers, such as Fomblin® Z-60 (average 
molecular Weight (AMW)=about 60,000 atomic mass units 
(AMU) or Daltons), Fomblin® Z-25 (AMW=about 25,000 
AMU) and Fomblin® Z-15 (AMW=about 15,000 AMU). 
The Fomblin® unsubstituted per?uoropolyethers made by 
Montedison (Ausimont) S.P.A., Milan, Italy have molecular 
formulas of CF3O(CF2CF2O)n(CF2O)mCF3, Where n and m 
vary to yield particular products With average molecular 
Weights of speci?ed values. Suitable ?uorinated polyethers 
include per?uoropolyethers With functional end groups. 
Suitable difunctional per?uoropolyethers include, for 
eXample, Fomblin® Z-DOL (hydroXyl end groups), Fomb 
lin® AM2001 (piperonyl end groups), and Fomblin® 
Z-DISOC (isocyanate end groups). Fluorinated polymers 
With functional end groups may bind to a carbon substrate 
Without the need for crosslinking radiation. Other suitable 
per?uoropolyethers are available under the tradenames 
Demnum® from Daikin Kogyo Co., Japan and KrytoX® 
from DuPont, Wilmington, Del., having a basic molecular 
formula of F(CF2CF2CF2)nCF2CF3. 

[0033] Preferred unsubstituted ?uorinated polyethers have 
average molecular Weights less than about 100,000 AMU, 
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preferably less than about 25,000 and more preferably from 
about 6000 AMU to about 15,000 AMU. Preferred ?uori 
nated polyethers With functional end groups have average 
molecular Weights less than about 10,000 AMU, preferably 
less than about 8,000 AMU and more preferably from about 
1000 AMU to about 6,000 AMU. 

[0034] Upon exposure to crosslinking conditions, the ?u 
orinated polyethers bind to the carbon layer to form a 
lubricant layer that does not migrate from the carbon layer. 
The inhibition of migration is particularly signi?cant With 
magnetic disc applications Where the spinning of the disc 
tends to remove ?uid lubricants over time. Crosslinking 
Within the ?uorinated polyether polymers forms a solid layer 
of lubricant material extending from the carbon surface. 
Crosslinking increases the hydrophobicity of the lubrication 
layer, as evidenced by a corresponding increase in the Water 
contact angle of Water on the surface, as described further 
beloW. 

[0035] The crosslinking of the lubricant layer is performed 
With radiation, preferably ultraviolet light. Exposure to 
radiation induces the bonding of the lubricant compositions 
to the carbon layer. Further exposure to the crosslinking 
radiation results in a solid lubricant composition bonded 
adjacent to the carbon layer. The thickness of the resulting 
solid lubricant layer can be selected by the exposure time 
and radiation intensity. A liquid lubricant layer may remain 
over the solid lubricant, if suf?cient radiation is not applied 
to crosslink the entire thickness of lubrication material. If 
desired, any remaining liquid lubricant can be removed With 
a solvent Wash. 

[0036] In some preferred embodiments, the radiation is 
applied only to selected regions of the surface. The bonding 
to the carbon layer and the formation of the solid lubrication 
layer are only formed over the regions of the substrate 
exposed to the crosslinking radiation. Similarly, different 
regions of the substrate can be exposed to different amounts 
of radiation to vary the thickness of the corresponding solid, 
crosslinked polymer lubricant. The application of the radia 
tion to selected portions of the substrate can be accom 
plished by blocking radiation from striking portions of the 
substrate or by the use of a focused radiation source, such as 
a ultraviolet laser, so that radiation is directed only to 
selected portions of the substrate. 

[0037] Referring to FIG. 1, an article 100 includes a 
substrate 102, a carbon layer 104 and a lubricant layer 106. 
Across section of article 100 is shoWn in FIG. 2. Protective 
carbon layer 104 is located on substrate 102 beloW a 
lubricant layer 106, Which preferably includes a crosslinked 
?uoropolyer such as a crosslinked ?uorinated polyether. 

[0038] Substrate 102 can be any material that Will support 
the deposition of a carbon ?lm. Generally, substrate 102 
contributes functional properties to the device. The surface 
of substrate 102 is protected by carbon layer 104. Substrate 
material 102 can itself be a layer on a further support 
material. For example, if the object is a magnetic disc, 
substrate 102 generally includes a layer of magnetic material 
for data storage, as described further beloW. 

[0039] In preferred embodiments, lubricant layer 106 is 
located at the surface of a magnetic storage disc. Referring 
to FIG. 3, a lubricant layer 140 is located at a surface of a 
magnetic storage disc 142. Lubricant layer 140 provides 
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protection against abrasion and the like for a magnetic data 
storage material. Magnetic storage disc 142 can have any 
reasonable structure consistent With lubricant layer 140 
providing a suitable interface for magnetic storage disc 142. 

[0040] A cross section of a preferred embodiment of a 
magnetic storage disc 150 is shoWn in FIG. 4. A substrate 
152 forms the foundation or support structure for storage 
disc 150. The substrate 152 can be formed from aluminum, 
aluminum alloy, glass, polymer or other stable non-magnetic 
material or materials. Aluminum substrates can be plated 
With Ni—P or the like prior to application of additional 
layers. Substrate 152 can include multiple layers, if desired. 
A magnetic layer 154 is located on substrate 152. Magnetic 
layer 154 is used for data storage on disc 150. Magnetic 
layer 154 can be formed from a variety of magnetic mate 
rials, such as cobalt-based alloys or compounds including, 
for example, Co—Ni, Co—Cr, Co—Ni—Cr, Co—Pt, 
Co—Ni—Pt, Co—Cr—Ta, Co—Cr—Pt, Co—Cr—Ni—B, 
Co—P, Co—Ni—P, other similar materials and mixtures 
thereof. 

[0041] A protective carbon layer 156 is located on the 
magnetic layer 154, opposite substrate 152. An, optional 
spacer layer 158 and a lubricant layer 160 are located 
adjacent protective carbon layer 154. Optional spacer layer 
158 preferably is formed from a non-magnetic material and 
is located betWeen protective carbon layer 156 and magnetic 
layer 154. Suitable materials for spacer layer 158 include, 
for example, silicon, germanium, tin, titanium, molybdenum 
and tungsten. Spacer layer 158 preferably has a thickness 
from about 1 nm to about 7 nm. Spacer layer 158 can be 
formed by sputtering or other similar vapor phase deposition 
approaches. The use of a spacer layer is described further in 
US. Pat. No. 5,871,841, entitled “Magnetic Disk Medium,” 
incorporated herein by reference. 

[0042] Lubricant layer 160 is used to form a more pre 
ferred hydrodynamic interface betWeen a read/Write head 
and magnetic storage disc 150. FolloWing crosslinking, 
lubricant layer 160 generally is chemically bonded to carbon 
layer 154. Lubricant layer 160 includes a crosslinked portion 
162. Optionally, lubricant layer 160 can include an 
uncrosslinked portion 164. Uncrosslinked lubricant can be 
removed as described beloW. While crosslinked portion 162 
and uncrosslinked portion 164 are depicted as distinct layers 
marked With a dashed line in FIG. 4, the layers may not be 
clearly physically separated due to interpenetration of the 
layers. 

[0043] A magnetic disc With a combination of a thin 
protective carbon layer and a crosslinked ?uorinated poly 
mer layer, as described herein, can be used in a disc drive 
system. FIG. 5 depicts an embodiment of a disc drive 
system 200 including drive unit 202, actuator assembly 204 
and controller 206. Drive unit 202 includes disc 208 and 
spindle 210 connected to a spindle motor. In the embodiment 
shoWn, actuator assembly 204 includes actuator 212, support 
arm 214, load beam 216 and gimble/head assembly 218. 
Actuator 212 controls the position of gimble/head assembly 
218 over disc 208 by rotating or laterally moving support 
arm 214. Load beam 216 is located at the end of support arm 
214 and gimble/head assembly 218 is located at the end of 
load beam 216. Controller 206 instructs actuator 212 regard 
ing the position of support arm 214 over disc 208 and drive 
unit 202 regarding the control of the spindle motor. 
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[0044] Together the carbon layer and lubricant layer form 
a protective overcoat for an underlying substrate, such as a 
magnetic material. In preferred embodiments, the carbon 
layer is less than about 100 Angstroms thick, preferably less 
than about 80 Angstroms thick, more preferably less than 
about 60 Angstroms thick, and more preferably from about 
10 Angstroms to about 40 Angstroms thick. The structure of 
the carbon layer generally depends on the deposition 
approach. In particular, the carbon layer can be, for example, 
amorphous, graphitic, diamond-like-carbon, or a mixture 
thereof. Furthermore, the carbon can be doped to alter the 
properties of the carbon materials. Suitable dopants include, 
for example, hydrogen, nitrogen, and combinations thereof. 

[0045] In particular, the carbon can be deposited in the 
presence of hydrogen, generally diluted With inert gas, such 
as argon, to form hydrogen doped carbon. Addition of 
hydrogen in appropriate amounts maintains the hardness of 
the carbon layer While decreasing the elasticity, i.e., increas 
ing the stiffness. The formation of a hydrogen doped carbon 
With increased Wear resistance is described in US. Pat. No. 
5,397,644, entitled “Magnetic Disk Having a Sputtered 
Hydrogen-Doped Carbon Protective Film,” incorporated 
herein by reference. 

[0046] As noted above, a crosslinked ?uoropolymer gen 
erally is bonded to the carbon layer. The crosslinking of the 
?uoropolymer is thought to result from the ejection of 
electrons by the substrate When subjected to crosslinking 
radiation. Thus, the polymer generally is crosslinked from 
the surface of the substrate outWard. As demonstrated in the 
examples beloW, the thickness of the crosslinked polymer 
increases With increasing ultraviolet illumination time. 

[0047] FolloWing crosslinking, the crosslinked portion of 
the substrate is bonded to the underlying carbon substrate. 
Due to the bonding of the crosslinked polymer With the 
carbon substrate, the crosslinked polymer Will not spin-off of 
a rapidly rotating disc. Also, the crosslinked polymer is not 
removed by standard solvents that dissolve the 
uncrosslinked polymer. Standard solvents include haloge 
nated alkanes, such as 1,1,2-trichloro tri?uoroethane and 
per?uorooctane. 

[0048] In preferred embodiments, the crosslinked polymer 
layer has a thickness less than about 30 angstroms, prefer 
ably less than about 25 angstroms and more preferably less 
than about 20 angstroms. The molecular Weight of the 
polymer generally Will be correlated With a minimum thick 
ness of the crosslinked ?uoropolymer layer. In one 
approach, lubricant thickness is evaluated from the intensity 
of the C—F bond stretch absorption from an fourier trans 
form infrared absorption measurement. The absorption 
intensity is calibrated using standards that are measured by 
Electron Spectroscopy for Chemical Analysis (ESCA), e.g. 
X-ray Photoelectron Spectroscopy. The thickness of the 
crosslinked polymer layer is evaluated folloWing the 
removal of any uncrosslinked polymer, for example using a 
solvent or mechanical removal. 

[0049] The crosslinked polymer layer forms a more hydro 
phobic layer than the uncrosslinked lubricant. This can be 
quanti?ed in the form of a Water contact angle. The Water 
contact angle is a measure of the hydrophobicity With an 
increased contact angle indicating that Water beads up to 
greater extent because of increased hydrophobicity. With 
increased hydrophobicity, the layer provides more corrosion 
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resistance With respect to the underlying materials. In pre 
ferred embodiments, the crosslinked ?uoropolymer layer 
has a Water contact angle greater than about 100 degrees, 
preferably greater than about 105 degrees and more prefer 
ably greater than about 110 degrees. The Water contact angle 
can be measured using available equipment, such as a 
Automated Goniometer from AST Products, Inc., Billerica, 
Mass. 

[0050] Thus, the crosslinked polymers form an effective 
sealer to supplement corrosion resistance provided by a 
protective carbon layer. Because of the sealing property of 
the crosslinked ?uoropolymer layer against Water-based 
corrosion, the crosslinked polymer layer can be used effec 
tively With a thinner carbon coating to protect appropriately 
a magnetic layer against corrosion. In particular, the mag 
netic layer is protected against forms of corrosion induced 
by Water, including oxidation and metal atom migration. The 
crosslinked ?uoropolymer layer and thin carbon layer Work 
synergistically to provide protection against both damage 
and Wear from contact With the read/Write head and corro 
sion of a magnetic substrate induced by Water. 

[0051] As noted above, the crosslinking can be performed 
such that the solid, crosslinked ?uorinated polymer layer is 
located over only a portion of the substrate. For example, it 
may be desirable to form a solid, crosslinked lubricant layer 
in the data Zone of the media, to minimiZe the probability of 
?y stiction events While improving corrosion resistance. 
Alternatively, it may be advantageous to form selectively 
crosslinked ?uorinated polymers in the landing Zone of the 
media, to improve the friction and Wear characteristics of the 
media. Solid, crosslinked lubricant in the landing Zone of the 
disc Would be retained during a standard degreasing step, 
resulting in a stepped topcoat thickness at the edge of 
crosslinked polymer. Similarly, different regions of the lubri 
cation layer can be exposed to different amounts of 
crosslinking radiation, such that different thicknesses of 
solid, crosslinked ?uoropolymer are formed at different 
locations along the substrate surface. 

[0052] A suitable carbon layer can be deposited by sput 
tering. Various forms of sputtering can be used, such as 
facing target sputtering, DC magnetion sputtering, RF mag 
netron sputtering, DC diode sputtering, RF diode sputtering, 
or physical vapor deposition sputtering. Other approaches 
can be used to deposit the carbon layer such as chemical 
vapor deposition, ion implantation, plasma spraying, plasma 
enhanced chemical vapor deposition, thermally assisted 
evaporation, and electron beam assisted vapor deposition. 

[0053] In a preferred approach to the production of a thin, 
smooth carbon layer, a thicker carbon layer is applied ?rst to 
the surface using any desired process or processes, include 
conventional approaches, such as those described in the 
preceding paragraph. The relatively thick carbon coating is 
then etched to remove carbon to produce a desired carbon 
layer thickness. The etching preferably is performed using 
oxygen free radicals. The preferred approach to etch the 
carbon layer With oxygen free radicals involves the use of 
oZone in combination With ultraviolet light. 

[0054] FolloWing etching, the carbon ?lm generally has a 
thickness less than about 100 angstroms, preferably less than 
about 80 angstroms, more preferably less than about 60 
angstroms and even more preferably betWeen about 10 
angstroms and about 50 angstroms. The resulting carbon 
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layer following etching is very smooth and very uniform. 
The production of a thin carbon layer by etching With oZone 
and ultraviolet light is described in commonly assigned and 
simultaneously ?led US. patent application Ser. No., _/ 
_,_, entitled “Thin Carbon Films,” incorporated herein 
by reference. 

[0055] Formation of the crosslinked ?uorocarbon layer 
involves tWo steps. In the ?rst step a layer of uncrosslinked 
?uoropolymer is applies over a thin carbon coating. In the 
second step the ?uoropolymer is crosslinked. The initial 
application of the uncrosslinked ?uoropolymer can be 
applied by any of a variety of approaches, such as dipping, 
brushing, spin coating and the like. The initial thickness of 
the uncrosslinked lubricant generally range from about 20 
angstroms to about 50 angstroms, and more preferably from 
about 30 angstroms to about 40 angstroms. 

[0056] The initial lubricant layer is then crosslinked by 
exposure to radiation. In particular, the lubricant coated 
carbon can be exposed to ultraviolet light or electron bom 
bardment. The use of ultraviolet radiation is particularly 
preferred. Generally, suitable Wavelengths for crosslinking 
the polymer material depends on the chemical nature of the 
lubricant material and the carbon layer. To crosslink per 
?uoropolyethers on a carbon layer, ultraviolet light With a 
Wavelength in the range of about 185 nm or less are suitable. 
A loW pressure mercury lamp or a mercury arc lamp are 
suitable ultraviolet light sources With emissions at about 185 
nm. 

[0057] As noted above, the ?uoropolymers can be 
crosslinked and bonded to the carbon substrate only over a 
portion of the carbon substrate. Similarly, the thickness of 
the crosslinked ?uoropolymer can be varied over different 
sections of the carbon substrate. This selective crosslinking 
to vary the location and/or thickness of the crosslinked 
polymer layer can be accomplished using a mask to block 
the crosslinking radiation, such as ultraviolet light, from 
striking portions of the substrate. Similarly, photoresist can 
be selectively applied to block light during the ultraviolet 
irradiation process and subsequently removed in a chemical 
Wash. 

[0058] Crosslinking and, in some embodiments, bonding 
of the ?uoropolymer to the carbon layer only takes place at 
locations irradiated With the crosslinking radiation. For 
example, a mask can be designed to block radiation from 
reaching the data Zone of a magnetic storage disc such that 
the crosslinking radiation only strikes the landing Zone. Use 
of the mask during the entire crosslinking process results in 
a bonded, crosslinked ?uropolymer layer only over the 
landing Zone of the disc. Use of the mask during only a 
portion of the crosslinking process results in a thicker 
crosslinked ?uoropolymer layer over the landing Zone in 
comparison With the data Zone. Other patterns of crosslink 
ing can be used as desired. 

[0059] A ?rst set of experiments Were preformed With 
per?uoropolyethers Without functional end groups. In these 
experiments, the Water contact angle Was measured for 
various crosslinked polymers. TWo different per?uoropoly 
ethanes Were used. Ausimont® Z-15 had an average molecu 
lar Weight of about 15,000, and Ausimont® Z-60 had a 
molecular Weight of about 60,000. The Z-15 polymers had 
the lightest fractions removed by distilling the composition 
at 295° C. The crosslinking Was performed With a Samco 
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desktop UV/oZone etcher Model UV-1 (Samco Keyoto 
International, Inc., Japan), having a mercury discharge UV 
lamp With emissions primarily at 254 nm (85%) and 184 nm 
(15%). Based on the manufacturer’s speci?cations and the 
con?guration of the apparatus, the intensity at the disc 
surfaces Was assumed to be 5411 mW. 

[0060] The lubricant coatings Were placed on NiP plated 
aluminum discs. The discs had a sputtered carbon coating. 
The carbon coated discs Were coated With the uncrosslinked 
lubricant at a thickness of about 25 angstroms. Then, the 
coated discs Were closed Within the unit prior to exposure to 
ultraviolet light. The unit Was purged for tWo minute With 
dry nitrogen prior to the start of ultraviolet illumination, and 
the dry nitrogen purge Was continued during the illumina 
tion. Selected disc surfaces Were irradiated for either 15 
seconds, 45 seconds or 90 seconds The resulting Water 
contact angles measured With a goniometer for the lubricant 
coated discs are given in FIG. 6. The thicknesses Were 
measured folloWing the illumination process. Also, the 
thicknesses of the crosslinked polymer Were measured as a 
function of ultraviolet irradiation time. To measure the 
thicknesses of the crosslinked lubricant, the uncrosslinked 
lubricant is removed by vapor degreasing With per?uoro 
hexane (PF5060, 3M Corp., St. Paul, Minn.). The resulting 
thicknesses measured by fourier transform infrared spec 
troscopy are displayed in FIG. 7. 

[0061] Other experiments Were performed using alcohol 
terminated per?uoropolyethers. In these experiments, the 
lubricant coatings Were placed on NiP plated aluminum 
discs With a sputtered carbon coating. The uncrosslinked 
lubricant Was Ausimont® Z-dol With an average molecular 
Weight of about 5500 Daltons. The measured Water contact 
angle starting With a 35 Angstrom coating of uncrosslinked 
lubricant are displayed in FIG. 8. The Water contact angle of 
the disc Without any crosslinking Was 97.1. 

[0062] Thickness of crosslinked polymer Was also evalu 
ated as a function of the thickness of the initial polymer layer 
using a loWer molecular Weight alcohol terminated per?uo 
ropolyether, Ausimont® Z-dol, lubricant With an average 
molecular Weight of about 1000 Daltons. The resulting 
thickness of the bonded, crosslinked lubricant are displayed 
in FIG. 9. Some uncrosslinked lubricant Was lost during the 
crosslinking process. This loss of uncrosslinked lubricant 
evidently Was due to thermal desorption. For the three initial 
lubricant thicknesses tested, all three lubricant layers Were 
essentially completely crosslinked folloWing 300 seconds of 
ultraviolet irradiation. 

[0063] Additional experiments Were performed compar 
ing tWo different hydroxyl terminated per?uoropolyether 
polymer lubricants. The ?rst lubricant Was the high molecu 
lar Weight Ausimont® Z-dol With an average molecular 
Weight of about 5500 Daltons. The second lubricant Was a 
Fomblin® Ztetraol lubricant (Ausimont®). Ztetraol lubri 
cant has a diol end group, CHZOCHZCHOHCHZOH. Carbon 
coatings Were sputtered onto Hoya® alumino silicate amor 
phous glass substrates (Hoya Corp., Tokyo, Japan). TWo 
different carbon coating thicknesses Were tested, 15 Ang 
stroms and 30 Angstroms. Crosslinking Was performed by 
15 seconds of UV exposure under the conditions described 
above. 

[0064] The resulting Water contact angles are depicted in 
FIG. 10. The Ztetraol polymers exhibited greater increases 
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in Water contact angle as a result of crosslinking. The 
corresponding lubricant thicknesses, before and after vapor 
degrease, are depicted in FIG. 11. 

[0065] Although the present invention has been described 
With reference to preferred embodiments, Workers skilled in 
the art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A magnetic storage medium comprising: 

a ?rst protection means for protecting a magnetic sub 
strate, the ?rst protection means comprising a carbon 
material; and 

a second protection means for protecting a magnetic 
substrate, the second protection means comprising a 
crosslinked ?uoropolymer. 

2. A magnetic storage medium comprising a magnetic 
substrate, a carbon layer covering at least a portion of the 
substrate and a crosslinked ?uoropolymer layer covering at 
least a portion of a surface of the carbon layer, the 
crosslinked polymer layer having a thickness less than about 
40 angstroms and the carbon layer having a thickness of less 
than about 100 angstroms. 

3. The storage medium of claim 2 Wherein the ?uoropoly 
mer layer comprises a per?uoropolyether. 

4. The storage medium of claim 3 Wherein the per?uo 
ropolyether is terminated With a reactive group. 

5. The storage medium of claim 2 Wherein the crosslinked 
polymer layer has a thickness less than about 30 angstroms. 

6. The storage medium of claim 2 Wherein the carbon 
layer has a thickness of less than about 80 angstroms. 

7. The storage medium of claim 2 Wherein the carbon 
layer has a thickness of less than about 50 angstroms. 

8. The storage medium of claim 2 Wherein the magnetic 
substrate comprises a cobalt alloy. 
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9. The storage medium of claim 2 Wherein the material is 
in the form of a disc. 

10. The storage medium of claim 2 Wherein the magnetic 
substrate comprises a layer on support substrate. 

11. The storage medium of claim 2 Wherein the carbon 
layer comprises amorphous carbon. 

12. The storage medium of claim 2 Wherein the 
crosslinked ?uoropolymer layer covers the carbon layer 
approximately uniformly. 

13. The storage medium of claim 2 Wherein the 
crosslinked ?uoropolymer layer covers only a portion of the 
carbon layer. 

14. Adisc drive system comprising the storage medium of 
claim 1. 

15. A magnetic storage medium comprising a magnetic 
substrate, a carbon layer covering at least a portion of the 
substrate and a crosslinked ?uoropolymer layer covering at 
least a portion of a surface of the carbon layer, Wherein the 
crosslinked ?uoropolymer layer has a thickness at one point 
on the carbon layer greater by at least about 5 angstroms 
than the thickness at another point on the carbon layer. 

16. The storage medium of claim 15 Wherein the ?uo 
ropolymer comprises a per?uoropolyether. 

17. The storage medium of claim 15 Wherein the carbon 
layer has a thickness less than about 100 angstroms. 

18. The storage medium of claim 15 Wherein the carbon 
layer has a thickness less than about 80 angstroms. 

19. The storage media of claim 15 Wherein the crosslinked 
?uoropolymer layer has a thickness at one point on the 
carbon layer greater by at least about 10 angstroms than the 
thickness at another point on the carbon layer. 

20. The storage medium of claim 15 Wherein the 
crosslinked ?uoropolymer layer has a thickness at one point 
on the carbon layer greater by at least about 15 angstroms 
than the thickness at another point on the carbon layer. 

* * * * * 


