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(57) ABSTRACT 

Amagnetic data storage medium includes a dedicated trans 
ducing head contact Zone for engaging an air bearing slider, 
primarily When the disk is stationary and also during disk 
accelerations and decelerations. The contact Zone has a dual 

baseline texture, formed by ?rst creating a recessed region 
Within the transducing head contact Zone, and then by 
forming multiple nodules or other teXturing features Within 
the recessed region. The teXturing features project upwardly 
from a recessed surface of the recessed region, and also 
project above an upper surface of the disk by an amount less 
than the teXturing feature height. Consequently, the teXturing 
features are large enough to counteract stiction due to liquid 
lubricant meniscus formation, yet also have heights suf? 
ciently loW relative to the upper surface to alloW reduced 
transducer ?ying heights. According to a preferred teXturing 
process, the recessed region consists of multiple individual 
recesses produced by applying a carbon layer to the disk, 
then forming cavities by selective laser ablation of the 
carbon layer. 
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MEDIA WITH RECESSES FOR TEXTURING 
FEATURES AND PROCESSES FOR FORMING 

THE MEDIA 

[0001] This application claims the bene?t of Provisional 
Application No. 60/070,029 entitled “Dual Baseline Texture 
for Guide/Stiction Performance Improvement,” ?led Dec. 5, 
1997. 

[0002] This is a divisional of copending application Ser. 
No. 09/780,270, ?led Feb. 9, 2001 as a divisional of appli 
cation Ser. No. 09/205,927, ?led Dec. 4, 1998 (now US. Pat. 
No. 6,187,413). 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to the teXturing of 
magnetic data storage media, and more particularly to the 
teXturing of dedicated transducing head contact Zones (also 
called landing Zones) of such media to reduce transducing 
head ?ying heights While also minimiZing stiction. 

[0004] Laser treated magnetic disks, particularly those 
teXtured over areas designed for contact With data transduc 
ing heads, are knoWn to reduce friction and improve Wear 
characteristics as compared to mechanically teXtured disks. 
Traditional laser teXturing involves focusing a laser beam 
onto a disk substrate surface at multiple locations, forming 
at each location a depression surrounded by a raised rim as 
disclosed in US. Pat. No. 5,062,021 (Ranjan) and US. Pat. 
No. 5,108,781 (Ranj an). An alternative, as disclosed in 
International Publications No. WO 97/07931 and No. WO 
97/43079, is to use a laser beam to form domes or nodules, 
rather than rims. In some cases, each of the domes is 
surrounded by a raised rim. The features can have either 
circular or elliptical pro?les. 

[0005] Collectively, the teXturing features form a teXture 
pattern or distribution throughout the head contact Zone. A 
particularly preferred pattern is a spiral, formed by rotating 
the disk at a controlled angular speed While moving a laser 
radially With respect to the disk. The laser is pulsed to form 
the individual teXturing features. The disk rotational speed 
and pulsing frequency together determine the circumferen 
tial pitch, i.e., the distance betWeen adjacent teXturing fea 
tures in the spiral. MeanWhile, the radial speed of the laser 
controls the radial pitch or spacing betWeen subsequent turns 
of the spiral. Frequently, the circumferential pitch and radial 
pitch are approximately the same, e.g., 20-30 microns. This 
spacing results in multiple teXturing features cooperating to 
support a data transducing head at rest in the landing Zone, 
given that the length and Width dimensions of transducing 
head sliders typically are in the millimeter range. 

[0006] The teXturing features themselves can be made 
With a high degree of uniformity in siZe and shape, by 
maintaining a consistent laser poWer, focal spot siZe and 
pulse duration. As transducer glide heights (?ying heights) 
continue to decrease, particularly beloW 1 microinch (25 
nm), it becomes increasingly dif?cult for a teXture to accom 
modate the glide height, and at the same time minimiZe 
stiction. The folloWing table illustrates different measure 
ments of three values, all in nm: an average height of 
multiple teXturing features (Rp); the standard deviation of 
the height (0); and the measured glide avalanche. Glide 
avalanche occurs When a measured signal output eXceeds a 
certain threshold, indicating that the transducing head is 
?ying “too close” to the surface. 
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TABLE 

Rp 0 Glide Avalanche 

15.2 1.4 18.8 
15.5 1.2 18.2 
18.0 1.6 18.8 
18.7 1.1 21.1 
19.7 1.8 24.6 
19.8 1.6 25.8 
23.0 1.5 30.5 
23.6 1.5 27.0 

[0007] From the table, it is seen that to avoid undue risk 
of collisions of the transducing head With the teXturing 
features, While at the same time maintaining a ?ying height 
of about 25 nm, the average height of the features should be 
less than about 20 nm. 

[0008] At the same time, the need to minimiZe friction and 
stiction imposes limits on the minimum heights of the 
teXturing features. Typically, a liquid lubricant is applied to 
the surfaces of magnetic data storage disks, to improve Wear 
characteristics and reduce dynamic friction. HoWever, the 
liquid lubricant has the undesirable effect of contributing to 
stiction, the tendency of a data transducing head, once at rest 
against a magnetic disk, to adhere to the disk. This provides 
at least momentary resistance When the disk begins to rotate, 
potentially damaging both the disk and the transducing head, 
and risking loss of data. 

[0009] A primary cause of stiction is the tendency of the 
liquid lubricant, through capillary action, to How about and 
surround the teXturing features in contact With an at-rest 
transducing head, even ?oWing to the head itself as indicated 
in FIG. 1, Where h indicates the height of a data transducing 
head When at rest upon the teXturing features, tWo of Which 
are shoWn. The teXturing features, nodules or bumps, are 
?attened slightly by the head over an area of contact With a 
radius r. By comparison, rrn is the radius of the liquid 
lubricant meniscus surrounding each teXturing feature, With 
each feature having a radius R at its base. The value d 
represents the thickness of the liquid lubricant ?lm over 
surface areas aWay from the nodules. Thus, a meniscus of 
the liquid lubricant surrounds each teXturing feature, occu 
pying the full height betWeen the transducing head and disk 
surface, clinging to the transducing head to provide momen 
tary resistance to disk acceleration. 

[0010] As seen in the chart of FIG. 2, the stiction effect 
increases dramatically as the height of teXturing features 
decreases beloW 12 nm. 

[0011] In vieW of the above, one option for achieving a 1 
microinch glide height While minimiZing stiction appears to 
be maintaining teXturing feature heights Within the range of 
13-19 nm. HoWever, given the lack of absolute precision in 
laser beam generation and optical components that focus and 
otherWise shape the laser beam, variance in substrate mate 
rials and parameters, and variance in the slider bodies that 
aerodynamically determine transducing head ?ying heights, 
the required degree of control is not practical. Further, When 
the heights of teXturing features are reduced, their diameters 
are reduced as Well, and it may be desirable to maintain 
larger diameter nodules or other features to enhance struc 
tural stability. 
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[0012] Therefore, it is an object of the present invention to 
provide a substrate for a data storage medium having a 
landing Zone textured to accommodate glide heights less 
than 25 nm, While simultaneously minimiZing stiction. 

[0013] Another object is to provide a landing Zone surface 
texture utiliZing larger texturing features With greater 
heights, in combination With recessed regions surrounding 
the texturing features to accommodate liquid lubricant and 
thereby counteract the tendency of capillary ?oW toWard a 
transducing head at rest on the landing Zone. 

[0014] A further object is to provide an improved process 
for texturing substrates and for fabricating magnetic data 
recording media to exhibit improved resistance to stiction 
despite loWer transducing head ?ying heights. 

[0015] Yet another object is to provide a data storage 
medium having improved Wear characteristics and the ten 
dency to afford increased longevity to data transducing 
heads used in conjunction With the medium. 

SUMMARY OF THE INVENTION 

[0016] To achieve these and other objects, there is pro 
vided a substrate for a data storage medium of the type 
including a data Zone for storing data and a landing Zone 
textured for contact With a data transducing head maintained 
in spaced apart relation to the data storage medium during 
use. The substrate includes a substrate body having a sub 
stantially planar substrate surface at least over a landing 
Zone thereof. A recessed region is disposed Within the 
landing Zone, and has a substantially planar recessed surface 
spaced apart inWardly from the substrate surface by a 
predetermined distance substantially uniform throughout the 
landing Zone. Multiple texturing features are formed in the 
recessed region and are projected outWardly from the 
recessed surface by a projection distance Which exceeds the 
predetermined distance. Consequently, the texturing features 
project outWardly beyond the substrate surface of the sub 
strate body. 

[0017] This texture can be conveniently thought of as a 
“dual baseline” texture, in that it provides tWo separate 
baselines: one With regard to transducer ?ying height, and 
the other With regard to meniscus formation. In particular, 
the meniscus formation or “stiction” baseline is the recessed 
surface of the recessed region. To reach a transducing head 
at rest in the landing Zone, a liquid lubricant Would be 
required to traverse the height of each texturing feature, 
beginning at the base of the texturing feature, i.e., the 
recessed surface. 

[0018] In contrast, the baseline for glide height or ?ying 
height is the geometric mean of the substrate surface and the 
recessed surface. By forming the recessed region as a small 
fraction of the landing Zone, e.g., one-third of the surface 
area or less, the geometric mean is substantially nearer to the 
substrate surface. Accordingly, the texturing feature heights, 
as they relate to transducing head ?ying height, are effec 
tively reduced by a fraction (preferably at least one-half, 
more preferably at least tWo-thirds) of the “predetermined 
distance” betWeen the substrate surface and the recessed 
surface. 

[0019] Thus, the bene?ts of reduced transducing head 
?ying height and reduced stiction are simultaneously 
achieved, and in degrees that can vary according to design 
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considerations. For example, by setting a projection dis 
tance, or texturing feature height above the recessed surface, 
at slightly more than 12 nm, stiction can be kept acceptably 
loW While extremely loW, sub-microinch ?ying heights are 
achieved. Alternatively, the texturing features can be formed 
to project beyond the substrate surface by slightly less than 
20 nm, to maintain an acceptably loW ?ying height While 
considerably diminishing the chance for stiction due to 
meniscus formation. 

[0020] Preferably, the “predetermined distance” or sepa 
ration betWeen the substrate surface and recessed surface is 
at least about 5 nm, and more preferably is in the range of 
about 5 to about 10 nm. 

[0021] To further ensure against meniscus formation, there 
should be a clearance betWeen each of the texturing features 
and the nearest edge of the recessed region, as measured in 
directions parallel to the substrate and recessed surfaces. The 
clearance should be at least 3 nm, and more preferably is 
about 5 nm or more. 

[0022] Another aspect of the present invention is a process 
for selectively texturing a recording medium substrate, 
including the folloWing steps: 

[0023] a. providing a substrate body having a sub 
stantially planar substrate surface; 

[0024] b. applying a material layer over the substrate 
surface at a substantially uniform thickness, Whereby 
an outer surface of the material layer is substantially 
planar and parallel to the substrate surface; 

[0025] c. selectively removing portions of the mate 
rial from the material layer Within a predetermined 
Zone thereof, to provide a selected region With a 
recessed surface disposed inWardly of the outer 
surface of the material layer; and 

[0026] d. forming multiple texturing features 
throughout the selected region, each texturing fea 
ture projecting outWardly aWay from the recessed 
surface and beyond the outer surface of the material 
layer. 

[0027] A preferred material is carbon, applied by vacuum 
deposition to a thickness of about 5-10 nm. Then, a laser 
(e.g., a C02 laser) is used to remove the carbon at selected 
locations or spots. Preferably, the laser ablation removes the 
carbon throughout the thickness of the carbon layer, thus 
leaving the substrate body, e.g., a glass ceramic, exposed. As 
a result, the thickness of the carbon layer provides the 
uniform separation distance betWeen the substrate surface 
and the outer surface. Then, another laser (e.g., a YAG laser) 
is directed onto the exposed substrate surface areas to form 
the texturing features, preferably in a one-to-one correspon 
dence to the areas of carbon removal, and preferably With 
the texturing feature centered Within its associated carbon 
depleted spot or location. 

[0028] At this stage, texturing of the landing Zone is 
complete. As an option, that portion of the carbon layer 
spanning the data Zone of the disk is removed. 

[0029] Next, post-texturing steps of disk fabrication are 
completed. These include the application of several further 
layers to the textured substrate including the data Zone and 
landing Zone. These layers include a chromium underlayer, 
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a thin ?lm magnetic recording layer, and a protective cover 
layer, typically carbon. These subsequent layers are applied 
by vacuum deposition and in substantially uniform thick 
nesses, such that the outer surface of the protective carbon 
layer replicates the topography of the textured substrate. 

[0030] Thus, in accordance With the present invention, the 
landing Zone of a data storage medium substrate is provided 
With separate, spaced apart baselines With respect to trans 
ducer ?ying height and stiction. The separate baselines are 
provided by forming a recessed region Within the landing 
Zone, and forming texturing features only Within the 
recessed region. Consequently, the features can have actual 
heights, With respect to the stiction baseline, su?icient to 
minimiZe stiction due to meniscus formation, yet also have 
effective heights, With respect to the non-recessed substrate 
surface, su?iciently small to accommodate sub-microinch 
transducer ?ying heights. 

IN THE DRAWINGS 

[0031] For a further appreciation of the above and other 
features and advantages, reference is made to the folloWing 
detailed description and to the draWings, in Which: 

[0032] FIG. 1 is a schematic vieW shoWing part of a 
magnetic data transducing head at rest on a data storage disk, 
Within a landing Zone of the disk; 

[0033] FIG. 2 is a chart shoWing stiction as a function of 
texturing feature height; 

[0034] FIG. 3 is a plan vieW of a magnetic data storage 
disk textured in accordance With the present invention, and 
a data transducing head supported for generally radial move 
ment relative to the disk; 

[0035] FIG. 4 is an enlarged partial sectional vieW of the 
magnetic disk in FIG. 3; 

[0036] FIG. 5 is an enlarged partial top vieW of the disk, 
shoWing part of a dedicated landing Zone of the disk; 

[0037] FIG. 6 is a partial side sectional vieW of the disk, 
taken in the landing Zone; 

[0038] FIG. 7 is a schematic illustration of an apparatus 
used to texture the landing Zone; 

[0039] FIG. 8 is a schematic side vieW shoWing part of a 
substrate, before texturing; 

[0040] FIG. 9 is a vieW similar to that of FIG. 8, shoWing 
part of a carbon coating removed; 

[0041] FIG. 10 is a partial top vieW of the substrate shoWn 
in FIG. 9; 

[0042] FIG. 11 is a partial side vieW of the substrate, 
similar to that in FIG. 9, after formation of a texturing 
feature; 

[0043] 
stages; 

[0044] FIG. 13 schematically illustrates an alternative 
embodiment process step; and 

FIG. 12 illustrates post-texturing fabrication 

[0045] FIG. 14 is a partial top vieW of a substrate textured 
according to an alternative embodiment approach. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] Turning noW to the draWings, there is shoWn in 
FIGS. 3 and 4 a medium for reading and recording mag 
netic data, in particular a magnetic disk 16 rotatable about a 
vertical axis and having a substantially planar horiZontal 
upper surface 18. A rotary actuator (not shoWn) carries a 
transducing head support arm 20 in cantilevered fashion. A 
magnetic data transducing head 22 (including magnetic 
transducer and air bearing slider) is mounted to the free end 
of the support arm, through a suspension 24 Which alloWs 
gimballing action of the head, i.e., limited vertical travel and 
rotation about pitch and roll axes. The rotary actuator and the 
support arm pivot to move head 22 in an arcuate path, 
generally radially With respect to the disk. 

[0047] At the center of disk 22 is an opening to accom 
modate a disk drive spindle 26 used to rotate the disk. 
BetWeen the opening and an outer circumferential edge 28 
of the disk, upper surface 18 is divided into three annular 
regions or Zones: a radially inWard Zone 30 used for clamp 
ing the disk to the spindle; a dedicated transducing head 
contact Zone 32; and a data storage Zone 34 that serves as the 
area for recording and reading the magnetic data. 

[0048] When the disk is at rest, or rotating at a speed 
substantially beloW its normal operating range, head 22 
contacts upper surface 18. When the disk rotates at higher 
speeds, including normal operating range, an air bearing or 
cushion is formed by air ?oWing betWeen the head and upper 
surface 18 in the direction of disk rotation. The air bearing 
supports the head above the upper surface. In accordance 
With this invention, the distance betWeen a planar bottom 
surface 36 of head 22 and upper surface 18, knoWn as the 
head ?ying height or glide height, is about 1 microinch (25.4 
nm) or even less. LoWer ?ying heights permit a higher 
density storage of data. 

[0049] For data recording and reading operations, rotation 
of the disk and pivoting of the support arm are controlled in 
concert to selectively position transducing head 22 near 
desired locations Within data Zone 34. FolloWing a data 
operation, the disk is decelerated and support arm 20 is 
moved radially inWard toWard contact Zone 32. By the time 
the disk decelerates su?iciently to alloW head/disk contact, 
the head is positioned over the contact Zone. Thus, head 
contact With other regions of the disk surface is avoided. 
Before the next data operation, the disk is accelerated, 
initially With head 22 engaged With disk 16 Within the 
contact Zone. Support arm 20 is not pivoted until the head is 
supported by an air bearing, above the contact Zone. 

[0050] Magnetic disk 16 is formed by mechanically ?n 
ishing an aluminum or glass ceramic substrate disk 38 to 
provide a substantially ?at upper surface. Typically in the 
case of A1 substrates, a nickel-phosphorous alloy has been 
plated onto the upper surface of the substrate disk, to provide 
a non-magnetiZable layer 40 With a uniform thickness in the 
range of about 2-12 microns. FolloWing plating, the exposed 
upper surface 42 of the Ni-P alloy layer is polished to a 
roughness of about 0.1 microinch (2.54 nm) or less. 

[0051] After mechanical ?nishing, substrate surface 42, at 
least along contact Zone 32, is laser textured to provide a 
desired surface roughness. Laser texturing involves melting 
the substrate disk at and near surface 42, forming texturing 
features as Will be described in greater detail beloW. 
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[0052] Fabrication of disk 16 involves the application of 
several layers after texturing. The ?rst of these is a chrome 
underlayer 44 With a typical thickness of about 10-100 nm. 
Next is a magnetic thin ?lm recording layer 46, Where the 
data are stored, typically at a thickness of about 10-50 nm. 
The ?nal layer is a protective carbon layer 48, in the range 
of 5-30 nm in thickness. Layers 44, 46 and 48 are substan 
tially uniform in thickness, and thus upper surface 18 
replicates the texture of substrate surface 42. 

[0053] Laser texturing involves forming discrete nodules 
(also called bumps or domes), or crater-like structures in the 
form of depressions surrounded by raised, rounded rims that 
are typically circular but can be elliptical, in the substrate 
disk at surface 42. The siZe of the texturing features depends 
on the level of laser beam energy impinging upon surface 42, 
the degree of focusing of the laser beam, and the duration or 
dWell time of the pulse during Which the energy is applied. 
Typically the nodules are formed in a spiral path, having a 
circumferential pitch governed by the disk rotational speed 
and laser pulsing interval during texturing. A radial pitch, 
i.e., the radial distance betWeen consecutive turns of the 
spiral path, is determined by disk rotation and the rate of 
radial shifting of the laser relative to the disk, Which can 
involve movement of the disk rather than the laser. The 
texturing features can be formed With a high degree of 
uniformity in height (distance betWeen the nodule or rim 
peak and the surface on Which the feature is formed) 
typically less than about 30 nm. This provides a uniform 
surface roughness, substantially throughout the contact 
Zone. 

[0054] FIG. 5 is an enlarged vieW of part of upper surface 
18 of disk 16, particularly Within contact Zone 32. A rough 
ness or texture is provided by multiple nodules 50, spaced 
apart from one another according to a predetermined cir 
cumferential and radial pitch as just discussed. Nodules 50 
do not project upWardly (or outWardly) directly from upper 
surface 18, hoWever. Rather, each nodule 50 is formed 
Within a cavity or depression 52, preferably at least approxi 
mately centered Within its associated cavity. Typically, cavi 
ties 52 can have a diameter of about 20 microns, While the 
nodules have diameters of about 8-10 nm. 

[0055] Avariety of cavity diameters and nodule diameters 
can be employed, and each nodule need not be precisely 
centered Within its associated cavity. 

[0056] As best seen in FIG. 6, nodule 50 is projected 
above or outWardly of the major plane of upper surface 18, 
so that multiple nodules in concert support data transducing 
head 22 in spaced apart relation to most of surface 18 When 
head 22 is at rest in the contact Zone. Also as shoWn in this 
?gure, each cavity 52 has a ?oor or recessed surface 54 
spaced apart inWardly from upper surface 18, and a gener 
ally upright peripheral Wall 56. Nodule 50 need not be 
precisely centered Within cavity 52. At the same time, the 
clearance betWeen nodule 50 and peripheral Wall 56, taken 
horiZontally as vieWed in FIG. 6, should be at least about 3 
nm, and more preferably is at least 5 nm. The clearance is 
provided to accommodate the liquid lubricant, in particular 
to counteract the tendency of the lubricant to form a menis 
cus about nodule 50 that proceeds toWard transducing head 
22 When the head is at rest upon nodules 50. 

[0057] The primary difference betWeen the texture of 
contact Zone 32 and previous textures is that nodules 50 
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project upWardly from recessed surfaces 54 rather than from 
upper surface 18. Consequently, the texture provides tWo 
spaced apart baselines, that in previous designs coincide. In 
particular, each recessed surface 54 determines a stiction (or 
meniscus formation) baseline With respect to its associated 
nodule 50. The ?ying height baseline is determined by upper 
surface 18 in cooperation With recessed surfaces 54. More 
precisely, the ?ying height baseline is the geometric mean of 
surfaces 18 and 54. Because the primary advantages of the 
invention arise from the vertical separation betWeen the tWo 
baselines, it is preferred that the ?ying height baseline be 
determined primarily by upper surface 18. Such is the case 
When a recessed region, composed of all cavities 52 Within 
the contact Zone, occupies less than half of the contact Zone 
surface, and more preferably occupies less than one-third of 
the contact Zone surface. Aresult of the latter case is shoWn 
by a broken line 58 indicating the ?ying height baseline. 

[0058] The dual baseline texture permits the use of nod 
ules or other texturing features With heights suf?cient to 
minimiZe or avoid stiction due to liquid lubricant meniscus 
formation, and simultaneously alloWs for sub-microinch 
transducer ?ying heights. Either of these advantages may be 
emphasiZed relative to the other. With reference to the 
foregoing discussion of minimum texturing feature heights 
necessary to avoid meniscus formation, nodules 50 could 
have heights slightly greater than 12 nm, for example in the 
range of 15-18 nm. Assuming a vertical distance of 5 nm 
betWeen surfaces 18 and 54, the nodules Would project 
beyond surface 18 by distances of 10-13 nm, easily accom 
modating sub-microinch transducer ?ying heights, espe 
cially if the ?ying height baseline substantially coincides 
With upper surface 18. Conversely, if a ?ying height of about 
1 microinch is satisfactory and the primary goal is to 
virtually eliminate stiction due to meniscus formation, nod 
ules With heights in the range of 20-23 nm are formed. Again 
assuming 5 nm betWeen surfaces 18 and 54, the nodules 
project above surface 18 by distances in the range of 15-18 
nm. 

[0059] More broadly, the texturing features project out 
Wardly beyond surface 18 by less than about 20 nm. At the 
other end of the scale, the nodules preferably project out 
Wardly from surfaces 54 by more than 12 nm. These 
constraints afford considerable variety, particularly in vieW 
of the options to provide different separation distances 
betWeen surfaces 18 and 54, and to provide different pro 
portions of contact Zone surface area occupied by the 
recessed region. 

[0060] FIG. 7 schematically illustrates a laser texturing 
apparatus 60 used to form dual baseline textures in magnetic 
media substrates such as substrate disk 38. The device 
includes a support stage 62 that rotates about a vertical axis 
64, and a reciprocating support stage 66 on Which support 
stage 62 is rotatably mounted. 

[0061] TWo lasers, both stationary, are disposed above 
disk 38 and the support stages: a C02 laser 68 and a YAG 
laser 70. Respective beam shaping optics are associated With 
the lasers, including collimating lenses 72 and focusing 
lenses 74 for bringing the laser beams, indicated at 76 and 
78 respectively, into focus at desired locations on substrate 
surface 42 of disk 38. 

[0062] In one particularly preferred fabrication approach, 
a glass ceramic substrate disk 38 is ?rst treated in a vacuum 
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deposition process in Which a uniformly thick carbon layer 
is applied onto surface 42. The preferred thickness of the 
carbon layer is at least about 5 nm, more preferably in the 
range of 5-10 nm. The result of the carbon deposition is a 
carbon layer 80 of the preferred thickness, shoWn in FIG. 8. 

[0063] The coated disk then is placed on rotatable support 
stage 62, centered on axis 64. Then, While stage 62 is rotated 
to achieve a desired circumferential speed, support stage 66 
is translated to provide the desired radial velocity. The CO2 
laser 68 generates beam 76 at a Wavelength With a high 
affinity for absorption by carbon. As a result, energy applied 
to carbon layer 80 at a particular spot or location remains 
largely con?ned to that location and extends through the 
thickness of the layer. As a result, material is removed to 
leave a generally circular cavity extending completely 
through the carbon layer to surface 42. Thus, surface 42 
becomes the recessed surface 54 in each of the cavities. The 
result of the CO2 laser treatment is shoWn in FIGS. 9 and 
10. Thus, the CO2 laser is used to create a recessed region 
composed of multiple cavities 52. 

[0064] After the cavities have been formed, the substrate 
disk is given a second laser treatment, this time using YAG 
laser 70. The translation parameters (rotation and radial 
translation) of the CO2 laser treatment stage are repeated, so 
that a single texturing feature is formed Within each of 
cavities 52. The result is shoWn in FIG. 11. Also shoWn in 
FIG. 11 is a texturing feature in the form of a generally 
circular, rounded rim 82 surrounding a depression 84. This 
crater-like texturing feature is frequently formed as an 
alternative to the rounded nodules or bumps, With the laser 
poWer and degree of focus largely in?uencing the shape of 
the texturing feature. 
[0065] After texturing, a series of vacuum deposition 
stages are completed to form several layers on the substrate 
disk, including chrome underlayer 44, thin ?lm recording 
layer 46, and protective carbon layer 48. The result is shoWn 
in FIG. 12. 

[0066] In the foregoing fabrication process, carbon layer 
80 is applied over the entire disk, covering both data Zone 34 
and contact Zone 32. According to an alternative embodi 
ment process, that portion of carbon layer 80 covering the 
data Zone can be removed, eg by a masking and etching 
stage, leaving the substrate surface in the data Zone exposed 
as indicated in FIG. 13. 

[0067] FIG. 14 illustrates an alternative embodiment sub 
strate disk 86, particularly its contact Zone. In disk 86, the 
recessed region is provided in the form of a single spiral 
groove 88, formed by operating CO2 laser 68 in a continuous 
Wave (CW) mode rather than a pulsed mode, or in the 
alternative rotating the disk just slightly betWeen successive 
pulses. An advantage of this approach is that less precision 
is required in the subsequent laser treatment stage that forms 
texturing features 90. Adisadvantage is the need to remove 
a substantially greater percentage of the carbon layer. 

[0068] Thus, in accordance With the present invention, 
substrates can be textured to accommodate glide heights of 
less than a microinch, and not only avoid increasing stiction, 
but further minimiZe stiction due to meniscus formation. 
Nodules and other texturing features that otherWise Would 
be too large for a desired glide height, can be used success 
fully in the dual baseline texture. Accordingly, loWer glide 
heights and improved resistance to stiction can be simulta 
neously achieved. 
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What is claimed is: 
33. A substrate for a data storage medium of the type 

including a data Zone for storing data and a landing Zone 
textured for contact With a data transducing head maintained 
spaced apart from the data Zone during use of the data 
storage medium, said substrate including: 

a substrate body having a substantially planar substrate 
surface of the substrate, at least over a landing Zone 
thereof; 

a recessed region disposed Within the landing Zone and 
having a recessed surface spaced apart inWardly from 
the substrate surface; and 

multiple texturing features formed in the recessed region 
and projected from the recessed surface outWardly 
beyond the substrate surface of the substrate body. 

34. The substrate of claim 33 Wherein: 

the recessed surface is substantially planar and spaced 
apart inWardly from the substrate surface by a prede 
termined distance substantially uniform throughout the 
landing Zone. 

35. The substrate surface of claim 34 Wherein: 

the texturing features are projected outWardly from the 
recessed surface by a selected projection distance 
Which exceeds the predetermined distance. 

36. The substrate of claim 33 Wherein: 

the texturing features project outWardly beyond the sub 
strate surface of the substrate by less than about 20 nm. 

37. The substrate of claim 35 Wherein: 

said projection distance is greater than 12 nm. 
38. The substrate of claim 37 Wherein: 

the texturing features project outWardly beyond the sub 
strate surface by at most about 15 nm, and said pro 
jection distance outWardly beyond the recessed surface 
is at most about 25 nm. 

39. The substrate of claim 33 Wherein: 

the substrate surface and recessed surface of the substrate 
are spaced apart from one another by at least about 5 
nm. 

40. The substrate of claim 39 Wherein: 

said substrate surface and said recessed surface are spaced 
apart by a distance in the range of 5-10 nm. 

41. The substrate of claim 33 Wherein: 

a clearance betWeen each of the texturing features and a 
nearest edge of the recessed region, taken in directions 
substantially parallel to the substrate and surface, is at 
least about 3 nm. 

42. The substrate of claim 33 Wherein: 

the recessed region is comprised of multiple recesses, 
each recess associated With one of the texturing fea 
tures. 

43. The substrate of claim 42 Wherein: 

each of the recesses is at least generally circular, and each 
texturing feature is at least approximately centered 
Within its associated recess. 
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44. The substrate of claim 43 wherein: 

the recesses have diameters of about 20 microns, and the 
teXturing features have diameters of about 8-10 
microns. 

45. The substrate of claim 33 Wherein: 

each of the teXturing features comprises one of: a nodule 
projected outwardly of the recessed surface; and a 
raised rim surrounding a depression and projected 
outWardly of the recessed surface. 

46. The substrate of claim 33 Wherein: 

said substrate body is formed of a glass ceramic material 
coated With a carbon ?lm, said recessed surface com 
prises a surface of the glass ceramic, and said substrate 
surface comprises a surface of the carbon ?lm. 

47. The substrate of claim 33 further including: 

a thin ?lm recording layer of a magnetiZable material, 
formed over the substrate surface, the recording layer 
having a substantially uniform thickness and thereby 
tending to replicate a topography of the substrate. 

48. The substrate of claim 47 further including: 

a chromium underlayer formed over the substrate surface 
and disposed betWeen the substrate surface and the 
magnetic recording layer, and a cover layer formed 
over the magnetic recording layer; said underlayer and 
cover layer being of substantially uniform thickness 
Whereby the cover layer tends to replicate a topography 
of the substrate. 

49. A substrate for a magnetic data recording medium, 
said substrate including: 

a substrate body having a substantially planar substrate 
surface de?ning a nominal surface plane of the sub 
strate; 

multiple cavities formed in the substrate surface, at least 
over a predetermined Zone of the substrate surface 
dedicated to contact With a data transducing head, each 
cavity including a peripheral Wall de?ning a cavity 
depth and a cavity surface inWardly of the substrate 
surface; and 

multiple teXturing features, one teXturing feature formed 
Within each of the cavities and projecting outWardly 
from its associated cavity surface by a projection 
distance greater than a depth of its associated cavity, 
and disposed at least about 3 nm from the peripheral 
Wall of the associated cavity. 

50. The substrate of claim 49 Wherein: 

the cavity surfaces are substantially parallel to the sub 
strate surface. 

51. The substrate of claim 49 Wherein: 

the teXturing features project outWardly beyond the sub 
strate surface by less than about 20 nm. 

52. The substrate of claim 49 Wherein: 

each of the teXturing features projects outWardly beyond 
its associated cavity surface by at least about 12 nm. 

53. The substrate of claim 51 Wherein: 

each of the teXturing features projects outWardly beyond 
the substrate surface by at most about 15 nm, and 
projects outWardly from its associated cavity surface by 
at least about 20 nm. 
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54. The substrate of claim 49 Wherein: 

each of the cavity surfaces is spaced apart from the 
substrate surface by at least about 5 nm. 

55. The substrate of claim 54 Wherein: 

the cavity surfaces are spaced apart from the substrate 
surface by distances in the range of 5-10 nm. 

56. The substrate of claim 49 Wherein: 

the cavity surfaces are substantially co-planar. 
57. The substrate of claim 49 Wherein: 

said cavities are substantially circular, and each teXturing 
feature is substantially centered Within its associated 
cavity. 

58. The substrate of claim 57 Wherein: 

the cavities have diameters of about 20 microns, and the 
teXturing features have diameters of about 8-10 
microns. 

59. The substrate of claim 49 Wherein: 

said substrate body is formed of a glass ceramic material 
With a carbon ?lm applied to the glass ceramic material, 
and Wherein the cavities are formed by selectively 
removing portions of the carbon ?lm. 

60. The substrate of claim 49 further including: 

a chromium underlayer applied over the substrate surface, 
and a thin ?lm recording layer applied over the chro 
mium underlayer, said underlayer and recording layer 
having substantially uniform thicknesses Whereby the 
recording layer tends to replicate a topography of the 
substrate surface. 

61. A process for selectively teXturing a recording 
medium substrate, including: 

providing a substrate body having a substantially planar 
substrate surface; 

applying a material layer over the substrate surface, to 
provide an outer surface of the material layer spaced 
apart outWardly from the substrate surface; 

selectively removing portions of the material from the 
material layer Within a predetermined Zone thereof, to 
provide a selected region With a recessed surface dis 
posed inWardly of the outer surface of the material 
layer; and 

forming multiple teXturing features throughout the 
selected region, each teXturing feature projecting out 
Wardly aWay from the recessed surface and beyond the 
outer surface of the material layer. 

62. The process of claim 61 Wherein: 

said applying the material layer comprises applying the 
material layer at a substantially uniform thickness. 

63. The process of claim 61 Wherein: 

the step of applying a material layer comprises applying 
carbon by vacuum deposition, to a thickness from 
about 5 nm to about 10 nm. 

64. The process of claim 63 Wherein: 

said removing portions of the material layer comprises 
directing a coherent energy beam toWard the material 
layer and causing the coherent energy beam to impinge 
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upon the outer surface at a plurality of selected loca 
tions thereon, thus to remove material at each of the 
selected locations. 

65. The process of claim 64 Wherein: 

the material, at each of the selected locations, is removed 
over the full thickness of the material layer, Whereby 
the recessed surface and the substrate surface coincide. 

66. The process of claim 61 Wherein: 

said forming multiple teXturing features comprises direct 
ing a coherent energy beam toWard the magnetic 
medium substrate and causing the coherent energy 
beam to impinge upon the substrate surface at a plu 
rality of selected locations thereon, altering the topog 
raphy of the surface at each selected location to form a 
teXturing feature. 

67. The process of claim 61 further including: 

after forming the multiple teXturing features, applying a 
magnetic thin ?lm recording layer over the outer sur 
face of the material layer at a substantially uniform 
thickness Whereby the thin ?lm recording layer sub 
stantially replicates a topography of the underlying 
substrate and material layer. 
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68. The process of claim 67 further including: 

removing a portion of the carbon layer adjacent to a data 
Zone, before applying the magnetic thin ?lm recording 
layer. 

69. The process of claim 64 Wherein: 

said forming multiple teXturing features comprises direct 
ing a coherent energy beam toWard the substrate body 
at each of the selected locations after the removal of the 
material at the selected locations, to alter the surface 
topography at each of the selected locations to form a 
teXturing feature. 

70. The process of claim 64 Wherein: 

said removal of portions of the material from the material 
layer comprises forming a plurality of recesses, one 
recess at each of the selected locations, and said form 
ing multiple teXturing features comprises forming one 
of the teXturing features in each of the recesses. 

71. The process of claim 70 Wherein: 

each of the recesses is at least generally circular, and 
forming multiple teXturing features further comprises 
substantially centering each of the features Within its 
associated recess. 

* * * * * 


