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MULTIPLE ETCH TECHNIQUE FOR AIR 
BEARING SURFACE FABRICATION 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to methods for 
fabricating air bearing surfaces of sliders for magnetic disk 
drives and the sliders so produced. 

[0002] Magnetic disk drives are used to store and retrieve 
data for digital electronic apparatus such as computers. In 
FIGS. 1A and 1B, a magnetic disk drive 1 of the prior art 
includes a sealed enclosure 2, a disk drive motor 3, a 
magnetic disk 4, supported for rotation by a spindle 5 of 
motor 3, an actuator 6 and an arm 7 attached to a spindle 8 
of actuator 6. Asuspension 9 is coupled at one end to the arm 
7, and at its other end to a read/Write head or slider 10. The 
slider 10 typically includes an inductive Write element With 
a sensor read element. As the motor 3 rotates the disk 4, as 
indicated by the arroW R, a layer of air proximate to the 
surface of the disk 4 is sWept along With the disk 4. This 
layer of air, commonly knoWn as Windage, pushes against 
the slider 10 and alloWs the slider 10 to lift off of the surface 
of the disk 4 and “?y” on an air bearing formed beneath it. 
Various magnetic “tracks” of information can be read from 
the magnetic disk 4 as the actuator 6 is caused to pivot in a 
short arc as indicate by the arroWs P. The design and 
manufacture of magnetic disk drives 1 is Well knoWn to 
those skilled in the art. 

[0003] FIG. 2 shoWs a slider 10 of the prior art. The side 
of the slider 10 facing up in the draWing is the side that faces 
the disk 4. Thus, the highest features in the draWing are those 
that are closest to the disk 4 When the disk drive 1 is in 
operation. The slider 10 has a generally rectangular shape 
With a leading edge 20, a trailing edge 22, a ?rst side 24 and 
a second side 26. Slider 10 further includes an air bearing 
surface (ABS) comprising a trailing edge pad 28, a ?rst 
leading pad 30 and a second leading pad 32, and in some 
prior art designs also includes a ?rst side pad 34 and a 
second side pad 36. The slider 10 additionally includes a 
leading edge step 38, a trailing edge step 40, and a cavity 42. 
In some prior art embodiments the slider 10 also includes a 
?rst side step 44 and a second side step 46. 

[0004] During manufacture, the slider 10 is etched from a 
single body, typically made of a tWo phase mixture of 
aluminum oXide and titanium carbide. The steps of the 
manufacturing process are generally illustrated in FIGS. 
3A-3H and employ photolithography methods that are Well 
knoWn in the art. FIGS. 3A-3H shoW a cross-section of the 
slider 10 along the line 3-3 in FIG. 2 through successive 
steps. In FIG. 3A a body 48 that may have a nominally 
curved surface is covered With a photoresist layer 50. The 
photoresist layer 50 is patterned and developed, and then any 
undeveloped material is Washed aWay to leave a photoresist 
mask 52 as shoWn in FIG. 3B. Next, the body 48 is etched 
to remove material that is not protected by the photoresist 
mask 52. As shoWn in FIG. 3C, the etching creates a ?rst 
surface that is recessed beloW the level of the initial surface 
by a depth H1. FIG. 3D shoWs the formed trailing edge pad 
28 after the ?rst photoresist mask 52 is stripped aWay. The 
steps of FIGS. 3A-3D are then repeated in FIGS. 3E-3H. A 
second photoresist layer 56 is formed over the body 48 as 
shoWn in FIG. 3E. The photoresist layer is formed into a 
second photoresist mask 58 in FIG. 3F, and the body 48 is 
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again etched in FIG. 3G to create a second surface recessed 
beloW the initial surface by a depth H2. FIG. 3H shoWs the 
slider 10 after the second photoresist mask 58 has been 
stripped aWay to reveal the leading edge step 38 and the 
cavity 42. 

[0005] Accordingly, as can be seen in FIG. 2, the prior art 
provides for tWo etching steps to create features at three 
different heights. The pads 28, 30, 32, 34, and 36 that form 
the ABS represent the only portions of the initial surface that 
remain after the tWo etching operations. The steps 38, 40, 44, 
and 46 all are recessed beneath the ABS by a depth of H1, 
While the cavity 42 is recessed beneath the ABS by a depth 
of H2. 

[0006] During operation of the disk drive 1 air that is 
sWept along With the spinning disk 4, commonly knoWn as 
Windage, ?rst encounters the leading edge 20, and leading 
edge pads 30, 32 and leading edge step 38. As the air ?oW 
passes betWeen the leading edge pads 30, 32 and the disk 4 
a lifting force is developed that tends to drive the slider 10 
aWay from the disk 4. Another portion of the air ?oW, 
hoWever, passes through a gap 60 betWeen the leading edge 
pads 30, 32, over the leading edge step 38, and over the 
cavity 42. As the air eXpands over cavity 42 the pressure 
drops and a partial vacuum is developed that tends to draW 
the slider 10 toWards the disk 4. In stabile ?ight, the 
doWnWard force and the upWard force are in equilibrium and 
the slider 10 maintains a generally constant height above the 
disk 4, commonly knoWn as the ?y height 

[0007] FIG. 4 illustrates an attitude of a slider 10 is stabile 
?ight over a disk 4. The draWing shoWs hoW the slider 10 
?ies With the leading edge 20 elevated relative to the trailing 
edge 22 such that the plane de?ned by the ABS forms an 
angle 0t to the disk 4. The ?y height, FH, of the slider 10 is 
typically de?ned as the distance betWeen the trailing edge 22 
and the disk 4 since the transducer is commonly located 
along the trailing edge 22 adjacent to the trailing pad 28. 
Pads 28, 34, 36 of the ABS are designed to cooperate With 
the leading edge pads 30, 32 to regulate, for example, the 
pressure drop experienced over the cavity 42. The combi 
nation of the pads 28, 30, 32, 34, 36 and the steps 38, 40, 44, 
46 also in?uences the angle 0t, also knoWn as the pitch, the 
degree of rotation around the longitudinal line 3-3 knoWn as 
roll, and the resistance slider 10 eXhibits to changes in its 
?ight characteristics, commonly referred to as stiffness. 
Stiffness With respect to ?y height is especially desirable, but 
additionally stiffness is also desirable With respect to pitch 
and roll. 

[0008] In prior art designs, in order to increase the pitch 
angle of a slider, the combined surface area of the leading 
edge pads 30, 32 is increased at the eXpense of the surface 
area of the cavity 42. Increasing the surface area of the 
leading edge pads 30, 32 creates greater lift under the 
leading edge 20 causing the pitch to rise. Reducing the 
cavity surface area, hoWever, reduces the volume enclosed 
by the cavity surface and the surrounding pads and steps. It 
has been found that reducing this volume also reduces the 
stiffness of the slider in ?ight. Therefore, in the prior art 
raising the pitch angle has been found to result in a trade-off 
in stiffness. 

[0009] Another Well knoWn con?guration for a slider 10, 
commonly referred to as side rail design, positions the 
trailing pad 28 and the transducer (not shoWn) close to either 
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?rst side 24 or second side 26 of the slider 10. A slider 10 
With a side rail design preferably Will have a controlled 
degree of roll so that the side 24 or 26 nearest to the 
transducer Will be closest to the disk 4. 

[0010] As Will be appreciated by those skilled in the art, 
the dimensions of the various features of slider 10 are 
carefully designed to control ?ight characteristics such as ?y 
height, pitch, roll, and their respective stiffnesses. It Will also 
be appreciated that the design process must also take into 
account factors such as the rotation rate of the disk 4 and the 
need to avoid the accumulation of debris on the slider 10. 
Modi?cations to the dimensions of the various features in 
the design process necessarily creates trade-offs in the ?ight 
characteristics of slider 10. For example, increasing the siZe 
of the cavity 42 at the expense of the siZe of the leading edge 
pads 30, 32 Will tend to cause the slider 10 to ?y closer to 
the disk 4. 

[0011] Further, during the manufacturing process, devia 
tions in the dimensions of the various features Within the 
established tolerance ranges Will create deviations in the 
?ight performances of individual sliders 10. Thus, devia 
tions in the surface area of trailing edge pad 28 around some 
nominal value Will tend to result in deviations in the ?y 
height of slider 10. For example, a variation of 1 microinch 
(,u“) in the depth H1 of the leading edge step 38 and the 
trailing edge step 40 in a particular prior art slider 10 might 
result in a variation in its ?y height of 0.1 p“. In the 
foregoing example the sensitivity of the ?y height to step 
depth H1 Would be 0.1 M/p“ or just 0.1. It Will be readily 
appreciated that loWer sensitivity values are desired as they 
indicate that sliders 10 Will be more uniform one to the next 
in operation Which can permit loWer ?y heights to be 
achieved reliably. Therefore, it is desirable to identify 
designs that reduce the sensitivities of the various ?ight 
characteristics to deviations Within the manufacturing toler 
ances of the various features on the slider 10. 

[0012] What is desired, therefore, is a process for manu 
facturing a slider that alloWs for greater ?exibility in its 
design. It is further desired to create a slider With ?ight 
characteristics that are less sensitive to deviations Within set 
manufacturing processes. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides for an improved 
slider for a magnetic disk drive. The slider is provided With 
an air bearing surface (ABS) comprising a pair of leading 
edge pads and a trailing edge pad having surfaces that are 
substantially coplanar, a cavity that is a surface recessed 
beloW the ABS, and a plurality of steps disposed at heights 
intermediate betWeen the ABS and the cavity. The steps 
include at least a leading edge step and a trailing edge step, 
each at a different depth beneath the ABS. The trailing edge 
step, located at a ?rst depth, is positioned such that it is 
disposed betWeen the ABS and the leading edge step, located 
at a second depth. The leading edge step is likeWise disposed 
betWeen the trailing edge step at a ?rst depth and the cavity 
at a third depth. This con?guration provides an advantage to 
a slider of the present invention over those of the prior art in 
that it alloWs the slider to ?y With a larger pitch angle 
Without sacri?cing stiffness. It has been found that the pitch 
angle can be increased by increasing the difference betWeen 
the depths of the trailing edge step and the leading edge step. 
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[0014] By increasing the difference in the depths betWeen 
the trailing and leading edges, a slider of the present 
invention ?ies With a higher pitch angle Without reducing the 
cavity volume and therefore Without reducing the stiffness. 
In other embodiments of the present invention the combined 
surface area of the leading edge pads is reduced in order to 
increase the cavity volume to achieve greater stiffness. Pitch 
angle is not sacri?ced in these embodiments because the 
leading edge step can be made deeper relative to the trailing 
edge step in order to compensate for the loss of lift created 
by the loss of leading edge pad surface area. 

[0015] Afurther advantage of the present invention relates 
to the sensitivities of the various ?ight characteristics, such 
as ?y height, to deviations in the depths Within manufac 
turing tolerances of the leading and trailing edges. It has 
been found, for example, that the sensitivity of the ?y height 
to the depth of the trailing edge step combined With the 
sensitivity of the ?y height to the depth of the leading edge 
step is less than the sensitivity of the ?y height to the depth 
H1 in sliders of the prior art in Which the tWo steps are 
alWays at substantially the same depth. Consequently, sliders 
manufactured according to the present invention have a 
loWer overall sensitivity for the ?y height When all the 
various manufacturing tolerances are summed together. 

[0016] Additional embodiments of the invention can fur 
ther include side pads and side steps Where the side pads also 
form part of the ABS and the side steps may be disposed at 
any intermediate height betWeen the ABS and the cavity. 
The ability to alter the depths of the side steps alloWs their 
relative heights to be used as a method for adjusting ?ight 
characteristics such as roll. It Will be readily appreciated that 
a side step closer to the disk Will experience greater lift than 
one further aWay and that a slider With such an asymmetry 
Will tend to roll in ?ight. In side rail sliders of the prior art, 
for example, a certain degree of roll is desirable in order to 
position the side With the transducer as close to the disk as 
possible. It is therefore a further advantage of the present 
invention that roll and other ?ight characteristics can be 
adjusted by appropriately controlling the relative depths of 
the side steps. 

[0017] Aprocess is also disclosed for the fabrication of a 
slider of the present invention. The process includes a ?rst 
cycle of masking, etching, and stripping to form a ?rst level, 
a second cycle to form a second level, and a third cycle to 
form a cavity. In the ?rst cycle those portions of the substrate 
that are to be retained as the ABS are masked and the 
remainder of the substrate is etched to a ?rst depth. In the 
second cycle those portions of the substrate that are to be 
retained as the ABS and those portions that are to be retained 
as a trailing edge step are masked and the remainder of the 
surface is etched to a second depth. In the third cycle those 
portions of the substrate that are to be retained as the ABS, 
the trailing edge step, and the leading edge step are masked 
and the remainder of the surface is etched to the depth of the 
cavity. This process also alloWs portions of the substrate to 
be masked and retained to form side pads and side steps in 
any of the three cycles. The present invention further alloWs 
for additional cycles of masking, etching, and stripping to be 
included so that side steps can be placed at heights other than 
those of the leading and trailing edge steps. The various 
embodiments of the process of the present invention are 
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generally advantageous for allowing greater ?exibility in the 
design of sliders that have improved ?ight characteristics, 
stiffnesses, and sensitivities. 

[0018] These and other advantages of the present inven 
tion Will become apparent to those skilled in the art upon a 
reading of the folloWing descriptions of the invention and a 
study of the several ?gures of the draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a partially sectioned, front elevational 
vieW of a magnetic disk drive assembly of the prior art; 

[0020] FIG. 1B is a cross section taken along line 1B-1B 
of FIG. 1A; 

[0021] FIG. 2 is a perspective vieW of a slider of the prior 
art; 

[0022] FIGS. 3A-3H shoW a cross-section of the slider 
along the line 3-3 in FIG. 2 as it processed through 
successive steps; 

[0023] FIG. 4 is shoWs a side elevational vieW of the 
slider of FIG. 2 in ?ight relative to a magnetic disk; 

[0024] FIG. 5 is a front elevational vieW of a slider of the 
present invention; 

[0025] FIG. 6 is a ?oW chart illustrating a process of 
making a slider according to the present invention; and 

[0026] FIGS. 7A-7J shoW a cross-section of the slider of 
FIG. 5 along the line 7-7 as it is formed according to the 
process of FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] FIGS. 1-4 have previously been discussed With 
reference to the prior art. FIG. 5 shoWs a slider 62 of the 
present invention. The side 63 of the slider 62 seen in this 
?gure faces the disk 4 (not shoWn) of the disk drive 1. The 
slider 62 has a generally rectangular shape With a leading 
edge 64, a trailing edge 66, a ?rst side 68 and a second side 
70. Since the slider 62 ?ies over the disk 4 With a certain 
degree of pitch, the leading edge 64 is further from the disk 
4 than the trailing edge 66. Slider 62 further includes an ABS 
comprising a trailing edge pad 72, a ?rst leading pad 74 and 
a second leading pad 76, and in some embodiments option 
ally also includes a ?rst side pad 78 and a second side pad 
80. The slider 62 additionally includes a leading edge step 
82, a trailing edge step 84, and a cavity 86. In additional 
embodiments the slider 62 also includes a ?rst side step 88 
and a second side step 90. 

[0028] The ABS, comprising pads 72, 74, and 76, and in 
some embodiments additionally comprising pads 78 and 80, 
are formed from, the same initial surface of a substrate and 
therefore have top surfaces that are substantially coplanar. 
Steps 82 and 84, and in some embodiments steps 88 and 90 
are each formed by removing material from the substrate 
doWn to an appropriate depth. According to the present 
invention, each of these steps can be recessed a different 
distance beloW the ABS. The only limitation imposed by the 
present invention on the relative depths of the several steps 
82, 84, 88, and 90 is that the leading edge step 82 must be 
recessed beloW the ABS more than the trailing edge step 84. 
It is another limitation of the present invention that the 
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cavity 86 is recessed beloW the ABS further than any of the 
several steps 82, 84, 88, and 90. 

[0029] In some embodiments of the present invention the 
trailing edge step 84 is recessed about 3 p“ to about 8 p“ 
beloW the ABS, and in preferred embodiments the trailing 
edge step 84 is recessed about 5 p“ beloW the ABS. In some 
embodiments of the present invention the leading edge step 
82 is recessed about 6 p“ to about 12 p“ beloW the ABS, and 
in preferred embodiments the-leading edge step 82 is 
recessed about 8 p“ beloW the ABS. In further embodiments 
the leading edge step 82 is recessed beloW the level of the 
trailing edge step 84 by about 3 p“ to about 5 p“. The cavity 
86, in some embodiments, is recessed beloW the ABS about 
30 p“ to about 80 p“, and in preferred embodiments is 
recessed about 50 p“ beloW the ABS. 

[0030] Additional embodiments of the present invention 
are directed to sliders 62 including a ?rst side step 88 but 
Without a second side step 90. In some of these embodiments 
the ?rst side step 88 is recessed beloW the ABS by substan 
tially the same distance as the trailing edge step 84, While in 
other embodiments the ?rst side step 88 is recessed beloW 
the ABS by substantially the same distance as the leading 
edge step 82. 

[0031] Yet other embodiments are directed to sliders 62 
including both a ?rst side step 88 and a second side step 90. 
In some of these embodiments both side steps 88, 90 are 
recessed beloW the ABS by substantially the same distance 
as the trailing edge step 84, While in other embodiments both 
side steps 88, 90 are recessed beloW the ABS by substan 
tially the same distance as the leading edge step 82. In 
further embodiments the ?rst side step 88 is recessed beloW 
the ABS by substantially the same distance as the leading 
edge step 82 and the second side step 90 is recessed beloW 
the ABS by substantially the same distance as the trailing 
edge step 84. In still other embodiments the ?rst side step 88 
is recessed beloW the ABS by substantially the same dis 
tance as either the leading edge step 82 or the trailing edge 
step 84, While the second side step 90 is recessed beloW the 
ABS by a distance substantially different than either the 
leading edge step 82 or the trailing edge step 84. In yet other 
embodiments the ?rst side step 88 and the second side step 
90 are both recessed beloW the ABS by a distance substan 
tially different than either the leading edge step 82 or the 
trailing edge step 84. 

[0032] It should be noted that the present invention is 
directed to creating greater variation in the relative depths of 
the several steps 82, 84, 88, and 90 to alloW for sliders 62 
With improved ?ight characteristics. Therefore, it should be 
understood that other parameters of the various pads 72, 74, 
76, 78, 80, steps 82, 84, 88, 90, and the cavity 86, such as 
surface area, cross-section shape, and relative positions are 
not meant to be limited by their representations in FIG. 5. 

[0033] FIG. 6 shoWs a process 100 for making a slider in 
accordance With the present invention. As indicated, the 
process 100 for fabricating a slider 62 comprises the acts or 
operations of providing a substrate 102, forming a ?rst 
photoresist mask 104, forming a ?rst level 106, removing 
the ?rst photoresist mask 108, forming a second photoresist 
mask 110, forming a second level 112, removing the second 
photoresist mask 114, forming a third photoresist mask 116, 
forming a cavity 118, and removing the third photoresist 
mask 120. FIGS. 7A-7J shoW a cross-section of a substrate 
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122 as it is processed into a ?nished slider 62. The cross 
section in FIGS. 7A-7J corresponds to the line 7-7 in FIG. 
5. FIGS. 7A-7J further illustrate the process 100. 

[0034] Act or operation 102 is directed to providing a 
substrate 122 as shoWn in FIG. 7A. The substrate 122 is 
preferably a tWo-phase mixture of aluminum oxide and 
titanium carbide, but in other embodiments may be silicon 
dioxide. The type of material employed is not essential to the 
present invention so long as it has materials properties 
similar to those of the materials just mentioned. At a 
minimum, the substrate material should be electrically insu 
lating and exhibit good Wear resistance. As provided, the top 
surface of the substrate 122, hereinafter knoWn as the initial 
surface 124, can be either planar or slight curved. Providing 
a slight convex curvature to the initial surface 124 can 
impart improved ?ight characteristics to the ?nished slider 
62 as Well as reduce the contact area betWeen the slider 62 
and the disk 4 When the disk drive I is not in operation and 
the slider 62 is parked. 

[0035] As also shoWn in FIG. 7A, forming a ?rst photo 
resist mask 104 is preferably accomplished by depositing a 
layer of an undeveloped photoresist material 126 over the 
substrate, projecting a pattern of radiation, such as visible 
light, onto the undeveloped photoresist 126 to selectively 
alter its chemistry and to create a latent image therein, and 
exposing the photoresist layer 126 to a developer to selec 
tively remove either the unaltered material or the altered 
material. FolloWing this series of steps, all of Which are Well 
knoWn in the photolithography art, a ?rst photoresist mask 
128 Will remain above and in contact With the substrate 122 
as seen in FIG. 7B. The mask 128 thus formed retains the 
pattern that Was originally projected onto the undeveloped 
photoresist 126 such that some portions of the substrate 122 
remain covered and protected by the mask 128 While other 
portions are intentionally exposed for further processing. In 
act or operation 104 the ?rst photoresist mask 128 is formed 
such that it covers at least the portions of the substrate 122 
that ultimately Will become the ABS of the ?nished slider 
62. The ABS of the ?nished slider 62 Will include at least a 
?rst leading edge pad 74, a second leading edge pad 76, and 
a trailing edge pad 72, and may additionally include in some 
embodiments a ?rst side pad 78 and a second side pad 80. 

[0036] Act or operation 106 of forming a ?rst level 130, 
shoWn in FIG. 7C, is accomplished by selectively removing, 
to a desired ?rst depth H3, portions of the substrate 122 left 
exposed by the ?rst photoresist mask 128. This is preferably 
achieved With an etching process such as reactive ion 
etching (RIE). Act or operation 106 should remove material 
to substantially the ?rst depth H3 that the trailing edge step 
84 is intended to be recessed relative to the ABS. For 
purposes of the present invention ?rst depth H3 should be 
about 3 p“ to about 8 p“ beloW an initial surface 124 of the 
substrate 122. More ideally, ?rst depth H3 should be about 
5 p“ beloW the initial surface 124. Etching processes useful 
for removing material from substrate 122 are Well knoWn in 
the art. 

[0037] Act or operation 108, removing the ?rst photoresist 
mask 128, commonly referred to as stripping, is performed 
in order to clean the substrate 122 for additional photoli 
thography processing steps. Chemical solvents that can 
readily dissolve the ?rst photoresist mask 128 but that do not 
attack the material of the substrate 122 are preferred in act 
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or operation 108. Techniques for stripping aWay photoresist 
masks are Well knoWn in the art, as is represented in FIG. 
7D. 

[0038] Forming a second photoresist mask 132 in act or 
operation 110 is accomplished in much the same manner as 
forming a ?rst photoresist mask 128 in act or operation 104. 
The second photoresist mask 132 is formed such that it is 
above and in contact With the substrate 122. As illustrated in 
FIG. 7E, the second photoresist mask 132 preferably covers 
and protects at least the portions of the substrate 122 that 
include the ABS as Well as a portion of the ?rst level 130 in 
a suitable position for the subsequent formation of a trailing 
edge step 84. In some embodiments the second photoresist 
mask 132 Will additionally cover a portion of the ?rst level 
130 that Will be retained as a ?rst side step 88. In further 
embodiments the second photoresist mask 132 Will addi 
tionally cover a portion of the ?rst level 130 that Will be 
retained as a ?rst side step 88 and another portion of the ?rst 
level 130 that Will be retained as a second side step 90. 

[0039] As shoWn in FIG. 7F, forming a second level 134 
in act or operation 112 is accomplished by selectively further 
removing, to a desired second depth H4, portions’ of the 
substrate 122 left exposed by the second photoresist mask 
132. Second depth H4 should be substantially the distance 
that the leading edge step 82 Will be recessed relative to the 
ABS. For purposes of the present invention second depth H4 
should be about 6 p“ to about 12 p“ beloW the initial surface 
124 of the substrate 122. More ideally, second depth H4 
should be about 8 p“ beloW the initial surface 124. 

[0040] The trailing edge step 84 is formed in act or 
operation 112. Step 84 is formed by removing material from 
the substrate 122 around an isolated portion of the second 
photoresist mask 132 located in a suitable position on the 
?rst level 130. It Will be appreciated by those skilled in the 
art that the trailing edge step 84 is essentially a pillar With 
a planar top surface disposed on the surface of the substrate 
122. It Will be further appreciated that trailing edge step 84 
is further formed in subsequent acts or operations as pro 
gressively more of the substrate 122 is removed around it 
and it becomes a lengthier pillar While maintaining the 
particular cross-section de?ned in act or operation 112. 
Lastly, it Will be appreciated that the forgoing is true for each 
of the various pads and steps of the present invention. 

[0041] In some embodiments act or operation 112 further 
includes forming a ?rst side step 88 simultaneously With 
forming the trailing edge step 84. The ?rst side step 88 may 
be formed nearer to either side 68, 70 of the slider 62, though 
it happens to be represented in FIG. 5 as being near the ?rst 
side 68. First side step 88 is formed by removing material 
from the substrate 122 around a portion of the second 
photoresist mask 132 located in a suitable position on the 
?rst level 130. In further embodiments act or operation 112 
further includes forming a ?rst side step 88 and a second side 
step 90. In these embodiments the second side step 90 Will 
be formed nearer to the side 68, 70 that is opposite to the side 
68, 70 nearest the ?rst side step 88. This is accomplished by 
removing material from the substrate 122 around separate 
isolated portions of the second photoresist mask 132 located 
in suitable positions on the ?rst level 130. 

[0042] Removing the second photoresist mask 132 in act 
or operation 114 is accomplished in much the same manner 
as removing the ?rst photoresist mask 128 in act or operation 
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108, as can be seen in FIG. 7G. Forming a third photoresist 
mask 136 in act or operation 116 is accomplished in much 
the same manner as forming a ?rst photoresist mask 128 in 
act or operation 104 and a second photoresist mask 132 in 
act or operation 110 and is represented in FIG. 7H. The third 
photoresist mask 136 is formed such that it is above and in 
contact With the substrate 122. The third photoresist mask 
136 preferably covers and protects at least the portions of the 
substrate 122 that include the ABS and the trailing edge step 
84, and also serves to cover and protect a portion of second 
level 134 in a suitable position for the subsequent formation 
of a leading edge step 82. In those embodiments in Which a 
?rst side step 88 Was formed during act or operation 112 the 
third photoresist mask 136 additionally covers ?rst side step 
88. In those embodiments in Which both a ?rst side step 88 
and a second side step 90 Was formed during act or operation 
90 the third photoresist mask 136 additionally covers both 
steps 88 and 90. 

[0043] In those embodiments in Which a ?rst side step 88 
Was not formed during act or operation 112, the third 
photoresist mask 136 in act or operation 116 can additionally 
cover a portion of the second level 134 to be retained as a 
?rst side step 88, and may additionally cover a portion of the 
second level 134 that Will be retained as a second side step 
90. In those embodiments in Which a ?rst side step 88 Was 
formed during act or operation 112 but a second side step 90 
Was not formed, the third photoresist mask 136 in act or 
operation 116 can additionally cover a portion of the second 
level 134 to be retained as a second side step 90. Put another 
Way, any portion of the substrate 122 that is intended to 
become either a pad or a step in the ?nished slider should be 
covered by the third photoresist mask 136 in this act or 
operation. 

[0044] Forming a cavity 86 in act or operation 118, as 
shoWn in FIG. 71, is accomplished in much the same 
manner as forming a ?rst level 130 in act or operation 106 
and forming a second level 134 in act or operation 112. 
Forming the cavity 86 is accomplished by selectively 
removing, to a desired third depth H5, portions of the 
substrate 122 left exposed by the third photoresist mask 136. 
Act or operation 118 should remove material to substantially 
the third depth H5 that the cavity 86 is intended to be 
recessed relative to the ABS. For purposes of the present 
invention third depth H5 should be about 30 p“ to about 80 
p“ beloW the initial surface 124 of the substrate 122. More 
ideally, third depth H5 should be about 50 p“ beloW the 
initial surface 124. The cavity 86 is formed in act or 
operation 118 by removing material to the third depth H5 
from all portions of the substrate 122 that are not protected 
by the third photoresist mask 136. Removing the third 
photoresist mask 136 in act or operation 120, as shoWn in 
FIG. 7], is accomplished in much the same manner as 
removing the ?rst photoresist mask 128 in act or operation 
108 and removing the second photoresist mask 132 in act or 
operation 114. 

[0045] While this invention has been described in terms of 
several preferred embodiments, it is contemplated that alter 
natives, modi?cations, permutations and equivalents thereof 
Will become apparent to those skilled in the art upon a 
reading of the speci?cation and study of the draWings. For 
example, one of skill in the art Will readily appreciate that a 
?rst side step 88 can be formed in a separate set of acts or 
operations from those used to form the trailing edge step 84 
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and the leading edge step 82 by including into process 100 
an additional cycle of mask formation, level formation, and 
mask removal. Thus, embodiments of slider 62 can be 
formed in Which a ?rst side step 88 and a second side step 
90 are both recessed beloW the ABS by distances substan 
tially different than each other and substantially different 
than either the leading edge step 82 or the trailing edge step 
84. 

[0046] It Will further be appreciated that the present inven 
tion encompasses processes, and the sliders 62 formed 
thereby, in Which a pad or a step, such as ?rst side step 88, 
formed in one act or operation is left either partially or 
entirely uncovered in a subsequent masking operation. Con 
sider, for example, an embodiment of slider 62 in Which a 
?rst side step 88 is at a depth 1 p“ beloW the depth of a 
trailing edge step 84, and a second side step 90 is at a depth 
1 p“ beloW the depth of a leading edge step 82. To form this 
slider 62 the ?rst side step 88 could be formed concurrently 
With the trailing edge step 84 and the second side step 90 
could be formed concurrently With the leading edge step 82. 
In a subsequent series of acts or operations the ABS, the 
trailing edge step 84, and the leading edge step 84 could all 
be masked While the ?rst and second side steps 88, 90 are 
left unmasked so that in the next round of etching both steps 
88, 90 are etched 1 p“ deeper. This process Would include 
feWer steps than one in Which the trailing edge step 84 is 
formed at a ?rst level, the ?rst side step 88 is formed at a 
second level, the leading edge step 82 is formed at a third 
level, and the second side step is formed at a fourth level. 

[0047] It is therefore intended that the folloWing appended 
claims include all such alternatives, modi?cations, permu 
tations and equivalents as fall Within the true spirit and scope 
of the present invention. 

What is claimed is: 
1. A process for fabricating a slider comprising: 

providing a substrate having an initial surface; 

forming a ?rst mask above and in contact With said initial 
surface; 

forming a ?rst level by removing material from said 
substrate Where exposed by said ?rst mask to a ?rst 
depth beneath said initial surface; 

removing said ?rst mask; 

forming a second mask above and in co-tact With said 
initial surface and said ?rst level; 

forming a second level by removing material from said 
substrate Where exposed by said second mask to a 
second depth beneath said initial surface; 

removing said second mask; 

forming a third mask above and in contact With said initial 
surface, said ?rst level, and said second level; 

forming a cavity by removing material, from said sub 
strate Where exposed by said third mask to a third depth 
beneath said initial surface; and 

removing said third mask. 
2. The process of claim 1 Wherein forming said ?rst level 

includes etching said substrate to a ?rst depth of about 3 p“ 
to about 8 p“ beloW said initial surface. 
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3. The process of claim 1 wherein forming said ?rst level 
includes etching said substrate to a ?rst depth of about 5 p“ 
below sad initial surface. 

4. The process of claim 1 wherein forming said second 
level includes forming a trailing edge step. 

5. The process of claim 4 wherein forming said second 
level further includes forming a ?rst side step. 

6. The process of claim 4 wherein forming said second 
level further includes forming a ?rst side step and a second 
side step. 

7. The process of claim 1 wherein forming said second 
level includes etching said substrate to a second depth of 
about 6 p“ to about 12 p“ beloW said initial surface. 

8. The process of claim 1 wherein forming said second 
level includes etching said substrate to a second depth of 
about 8 p“ beloW said initial surface. 

9. The process of claim 1 wherein forming said cavity 
includes etching said substrate to a third depth of about 30 
p“ to about 80 p“ beloW said initial surface. 

10. The process of claim 1 wherein forming said cavity 
includes etching said substrate to a third depth of about 50 
p“ beloW said initial surface. 

11. The process of claim 1 wherein forming said cavity 
further includes forming a ?rst side step. 

12. The process of claim 1 wherein forming said cavity 
further includes forming a ?rst side step and a second side 
step. 

13. The process of claim 5 wherein forming said cavity 
further includes forming a second side step. 

14. A slider for a magnetic disk drive comprising: 

a body including an air bearing surface, a trailing edge 
step recessed by a ?rst depth beneath said air bearing 
surface, a leading edge step recessed by a second depth 
beneath said air bearing surface, and a cavity recessed 
by a third depth beneath said air bearing surface, 
Wherein said second depth is disposed betWeen said 
?rst depth and said third depth, and said ?rst depth is 
disposed betWeen said air bearing surface and said 
second depth. 
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15. The slider of claim 14 Wherein said trailing edge step 
is recessed about 3 p“ to about 8 p“ beloW said air bearing 
surface. 

16. The slider of claim 14 Wherein said trailing edge step 
is recessed about 5 p“ beloW said air bearing surface. 

17. The slider of claim 14 Wherein said leading edge step 
is recessed about 6 p“ to about 12 p“ beloW said air bearing 
surface. 

18. The slider of claim 14 Wherein said leading edge step 
is recessed about 8 p“ beloW said air bearing surface. 

19. The slider of claim 14 Wherein said cavity is recessed 
about 30 p“ to about 80 p“ beloW said air bearing surface. 

20. The slider of claim 14 Wherein said cavity is recessed 
about 50 p“ beloW said air bearing surface. 

21. The slider of claim 14 further including a ?rst side step 
recessed beloW said air bearing surface. 

22. The slider of claim 21 further including a ?rst side step 
recessed beloW said air bearing surface and a second side 
step recessed beloW said air bearing surface. 

23. The slider of claim 21 Wherein said ?rst side step and 
said trailing edge step are recessed beloW said air bearing 
surface by substantially the same distance. 

24. The slider of claim 22 Wherein said ?rst side step, said 
second side step, and said trailing edge step are recessed 
beloW said air bearing surface by substantially the same 
distance. 

25. The slider of claim 21 Wherein said ?rst side step and 
said leading edge step are recessed beloW said air bearing 
surface by substantially the same distance. 

26. The slider of claim 22 Wherein said ?rst side step, said 
second side step, and said leading edge step are recessed 
beloW said air bearing surface by substantially the same 
distance. 

27. The slider of claim 22 Wherein said ?rst side step and 
said trailing edge step are recessed beloW said air bearing 
surface by substantially the same distance and said second 
side step and said leading edge step are recessed beloW said 
air bearing surface by substantially the same distance. 

* * * * * 


