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(57) ABSTRACT 

A process for fabricating Sliders with one or more Sacrificial 
Structures (extensions) that facilitate lapping to create the 
air-bearing Surface (ABS) is described. Prior to separating 
individual sliders from a wafer, a mask of material that is not 
removable by deep reactive ion etching (DRIE) is patterned 
on the Surface of the Sliders. The mask outlines a Sacrificial 
extension around portions of the magnetic transducer ele 
ments that are nearest the predetermined plane which will 
become the ABS. The sacrificial extension makes the Surface 
of the slider which will be lapped non-planar. The sacrificial 
extension extends below the predetermined ABS plane. 
When the sliders are individually separated by DRIE, the 
shape of the mask including the Sacrificial eXtension is 
projected down into and along the Slider body. 
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STORAGE DEVICE SLIDER WITH SACRIFICIAL 
LAPPING EXTENSION 

RELATED APPLICATION 

0001. This is a divisional application of the co-pending 
application bearing Ser. No. 10/893024 filed on Jul. 15, 2004 
which is a divisional of application bearing Ser. No. 
10/224218 filed on Aug. 19, 2002 which has issued as U.S. 
Pat. No. 6,776,690. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates in general to sliders for use 
in magnetic Storage devices, and more particularly to Slider 
fabrication methods and slider designs that facilitate fabri 
cation and even more particularly to lapping requirements of 
Slider designs and methods for lapping Surfaces on a slider. 
0004 2.Description of Prior Art 
0005. A typical prior art head and disk system 10 is 
illustrated in FIG. 1. In operation the magnetic transducer 
20 is supported by the suspension 13 as it flies above the disk 
16. The magnetic transducer, usually called a "head” or 
“slider” is composed of elements that perform the task of 
writing magnetic transitions (the write head 23) and reading 
the magnetic transitions (the read head 12). The electrical 
signals to and from the read and write heads 12, 23 (col 
lectively "magnetic transducer elements”) travel along con 
ductive paths (leads) 14 which are attached to or embedded 
in the Suspension 13. Typically there are two electrical 
contact pads (not shown) each for the read and write heads 
12, 23. Wires or leads 14 are connected to these pads and 
routed in the Suspension 13 to the arm electronics (not 
shown). The disk 16 is attached to a spindle 18 that is driven 
by a spindle motor 24 to rotate the disk 16. The disk 16 
comprises a substrate 26 on which a plurality of thin films 
21 are deposited. The thin films 21 include ferromagnetic 
material in which the write head 23 records the magnetic 
transitions in which information is encoded. The read head 
12 reads magnetic transitions as the disk rotates under the 
air-bearing Surface (ABS) of the magnetic transducer 20. 
0006 FIG. 2 is a midline section of one type of prior art 
magnetic transducer 20 shown prior to lapping. The Sub 
strate 43 of the slider is typically a hard durable material. 
The components of the read head 12 shown are the first 
shield (S1), Surround the sensor 105 which is surrounded by 
insulation layers 107, 109 and the second shield (P1/S2). 
This type of magnetic transducer is called a "merged head' 
because the P1/S2 layer serves as a shield for the read head 
12 and a pole piece for the write head 23. The yoke also 
includes a second pole piece (P2) which connects with 
P1/S2 at the back. The P2 curves down over coil 37 to 
confront the P1 across the write gap layer to form the write 
gap at the air-bearing Surface (ABS). The Zero throat height 
(ZTH) is defined as the point where the P2 first touches the 
gap layer. The Sensor 105 includes a magnetoresistive mate 
rial Such as permalloy, but may be a mulitlayered Structure 
containing various layers of ferromagnetic and antiferro 
magnetic material. The Shields and pole pieces are ferro 
magnetic materials, e.g., NiFe or CoFe. Prior to lapping the 
materials and structures at the ABS extend beyond the ABS. 
As illustrated in FIG. 2 the material to the right of the ABS 
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plane is removed by lapping to achieve precise control of the 
length of the sensor 105 (which is called the “stripe height') 
and the distance from the ZTH to the ABS (which is called 
the “throat height'). The uncertainty of the saw plane causes 
variations in the Stripe height which are on the order of 
microns and which would lead to unacceptable variations in 
magnetic performance is not corrected. Lapping is the 
process used in the prior art to achieve much tighter Stripe 
height control in the nanometer range. 
0007. In the typical process of fabricating thin film mag 
netic transducers, a large number of transducers are formed 
Simultaneously on a wafer. After the basic structures are 
formed the wafer may be sawed into quadrants, rows or 
individual transducers. Further processing may occur at any 
or all of these Stages. Although Sawing has been the typical 
method for Separating the wafers into individual Sliders, 
recently reactive ion etching (RIE) or deep reactive ion 
etching (DRIE) with a flourine containing plasma has been 
used. The Surfaces of the sliders perpendicular to the Surface 
of the wafer that are exposed when the wafers are cut form 
the air bearing surface (ABS) of the slider. 
0008 After lapping, features typically called “rails” are 
formed on the ABS of magnetic transducer 20. The rails 
have traditionally been used to determine the aerodynamics 
of the Slider and Serve as the contact area should the 
transducer come in contact with the media either while 
rotating or when Stationary. 

0009 U.S. Pat. No. 5,321,882 to Zarouri, et al., discloses 
a proceSS for forming slider air-bearing Surfaces one at a 
time. The Sliders are Supported by a mechanical backing 
while being processed Sequentially from a column cut from 
the wafer. In U.S. Pat. No. 6,093,083 to Lackey, a row of 
Sliders is processed while being rigidly bound to a carrier. 
0010 Sliders may be lapped in rows, but it may be 
advantageous to have the individual sliders cut out prior to 
lapping. Even though the Sliders have been Separated, it is 
possible to lap Several at one time by attaching them to 
carrier. The time required to lap sliderS is a significant 
element in the cost of manufacturing, therefore, there is a 
need to improve production efficiency by reducing lapping 
time, and achieve an ABS Surface with a greater control of 
flatness parameters. 

SUMMARY OF THE INVENTION 

0011 A process will be described for fabricating sliders 
with one or more Sacrificial structures (extensions) that 
reduce the amount of time required for lapping to create the 
air-bearing Surface (ABS). In accordance with the present 
invention the amount of slider material to be removed by 
lapping is reduced, and additional lapping or polishing Steps 
are eliminated. 

0012 Prior to separating individual sliders from a wafer, 
a mask of material that is not removable by deep reactive ion 
etching (DRIE) is patterned on the surface of the sliders. The 
mask outlines a Sacrificial eXtension around portions of the 
magnetic transducer elements that are nearest the predeter 
mined plane which will become the ABS. The sacrificial 
extension makes the Surface of the slider which will be 
lapped non-planar. The Sacrificial eXtension extends below 
the predetermined ABS plane. When the sliders are indi 
vidually separated by DRIE, the shape of the mask including 
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the Sacrificial extension is projected down into and along the 
slider body. The sacrificial extension covers the thin film 
elements of the read and write heads. The Surface of the 
Slider contains a Smaller amount of material (with a high 
aspect ratio) to be removed by lapping relative to prior art 
designs which require removal of material on the entire 
planar Surface of the slider. The Sacrificial extension reduces 
the amount material to be removed by lapping while main 
taining the ability to precisely control the magnetoresistive 
Stripe and throat heights. In one embodiment, additional 
guide rails are disposed along the outer edges of the Slider 
ABS to facilitate maintaining slider Symmetry during the 
lapping proceSS and prevent the Slider from canting to one 
Side. The Sacrificial extension and the guide rails are par 
tially or completely removed during the lapping process. 
The shape of the Sacrificial extensions may be optimized for 
the various embodiments. 

0013 In another embodiment, the sacrificial extension is 
formed with a croSS-Sectional shape having a narrow neck 
which encourages breakage during the ABS lapping process, 
thus, further accelerating the process. In another embodi 
ment, a channel is disposed on the Side of the slider opposite 
the ABS to provide space for the sacrificial extension of the 
adjacent Slider and allow the Sliders to be spaced closer 
together on the wafer Surface for more efficient use of the 
wafer during head fabrication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 For a more complete understanding of the nature 
and advantages of the invention, as well as the preferred 
modes of use, reference should be made to the following 
detailed description read in conjunction with the accompa 
nying drawings. In the following drawings, like reference 
numerals designate like or Similar parts throughout the 
drawings. 
0.015 FIG. 1 is a simplified drawing illustrating a mag 
netic disk drive System of a type in which a slider in 
accordance with the present invention can be used. 
0016 FIG. 2 is a midline sectional view of a type of prior 
art magnetic transducer, prior to lapping, illustrating the 
effect and purpose of lapping the Slider. 
0017 FIG. 3 is a partial view of a wafer with a plurality 
of masks for Sliders according to a first embodiment of the 
invention. 

0.018 FIG. 4 shows an isometric view of a slider having 
a Sacrificial extension according to the first embodiment of 
the invention as shown in FIG.3 after the DRIE process has 
cut the slider from the wafer. 

0019 FIG. 5 is an enlarged view of the sacrificial exten 
Sion shown in the slider of FIG. 4. 

0020 FIG. 6 is an isometric view illustrating the trailing 
edge of a slider prior to lapping according to a Second 
embodiment of the invention 

0021 FIG. 7 is an enlarged view of the sacrificial exten 
Sion shown in FIG. 6. 

0022 FIG. 8 is a midline sectional view of a slider and 
mask according to the invention taken perpendicular to the 
trailing end of the slider (at the left) and the surface to be 
lapped (at the bottom). 
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0023 FIG. 9 is a partial view of a wafer with a plurality 
of masks for Sliders according to a third embodiment accord 
ing to the invention having a channel on the top Surface to 
allow more efficient use of the wafer. 

0024 FIG. 10 is an isometric view of a slider shown in 
FIG. 9 having a channel on the top surface to allow more 
efficient use of the wafer. 

0025 FIG. 11 illustrates the trailing edge of a slider prior 
to lapping according to an embodiment of the invention 
having the Sacrificial eXtension and magnetic transducer 
elements offset from the midline of the slider. 

0026 FIG. 12 illustrates the trailing edge of a slider prior 
to lapping according to an embodiment of the invention 
having the magnetic transducer elements and Sacrificial 
extension formed with a narrow neck offset from the midline 
of the slider. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0027 FIG. 3 is a partial view of a wafer 52 with a 
plurality of masks 53 for sliders according to a first embodi 
ment of the invention. The Substrate 43 is a material which 
is amenable to DRIE, for example, silicon. The masks 53 
outline the shape of the Sliders and the Sacrificial extension 
32 and optionally the guide rails. The mask 53 is made of a 
material that is resistant to DRIE, for example, photoresist or 
alumina. When the wafer 52 is subjected to DRIE with the 
ions being directed Substantially perpendicular to the Surface 
of the wafer, the individual sliders with the sacrificial 
extension are cut out in the shape of the mask. Although 
non-RIE-able material in the head structure (not shown) may 
also be used to define the shape of the Sacrificial eXtension, 
this has the disadvantage of potentially allowing Some of the 
head material to be sputtered off and redeposited in the kerf 
and thereby interfering with the clean Separation of the 
Sliders. The details of the cross-sectional shape of the 
Sacrificial extension 32 and optional guide rails 34 are 
determined by the shape of the mask 53. The shape and 
dimension of these features will vary according to various 
embodiments of the invention. The shape of the sacrificial 
extension need not include a planar Surface and, therefore, 
can include curved and irregular shapes. The mask 53 in 
combination with DRIE allows the removal or more material 
between the Sliders than is feasible using prior art Sawing 
techniques. By lessening the amount of material to be 
removed by lapping, the technique of the invention allows 
the lapping process to proceed more quickly than under the 
prior art. 
0028 FIG. 4 shows an isometric view of a slider having 
a Sacrificial extension 32 according to the first embodiment 
of the invention as shown in FIG.3 after the DRIE process 
has cut the slider from the wafer. The view of slider 20 in 
FIG. 4 is of the trailing edge of the slider surface, i.e., the 
Surface that is the last to pass over the moving magnetic 
media when in use. The guide rails 34 and the Sacrificial 
extension 32 extend the entire length of the slider, from the 
trailing edge to the leading edge. The head elements 31 are 
illustrated as a shaded area that extends into the Sacrificial 
extension 32. The Sacrificial extension 32 may also include 
the anchor base (not shown) which is used in the prior art to 
Support the fragile pole tips during wafer fabrication. The 
anchor base may, in fact be part of the mask Since it is 
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typically made from a material such as NiFe which is not 
readily etchable in a DRIE process. The internal structure of 
the head elements 31 are according to the prior art and the 
details of these Structures are independent of the invention. 
Thus, the invention can be used with any head structure 
which includes lapping as part of the fabrication process. 
The head elements 31 include an upper layer of material that 
is not subject to reactive ion etching (non-RIE-able), for 
example, CoFe or a NiFe alloy, and, therefore, can be used 
as part of the mask as well. The body of the slider 43 is a 
material that is removable by DRIE. Silicon is preferred as 
a material for the body of the slider, but other RIE-able 
materials can be used. The embodiment shown includes 
optional Symmetric guide rails 34 that are disposed on the 
outer edges of the slider bottom surface which will be 
lapped. The guide rails 34 aid in the lapping proceSS by 
keeping the lapped Surface from canting to one side. The 
Sliders must be held during lapping with the Sacrificial 
extension 32 confronting the lapping plate and may be 
moved in relation to the lapping plate or the lapping plate 
may be moved. The guide rails 34 would ideally both be the 
Same height and width, but need not be the same height or 
width as the Sacrificial extension 32. At Some point during 
the lapping process the Surfaces of guide rails 34 and 
Sacrificial extension 32 will become coplanar as protruding 
material is worn away. The guide rails 34 are distinct from 
the aerodynamic rails which are used to control the flying 
characteristics of the slider. The guide rails 34 may be 
completely removed during lapping as will be noted in more 
detail hereinafter. 

0029 FIG. 5 is a magnified view of the sacrificial exten 
sion 32 from FIG. 4. This figure illustrates the optional 
planes at which the lapping proceSS may be terminated. The 
AA-plane is the bottom of the Sacrificial eXtension 32 prior 
to lapping. In other embodiments the bottom of the Sacrifi 
cial extension 32 may be shorter than the guide rails 34. The 
BB-plane is one plane at which the lapping may be termi 
nated leaving a portion of the Sacrificial extension 32 and the 
guide rails (not shown) extending below the Surrounding 
Slider Surface which is shown as plane CC. The lapping may 
also be continued until the DD-plane is reached at which 
point the Sacrificial extension and the guide rails will have 
been completely removed, as well as, Some material from 
the slider Surface. The plane at which lapping is terminated 
is typically referred to as the ABS although additional 
material for overcoats, aerodynamic structures, etc. may be 
added after lapping which will result in the true, final ABS 
being slightly lower than the actual lapping plane. 

0030 FIG. 6 shows an isometric view of a slider having 
a Sacrificial extension 32T according to the Second embodi 
ment of the invention. In this embodiment the sacrificial 
extension 32T is structurally weak in the transverse direc 
tion. because it is formed with a narrow neck (like an 
inverted “T”) which facilitates breaking to allow a signifi 
cant amount of material to be removed as lapping begins and 
therefore tends to further reduce the lapping time. The 
planes shown in FIG. 7 for optional points to Stop lapping 
and thus define the ABS are the same as illustrated in FIG. 
6 and FIG. 4. 

0.031 FIG. 8 is a midline cross-sectional view of a slider 
and mask according to the invention taken perpendicular to 
the trailing end 800 of the slider 20 and the surface to be 
lapped, plane 802. In this view, the details of the rails are not 

Feb. 10, 2005 

shown. FIG. 8 shows that the sacrificial extension 32 
extends the entire length of slider 20. The mask 53 covers 
the entire Surface of the slider which is overcoat 61 which 
has been deposited over the head elements according to the 
prior art. Plane 802 is indicated for reference as the bottom 
of the Sacrificial extension 32 or an as-lapped ABS Surface. 
The guide rails (not shown) also extend the full length of the 
Slider parallel to the Sacrificial extension 32. 

0032 FIG. 9 is a partial view of a wafer 52 with a 
plurality of masks 53C for sliders according to a third 
embodiment of the invention having a channel 55 in the top 
surface (the surface parallel to the ABS). FIG. 10 is an 
isometric view of a slider 20 according to the third embodi 
ment of the invention. A channel 55 is sized to allow the 
sacrificial extension 32T or 32 (not shown) to extend into 
what would otherwise be an adjacent slider. This allows the 
Sliders to be position more densely and, therefore, more 
efficiently on the wafer. For this efficiency to be achieved the 
guide rails 34 must not extend as far as the Sacrificial 
extension 32T or 32. However, multiple channels 55 may 
exist in adjacent Sliders to accommodate other Sacrificial 
extensions Such as guide rails 34. 
0033. The sacrificial extensions are not necessarily 
placed along the central plane of the Slider. The option exists 
for placing the magnetic transducer elements off-axis with 
the sacrificial extension below the sensor. FIG. 11 illustrates 
the trailing edge of a slider prior to lapping according to an 
embodiment of the invention having the Sacrificial extension 
and magnetic transducer elements offset from the midline of 
the slider. Other Sacrificial eXtensions Such as guide rails 34 
may be formed at other locations on the ABS side of the 
Slider to improve lapping uniformity and/or flatness. AS 
shown in FIG. 11, for example, the sacrificial extension 32 
and guide rails 34 are Symmetric about the central plane of 
the slider. Ideally, this will prevent the skew of the slider. In 
alternative embodiment illustrated in FIG. 12 the offset 
sacrificial extension 32T may be formed with a narrow neck 
which facilitates breaking as described above. AS an 
example, an inverted “T” structure can be placed off the 
central axis of the slider with or without other sacrificial 
extensions to improve the rate of the lapping of the Slider. 
0034. One issue for any lapping process is determining 
when enough material has been removed to achieve the 
correct Stripe height of the Sensor and also the throat height 
of the inductive write head. Electronic lapping guides 
(ELG's) have been used in the prior art for this purpose. An 
ELG can be used with the sacrificial extension structure by 
including it in the guide rails, the Sacrificial eXtension itself 
or any other portion of the slider which will remain after 
lapping. In an alternative embodiment of the invention, the 
Sensor Structure could be used to determine the Stripe height 
of the Sensor and the throat height. Using the Sensor has the 
advantage of allowing a simpler head structure, but adds the 
complexity of having to electrically connect the Sensor 
Structure during lapping without causing any electrical or 
mechanical damage to the Sensor. Using the Sensor as a 
lapping end-point detector is not exclusive to sliders with 
Sacrificial extensions described herein, but can be used an 
alternative head design and lapping method to achieve a 
reproducible ABS plane for the slider. 

0035 Except where express materials, thickness values, 
etc., have been given above, the layers, Structures and 
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materials in a slider embodying the invention are according 
to the prior art and are fabricated according to the prior art. 
0.036 The compositions given herein have been 
described without regard to Small amounts of impurities that 
are inevitably present in practical embodiments as is well 
known to those skilled in the art. 

0037 Although the embodiments of the invention have 
been described in a particular embodiment, the invention as 
described herein is not limited to this application and various 
changes and modifications will be apparent to those skilled 
in the art which will be within the scope of the invention. 
What is claimed is: 

1. A data Storage device including: 
magnetic media; 
a slider including a magnetic transducer and having a 

remaining portion of a Sacrificial extension protruding 
on an air-bearing Surface, the remaining portion of the 
Sacrificial extension being narrower than the air-bear 
ing Surface and aligned with the magnetic transducer, 
and 
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means for moving the magnetic media in relation to the 
magnetic transducer to write and read magnetic tran 
Sitions on the magnetic media. 

2. The data storage device of claim 1 wherein the slider 
has a channel on a Surface parallel to the remaining portion 
of the Sacrificial extension 

3. The data storage device of claim 1 wherein the slider 
shape includes a guide rail on the air-bearing Surface. 

4. The data Storage device of claim 1 wherein the Sacri 
ficial eXtension is offset from the mid-line of the air-bearing 
Surface. 

5. The data storage device of claim 1 wherein the slider 
includes a channel on a Surface parallel to an air-bearing 
Surface, the channel being aligned with the Sacrificial exten 
Sion to allow a Sacrificial extension of an adjacent Slider on 
a wafer during manufacturing to protrude into the channel. 

6. The data storage device of claim 1 wherein the slider 
includes a guide rail on the air-bearing Surface. 

7. The data storage device of claim 1 wherein the sacri 
ficial extension is offset from a mid-line of the air-bearing 
Surface. 


