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RECESSED SLIDER TRAILING ~DGE FOR REDUCING STICTI031' 

BACKGROUND OF TES INVE~~TION 

1. Field of the Invention 

The present invention relates to a magnetic head-slider 

assembly used in a magnetic disk appara~us for recording and 

reading back information on a magnetic disk. The head-slider 

assembly has improved stiction properties. 

2. Description of the Background Art 

A conventional structure for a magnetic slider is shown in 

Fig. la. The slider (100) has a leading surface (101), ~ 

trailing surface (102), and an air bearing surface which resides 

next to the disk and has a magnetic read/write element {103). As 

used herein, the air bearing surface of a slider shall mean the 

entire surface of the slider which faces the disk during 

operation of the disk drive. The air bearing surface usually has 

a upper portion (104) very close to the disk and a lower portion 

(106). A cross-sectional view of the t=ailing edge of the slider 

is shown in Figs. lb and le. In some s:iders, the trailing 

surface is normal to the air bea~~ng su=face as sh~wn in Fig lb. 

In some cases, a single step (105_. is fcrmed in the air bearing 

surface as shown in Fig. le in o=ier to better control the 
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airflow of the air bearing or as an ar~ifact of the manufacturing 

process. 

The trailing edge of the s:ider is susceptible to 

accumulation of lubricant and hydrocarbon materials during the 

operation of the disk drive. The accumulated material can then 

interfere with the normal flying of the slider, generally 

increasing the spacing between the sensor and the disk. This 

increased spacing can result in a high error rate when data is 

retrieved from the disk. The spacing can also be reduced leading 

to accelerated wear. The accumulated material can also migrate 

back into the area of the air bearing surface when the slider 

comes to rest on the disk and thus increase the stiction forces 

at the air bearing surface during subsequent startup operation. 

Stiction re~ults from the accumulation of lubricant or 

hydrocarbon contaminants on the trailing edges of sliders that 

are flown over disks for prolonged periods of time. When the 

disk drive is turned off and the head comes to rest on the disk, 

the liquid materials can flow beneath the slider causing the 

slider to stick to the disk. This stiction force, if severe, can 

prevent the disk from starting again. As an example, if a liquid 

covers 2000 µm2 of area on the air bearing surface, the effective 

stic.tion force can be 40 gm. The force is reported here as grams 

equivalent. The force in units of dynes can be obtained by 

multiplying by the acceleration of gravity. This propensity of 

liquids to accumulate on the trailing edge of the slider 
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generally is ~ore p~onounced as the spacing between the f lyi~; 

slider and t~e disk is reduced. Future disk drives will have 

reduced spacing bet:·:een the slider and the disk in order to 

increase areal dens~ty. For future designs requiring very high 

densities, the slider will be in frequent contact with the disk. 

Accordingly, the propensity of the slider to accumulate material 

at the trailing edge will increase for future applications. 

Thus, the stiction is a problem now and will be more pronounced 

in the future. 

It is the object of the present invention to provide a novel 

slider structure which greatly mitigates these problems with 

stiction. Other objects and advantages will be apparent from the 

following description. 

SUMMARY OF THE INVENTION 

A general object of the present invention is to provide a 

slider which greatly reduces the stiction forces associated with 

the material buildup on the trailing edge of the slider. 

According to the present invention, multiple steps are 

formed at the intersection of the trailing edge and the air 

bearing surface of the slider. These multiple steps result in 

unexpectedly large reductions of stiction forces and also 

reductions in the accumulation of extraneous material on the 

slider. In one embcdiment of the invention, two or more steps 

are formed at the trailing edge of either a side element or a 
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center element slider. The trai~ing ed~e is defined as the 

intersection of the air bearing surface and the trailing surface. 

In another embodiment of the invention, the steps are formed in 

the trailing edge of a side element or a center element slider 

where the steps are formed across the entire trailing edge of the 

slider. In an alternative embodiment, the steps extend across 

the trailing edge of the slider except in the near proximity of 

the read/write element. In another embodiment, a disk drive 

apparatus is described where the disk drive comprises a disk, 

suspension, and slider wherein the slider has a plurality of 

recessed steps in the air bearing surface at the trailing edge. 

BR'IEF DESCRIPTION OF THE DRAWJ:NGS 

Fig. la is a perspective view of a present conven~ional 

slider. 

Fig. lb is a cross-sectional view of a conventional slider 

with no recessed step. 

Fig. le is a cross-sectional view of a conventional slider 

with one recessed step. 

Fig. 2 is a perspective view of the present invention as 

instantiated on a side element slider. 

Fig. 3 is a view of the present invention as-instantiated on 

a center element slider. 

Fig. 4 is a cross-sectional view of the trailing edge of a 

slider showing the present invention. 
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Fig. 5 is an air bearing surface view of the present 

invention where the recessed stens do not extend across all of 

the trailing edge of the slider. 

Figs. 6a and 6b are views of a disk drive apparatus 

incorporating the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 2, there is shown an embodiment of the 

present invention as implemented on a.slider with side rails. 

The slider has two side rails {201), one of which may be shorter 

than the other. The two side rails form part of the air bearing 

surface. The read/write element (202) is located near the 

trailing: edge (203) of one of the side rails. The key feature of 

the pres,ent invention is the combination of an upper step (205), 

recessed relative to the air bearing surface and at least one 

lower recessed step (204). The upper and lower steps are 

recessed to different depths relative to the air bearing surface. 

The location of the recessed steps are at the intersection of the 

air bearing surface(s) and the trailing edge of the slider. 

Another embodiment of the present invention where the 

read/write element is located in the center of the slider is 

shown in Fig. 3. In Fig. 3, the air bearing surface comprises a 

centrally located pad (301) near the trailing edge. The 

read/write element (302) is located near the center of the 

slider. The multiple steps (303) are located at the intersection 
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of the air bearing s~rface (3:1) and the ~railicg surface (304). 

The present inventic~ applies to bo~h side element and ce~ter 

elem~nt designs. In all cases, it is impo~tant that the ~ultiple 

steps be formed at tne intersection of the trailing surface of 

the slider and the portion of the air bearing surface in 

proximity to the disk. This portion of the air bearing surface 

is called the upper surface. The lower portion of the air 

bearing surf ace is farther from the disk and may also have the 

multiple steps formed at the intersection with the trailing 

surface. 

A cross-sectional view along line A-A of the slider of Fig. 

3 is shown in Fig. 4. The read/write element (401) is suitably 

located in the air bearing s~rface (402) near the trailing edge 

or surface of the slider (403). A lower step (404) and upper 

step (405) are shown formed at the intersection of the trailing 

surface (403) and the air bearing surface (402). 

In some cases where the slider is designed to be in very 

close spacing to the disk, it is desirable to avoid recessed 

steps in the immediate vicinity of the read/write elements. 

Accordingly, a second embodiment of the present invention is 

shown in Fig. 5. A portion of the air bearing surface is shown 

in Fig. 5 where the multiple recessed steps are not formed in the 

inunediate proximity to the read/write element (504). 

Figs. 6a and 6b show the present invention as used in a 

magnetic recording disk drive. The magnetic recording disk (602) 
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is rotated by d~ive rr.:::.-:.or (604~ h1ith hub (606)1 which is attached 

to the dr~ve mo~or. :~e disk co~prises a substrate, a magnetic 

layer, an optio::.al ove:.rcoat layer such as carbon, and typically a 

lubricant layer such as a perfluoropolyether. The substrate is 

typically either aluminum, glass, or plastic. Some disk drives 

are designed such that the slider(610) comes to rest on the disk 

when the disk drive is stopped. In other disk drives, the slider 

is lifted off of the disk surface when the disk drive is turned 

off. The latter is preferable when the surfaces of the slider 

and the disk are designed to have very low roughness. This is 

advantageous for designs requiring frequent or continuous contact 

between the slider and the disk during normal operation. 

A read/write transducer (608} is forined on the trailing end 

of a slider (610). The slider has a traiLing vertical surface 
' 

(609), as shown in Fig. 6a. The read/write transducer usually 

comprises an inductive write element and a magnetoresistive read 

element. The slider (610) is connected to the actuator (612) by 

means of a rigid arm (614) and a suspension (616). The 

suspension (616) provides a force which pushes the slider (610) 

toward the surface of the recording disk (602). 

A test was designed to evaluate the propensity of slider 

disk combinations to exhibit stiction forces. This test involved 

injecting a contaminating hydrocarbon in a chamber containing a 

slider and disk combir.ation. Subsequently, the area covered by 
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measure~ent is shown in Table 1. 

Table l. Measurements of areas of liquid on sliders 

Test# Nmnber of steps Liquid area (square um) 
l 0 3,400 
2 0 3,050 
3 1 861 
4 I 716 
5 2 none 

The data in Table 1 shows a very large reduction of the area of 

liquid on the air bearing surface of sliders which have two 

recessed steps on the trailing edge compared with the sliders 

with less than two. 

In order to verify that the reduction of the liquid surface 

area also resulted in lower stiction, a separate measurement was 

made on some slider and disk combinations which were subjected to 

the same environment of introduced hydrocarbon contaminants. The 

stiction forces were subsequently measured. The results are 

shown in Table 2. 

Table 2. Measurements of stiction forces from one and two 
step sliders 

Number of steps Stiction after one hour (grams) 
l 15 

I 2 0.7 
2 1.5 
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2 1.6 

Thus, the multiple steps on the trailing edge of the sliders 

surprisingly result in approximately one order of magnitude 

reduction in the stiction forces . 

Several well known techniques are available for fabricating 

the steps. Typically, reactive ion etch techniques or focused 

ion beams can b~ used to generate successive, recessed steps. 

These techniques can be applied to the air bearing surface or 

from the trailing surface. Alternatively, if two separate 

materials are used to make the slider, a mechanical polishing 

process can be used to generate at least one of the steps. An 

example of a mechanical process is lapping using a particle 

slurry. Commonly the bulk of the slider is made from a 

relati~ely hard ceramic material and a more thin softer layer of 

material such as alumina will be formed over the read/write 

element as a protective layer. This latter structure is more 

appropriate for a mechanical polishing process to generate at 

least one of the steps. Another machining process which can be 

used to generate precise steps is ultrasonic machining. 

The dimensions of the steps used in demonstrating the 

present invention are illustrated in Fig 4. The upper step was 

less· than 0. 5 um deep (a) and about 18 um long (b) . The lower 

step was about 2 um deep (c) and about 2 um long (d). Multiple 

steps inhibit the formation and migration of accumulated liquids. 
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For the experimental sliders 1 both of the steps were fabricated 

with reactive ion etch procedures. Although this invention has 

been described with respect to specific embodiments, the details 

thereof are not to be construed as limitations for it will be 

apparent that various embodiments 1 changes, and modifications may 

be resorted to without departing from the spirit and scope 

thereof; and it is understood that such equivalent embodiments 

are intended to be included within the scope of this invention. 
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CLAD!S 
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1. A slider for use in a iisk c:ive apparatus, comprising: 

a support structure having a leading surface, a trailing 

surface, an air bearing surface, and a read/write element; and 

the structure having a plurality of steps formed at the 

intersection of the trailing surface and the air bearing surf ace 

and recessed from the air bearing surface. 

2. A slider of claim 1, wherein the plurality of steps 

extend across the entire intersection of said trailing surface 

and said air bearing surface. 

3. A slider of claim 1, wherein the plurality of steps 

extend across the intersection of the upper portion of the air 

bearing surface and the trailing surface. 

4. A slider of claim 1, wterein the plurality of steps 

extend across the intersection cf the trailing surface and the 

air bearing surface except in tte proximity of the read/write 

element. 

5. A slider of claim 1, ~~erein ~he plurality of steps 

extend across the intersection cf the ~pper portion of the air 
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bearing surface and the trailing surface except in the proximity 

of the read/write element. 

6. A disk drive apparatus, comprising: 
I lllf 111 111111 11111111111 1111 

* C L M $ * 

a magnetic recording disk; 

a motor connected to the disk;. 

a slider with an air bearing surface, a read/write 
.. 

element, a trailing surface, the slider having a plurality of 

steps recessed from the air bearing surface formed at the 

intersection of the trailing edge and the air bearing surface; 

and 

• a suspension connected to the slider which positions said 

slider for magnetic recording on the disk. 

7. A disk drive apparatus as claimed in claim 4, wherein 

the plurality of the recessed steps extend across the entire 

intersection of the trailing surface and the air bearing surface. 

8. A disk drive apparatus as claimed i~ claim 4, wherein 

the plurality of steps extend across the intersection of the 

upper portion of the air bearing surf ace and the trailing 

surface. 

9. A disk drive apparatus as claimed in claim 4, wherein 

the plurality of the recessed steps extend across the 
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intersection of the trailing surface and the air bearing surface 

except in the proximity of the read/write element. 

10. A disk drive apparatus as claimed in claim 4, wherein 
.. 

the plurality of steps extend across the intersection of the 

" 
upper portion of the air bearing surface and the trailing surf ace 

except in the proximity of the read/write element. 

J lllf Ill 111111 lillf lll11111111 
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