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METHOD TO ELMINATE DEFECTS ON THE 
PERIPHERY OF A SLIDER DUE TO 

CONVENTIONAL MACHINING PROCESSES 

BACKGROUND INFORMATION 

0001. The present invention relates to sliders of magnetic 
hard disk drives. More specifically, the present invention 
relates to the manufacture of sliders for hard disk drives. 

0002 Hard disk drives are common information storage 
devices essentially consisting of a Series of rotatable disks 
that are accessed by magnetic reading and writing elements. 
These data transferring elements, commonly known as 
transducers, are typically carried by and embedded in a 
slider body that is held in a close relative position over 
discrete data tracks formed on a disk to permit a read or write 
operation to be carried out. In order to properly position the 
transducer with respect to the disk Surface, an air bearing 
surface (ABS) formed on the slider body experiences a fluid 
air flow that provides sufficient lift force to “fly” the slider 
and transducer above the disk data tracks. The high Speed 
rotation of a magnetic disk generates a Stream of air flow or 
wind along its Surface in a direction Substantially parallel to 
the tangential Velocity of the disk. The air flow cooperates 
with the ABS of the slider body which enables the slider to 
fly above the Spinning disk. In effect, the Suspended slider is 
physically Separated from the disk Surface through this 
Self-actuating air bearing. 

0003. Some of the major objectives in ABS designs are to 
fly the Slider and its accompanying transducer as close as 
possible to the Surface of the rotating disk, and to uniformly 
maintain that constant close distance regardless of variable 
flying conditions. The height or Separation gap between the 
air bearing Slider and the Spinning magnetic disk is com 
monly defined as the flying height. In general, the mounted 
transducer or read/write element flies only approximately a 
few nanometers above the Surface of the rotating disk. The 
flying height of the slider is viewed as one of the most 
critical parameters affecting the magnetic disk reading and 
recording capabilities of a mounted read/write element. A 
relatively Small flying height allows the transducer to 
achieve greater resolution between different data bit loca 
tions on the disk Surface, thus improving data density and 
Storage capacity. With the increasing popularity of light 
weight and compact notebook type computers that utilize 
relatively small yet powerful disk drives, the need for a 
progressively lower flying height has continually grown. 

0004 As shown in FIG. 1 an ABS 102 design known for 
a common catamaran slider 104 may be formed with a pair 
of parallel rails 106 and 108 that extend along the outer 
edges of the slider surface facing the disk. Other ABS 102 
configurations including three or more additional rails, with 
various Surface areas and geometries, have also been devel 
oped. The two rails 106 and 108 typically run along at least 
a portion of the slider body length from the leading edge 110 
to the trailing edge 112. The leading edge 110 is defined as 
the edge of the Slider that the rotating disk passes before 
running the length of the slider 104 towards a trailing edge 
112. The leading edge 110 may be tapered despite the large 
undesirable tolerance typically associated with this machin 
ing process. The transducer or magnetic element 114 is 
typically mounted at Some location along the trailing edge 
112 of the slider as shown in FIG. 1. The rails 106 and 108 
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form an air bearing Surface on which the Slider flies, and 
provide the necessary lift upon contact with the air flow 
created by the Spinning disk. AS the disk rotates, the gen 
erated wind or air flow runs along underneath, and in 
between, the catamaran slider rails 106 and 108. As the air 
flow passes beneath the rails 106 and 108, the air pressure 
between the rails and the disk increases thereby providing 
positive pressurization and lift. Catamaran sliders generally 
create a Sufficient amount of lift, or positive load force, to 
cause the Slider to fly at appropriate heights above the 
rotating disk. In the absence of the rails 106 and 108, the 
large surface area of the slider body 104 would produce an 
excessively large air bearing Surface area. In general, as the 
air bearing Surface area increases, the amount of lift created 
is also increased. Without rails, the slider would therefore fly 
too far from the rotating disk thereby foregoing all of the 
described benefits of having a low flying height. 
0005 The current slider manufacturing technique 
involves diamond related machining processes Such as Slic 
ing, grinding, lapping, and dicing. The dicing process in 
particular is very critical, often performed by using a circular 
diamond Saw blade rotating at high Speeds with a constant 
feed of coolant water to reduce the temperature of the 
working material. 
0006 During this dicing process, the edges 116 along the 
diced Surface are Subjected to mechanical deformation form 
ing ridges along the Slider's edge. The amount of deforma 
tion is typically in the range of 10 to 15 nm in height 
depending upon machining parameterS Such as feed rate, 
blade quality, and others. This slider edge ridge could also 
lead to catastrophic failures at the head disk interface if they 
become higher than the ABS of the slider. This problem rises 
exponentially with decreasing form factor of the drive head, 
Such as from PICO to FEMTO sliders. 

0007 Another major problem of the conventional dia 
mond-Sawing process is the generation of micro-cracking or 
fracturing along the edges of the Slider as a result of heat 
generated during machining. When built into the drives, 
these could behave as nucleus points for fracturing during 
thermal or mechanical shock loading of the slider. With the 
Slider capacity ever increasing and the fly height of the Slider 
continuously decreasing, this becomes an undesirable 
defect. 

0008 Substrate particle generation is also a key problem 
that potentially arises due to the micro-cracking and frac 
turing of the Slider edges of the Substrate. These particles 
could arise from the leading edge and the diced edges of the 
ABS as a result of dicing. 
0009. One approach to minimize these problems could be 
by optimizing the cutting parameters on the dicing machine, 
Such as feed rate, coolant flow, and Spindle rotation Speed. 
With this method, the amount of buildup and micro-cracks 
could be reduced to a certain extent but can never be 
eliminated Since there will always be Some amount of 
deformation and fracture as a result of the cutting mecha 
S. 

0010. In an alternate method, a laser is used to apply heat 
to the dicing edge 116 of the Slider and thus altering the 
StreSS levels as a result of which the Slider edge ridge is 
shifted below the ABS of the slider. Since this process also 
alterS Slider curvature, both crown and croSS crown, the 
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proceSS can compensate for the Slider ridge only if the 
curvature required by the slider is higher than that of the 
ridge. With the advancement in the ABS designs, the fly 
height could become virtually insensitive to the Slider cur 
Vature or require Sliders without any curvature. Also this 
technique does not address particle generation due to the 
leading edge, which could become a Source for particle pull 
out. Another technique changes the slider 104 curvature by 
heating the backside of the Slider with a laser to change the 
Slider curvature and in turn altering the Slider edge ridges 
below the ABS Surface. 

0.011) Most of the previously mentioned techniques use 
conventional continuous or pulsed lasers to ablate the Slider 
material. One of the major problems associated with these 
laserS is the amount of localized heat that is generated. This 
heat could lead to re-positioning of the material and further 
initiate micro-cracking and fracturing of the edges that could 
propagate into calamitous failures in the drive level. 
0012 AS Stated above, the dicing process is a critical Step 
in the Slider fabrication Since it is the last machining Step in 
the line before the head gimbal assembly (HGA) manufac 
turing process begins. AS shown in FIG. 2, the dicing Step 
leaves mechanical Stresses and deformations 202 along the 
edges 116 of the air bearing surfaces (ABS) 102. These 
deformations 202 could be a result of build up of compres 
sive stresses at the ABS 102 due to previous processes such 
as lapping. With the disk Storage density continuously 
increasing, the demand for the slider to fly closer to the disk 
Surface also increases. If the deformations 202 at the slider 
edge 116 happen to be higher than the ABS, this could lead 
to catastrophic failures in the disk drives. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a perspective view of a slider device with 
a read/write head that is known in the art. 

0.014 FIG. 2 is a perspective view of a slider deformed 
by the dicing process that is known in the art. 

0015 FIG. 3 illustrates in a flowchart one method for 
machining Sliders according to an embodiment of the 
present invention. 

0016 FIG. 4 is a perspective view of a holder and slider 
according to an embodiment of the present invention. 

0017 FIGS. 5a-b are a perspective view of a slider and 
water-jet guided laser according to an embodiment of the 
present invention. 

0.018 FIG. 6 is a side view of a slider having its edges 
rounded according to an embodiment of the present inven 
tion. 

0019 FIGS. 7a-b are a perspective view and top view of 
a slider with the corners of the leading edges rounded 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

0020. A method of slider machining is disclosed. In one 
embodiment, a Slider is diced out of a row bar and a jet of 
clean air may dry the slider. A laser, guided by a jet of water, 
micro-grinds the periphery of the Slider. The edges of the 
Slider and the corners of the leading edge may be rounded to 
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a pre-determined radius. The Slider is cleaned with de 
ionized water, then dried in a hot oven. 

0021 FIG. 3 illustrates in a flowchart one method for 
machining Sliders according to an embodiment of the 
present invention. The process starts (Block 305) by placing 
a row bar into a holder or part off tool 402 (Block 310), as 
shown in FIG. 4. The row bar may be made of an AITiC 
compound. A conventional diamond saw may be used to 
dice the row bars into sliders 104 (Block 315). This method 
typically produces ridges in the order of 20 to 40 microns 
from the ABS pad towards the Slider edge and approxi 
mately 12 microns in height, as previously shown in FIG. 2. 
After dicing, the Slider may be dried using a jet of clean air 
(Block 320). 
0022. The parted sliders 104 may remain on the holder 
402 as a laser 502 is used to micro-grind the entire periphery 
504 of the ABS 102 of the slider 104 (Block 325), as shown 
in FIG. 5a. The laser 502 is guided by ajet of water 506 
(Block 330), as is shown in FIG. 5b. The jet of water 506 
may be focused through a very Small nozzle onto the Slider 
104. The laser 502 may be a pulsed laser. The beam travels 
through the jet of water 506 and hits the slider 104. By using 
a pulsed laser 502 through the jet of water 506, the cooling 
effect may dominate the laser heating effect. The jet of water 
506 is mainly used as an optical guide for the laser beam 
502. Since the water jet cools as the laser beam ablates the 
material the Slider is not damaged by heat induction. The 
curvature of the slider does not change and the edges 504 are 
burr, crack, and fracture free. A SYNOVACE) Micro-jet (R) 
laser may be used as the water-jet guided laser 502. 
0023 Alternatively, the water-jet guided laser 502 may 
be used to dice the row bar, allowing a narrower dicing kerf 
404 of approximately 30 microns. The dicing kerf 404 is the 
distance between the diced surfaces 406. Reducing the 
dicing kerf 404 allows more sliders to be packed onto a row 
bar, decreasing the cost of materials. 
0024. The amount of micro-grinding on the slider 
depends entirely on the dicing of the row blockS and the 
form factor of the slider. The slider edge ridges 506 may be 
removed completely and a Small-radius curvature 602 along 
the diced and leading edges 504 (Block 335), as shown in 
FIG. 6. Rounding the edges may reduce the particle fall out 
possibility from the slider during drive operation. The nozzle 
of the water jet may be opened to 40 microns for this part of 
the process. 
0025 The corners 702 formed at the leading edge may 
damage the disk during the event of Shock loading on the 
drive. The water-jet guided laser 502 may grind the corners 
of the leading edge 702 to a desirable radius (Block 340), as 
shown in a perspective view in FIG. 7a and in a top view 
in FIG. 7b. The grinding could be incorporated into the 
dicing process, reducing Steps in the manufacturing line. 

0026. The sliders 104 may then be cleaned using regular 
de-ionized water (Block 345). The sliders may then be dried 
in a hot oven (Block 350). The sliders 104 may then be 
de-mounted from the part off tool 402 and placed into trays 
for regular production processes (Block 355), completing 
the process (Block 360). 
0027) Although several embodiments are specifically 
illustrated and described herein, it will be appreciated that 
modifications and variations of the present invention are 
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covered by the above teachings and within the purview of 
the appended claims without departing from the Spirit and 
intended Scope of the invention. 

1. A method, comprising: 
dicing a slider from a row bar; 
micro-grinding a periphery of the Slider with a laser, and 
guiding the laser with a jet of water. 
2. The method of claim 1, wherein the laser is a pulsed 

beam. 
3. The method of claim 1, wherein the laser travels 

through the jet of water as the laser and the water hit the 
slider. 

4. The method of claim 1, further comprising drying the 
Slider with a clean jet of compressed air between dicing and 
micro-grinding. 

5. The method of claim 1, further comprising removing 
edge ridges of the slider with the laser and the jet of water. 

6. The method of claim 5, further comprising rounding a 
Small-radius curvature along diced and leading edges of the 
slider. 

7. The method of claim 1, further comprising cleaning the 
slider with de-ionized water. 

8. The method of claim 1, further comprising drying the 
Slider in a hot oven. 

9. The method of claim 1, further comprising rounding 
corners at a leading edge of the slider. 

10. A Slider manufacturing System, comprising: 
a diamond saw to dice a slider out of a row bar, 
a laser to micro-grind a periphery of the Slider; and 
a water jet to guide the laser. 
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11. The slider manufacturing system of claim 10, wherein 
the laser is a pulsed beam. 

12. The slider manufacturing system of claim 10, wherein 
the laser travels through the jet of water as the laser and the 
water hit the slider. 

13. The slider manufacturing system of claim 10, further 
comprising a compressed air jet to dry the Slider between 
dicing and micro-grinding. 

14. The slider manufacturing system of claim 10, wherein 
the laser and the jet of water are to remove edge ridges of the 
slider. 

15. The slider manufacturing system of claim 14, wherein 
the laser and the jet of water are to round a Small-radius 
curvature along diced and leading edges of the Slider. 

16. The slider manufacturing system of claim 10, further 
comprising a de-ionized water jet to clean the slider by 
Spraying. 

17. The slider manufacturing system of claim 10, further 
comprising a de-ionized water tank to clean the Slider by 
dipping. 

18. The slider manufacturing system of claim 10, further 
comprising a hot oven to dry the Slider. 

19. The slider manufacturing system of claim 10, wherein 
the laser and the jet of water are to round corners at a leading 
edge of the Slider. 

20. The slider manufacturing system of claim 10, further 
comprising a holder to Support the slider. 


