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(57) ABSTRACT 

Abstract of the Disclosure 

A chemical -mechanical nano grinding process achieves near 
Zero pole tip recession (PTR) to minimize magnetic space 
loss of the head transducer to media spacing loss, alumina 
recession trailing edge pro?le variation, and smooth surface 
?nish With minimal smearing across multi-layers of thin 
?lms and the hard substrate to meet the requirements of high 
areal density head. With a ?ne chemical mechanical nano 
grinding process, PTR can be improved to a mean of about 
less than 1.0 nm. 
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METHODOLOGY OF CHEMICAL MECHANICAL 
NANOGRINDING FOR ULTRA PRECISION 

FINISHING OF WORKPIECES 

Detailed Description of the Invention 

BACKGROUND OF THE INVENTION 

[0001] Technical Field 

[0002] The present invention relates in general to an 
improved ultra?ne ?nish for Workpieces having various 
elements with different hardnesses and, in particular, to an 
improved system, method, and apparatus for nanogrinding 
and chemical mechanical nanogrinding of Workpieces With 
both chemical and mechanical processes. 

[0003] Description of the Related Art 

[0004] Data access and storage systems generally com 
prise one or more storage devices that store data on magnetic 
or optical storage media. For example, a magnetic storage 
device is knoWn as a direct access storage device (DASD) or 
a hard disk drive (HDD) and includes one or more disks and 
a disk controller to manage local operations concerning the 
disks. The hard disks themselves are usually made of 
aluminum alloy or a mixture of glass and ceramic, and are 
covered With a magnetic coating. Typically, one to ?ve disks 
are stacked vertically on a common spindle that is turned by 
a disk drive motor at several thousand revolutions per 
minute Hard disk drives have several different typical 
standard siZes or formats, including server, desktop, mobile 
(2.5 and 1.8 inches) and microdrive. 

[0005] A typical HDD uses an actuator assembly to move 
magnetic read/Write heads to the desired location on the 
rotating disk so as to Write information to or read data from 
that location. The magnetic read/Write devices are mounted 
on a slider. A slider generally serves to mechanically support 
the head and any electrical connections betWeen the head 
and the rest of the disk drive system. The slider is aerody 
namically shaped to glide over moving air in order to 
maintain a uniform distance from the surface of the rotating 
disk, thereby preventing the head from undesirably contact 
ing the disk. 

[0006] A slider is typically formed With an aerodynamic 
pattern of protrusions on its air bearing surface (ABS) that 
enables the slider to ?y at a constant height close to the disk 
during operation of the disk drive. A slider is associated With 
each side of each disk and ?ies just over the disk’s surface. 
Each slider is mounted on a suspension to form a head 
gimbal assembly (HGA). The HGA is then attached to a 
semi-rigid actuator arm that supports the entire head ?ying 
unit. Several semi-rigid arms may be combined to form a 
single movable unit having either a linear bearing or a rotary 
pivotal bearing system. 

[0007] The head and arm assembly is linearly or pivotally 
moved utiliZing a magnet/ coil structure that is often called a 
voice coil motor (V CM). The stator of a VCM is mounted 
to a base plate or casting on Which the spindle is also 
mounted. The base casting With its spindle, actuator VCM, 
and internal ?ltration system is then enclosed With a cover 
and seal assembly to ensure that no contaminants can enter 
and adversely affect the reliability of the slider ?ying over 
the disk. When current is fed to the motor, the VCM 
develops force or torque that is substantially proportional to 
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the applied current. The arm acceleration is therefore sub 
stantially proportional to the magnitude of the current. As 
the read/Write head approaches a desired track, a reverse 
polarity signal is applied to the actuator, causing the signal 
to act as a brake, and ideally causing the read/Write head to 
stop and settle directly over the desired track. 

[0008] The motor used to rotate the disk is typically a 
brushless DC motor. The disk is mounted and clamped to a 
hub of the motor. The hub provides a disk mounting surface 
and a means to attach an additional part or parts to clamp the 
disk to the hub. In most typical motor con?gurations of 
HDDs, the rotating part of the motor (the rotor) is attached 
to or is an integral part of the hub. The rotor includes a 
ring-shaped magnet With alternating north/south poles 
arranged radially and a ferrous metal backing. The magnet 
interacts With the motor’s stator by means of magnetic 
forces. Magnetic ?elds and resulting magnetic forces are 
induced via the electric current in the coiled Wire of the 
motor stator. The ferrous metal backing of the rotor acts as 
a magnetic return path. For smooth and proper operation of 
the motor, the rotor magnet magnetic pole pattern should not 
be substantially altered after it is magnetically charged 
during the motor’s manufacturing process. 

[0009] As mentioned above, the read/Write head com 
prises an electromagnetic coil Writer, a GMR or TMR reader, 
and a slider body. It ?ies over the magnetic disk to perform 
the read and Write functions. To achieve optimum perfor 
mance, the spacing betWeen the transducer and the disk, 
called the magnetic space 19 (Figure 1), must be consis 
tently maintained and has become consistently smaller over 
time With the increasing of recording areal density. The 
magnetic space 19 is de?ned as the ?y height 21 plus the 
pole tip recession (PTR) 11. 

[0010] The PTR 11 has been a major contributor to the 
magnetic space loss for high areal density products. As 
shoWn in Figure 1 , the PTR is the height difference between 
the pole tips 13 and a plane 15 ?tted to the ABS 17. It is 
caused by the differences in the removal rates of metal poles, 
alumina, and AlTiC in the slider abrasive ?nishing process. 
The slider abrasive ?nishing process critically affects the 
magnetic, electrical, and mechanical performances, as Well 
as the stability of the recording heads. Therefore, ultrapre 
cision abrasive ?nishing is a key technology in the ?nal 
?nishing of thin ?lm magnetic recording heads. 

SUMMARY OF THE INVENTION 

[0011] One embodiment of a system, method, and appa 
ratus for nanogrinding and chemical-mechanical nanogrind 
ing is disclosed. The present invention achieves near-Zero 
pole tip recession (PTR) to minimize magnetic space loss of 
the head transducer to media spacing loss, alumina recession 
trailing edge pro?le variation, and smooth surface ?nish 
(sub-nm Ra) and minimal smearing across multi-layers of 
thin ?lms and the hard substrate to meet the requirements of 
high areal density thin ?lm magnetic head for hard disk drive 
(HDD). 
[0012] Lapping is a material removal process for the 
production of ?at surfaces by free-abrasive three-body abra 
sion. A loose abrasive and a hard lapping plate are used for 
this purpose. During lapping, besides three-body abrasive 
abrasion (i.e., rolling), some abrasives also temporarily 
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embed in the lapping plate to cause some temporal tWo-body 
abrasion. High material removal rate can be achieved by 
free-abrasive lapping. 

[0013] Nanogrinding is a ?xed abrasive tWo-body abra 
sion process that uses ?xed-abrasive embedded in a soft 
plate as a ?nishing process for producing ?at and good 
surface ?nish. The material removal rate from ?xed-abrasive 
nanogrinding is loWer than from free-abrasive lapping, but 
it can produce superior surface planarity (e.g., less reces 
sion). The recording heads are ?nished by free-abrasive 
lapping folloWed by nanogrinding. High material removal is 
achieved by free-abrasive lapping, and good surface ?nish 
and planarity are obtained by nanogrinding. Appropriate 
chemical-mechanical interactions in nanogrinding called 
chemical-mechanical nanogrinding, result in further 
improvements in achieving good surface ?nish and pla 
nariZation. 

[0014] The planarity and surface ?nish from nanogrinding 
are superior to those from free-abrasive lapping. The PTR 
can be improved to about 8 nm by nanogrinding process 
versus about 30 nm by free-abrasive lapping process. With 
a ?ne chemical mechanical nanogrinding process, PTR can 
be improved to a mean of about less than 1.0 nm. In addition, 
nanogrinding is virtually scratch-free in contrast to the 
signi?cant scratching of free-abrasive lapping. 
[0015] Process integration and throughput issues are con 
sidered for free-abrasive and ?xed-abrasive processes. Free 
abrasive lapping process is recommended for high material 
removal rates folloWed by the ?xed-abrasive nanogrinding 
process for achieving excellent ?nish. Further planarity and 
surface ?nish improvements are achieved by adjusting 
mechanical and chemical interaction in ?xed-abrasive nano 
grinding and chemical-mechanical nanogrinding. 
[0016] A metal plate (e.g., Zinc and tin lapping plate) may 
be used for free-abrasive rough lapping, and a tin metal plate 
is used for nanogrinding. Monocrystalline diamond slurry is 
used for high material removal free-abrasive lapping, and 
polycrystalline diamond slurry for nanogrinding. The poly 
crystalline diamond abrasive in ethylene glycol is dispensed 
on the plate surface and then the diamond abrasive is 
embedded or charged onto the metal plate With a ceramic 
conditioning ring to form the nanogrinding plate. 
[0017] The reactive solution plays an important role in 
chemical-mechanical nanogrinding. The chemistry of the 
reactive solution facilitates selective removal of the ceramic 
layers, namely, AlTiC andA1203 to metal, namely, NiFe and, 
hence, compensate for the preferential mechanical removal 
of the softer metal over the harder ceramic. The speci?c 
choice of the solution (e.g., viscosity, suspension, surfactant) 
and its chemical interaction (e.g., oxidiZer, corrosion inhibi 
tor, pH, and complex chelating agent) With the Work material 
help achieve good surface and subsurface integrity, machin 
ing accuracy (e.g., less PTR), high material removal, ?nal 
cleaning (e.g., rinseability), and abrasive and plate life. 
[0018] The foregoing and other objects and advantages of 
the present invention Will be apparent to those skilled in the 
art, in vieW of the folloWing detailed description of the 
present invention, taken in conjunction With the appended 
claims and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] So that the manner in Which the features and 
advantages of the invention, as Well as others Which Will 
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become apparent are attained and can be understood in more 
detail, more particular description of the invention brie?y 
summarized above may be had by reference to the embodi 
ment thereof Which is illustrated in the appended draWings, 
Which draWings form a part of this speci?cation. It is to be 
noted, hoWever, that the draWings illustrate only an embodi 
ment of the invention and therefore are not to be considered 
limiting of its scope as the invention may admit to other 
equally effective embodiments. 

[0020] Figure 1 is a schematic side vieW of a conventional 
slider ?ying over a surface of a disk media; 

[0021] Figures 2 and 3 are sectional side vieWs of the 
topography results of free-abrasive lap and nanogrinding, 
respectively; and 

[0022] Figure 4 is a high level ?owchart depicted one 
embodiment of a method constructed in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Referring to Figures 2 - 4, one embodiment of the 
present invention comprises a system, apparatus, and 
method of treating a surface of a Workpiece 31 in order to 
improve a surface ?nish thereof. The Workpiece 31 may 
comprise many different objects, but is Well suited for a hard 
disk drive slider that is formed from a variety of different 
materials, such as metallic and ceramic materials. 

[0024] One embodiment of a method of the present inven 
tion ?rst comprises providing a Workpiece 31 having a ?rst 
material 33 (e.g., pole material) and a second material 35 
(e.g., A1203) that differs from the ?rst material 33. As 
depicted at block 61 (Figure 4), the method further com 
prises lapping the Workpiece 31 With a lapping substrate 37 
and an abrasive slurry 39 betWeen the Workpiece 31 and the 
lapping substrate 37 such that portions of the ?rst material 
33 and the second material 35 are mechanically removed 
from the Workpiece 31. 

[0025] The method additional comprises nanogrinding the 
Workpiece 31 With a nanogrinding substrate 41 and a non 
abrasive solution 45, the nanogrinding substrate 41 having 
an abrasive 43 embedded in a surface thereof that mechani 
cally removes additional portions of the ?rst material 33 and 
the second material 35 from the Workpiece 31, as illustrated 
at block 63. In addition, the method comprises selectively 
chemical mechanical removing (block 67) an additional 
portion of the second material 35 from the Workpiece 31 
With the nonabrasive solution 45. In one embodiment, both 
the mechanical and the chemical removal of material occur 
simultaneously to provide a very e?icient and effective 
process. 

[0026] The Workpiece 31 de?nes a plane 47 (Figure 3), 
and both the ?rst and second materials 33, 35 are removed 
from the Workpiece 31 to Within about one nanometer of the 
plane 47, and a surface roughness of approximately 0.5 nm 
rms. In one embodiment, nanogrinding removes more of the 
?rst material 33 than the second material 35, and the 
chemical removal step removes more of the second material 
35 than the ?rst material 33. 

[0027] The method optionally further comprises providing 
the Workpiece 31 With a third material 49 (such as AlTiC), 
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and the chemical removal step comprises adding a nonabra 
sive substance 51 to the nonabrasive solution 45 for selec 
tively chemical mechanical removing a portion of the third 
material 49 from the Workpiece 31. The method also option 
ally comprises providing the nonabrasive solution 45 With 
desired properties (block 65) selected for viscosity, suspen 
sion, surfactant, and chemical interaction With the Work 
piece, including oxidizer, corrosion inhibitor, pH, complex 
chelating agent, and a selected conductivity that avoids 
corrosion of the Workpiece 31 and reduces electrostatic 
discharge. 

[0028] The nonabrasive solution 45 may include a Water 
soluble hydrocarbon chain of a hydroxyl (OH) group eth 
ylene glycol solution, and may further comprise colloidal 
silica solution of having an average siZe of approximately 10 
nm. Furthermore, the pH of the nonabrasive solution may be 
adjusted With organic additives, and the viscosity of the 
nonabrasive solution may be altered (e.g., increased) by 
partially replacing ethylene glycol With diethylene glycol, 
triethylene glycol, or propylene glycol and dipropylene 
glycol. The method may further comprise adding a corrosion 
inhibitor, such as BTA, Triton, Standapol, or Texapon, for 
example. 

[0029] The slider abrasive ?nishing process critically 
affects the magnetic, electrical, and mechanical performance 
of the recording heads. Therefore, ultraprecision abrasive 
?nishing is a key technology for ?nal ?nishing of the thin 
?lm magnetic recording heads. The reactive solution plays 
an important role in chemical -mechanical nano grinding. The 
chemistry of the reactive solution can facilitate selective 
removal of the ceramic layers, such as AlTiC and A1203 to 
metal, e.g., NiFe, and hence compensate for the preferential 
mechanical removal of the softer metal over the harder 
ceramic. 

[0030] The speci?c choice of the solution (viscosity, sus 
pension, surfactant) and its chemical interaction (oxidiZer, 
corrosion inhibitor, pH, and complex chelating agent) With 
the Workpiece or Work material are critical in achieving 
good surface and subsurface integrity, machining accuracy 
(less PTR), high material removal, ?nal cleaning (rinseabil 
ity), and abrasive and plate life. Proper conductivity of the 
reactive solution is also required, e.g., loW conductivity to 
avoid GMR/TMR stack corrosion but some conductivity to 
eliminate ESD damage issue during lapping and nanogrind 
mg. 

[0031] The pH of reactive solutions for chemical-me 
chanical nano grinding may be adjusted by organic additives. 
PTR generally decreases With increasing pH and is smallest 
around pH 10. HoWever, if the pH level becomes too high 
(e.g., pH 11), it may contribute to sensor corrosion, espe 
cially for copper layer in sensors. 

[0032] Viscosity may be increased by partially replacing 
ethylene glycol (C2H6O2) With either diethylene glycol, 
triethylene glycol, or propylene glycol and dipropylene 
glycol (viscosity increasing). The viscosity of an oil-soluble 
solution (e.g. petroleum-base) is loWer than the Water 
soluble solution (e.g. ethylene glycol). Corrosion inhibitors 
such as BTA, Triton, Standapol, or Texapon may be used. 

[0033] There are also oil-soluble nanogrinding solutions. 
By adding carboxyl (COOH) polar functional groups, such 
as Cl7H3lCOOH, CI7H33COOH, and C17H35COOH to oil 
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soluble lapping/nanogrinding solutions, such as petroleum, 
can achieve better metal surface ?nish. 

[0034] The planarity and surface ?nish from nanogrinding 
are found to be much better than those from free-abrasive 
lapping. The planarity and surface ?nish improvement can 
be achieved by adjusting mechanical and chemical interac 
tion in chemical mechanical nanogrinding. PTR can be 
improved to a mean of about 0.5 nm. The surface roughness 
of AlTiC/NiFe/Al2O3 improves to about 0.5 nm rms. Pro 
cess integration and throughput issues are considered for 
free- and ?xed-abrasive processes. Free-abrasive process is 
recommended for high material removal rate folloWed by 
chemical-mechanical nanogrinding for achieving excellent 
?nish. 

[0035] The present invention has several advantages, 
including the ability to achieve near-Zero PTR. A high 
material removal is achieved by free-abrasive lapping, and 
good surface ?nish and planarity are obtained by ?xed 
abrasive nanogrinding. Chemical-mechanical interactions in 
chemical mechanical nanogrinding result in further 
improvements in achieving good surface ?nish and pla 
nariZation. 

[0036] The planarity and surface ?nish from ?xed-abra 
sive nanogrinding are superior to those from free-abrasive 
lapping. In addition, ?xed-abrasive nanogrinding is virtually 
scratch-free in contrast to the signi?cant scratching of free 
abrasive lapping. Further planarity and surface ?nish 
improvements are achieved by adjusting mechanical and 
chemical and chemical-mechanical nanogrinding. The 
chemistry of the reactive solution facilitates selective 
removal of the ceramic layers and compensate for the 
preferential mechanical removal of the softer metal over the 
harder ceramic. The solution and its chemical interaction 
With the Work material help achieve good surface and 
subsurface integrity, machining accuracy, high material 
removal, ?nal cleaning, and abrasive and plate life. 

[0037] While the invention has been shoWn or described in 
only some of its forms, it should be apparent to those skilled 
in the art that it is not so limited, but is susceptible to various 
changes Without departing from the scope of the invention. 

[0038] A chemical-mechanical nanogrinding process 
achieves near-Zero pole tip recession (PTR) to minimiZe 
magnetic space loss of the head transducer to media spacing 
loss, alumina recession and trailing edge pro?le variation, 
and smooth surface ?nish With minimal smearing across 
multi-layers of thin ?lms and the hard substrate to meet the 
requirements of high areal density thin ?lm magnetic heads 
for hard disk drives (HDD). With a ?ne chemical mechanical 
nanogrinding process, PTR can be improved to a mean of 
about 0.5 nm. 

What is Claimed is: 
1. (currently amended) A method of treating a surface of 

a Workpiece, comprising: (a) providing a Workpiece having 
a ?rst material and a second material that differs from the 
?rst material; (b) lapping the Workpiece With a lapping 
substrate and an abrasive slurry betWeen the Workpiece and 
the lapping substrate such that portions of the ?rst material 
and the second material are mechanically removed from the 
Workpiece; (c) nanogrinding the Workpiece With a nano 
grinding substrate and a nonabrasive solution, the nano 
grinding substrate having an abrasive embedded in a surface 
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thereof that mechanically removes additional portions of the 
?rst material and the second material from the workpiece; 
and (d) selectively chemically mechanical removing an 
additional portion of the second material from the Workpiece 
With the nonabrasive chemical solution. 

2. (original) The method of claim 1, Wherein the Work 
piece de?nes a plane, and both the ?rst and second materials 
are removed from the Workpiece to Within about one nanom 
eter of the plane, and a surface roughness of approximately 
0.6 nm rms. 

3. (currently amended) The method of claim 1, further 
comprising providing the Workpiece With a third material, 
and step (d) comprises adding a nonabrasive substance to the 
nonabrasive chemical solution for selectively chemically 
mechanical removing a portion of the third material from the 
Workpiece. 

4. (original) The method of claim 1, Wherein step (d) 
comprises providing the nonabrasive solution With desired 
properties selected from the group consisting of: viscosity, 
suspension, surfactant, and chemical interaction With the 
Workpiece, including oxidizer, corrosion inhibitor, pH, com 
plex chelating agent, and a selected conductivity that avoids 
corrosion of the Workpiece and reduces electrostatic dis 
charge. 

5. (original) The method of claim 1, Wherein the non 
abrasive solution includes a Water-soluble hydrocarbon 
chain of a hydroxyl (OH) group ethylene glycol solution. 

6. (currently amended) The method of claim 1, Wherein 
step (d) further comprises adding colloidal silica solution of 
30% SiO2 particle concentration, having an average siZe of 
approximately 10 nm. 

7. (original) The method of claim 1, further comprising 
adjusting pH of the nonabrasive solution With organic addi 
tives. 

8. (original) The method of claim 1, further comprising 
increasing viscosity of the nonabrasive solution by partially 
replacing ethylene glycol With one of i. diethylene glycol, ii. 
triethylene glycol, and iii. propylene glycol and dipropylene 
glycol. 

9. (original) The method of claim 1, further comprising 
adding a corrosion inhibitor selected from the group con 
sisting of BTA, Triton, Standapol, and Texapon. 

10. (original) The method of claim 1, Wherein step (c) 
comprises removing more of the ?rst material than the 
second material, and step (d) comprises removing more of 
the second material than the ?rst material. 

11. (original) The method of claim 1, Wherein step (a) 
comprises providing the Workpiece as a disk drive slider, the 
?rst material is metal, and the second material is ceramic. 

12. (original) The method of claim 1, Wherein steps (c) 
and (d) occur simultaneously. 

13. (currently amended) A method of ?nishing a surface 
of a slider for a hard disk drive, comprising: (a) providing a 
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slider having a metal and a ceramic that differs from the 
metal; (b) lapping the slider With a lapping substrate and an 
abrasive slurry betWeen the slider and the lapping substrate 
such that portions of the metal and the ceramic are mechani 
cally removed from the slider; (c) nanogrinding the slider 
With a nanogrinding substrate and a nonabrasive solution, 
the nanogrinding substrate having an abrasive embedded in 
a surface thereof that mechanically removes additional por 
tions of the metal and the ceramic from the slider; and (d) 
selectively chemically mechanical removing an additional 
portion of the ceramic from the slider With the nonabrasive 
chemical solution, such that the slider de?nes a plane, and 
both the metal and ceramic are removed from the slider to 
Within about one nanometer of the plane. 

14. (currently amended) The method of claim 13, further 
comprising providing the slider With another material, and 
step (d) comprises adding a nonabrasive substance to the 
nonabrasive chemical solution for selectively chemically 
mechanical removing a portion of said another material from 
the slider. 

15. (original) The method of claim 13, Wherein step (d) 
comprises providing the nonabrasive solution With desired 
properties selected from the group consisting of: viscosity, 
suspension, surfactant, and chemical interaction With the 
slider, including oxidiZer, corrosion inhibitor, pH, complex 
chelating agent, and a selected conductivity that avoids 
corrosion of the slider and reduces electrostatic discharge. 

16. (original) The method of claim 13, Wherein the 
nonabrasive solution includes a Water-soluble hydrocarbon 
chain of a hydroxyl (OH) group ethylene glycol solution. 

17. (currently amended) The method of claim 13, Wherein 
step (d) further comprises adding colloidal silica solution of 
30% SiO2 particle concentration, having an average siZe of 
approximately 10 nm. 

18. (original) The method of claim 13, further comprising 
adjusting pH of the nonabrasive solution With organic addi 
tives. 

19. (original) The method of claim 13, further comprising 
increasing viscosity of the nonabrasive solution by partially 
replacing ethylene glycol With one of i. diethylene glycol, ii. 
triethylene glycol, and iii. propylene glycol and dipropylene 
glycol. 

20. (original) The method of claim 13, further comprising 
adding a corrosion inhibitor selected from the group con 
sisting of BTA, Triton, Standapol, and Texapon. 

21. (original) The method of claim 13, Wherein step (c) 
comprises removing more of the metal than the ceramic, and 
step (d) comprises removing more of the ceramic than the 
metal. 

22. (original) The method of claim 13, Wherein steps (c) 
and (d) occur simultaneously. 

* * * * * 


