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ABRASIVE FLUID JET CUTTING COMPOSITION, 
METHOD AND APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application is related to IBM Docket 
No. ROC920000291US1, ?led concurrently, entitled 
“FLUID JET CUTTING METHOD AND APPARATUS”, 
Which is assigned to the assignee of the instant application. 

FIELD OF THE INVENTION 

[0002] The present invention relates in general to cutting 
an object from a sheet using a ?uid jet stream. More 
particularly, the present invention relates to delivering an 
abrasive slurry to a ?uid jet head that directs an abrasive 
?uid jet stream against the sheet (e.g., a glass or ceramic 
sheet) to cut the object (e.g., an annular disk substrate for use 
in a data storage device) therefrom. 

BACKGROUND 

[0003] A typical disk drive data storage system includes 
one or more data storage disks for storing data, typically in 
magnetic, magneto-optical or optical form, and a transducer 
used to Write and read data respectively to and from the data 
storage disk. The data storage disks are typically coaXially 
mounted on a hub of a spindle motor. The spindle motor 
rotates the data storage disks at speeds typically on the order 
of several thousand or more revolutions-per-minute. Digital 
information, representing various types of data, is typically 
Written to and read from the data storage disks by one or 
more transducers, or read/Write heads, Which are mounted to 
an actuator assembly and passed over the surface of the 
rapidly rotating disks. 

[0004] In a typical magnetic disk drive, for eXample, data 
is stored on a magnetic layer coated on a disk substrate. The 
disk substrate is typically aluminum-based (e.g., aluminum 
magnesium alloy coated With NiP), glass (e.g., aluminosili 
cate glass), ceramic (e.g., alumina, silicon carbide or boron 
carbide), or composite (e.g., aluminum boron carbide com 
posite). 
[0005] Typically, the glass or glass-ceramic disk substrate 
is made by traditional machining techniques. One such 
technique is the mechanical scribe and break method, fol 
loWed by edge grinding. These traditional machining tech 
niques require costly, high precision tooling to make the 
eXact dimensions of a disk substrate. In addition to being 
costly, these traditional machining techniques form an edge 
on the disk substrate that requires a subsequent edge pol 
ishing process. That is, the brittle fracture created by these 
traditional machining techniques must be polished out of the 
edge surfaces of the disk substrate. Damaged edges result in 
disk substrates having Weakened structural integrity. 

[0006] A nontraditional technique for making the glass or 
glass-ceramic disk substrate is the laser scribe and break 
method. Initially, during a laser scribe step, a blank from 
Which the disk substrate is to be formed is scribed by a laser. 
Then, during a thermal breakout step, the blank is heated and 
a crack is initiated along the scribe line. This method 
produces a disk substrate having a very clean edge With right 
angle corners. HoWever, the laser scribe and break method 
has several disadvantages. For eXample, the method is 
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inherently sloW due to its sequential tWo step nature and 
because only one part may be machined at a time. In order 
to equal the output of traditional machining techniques, the 
laser scribe and break method requires many systems oper 
ating in parallel. This increases costs. Another disadvantage 
relates to the right angle corners produced by the laser scribe 
and break method. These corners may need to be rounded or 
at least chamfered. Thus, the pristine edge may require 
subsequent processing that potentially negates its edge ?n 
ish. Yet another disadvantage of the laser scribe and break 
method is that the laser must be tuned for each formulation 
of the disk substrate. In some cases this may require replace 
ment lasers that have different operating Wavelengths, 
thereby increasing cost and delay. Yet another disadvantage 
of the laser scribe and break method is the nub created at the 
crack initiation point. An eXtra edge polishing process is 
required to remove this nub. 

[0007] There eXists in the data storage system manufac 
turing industry a keenly felt need to provide an enhanced 
machining technique for making disk substrates. There 
eXists a further need to provide such an enhanced machining 
technique for making disk substrates that permits improve 
ment in production cycle times, costs and/or disk substrate 
quality. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide an 
enhanced machining technique. 
[0009] Another object of the present invention is to pro 
vide an enhanced machining technique for making a disk 
substrate. 

[0010] Yet another object of the present invention is to 
provide an enhanced machining technique for making a disk 
substrate that permits improvement in production cycle 
times, costs and/or disk substrate quality. 

[0011] These and other objects of the present invention are 
achieved by an abrasive ?uid jet cutting composition, 
method and apparatus for cutting a patterned object from a 
sheet. In an exemplary one embodiment, a ?uid jet stream is 
directed against a glass sheet to cut a disk substrate there 
from. An abrasive slurry is delivered to a ?uid jet head 
through a line from a slurry tank. The abrasive slurry is 
formed by miXing Water, abrasive particles, a surfactant or 
surfactants, and an acid or a base. The ?uid jet head also 
receives a pressuriZed ?uid from a ?uid pump. The abrasive 
slurry and the pressuriZed ?uid are miXed in the head to form 
the abrasive ?uid jet stream. The resulting abrasive ?uid jet 
stream can provide a chemical/mechanical cut and polish 
(CMCP) action that permits improvement in cycle times, 
costs and/or disk substrate quality. Preferably, the abrasive 
particles have a nominal particle siZe no coarser than about 
220 grit and no ?ner than about 1500 grit (i.e, having a 
nominal diameter of about 8-64 microns), and more prefer 
ably no coarser than about 300 grit and no ?ner than about 
1500 grit (i.e, having a nominal diameter of about 8-49 
microns). 
[0012] The slurry may also contain small polishing par 
ticles (e.g., cerium oXide particles having a nominal diam 
eter of about 3 microns) that are smaller than the abrasive 
particles to affect polishing. In effect, the abrasive ?uid jet 
stream “polishes as it cuts.” This polishing action reduces 
cycle times and costs by minimiZing or eliminating a sepa 
rate edge polishing process. 



US 2003/0092364 A1 

[0013] The surfactant in the slurry reduces the surface 
tension of the slurry. In addition, the surfactant (and/or an 
additional surfactant and/or other material, e.g., a salt) may 
optionally cause the abrasive particles to ?occulate in the 
slurry. Flocculation of the abrasive particles is advantageous 
because smaller abrasive particles may be used in the slurry 
to improve edge ?nish, but Without the typical degradation 
of cut rate. Small abrasive particles typically require a 
sloWer cut rate, but ?occulation makes these particles 
behave as larger particles With respect to cut rate. 

[0014] As an alternative to ?occulation, the surfactant 
(and/or an additional surfactant) may optionally cause dis 
persion of the abrasive particles in the slurry. 

[0015] A scrap portion of the glass sheet may be ground to 
produce glass particles for subsequent use as the abrasive 
particles in the slurry. This recycling step improves costs by 
reducing raW material costs and Waste disposal costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention together With the above and 
other objects and advantages can best be understood from 
the folloWing detailed description of the embodiments of the 
invention illustrated in the draWings, Wherein like reference 
numerals denote like elements. 

[0017] FIG. 1 is a schematic perspective vieW of a ?uid jet 
cutting apparatus according to an embodiment of the present 
invention. 

[0018] FIG. 2 is an enlarged perspective vieW of a support 
assembly of the ?uid jet cutting apparatus shoWn in FIG. 1, 
With portions removed for the sake of clarity. 

[0019] FIG. 3 is an enlarged top plan vieW of a support 
assembly of the ?uid jet cutting apparatus shoWn in FIG. 1. 

[0020] FIG. 4 is an enlarged side elevation vieW of a 
support assembly of the ?uid jet cutting apparatus shoWn in 
FIG. 1, With portions removed for the sake of clarity. 

[0021] FIG. 5 is an enlarged top plan vieW of a baseplate 
of the support assembly shoWn in FIG. 2. 

[0022] FIG. 6 is an enlarged top plan vieW of a main 
column of the support assembly shoWn in FIG. 2. 

[0023] FIG. 7 is an enlarged side elevation vieW of a main 
column of the support assembly shoWn in FIG. 2. 

[0024] FIG. 8 is an enlarged perspective vieW of an 
annular support member of the support assembly shoWn in 
FIG. 2. 

[0025] FIG. 9 is a cross sectional vieW taken along line 
A-A of FIG. 8. 

[0026] FIG. 10 is a cross sectional vieW of a portion of the 
support assembly shoWn in FIG. 2 supporting a portion of 
a sheet that is to be cut by a single ?uid jet stream to 
simultaneously form three annular disk substrates. 

[0027] FIG. 11 is a perspective vieW of an annular disk 
substrate made according to an embodiment of the present 
invention, With the annular disk substrate covered With 
protective layers. 

[0028] FIG. 12 is a cross sectional vieW taken along line 
A-A of FIG. 11. 
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[0029] FIG. 13 is a top plan vieW of a data storage system 
With its upper housing cover removed and employing one or 
more data storage disks having an annular disk substrate 
made according to an embodiment of the present invention. 

[0030] FIG. 14 is a side elevation vieW of a data storage 
system comprising a plurality of data storage disks having 
an annular disk substrate made according to an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Referring to FIG. 1, there is shoWn a ?uid jet 
cutting system 10 according to one embodiment of the 
present invention. The ?uid jet cutting system 10 includes a 
?uid jet cutting head assembly 12, Which includes three 
identical ?uid jet heads 14 each having a noZZle 15 and 
?xedly mounted on a common spreader bar 16. The use of 
multiple ?uid jet heads 14 dramatically improves production 
cycle times, since multiple objects can be cut simulta 
neously. Of course, any number of the ?uid jet heads 14 may 
be mounted on the spreader bar 16 in lieu of the three shoWn 
in FIG. 1. LikeWise, the single spreader bar 16 shoWn in 
FIG. 1 may be replaced by any number of the spreader bars 
16, each having at least one ?uid jet head mounted thereon. 
Also, the spreader bar 16 may have a different orientation 
than the longitudinal orientation shoWn in FIG. 1. For 
eXample, the spreader bar 16 may be reoriented in a lateral 
direction or a diagonal direction. 

[0032] The ?uid jet cutting system 10 also includes a 
motion control system 17 for moving the spacer bar 16 and 
hence the ?uid jet heads 14. The motion control system 17 
is shoWn in FIG. 1 for the purpose of illustration, not 
limitation. Numerous motion control systems are commer 
cially available, including 2, 3 and S-aXis XY gantries and 
multi-aXis robotic installations, that may be used in lieu of 
the eXample shoWn in FIG. 1. An eXample of such a 
commercially available motion control system that may be 
used is the Allen-Bradley 9/Series CNC (computer numeri 
cal control), available from RockWell Automation, MilWau 
kee, Wis. The motion control system 17 shoWn in FIG. 1 
includes a carriage 18, a transverse track 20, carriages 22 
and 24, parallel tracks 26 and 28, legs 30 and a motion 
controller 40. The spacer bar 16 is ?xedly mounted to the 
carriage 18, Which moves along the transverse track 20. The 
tWo ends of the transverse track 20 are respectively ?Xedly 
mounted to carriages 22 and 24. Carriages 22 and 24 
respectively move along parallel tracks 26 and 28, Which are 
supported by legs 30 on ?oor 32. 

[0033] The motion controller 40 guides the cutting motion 
of the ?uid jet heads 14 by controlling the movement of 
carriages 18, 22 and 24 along tracks 20, 26 and 28. Accord 
ingly, the motion controller 40 guides the cutting motion of 
the ?uid jet heads 14 in any direction longitudinally, laterally 
or diagonally. Because the ?uid jet heads 14 are ?Xedly 
mounted to the same spreader bar 16 they folloW the same 
path over different portions of a support assembly 70 that 
underlie the ?uid jet heads 14. The support assembly 70, 
Which is discussed in greater detail beloW, supports a sheet 
75 from Which an object is to be cut. The object to be cut 
may be, for eXample, an annular disk substrate Which is to 
be cut from a glass sheet. The cutting path folloWed by each 
of the ?uid jet heads 14 generally corresponds to the shape 
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of the object. Once the object is cut, the ?uid jet head 14 
moves along a transit path to a different area of sheet 75 to 
cut another object. For example, the ?uid jet heads 14 may 
be moved over a ?rst area of sheet 75, activated to cut a ?rst 

roW of objects, deactivated, moved to a different area of 
sheet 75, activated to cut a second roW of objects, and 
deactivated. This process Would be repeated until each roW 
of objects has been cut. The use of multiple ?uid jet heads 
14 dramatically improves production cycle times, since 
multiple objects can be cut simultaneously. 

[0034] The motion controller 40 is preferably a computer 
that is programmed to control the motion of carriages 18, 22 
and 24, and hence the motion of the ?uid jet heads 14, in 
accordance With the shape of object to be cut from the sheet 
75, the arrangement of multiple objects to be cut from the 
sheet 75, and the cutting sequence. With regard to the ?rst 
factor, each of the ?uid jet heads 14 moves along a cutting 
path that generally corresponds to the shape of the object. As 
in conventional, the cutting path typically includes a lead in 
so that the cut is begun aWay from the object to be cut and 
a lead out so that the cut is ended aWay form the object just 
cut. With regard to the second factor, i.e., the arrangement of 
multiple objects to be cut from the sheet 75, each of ?uid jet 
heads 14 moves along a path from one object to the next 
object. With regard to the third factor, i.e., the cutting 
sequence, each of the ?uid jet heads 14 may move to a 
second object before completing a ?rst object. For example, 
the ?uid jet heads 14 may be moved to cut the central hole 
in each and every one of the annular disk substrates to be cut 
from the sheet 75 before any of the outside edges of the 
annular disk substrates are cut, or vice versa. Also, it may be 
desirable to move the ?uid jet heads 14 to initially form 
pierce holes for each and every one of the objects to be cut 
from the sheet 75 because forming pierce holes using the 
?uid jet heads 14 often requires the ?uid jet stream to be at 
a signi?cantly loWer pressure than that required for cutting. 

[0035] The computer interacts With motors (not shoWn) 
and sensors (not shoWn) associated With carriages 18, 22 and 
24. Such motors and sensors and the computer numerical 
control (CNC) devices and techniques used to operate them 
are Well knoWn in the art, and thus not further described 
herein. Alternatively, the motion of the ?uid jet heads 14 
may be controlled using a template or cam-and-folloWer 
arrangement as are commonly used for repetitive cutting of 
a particular object. For example, an optical tracer mechani 
cally connected to the spreader bar 16 may be used to trace 
a template of an object to be cut from the sheet 75 by the 
?uid jet heads 14. 

[0036] As brie?y mentioned above, the ?uid jet cutting 
system 10 also includes a support assembly 70 for support 
ing a sheet 75 from Which annular disk substrates are to be 
cut. Of course, the support assembly is not restricted to use 
in making annular disk substrates, but also may be used to 
cut other objects. As Will be discussed in more detail beloW, 
the support assembly 70 includes three types of support 
members each having a support surface for supporting 
different portions of the sheet 75. Preferably, a vacuum pulls 
the sheet 75 against at least one of the support surfaces to 
prevent the sheet 75 from moving during the cutting opera 
tion. The support assembly 70 is preferably modular to 
support sheets of different siZes. 
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[0037] The ?uid jet cutting system 10 also includes a high 
pressure pump 50 that receives a ?uid from a ?uid line 52 
and outputs the ?uid at high pressure (typically, greater than 
10,000 PSI) through a high pressure line 54 to each of the 
?uid jet heads 14. Rather than using a single high pressure 
pump as shoWn in FIG. 1, each of the ?uid jet heads 14 
could respectively receive ?uid at high pressure from a 
separate high pressure pump. In any event, the ?uid is 
provided at high pressure to each of the ?uid jet heads 14. 
The ?uid enters the ?uid jet head as a high velocity ?uid 
stream. The ?uid provided by the ?uid line 52 is typically 
deioniZed, ?ltered Water from a reservoir, for example. The 
high pressure pump 50 is conventional. For example, such 
high pressure pumps are commercially available from Jet 
Edge, a division of TC/American Monorail, Saint Michael, 
Minn. The high pressure pump 50 may, for example, use an 
intensi?er to increase the pressure of ?uid exiting a loW 
pressure hydraulic pump to a high pressure, and an attenu 
ator to smooth out pressure ?uctuations from the intensi?er. 

[0038] The ?uid jet heads 14 are also conventional. For 
example, such ?uid jet heads are commercially available 
from Jet Edge, a division of TC/American Monorail, Saint 
Michael, Minn. The ?uid jet heads 14 may, for example, 
include an internal mixing chamber for mixing the high 
velocity ?uid stream from the high pressure line 54 and 
abrasive particles from an abrasive line. As is conventional, 
the ?uid jet heads 14 may entrain a dry abrasive from an 
abrasive line into the high velocity ?uid stream Within the 
mixing chamber. As the high velocity ?uid stream passes the 
mixing chamber, a vacuum is created that draWs the dry 
abrasive into the stream. HoWever, as discussed in more 
detail beloW, the ?uid jet heads 14 preferably entrain an 
abrasive slurry, rather than a dry abrasive, into the high 
velocity ?uid stream Within the mixing chamber. The abra 
sive slurry improves the metering of ?ne abrasive particles 
that tend to have self cohesion and plug the abrasive line. Of 
course, the invention is not limited to using an abrasive in 
any form. For example, some materials and objects are best 
cut With a ?uid jet stream that does not include abrasive 
particles. 

[0039] The structure and operation of a typical conven 
tional ?uid jet head is discussed beloW for the purpose of 
illustration, not limitation. The high velocity ?uid stream is 
typically introduced into the mixing chamber of the ?uid jet 
head through an ori?ce having a small diameter bore (typi 
cally, 0001-0025 inch, 0.025-064 The abrasive par 
ticles are typically introduced through a bore that is trans 
verse to the ori?ce bore. The abrasive particles are mixed 
With the high velocity ?uid stream in the mixing chamber of 
the ?uid jet head and the mixture exits through a noZZle 
having a small diameter bore (typically, 0.0025 - 0.15 inch, 
0063-38 mm) as an abrasive ?uid jet stream. Typically the 
?uid jet head is constructed so that the noZZle bore is axially 
aligned With the ori?ce bore. During the cutting operation, 
the end of the noZZle from Which the abrasive ?uid jet stream 
exits is typically positioned relatively close to the sheet 
(typically, 0.025-0250 inch, 0.64-6.35 This is some 
times referred to as the “standoff distance.” 

[0040] The ?uid jet cutting system 10 also includes an 
abrasive slurry delivery system 80. Each of the ?uid jet 
heads 14 receives an abrasive slurry 82 from a slurry tank 84 
through a slurry line 86. The abrasive slurry 82 is preferably 
stirred Within the slurry tank 84 by a mixing device such as 
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a rotating blade stirrer 87. The slurry line 86 preferably 
draws the abrasive slurry 82 from a location near the bottom 
of the slurry tank 84 near the rotating blade stirrer 87. A 
slurry pump 88 is preferably provided to pump the abrasive 
slurry 82 through the slurry line 86 in the direction toWard 
the ?uid jet heads 14. Preferably, the slurry pump 88 is of a 
peristaltic type and is positioned higher in elevation than the 
?uid jet heads 14 so that the abrasive slurry 82 can ?oW 
doWnWard from the slurry pump 88 through the slurry line 
86 to the ?uid jet heads 14 by action of gravity, even after 
the slurry pump 88 is turned off. The peristaltic type slurry 
pump 88 is conventional. An example of such a peristaltic 
type slurry pump is the Master?eXTM controller model 
number 07553-71 and motor model number 07553-02 avail 
able from Cole-Parmer Instrument Company, Vernon Hills, 
Ill. The peristaltic type slurry pump 88 is shoWn for the 
purpose of illustration, not limitation. The peristaltic type 
slurry pump 88 is but one eXample of the numerous mecha 
nisms that may be used to meter the ?oW of the abrasive 
slurry 82 into the ?uid jet heads 14. Each of the ?uid jet 
heads 14 also receives a high pressure ?uid from high 
pressure pump 50 through the high pressure line 54. Once 
the high pressure ?uid enters the ?uid jet head 14, it ?oWs 
through the ori?ce to form a high velocity ?uid stream in the 
miXing chamber. As the abrasive slurry 82 enters the ?uid jet 
head 14, it is pulled into and miXed With the high velocity 
?uid stream in the miXing chamber. The miXture eXits the 
?uid jet head 14 through the noZZle 15 as an abrasive jet 
stream directed toWard the support assembly 70. An open 
top catch tank 90 catches the abrasive jet stream after it 
penetrates the sheet 75 supported on the support assembly 
70. The catch tank 90 surrounds the support assembly 70, 
Which rests on a bottom surface of the catch tank 90. 

[0041] The abrasive slurry 82 is formed by miXing Water, 
abrasive particles, a surfactant or surfactants, and an acid or 
a base. As discussed above, the abrasive slurry 82 is miXed 
in the ?uid jet heads 14 With the high pressure ?uid from 
high pressure pump 50 to form the ?uid jet stream. The 
resulting abrasive ?uid jet stream can provide a chemical/ 
mechanical cut and polish (CMCP) action that permits 
improvement in cycle times, costs and/or disk substrate 
quality. For eXample, three steps in the prior art techniques 
for making disk substrates, i.e., coring, breaking and edge 
polishing, can be accomplished simultaneously in one step 
by the present invention. In effect, the present invention can 
reduce three steps into one. Moreover, unlike in prior art 
techniques for making disk substrates, structural integrity 
issues do not arise because the edges of the disk substrates 
produced according to the present invention are damaged to 
a lesser eXtent. 

[0042] The concentration of the Water in the abrasive 
slurry 82 may range generally from 50-100 Wt-%, preferably 
from about 60-85 Wt-%, and most preferably about 65-75 
Wt-%. 

[0043] A number of products are commercially available 
for use as the abrasive particles in the abrasive slurry 82, 
including garnet, Zircon, sand or the like. Any such com 
mercially available products, or combination thereof, may 
be used as the abrasive particles in the abrasive slurry 82. As 
discussed in more detail beloW, the abrasive particles may 
include recycled scrap from unused portions of the sheet 75 
and/or recycled abrasive particles from the catch tank 90. 
The concentration of the abrasive particles in the abrasive 
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slurry 82 may range generally from 0-50 Wt-%, preferably 
from about 15-40 Wt-%, and most preferably about 25-35 
Wt-%. Preferably, the abrasive particles have a nominal 
particle siZe no coarser than about 220 grit and no ?ner than 
about 1500 grit (i.e., having a nominal diameter of about 
8-64 microns), and more preferably no coarser than about 
300 and no ?ner than about 1500 grit (i.e., having a nominal 
diameter of about 8-49 microns). The preferred abrasive 
particle siZe, hoWever, depends on the particular materials 
involved (e.g., the composition of the sheet 75 and the 
composition of the abrasive slurry 82, including the abrasive 
particle type), as Well as the desired edge surface ?nish and 
cutting rate (i.e., the rate at Which the ?uid jet head is moved 
over the sheet as the abrasive ?uid jet stream cuts the sheet). 
Typically, the smaller the abrasive particles, the better the 
edge surface ?nish; While the larger the abrasive particles, 
the better (faster) the cutting rate. In any event, the abrasive 
particles are relatively ?ne and are preferably delivered to 
the ?uid jet head in a slurry because they tend to be self 
cohesive (?occulate and/or agglomerate) and plug the abra 
sive line. 

[0044] As mentioned above, smaller abrasive particles 
typically provide improved edge surface ?nish as compared 
to larger abrasive particles. For eXample, an annular disk 
substrate cut from a glass sheet using garnet particles having 
a 40 micron nominal particle siZe has a superior edge surface 
?nish as compared to that of an annular disk substrate cut 
from the same glass sheet using garnet particles having a 125 
micron nominal particle siZe. Moreover, the edge surface 
?nish produced by using ?ne abrasive particles can be 
superior to that produced by prior art techniques for making 
disk substrates. As a result, the present invention offers the 
ability to reduce or eliminate the need for subsequent 
polishing steps. 

[0045] As also mentioned above, the preferred particle 
siZe depends, at least in part, on the composition of the 
abrasive slurry 82. For eXample, an annular disk substrate 
cannot readily be cut from a glass sheet using an abrasive 
slurry With garnet particles having a 12 micron nominal 
particle siZe unless a surfactant is present in the abrasive 
slurry to act as a surface tension reducing agent. Without the 
presence of the surfactant for surface tension reduction, such 
an abrasive slurry shatters the glass sheet rather than cutting 
it. The presence of a surfactant in the abrasive slurry 82 for 
at least the purpose of surface tension reduction (and, 
optionally, for the additional purpose of ?occulation or 
dispersion) is desirable for abrasive particles of all siZes. For 
purposes of the present invention, a surfactant (or surface 
active agent) is a substance When present at loW concentra 
tion in a system has the property of adsorbing onto the 
surfaces and/or interfaces of the system and of altering to a 
marked degree the surfaces and/or interfacial free energy of 
those surfaces. 

[0046] A number of surfactants that function as surface 
tension reducing agents are commercially available, any of 
Which may be used as the surfactant for surface tension 
reduction in the abrasive slurry 82. Exemplary surfactants 
for surface tension reduction include Neodol 1-9 (available 
from Shell Oil Company), Brij 30 (available from ICI 
Americas Inc. Corporation), CorAdd 9192LF (available 
from Coral Chemical Company, Paramount, Calif.), CorAdd 
9195 (available from Coral Chemical Company, Paramount, 
Calif.), CorAdd (available from Coral Chemical Company, 
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Paramount, Calif), propylene glycol and ethylene glycol. 
Preferably, the surfactant for surface tension reduction is a 
mixture of Brij 30 and propylene glycol. The concentration 
of the surfactant for surface tension reduction in the abrasive 
slurry 82 may range generally from 0-10 Wt-%, preferably 
from about 001-5 Wt-%, and most preferably about 003 
0.33 Wt-%. 

[0047] Exemplary inorganic acids that may be used in the 
abrasive slurry 82 include nitric acid, nitrous acid, sulfuric 
acid, sulfurous acid, sulfamic acid, phosphoric acid, pyro 
phosphoric acid, phosphorous acid, perchloric acid, hydro 
chloric acid, chlorous acid, hypochlorous acid, hydro?uoric 
acid, carbonic acid, chromic acid, and combinations thereof. 
Alternatively, or in addition to such inorganic acids, organic 
acids may be used. Exemplary organic acids that may be 
used in the abrasive slurry 82 include polyacrylic acid, citric 
acid, lactic acid, etc., and combinations thereof. Preferably, 
the acid is phosphoric acid and/or polyacrylic acid. The 
concentration of the acid in the abrasive slurry 82 may range 
generally from Zero to the maximum concentration (satura 
tion), preferably from about 0001-10 Formal, and most 
preferably about 001-0.1 Formal. Of course, the choice of 
the acid and its concentration in the abrasive slurry 82 
depends, at least in part, on the composition of the sheet 75. 

[0048] Due to the acidic (or, as discussed beloW, basic) 
nature of the abrasive slurry 82, it is desirable for sake of 
safety to enclose at least a portion of the ?uid jet cutting 
system 10 in a protective shroud to prevent the ?uid jet 
stream from inadvertently spraying about. 

[0049] The abrasive slurry 82 may also contain small 
polishing particles that are smaller than the abrasive par 
ticles to affect polishing. The small polishing particles are 
relatively small particles of a material (preferably, inorganic 
and fairly hard) that has a surface polishing effect on the 
sheet 75. Exemplary small polishing particles include lan 
thanide oxide particles, diamond particles, SiC particles, 
alumina particles, boron carbide particles, and combinations 
thereof. With the addition of small polishing particles to the 
abrasive slurry 82, the abrasive ?uid jet stream “polishes as 
it cuts.” This polishing action reduces cycle times and costs 
by minimiZing or eliminating a separate edge polishing 
process. Lanthanide oxide is understood to include an oxide 
of one or more of the rare earth elements of the lanthanide 
series according to the Periodic Table of Elements, Which 
includes elements 57-71. The abrasive slurry 82 may contain 
cerium oxide particles, for example, having a nominal 
particle siZe of 3 microns, for example. The concentration of 
the small polishing particles in the abrasive slurry 82 may 
range generally from 0-37 Wt-%, preferably from about 
11-29 Wt-%, and most preferably about 18-26 Wt-%. If small 
polishing particles are used in the abrasive slurry 82, the 
concentration of the abrasive particles is preferably reduced. 
In this case, the concentration of the abrasive particles in the 
abrasive slurry 82 may range generally from 0-14 Wt-%, 
preferably from about 4-11 Wt-%, and most preferably about 
6-10 Wt-%. 

[0050] The surfactant may serve other purposes beyond 
surface tension reduction. For example, the surfactant (and/ 
or an additional surfactant and/or other material, e.g., a salt) 
may cause the abrasive particles to group together or “?oc 
culate”. When ?occulation occurs, the abrasive particles are 
loosely held together, i.e., the particles either touch each 
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other or are bridged by the surfactant, and hence are dis 
persed by stirring. Flocculation is distinct from “agglom 
eration”, Wherein the abrasive particles have enough surface 
to surface contact that standard stirring Will not disperse 
them. Flocculation is also distinct from “aggregation”, 
Wherein the abrasive particles are actually combined With 
each other, and hence are not dispersed by stirring. Floccu 
lation of the abrasive particles is advantageous because 
smaller abrasive particles may be used in the slurry to 
improve edge ?nish, but Without the typical degradation of 
the cutting rate. Small abrasive particles typically require a 
sloWer cut rate, but ?occulation makes these particles 
behave as larger particles With respect to cut rate. Exemplary 
surfactants that may be used in the abrasive slurry 82 to 
cause ?occulation include high molecular Weight (e.g., 
MW=50,000 or 90,000 or 250,000) polyacrylic acid and 
CorAdd 9192LF (available from Coral Chemical Company, 
Paramount, Calif). There are numerous other commercially 
available surfactants, many of Which are believed to be 
effective in ?occulating the abrasive particles in the abrasive 
slurry 82. The concentration of the surfactant in the abrasive 
slurry 82 for the purpose of ?occulation may range generally 
from 0-1 Wt-%, preferably from about 001-0.5 Wt-%, and 
most preferably about 003-03 Wt-%. 

[0051] Flocculation may be induced by other mechanisms 
such as by pH adjustment and the addition of a salt, Wherein 
the Coulombic repulsion forces betWeen the abrasive par 
ticles are reduced alloWing the particles to ?occulate. 

[0052] The surfactant may serve another purpose beyond 
surface tension reduction. As an alternative to ?occulation, 
the surfactant (and/or an additional surfactant) may cause 
dispersion of the abrasive particles in the abrasive slurry 82. 
The abrasive particles may be dispersed (i.e., separated from 
each other) by an organic and/or inorganic surfactant and pH 
adjustment that puts a charge on the surface. Exemplary 
surfactants that may be used in the abrasive slurry 82 to 
cause dispersion include loW molecular Weight (e.g., 
MW=2,000) polyacrylic acid and CorAdd 9195 (available 
from Coral Chemical Company, Paramount, Calif). There 
are numerous other commercially available surfactants, 
many of Which are believed to be effective in dispersing the 
abrasive particles in the abrasive slurry 82. The concentra 
tion of the surfactant in the abrasive slurry 82 for the purpose 
of dispersion may range generally from 0-1 Wt-%, preferably 
from about 001-0.5 Wt-%, and most preferably about 003 
0.3 Wt-%. 

[0053] The abrasive slurry 82 may also contain other 
additives that produce a desired chemical and/or mechanical 
effect. For example, the abrasive slurry 82 may contain an 
additive knoWn for complexing/etching/dissolving glass, 
such as ethylene oxide polymers, amines, alkaloids and/or a 
caustic etchant (in lieu of the acid) to provide a shift in pH 
to the basic side. Useful caustic etchants generally include 
inorganic bases such as lithium hydroxide, sodium hydrox 
ide, potassium hydroxide, calcium hydroxide, and ammo 
nium hydroxide; and/or organic bases such as amine com 
pounds. The concentration of the base in the abrasive slurry 
82 may range generally from Zero to maximum concentra 
tion (saturation), preferably from about 0001-2 Formal, and 
most preferably about 0.1-1.0 Formal. Of course, the choice 
of the base and its concentration in the abrasive slurry 
depends, at least in part, on the composition of the sheet 75. 
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[0054] The abrasive slurry 82 may contain an additive 
and/or may be stirred to keep the abrasive particles in 
suspension so that the abrasive slurry 82 remains uniform. 
Stirring may be provided by, for example, a rotating blade 
stirrer 87. 

[0055] A scrap portion of the sheet 75 may be ground to 
produce glass particles for subsequent use as the abrasive 
particles in the abrasive slurry 82. Alternatively, or in 
addition, recycled abrasive particles from the catch tank 90 
may be reused as the abrasive particles in the abrasive slurry 
82. Each of these recycling steps improves costs by reducing 
raW material costs and Waste disposal costs. For eXample, 
the abrasive slurry 82 may include glass or ceramic particles 
formed by grinding scrap portions of a glass or ceramic sheet 
75 using a conventional grinding process, such as a ball mill 
process. Preferably, these scrap based abrasive particles 
have a nominal particle siZe no coarser than about 220 grit 
and no ?ner than about 1500 grit (i.e., having a nominal 
diameter of about 8-64 microns), and more preferably no 
coarser than about 300 and no ?ner than about 1500 grit (i.e., 
having a nominal diameter of about 8-49 microns). The 
concentration of the scrap based abrasive particles in the 
abrasive slurry 82 may range generally from 0-50 Wt-%, 
preferably from about 15-40 Wt-%, and most preferably 
about 25-35 Wt-%. 

[0056] Referring noW to FIGS. 2-4, the support assembly 
70 includes a peripheral support member 100 having tWenty 
seven central openings 102 therein. The central openings 
102 of the peripheral support member 100 are substantially 
circular like the outside edge of the disk substrate to be cut 
from the sheet. HoWever, the central openings 102 of the 
peripheral support member 100 are slightly larger than the 
outside edge of the disk substrate. This siZing reduces the 
likelihood of the central opening 102 of the peripheral 
support member 100 being damaged by the ?uid jet stream 
used to cut the outside edge of the disk substrate. The 
peripheral support member 100 includes a generally planar 
support surface 104 for supporting a peripheral portion of 
the sheet, i.e., a portion that is to be scrap lying outside the 
outside edge of the disk substrate. 

[0057] The support assembly 70 also includes tWenty 
seven annular support members 106 each having a central 
opening 108 therein. The annular support members 106 each 
have a generally circular peripheral edge 107 having a 
diameter slightly smaller than the outside edge of the disk 
substrate to be cut from the sheet. This siZing reduces the 
likelihood of the circular peripheral edge 107 of the annular 
support member 106 being damaged by the ?uid jet stream 
used to cut the outside edge of the disk substrate. The central 
openings 108 of the annular support members 106 are 
substantially circular like the inside edge of the disk sub 
strate. HoWever, the central openings 108 of the annular 
support members 106 are slightly larger than the inside edge 
of the disk substrate. This siZing reduces the likelihood of 
the central opening 108 of the annular support member 106 
being damaged by the ?uid jet stream used to cut the inside 
edge of the disk substrate. Each annular support member 106 
includes a generally planar support surface 110 for support 
ing an annular portion of the sheet, i.e., a portion Which Will 
form the annular disk substrate. The support surfaces 110 of 
the annular support members 106 are positioned inside the 
central openings 102 of the peripheral support member 100 
and are substantially coplanar With the support surface 104 
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of the peripheral support member 100. Preferably, as dis 
cussed in more detail beloW, each annular support member 
106 includes a vacuum port (not shoWn in FIGS. 2-4) for 
pulling the annular portion of the sheet against the support 
surface 110 of the annular support member 106. 

[0058] The support assembly 70 also includes tWenty 
seven hole support members 112 each having a generally 
circular peripheral edge 113 having a diameter slightly 
smaller than the inside edge of the disk substrate to be cut 
from the sheet. This siZing reduces the likelihood of the 
peripheral edge 113 of the hole support member 112 being 
damaged by the ?uid jet stream used to cut the inside edge 
of the disk substrate. Each hole support member 112 
includes a generally planar support surface 114 for support 
ing a hole portion of the sheet, i.e., a portion that is to be 
scrap lying inside the inside edge of the disk substrate. The 
support surfaces 114 of the hole support members 112 are 
positioned inside the central openings 108 of the annular 
support members 106 and are substantially coplanar With the 
support surfaces 110 of the annular support members 106 
and the support surface 104 of the peripheral support mem 
ber 100. At each of the locations at Which a disk is to be cut 
from the sheet, the central opening 102 of the peripheral 
support member 100, the peripheral edge 107 of the annular 
support member 106, the central opening 108 of the annular 
support member 106, and the peripheral edge of the hole 
support member 112 are generally concentric. 

[0059] Of course, the support assembly may support a 
sheet from Which any number of annular disk substrates are 
to be cut. Accordingly, the invention is not limited to the 
tWenty-seven annular disk substrate arrangement shoWn. 
Moreover, the support assembly may support a sheet from 
Which any object is to be cut. Accordingly, the invention is 
not limited to cutting annular disk substrates as shoWn. 

[0060] Preferably, the support members of the support 
assembly are arranged in nested roWs to increase the number 
of objects that may be cut from a given siZe sheet. For 
eXample, as best seen in FIGS. 2 and 3, the central openings 
102 of the peripheral support member 100 are preferably 
arranged in nine nested roWs, each roW having three central 
openings 102. With this arrangement, tWenty-seven (27) 
annular disk substrates having a diameter of 95 mm can be 
cut from a single-layer glass sheet that is about 610 mm><610 
mm. Without nesting, this same single-layer glass sheet 
Would yield no more than tWenty-?ve (25) 95 mm annular 
disk substrates (i.e., ?ve roWs, each having ?ve annular disk 
substrates). In another eXample, nesting increases the yield 
from a single-layer glass sheet that is about 1160 mm><845 
mm to eighty (80) 95 mm annular disk substrates (Without 
nesting, this same single-layer glass sheet Would yield no 
more than seventy (70) 95 mm annular disk substrates). In 
yet another eXample, nesting increases the yield from a 
single-layer glass sheet that is about 1250 mm><895 mm to 
one hundred ten (110) 95 mm annular disk substrates 
(Without nesting, this same single-layer glass sheet Would 
yield no more than eighty-eight (88) 95 mm annular disk 

substrates). 
[0061] Preferably, as best seen in FIGS. 2 and 3, the 
peripheral support member 100 has edges 105 that are 
scalloped in accordance With the arrangement of adjacent 
central openings 102 for matingly receiving, in jigsaW 
puZZle-like fashion, an inversely scalloped edge 105‘ (shoWn 
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in FIG. 1) of an additional peripheral support member 100‘ 
(the outline of Which is shoWn in phantom lines in FIG. 1) 
of an additional support assembly 70‘. The additional sup 
port assembly 70‘ is preferably identical to support assembly 
70. The scalloped edge 105 permits the nesting pattern of the 
central openings 102 in the peripheral support member 100 
to continue into the additional peripheral support member 
100‘ for a larger glass sheet. Thus these modular support 
assemblies are scalable, i.e., one, tWo or more of these 
modular support assemblies may be used to accommodate 
sheets having different siZes, Without disruption of the yield 
boosting nesting pattern. Also, each of these modular sup 
port assemblies is lighter in Weight, and thus easier to 
remove for maintenance or replacement, than a single, larger 
support assembly. 

[0062] The peripheral support member 100 is attached to 
a top end of eight standoffs 116 using a suitable attachment 
mechanism, such as a screW (noW shoWn) or the like. The 
bottom end of each standoff 116 is attached to a baseplate 
assembly 118 using a suitable attachment mechanism, such 
as a screW (not shoWn) or the like. Of course, a different 
number of standoffs 116 may be used. 

[0063] Each annular support member 106 is attached to a 
top end of a main column 120 using a suitable attachment 
mechanism, such as a series of four screWs (noW shoWn) or 
the like. Each main column 120 includes four elongated slots 
121 through Which ?uid from the ?uid jet stream may move 
With relative ease. Of course, a different number of elon 
gated slots 121 may be used. The bottom of end of each main 
column 120 is attached to the baseplate assembly 118 using 
a suitable attachment mechanism, such as a series of four 
screWs (noW shoWn) or the like. 

[0064] Each hole support member 112 is attached to a top 
end of a center column 122 (shoWn in FIG. 10) using a 
suitable attachment mechanism, such as a screW (not shoWn) 
or the like. The bottom end of each center column 122 is 
attached to the baseplate assembly 118 using a suitable 
attachment mechanism, such as a screW (noW shoWn) or the 
like. 

[0065] Preferably, the peripheral support member 100, 
annular support member 106, hole support member 112, 
standoff 116, baseplate assembly 118, main column 120, and 
center column 122 are made of relatively Wear resistant 
materials to minimiZe Wear by the ?uid jet stream. For 
eXample, the peripheral support member 100, annular sup 
port member 106, hole support member 112, standoff 116, 
baseplate assembly 118, main column 120, and center col 
umn 122 may be made from aluminum. As discussed in 
more detail beloW, hoWever, at least one of the support 
members, i.e., peripheral support member 100, annular 
support member 106 and hole support member 112, prefer 
ably includes a resilient cover member to improve the 
vacuum seal betWeen the support member and the sheet 
and/or protect the sheet from damage due to contact With the 
support member. For eXample, as best seen in FIGS. 8 and 
9, the annular support member 106 may include a resilient 
cover member 124 made of rubber, for eXample, secured 
over a base member 126 made of aluminum, for eXample. 

[0066] Referring back to FIG. 4, the baseplate assembly 
118 preferably includes three or more levellers 128 (tWo are 
shoWn) to adjust the plane of the baseplate assembly 118 and 
hence the plane of the support surfaces of the support 
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members, i.e., the peripheral support member 100, annular 
support member 106, hole support member 112. For 
eXample, each of the levellers 128 may include a threaded 
shaft (not shoWn) that is received in a treaded hole (not 
shoWn) in the baseplate assembly 118. Consequently, one or 
more of the levellers 128 may be turned to adjust the plane 
of the baseplate assembly 118 and hence the plane of the 
support surfaces of the support members, i.e., the peripheral 
support member 100, annular support member 106, hole 
support member 112. The plane of these support surfaces is 
typically adjusted to be perpendicular to the ?uid jet stream. 

[0067] Referring back to FIG. 2, the baseplate assembly 
118 includes a baseplate 150 and a cover plate 152. The 
baseplate 150 and cover plate 152 include, a hole to attach 
each standoff 116, a series of four holes 154 to attach each 
main column 120 and one hole 156 to attach each center 
column 122. In addition, the baseplate 150 includes a 
vacuum hole 158 for each of the main columns 120. Each 
vacuum hole 158 is in ?uid communication With a vacuum 

passage 160 (shoWn in FIGS. 6 and 7) through each of the 
main columns 120. As shoWn in FIG. 5, the underside of 
baseplate 150 (i.e., the side that contacts the cover plate 152) 
includes a vacuum distribution trough 164 in ?uid commu 
nication With each of the vacuum holes 158 and a vacuum 
source hole 168. The vacuum source hole 168 is connected 
to a vacuum source (not shoWn) through a vacuum line (not 
shoWn), for eXample. To prevents leakage of ?uid into along 
the vacuum distribution trough 164, the baseplate 150 is 
sealed against cover plate 152. For eXample, the baseplate 
150 and cover plate 152 may be sealed against each other by 
the screWs attaching the standoffs 116, main columns 120 
and center columns 122 to the baseplate assembly 118. Of 
course, other means of distributing the vacuum to the 
annular support members 106 and/or to the other support 
members are possible. For eXample, a vacuum line may be 
connected directly to each of the annular support members 
106 and/or to the other support members. Therefore, the 
invention is not limited to the vacuum distribution means 

illustrated, i.e., the vacuum source hole 162, vacuum distri 
bution trough 164, vacuum hole 158, and vacuum passage 
160. 

[0068] Attention is noW directed to FIG. 10, Which is a 
cross sectional vieW of a portion of support assembly 70 
supporting a portion of sheet 75 that is to be cut by a single 
?uid jet stream to simultaneously form three annular disk 
substrates. The vacuum passage 160 through each main 
column 120 is in ?uid communication With a vacuum hole 
170 in base member 126 of the annular support member 106, 
a vacuum port 172 in resilient cover member 124 of the 
annular support member 106, and ?nally an annular vacuum 
depression 176 (best seen in FIGS. 8 and 9) in resilient 
cover member 124 of the annular support member 106. The 
sheet 75 is securely held against the resilient cover member 
124 of the annular support member 106 by action of the 
vacuum, and thus movement of the sheet 75 during the 
cutting operation is reduced. The resilient cover member 124 
of the annular support member 106 improves the vacuum 
seal betWeen the annular support member 106 and the sheet 
75, and also protects the sheet 75 from damage due to 
contact With the annular support member 106. The often 
considerable Weight of the sheet 75 also acts to limit its 
movement during the cutting operation. Alternatively, 
vacuum ports may be included in the other support members 
in lieu of, or in addition to, the annular support member 106. 
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Likewise, resilient cover members may be included on the 
other support members in lieu of, or in addition to, the 
annular support member 106. 

[0069] A?uid jet stream from the ?uid jet head is directed 
against the sheet 75 held on support assembly 70. The ?uid 
jet head folloWs an outside edge path along the sheet 75 to 
form an outside edge of the disk substrate. TWo points along 
the outside edge path are represented in FIG. 10 by dashed 
lines A. Similarly, the ?uid jet head folloWs an inside edge 
path along the sheet 75 to form an inside edge of the disk 
substrate. TWo points along the inside edge path are repre 
sented in FIG. 10 by dashed lines B. The peripheral support 
member 100 supports a peripheral portion of the sheet 75, 
i.e., a portion that is to be scrap lying outside the outside 
edge of the disk substrate. The peripheral portion of the sheet 
75 lies outWardly of the outside edge path A. Each annular 
support member 106 supports an annular portion of the sheet 
75, i.e., a portion Which Will form the annular disk substrate. 
The annular portion of the sheet 75 lies betWeen the outside 
edge path A and the inside edge path B. Each hole support 
member 112 supports a hole portion of the sheet 75, i.e., a 
portion that is to be scrap lying inside the inside edge of the 
disk substrate. The hole portion of the sheet 75 lies inWardly 
of the inside edge path B. 

[0070] To further improve production cycle times and 
costs, the sheet from Which the objects are to be cut 
preferably includes a plurality of layers that are removably 
adhered to one another. Accordingly, a plurality of objects 
are simultaneously cut by a single ?uid jet head. Once cut, 
the plurality of layers are separated to provide a plurality of 
objects. Thus, it is possible to simultaneously cut N><M 
objects using N multiple ?uid jet heads to cut a sheet having 
M layers. For example, as shoWn in FIG. 10, sheet 75 
includes three layers 751, 752 and 753 that are adhered to one 
another When cut by the ?uid jet head. Of course, any 
number of layers 75M may be removably adhered to one 
another in lieu of the three shoWn in FIG. 10. The layers 751, 
752 and 753 may be removably adhered to one another by 
using the surface tension of a suitable ?uid (e.g., Water) 
inserted betWeen layers 751 and 752 and betWeen layers 752 
and 753. For example, Water may be sprayed in the form of 
a mist betWeen layers 751 and 752 and betWeen layers 752 
and 753, Which are then pressed together to form a single 
sheet 75. Alternatively, the layers 751, 752 and 753 may be 
adhered to one another by a suitable adhesive (e.g., double 
sided adhesive tape) inserted betWeen layers 751 and 752 and 
betWeen layers 752 and 753. Preferably, if the layers 751, 752 
and 753 are adhered to one another using an adhesive, each 
surface of each of the layers 751, 752 and 753 is covered With 
a protective layer (e.g., paper, plastic, or the like). Conve 
niently, such protective layers typically cover the surfaces of 
commercially available sheets to provide protection during 
shipping and handling. The protective layers are typically 
removably adhered to the surfaces of the sheet by electro 
static attraction or an adhesive. After being cut by the ?uid 
jet head, the layers 751, 752 and 753 are separated to provide 
three annular disk substrates. The layers 751, 752 and 753 
may be separated by any suitable chemical technique (e.g., 
immersion in a suitable solvent or suitable surface tension 
reducing agent) and/or mechanical technique (e.g., pulling, 
tWisting and/or sliding one layer relative to another). Finally, 
any protective layers are then removed by peeling, for 
example. 
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[0071] A vacuum device may used be to load and center 
the sheet before the cutting operation and unload the various 
portions cut from the sheet after the cutting operation. The 
vacuum device may, for example, use a robotically con 
trolled suction cup and/or series of coplanar suction cups to 
grip the top of the sheet. For example, the vacuum device 
may be used to load and center the sheet onto the support 
assembly before the cutting operation. After the cut has been 
made, a visual and/or optical system may identify the 
locations of the good (e.g., successfully cut) annular disk 
substrates and the bad (e. g., unsuccessfully cut) annular disk 
substrates. The vacuum device Will then use the information 
obtained by the visual and/or optical system to unload the 
good annular disk substrates, and then unload the scrap 
material, i.e., the bad annular disk substrates as Well as the 
hole and peripheral portions of the sheets. For example, the 
peripheral portion of the sheet may be contacted and 
unloaded after the cut has been made by suction cups at a 
location 176 (one such location shoWn in FIG. 3) betWeen 
the annular portions. 

[0072] FIGS. 11 and 12 shoW an example of an annular 
disk substrate 200 cut from a sheet, prior to removal of 
protective layers 202 that preferably cover at least one of the 
upper and loWer surfaces of the annular disk substrate 202. 
Preferably, the protective layers 202 (e.g., paper, plastic, or 
the like) cover the sheet and hence the annular disk substrate 
200 cut therefrom. The protective layers 202 permit 
improvement in the quality of the annular disk substrate 200. 
For example, the protective layers 202 may be used to 
protect the upper surface of the annular disk substrate 200 
from being damaged by “overspray” caused by the ?uid jet 
stream as it impinges on an area of the sheet adjacent to the 
cut and to protect the loWer surface of the annular disk 
substrate 200 from being damaged by “chipout” caused by 
the ricochet of the ?uid jet stream as it enters the catch tank. 
Conveniently, such protective layers typically cover the 
surfaces of commercially available sheets to provide pro 
tection during shipping and handling. The protective layers 
are typically removably adhered to the surfaces of the sheet 
by electrostatic attraction or an adhesive. After the annular 
disk substrate 200 has been cut from the sheet by the ?uid 
jet head, the protective layers 202 may be removed by 
peeling, for example. 

[0073] Alternatively, protection against overspray of the 
?uid jet stream may be accomplished by removably adher 
ing a mask, e.g., an annular metal mask, on the surface of the 
sheet at each location Where an annular disk substrate is to 
be cut. HoWever, this alternative is less desirable because of 
alignment issues. 

The Annular Disk Substrate 

[0074] In the fabrication of the annular disk substrate 200 
(shoWn in FIGS. 11 and 12), generally, compositions that 
may be used for the sheet include ceramics, glass-ceramics, 
glasses, polymers and metals, or composites thereof. 
Examples of materials that may be used include alumina, 
sapphire, silicon carbide, boron carbide, aluminosilicate 
glass, metal matrix composites, and aluminum/boron car 
bide composites. These compositions may be include any 
number of various overcoat layers, such as a glassy carbon 
layer. 














