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ABSTRACT 

The present invention relates to a vibration damped spacer 
articles having good force (torque and/or pressure and/or 
stress) retention, and disk drives having a damped spacer 
article and a rotatable storage article inserted therein. 
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TABLE 1 

Temperature C & RMS Magnitude ( microns/N ) 
Spacer Design: 22-28 C 48-55 C 62-68 C 79-86 C 91-106 C 
Example 1 3.85 3.95 4.14 4.36 4.43 
Percent Reduction in RMS .vs.Comp. Ex. 1 24 29 28 26 26 
Example 2 3.82 4.28 4.36 4.37 4.28 
Percent Reduction in RMS .vs.Comp. Ex. 1 25 23 24 25 28 
Example 3 4.97 5.20 5.24 4.96 4.94 
Percent Reduction in RMS .vs.Comp. Ext 02 07 O9 15 17 
Example 4 3.41 3.20 3.21 3.25 3.37 
Percent Reduction in RMS .vs.Comp. Ex. 1 33 43 44 45 44 
Example 5 3.68 3.58 3.37 3.19 3.18 
Percent Reduction in RMS .vs.Comp. Ex. 1 28 36 41 46 47 
Example 6 4.47 4.51 4.51 4.55 4.53 
Percent Reduction in RMS .vs.Comp. Ex. 1 12 19 21 22 24 
Example 7 4.23 4.48 4.37 4.34 4.25 
Percent Reduction in RMS .vs.Comp. Ex. 1 17 20 24 26 29 
Comparitive Example 1 5.09 5.59 5.74 5.86 5.98 

Fig. 40 
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Time of measurement ( minutes ) and Force Retention Percent 
SPacerEXamPles 0 0.167 0.333 0.500 0.667 0.833 1.000 2.000 3.000 4.000 500010.000 15.000 
Comp. Ex1 10099 99 99 98 98 98 98 98 98 98 98 97 
Comp. Ex.2 10098 96 96 95 95 94 93 92 92 91 91 90 
Comp. Ex.3 10097 96 95 94 94 94 92 91 91 90 89 89 
EX.8 100 99 99 98 98 98 98 98 98 97 97 97 97 
Ex.6 10099 99 99 99 99 99 99 99 99 99 99 98 
Ex.4 10098 97 96 96 96 96 95 94 94 94 93 93 
Ex.9 10098 97 97 96 96 96 95 95 95 95 95 95 
EX.1 100 99 98 98 98 98 98 97 97 97 96 96 96 
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DAMPED SPACER ARTICLES AND DISK DRIVE 
ASSEMBLIES CONTAINING DAMPED SPACER 

ARTICLES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/864,603, ?led May 24, 2001, noW allowed; 
Which in turn is a divisional application of US. application 
Ser. No. 09/108,981, ?led Jul. 1, 1998, issued as US. Pat. 
No. 6,285,525, the entirety of all of Which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a vibration damped 
spacer article, the spacer article preferably having good 
force (torque and/or pressure and/or stress) retention and the 
ability to provide damping to an adjacent rotatable storage 
article on a disk drive assembly. The present invention 
provides a damped spacer article that preferably has a 
sufficient force retention to prevent signi?cant rotatable 
storage article movement during use. The present invention 
also provides a disk drive having rotatable spacer article(s) 
and the damped spacer article(s) positioned thereon. 

BACKGROUND OF THE INVENTION 

[0003] Periodic or random vibrations or shocks can excite 
the resonant frequencies in a rotatable storage article (such 
as the disk(s) in a disk drive), Which can be problematic due 
to the resultant formation of undesirable stresses, displace 
ments, fatigue, and even sound radiation. Such undesirable 
vibrations or shocks are typically induced by external forces 
and can be experienced by a Wide variety of articles and 
under a variety of conditions. For example, resonant vibra 
tions can cause excessive vertical displacement of an optical 
disk’s surface during operation, Which may lead to poor 
laser focus. Proper laser focus is a key to optimum Write/ 
read characteristics, signal quality, and tracking ability. 

[0004] Various techniques have been used to reduce vibra 
tional and shock effects (stresses, displacements, etc.) on 
rotatable storage articles. Three basic techniques to reduce 
vibration and shock effects include: 

[0005] 1) adding stiffness or mass to the rotatable 
storage article so that the resonant frequencies of the 
rotatable storage article are not excited by a given 
excitation source, 

[0006] 2) isolating the rotatable storage article from 
the excitation source so the vibrational or shock 
energy does not excite the rotatable storage article’s 
resonant frequencies, and 

[0007] 3) damping the rotatable storage article so that 
given excitations from the excitation source do not 
result in excessive negative effects at the resonant 
frequencies of the rotatable storage article. 

[0008] An isolation technique for limiting vibration trans 
mission is described in US. Pat. No. 4,870,429. A single 
sided or double-sided optical disk structure is described that 
includes tWo sheets of substrate bonded to each other With 
a foam spacer interposed betWeen the tWo substrates to 
restrict or isolate the vibrations caused by external forces. 
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The spacer is made from an elastomeric foam material and 
is positioned betWeen the tWo substrates to restrict the 
transmission of such forces (e.g., vibrations or shocks). The 
thickness of the spacer is stated to be preferably not less than 
0.2 mm, more preferably not less than 0.4 mm, because, 
When the thickness is too small, the effect of the spacer to 
restrict or isolate forces is not exhibited suf?ciently. Such a 
system adds to the overall siZe of the rotatable storage article 
and may be impractical Where close positioning of the article 
to other structures is desired. 

[0009] TWo types of surface or external damping treat 
ments that can be used to reduce shock or vibration impact 
on rotatable storage articles are: (1) free layer damping 
treatments; and (2) constrained layer damping treatments. 
Both of these damping treatments can provide high levels of 
damping to a structure, i.e., dissipation of undesirable vibra 
tions, Without sacri?cing the stiffness of the structure. The 
use of viscoelastic materials as exterior surface damping 
treatments is described in EP 0507515. Examples of addi 
tional surface or external damping techniques are described, 
for example, in US. Pat. Nos. 2,819,032; 3,071,217; 3,078, 
969; 3,159,249; and 3,160,549. HoWever, all of the afore 
mentioned damping techniques can add complexity and 
expense to the design of the rotatable storage article, limit 
the amount of exterior article surface available for data 
storage, and can increase the overall siZe of the article. 

[0010] US. Pat. No. 5,725,931 discloses a constrained 
layer damper having slits and/or cutouts therein, Which 
constrained layer damper provides improved damping per 
formance. The constrained layer damper is useful for damp 
ing rotatable storage media, such as compact disks. 

[0011] US. Pat. No. 5,691,037 and WO 96/21,560 dis 
close vibration damped laminate articles having improved 
force (torque and/or pressure and/or stress) retention, a 
method of making one article type, and novel tools used to 
make the one article type. The ?rst laminate comprises at 
least one layer of damping material betWeen at least tWo 
substrate layers. At least one deformation area is present in 
the laminate Where the substrates are plastically deformed 
such that they are closer together than in non-deformed areas 
of the substrate and the damping material has less mass than 
in a non-deformed area of the article. The deformation area 
provides areas of good force retention for an attachment 
device attached thereto. The second laminate, Which is not 
deformed, contains an additive of suf?cient modulus, diam 
eter and loading in its vibration damping layer to provide 
improved force retention. Spacer articles for disk drives are 
not discussed. 

[0012] US. Pat. No. 5,538,774 provides a method for 
internally damping a rotatable storage article that is subject 
to resonant vibrations. The rotatable storage article, although 
capable of providing good damping, requires a redesign of 
the rotatable storage article to include the internal damping 
material, Which can be costly to manufacture. 

[0013] The typical method of providing spacing betWeen 
disks in a disk drive type application involves the use of 
solid spacers betWeen the disks. These spacers can be made 
from many materials, including aluminum, ceramics, stain 
less steel, rigid plastics, etc. These spacers, hoWever, provide 
minimal vibration damping. 

[0014] As the read and Write tracks per inch (TPI) and the 
recording density of disks increase, there is a need to 
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improve the vibration damping of disks economically and 
simply to implement the disks in existing and future disk 
drives. With neW recording head technology, higher TPIs are 
possible (10,000-100,000 TPI and above). This noW makes 
vibrations in disks more important to reduce, as vibrations in 
disks can reduce the TPI that can be reliably read and 
Written. In the past, the spacers have been used to space the 
disks apart and provide some isolation or improved thermal 
expansion properties to prevent disks, such as ceramic disks, 
from breaking. 

[0015] For example, US. Pat. No. 5,663,851 discloses a 
disk drive spindle hub assembly for a hard disk drive that 
includes a spindle hub With a stack of information storage 
disks journaled about the spindle hub in a spaced-apart, 
vertically aligned relation. Annular spacers are positioned 
betWeen adjacent information storage disks in order to space 
the disks apart in the vertically aligned relation of the spindle 
hub. A disk clamp is con?gured to concentrically clamp the 
stack of information storage disks in axial alignment With 
the spindle hub. A dummy disk comprising an arrangement 
of a metal plate, a damping portion, and a polyester ?lm is 
disposed betWeen the disk clamp and the storage disk in 
order to absorb spurious vibrations and minimiZe stress 
concentrations and disk distortion When the storage disks are 
mounted for rotation Within the hard disk drive. 

[0016] NeWer drive rotation speeds of 7,200 and above 
revolutions per minute (RPMs) plus increased shock 
requirements (500 to 1,000 or more g of force) require a high 
force retention in the spindle assembly to prevent disks from 
slipping or shifting on the spindle. Shipping or shifting can 
cause data location to be lost or degraded, hindering read/ 
Write performance and/or drive reliability. 

[0017] US. Pat. No. 5,367,418 discloses a hub assembly 
that incorporates O-rings that can absorb external loads 
applied in either an axial or radial direction relative to the 
hub. 

[0018] US. Pat. No. 5,590,004 discloses a resilient clamp 
ing member positioned betWeen a spindle ?ange and the 
upper side of a disk, With a compliant element supported by 
the spindle rim and contacting the loWer side of the disk. 

[0019] US. Pat. No. 4,945,432 discloses a spacer design 
that serves as a buffer When the magnetic disks and the 
spacers are compressed together. The substrates of the 
magnetic disks are made of non-metallic materials, such as 
glass or ceramics, but do not break easily by the motion of 
the spindle or the change in temperature because either the 
1) adhesive used to form a unistructural assembly of the 
magnetic disks or 2) spacers or elastic members inserted in 
annular indentations formed in the spacers serve as buffers 
When the magnetic disks and the spacers are compressed 
together. 

[0020] US. Pat. No. 5,422,768 discloses a compliant hard 
disk assembly for a recording/reproducing device. Accord 
ing to the abstract, to minimiZe unWanted motion in a hard 
disk assembly in a hard disk drive, an elastomeric support is 
employed to mount a hard disk pack for rotation by a motor 
rotor of a disk spindle motor. The hard disk pack includes a 
hard disk support ring that has opposite annular axial faces 
upon Which the hard disks are securely mounted and axially 
spaced thereby. An elastomeric connection betWeen the hard 
disk support ring and a cylindrical body of the motor rotor 
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of the disk spindle motor provides a soft, or compliant, 
support for the hard disk pack. 

[0021] A need exists for a spacer articles that address the 
needs of neWer hard disk drives that have higher TPIs 
(greater than 10,000 TPI, typically 17,000 or more TPI) and 
higher RPMs (greater than 5,000 RPM, typically 7,200 RPM 
or higher) that lead to more disk vibrations as drive disk 
capacity increases. There is also a need for thinner disks to 
alloW more disks in a drive format height. The disks need to 
be adequately damped to provide a minimally vibrating 
surface for reading and Writing information or the drive Will 
not be able to perform at the next level of capacity that is 
noW needed to meet groWing industry demands for a loW 
cost megabyte of memory. 

SUMMARY OF THE INVENTION 

[0022] Although internally damped rotatable storage 
articles as disclosed in US. Pat. No. 5,538,774 are very 
useful, it is not alWays economically feasible to provide all 
such articles With an internal damping material. Articles that 
do not have such internal damping material still require 
some kind of damping. Furthermore, rotatable storage 
articles that are internally damped may still bene?t from 
additional damping. 

[0023] Metal spacer rings, and the various drive designs 
described in the aforementioned patents, although providing 
at least some damping, may not provide as much damping 
as one Would desire to meet the ever increasing needs for a 
more stable read/Write disk surface. 

[0024] Damped spacer articles of the invention can be 
used With both damped and undamped rotatable storage 
articles and are capable of providing excellent damping 
properties as Well as good force retention. The spacer 
articles are preferably capable of providing a vibration 
resistant disk drive assembly. Preferably the spacer article 
alloWs a rotatable storage article to maintain its shape and 
Will not distort the typically ?at rotatable storage article. 
Preferably the spacer article experiences little or no outgas 
sing of components that could interfere With the drive 
reliability. Preferably the spacer article provides high force 
retention. The spacer articles are preferably designed such 
that the vibration damping material contained therein does 
not readily become squeeZed out When a force is applied 
thereto. 

[0025] Optionally, a spacer article further comprises in its 
vibration damping material an effective amount of an elec 
trically conductive material so that the resistance betWeen 
substrates is less than about 100 ohms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 illustrates a top vieW of a spacer article of 
the invention. 

[0027] FIG. 2 illustrates a cross-sectional vieW of the 
spacer article of FIG. 1. 

[0028] FIG. 3 illustrates a cross-sectional vieW of another 
embodiment of a spacer article of the present invention. 

[0029] FIG. 4 illustrates a cross-sectional vieW of another 
embodiment of a spacer article of the present invention. 

[0030] FIG. 5 illustrates a cross-sectional vieW of a disk 
drive assembly of the invention. 
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[0031] FIG. 6 illustrates a cross-sectional vieW of a spacer 
article of the present invention. 

[0032] FIG. 7 illustrates an exploded vieW of the disk 
drive assembly of FIG. 5. 

[0033] FIGS. 8, 8a, 9 and 10 are side vieWs of different 
embodiments of prior art punches useful in making an 
embodiment of the spacer article of the present invention. 

[0034] FIG. 11 is a bottom vieW of a prior art punch useful 
in making an embodiment of a spacer article of the present 
invention. 

[0035] FIG. 12 is a partial cross-section of a prior art 
punch useful in making an embodiment of the spacer article 
of the present invention taken along line 12-12 of FIG. 11. 

[0036] FIGS. 13-34 illustrate partial cross-sectional vieWs 
of other embodiments of spacer articles of the present 
invention. 

[0037] FIG. 35 illustrates a cross-sectional vieW of 
another embodiment of a spacer article useful in the disk 
drive assembly of the present invention. 

[0038] FIG. 36 illustrates a schematic of the testing set-up 
for measuring vibration damping performance of the spacer 
articles in a disk drive assembly. 

[0039] FIG. 37 illustrates an expanded vieW of a portion 
of the schematic of the testing set-up of FIG. 36, Which 
shoWs primarily the spindle assembly from a disk drive. 

[0040] FIG. 38 illustrates a graph shoWing the modes of 
vibration (frequency versus magnitude) for various rotatable 
storage articles described in the Examples. 

[0041] FIG. 39 illustrates a graph shoWing the spacer 
article performance comparison of temperature versus Root 
Mean Square (RMS) displacement for various rotatable 
storage articles described in the Examples. 

[0042] FIG. 40 contains data for the graph in FIG. 39. 

[0043] FIG. 41 illustrates a graph shoWing the spacer 
article performance comparison of force retention versus 
time for various damped spacer articles in the Examples. 

[0044] FIG. 42 contains data for the graph in FIG. 41. 

DEFINITION OF TERMS 

[0045] The term “attachment device” as used herein refers 
to items such as screWs, bolts, clamps, nails, rivets, clamp/ 
screW combinations, integrally molded attachment devices 
and other mechanical attachment devices that can hold the 
spacer article(s) along With the rotatable storage article(s) in 
a desired location, position, altitude or con?guration With a 
desired level of stress and/or torque and/or pressure and/or 
force. 

[0046] The term “means for securing the rotatable storage 
article and spacer article onto the spindle” includes, for 
example, attachment devices as Well as heat shrinking. 

[0047] The term “force application area” as used herein 
describes the area in Which an article such as an attachment 

device, a rotatable storage article, another spacer article, etc., 
may contact the spacer article and impart a force (i.e., 
holding force) that is used to hold the spacer article in a 
position, location, altitude, or con?guration. 
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[0048] An example of a “force application area” is an area 
of the spacer article under the ?ange of a clamp that in turn 
has force applied to it by a head of a screW Which is directly 
above it, for example, the “force application area” being 
de?ned to extend through the entire spacer article. 

[0049] The term “deformation area” as used herein 
describes a section of an article in Which at least one 
substrate layer has been plastically deformed. The deforma 
tion area includes any article layer areas above and beloW 
the plastically deformed substrate areas. The deformation 
area is de?ned such that it does not include a through hole. 

[0050] The force application area can be the same as, 
larger or smaller than the deformation area for the embodi 
ment of the spacer article having a deformation area, When 
a deformation area is present in the spacer article. The 
deformation area is generally designed to be as small as 
required to meet the needs of the attachment device so as to 
have a minimal impact on the performance of the laminate 
spacer article in terms of resonant vibration control and 
noise generation or transmission. 

[0051] The terms “residual spring effect” and “residual 
spring force” are used interchangeably herein to refer to the 
spring-type potential resistive force that exists betWeen tWo 
or more substrate layers of a laminate that have a separation 
betWeen them. This separation Will require the attachment 
force of the attachment device to overcome the residual 
spring force during attachment device application. Substrate 
layers that are deformed such that no, or minimal, separation 
exists betWeen the substrate layers Will have no, or insig 
ni?cant, residual spring force to overcome. 

[0052] The term “spring back” as used herein refers to the 
tendency of the laminate substrate layers of deformed spacer 
articles to act as springs When put under a load. The substrate 
layers may be formed in a manner so that When force is 
applied to them, they are under stress. When the stress is 
removed, they Will spring back at least partially to their 
initial position. 

[0053] The terms “damped laminate” and “laminate” are 
used interchangeably herein to refer to a construction com 
prising at least tWo substrate layers and at least one layer of 
a vibration damping material comprising a viscoelastic 
material that has a loWer storage modulus than the substrate 
layers it is positioned betWeen. The laminate can also be of 
a multiple layer construction that may have more than tWo 
substrate layers and also more than one vibration damping 
material layer. The construction could also have vibration 
damping material layers adjacent to each other in layers or 
stripes or other patterns. The vibration damping material 
layers may be continuous or discontinuous. A discontinuous 
layer may be separated by space(s) and/or a nondamping 
material. A continuous layer may comprise the same damp 
ing material or different damping materials adjacent to each 
other, thereby forming a continuous surface. The substrate 
can comprise the same material or different substrate mate 
rials. 

[0054] The terms “plastically deformed” and “plastic 
deformation” are used herein to describe the permanent 
change to a laminate’s shape, pro?le, contour, or features 
that occurs When the substrate layers are exposed to: 1) a 
force or strain (typically from a punch tool and the tool’s 
Working surfaces) that imparts a force into the substrates that 
exceeds the substrates’ yield strength and/or 2) to heat. 
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[0055] The term “rotatable storage article” as used herein 
refers to a media that has information stored on it and/or that 
is capable of storing information. The article is typically 
capable of being rotated in some manner that alloWs the data 
stored on the article to be passed by a read or Write element 
to alloW reading of information from the article, or Writing 
of information on the article, or both. Examples of storage 
articles include rigid disk drive disks, optical disks, compact 
disks (CDs), magneto-optical disks, records, drums, ?oppy 
disks and the like. 

[0056] The term “spacer article contact surface” as used 
herein refers to the surface area(s) of the spacer article that 
an article above the spacer article comes into contact With, 
such as an attachment device, rotatable storage article, 
another spacer article, etc. and imparts the attachment 
device’s force upon the spacer article. 

[0057] A“through hole” as used herein refers to a hole that 
passes completely through an article. The term “through 
hole” as used herein is meant to include both completely 
enclosed through holes such as Would be provided, for 
example, by a spacer article having a shape similar to the 
letter “0” and a partially enclosed through hole, Which may 
have a shape similar to the letter “c”, for example. Aspacer 
article that has a shape that provides a completely enclosed 
through hole Would be more typical. HoWever, a spacer 
article that has more of a “c” shape and that does not provide 
a through hole that is completely enclosed may also be 
useful. The substrate and/or vibration damping material 
portion of a spacer article may, optionally, be broken, 
grooved, beveled, segmented, slotted, split, or non-continu 
ous, as long as the spacer article has structural integrity and 
encompasses a through hole. For example, if the spacer 
article is a laminate With several substrate layers, one 
substrate layer may be segmented in such a Way as not to 
affect the structural integrity of the article. 

[0058] The term “Working surface(s)” as used herein 
refers to the surfaces area(s) of a punch tool that come into 
physical contact With a laminate during the punch tool 
stamping operation When providing one of the spacer article 
embodiments of the invention. 

[0059] The term “offset” as used herein refers to When: (1) 
the upper surface of the ?rst substrate and the upper surface 
of the second substrate of a nested substrate spacer article 
are not level, (2) the loWer surface of the ?rst substrate and 
the loWer surface of the second substrate are not level, and 
(3) if the substrates are of unequal heights, the shorter 
substrate is positioned such that its upper surface extends 
above the upper surface of a taller substrate or such that its 
loWer surface extends beloW the loWer surface of the other 
substrate. 

[0060] The term “disk drive” as used herein refers to 
devices that are capable of rotating rotatable storage articles 
(such as a compact disk, for example) in a manner that 
information may be retrieved from and/or provided thereon. 
Examples of these devices are CD-ROM drives, ?oppy 
drives, removable media drives, rigid disk drives, optical 
drives, magneto-optical drives, magnetic drives, DVD disk 
drives, and the like. 

[0061] A “partial cross-section” With respect to a spacer 
article of a component thereof is the cross-section taken 
from the center of the through hole toWards an outer 
perimeter of the article or component. 
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[0062] A “con?guration in partial cross-section that is 
U-shaped” is de?ned as a cross-section taken from the center 
of the through hole toWards an outer perimeter of the spacer 
article. The U-shape may, for example, be angular or 
rounded. It may also be sideWays, right-side-up, or upside 
doWn. 

[0063] A “sideWays U-shape in partial cross-section” 
refers to a cross-section taken from the center of the through 
hole toWards an outer perimeter of the spacer article. The 
sideWays U-shape may, for example, be angular or rounded. 

[0064] Detailed Description of the Invention 

[0065] Various embodiments of useful spacer articles and 
disk drives are described herein. 

[0066] Spacer Articles 

[0067] A number of spacer articles are laminates or 
include a laminate as a component thereof. These spacer 
articles include, for example, the spacer articles referred to 
herein as press-?t laminate spacer articles, deformed spacer 
articles, particulate/?ber containing spacer articles, Welded 
spacer articles, and high modulus vibration damping mate 
rial laminate spacer articles. 

[0068] A laminate is prepared from an upper substrate 
layer (Which is typically ?at) and a loWer substrate layer 
(Which is typically ?at) and at least one layer of vibration 
damping material comprising a viscoelastic material posi 
tioned betWeen the upper and loWer substrate layers. The 
substrate layers have a higher storage modulus than the 
viscoelastic material in the vibration damping material. 

[0069] AWide variety of shapes are possible for the spacer 
articles. Each spacer article is typically circular in shape 
(although it may be oval, rectangular, etc). The outer and/or 
inner perimeter of the spacer articles may optionally be 
notched, jagged-edged, slotted, hatched, contain protru 
sions, etc. The spacer article is typically ring-shaped, as Well 
as each component making up the spacer article (such as 
substrates, vibration damping material, and laminate made 
therefrom, etc.). 
[0070] Each spacer article discussed herein has a diameter. 
The diameter of each spacer article typically ranges from 
about 1 to about 300 mm, preferably about 5 to about 100 
mm, and most preferably about 10 to about 70 mm. 

[0071] Each spacer article has a through hole. Each sub 
strate layer (as Well as each vibration damping material layer 
and laminate) also has a through hole positioned therein. The 
through hole may have a Wide variety of shapes. Typically 
the through hole is a circular through hole that is centrally 
positioned therein, although it may be oval, rectangular, etc. 
Typically the through hole diameter ranges from about 0.5 to 
about 299.9 mm, preferably about 4.9 to about 99.9 mm, and 
most preferably about 9.9 to about 69.9 mm. 

[0072] Each substrate layer is typically identical in dimen 
sions and composition, although they may vary. For 
example, each substrate layer may vary as to thickness, 
diameter and/or topography, etc. 

[0073] Each substrate layer is typically circular in shape 
(although it may be oval, rectangular, etc.). The outer and/or 
inner perimeter of each substrate layer may, optionally, be 
notched, jagged-edged, hatched, contain protrusions, etc. 
The tWo section spacer articles discussed herein, although 
















































