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DOME OR BOWL SHAPED GLASS AND METHOD OF 

FABRICATING DOME OR BOWL SHAPED GLASS 
 

 

BACKGROUND 

 

Field 

[0002] The present disclosure relates generally to glass sheets and glass substrates and 

methods for fabricating glass sheets and glass substrates.  More particularly, it relates to glass 

substrates for hard disk drives and methods for fabricating glass substrates using a glass 

making process or system, such as with a glass drawing apparatus. 

Technical Background 

[0003] It has been over sixty years since the introduction of the first magnetic recording 

hard disk drive (HDD) designed and manufactured by IBM in 1956.  The drive capacity was 

about 4.4 MB, which was the same as the first personal computer hard drives that appeared 

in the early 1980’s.  Currently, HDDs with storage capacity on the order of 10 TB are available 

and are used in modern computer systems.  With the advent of new technologies, the cost per 

drive and the physical size of a drive have been reduced significantly.  The combination of 

these prominent developments has made an ever-increasing demand for HDDs in the market. 

[0004] HDDs store information on platters which consist of a thick non-magnetic substrate 

with thin ferromagnetic film coatings.  There are two predominant hard disk drive form 

factors: 2.5” (65 mm) that typically use glass substrates and 3.5” (95 mm) that typically use 

aluminum substrates.  Price pressure on HDDs from solid state drives is forcing HDD 

manufacturers to find ways to reduce the cost per TB of drives.  The two most promising 

methods to reduce cost are to increase the number of platters per drive and to increase the 

areal density (TB/in2) of the platters.  Increasing the number of platters requires the use of 
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[0007] Thus, there is a need in the art to provide a high performance glass disk for HDDs 

and to provide an improved process to achieve such high performance glass disks.   

 

SUMMARY 

[0008] Some aspects of the present disclosure relate to a glass sheet.  The glass sheet includes 

a first major surface, a second major surface opposite to the first major surface, and an edge 

surface extending between the first major surface and the second major surface.  The glass 

sheet includes a thickness between 0.3 mm and 2 mm. The glass sheet includes a dome or bowl 

shape. 

[0009] The invention relates to an annular glass substrate.  The annular glass substrate includes 

a first major surface, a second major surface opposite to the first major surface, and an edge 

surface extending between the first major surface and the second major surface.  The annular 

glass substrate includes a thickness between 0.3 mm and 0.7 mm.  The annular glass substrate 

comprises a dome shape, bowl shape, saddle shape, or a cylinder shape; wherein the annular 

glass substrate comprises a warp less than 0.20 µm. 

[0010] An aspect of the present disclosure relate to a method for processing glass.  The 

method includes forming a ribbon of molten glass in a draw direction.  The method includes 

controlling temperature gradients in a setting zone of the ribbon in the draw direction and 

transverse to the draw direction to shape the ribbon into a dome or bowl shape.  The method 

includes cutting the ribbon to form a glass sheet comprising the dome or bowl shape. 

[0011] Embodiments described herein provide an exemplary substrate disk shape to 

minimize the out of plane distortion of a platter during operation of a HDD.  Embodiments 

described herein also provide an exemplary full sheet shape from which such disks can be cut 

efficiently.  Additional embodiments also provide a fusion forming process by which such full 

sheets can be obtained.  Such embodiments can enable low cost manufacturing of HDD 

substrates with performance advantages for designs employing thin platters or HAMR 

technology.  It should be noted that typical fusion processes do not produce a sheet with the 

desired intrinsic shape.  Rather, typical fusion processes may require that the full sheet warp 

and edge/corner gradients be controlled, so warp on the length scales required for HDD 

applications is generally ignored. 
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[0012] Embodiments described herein and claimed can enable the maximization of areal 

density of a disk by reducing out of plane distortion of the disk during operation which in turn 

allows minimization of the head/disk spacing.  As HDD manufacturers drive to thinner platters 

the need to minimize out of plane distortion due to substrate shape increases.
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plain meaning derived from grammatical organization or punctuation, and; the number or type 

of embodiments described in the specification. 

[0033] As used herein, the singular forms "a," "an," and "the" include plural references 

unless the context clearly dictates otherwise.  Thus, for example, reference to “a” component 

includes aspects having two or more such components, unless the context clearly indicates 

otherwise. 

[0034] As used herein, “molten glass” shall be construed to mean a molten material which, 

upon cooling, can enter a glassy state.  The term molten glass is used synonymously with the 

term “melt”.  The molten glass may form, for example, a majority silicate glass, although the 

present disclosure is not so limited.   

[0035] Referring now to FIG. 1, a portion of an exemplary hard disk drive (HDD) 100 is 

depicted.  Portion of HDD 100 includes a partial housing 102, a spindle 104, spacers 106, and 

a disk 108.  Other components of HDD 100 have been omitted for simplicity.  Spindle 104 is 

rotatably mechanically coupled to housing 102.  Spacers 106 are mechanically coupled to 

spindle 104 and clamp disk 108 therebetween.  Spacers 106 may have an outer diameter larger 

than the inner diameter of disk 108.  In certain exemplary embodiments, spacers 106 may have 

an outer diameter between about 25 mm and 35 mm (e.g., 31 mm).  Disk 108 may include warp 

(which is exaggerated in FIG. 1) defined as the difference between a negative out of plane 

maximum as indicated at 110 for disk 108 and a positive out of plane maximum as indicated 

at 112 for disk 108.  In an exemplary embodiment, disk 108 has a warp less than 0.20 µm. 

[0036] An exemplary optimal disk shape for HDD operation produced from a fusion forming 

process has been determined.  The Young’s modulus for the disk has been determined to be 

between about 80 GPa and 86 GPa (e.g., 83 GPa).  The Poisson’s ratio for the disk has been 

determined to be between about 0.20 and 0.26 (e.g., 0.23).  The density of the disk has been 

determined to be between about 2500 kg/m3 and 2700 kg/m3 (e.g., 2590 kg/m3).  The disk has 

a thickness between about 0.3 mm and 0.7 mm, an inner diameter between about 20 mm and 

30 mm (e.g., 25 mm), and an outer diameter between about 60 mm and 100 mm (e.g., 67 mm, 

95 mm).  Under an operational state, disk 108 is spinning at various speeds clamped between 

spacers 106. 

[0037] To determine an optimal target disk shape, the disk shape can be characterized by a 

second order polynomial function of x- and y- Cartesian coordinates of the circular disk.  

Taking into consideration a fusion forming process and simplifying the optimization process,  

  

















14 

270 and 274 and controlled thermal gradients provided by thermal control units 266.  Thermal 

control units 266 may add energy to (i.e., heat) and/or extract energy from (i.e., cool) glass 

ribbon 258 in a controlled manner.  The specific method in which thermal control units 266 

and pulling roll pairs 270 and 274 are used to influence the shape of glass ribbon 258 may be 

dependent upon the glass composition and other factors, such as, for example, the glass flow 

density, the methods of thermal control, and the size of glass ribbon 258.   

[0057] Thermal control units 266 influence the temperature gradients and cooling rates both 

in the vertical direction (i.e., draw direction 216) and in the horizontal direction (i.e., transverse 

to the draw direction 216).  These temperature gradients work in concert with pulling roll pairs 

270 and 274.  Pulling roll pairs 270 and 274 may include out of plane offsets to control the 

position of glass ribbon 258 as well as variable torque control, tilt position, and pinch (i.e., 

normal) force that control the amount of mechanical tension that is acted upon glass ribbon 

258.  The temperature gradients also control the tension acting upon glass ribbon 258 due to 

thermal impact, which is based on the glass material properties.   

[0058] FIG. 10 depicts an exemplary glass sheet 300 for forming a plurality of annular glass 

substrates 302.  Glass sheet 300 may be a fusion glass sheet formed using the glass 

manufacturing apparatus of FIGS. 8 and 9.  Glass sheet 300 includes a first major surface 304, 

a second major surface 306 opposite to the first major surface 304, and an edge surface 308 

extending between the first major surface 304 and the second major surface 306.  In certain 

exemplary embodiments, glass sheet 300 has a thickness (i.e., the distance between first major 

surface 304 and second major surface 306) between about 0.3 mm and 0.7 mm.  Glass sheet 

300 has a dome or bowl shape.  Glass sheet 300 may be cut to form a plurality of annular glass 

substrates 302.  While in the example illustrated in FIG. 10, the plurality of annular glass 

substrates 302 are arranged in a hexagonal pattern, in other examples the plurality of annular 

glass substrates 302 may be arranged in another suitable pattern for cutting from glass sheet 

300.  Each of the plurality of annular glass substrates 302 may be cut from glass sheet 300 

using a laser or another suitable process. 

[0059] FIG. 11 depicts an exemplary annular glass substrate 350.  Annular glass substrate 

350 may be cut from a glass sheet, such as glass sheet 300 of FIG. 10.  Annular glass substrate 

350 may be used to fabricate a HDD disk.  Annular glass substrate 350 includes a first major 

surface 354, a second major surface 356 opposite to the first major surface 354, and an edge 

surface 358 extending between the first major surface 354 and the second major surface 356.  

In certain exemplary embodiments, annular glass substrate 350 has a thickness (i.e., the 

distance between first major surface 354 and second major surface 356) between about 0.3 mm 
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and 0.7 mm.  Annular glass substrate 350 has a dome or bowl shape.  In certain exemplary 

embodiments, annular glass substrate 350 may have a diameter between about 90 mm and 100 

mm.  Annular glass substrate 350 may have a Young’s modulus between 80 GPa and 86 GPa, 

a Poisson’s ratio between 0.20 and 0.26, and a density between 2500 kg/m3 and 2700 kg/m3.  

The warp of annular glass substrate 350 may be less than about 0.20 µm. 
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What is claimed is: 

 

1. An annular glass substrate comprising: 

a first major surface; 

a second major surface opposite to the first major surface; and 

an edge surface extending between the first major surface and the second major surface, 

wherein the annular glass substrate comprises a thickness between 0.3 mm and 0.7 mm , 

and 

the annular glass substrate comprises a dome shape, bowl shape, saddle shape, or a 

cylinder shape; 

wherein the annular glass substrate comprises a warp less than 0.20 µm. 

 

2. The annular glass substrate of claim 1, wherein the annular glass substrate comprises a 

diameter between 60 mm and 100 mm. 

 

3. The annular glass substrate of any of claims 1-2, wherein the annular glass substrate 

comprises a Young’s modulus between 80 GPa and 86 GPa, a Poisson’s ratio between 0.20 

and 0.26, and a density between 2500 kg/m3 and 2700 kg/m3. 

 

 

 

 

 


