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(57) Abstract: A stiffened thin substrate with a substrate layer and a perimetrical glass frit rib bonded to a first surface of the substrate
layer is provided. The perimetrical glass frit rib bonded to the first surface of the substrate layer may per unit length, of the substrate
layer subjected to a 5 gram load by at least 15%. An electronic device layer may be thermal bonded to a second surface of the substrate
layer opposite the first surface, and the perimetrical glass frit rib bonded to the first surface of the substrate layer may decrease thermal
deflection, per unit length, of the substrate layer by at least 50% when the substrate layer with the electronic device layer is cooled

from 600°C to 23°C.
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STIFFENED THIN SUBSTRATES AND ARTICLES FORMED
THEREFROM

Cross-Reference to Related Applications

[0001] This application claims the benefit of priority of U.S. Provisional Application Serial
No. 62/688,112 filed on June 21, 2018 the contents of which are relied upon and incorporated
herein by reference in their entirety as if fully set forth below.

BACKGROUND

Field

[0002] The present specification generally relates to thin substrates, and, more specifically,
to stiffened thin substrates.

Technical Background

[0003] Thick and thin film deposition and patterning techniques are used to form a variety
of dielectric, semiconductor, and conductor layers on a substrate during manufacturing of
electronic devices such as batteries, sensors, and the like. Example substrates include thin

sheets formed from a ceramic composition, a glass composition, and the like.
SUMMARY

[0004] Electronic devices such as batteries, sensors, etc., may be manufactured on
substrate layers comprising a ceramic composition, a glass composition or a ceramic/glass
composition. Thinner substrate layers are desired thereby reducing weight and cost.
However, thin substrate layers may be difficult to handle, transport, etc., during
manufacturing of electronic devices on the substrate layers. That is, handling of a thin
substrate layer may be problematic due to a lack of stiffness of the substrate layer.
Accordingly, problems such as a decrease in pattern resolution during the manufacture of
clectronic devices on the substrate layer may occur. Thin substrate layers may also suffer
from shape deformation (i.c., bowing, curling, warping, cambering) when an additional layer
having a different composition than the substrate layers is deposited and thermally bonded to

the substrate layer. This shape deformation may be unpredictable and sensitive to small
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stress perturbations. Particularly, a difference in the coefficient of thermal expansion (CTE)
between a substrate layer and an additional layer (e.g., an electrode layer) deposited and
thermally bonded onto the substrate layer at an elevated temperature (e.g., 600°C) results in
subsequent shape deformation upon cooling the substrate layer with the additional layer to

ambient temperature.

[0005] In one embodiment a stiffened thin substrate comprises a substrate layer formed
from a ceramic composition, a glass composition or a ceramic/glass composition. A
perimetrical glass frit rib is bonded to a first surface of the substrate layer. The perimetrical
glass frit rib may be spaced from a perimeter of the substrate layer and the perimetrical glass
frit rib bonded to the first surface of the substrate layer decreases gravitational deflection, per
unit length, of the substrate layer by at least 50%. In embodiments, the perimetrical glass frit
rib may be bonded to the first surface spaced from the perimeter of the substrate layer by less
than or equal to about 2 mm and the perimetrical glass frit rib decreases thermal deflection,
per unit length, of the substrate layer by at least 50% when the substrate layer is cooled from
about 600°C to about 23°C. In some embodiments, and in addition to the perimetrical glass
frit rib, a plurality of glass frit ribs may be bonded to the first surface of the substrate layer
such and the perimetrical glass frit rib and the plurality of glass frit ribs may form a plurality
of glass frit frames bonded to the first surface of the substrate layer. In such embodiments,
the substrate layer with the perimetrical glass frit rib and the plurality of glass frit ribs may
comprise a plurality of electronic device substrates and a plurality of electronic devices may
be bonded to the plurality of electronic device substrates such that an electronic device is
bonded to cach of the plurality of electronic device substrates. Also, the plurality of
electronic devices may be manufactured on the plurality of electronic device substrates. In
embodiments, an ¢lectronic device layer may be thermally bonded to a second surface of the
substrate layer opposite the first surface. In such embodiments, the perimetrical glass frit rib
bonded to the first surface of the substrate layer may decrease thermal deflection, per unit
length, of the substrate layer with the clectronic device layer by at least 50% when the

substrate layer with the electronic device layer is cooled from about 600°C to about 23°C.

[0006] In another embodiment, a stiffened thin substrate comprises a substrate layer
formed from a ceramic composition, a glass composition or a ceramic/glass composition. A
perimetrical glass frit rib is bonded to a first surface of the substrate layer and an electronic

device layer is thermally bonded to a second surface of the substrate layer opposite the first
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surface. The perimetrical glass frit rib bonded to the first surface of the substrate layer
decreases thermal deflection, per unit length, of the substrate layer with the electronic device
layer by at least 50% when the substrate layer with the electronic device layer is cooled from
about 600°C to about 23°C. Also, the perimetrical glass frit rib bonded to the first surface of
the substrate layer may decrease gravitational deflection, per unit length, of the substrate
layer with the electronic device layer by at least 50%. In addition to the perimetrical glass frit
rib, a plurality of glass frit ribs may be bonded to the first surface of the substrate layer, and
the perimetrical glass frit rib and the plurality of glass frit ribs may form a plurality of glass
frit frames bonded to the first surface of the substrate layer. The plurality of glass frit frames
may comprise a plurality of electronic device substrates and a plurality of electronic devices
may be bonded to the plurality of electronic device substrates such that an electronic device is

bonded to each of the plurality of electronic device substrates.

[0007] In yet another embodiment, a process for forming a stiffened thin substrate for a
plurality of electronic devices comprises forming, drying and sintering a perimetrical glass
frit rib on a first surface of a substrate layer. The perimetrical glass frit rib may be spaced
from a perimeter of the substrate layer by less than or equal to about 20 mm, and the
perimetrical glass frit rib bonded to the first surface of the substrate layer may decrease
gravitational deflection, per unit length, of the substrate layer by at least 50%. In
embodiments, the process may further comprise thermally bonding an electronic device layer
on a second surface of the substrate layer opposite the first surface. The electronic device
layer may have a composition different than the substrate layer and the perimetrical glass frit
rib bonded to the first surface of the substrate layer may decrease thermal deflection, per unit
length, of the substrate layer with the clectronic device layer by at least 50% when the
substrate layer with the electronic device layer is cooled from about 600°C to about 23°C. In
some embodiments, the perimetrical glass frit rib may be spaced from the perimeter of the
substrate layer by less than or equal to about 2 mm. The process may further comprise
forming, drying and sintering a plurality of glass frit ribs on the first surface of the substrate
layer. The perimetrical glass frit rib and the plurality of glass frit ribs may form a plurality of
glass frit frames bonded to the first surface of the substrate layer. The plurality of glass frit
frames may form a plurality of ¢lectronic device substrates and a plurality of electronic
devices may be manufactured on the plurality of electronic device substrates such that an

electronic device is manufactured on each of the plurality of electronic device substrates.
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[0008] Additional features and advantages will be set forth in the detailed description
which follows, and in part will be readily apparent to those skilled in the art from the
description or recognized by practicing the embodiments as described in the written

description and claims hereof, as well as the appended drawings.

[0009] It is to be understood that both the foregoing general description and the following
detailed description are merely exemplary, and are intended to provide an overview or
framework to understand the nature and character of the claims. The accompanying drawings
are included to provide a further understanding, and are incorporated in and constitute a part
of this specification. The drawings illustrate one or more embodiments, and together with the

description serve to explain principles and operation of the various embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 schematically depicts a stiffened thin substrate with a perimetrical glass frit

rib according to one or more embodiments described herein;

[0011] FIG. 2 schematically depicts a stiffened thin substrate with an additional layer

according to one or more embodiments described herein;

[0012] FIG. 3 schematically depicts a stiffened thin substrate with a plurality of glass frit
ribs, a plurality of glass frit frames, and a plurality of electronic devices manufactured

according to one or more embodiments described herein;

[0013] FIG. 4 schematically depicts a process for forming stiffened thin substrates with

glass frit ribs according to one or more embodiments described herein;

[0014] FIG. 5 schematically depicts a deflection testing technique according to one or

more embodiments described herein;

[0015] FIG. 6 graphically depicts gravitational deflection, per unit length, for a substrate
layer with a perimetrical glass frit rib according to one or more embodiments described

herein and a substrate layer without a perimetrical glass frit rib;

[0016] FIG. 7A schematically depicts a top view of a deflection testing technique

according to one or more embodiments described herein;
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[0017] FIG. 7B schematically depicts a section 7B-7B in FIG. 7A;

[0018] FIG. 8 graphically depicts deflection as a function of perimetrical glass frit rib
thickness for a substrate layer with a 5 gram load placed thereon according to the deflection

testing technique in FIGS. 7A and 7B; and

[0019] FIG. 9 graphically depicts deflection, per unit length, as a function of perimetrical
glass frit rib thickness for a substrate layer with a 5 gram load placed thereon according to the

deflection testing technique in FIGS. 7A and 7B.
DETAILED DESCRIPTION

[0020] Referring to FIG. 1, a stiffened thin substrate 10 comprises a substrate layer 100
with a perimetrical glass frit rib 120, i.e., a rib 120 extending along or near a perimeter 110 of
the surface of the substrate layer 100. The perimetrical glass frit rib 120 is disposed over and
bonded to the substrate layer 100. The substrate layer 100 comprises a first surface 101 (also

<

referred to herein as an “upper surface 1017 (+Y direction)), a second surface 103 (also
referred to herein as a “lower surface 103 (-Y direction)), a first end 102, a second end 104
spaced apart from the first end 102, a first side 106, and a second side 108 spaced apart from
the first side 106. A perimeter 110 of the substrate layer 100 extends along an outer edge
(not labeled) of the substrate layer 100. The substrate layer 100 has a thickness ‘ts1” (Y
direction) between the upper surface 101 an the lower surface 103, a length ‘Is” (X direction)
extending from the first end 102 to the second end 104, and a width ‘ws’ (Z direction)
extending from the first side 106 to the second side 108. While the substrate layer 100
depicted in FIG. 1 has a rectangular shape, it should be understood that substrate layers with

other geometrical shapes such as circles, triangles, ellipses, and the like may be utilized and

are included in the instant disclosure.

[0021] In embodiments, the perimetrical glass frit rib 120 comprises a lower surface 122
bonded to the upper surface 101 of the substrate layer 100, an upper surface 124 spaced apart
from the lower surface 122, an outer surface 126 and an inner surface 128 spaced apart from
the outer surface 126. The perimetrical glass frit rib 120 has a thickness ‘t:” between the
lower surface 122 and the upper surface 124, and a width ‘w:” between the outer surface 126
and the inner surface 128. Also, the outer surface 126 of the perimetrical glass frit rib 120
may be spaced or offset from the perimeter 110 of the substrate layer 100 by a distance ‘Of
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that is less than or equal to 20 mm, for example, less than or equal to 10 mm, 5 mm, 2 mm or
I mm. In some embodiments, perimetrical glass frit rib 120 may be positioned on the
perimeter 110 of the substrate layer 100, i.e., the distance “Of is equal to zero (e.g., see FIG.
2). Also, the perimetrical glass frit rib 120 may extend continuously along or near a
perimeter 110. In the altemative, the perimetrical glass frit rib 120 may extend non-
continuously along or near a perimeter 110. That is, the perimetrical glass frit rib 120 may
have one or more gaps where so long as the perimetrical glass frit rib 120 provides a stiffness

to the substrate layer 100 as described herein.

[0022] In embodiments, the perimetrical glass frit rib 120 reduces deflection due to the
force of gravity (hereafter referred to as “gravitational deflection™) of a substrate layer 100,
per unit length, by at least 50%. For example, in some embodiments, the perimetrical glass
frit rib 120 may reduce the gravitational deflection of a substrate layer 100, per unit length,
by at least 66%. In other embodiments, the perimetrical glass frit rib 120 may reduce the
gravitational deflection of a substrate layer 100, per unit length, by at least 80%. In still other
embodiments, the perimetrical glass frit rib 120 may reduce the gravitational deflection of a
substrate layer 100, per unit length, by at least 90%. It should be understood that the
perimetrical glass frit rib 120 may reduce the gravitational deflection of a substrate layer 100,
per unit length, between 50% and 90%. For example, in some embodiments, the perimetrical
glass frit rib 120 may reduce the gravitational deflection of a substrate layer 100, per unit
length, between 50% and 66%. In other embodiments, the perimetrical glass frit rib 120 may
reduce the gravitational deflection of a substrate layer 100, per unit length, between 66% and
80%. In still other embodiments, the perimetrical glass frit rib 120 may reduce the

gravitational deflection of a substrate layer 100, per unit length, between 80% and 90%.

[0023] Turning now to FIG. 2, one or more additional layers may be disposed over and
bonded to the substrate layer 100. Particularly, a multilayer assembly 112 may be formed
from an electronic device layer 140 (i.c., a layer that forms part of an electronic device
manufactured on the substrate layer 100) bonded to the substrate layer 100. The electronic
device layer 140 comprises an upper surface 142, a lower surface 144, and a thickness ‘ts’
between the upper surface 142 and the lower surface 144. In embodiments, the upper surface
142 may be thermally bonded to the lower surface 103 of the substrate layer 100. As
depicted in FIG. 2, the electronic device layer 140 may have generally the same length 15 and

width ws as the substrate layer 100. The electronic device layer 140 may be formed from a
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material that is different than the substrate layer 100. Accordingly, the substrate layer 100
may have a first coefficient of thermal expansion (‘CTE1”) and the electronic device layer
140 may have a second ‘CTE3’ that is different than the first coefficient of thermal expansion
CTE: (i.e., CTE; # CTE»). It should be understood that cooling or heating of the multilayer
assembly 112 results in different thermal contraction or thermal expansion, respectively,
between the substrate layer 100 and the electronic device layer 140. Also, depending on the
amount of thermal contraction difference between the substrate layer 100 and the electronic
device layer 140, deflection (e.g., bowing) of the multilayer assembly 112 may occur when
the multilayer assembly 112 is cooled from an elevated temperature to ambient temperature

as described below.

[0024] In embodiments, the perimetrical glass frit rib 120 reduces deflection of the
multilayer assembly 112, per unit length, due to the differences of CTE between the substrate
layer 100 and the electronic device layer 140 bonded to the substrate layer 100 and when the
multilayer assembly 112 is cooled from an elevated temperature to ambient temperature
(hereafter referred to as “thermal deflection”). For example, in embodiments, the
perimetrical glass frit rib 120 may reduce the thermal deflection of a multilayer assembly
112, per unit length, by at least 50% when the multilayer assembly is cooled from 600°C to
23°C. In some embodiments, the perimetrical glass frit rib 120 may reduce the thermal
deflection of a multilayer assembly 112, per unit length, by at least 66% when the multilayer
assembly is cooled from 600°C to 23°C. In other embodiments, the perimetrical glass frit rib
120 may reduce the thermal deflection of a substrate layer 100, per unit length, by at least
80% when the multilayer assembly is cooled from 600°C to 23°C. In still other embodiments,
the perimetrical glass frit rib 120 may reduce the thermal deflection of a substrate layer 100,
per unit length, by at least 90% when the multilayer assembly is cooled from 600°C to 23°C.
It should be understood that the perimetrical glass frit rib 120 may reduce the thermal
deflection of a substrate layer 100, per unit length, between 50% and 90%. For example, in
some embodiments, the perimetrical glass frit rib 120 may reduce the thermal deflection of a
substrate layer 100, per unit length, between 50% and 66%. In other embodiments, the
perimetrical glass frit rib 120 may reduce the thermal deflection of a substrate layer 100, per
unit length, between 66% and 80%. In still other embodiments, the perimetrical glass frit rib
120 may reduce the thermal deflection of a substrate layer 100, per unit length, by a between
80% and 90%.
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[0025] The thickness, length and width of the substrate layer 100 may depend on the
intended use of the stiffened thin substrate 10. In embodiments, the substrate layer 100 may
have a thickness ts1 within the range of about 10 um and about 100 um, a length 15 within the
range of about 75 mm and about 500 mm, and a width ws within the range of about 50 mm
and about 500 mm. In some¢ embodiments, the thickness of the substrate layer 100 may be
between about 10 um and about 90 um, for example between about 10 um and 20 pm,
between about 20 um and 30 um, between about 30 um and 40 um, between about 40 um
and 50 um, between about 50 um and 60 um, between about 60 um and 70 pum, between
about 70 um and 80 um, or between about 80 um and 90 um. In such embodiments, the
length of the substrate layer 100 may be between about 75 mm and about 400 mm, for
example between about 75 mm and about 100 mm, between about 100 mm and about 125
mm, between about 125 mm and about 150 mm, between about 150 mm and about 200 mm,
between about 200 mm and about 250 mm, between about 250 mm and about 300 mm,
between about 300 mm and about 350 mm, or between about 350 mm and about 400 mm.
Also, in such embodiments, the width of the substrate layer 100 may be between about 50
mm and about 350 mm, for example between about 50 mm and about 75 mm, between about
75 mm and about 100 mm, between about 100 mm and about 125 mm, between about 125
mm and about 150 mm, between about 150 mm and about 200 mm, between about 200 mm
and about 250 mm, between about 250 mm and about 300 mm, or between about 300 mm

and about 350 mm.

[0026] Similar to the thickness, length and width of the substrate layer 100, the thickness
and width of the perimetrical glass frit rib 120 may depend on the intended use of the
stiffened thin substrate 10. In embodiments, the perimetrical glass frit rib 120, and other
glass frit ribs described herein, may have a thickness t: between about 10 um and about 500
um and a width w; between about 1 mm and about 100 mm. In some embodiments, the
thickness tr of the perimetrical glass frit rib 120 may be between about 10 um and about 300
um, for example between about 10 um and 25 pm, between about 25 pum and 50 pm,
between about 50 um and 75 um, between about 75 pm and 100 um, between about 100 um
and 150 um, between about 150 um and 200 pum, between about 200 um and 250 um, or
between about 250 um and 300 um. In such embodiments, the width w; of the perimetrical
glass frit rib 120 may be between about 2 mm and about 50 mm, for example between about

2 mm and about 5 mm, between about 5 mm and about 10 mm, between about 10 mm and
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about 15 mm, between about 15 mm and about 20 mm, between about 20 mm and about 25
mm, between about 25 mm and about 30 mm, between about 30 mm and about 35 mm,
between about 35 mm and about 40 mm, between about 40 mm and about 45 mm, or between

about 45 mm and about 50 mm.

[0027] The substrate layer 100 may be formed from materials suitable for electronic
devices to be manufactured thereon. Non-limiting examples of materials used to form the
substrate layer 100 include ceramics such as zirconia, yttrium stabilized zirconia, alumina,
and the like, glasses such as alkali-free borosilicate glass, alkaline earth boro-aluminosilicate
glass, and the like, and a combination of a ceramic and a glass (herein also referred to as
“ceramic/glass”). In some embodiments, the substrate layer 100 may be formed from a single
layer of uniform composition. In other embodiments, the substrate layer 100 may be formed
from a plurality of layers. In such embodiments, the plurality of layers may comprise a
uniform composition, or in the alternative, may comprise layers with different compositions.
The perimetrical glass frit rib 120, and other glass frit ribs described herein, may be formed
from materials suitable for depositing onto thin ceramic, glass or ceramic/glass substrate
layers and being sintered to form a stiffening rib. Non-limiting examples of materials used to
form the perimetrical glass frit rib 120 include Si02-B20; glass frit, Bi203-B203-5102 glass
frit, BixOs3'B20s glass frit, BixO3'B203AlLOs glass frit, BixO3'B203-Zn0O glass frit,
Zn0-Bi203-B:20s glass frit, and the like. The glass frit may be a glass, a ceramic, or a glass
ceramic material that is compatible with subsequent device fabrication steps that may be used
to form a three dimensional surface feature (e.g., a perimetrical glass frit rib 120) on at least
one surface (e.g., the upper surface 101 and/or the lower surface 103) of the substrate layer
100. The perimetrical glass frit rib 120 may be formed directly on the upper surface 101
and/or the lower surface 103. In the alternative, the perimetrical glass frit rib 120 may be
pre-formed and then bonded to the upper surface 101 and/or the lower surface 103 of the
substrate layer 100.

[0028] In embodiments, the physical dimensions and/or CTE of the perimetrical glass frit
rib 120, and any additional glass frit rib bonded to the substrate layer 100, may be selected to
maintain flatness of the substrate layer 100. For example, a perimetrical glass frit rib 120,
and any additional glass frit rib bonded to the substrate layer 100, may comprise a CTE that is
less than a CTE of the substrate layer 100 thereby producing tension within the substrate
layer 100 during thermal cooling of the substrate layer 100 with the perimetrical glass frit rib
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120 bonded thereto. Alternatively, a perimetrical glass frit rib 120, and any additional glass
frit rib bonded to the substrate layer 100, may comprise physical dimensions and/or a CTE
that result in predictable deformation of the substrate layer 100. For example, a perimetrical
glass frit rib 120, and any additional glass frit rib bonded to the substrate layer 100, may
result in the substrate layer 100 bending predictably along a given axis, direction, etc., of the
substrate layer 100. It should be understood that the perimetrical glass frit rib 120 may not
extend completely around the perimeter 110 of the substrate layer 100. That is, in some
embodiments, the perimetrical glass frit rib 120 is segmented along the perimeter 110. In the
alternative, or in addition to, the perimetrical glass frit rib 120 may extend along the
perimeter 110 that is adjacent to one or more, but not all, of the ends 102, 104 and the sides

106, 108 of the substrate layer 100.

[0029] The electronic device layer 140 may be formed from materials suitable for
manufacturing electronic devices and components of electronic devices such as cathode
electrode materials, anode electrode materials, electrolyte materials, semiconductor materials,
dielectric materials, and the like. Non-limiting examples of electrode materials used to form
the electronic device layer 140 platinum (Pt), gold (Au), copper (Cu), aluminum (Al), lithium
cobalt oxide (LiCoQ2), lithium titanate (LiTiOs), lithtum phosphorus oxynitride (LiPON),
silicon (Si), silicon carbide (SiC), silicon dioxide (Si0O2), aluminum nitride (AIN), gallium
nitride (GaN), gallium oxide (Ga»0s), boron nitride (BN), molybdenum disulfide (MoS>),
tungsten disulfide (WSz), and tungsten diselenide (WSe), phenyl-C61-butyric acid methyl
ester (PCBM), pentacene, carbazole compounds, phthalocyanine, e-poly(vinylidene fluoride-
hexafluoropropylene) (¢-PVDF-HFP), silicon nitride (SiNx), alumina (Al203), hafnium oxide

(HfO:), or combinations thereof.

[0030] Referring now to FIG. 3, in embodiments, additional glass frit ribs may be disposed
over and bonded to the substrate layer 100 as schematically depicted in FIG. 3. Particularly,
a plurality of glass frit ribs 121 bonded to the upper surface 101 and extending in the length
direction (X direction) and a plurality of glass frit ribs 123 bonded to the upper surface 101
and extending in the width direction (Z direction) may be included. In some embodiments,
the plurality of glass frit ribs 121 and the plurality of glass frit ribs 123 form a plurality of
glass frit frames 150. Disposed between each of the plurality of glass frit frames 150 may be
an electronic device substrate layer 155 where an electronic device 160, or a portion of an

electronic device 160, may be formed. For example, FIG. 3 schematically depicts a plurality

10
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of electronic device substrate layers 155, and a plurality of electronic devices 160 disposed
on the plurality of electronic device substrate layers 155. One non-limiting example of the
plurality of electronic devices 160 includes a battery 162 with a positive electrode 164, a
negative electrode 166 and a battery cell 168 disposed on each of the electronic device
substrate layers 155. It should be understood that the plurality of electronic devices 160 may
be formed on the plurality of electronic device substrate layers 155 using semiconductor
device deposition and patterning techniques. For example, a positive electrode 164 and/or a
negative electrode 166 for a plurality of batteries 162 may be deposited on the plurality of
electronic device substrate layers 155 at a single manufacturing station, patterned at a single
manufacturing station, and the like. Also, the substrate layer 100 with the plurality of
electronic device substrate layers 155 may be singulated to form individual electronic devices
160 disposed on individual electronic device substrate layers 155. As used herein, the terms
“singulation”, “singulated”, and “singulating” refer to reducing (¢.g., laser cutting) a substrate

layer into individual electronic substrate layers with an electronic device.

[0031] Referring now to FIG. 4, a process line 20 for forming perimetrical glass frit ribs
120 on a substrate layer 100 is schematically depicted. The process line 20 comprises a roll
30 of the substrate layer 100 which is transported or fed into a glass frit rib printing station
where glass frit ribs, ¢.g., perimetrical glass frit ribs 120, glass frit ribs 121, and/or glass frit
ribs 123 (only glass frit ribs 123 shown) are printed onto the substrate layer 100. In some
embodiments, a plurality of glass frit ribs 121 and a plurality of glass frit ribs 123 are printed
onto the substrate layer 100 thereby forming a plurality of glass frit frames 150. The
substrate layer 100 with the glass frit ribs 123 (and optionally the glass frit ribs 120, 121)
enters a rib drying station and then a rib sintering station in order to dry, sinter, and bond the
glass frit ribs 123 (and optionally the glass frit ribs 120, 121) onto the substrate layer 100.
The substrate layer 100 with the glass frit ribs 123 bonded thereto passes through a
singulation station where the substrate layer 100 is singulated into desired shapes and sizes.
While FIG. 4 schematically depicts the singulated station as part of the process line 20, it
should be understood that the singulated station may be separate from the process line 20.
For example, the substrate layer 100 with a plurality of perimetrical glass frit ribs 120, a
plurality of glass frit ribs 121 and/or a plurality of glass frit ribs 123 may be rolled back into a
roll, stored, transported, etc., and then un-rolled at an e¢lectronic device manufacturing line

and/or singulation station before being singulated.
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EXAMPLES

Comparative Example 1

[0032] Deflection due to the force of gravity (hereafter referred to as “gravitational
deflection™) of a substrate layer 100, per unit length, without a perimetrical glass frit rib 120,
was mathematically modeled. The modeling included a substrate layer 100 formed from
yitria stabilized zirconia (zirconia — 3 mole % yttria), and having a thickness ts1 of 100 um, a
length I of 137 mm and a width of 114 mm. The substrate layer 100 was simply supported at
the first end 102, midway, and at the second end 104, midway, and gravitational deflection of
the unsupported center was modeled. A schematic depiction of gravitational deflection of
this nature is shown in FIG. 5. The length ‘L’ depicted in FIG. 5 was 68.5 mm, the
gravitational deflection ‘d” was 1.0 mm, and the gravitational deflection per unit length was

14.6 pm/mm.

Non-Comparative Example 1

[0033] Gravitational deflections, per unit length, of substrate layers 100 with perimetrical
glass frit ribs 120 of different thicknesses were modeled. The modeling included substrate
layers 100 formed from yttria stabilized zirconia (zirconia — 3 mole % yttria), and having a
thickness ts1 of 25 um, a length Is of 137 mm and a width of 114 mm. Perimetrical glass frit
ribs 120 having a width of 10.0 mm (w: = 10.0 mm) and thicknesses (t) between 0.0 mm
(i.e., no perimetrical glass frit rib 120) to 105 um were bonded to an upper surface 101 of the
substrate layers 100. Particularly, substrate layers 100 (ts1 = 25 um) without a perimetrical
glass frit rib 120 (t: = 0.0 mm), with a perimetrical glass frit rib 120 having a thickness equal
to 35 um (t; = 35.0 um), a perimetrical glass frit rib 120 having a thickness equal to 70 um (t;
= 70.0 um), and a perimetrical glass frit rib 120 having a thickness equal to 105 pum (t; =
105.0 um) were modeled for gravitational deflection per unit length. Table 1 below shows
the gravitational deflection and the gravitation deflection per unit length for each of the
substrate layers 100, with and without the perimetrical glass frit ribs 120, under the same
conditions as Comparative Example 1. As shown in Table 1, a substrate layer 100 with a
thickness of 25 um and a perimetrical glass frit rib 120 with a width of 10 mm and a
thickness of 35 um reduced the gravitational deflection, per unit length, of the substrate layer
100 (without a perimetrical glass frit rib 120) by about 66%. That is, the perimetrical glass
frit rib 120 with a width of 10 mm and a thickness of 35 um bonded to the substrate layer 100
reduced the gravitational deflection, per unit length, of the substrate layer 100 without the
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perimetrical glass frit rib 120 from 170.8 um/mm to 56.9 ym/mm and (170.8 - 56.9)/170.8 x
100 = 66%. The perimetrical glass frit rib 120 with a width of 10 mm and a thickness of 70
um bonded to the substrate layer 100 reduced the gravitational deflection, per unit length, of
the substrate layer 100 by about 84%. The perimetrical glass frit rib 120 with a width of 10
mm and a thickness of 105 um bonded to the substrate layer 100 reduced the gravitational
deflection, per unit length, of the substrate layer 100 by about 91%. Also, the perimetrical
glass frit rib 120 with a width of 10 mm and a thickness of 105 um provided the substrate
layer 100 with a thickness of 25 um the same stiffness (i.c., gravitational deflection per unit
length) as the substrate layer 100 with a thickness of 100 um as graphically depicted in FIG.
6. Accordingly, perimetrical glass frit ribs 120 described herein allow for a reduction in
thickness of a substrate layer 100 needed to exhibit a desired stiffness (i.e., gravitational
deflection per unit length). It should be understood that using thinner substrate layers, ¢.g.,
substrate layers with thicknesses less than or equal to 100 um, that have a stiffness that
enables handling, desired pattern resolution, etc., reduces the costs and weight of electronic

devices manufactured on the thinner substrate layers.

Table 1.
Glass Frit Rib Size Gravitational Gravitational
wr (mm) tr (um) Deflection (mm) Deflection Per Unit
Length (um/mm)
0.0 0.0 11.7 170.8
10.0 35 39 56.9
10.0 70 1.9 27.7
10.0 105 1.0 14.6

Comparative Example 2

[0034] Deflection per unit length due to the differences of CTE between a substrate layer
100 and an electronic device layer 140 bonded to the substrate layer 100 (i.e., a multilayer
assembly 112) upon cooling of the multilayer assembly 112 from an elevated temperature to
ambient temperature (hereafter referred to as “thermal deflection”™) was modeled.
Particularly, thermal deflection, per unit length, of a substrate layer 100, without a
perimetrical glass frit rib 120, and an electronic device layer 140 bonded to the lower surface
103, upon cooling from 600°C to 23°C was mathematically modeled. The substrate layer 100
was modeled as being formed from yttria stabilized zirconia (zirconia — 3 mole % yttria) and

having a thickness ts1 of 100 pm, a length Is of 137 mm, a width of 114 mm. The electronic
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device layer 140 bonded to the lower surface 103 of the substrate layer 100 was modeled as
being formed from lithium cobalt oxide (LiCoO>) and having a thickness ts; of 8 um, a length
ls of 137 mm, a width of 114 mm. The multilayer assembly 112 was rigidly supported at a
center position between the first end 102, the second end 104, the first side 106 and the
second side 108 (i.e., the center of the substrate layer 100), and the ends 102, 104 and sides
106, 108 were allowed to freely deform as the multilayer assembly 112 was cooled from
600°C to 23°C. The maximum thermal deflection occurred at the comers of the substrate
layer 100 and the length between the center of the substrate layer 100 and the comners of
substrate layer 100 was 89.1 mm. The thermal deflection at the corners was 12.4 mm and the

thermal deflection per unit length was 139.2 pum/mm.

Non-Comparative Example 2

[0035] Thermal deflections per unit length of multilayer assemblies 112 with perimetrical
glass frit ribs 120 of different thicknesses bonded were modeled. The substrate layers 100
were modeled as being formed from yttria stabilized zirconia (zirconia — 3 mole % yttria) and
having a thickness t;1 of 25 um, a length I of 137 mm, and a width of 114 mm. The
electronic device layers 140 bonded to the lower surface 103 of the substrate layers 100 were
modeled as being formed from lithium cobalt oxide (LiCoQO2) and having a thickness ts2 of 8
pm, a length Is of 137 mm, a width of 114 mm. The perimetrical glass frit ribs 120 were
modeled as having a width of 10.0 mm (w; = 10.0 mm) and thicknesses (t:) between 35.0 um
to 105 um. Particularly, multilayer assemblies 112 comprising a substrate layer 100 with a
thickness equal to 25.0 um (ts1 = 25 pum), an electronic device layer 140 with a thickness
equal to 8.0 um (t2 = 8.0 um), and perimetrical glass frit ribs 120 having thicknesses equal to
35 um (tr = 35.0 um), 70 um (t: = 70.0 um), and 105 um (t: = 105.0 um) were modeled for
cooling from 600°C to 23°C. The maximum thermal deflection occurred at the first and
second ends 102, 104 of the substrate layer 100. The length between the center of the
substrate layer 100 and the first and second ends 102, 104 of the substrate layer 100 was 68.5
mm. Table 2 below shows the thermal deflection and the thermal deflection per unit length
for each of the multilayer assembly 112 with the perimetrical glass frit ribs 120 of different
thicknesses. As shown in Table 2, a multilayer assembly 112 with a substrate layer 100
having a thickness of 25 um and a perimetrical glass frit rib 120 with a width of 10 mm and a
thickness of 35 pm has a thermal deflection per unit length upon cooling from 600°C to 23°C
of 729.9 um/mm. The same substrate layer 100 (i.c., a substrate layer 100 with a thickness of
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25 pm) with a perimetrical glass frit rib 120 with a width of 10 mm and a thickness of 70 um
has a thermal deflection per unit length of 369.3 pm/mm. The same substrate layer 100 with
a perimetrical glass frit rib 120 with a width of 10 mm and a thickness of 105 um has a
thermal deflection per unit length of 173.7 pm/mm. The perimetrical glass frit rib 120 with a
width of 10 mm and a thickness of 105 um provided the multilayer assembly 112 with the 25
um thick substrate layer 100 the same thermal stiffness (i.¢., thermal deflection per unit
length) as the multilayer assembly 112 with the 100 pum thick substrate layer 100.
Accordingly, perimetrical glass frit ribs 120 described herein allow for a reduction in
thickness of a substrate layer 100 needed to exhibit a desired thermal stiffness (i.e.,
gravitational deflection per unit length). It should be understood that using thinner substrate
layers, ¢.g., substrate layers with thicknesses less than or equal to 100 um, that have a thermal
stiffness resulting in reduced thermal deflection during cooling from elevated temperatures

reduces the costs and weight of electronic devices manufactured on the thinner substrate

layers.
Table 2.
Glass Frit Rib Size Thermal Deflection Thermal Deflection
wr (mm) tr (um) (mm) Per Unit Length
(um/mm)

10.0 35 50.0 7299

10.0 70 253 369.3

10.0 105 11.9 173.7
Example 3

[0036] The effect of distance between the perimeter 110 of the substrate layer 100 and the
perimetrical glass frit rib 120 on the thermal deflection was modeled. Particularly, thermal
deflection upon cooling from 600°C to 23°C of substrate layers 100 with a perimetrical glass
frit rib 120 spaced from the perimeter 110 by 1 mm and 2 mm were mathematically modeled.
The substrate layers were modeled as being formed from yttria stabilized zirconia (zirconia —
3 mole % yttria) and having a thickness ts1 of 20 um, a length Is of 50 mm, and a width of 30
mm. The perimetrical glass frit rib 120 was modeled as having a thickness t: equal to 250 pm
and a width w; equal to 0.5 mm. The substrate layers 100 were modeled as being rigidly
supported at the center of the substrate layers 100, i.e., midway between the first and second
ends 102, 104 and midway between the first and second sides 106, 108. The maximum

thermal deflections for the substrate layer 100 with the perimetrical glass frit rib 120 spaced
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from the perimeter 110 by 1.0 mm and 2.0 mm were 0.67 mm and 0.71 mm, respectively.
The distance between the location of rigid support at the center of the substrate layers 100
and the point of maximum deflection was 29.2 mm and the thermal deflection ratio per unit
length of the substrate layer 100 with the perimetrical glass frit rib 120 spaced from the
perimeter 110 by 1.0 and 2.0 mm was 22.9 uym/mm and 24.3 pum/mm, respectively.
Accordingly, forming and bonding the perimetrical glass frit rib 120 closer to the perimeter

110 reduces the thermal deflection of the substrate layer 100.

Example 4

[0037] Referring now to FIGS. 7A and 7B, deflection due to a load 300 positioned on a
substrate layer 100 as a function of perimetrical glass frit rib 120 thickness tr was measured.
The measurements included a substrate layer 100 formed from yttria stabilized zirconia
(zirconia — 3 mole % yttria), and having a thickness ts1 of 100 um, a length 15 of 137 mm and
a width of 114 mm. The substrate layer 100 was placed on a support ring 200 with a height
‘h1” and an inner surface 210 with an diameter equal to 77.8 mm (3.0625 inches). The load
300 was placed on the substrate layer 100 in the center of the support ring 200 as
schematically depicted in FIGS. 7A and 7B. Substrate layers 100 with a perimetrical glass
frit rib 120 having a thickness t: equal to 0 um (i.e., no perimetrical glass frit rib 120), 150
pm, 220 pm and 420 pm were tested and the deflection ‘h2” at the center of the substrate
layer 100 was physically measured. The length of the substrate layer 100 between the inner
surface 210 of the support ring 200 and the location of deflection measurement was 38.9 mm,
1.c., the location of deflection was the center of the support ring 200. Referring now to FIG.
8, deflection of substrate layers 100 subjected to a 5 gram load (i.c., the load 300 was a 5
gram weight) with no perimetrical glass frit rib 120 and with perimetrical glass frit ribs
having a thickness t; equal to 150 um, 220 um and 420 um are graphically depicted (i.c.,
deflection = h1 — h2). As shown in FIG. 8, increasing the thickness t; of the perimetrical
glass frit rib 120 from 0 pm to 150 pm decreased the deflection of the substrate from about
1.5 mm to about 1.25 mm (i.., a reduction of about 16.7%). Also, increasing the thickness t;
of the perimetrical glass frit rib 120 from 0 um to 220 um decreased the deflection of the
substrate from about 1.5 mm to about 1.1 mm (i.e, a reduction of about 26.7%), and
increasing the thickness tr of the perimetrical glass frit rib 120 from 0 um to 420 um
decreased the deflection of the substrate from about 1.5 mm to about 1.0 mm (i.e., a reduction

of about 33.3%). Overall, the decrease in deflection (mm) of the substrate layer 100,
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subjected to a 5 gram load, per increase in thickness t; (um) of the perimetrical glass frit rib

120 (i.e., the slope of line shown in FIG. 8) is about 1.1 x 10 mm/um.

[0038] Referring now to FIG. 9, deflection, per unit length, of the substrate layer 100 due
to the force of the 5 gram weight as a function of the perimetrical glass frit rib 120
thicknesses is graphically depicted. As used herein, the phrase “deflection per unit length”
refers to the amount of deflection divided by the length of the substrate layer 100 between the
inner surface 210 of the support ring 200 and the location of deflection measurement. As
noted above, the length of the substrate layer 100 between the inner surface 210 of the
support ring 200 and the location of deflection measurement was 38.9 mm. As shown in
FIG. 9, increasing the thickness tr of the perimetrical glass frit rib 120 from 0 pm to 150 pm
decreased the deflection, per unit length, of the substrate from about 0.0386 mm/mm to about
0.0321 mm/mm (i.c., a reduction of about 16.7%). Also, increasing the thickness t: of the
perimetrical glass frit rib 120 from 0 um to 220 um decreased the deflection, per unit length,
of the substrate layer 100 from about 0.0386 mm/mm to about 0.0283 mm/mm (i.c., a
reduction of about 26.7%), and increasing the thickness t: of the perimetrical glass frit rib 120
from O um to 420 um decreased the deflection, per unit length, of the substrate layer 100
from about 0.0386 mm/mm to about 0.0257 mm/mm (i.c., a reduction of about 33.3%).
Accordingly, in some embodiments the perimetrical glass frit rib 120 bonded to the upper
surface 101 of the substrate layer 100 decreases deflection, per unit length, of the substrate
layer 100 subjected to a 5 gram load by at least 15%. In other embodiments, the perimetrical
glass frit rib 120 bonded to the upper surface 101 of the substrate layer 100 decreases
deflection, per unit length, of the substrate layer 100 subjected to a 5 gram load by at least
25%. In still yet other embodiments, the perimetrical glass frit rib 120 bonded to the upper
surface 101 of the substrate layer 100 decreases deflection, per unit length, of the substrate
layer 100 subjected to a 5 gram load by at least 30%. For example, the perimetrical glass frit
rib 120 bonded to the upper surface 101 of the substrate layer 100 may decrease deflection,
per unit length, of the substrate layer 100 subjected to a 5 gram load between about 10% and
about 20%, between about 20% and about 30%, or between about 30% and about 40%.
Overall, the decrease in deflection, per unit length (mm/mm), of the substrate layer 100,
subjected to a 5 gram load, per increase in thickness t; (um) of the perimetrical glass frit rib

120 (i.e., the slope of line shown in FIG. 9) is about 2.2 x 10 um.

17



WO 2019/245809 PCT/US2019/036647

[0039] In the above detailed description, numerous specific details have been set forth in
order to provide a thorough understanding of embodiments described above. However, it will
be clear to one skilled in the art when embodiments may be practiced without some or all of
these specific details. In other instances, well-known features or processes may not be
described in detail so as not to unnecessarily obscure the disclosure. Moreover, unless
otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. In

case of conflict, the present specification, including the definitions herein, will control.

[0040] Although other methods can be used in the practice or testing of the embodiments

described herein, certain suitable methods and materials are described herein.

[0041] Disclosed are materials, compounds, compositions, and components that can be
used for, can be used in conjunction with, can be used in preparation for, or are embodiments
of the disclosed method and compositions. These and other materials are disclosed herein,
and it is understood that when combinations, subsets, interactions, groups, etc. of these
materials are disclosed that while specific reference of each various individual and collective
combinations and permutation of these compounds may not be explicitly disclosed, each is

specifically contemplated and described herein.

[0042] As used herein, the terms “upper” and “lower” refer to orientations shown in the
drawings and do not refer to an exact orientations of articles or processes recited in the claims
unless expressly stated otherwise. Also, the term “about” as used herein means that amounts,
sizes, formulations, parameters, and other quantities and characteristics are not and need not
be exact, but may be approximate and/or larger or smaller, as desired, reflecting tolerances,
conversion factors, rounding off, measurement error and the like, and other factors known to
those of skill in the art. In general, an amount, size, formulation, parameter or other quantity

or characteristic is “about” or “approximate” whether or not expressly stated to be such.

[0043] The indefinite articles “a” and “an” are employed to describe clements and
components of the invention. The use of these articles means that one or at least one of these
clements or components is present. Although these articles are conventionally employed to
signify that the modified noun is a singular noun, as used herein the articles “a” and “an” also

include the plural, unless otherwise stated in specific instances. Similarly, the definite article
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“the”, as used herein, also signifies that the modified noun may be singular or plural, again

unless otherwise stated in specific instances.

[0044] It will be apparent to those skilled in the art that various modifications and
variations can be made to the embodiments described herein without departing from the spirit
and scope of the claimed subject matter. Thus it is intended that the specification cover the
modifications and variations of the various embodiments described herein provided such
modification and variations come within the scope of the appended claims and their

equivalents.
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CLAIMS

1. A stiffened thin substrate comprising:

a substrate layer comprising a ceramic composition, a glass composition or a
ceramic/glass composition, a thickness less than or equal to about 100 um, a width greater
than or equal to about 50 mm, and a length greater than or equal to about 75 mm; and

a perimetrical glass frit rib bonded to a first surface of the substrate layer, the
perimetrical glass frit rib comprising a thickness between about 10 um and about 300 wm and
a width of less than or equal to about 20 mm; wherein,

the perimetrical glass frit rib is spaced from a perimeter of the substrate layer by less
than or equal to about 20 mm, and

the perimetrical glass frit rib bonded to the first surface of the substrate layer
decreases deflection, per unit length, of the substrate layer subjected to a 5 gram load by at

least 15%.

2. The stiffened thin substrate of claim 1, wherein the perimetrical glass frit rib has a
width less than or equal to about 10 mm and a thickness between about 25 um and about 250

um.

3. The stiffened thin substrate of claim 2, wherein the perimetrical glass frit rib bonded
to the first surface of the substrate layer decreases deflection, per unit length, of the substrate

layer subjected to a 5 gram load by at least 25%.

4, The stiffened thin substrate of claim 1, wherein the perimetrical glass frit rib is spaced

from the perimeter of the substrate layer by less than or equal to about 2 mm.

5. The stiffened thin substrate of claim 1, further comprising a plurality of glass frit ribs
bonded to the first surface of the substrate layer, wherein the perimetrical glass frit rib and the
plurality of glass frit ribs form a plurality of glass frit frames bonded to the first surface of the

substrate layer.
6. The stiffened thin substrate of claim 5, wherein the substrate layer with the
perimetrical glass frit rib and the plurality of glass frit ribs comprises a plurality of electronic

device substrates.
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7. The stiffened thin substrate of claim 6, further comprising a plurality of electronic
devices bonded to the plurality of electronic device substrates such that an electronic device

is bonded to each of the plurality of electronic device substrates.

8. The stiffened thin substrate of claim 7, wherein the plurality of electronic devices are

manufactured on the plurality of electronic device substrates.

9. The stiffened thin substrate of claim 1, further comprising an electronic device layer
with a thickness between about 5 um and about 50 um bonded to a second surface of the

substrate layer opposite the first surface.

10.  The stiffened thin substrate of claim 9, wherein the perimetrical glass frit rib bonded
to the first surface of the substrate layer decreases thermal deflection, per unit length, of the
substrate layer with the electronic device layer by at least 50% when the substrate layer with

the electronic device layer is cooled from about 600°C to about 23°C.

11. A stiffened thin substrate comprising;

a substrate layer comprising a ceramic composition, a glass composition or a
ceramic/glass composition, the substrate layer comprising a thickness less than or equal to
about 100 um, a width greater than or equal to about 50 mm, and a length greater than or
equal to about 75 mm;

a perimetrical glass frit rib bonded to a first surface of the substrate layer, the
perimetrical glass frit rib comprising a thickness between about 10 um and about 300 um and
a width of less than or equal to about 20 mm;

an ¢lectronic device layer thermally bonded to a second surface of the substrate layer
opposite the first surface, the electronic device layer comprising a thickness between about 5
um and about 50 um; wherein,

the perimetrical glass frit rib is spaced from a perimeter of the substrate layer by less
than or equal to about 20 mm, and

the perimetrical glass frit rib bonded to the first surface of the substrate layer
decreases deflection, per unit length, of the substrate layer subjected to a 5 gram load by at

least 15%.
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12.  The stiffened thin substrate of claim 11, wherein the perimetrical glass frit rib has a
thickness between about 25 um and about 250 um and a width less than or equal to about 10

mim.

13.  The stiffened thin substrate of claim 11 or 12, wherein the perimetrical glass frit rib is

spaced from the perimeter of the substrate layer by less than or equal to about 2 mm.

14.  The stiffened thin substrate of claim 11, further comprising a plurality of glass frit ribs
bonded to the first surface of the substrate layer, wherein the perimetrical glass frit rib and the
plurality of glass frit ribs form a plurality of glass frit frames bonded to the first surface of the
substrate layer, and the plurality of glass frit frames comprise a plurality of electronic device

substrates.

15.  The stiffened thin substrate of claim 14, further comprising a plurality of electronic
devices bonded to the plurality of electronic device substrates such that an electronic device

is bonded to each of the plurality of electronic device substrates.

16. A process for forming a stiffened thin substrate for a plurality of electronic devices,
the process comprising:

forming, drying and sintering a perimetrical glass frit rib on a first surface of a
substrate layer, the perimetrical glass frit rib comprising a thickness between about 10 um
and about 300 um and a width of less than or equal to about 20 mm, the substrate layer
comprising a ceramic composition, a glass composition or a ceramic/glass composition, a
thickness less than or equal to about 100 um, a width greater than or equal to about 50 mm,
and a length greater than or equal to about 75 mm; wherein,

the perimetrical glass frit rib is spaced from a perimeter of the substrate layer by less
than or equal to about 20 mm, and

the perimetrical glass frit rib bonded to the first surface of the substrate layer
decreases deflection, per unit length, of the substrate layer subjected to a 5 gram load by at

least 15%.
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17.  The process of claim 16, further comprising thermally bonding an electronic device
layer on a second surface of the substrate layer opposite the first surface, the electronic device
layer comprising a composition different than the substrate layer and a thickness between
about 5 um and about 50 pum, wherein the perimetrical glass frit rib bonded to the first
surface of the substrate layer decreases thermal deflection, per unit length, of the substrate
layer with the electronic device layer by at least 50% when the substrate layer with the

electronic device layer are cooled from about 600°C to about 23°C.

18.  The process of claim 16 or 17, wherein the perimetrical glass frit rib has a width less

than or equal to about 10 mm and a thickness between about 25 pm and about 250 pum.

19.  The process of claim 16, further comprising forming, drying and sintering a plurality
of glass frit ribs on the first surface of the substrate layer, wherein the perimetrical glass frit
rib and the plurality of glass frit ribs form a plurality of glass frit frames bonded to the first
surface of the substrate layer, and the plurality of glass frit ribs comprise a plurality of

electronic device substrates.
20.  The process of claim 19, further comprising manufacturing a plurality of electronic

devices on the plurality of electronic device substrates such that an electronic device is

manufactured on each of the plurality of electronic device substrates.
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