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SUBSTRATES AND RELATED METHODS

BACKGROUND
1. Technical Field
{8001} Aspects of this document relate generally to substrates, such as substrates for

semiconductor devices.

2. Backeround

{0082 Semiconductor devices are formed using semiconductor substrate materials.
Semiconductor devices are packaged using a variety of techniques designed to ensure the
senuconductor device 1s protected from humidity or electrostatic discharge. Various

sermiconductor packages provide mechanical support for a semiconductor device.



WO 2024/158488 PCT/US2023/083841

SUMMARY

{8003] Implementations of a substrate may include an electrically insulative layer
having a first largest planar side and a second largest planar side opposing the first fargest
planar side; a first electrically conductive layer coupled to the first largest planar side and
mchuding a first scalloped edge having a first paitern; and a second electrically conductive
layer coupled to the second largest planar side and including a second scalloped edge having a
second pattern. The first pattern and the second pattern may alternate along at least one edge of
the first largest planar side and at least one edge of the second largest planar side, respectively.

{8004] Implementations of a substrate may include one, all, or any of the following;

{0005] The first pattern may be periodic.

[{8006] The second pattern may be periodic.

[0087] The first pattern may include repeating angular projections.

[8008] The second pattern may include repeating angular projections.

[8009] Tmplementations of a substrate may 1uclude an electrically mmsulative layer
having a first fargest planar side and a second largest plavar side opposing the first largest
planar side; a first electrically conductive layer coupled to the first largest planar side and
meluding a first scalloped edge having a first pattern; and a second electrically conductive
laver coupled to the second largest planar side and including a second scalloped edge having a
second pattern, the second pattern alternating with the first pattern.

{8018] Implementations of a substrate may juclude one, all, or any of the following:

{8011] The first pattern may be periodic.

{8012] The second pattern may be periodic.

{8013] The first pattern may include repeating angular projections.
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{0014] The second paitern may include repeating angular projections.

{80158] Implementations of a method of forming a substrate may include providing an
electrically msulative layer having a first largest planar side and a second largest planar side
opposing the first largest planar side; coupling a first electrically conductive layer to the first
largest planar side; coupling a second electrically conductive laver to the second largest planar
stde; forming a first scalloped edge having a first pattern in the first electrically conductive
layer; and forming a second scalloped edge having a second pattern in the first electrically
conductive layer.

{8016] Implementations of a method of forming a substrate may include one, all, or
any of the following:

[8017] Forming the first scalioped edge and formung the second scalloped edge may
ocecur simultaneously.

[8018] Forming the first scalioped edge and formung the second scalloped edge may
oceur separately.

[8019] The method may nclude applving a mask and patterning the mask before
forming the first scalloped edge.

[8028] The method may include applying a mask and patterning the mask before
forming the second scalloped edge.

{8021] The first electrically conductive layer and the second electrically conductive
fayer include copper.

{08022] The foregoing and other aspects, features, and advantages will be apparent to
those artisans of ordinary skill in the ast from the DESCRIPTION and DRAWINGS, and from

the CLAIMS.
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BRIEF DESCRIPTION OF THE DRAWINGS

{6023] Implementations will hereinafter be described in conjunction with the appended
drawings, where like designations denote like elements, and:

{0024] FIG. 1 15 a top view of a portion of a direct bond copper substrate showing the
sectional line A-A;

[6025] FIG. 2 15 a cross sectional view taken along sectional ine A-A m FIG 1

[0626] FIG. 3 15 a top view of a substrate showing sectional hines B-B and C-C;

{60271 FIG. 4 15 a cross sectional view taken along sectional tine B-B of FIG. 3;

[{0628] FIG. S 15 a cross sectional view taken along sectional line C-C of FIG. 3;

[6029] FIG. 6 15 a perspective view of an implementation of a substrate with
electrically conductive layers having scalloped edges formed of repeating angular projections;

{80381 FIG. 7 15 a top partial see~-through view of an implementation of a substrate
with electrically conductive layers having scalloped edges formed of repeating angular
projections;

{8031] FIG. 8 15 a perspective view of an implementation of a substrate with
electrically conductive layers having scalloped edges formed of a perigdic pattern; and

{80321 FIG. 9 is a top partial see-through view of an implementation of a substrate

with electrically conductive layers having scalloped edges formed of a periodic patiern.
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DBESCRIPTION

{B8033] Tlus disclosure, its aspects and implementations, are not limited to the specific
components, assembly procedures or method elements disclosed herein. Many additional
components, assembly procedures and/or method elements known in the art consistent with the
mtended substrates will become apparent for use with particular implementations from this
disclosure. Accordingly, for example, although particular implementations are disclosed, such
mplementations and implementing components may comprise any shape, size, style, type,
model, version, measurement, concentration, material, quantity, method element, step, and/or
the like as 1s known in the art for such substrates, and implementing components and methods,
consistent with the intended operation and methods.

{0034] Various substrates are used in combination with semiconductor devices to
provide mechanical, thermal, and/or electrical connection(s} to the semiconductor devices. In
various substrate designs, some portion of the substrate may be made of a senuconducior
material. In other substrate designs, however, a portion of the substrate may be made of a
ceramic material that s electrically insulative and often thermally conducting. For many
substrates, the substrate functions to provide electrical connections while allowing for heat
transfer from the semiconductor device during operation.

{80358] Direct bond copper (BBC) substrates are a type of substrate used with many
semiconductor device types, including power semiconductor devices. As illustrated in FIGS.
1-2, a direct bond copper substrate 2 mncludes a ceramuc electrically msulative layer 4 that has
a first largest planar side 5 visible in FIGS. 1 and 2 and a second largest planar side 6 visible in
cross section in FIG. 2. A first copper layer 8 is bonded directly to the first largest planar side

5 and a second copper layer 10 is bonded directly to the second largest planar side. The
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bonding of the copper layers can take place using various methoeds of high temperature melting
and diffusion or sintering where pressure may or may not be applied to the copper layers. The
material of the ceramic electrically insulative layer 4 may be aluminum oxide or aluminum
nitride for a direet bond copper substrate.

{8036] As illustrated in the top view in FIG. 1 and in the cross sectional view along
sectional line A-A in FIG. 2, the material 12 of the ceramic electrically insulative layer 4
extends beyond the outer edges of both the first copper layer 8 and the second copper layer 10.
The reason for this 1s that when the substrate 15 energized with electricity, the extended
material 12 of the ceramic electrically insulative layer 4 serves to increase the electrical
isolation between the outer edges of the first copper layer 8 and the second copper laver 10 by
mereasing the distance an are of electricity has to travel between the outer edges to establish a
short cureurt. However, sinee the ceramuc electrically msulative layer 4 1s made of a generally
mechanically brittle matenal, any chipping of the extended material 12 reduces the electrical
solation. If the extended matenial 12 were fully chipped away, the electrical 1solation distance
is reduced to only the thickness 14 of the electrically insulative layer 4 which may be
msufficient to prevent arcing between the first copper layer 8 and the second copper layer 10
during operation under vartous conditions {voltages, package designs, eic.).

{8037] The various substrate implementations disclosed herein utilize scalloped edges
designed to mcrease the electrical isolation between electrically conductive layers on each side
of an electrically insulative fayer. As used herein, “scalloped” refers to a pattern inchuding a
series of circular/elliptical segments and/or angular projections formed in a border/edge of a
jayer. Referring to FIG. 3, a substrate 16 with an electrically insulative layer 18 is itlustrated

with a first electrically conductive layer 20 and a second electrically conductive layer 22

&
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coupled thereto. The second electrically conductive layer 22 1s shown in partial see-through
and is coupled to a second largest planar surface 24 of the electrically insulative layer 18 while
the first electrically conductive layer 20 is coupled to a first largest planar surface 26 {referring
to FIG 43, Asillustrated in FIG. 3, the scalloped edge 28 of the first electrically conductive
layer 20 is formed of a periodic patiern that meanders from side to side (like, by non-iimiting
example, a sinusotdal pattern) formed of circular/elliptical segments that cause the scallaped
edge 28 to alternate between a first point 30 closest to the outer edge 34 of the electrically
insulative layer 18 and a second point 32 farthest away from the outer edge 34 (a total
amaplitude of s1 + 51}, The second electrically conductive layer 22 also mncludes a scalloped
edge 36 that includes a substantially similar periodic patiern also formed of circular/elliptical
segments that cause the edge 36 to alternate between a first point 38 and a second point 40, the
first pownt 38 being farthest away from the outer edge 34 and the second point 40 being closest
to the outer edge 34 of the electrically msulative layer 18 (s2 being the distance between the
second point 40 and the outer edge 34). By inspection, the periodic pattern of the first
electrically conductive layer 20 is about 130 degrees out of phase from the pertodic pattern of
the second electrically conductive layer 22, causing them to regularly intersect, but ensuring
that the first points 30, 38 and second points 32, 40 are always as far apart from each other as
possible when viewed top down.

{0038] FIGK. 4 and 5 show a detail of the cross section of the substrate 16 taken at
sectional lines B-B and C-C, respectively. In FIG. 4, the scalloped edge 28 1s shown at the
first point 30 of the first efectrically conductive fayer 20 and at the second point 38 of the
scalloped edge 36 of the second electrically conductive layer 22, respectively. As 18 evident by

mspection, the distance between the scalioped edges 28, 36 1s maximized in this view, FIG. 5

~J
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Hhusirates the scalloped edge 28 of the first electrically conductive laver 20 at its second pomnt
32 and the scalloped edge 36 of the second electrically conductive layer 22 at its second point
40. The distance between the scalloped edges 28, 36 is also maximized in this view. FIG. 8
Hhusirates a perspective view of the scalloped edge 28 and scalloped edge 36 relative to the
edge 34 of the electrically msulative layer 18. FIG. 9 s a longer partial see-through view of
the scalloped edges 28 and 36 along with the edge 34 of the electrically insulative layer 18.

[803%9] As illustrated 1n FIG. 4, 1f the entire length 42 of the extended portion 44 of the
elecirically insulative layer 18 were broken off, the remaining separation between the
scalloped edges 28, 36 1s substantially more than just the thickness of the elecirically insulative
layer 18 wself as would be the case for the subsirate illustrated in FIG. 2. Accordingly, the
substrate 16 illustrated 1n FIGS. 3-5 has more robust electrical isolation than the substrate 2
dlustrated in FIGS. 1-2. Even at the set of closest points 46 where the scalloped edges 28, 36
mtersect, where theoretically the first and second electrically conductive layers 20, 22 are
separated only by the thickness of the electrically insulative laver 18, the likelihood that
chipping could occur all the way down to this point is reduced. This is because the matenial of
the first electrically conductive layer 20 and the matenial of the second electrically conductive
laver 22 works to mechanically support and prevent chipping and/or chip spreading
mto/reaching this location leaving no residual electrically insulative material.

[8048] Also, as illustrated in FIGS. 8 and 9, the frequency of which the maxima and
mimima of the scalloped edges 28, 36 can be set to a value that results in mininnzing the
number of closest points to reduce the chipping risk. In other implementations, however, the
frequency of the maxima and minima of the scalloped edges 28, 36 may be maximized to

create many closely spaced closest points as a way of making it difficult for any chip to
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propagate sufficiently into the material of the electrically insulative layer 18 to reach any
pasticular closest point. Because of ability of the scalloped edges to create a finite {rather then
mfinite) nomber of closest points at which a chip could cause 1solation failure, the odds that
any given chip could result in electrical isolation failure with the scalloped edge design of the
substrate 16 of FIGS. 3-5 15 significantly reduced compared to the subsirate 2 illustrated in
FIGS 1-2.

[0041] A wide variety of repeating shapes may be emploved in various
implementations of scalioped edges. Referring to FIGS. 6 and 7, a first scalloped edge 48 and
second scalloped edge 50 are tllustrated where each 15 formed of a set of repeating angular
projections. As illustrated, the first set of angular projections of the first scalloped edge 48 are
formed of a set of first angled lines that connect an outer edge 52 and an inner edge 36 of the
first electrically conductive layer 54, Similarly, the second set of angular projections of the
second scalloped edge S0 are formed of a corresponding alternating/intersecting set of second
angled lines the connect the outer edge 58 with the mner edge 60 of the second electrically
conductive layer 62, As with the periodic patiern of the implementation of FIGS. 3-5 and 8-9,
there exists a set of closest ponts 64 where the first set of angled lines and the second set of
angled Imes intersect. The number of angular projections in each of the first scalloped edge 48
and the second scalloped edge 50 is determimed by the angles at which the first set of angled
hines and the second set of angled lings meet the outer edges 52, 58 and mner edges 56, 60
respectively. Where the angles are less obtuse (closer to 90 degrees), more angular projections
will be included in the first and second scalloped edges 48, 50; where the angles become more
obtuse (further from 90 degrees), fewer angular projections will included in the first and

second scalloped edges. The number of angular projections can be tuned and provide similar
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electrical isolation-enhancing effects 1n response to chipping of the electrically insulative layer
66 by changing the angles of the first and second sets of angled hines.

{80421 The shape of each of the angular projections in the implementation illustrated in
FIGS. 6-7 1s that of an isosceles trapezoid. However, many other shapes are possible in
various implementation, depending on the particular spacing used between the sets of angled
lines. Where the spacing becomes basically zero, meaning that all of the angled lines intersect,
the shape of each of the angular projections becomes a triangle. Where the angles become
close to 90 degrees, the shape of the angle projections approaches a rectangular shape (though
still remaining trapezoidal). In other implementations, however, instead of the use of angled
lines, the use of arcs between the outer edges 52, 38 and inner edges 36, 60 may be employed,
formung a shape that has a straight outer edge but curved side edges. In various
woplerentations, the arcs may be all convex, all concave, or a mixture of couvex and concave.
Where the spacing between the arcs becomes basically zero, the shape of the angular
projections may take on the shape of a curved edged points or be circular or oval {depending
on whether concave or convex lines are being used).

{8043] In other implementations, however, various combinations of straight lines and
arcs may be employed, where instead of a single angled line extending between the outer
edges 52, 58 and mner edges 56, 60, multiple angled lines, multiple arcs, or any combination
of angled line(s} and arc{s) may be used to form more complex angular projections.
Furthermore, instead of angled ines in varous implementations, the edges of the angular
projections may be formed as a set of two or more steps formed into the edges/sides of each

angular projection to form a fully stepped version of the shape of FIG. 7 that does not have any
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angled limes, but still forms an alternating stair-stepped pattern on each side of the elgctrically
msulative layer.

{8044] While the use of alternating patterns for the scalloped edges where the pattern
of the first electrically conductive laver 1s the same or substantially the same as the pattern of
the second electrically conductive layer, in other implementations, different patterns for each
scalloped edge may be emploved. For exarple, a periodic pattern could be used for the first
electrically conductive layer and a pattern with repeating angular projections could be used for
the second electrically conductive layer. In such implementations, the particular pattern type
chosen for each layer may be determined by the desired number/position of the resulting
closest points. In other implementations, the patiern type for each scalloped edge may be
deternuned by the degree of chip resihiency (isolation tisk tolerance) desired for the surface of
the electrically nsulative laver next to either electrically conductive layer. For example, if
sermiconductor die are attached to the first electrically conductive layer and the second
electrically conductive layer will be bonded to a heat sink, meaning the side of the electrically
msulative layer coupled to the second electrically conductive layer is less likely to be
contacted during processing or during use of the resulting package, a patiern with fewer
projections/circalar/curved sections may be used on the scalloped edge for the second
electrically conductive laver while a pattern with more projections may be used for the
scalloped edge for the first electrically conductive layer (or vice versa}, While the use of
symmetrical patterns for the scalloped edges prevents any warpage effect caused by unequal
amounts of electrically conductive material on each side of the electrically insulative layer, the

use of non-symmetrical patterns may not be significant enough to appreciably impact warpage,
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depending on the type of shapes employed and whether the total areas of electrically
conductive material on each side remains sufficiently equal.

{8045] In some implementations, the cross sectional shape of the edge of the first
and/or second electrically conductive layers may not be substantially straight or 90 degrees as
represented in FIGS. 4 and 5 but may be otherwise angled or curved. This ability to alter the
cross sectional shape of the edge of one or both of the electrically conductive layers may allow
for adjustment of warpage, stress, and/or increased resilience against or to chipping of the
elecirically insulative layer.

{8046] In various substrate implementations, the material for the first electrically
conductive layer and the second electrically conductive layer may be formed of a metal or
metal alloy. In soroe implementations, the material for both electrically conductive layers may
be the same; 1 others, however, different materals/alloys may be employed. By non-limiting
example, the material for the electrically conductive layers may be copper, aluminum, a copper
alloy, an aluminum alloy, or another electrically conductive meta. By non-limiting example,
the material for the electrically wnsulative fayer may be, by non-limiting example, alumina,
aluminum oxide, alumimun nutride, multiple layers of the same or different electnically
msulative layers, any combination thereof, or any other electrically insulative material capable
of being coupled to the electrically conductive layers. Furthermore, any of a wide vartety of
semiconductor die may be employed with the various substrate implementations disclosed
herem, inchuding, by non-himiting example, power semiconductor die, silicon carbide die,
metal oxide field effect transistors (MOSFETs}, diodes, insulated-gate bipolar transisiors

{IGBITs), or any other semiconductor devige type.
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{80471 The varicus subsirate implementations disclosed herein may be manufactured
using various implementations of a method of forming a substrate. The method includes
providing an electrically insulative layer that has a first largest planar side and a second largest
planar side that opposes the first largest planar side, with a thickness between them. The
electrically msulative material may be any disclosed in this document. The method also
inchudes coupling a first electrically conductive layer to the first largest planar side and
coupling a second electrically conductive layer to the second largest planar side. 1n various
method implementations, the coupling may be accomplished through, by non-limiting
example, sintering, brazing, active metal brazing, thermocompression bonding, ultrasonic
bonding, heating, gluing, welding, or any other technique for securing the material{s) of the
electrically conductive lavers to the material{s) of the electrically msulative layer. In various
method mmplementations, a first scalloped edge 15 formed m the first electrically conductive
fayer. A second scalloped edge is formed in the second electrically conductive layer. A
pattern of the first scalloped edge alternates with a pattern of the second scalloped edge.

[8048] Tn various method tmplementations, the formation of the first scalloped edge
and the second scalioped edge may occur simultaneously. In other method implementations,
the first scalloped edge and the second scalloped edge may be formed separately. In various
method implementations, the pattern of each scalloped edge may be formed by applying a
mask and patterning the mask prior to etching the pattern into the material of either the first
electrically conductive laver or the second electrically conductive layer, Where the use of
patterned masks is used, applying the mask and patterning the mask may occur prior to
forming the first scalloped edge (and prior to forming the second scalloped edge in some

implementations}. In other implementations, applying the mask and patterning the mask may
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occur prior to forming the second scalloped edge {and prior to forming the first scalioped edge
in some implementations). Depending on the material of the electrically conductive layer, the
process of etching the material of the electrically conductive layers may include, by non-
limiting example, wet etching, dry etching, any combination thereof, or any other
etching/patterning process capable of removing the material of the electrically conductive
layers.

{804%] In places where the description above refers to particular tmplementations of
substrates and implementing components, sub-components, methods and sub-methods, it
should be readily apparent that a number of modifications may be made without departing
from the spirit thereof and that these implementations, implementing components, sub-

components, methods and sub-methods may be applied to other substrates.
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CLAIMS

What 15 claimed 1s:
1. A substrate comprising:

an electrically insulative laver {18) having a first largest planar side (26} and a second
largest planar side (24} opposing the first largest planar side (26);

a first electrically conductive laver (20} coupled to the first largest planar side (26) and
comprising a first scalloped edge (28) having a first pattern; and

a second electrically conductive layer (22) coupled to the second largest planar side
(24} and comprising a second scalloped edge (36} having a second pattern;

wherein the first pattern and the second pattern alternate along at least one edge of the

first largest planar side (26) and at least one edge of the second largest planar side (24),

respectively.

2. The substrate of claim 1, wherein the first pattern is periodic.

3. The substrate of claim 1, wherein the second pattern 18 periodic,

4, The substrate of claim 1, wherein the first pattern comprises repeating angular
projections.

5. The substrate of claim 1, wherein the second pattern comprises repeating angular
projections.

15
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6. The substrate of claim 2, wherein the second pattern is periodic.

7. The substrate of claim 4, wherein the second pattern comprises repeating angular
projections.

8. A substrate comprising:

an electrically insulative layer {18) having a first largest planar side (26} and a second
largest planar side {24} opposing the first largest planar side (26);

a first electrically conductive layer {20} coupled to the first largest planar side (26) and
comprising a first scalloped edge (28) having a first pattern; and

a second electrically conductive layer (22) coupled to the second largest planar side
{24} and comprising a second scalloped edge (36) having a second pattern, the second pattern

alternating with the first pattern.

9. The substrate of clain 8, wherein the first pattern is periodic.

10, The substrate of clatm 8, wherein the second pattern is periodic,

11. The substrate of claim 8, wherein the first pattern comprises repeating angular
projections.

12. The substrate of claim 8, wherein the second pattern comprises repeating angular
projections.

16
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13. The substrate of claim 9, wherein the second pattern is perigdic.

14 The substrate of claim 11, wherein the second pattern comprises repeating angular
projections.

15, A method of forming a substrate comprising:

providing an electrically insulative layer (18) having a first largest planar side (26) and
a second largest planar side (24) opposing the first largest planar side (26);

coupling a first electrically conductive layer (20) to the first largest planar side (26);

coupling a second electrically conductive layer (22) to the second largest plavar side
(24);

forming a first scalloped edge (28) having a first pattern in the first electrically
conductive layer (20); and

forming a second scalloped edge (36) having a second patiern in the second electrically

conductive layer (22},

16, The method of claim 15, wherein forming the first scalioped edge (28} and forming the

second scalloped edge (36} sceur simultaneously.

17. The method of claim 15, wherein forming the first scalloped edge (28) and forming the

second scalloped edge (36} oceur separately.

17
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18. The method of claim 15, further comprising applying a mask and patterning the mask

before forming the first scalloped edge (28).

19. The method of claim 15, further comprising applying a mask and patterning the mask

before forming the second scalloped edge (36}

20. The method of claim 15, wherein the first electrically conductive layer {20} and the

second electrically conductive layer (22) comprise copper.
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