US 20120273803A1

a9 United States
a2y Patent Application Publication (o) Pub. No.: US 2012/0273803 Al
Wau et al. (43) Pub. Date: Nov. 1, 2012
(54) THERMAL DISSIPATION SUBSTRATE Publication Classification
51) Int.CL
(75) Inventors: YewChung Sermon Wu, (
HSINCHU CITY (TW); Tai-Min HOIL 29/02 (2006.01)
HOIL 21/50 (2006.01)
Chang, HSINCHU CITY (TW); Yu ,
Chia Chiu. HSINCHU CITY (52) US.CL ... 257177, 438/113; 257/E21.499;
(TW); Jen-Li Hu, HSINCHU CITY 257/E29.002
(TW) (57) ABSTRACT
(73) Assignee: NATIONAL CHIAO TUNG The present invention related to a method for manufacturing
UNIVERSITY. HSINCHU CITY a thermal dissipation substrate and a thermal dissipation sub-
(TW) ’ strate. The method includes steps of: (a) providing a substrate
body having a surface; (b) forming a plurality of concave
(21) Appl. No.: 13/548,477 regions on the surface; and (c) filling the plurality of concave
regions with a plurality of diamond materials. The thermal
(22) Filed: Jul. 13, 2012 dissipation substrate includes: a substrate having a surface at
a first horizontal; a plurality of regions formed on the surface
(30) Foreign Application Priority Data at a second horizontal; and a plurality of diamond materials
having a relatively high thermal coefficient and disposed on
Apt. 13,2011 (TW) oo 101113337  the plurality of regions.

A plurality of concave regions are formed
on the surface of the substrate

Y

A plurality of diamond materials, such as
diamond pellets, are filled into the
plurality of concave regions of the
patterned substrate




Patent Application Publication  Nov. 1,2012 Sheet 1 of 5 US 2012/0273803 A1

1 1

[\/ /\/ 20
e 1ooY
0000 ) OO U
EEEEE > OO
00000 (X
Tig. 1(A) Fig. 1(B)

1 1

r’ r’
1~ el
o \_/——20

Fig. 1(C) Fig. 1(D)



Patent Application Publication  Nov. 1,2012 Sheet 2 of 5 US 2012/0273803 A1

la 9gla 9910 9gla 9gla 9gla 9qla

LD

Fig. 2




Patent Application Publication  Nov. 1,2012 Sheet 3 of 5 US 2012/0273803 A1

®
=l
=
=
=
-




Patent Application Publication  Nov. 1,2012 Sheet 4 of 5 US 2012/0273803 A1

\——
\_—
—‘\_/—\/ ( AV

~_ /1.

Fig. 7



Patent Application Publication  Nov. 1,2012 Sheet 5 of 5 US 2012/0273803 A1

A plurdlity of concave regions are formed
on the surface of the substrate 1881

A plurality of diomond materials, such as
diamond pellets, are filled into the

plurality of concave regions of the l582
patterned substrate

Fig. 8



US 2012/0273803 Al

THERMAL DISSIPATION SUBSTRATE

FIELD OF THE INVENTION

[0001] The present invention relates to a thermal dissipa-
tion substrate, and more particularly to a thermal dissipation
substrate for high power semiconductors or electronic ele-
ments.

BACKGROUND OF THE INVENTION

[0002] With the development of the processing technique
and the requirement of the electronic products, it is a trend to
continuously get high efficiency and small size for semicon-
ductors. Therefore, the thermal dissipation issue is getting
more and more important, particularly on the high power or
high frequency elements.

[0003] Taking light emitted diodes (LED) as an example,
although the LED products are applied popularly due to many
advantages, such as energy saving, power saving, high effi-
ciency and etc., the efficiency of light emitting for the LEDs
is influenced by the temperature. Therefore, if the thermal
energy generated by the LEDs can not be conducted out, the
temperature of the LEDs would be thus raised, which influ-
ences the efficiency of light emitting, the stability and the
lifetime of the LEDs.

[0004] Taking a central processing unit (CPU) as an
example, if the CPU overheats over a long period of time, it
would cause the lifetime of the CPU be reduced, and the
operating performance and the stability thereof would be
affected also.

[0005] In order to prevent the electronic elements from the
influences and harms caused by the high temperature, it is a
common and intuitive method to get started with the thermal
dissipation of the electronic elements. It can effectively raise
the high power characteristic of the elements to use the mate-
rials with high thermal dissipation ability as the thermal dis-
sipation substrate, wherein the diamonds have the best ther-
mal conductivity of 1000~2500 W/Mk. The dissipation layer
with the substrate made of diamonds can achieve a good
thermal dissipation effect.

[0006] Although diamonds have the above advantages, the
diamonds itself do not conduct electricity. In addition, there is
a large difference between the hardness of diamonds and that
of the substrate and the elements. Therefore, the difficulty of
element cutting is increased.

[0007] Therefore the applicant attempts to deal with the
above situation encountered in the prior art.

SUMMARY OF THE INVENTION

[0008] The present invention fills the patterned substrate
with diamond pellets to fabricate a thermal dissipation sub-
strate, and significantly mitigate the difficulty of cutting.

[0009] During the process of fabricating the substrate of the
semi-conductor, the method according to the present inven-
tion first filling the patterned substrate with diamond materi-
als (such as diamond pellets) to fabricate a dissipation sub-
strate, and then bonding the dissipation substrate and a semi-
conductor or anelectronic element (such as an LED or a CPU)
by a wafer bonding technique. This would raise the element
characteristics, and prevent from the drawback that diamond
1s a sort of a dielectric material having no conductivity and the
cutting problem caused by the difference between the prop-
erty of the diamond and that of the substrate or the element.
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[0010] In accordance with the first aspect of the present
invention, a method for manufacturing a thermal dissipation
substrate is provided. The method includes steps of: (a) pro-
viding a substrate body having a surface; (b) forming a plu-
rality of concave regions on the surface; and (c) filling the
plurality of concave regions with a plurality of diamond mate-
rials.

[0011] Preferably, the step (b) further includes a step of
using an etching method for patterning the surface to form the
plurality of concave regions for correspondingly presenting a
plurality of protruding regions.

[0012] Preferably, the etching method is one of a chemistry
wet etching and a dry etching.

[0013] Preferably, the method further includes a step (d) of
bonding the substrate body and an electronic element by a
wafer bonding technique.

[0014] Preferably, the method further includes a step (e) of
cutting the bonded substrate body by using bonding places
formed between the plurality of protruding regions and the
electronic element as cutting areas.

[0015] Preferably, the electronic element is one of an LED
and a CPU.

[0016] Preferably, the wafer bonding technique uses one of
a metal material and an epoxy material as a bonding material.
[0017] Preferably, the substrate body is one of a conductor
and a semi-conductor.

[0018] Preferably, the substrate body has a material being
one selected from a group consisting of a silicon (Si) material,
a germanium (Ge) material, a silicon carbide (SiC) material,
a copper (Cu) material, a copper alloy material, an aluminum
(Al) material and an aluminum alloy material.

[0019] Preferably, the step (b) furtherincludes a step (al) of
coating an adhesive bonding material on the plurality of con-
cave regions.

[0020] Preferably, the adhesive bonding material is an
epoxy material.

[0021] Inaccordance with the second aspect of the present
invention, a method for manufacturing a thermal dissipation
substrate is provided. The method includes steps of: provid-
ing a substrate body having a surface at a first horizontal;
forming a plurality of regions at a second horizontal on the
surface; and disposing a plurality of materials having a rela-
tively high thermal coefficient onto the plurality of regions.
[0022] Preferably, the plurality of materials are a plurality
of diamond materials.

[0023] Preferably, the forming step further includes a step
of using an etching method for patterning the surface to form
aplurality of concave regions as the plurality of regions at the
second horizontal and correspondingly present a plurality of
protruding regions at the first horizontal.

[0024] Preferably, the method further includes a step of
bonding the substrate body and an electronic element by a
wafer bonding technique.

[0025] Preferably, the method further includes a step of
cutting the bonded substrate body by using bonding places
formed between the plurality of protruding regions and the
electronic element as cutting areas.

[0026] In accordance with the third aspect of the present
invention, a thermal dissipation substrate is provided. The
thermal dissipation substrate includes: a substrate having a
surface at a first horizontal; a plurality of regions formed on
the surface at a second horizontal; and a plurality of diamond
materials having a relatively high thermal coefficient and
disposed on the plurality of regions.
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[0027] Preferably, the plurality of regions at the second
horizontal are formed by using an etching method for pattern-
ing the surface to form a plurality of concave regions, and a
plurality of protruding regions at the first horizontal are cor-
respondingly presented.

[0028] Preferably, the substrate body is bonded with an
electronic element by a wafer bonding technique.

[0029] Preferably, the thermal dissipation substrate further
includes cutting areas located at bonding places formed
between the plurality of protruding regions and the electronic
element, and used for cutting the bonded substrate body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The foregoing and other features and advantages of
the present invention will be more clearly understood through
the following descriptions with reference to the drawings,
wherein:

[0031] FIG. 1(A)~1(D) are diagrams illustrating top views
of the preferable configurations ofthe concave regions 2a on
the surface of the substrate 1 in the present invention;
[0032] FIG.2isadiagramillustrating a side cross-sectional
view after forming the concave regions 2a in the present
invention;

[0033] FIG. 3 is a diagram illustrating a side view after
filling the diamond materials 4 to the substrate 1in the present
invention;

[0034] FIG. 4 is a diagram illustrating a side view that a
layer of bonding material is grown after filling the diamond
materials 4;

[0035] FIG. 5 is a diagram illustrating a side view that the
substrate in the present is bonded to the heat source body 6 by
a wafer bonding technique;

[0036] FIG. 6is adiagram illustrating a side view that most
of the redundant part of the substrate under the substrate 1 in
FIG. S are removed by polishing in the manufacturing process
in the present invention

[0037] FIG. 7 is a diagram illustrating a side view that the
corresponding bonding places between the protruding
regions of the patterned substrate and the heat source body 6
are used as cutting areas for cutting in order to manufacture
the needed semiconductors or electronic elements; and
[0038] FIG. 8 is a flowchart for a preferred embodiment of
a manufacturing method of a thermal dissipation substrate in
the present invention.

DETAIL DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0039] The present invention will now be described more
specifically with reference to the following embodiments. Tt
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purposes ofillustration and description only; it is not intended
to be exhaustive or to be limited to the precise form disclosed.
[0040] Please referring to F1G. 5, which is a diagram illus-
trating a side view of the thermal dissipation substrate in
accordance with the present invention, for showing a prefer-
able embodiment in accordance with the present invention. It
can be seen in FIG. 5 that the thermal dissipation substrate in
the present invention includes a substrate 1, a plurality of
concave regions 2q¢ and a material with a relatively high
thermal coefficient, such as a plurality of diamond materials 4
filled in the plurality of concave regions 2a, wherein there is
an adhesive bonding material 3 between the plurality of con-
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cave regions 2a and the plurality of diamond materials 4. A
layer of abonding material 5 is grown and bonded with a heat
source body 6 in the following procedure. In this embodi-
ment, the heat source body 6 is a semiconductor or an elec-
tronic element, and is preferably a high power LED or CPU.
With regard to the preferable configuration of the relationship
between the substrate 1 and the concave regions 2a, please
referring to FIGS. 1(A)~1(D), which are diagrams illustrating
top views of the concave regions 2a on the surface of the
substrate 1. The configuration is not limited to the way illus-
trated in FIGS. 1(A)~1(D), but can be arranged according to
the requirement of the following process.

[0041] Please referring to FIG. 8, which is a flowchart for a
preferred embodiment of a manufacturing method of a ther-
mal dissipation substrate in accordance with the present
invention.

[0042] In step S81, a plurality of concave regions are
formed on the surface of the substrate. Please referring to
FIGS. 1(A)~1(D), which are diagrams illustrating top views
of the configuration of the concave regions 2a on the surface
of the substrate 1, as mentioned above, the configuration is
not limited to the way illustrated in FIGS. 1(A)~1(D), but can
be arranged according to the requirement of the following
process.

[0043] Inthis embodiment, the material of the substrate 11s
preferably one of a conductor and a semiconductor, and the
material is preferably one selected from a group consisting of
a silicon (Si) material, a germanium (Ge) material, a silicon
carbide (SiC) material, a copper (Cu) material, a copper alloy
material, an aluminum (Al) material, an aluminum alloy
material and a combination thereof The way for forming the
concave regions 2a is preferably using a series of steps includ-
ing etching method to make the substrate be patterned, form-
ing a patterned substrate with the plurality of concave regions
formed on the surface of the substrate, and correspondingly
presenting a plurality of protruding regions 1a. The way for
etching can apply a chemistry wet etching or a dry etching
based on the requirement in the process.

[0044] FIG.2isadiagram illustrating a side cross-sectional
view after forming the concave regions 2a. As mentioned
above, the configuration of the concave regions 2a is not
limited to the way illustrated in FIG. 2, but can be arranged
according to the requirement of the following process.
[0045] In Step S82, the plurality of diamond materials 4,
such as diamond pellets, are filled into the plurality of con-
cave regions 2a of the patterned substrate.

[0046] FIG. 3 is a diagram illustrating a side view after
filling the diamond materials 4 to the substrate 1, wherein
there is an adhesive bonding material 3 coated between the
plurality of concave regions 2a of the substrate 1 and the
plurality of diamond materials 4 in order to firmly bond the
diamond materials 4 and the plurality of concave regions 2a.
The adhesive bonding material 3 is preferably an epoxy mate-
ral.

[0047] Subsequently, as shownin FIG. 4, a layer of bonding
material 5 is grown on the substrate 1, and is then bonded to
a heat source body 6 by a wafer bonding technique, and
becomes the side view diagram as shown in FIG. 5. The wafer
bonding technique preferably applies one of a metal material
and an epoxy material as a bonding material. After bonding,
a polishing method is applied to remove the redundant part of
the substrate (by referring FIG. 6) and fine the surface thereof,
in order to raise the thermal coefficient of the whole substrate.
Then, the corresponding bonding places (such as pointed by



US 2012/0273803 Al

the arrows in FIG. 6) between the protruding regions of the
patterned substrate and the heat source body 6 are used as
cutting areas, and are cut as shown in FIG. 7 to manufacture
the required semiconductors or electronic elements (for
example, high power LEDs or CPU, etc.). In addition, the step
of removing the redundant part of the substrate may also be
performed prior to growing the bonding material 5 and per-
forming the wafer bonding.

[0048] Through the illustrations by the embodiments, in the
present invention, the diamond materials 4 are placed in the
concave regions 2a of the substrate 1 such that the corre-
sponding bonding places between the protruding regions of
the patterned substrate and the heat source body 6 can be used
as cutting areas while performing the subsequent cutting pro-
cess. Therefore, the drawback of the difficulty of element
cutting resulted from the large difference between the hard-
ness of diamonds and that of the substrate and the elements is
resolved, and the high thermal coefficient of the thermal
dissipation substrate and the convenience of cutting in the
manufacturing process are also taken into account.

Embodiments

[0049] 1.A method for manufacturing a thermal dissipation
substrate, comprising steps of (a) providing a substrate body
having a surface; (b) forming a plurality of concave regions
on the surface; and (c) filling the plurality of concave regions
with a plurality of diamond materials.

[0050] 2. The method according to the previous embodi-
ment, wherein the step (b) further comprises astep of using an
etching method for patterning the surface to form the plurality
of concave regions for correspondingly presenting a plurality
of protruding regions.

[0051] 3. The method according to any one of the previous
embodiments, wherein the etching method is one of a chem-
istry wet etching and a dry etching.

[0052] 4. The method according to any one of the previous
embodiments further comprising a step (d) of bonding the
substrate body and an electronic element by a wafer bonding
technique.

[0053] 5. The method according to any one of the previous
embodiments further comprising a step (e) of cutting the
bonded substrate body by using bonding places formed
between the plurality of protruding regions and the electronic
element as cutting areas.

[0054] 6. The method according to any one of the previous
embodiments, wherein the electronic element is one of an
LED and a CPU.

[0055] 7. The method according to any one of the previous
embodiments, wherein the wafer bonding technique uses one
of a metal material and an epoxy material as a bonding mate-
rial.

[0056] 8. The method according to any one of the previous
embodiments, wherein the substrate body is one of a conduc-
tor and a semi-conductor.

[0057] 9. The method according to any one of the previous
embodiments, wherein the substrate body has a material
being one selected from a group consisting of a silicon (Si)
material, a germanium (Ge) material, a silicon carbide (SiC)
material, a copper (Cu) material, a copper alloy material, an
aluminum (Al) material and an aluminum alloy material.
[0058] 10. The method according to any one of the previous
embodiments, wherein the step (b) further comprises a step
(al) of coating an adhesive bonding material on the plurality
of concave regions.
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[0059] 11.The method according to any one of the previous
embodiments, wherein the adhesive bonding material is an
epoxy material.

[0060] 12. A method for manufacturing a thermal dissipa-
tion substrate. comprising steps of providing a substrate body
having a surface at a first horizontal, forming a plurality of
regions at a second horizontal on the surface; and disposing a
plurality of materials having a relatively high thermal coeffi-
cient onto the plurality of regions.

[0061] 13. The method according to the previous embodi-
ment, wherein the plurality of materials are a plurality of
diamond materials.

[0062] 14.The method according to any one of the previous
embodiments, wherein the forming step further comprises a
step of using an etching method for patterning the surface to
form a plurality of concave regions as the plurality of regions
at the second horizontal and correspondingly present a plu-
rality of protruding regions at the first horizontal.

[0063] 15.The method according to any one of the previous
embodiments further comprising a step of bonding the sub-
strate body and an electronic element by a wafer bonding
technique.

[0064] 16. The method according to any one ofthe previous
embodiments further comprising a step of cutting the bonded
substrate body by using bonding places formed between the
plurality of protruding regions and the electronic element as
cutting areas.

[0065] 17. A thermal dissipation substrate, comprising a
substrate having a surface at a first horizontal; a plurality of
regions formed on the surface at a second horizontal; and a
plurality of diamond materials having a relatively high ther-
mal coefficient and disposed on the plurality of regions.
[0066] 18. The thermal dissipation substrate according to
the previous embodiment, wherein the plurality of regions at
the second horizontal are formed by using an etching method
for patterning the surface to form a plurality of concave
regions, and a plurality of protruding regions at the first hori-
zontal are correspondingly presented.

[0067] 19. The thermal dissipation substrate according to
any one of the previous embodiments, wherein the substrate
body is bonded with an electronic element by a wafer bonding
technique.

[0068] 20. The thermal dissipation substrate according to
any one of the previous embodiments further comprising
cutting areas located at bonding places formed between the
plurality of protruding regions and the electronic element,
and used for cutting the bonded substrate body.

[0069] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures.

What is claimed is:
1. A method for manufacturing a thermal dissipation sub-
strate, comprising steps of:

(a) providing a substrate body having a surface;

(b) forming a plurality of concave regions on the surface;
and

(c) filling the plurality of concave regions with a plurality
of diamond materials.
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2. The method as claimed in claim 1, wherein the step (b)
further comprises a step of using an etching method for pat-
terning the surface to form the plurality of concave regions for
correspondingly presenting a plurality of protruding regions.

3. The method as claimed in claim 2, wherein the etching
method is one of a chemistry wet etching and a dry etching

4. The method as claimed in claim 2 further comprising a
step (d) of bonding the substrate body and an electronic
element by a wafer bonding technique.

5. The method as claimed in claim 4 further comprising a
step (e) of cutting the bonded substrate body by using bonding
places formed between the plurality of protruding regions and
the electronic element as cutting areas.

6. The method as claimed in claim 4, wherein the electronic
element is one of an LED and a CPU.

7. The method as claimed in claim 4, wherein the wafer
bonding technique uses one of a metal material and an epoxy
material as a bonding material.

8. The method as claimed in claim 1, wherein the substrate
body is one of a conductor and a semi-conductor.

9. The method as ¢laimed in claim 8, wherein the substrate
body has a material being one selected from a group consist-
ing of a silicon (Si) material, a germanium (Ge) material, a
silicon carbide (SiC) material, a copper (Cu) material, a cop-
per alloy material, an aluminum (Al) material and an alumi-
num alloy material.

10. The method as claimed in claim 1, wherein the step (b)
further comprises a step (al) of coating an adhesive bonding
material on the plurality of concave regions.

11. The method as claimed in claim 10, wherein the adhe-
sive bonding material is an epoxy material.

12. A method for manufacturing a thermal dissipation sub-
strate, comprising steps of:

providing a substrate body having a surface at a first hori-

zontal;

forming a plurality of regions at a second horizontal on the

surface; and

disposing a plurality of materials having a relatively high

thermal coefficient onto the plurality of regions.
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13. The method as claimed in claim 12, wherein the plu-
rality of materials are a plurality of diamond materials.

14. The method as claimed in claim 13, wherein the form-
ing step further comprises a step of using an etching method
for patterning the surface to form a plurality of concave
regions as the plurality of regions at the second horizontal and
correspondingly present a plurality of protruding regions at
the first horizontal.

15. The method as claimed in claim 14 further comprising
astep of bonding the substrate body and an electronic element
by a wafer bonding technique.

16. The method as claimed in claim 15 further comprising
a step of cutting the bonded substrate body by using bonding
places formed between the plurality of protruding regions and
the electronic element as cutting areas.

17. A thermal dissipation substrate, comprising:

a substrate having a surface at a first horizontal;

a plurality of regions formed on the surface at a second

horizontal; and

a plurality of diamond materials having a relatively high

thermal coefficient and disposed on the plurality of
regions.

18. The thermal dissipation substrate as claimed in claim
17, wherein the plurality of regions at the second horizontal
are formed by using an etching method for patterning the
surface to form a plurality of concave regions, and a plurality
of protruding regions at the first horizontal are correspond-
ingly presented.

19. The thermal dissipation substrate as claimed in claim
18, wherein the substrate body is bonded with an electronic
element by a wafer bonding technique.

20. The thermal dissipation substrate as claimed in claim
19 further comprising cutting areas located at bonding places
formed between the plurality of protruding regions and the

electronic element, and used for cutting the bonded substrate
body.



