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Form a plurality of through-silicon-vias in a silicon
substrate
310

Attach the silicon substrate onto a first die with at least
part of the through-silicon-vias electrically connected to
the first die
320

Attach the silicon substrate and the first die onto a second
die through face-to-face bonding with the first die
electrically connected to the second die
330

Reveal the through-silicon-vias after the second die is
attached onto the first die and the silicon substrate
340

FIG. 3
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STACKING OF THREE-DIMENSIONAL
CIRCUITS INCLUDING
THROUGH-SILICON-VIAS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/734,700, filed Sep. 21,
2018, the disclosure of which is hereby incorporated by
reference in its entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure generally relates to stacking
of three-dimensional (3D) circuits, and specifically to stack-
ing circuit dies that includes through-silicon-vias formed in
a passive layer.

Description of the Related Arts

[0003] A 3D integrated circuit may include multiple cir-
cuit dies that are stacked together and interconnected by
using through-silicon-vias. A 3D integrated circuit can
achieve performance improvements at reduced power and
smaller footprint than conventional two dimensional pro-
cesses. However, currently existing methods for stacking 3D
circuit dies have limits in face-to-back configuration. For
example, they fail to integrate high density functional mod-
ules on functional circuits. They also cannot provide a large
number of through-silicon-vias interconnects without loss of
active circuit area. Additionally, the currently existing meth-
ods use temporary carriers and have challenges in surface
bonding between the temporary carriers and dies. These
fallbacks in the currently existing methods prohibit integrat-
ing high density electronic components in 3D circuit dies.

SUMMARY

[0004] Embodiments relate to fabricating an assembly of
stacked circuit dies. A plurality of through-silicon-vias are
formed in a silicon substrate. The silicon substrate may
function as a permanent carrier for stacking circuit dies. The
silicon substrate is attached onto a first die through dielec-
tric-to-dielectric bonding. Part or all of the through-silicon-
vias are electrically connected to the first die. The silicon
substrate and the first die are attached onto a second die
through face-to-face bonding. The first die is electrically
connected to the second die. The silicon substrate can be
thinned to reveal the through-silicon-vias. The through-
silicon-vias provides electrical connection between electri-
cal components attached on the silicon substrate and the first
die.

[0005] In some embodiments, an array of micro light
emitting diodes (LEDs) are attached onto the silicon sub-
strate after the through-silicon-vias are revealed. The micro
LEDs are electrically connected to the first die through the
through-silicon-vias. The first dies may include a driving
circuit that provides electrical current to drive the micro
LEDs. The second die may include a digital circuit that
converts digital signals to analog signals for operating the
micro LEDs. Also, the silicon substrate may include a metal
element that dissipate heat generated from operation of the
micro LEDs.
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[0006] Embodiments according to the invention are in
particular disclosed in the attached claims directed to a
method and an assembly of stacked circuit dies, wherein any
feature mentioned in one claim category, e.g. method, can be
claimed in another claim category, e.g. assembly, system,
storage medium, and computer program product, as well.
The dependencies or references back in the attached claims
are chosen for formal reasons only. However any subject
matter resulting from a deliberate reference back to any
previous claims (in particular multiple dependencies) can be
claimed as well, so that any combination of claims and the
features thereof is disclosed and can be claimed regardless
of the dependencies chosen in the attached claims. The
subject-matter which can be claimed comprises not only the
combinations of features as set out in the attached claims but
also any other combination of features in the claims, wherein
each feature mentioned in the claims can be combined with
any other feature or combination of other features in the
claims. Furthermore, any of the embodiments and features
described or depicted herein can be claimed in a separate
claim and/or in any combination with any embodiment or
feature described or depicted herein or with any of the
features of the attached claims.

[0007] In an embodiment, a method for fabricating an

assembly of stacked circuit dies, may comprise:

[0008] forming a plurality of through-silicon-vias in a
silicon substrate;

[0009] attaching the silicon substrate onto a first die with
at least part of the through-silicon-vias electrically con-
nected to the first die;

[0010] attaching the silicon substrate and the first die onto
a second die through face-to-face bonding with the first
die electrically connected to the second die; and

[0011] revealing the through-silicon-vias after the second
die is attached onto the first die and the silicon substrate,

[0012] wherein the silicon substrate is configured to func-
tion as a carrier substrate before the revealing.

[0013] A number of the through-silicon-vias may be in a

range from 10,000 to 500,000.

[0014] The through-silicon-vias may have a pitch in a

range from 1 to 50 micrometers.

[0015] In an embodiment, a method may comprise:

[0016] attaching the silicon substrate attached with the
first and second dies, on a printed circuit board with the
second die electrically connected to the printed circuit
board.

[0017] In an embodiment, a method may comprise:

[0018] attaching one or more electrical components onto
the silicon substrate after the through-silicon-vias are
revealed with the electrical components electrically con-
nected to the first die through the through-silicon-vias.

[0019] The one or more electrical components may

include an array of micro light emitting diodes or photo-

diodes.

[0020] The first die may comprise a driving circuit con-

figured to provide driving current to the one or more

electrical components.

[0021] The second die may comprise a digital circuit

configured to convert digital signals into analog signals for

operating the one or more electrical components.

[0022] The silicon substrate may comprise a metal ele-

ment configured to diffuse heat generated from operation of

the electrical components.
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[0023] The through-silicon-vias may be formed at an edge
of the silicon substrate.

[0024] In an embodiment, an assembly of stacked circuit
dies may comprise:

[0025] a silicon substrate formed with through-silicon-
vias;
[0026] a first die attached to the silicon substrate by

bonding with electrodes of the first die electrically con-
nected to the through-silicon-vias; and
[0027] asecond die attached to the first die by face-to-face
bonding with electrodes of the second die electrically
connected to the electrodes of the first die,
[0028] wherein the silicon substrate is configured to func-
tion as a carrier substrate before the revealing.
[0029] A number of the through-silicon-vias may be in a
range from 10,000 to 500,000.
[0030] The through-silicon-vias may have a pitch in a
range from 1 to 50 micrometers.
[0031] In an embodiment, an assembly may comprise a
printed circuit board on which the silicon substrate attached
with the first and second dies is attached, the second die may
be electrically connected to the printed circuit board.
[0032] In an embodiment, an assembly may comprise one
or more electrical components attached onto the silicon
substrate after the through-silicon-vias are revealed, the
electrical components may be electrically connected to the
first die through the through-silicon-vias.
[0033] The one or more electrical components may
include an array of micro light emitting diodes or photo-
diodes.
[0034] The first die may comprise a driving circuit con-
figured to provide driving current to the one or more
electrical components.
[0035] The second die may comprise a digital circuit
configured to convert digital signals into analog signals for
operating the one or more electrical components.
[0036] The silicon substrate may comprise a metal ele-
ment configured to diffuse heat generated from operation of
the electrical components.
[0037] The through-silicon-vias may be formed at an edge
of the silicon substrate.
[0038] In an embodiment according to the invention, one
or more computer-readable non-transitory storage media
may embody software that is operable when executed to
perform, in particular within a manufacturing or assembly
process or system, a method according to the invention or
any of the above mentioned embodiments.
[0039] In an embodiment according to the invention, a
system may comprise: one or more processors; and at least
one memory coupled to the processors and comprising
instructions executable by the processors, the processors
operable when executing the instructions to perform, in
particular within a manufacturing or assembly process or
system, a method according to the invention or any of the
above mentioned embodiments.

[0040] In an embodiment according to the invention, a
computer program product, preferably comprising a com-
puter-readable non-transitory storage media, may be oper-
able when executed on a data processing system to perform,
in particular within a manufacturing or assembly process or
system, a method according to the invention or any of the
above mentioned embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The teachings of the embodiments can be readily
understood by considering the following detailed descrip-
tion in conjunction with the accompanying drawings.
[0042] FIG. 1A is an example schematic view of an
assembly of stacked circuit dies, in which a silicon substrate
functions as a carrier, in accordance with an embodiment.
[0043] FIG. 1B is a cross-section illustrating the silicon
substrate, in accordance with an embodiment.

[0044] FIGS. 2A-2D illustrate a process of forming of an
assembly of stacked circuit dies, in which a silicon substrate
functions as a carrier , in accordance with an embodiment.
[0045] FIG. 3 is a flow chart illustrating a process for
fabricating an assembly of stacked circuit dies, in accor-
dance with an embodiment.

[0046] The figures depict various embodiments for pur-
poses of illustration only.

DETAILED DESCRIPTION

[0047] In the following description of embodiments,
numerous specific details are set forth in order to provide
more thorough understanding. However, note that the
embodiments may be practiced without one or more of these
specific details. In other instances, well-known features have
not been described in detail to avoid unnecessarily compli-
cating the description.

[0048] Embodiments are described herein with reference
to the figures where like reference numbers indicate identi-
cal or functionally similar elements. Also in the figures, the
left most digits of each reference number corresponds to the
figure in which the reference number is first used.

[0049] Embodiments relate to fabricating an assembly of
stacked circuit dies by using a permanent carrier. The
assembly includes a silicon substrate that functions as the
permanent carrier, a first die, and a second die. The silicon
substrate is attached onto the first die through dielectric-
dielectric bonding. The second die is attached onto the first
die and the silicon substrate through dielectric-dielectric
bonding as well. Through-silicon-vias are formed in the
silicon substrate and are revealed by thinning the silicon
substrate. A number of electrical components are attached
onto the silicon substrate and electrically connected to the
first die through the through-silicon-vias. The silicon sub-
strate includes metal elements for electrical routing and/or
dissipating heat generated by operation of the electrical
components. The assembly can be attached on a printed
circuit board with the second die electrically connected to
the printed circuit board.

[0050] FIG. 1A is an example schematic view of an
assembly 100 of stacked circuit dies, in accordance with an
embodiment. The assembly 100 may include, among other
components, a silicon substrate 110, a first die 120, and a
second die 130. The silicon substrate 110, first die 120, and
second die 130 are stacked together through dielectric-
dielectric bonding 140. In one embodiment, the dielectric-
dielectric bonding 140 is oxide-oxide bonding formed by
having a top surface of oxide coming in contact with a
bottom surface of oxide. By using the oxide-oxide bonding,
the assembly 100 can withstand high temperature. The
dielectric-dielectric bonding 140 can be silicon carbide
bonding or other types of bonding. The silicon substrate 110
has a thickness in a range from 5 pm to 10 um. In one
embodiment, the silicon substrate 110 is about 5 um thick,
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3 mm wide, and 6 mm long, the first die 120 and the second
die each are about 50 um thick, 3 mm wide, and 6 mm long.
In other embodiments, the silicon substrate 110, first die 120,
and second die 130 can have different sizes.

[0051] The silicon substrate 110 includes through-silicon-
vias 150. In some embodiments The through-silicon-vias
150 can be formed either before or after the silicon substrate
110 is assembled with the first die 120 and the second die
130. The through-silicon-vias 150 are revealed by thinning
the silicon substrate 110 to get a planar surface with exposed
pads of the through-silicon-vias 150. The planar surface
facilitates fine pitch attachment of high density electronic
components, such as sensors, photodiodes, micro LEDs. In
some embodiments, the through-silicon-vias has a pitch in a
range from 1 pm to 50 pm. The silicon substrate 110 can
include a large number of the through-silicon-vias 150. The
number of the through-silicon-vias 150 can be in a range
from 10,000 to 500,000. In the embodiment of FIG. 1, the
through-silicon-vias 150 are located at an edge of the silicon
substrate 110. There is a clearance of approximately 0.25
millimeter between the through-silicon-vias 150 and the
edge of the silicon substrate 110. In other embodiments, the
through-silicon-vias 150 can be located in other regions of
the silicon substrate 110.

[0052] In the embodiment of FIG. 1A, a micro LED array
160 is attached on the silicon substrate 110 and is electrically
connected to the through-silicon-vias 150. In other embodi-
ments, through-silicon-vias 150 may be connected to dif-
ferent devices (e.g., multiple micro LEDs). The micro LED
array 110 includes a number of micro LEDs. These micro
LEDs can be used in a display element in head-mounted
devices, phones, or other types of electronic devices to
embody one or more pixels.

[0053] At least some of the through-silicon-vias 150 are
electrically connected to the first die 120. The first die 120
is electrically connected to the second die 130, for example,
through vias 170 in the first die 120 and electrodes 175. In
one embodiment, the first die 120 includes approximately
5,000 vias having a pitch of approximately 75 um. Thus,
with the through-silicon-vias 150, the micro LED array 160
is electrically connected to the first die 120 and the second
die 130.

[0054] In the embodiment of FIG. 1A, the assembly 100 is
attached on a printed circuit board 180 with the second die
130 electrically (and/or digitally) connected to the printed
circuit board 180 through vias 170 in the second die 130 and
electrodes 175. There can be approximately 500 vias 170 in
the second die, which have a pitch of at least 125 pm. In
some embodiments, the printed circuit board 180 includes
circuitry that provides digital signals to the second die 130.
The second die 130 may include circuitry that converts the
digital signals received from the printed circuit board 180
into analog signals for operating the micro LED array 160.
The first die 120 receives the analog signals generated by the
second die 130 and provides driving current to the micro
LED array 160 based on the analog signals. In one embodi-
ment, the first die 120 includes a driving circuit that drives
each micro LED in the micro LED array 160 separately so
that each micro LED can have different brightness and/or
color.

[0055] Inthe embodiment of FIG. 1A, the through-silicon-
vias 150 are formed in the silicon substrate 110 (which can
be a passive layer and does not include active circuit
component) rather than the first die 120 or the second die
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130 (which can be active circuit areas where circuit com-
ponents are formed). Thus, this embodiment obviates the
need to form a large number of high density through-silicon-
vias in active circuit areas and therefore, loss of active
circuit area is avoided. Also, the silicon substrate 110
functions as a permanent carrier, which obviates the need to
use a temporary carrier. The permanent carrier does not need
to be removed after the assembly is formed. Also, the
process of attaching the first die 120 onto the silicon
substrate 110 is easier than attaching the first die 120 onto a
temporary carrier, which has high requirement on flatness of
bonding surfaces.

[0056] FIG. 1B is a cross-section illustrating the silicon
substrate 110, in accordance with an embodiment. In addi-
tion to the through-silicon-vias 150, a plurality of metal
elements 190 are arranged in the silicon substrate 110. A
metal element 190 can be a piece of copper, gold, or other
types of metal that is embedded in the silicon substrate 110.
FIG. 1B shows seven metal elements 190 having rectangular
shapes. In other embodiments, the silicon substrate 110 can
include a different number of metal elements 190 having
various shapes. Also, up to 90% of the area of the cross
section can be taken by the metal elements 190. The metal
elements 190 can dissipate heat generated from operation of
the micro LED array 160 and/or other electrical components.
The metal elements 190 can also be embedded into the
silicon substrate 110 for electrical routing. In some embodi-
ments, the metal elements 190 is a dummy fill and is not
electrically connected to the through-silicon-vias 150.

[0057] FIGS. 2A-2D illustrate a process of forming an
assembly of stacked circuit dies by using a permanent
carrier, in accordance with an embodiment. FIG. 2A shows
a silicon substrate 210 where a number of through-silicon-
vias 220 are formed. The silicon substrate 210 has a thick-
ness that is larger than the height of the through-silicon-vias
220 so that the through-silicon-vias 220 are not revealed. In
one embodiment, the height of the through-silicon-vias 220
is in a range from 5 pm to 10 um. The through-silicon-vias
150 form high density electrical interconnects. The silicon
substrate 210 can function as a carrier substrate that can be
used to as a mechanical base to stack multiple integrated
circuits together in a package. In addition to the through-
silicon-vias 220, a metal element (not shown in FIG. 2A) is
embedded in the silicon substrate to facilitate heat dissipa-
tion. FIG. 2A also shows a first die 230 with electrodes 240.
The first die 230 includes a silicon wafer 250. FIG. 2A
further shows a second die 260 with electrodes 270. The
second die includes a silicon wafer 280.

[0058] In FIG. 2B, the silicon substrate 210 is attached
onto the first die 230 with at least part of the through-silicon-
vias 220 electrically connected to the electrodes 240 of the
first die 230. The silicon wafer 250 of the first die 230 is
grinded off to reveal vias in the first die 230. A layer of
oxide-oxide bonding 235 is formed between the silicon
substrate 210 and the first die 230, for example, by perform-
ing surface treatment on the surfaces of the silicon substrate
210 and the first die 230 (e.g., by chemical-mechanical
planarization or plasma treatment), abutting the treated
surfaces of the silicon substrate 210 and the first die 230 to
form Van der Waals bonding between the treated surfaces,
and then annealing the surfaces at a temperature in a range
from 200° C. to 250° C. The oxide-oxide bonding 235
avoids the usage of adhesive polymer that cannot withstand
high temperate. Alternative to the oxide-oxide bonding 235,
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a layer of dielectric-dielectric bonding can be formed
between the silicon substrate 210 and the first die 230.
[0059] In FIG. 2C, the silicon substrate 210 and the first
die 230 are attached onto the second die 260. The bonding
between the first die 230 and second die 260 is face-to-face
bonding. Because the silicon substrate 210 functions as a
carrier substrate, the first die 230 and second die 260 do not
have to be thin to facilitate the face-to-face bonding. The
silicon wafer 280 of the second die 260 is grinded off to
reveal vials in the second die 260. There is a layer of
oxide-oxide bonding between the first die 230 and the
second die 260. The oxide-oxide bonding may be obtained,
for example, using the same process as described above with
the silicon substrate 210 and the first die 230. Also, the first
die 230 are electrically connected to the second die 260.
Alternative to the oxide-oxide bonding 265, a layer of
dielectric-dielectric bonding can be formed between the first
die 230 and second die 260.

[0060] In FIG. 2D, the silicon substrate 210 is thinned to
reveal the through-silicon-vias 220. In one embodiment, the
silicon substrate 210 is thinned by dry etching or wet
etching. In another embodiment, the silicon substrate 210 is
thinned by mechanical polish, chemical polish, or a combi-
nation of both. The thickness of the silicon substrate 210 is
reduced to be equal to or less than the height of the
through-silicon-vias 220. As a result, the through-silicon-
vias 220 pass through the silicon substrate 210 to establish
an electrical connection from a side of the silicon substrate
210 facing the first die 230 to a an opposite side of the silicon
substrate 210. Also, because the through-silicon-vias 220 are
formed in the silicon substrate (which is a passive layer),
loss of active circuit areas in the first die 230 and second die
260 is avoided or reduced. In the embodiment of FIGS.
2A-2D, the through-silicon-vias 220 are formed in the
silicon substrate 210 before the silicon substrate 210 are
attached to the first die 230 and second die 260. In some
embodiments, the through-silicon-vias 220 are formed after
the silicon substrate 210 is attached onto the first die 230 but
before the silicon substrate 210 and the first die 230 are
attached onto the second die 260. In some other embodi-
ments, the through-silicon-vias 220 can be formed in the
silicon substrate 210 after the silicon substrate 210 are
attached to the first die 230 and second die 260.

[0061] FIG. 3 is a flow chart illustrating a process for
fabricating an assembly of stacked circuit dies, in accor-
dance with an embodiment. The process may include dif-
ferent or additional steps than those described in conjunction
with FIG. 3 in some embodiments or perform steps in
different orders than the order described in conjunction with
FIG. 3.

[0062] A plurality of through-silicon-vias are formed 310
in a silicon substrate. In some embodiments, the through-
silicon-vias are formed at an edge of the silicon substrate.
[0063] The silicon substrate is attached onto a first die,
e.g., through oxide-oxide bonding. The oxide-oxide bonding
can be formed through plasma treatment, compression, and
annealing. At least part of the through-silicon-vias are elec-
trically connected to the first die. The silicon substrate and
the first die are attached 330 onto a second die through
face-to-face bonding with the first die electrically connected
to the second die. The silicon substrate can function as a
carrier substrate during the attaching process.

[0064] The through-silicon-vias are revealed 340 after the
second die is attached onto the first die and the silicon
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substrate. The through-silicon-vias can be revealed by thin-
ning the silicon substrate through etching, polishing, or other
approaches. The thinned silicon substrate has a thickness no
more than the height of the through-silicon-vias so that
electrically conductive pads of the through-silicon-vias is
revealed. Electrical components can be attached onto the
silicon substrate and electrically connected to the through-
silicon-vias. Examples of the electrical components include
micro LEDs and photodiodes. The first die and the second
die can include circuits that control and drive operation of
the electrical components. Because the through-silicon-vias
are not formed in the first die or the second die, loss of active
circuit areas on the first die and second die are eliminated.
[0065] The language used in the specification has been
principally selected for readability and instructional pur-
poses, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore
intended that the scope of the disclosure be limited not by
this detailed description, but rather by any claims that issue
on an application based hereon. Accordingly, the disclosure
of the embodiments is intended to be illustrative, but not
limiting, of the scope of the disclosure, which is set forth in
the following claims.

What is claimed is:

1. A method for fabricating an assembly of stacked circuit
dies, comprising:

forming a plurality of through-silicon-vias in a silicon

substrate;

attaching the silicon substrate onto a first die with at least

part of the through-silicon-vias electrically connected
to the first die;

attaching the silicon substrate and the first die onto a

second die through face-to-face bonding with the first
die electrically connected to the second die; and
revealing the through-silicon-vias after the second die is
attached onto the first die and the silicon substrate,
wherein the silicon substrate is configured to function as
a carrier substrate before the revealing.

2. The method of claim 1, wherein a number of the
through-silicon-vias is in a range from 10,000 to 500,000.

3. The method of claim 1, wherein the through-silicon-
vias has a pitch in a range from 1 to 50 micrometers.

4. The method of claim 1, further comprising:

attaching the silicon substrate attached with the first and

second dies, on a printed circuit board with the second
die electrically connected to the printed circuit board.

5. The method of claim 1, further comprising:

attaching one or more electrical components onto the

silicon substrate after the through-silicon-vias are
revealed with the electrical components electrically
connected to the first die through the through-silicon-
vias.

6. The method of claim 5, wherein the one or more
electrical components include an array of micro light emit-
ting diodes or photodiodes.

7. The method of claim 5, wherein the first die comprises
a driving circuit configured to provide driving current to the
one or more electrical components.

8. The method of claim 5, wherein the second die com-
prises a digital circuit configured to convert digital signals
into analog signals for operating the one or more electrical
components.
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9. The method of claim 5, wherein the silicon substrate
comprises a metal element configured to diffuse heat gen-
erated from operation of the electrical components.

10. The method of claim 1, wherein the through-silicon-
vias are formed at an edge of the silicon substrate.

11. An assembly of stacked circuit dies, comprising:

a silicon substrate formed with through-silicon-vias;

a first die attached to the silicon substrate by bonding with
electrodes of the first die electrically connected to the
through-silicon-vias; and

a second die attached to the first die by face-to-face
bonding with electrodes of the second die electrically
connected to the electrodes of the first die,

wherein the silicon substrate is configured to function as
a carrier substrate before the revealing.

12. The assembly of claim 11, wherein a number of the

through-silicon-vias is in a range from 10,000 to 500,000.

13. The assembly of claim 11, wherein the through-
silicon-vias has a pitch in a range from 1 to 50 micrometers.

14. The assembly of claim 11, further comprising a
printed circuit board on which the silicon substrate attached
with the first and second dies is attached, the second die
electrically connected to the printed circuit board.
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15. The assembly of claim 11, further comprising one or
more electrical components attached onto the silicon sub-
strate after the through-silicon-vias are revealed, the elec-
trical components electrically connected to the first die
through the through-silicon-vias.

16. The assembly of claim 15, wherein the one or more
electrical components include an array of micro light emit-
ting diodes or photodiodes.

17. The assembly of claim 15, wherein the first die
comprises a driving circuit configured to provide driving
current to the one or more electrical components.

18. The assembly of claim 15, wherein the second die
comprises a digital circuit configured to convert digital
signals into analog signals for operating the one or more
electrical components.

19. The assembly of claim 15, wherein the silicon sub-
strate comprises a metal element configured to diffuse heat
generated from operation of the electrical components.

20. The assembly of claim 11, wherein the through-
silicon-vias are formed at an edge of the silicon substrate.
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