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Provide first layer of frst diefs}, first laver of first die{s} inclnding
N first die{s) each including first substrate, first dielectric laver on
first substrate and first metal laver embedded in first dielectrie

layer, where N is integer 1 - 51
............................................................................... T -
Provide wafer, which inclndes second metal layer LR

*

. -~ o . . oy £* A T . 83
ond N p diefs) to wafer, wherein when N2, N first dies are {7 ™

Bond N first die{s) to wafer, wherein when N2 N first dies are |
spaced apart across wafer

i

Form msulating laver and hole, wherein when N=1, insulating |
layer covers top surface of single first die and wafer around single |
first die; when N2, insulating laver covers top surfaces of N first "

dies and fill gap(s) between N first dies on wafer; ¥=1 or N2,
and tap sirface of insulating laver on water is higher than top
surface{=} ot first die{s}: and hole includes fivst hole, which |
extends through insulating laver and partial thickness of wafer and
exposes second metal laver 5

l

Form interconnect structure, which is filled in hole, first metal
laver, second metal laver and interconnect structure are
electrically connected
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FIRST CHIP AND WAFER BONDING
METHOD AND CHIP STACKING
STRUCTURE

TECHNICAL FIELD

[0001] The present invention pertains to the field of inte-
grated circuit (IC) fabrication technology, and particularly
relates to a method of bonding first die(s) to a wafer and a
die-stack structure.

BACKGROUND

[0002] As the microelectronics industry steps into the
post-Moore’s law era, chip structures are evolving toward
three-dimensional (3D) stacking in order to achieve higher
integration, greater compactness and more excellent perfor-
mance. Compared with wafer-to-wafer (W2W) stacking,
chip-to-wafer (C2W) heterogeneous integration is advanta-
geous in enabling interconnection between chips of different
technology nodes and different sizes and providing high
flexibility. Moreover, C2W integration allows known good
dies (KGDs) to be chosen to be bonded to a wafer. This can
result in a significantly increased yield in applications where
dies are to be stacked in multiple layers. C2W integration
has become an important area of development for 3D-IC
technology.

[0003] Among the existing C2W stacks, some rely on
through-silicon vias (TSV) formed in upper and lower dies
after they are bonded together for die-to-die electrical con-
nection. However, such TSVs take up a significant die area,
which is unfavorable to chip size reduction.

[0004] There are also some in which TSVs are formed in
advance in dies to be bonded, followed by bonding of the
dies. This process is rather complicated, and substrates of the
dies to be bonded have to be thick enough in order to ensure
sufficient mechanical strength. Moreover, once bonded, the
substrates cannot be thinned anymore due to the presence of
the TSVs. On the other hand, if the substrates are thinned
and TSVs are formed after the dies are bonded, variation in
the overall thickness would be difficult to control due to
individual bonding of the dies. As a consequence, it would
be difficult to ensure the connectivity and electrical unifor-
mity of the TSVs.

SUMMARY OF THE INVENTION

[0005] Itis an objective of the present invention to provide
a method of bonding first die(s) to a wafer and a die-stack
structure, which dispense with the formation of TSV(s) in
the first die(s), reduce difficulties in the design of internal
wiring within the first die(s), result in area savings of the first
die(s), circumvent issues associated with electrical connec-
tion between substrate(s) and TSV (s) (e.g., insulation, para-
sitic capacitance, etc.) and allows lower process complexity.

[0006] The present invention provides a method of bond-
ing first die(s) to a wafer, which includes:

[0007] providing a first layer of first die(s), the first
layer of first die(s) including N first die(s) each includ-
ing a first substrate, a first dielectric layer on the first
substrate and a first metal layer embedded in the first
dielectric layer, where N is an integer=1;

[0008] providing the wafer, which includes a second
metal layer;
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[0009] Dbonding the N first die(s) to the wafer, wherein
when N=z2, the N first dies are spaced apart on the
wafer;

[0010] forming an insulating layer and a hole, wherein
when N=1, the insulating layer covers a top surface of
the single first die and the wafer around the single first
die; when N=2, the insulating layer covers top surfaces
of the N first dies and fill gap(s) between the N first dies
on the wafer; N=1 or Nz2, and a top surface of the
insulating layer on the wafer is higher than the top
surface(s) of the first die(s); and the hole includes a first
hole, which extends through the insulating layer and a
partial thickness of the wafer and exposes the second
metal layer; and

[0011] forming an interconnect structure, which is filled
in the hole, the first metal layer, the second metal layer
and the interconnect structure are electrically con-
nected.

[0012] Additionally, the formation of the insulating layer
and the hole may include:

[0013] forming the insulating layer; and

[0014] etching the insulating layer and a partial thick-
ness of the wafer until the second metal layer is
exposed, thereby forming the first hole, wherein the
hole includes only the first hole.

[0015] Additionally, the hole may further include a second
hole, which extends parallel to the wafer, connects with the
respective first hole and is located at least partially above the
respective first die.

[0016] Additionally, the formation of the insulating layer
and the hole may include:

[0017] forming the insulating layer;

[0018] forming the second hole by etching a portion of
the insulating layer higher than the top surface(s) of the
first die(s); and

[0019] forming the first hole by etching the insulating
layer above the wafer exposed in the second hole and
a partial thickness of the wafer, the first hole exposing
the second metal layer.

[0020] Additionally, the insulating layer may include a
first insulating layer and a second insulating layer, wherein
the formation of the insulating layer and the hole includes:

[0021] forming the first insulating layer, which is
arranged on the wafer; performing a chemical mechani-
cal polishing (CMP) process on a top surface of the first
insulating layer until the top surface of the first insu-
lating layer is flush with the top surface(s) of the first
die(s);

[0022] forming the first hole, which extends through the
first insulating layer and a partial thickness of the wafer
and exposes the second metal layer;

[0023] forming a filling layer in the first hole;

[0024] forming the second insulating layer, which cov-
ers the first die(s), the filling layer and the first insu-
lating layer; and

[0025] forming the second hole by etching the second
insulating layer.

[0026] Additionally, a side of the first die(s) which is
proximate to the first metal layer may be bonded to the
wafer, the first metal layer is/are electrically connected to the
second metal layer.

[0027] Additionally, the interconnect structure may be
electrically connected to the second metal layer.
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[0028] Additionally, after the formation of the intercon-
nect structure, the method may further include the formation
of a lead-out layer, which includes:

[0029] forming a separation layer, which covers the
interconnect structure and the insulating layer;

[0030] forming a lead-out hole, which extends through
the separation layer and exposes the interconnect struc-
ture; and

[0031] filling the lead-out layer in the lead-out hole, the
lead-out layer is electrically connected to the intercon-
nect structure.

[0032] Additionally, the method may further include:

[0033] providing an M-th layer of first die(s), where M
is an integer =2, and repeating the steps for forming the
insulating layer, the hole(s), the interconnect structure,
the separation layer and the lead-out layer of the first
layer of first die(s) to form an insulating layer, a hole,
an interconnect structure, a separation layer and a
lead-out layer of the M-th layer of first die(s), the
insulating layer of the M-th layer of first die(s) covering
a separation layer of an (M-1)-th layer of first die(s);

[0034] bonding the separation layer of the M-th layer of
first die(s) to the separation layer of the (M-1)-th layer
of first die(s), wherein a metal layer of the M-th layer
of first die(s) is electrically connected to a lead-out
layer of the (M-1)-th layer of first die(s).

[0035] Additionally, a side of the first die(s) which is
proximate to the first metal layer may be bonded to the
wafer.

[0036] Additionally, the hole may further include a third
hole connecting with the respective second hole, the third
hole extending through a partial thickness of the first dielec-
tric layer and exposing the respective first metal layer,
wherein the interconnect structure is filled in the first, second
and third holes.

[0037] Additionally, first alignment marks may be formed
in the first dielectric layer of the first die(s) and respective
second alignment marks in the wafer, the first alignment
marks aligned with the respective second alignment marks
in a thickness direction of the first dies, wherein third
alignment marks are formed in the insulating layer by
exposure and development as replicas of the second align-
ment marks, the projections of the third alignment marks on
the wafer coinciding with projections of the second align-
ment marks on the wafer.

[0038] Additionally, after the formation of the intercon-
nect structure, the method may further include forming an
isolation layer, which covers the interconnect structure and
the insulating layer.

[0039] Additionally, the method may further include:

[0040] providing an L-th layer of first die(s), where L is
an integer =2, and repeating the steps for forming the
insulating layer, the hole, the interconnect structure and
the isolation layer of the first layer of first die(s) to form
an insulating layer, a hole, an interconnect structure and
an isolation layer of the L-th layer of first die(s), the
insulating layer of the [.-th layer of first die(s) covering
an isolation layer of an (I.—1)-th layer of first die(s); and

[0041] bonding the isolation layer of the L-th layer of
first die(s) to the isolation layer of the (LL—1)-th layer of
first die(s), wherein metal layer of the L-th layer of first
die(s) is brought into contact with and electrically
connected to interconnect structure of the (L-1)-th
layer of first die(s).
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[0042] The present invention further provides a die-stack
structure including:

[0043] a first die including a first substrate, a first
dielectric layer on the first substrate and a first metal
layer embedded in the first dielectric layer;

[0044] a second die including a metal layer, the second
die having an area larger than an area of the first die, the
second die bonded to the first die;

[0045] an insulating layer and a hole, the insulating
layer covering a top surface of the first die and the
second die around the first die, the insulating layer
having a top surface above the second die that is higher
than a top surface of the first die,

[0046] the hole including a first hole, which extends
through the insulating layer and a partial thickness of
the second die and exposes the second metal layer; and

[0047] an interconnect structure filled in the hole, the
first metal layer, the second metal layer and the inter-
connect structure are electrically connected.

[0048] Additionally, the hole may further include a second
hole, which extends parallel to the first die, connects with the
first hole and is at least partially located above the first die.
[0049] Additionally, a side of the first die which is proxi-
mate to the first metal layer may be bonded to the second die,
the first metal layer is electrically connected to the second
metal layer.

[0050] Additionally, the die-stack structure may further
include:
[0051] a separation layer covering the interconnect

structure and the insulating layer;
[0052] a lead-out hole extending through the separation
layer and exposing the interconnect structure; and
[0053] a lead-out layer filled in the lead-out hole and

electrically connected to the interconnect structure.
[0054] Additionally, a side of the first die away from the
first metal layer may be bonded to the second die.
[0055] Additionally, the hole may further include a third
hole connecting with the second hole, the third hole extend-
ing through a partial thickness of the first dielectric layer and
exposing the first metal layer, wherein the interconnect
structure is filled in the first, second and third holes.
[0056] Compared with the prior art, the present invention
has the following benefits:
[0057] The present invention provides a method of bond-
ing first die(s) to a wafer and a die-stack structure. The
method includes: providing a first layer of first die(s), which
include(s) N first die(s) each including a first metal layer;
providing the wafer, which includes a second metal layer;
bonding the first die(s) to the wafer; forming an insulating
layer and a hole, the insulating layer covering the wafer
around the first die(s) or filling gap(s) between the first
die(s), the hole formed in the insulating layer around the first
die(s); forming interconnect structure in the hole, the first
metal layer, the second metal layer and the interconnect
structure is electrically connected, thus establishing electri-
cal connection between the first die(s) and the wafer. In this
method, it is unnecessary to form TSV within the first die(s),
reducing difficulties in the design of internal wiring within
the first die(s) and resulting in area savings of the first die(s).
The absence of TSV circumvents issues associated with
electrical connection between substrate and TSV (e.g., insu-
lation, parasitic capacitance, etc.). Further, process complex-
ity can be reduced because it is not necessary to take into
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account the influence of thickness variation of the first die(s)
on the formation of through hole by etching.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 depicts a flowchart of a method of bonding
first die(s) to a wafer according to an embodiment of the
present invention.

[0059] FIGS. 2, 3aq, 3b, 3¢, 3d, 3¢, and 4 to 7 are schematic
illustrations of various steps in a method of bonding first
die(s) to a wafer according to an embodiment of the present
invention.

[0060] FIGS. 8to 13 are schematic illustrations of various
steps in a second method of bonding first die(s) to a wafer
according to an embodiment of the present invention.
[0061] FIGS. 14 to 16 are schematic illustrations of three
die-stack structures according to embodiments of the present
invention.

[0062] In these figures:

[0063] 10a, 106 to 10n—first die; 20'—second die;
11—Afirst substrate; 12—first dielectric layer; 13—first
metal layer; 14—first bonding layer;

[0064] 20—wafer; 21—second substrate; 22—second
dielectric layer; 23—second metal layer; 24—second
bonding layer;

[0065] 31a—insulating layer; 32a—interconnect struc-
ture; 34a—separation layer; 35—lead-out layer;
36—pad;

[0066] 40a, 405 to 40n—first die; 50'—second die;

41—Airst substrate; 42—first dielectric layer; 43—first
metal layer; 44—{first alignment mark;

[0067] 50—wafer; 51—second substrate; 52—second
dielectric layer; 53—second metal layer; 54—second
alignment mark; 55—second bonding layer;

[0068] 61a, 615, 61n—insulating layer; 62a, 626—
interconnect structure; 63a, 635, 63n—third alignment
mark; 64a—isolation layer; 65—pad.

DETAILED DESCRIPTION

[0069] On the above basis, embodiments of the present
invention provide methods of bonding first die(s) to a wafer
and die-stack structures. The present invention will be
described in greater detail below with reference to the
accompanying drawings and to specific embodiments.
Advantages and features of the present invention will
become more apparent from the following description. Note
that the figures are provided in a very simplified form not
necessarily drawn to exact scale and for the only purpose of
facilitating easy and clear description of the embodiments.
[0070] As mentioned herein, any dielectric, insulating or
other layer, such as the first dielectric layer, the first insu-
lating layer or the like, may be either a single-layer structure
made of a single material, or a multi-layer structure formed
of either a single or multiple materials.
[0071] Inan embodiment of the present invention, there is
provided a method of bonding first die(s) to a wafer. As
shown in FIG. 1, the method includes:
[0072] providing a first layer of first die(s), which

include(s) N first die(s) each including a first substrate,

a first dielectric layer on the first substrate and a first

metal layer embedded in the first dielectric layer, where

N is an integer=1;

[0073] providing the wafer, which includes a second
metal layer;

Jan. 18, 2024

[0074] bonding the N first die(s) to the wafer, wherein
when N=z2, the N first dies are spaced apart on the
wafer;

[0075] forming an insulating layer and hole(s), wherein
when N=1, the insulating layer covers a top surface of
the single first die and the wafer around the single first
die; when N=2, the insulating layer covers top surfaces
of the N first dies and fill gap(s) between the N first dies
on the wafer; N=1 or Nz2, and a top surface of the
insulating layer on the wafer is higher than the top
surface(s) of the first die(s); and each of the hole(s)
includes a first hole, which extends through the insu-
lating layer and a partial thickness of the wafer and
exposes the second metal layer; and

[0076] forming interconnect structure(s), which is/are
filled in the hole(s), the first metal layer(s), the second
metal layer and the interconnect structure(s) are elec-
trically connected.

[0077] Various steps in a first method of bonding first
die(s) to a wafer according to an embodiment of the present
invention will be described below with reference to FIGS. 2
to 7. In this method, a side of the first die(s) which is
proximate to the first metal layer is bonded to the wafer.

[0078] As shown in FIG. 2, a first layer of first die(s) is/are
provided. The first die(s) include(s) N first die(s) 10a, each
first die 10a includes a first substrate 11, a first dielectric
layer 12 on the first substrate 11 and a first metal layer 13
embedded in the first dielectric layer 12. N is an integer =1.

[0079] The watfer 20 is provided, the wafer 20 includes a
second substrate 21, a second dielectric layer 22 on the
second substrate 21 and a second metal layer 23 embedded
in the second dielectric layer 22.

[0080] Each first die 10a may further include a first
bonding layer 14, and the wafer 20 may further include a
second bonding layer 24. The first bonding layer(s) 14 and
the second bonding layer 24 are intended to be bonded
face-to-face to each other.

[0081] The N first die(s) 10a is/are bonded to the wafer 20.
When N=z2, the N first dies are spaced apart on the wafer.
The first die(s) 10a may be bonded to the wafer 20 by hybrid
bonding (involving both metal-to-metal bonding and dielec-
tric-to-dielectric bonding). Specifically, when N=z2, the N
first dies 10a may be bonded to the wafer 20 one by one.
Alternatively, the N first dies 10a may be all temporarily
attached to a carrier wafer at predetermined locations and
then simultaneously bonded to the wafer 20 with the aid of
the carrier wafer. After that, the carrier wafer may be
separated from the N first dies 10a.

[0082] A side of the first die(s) 10a which is proximate to
the first metal layer 13 is bonded to the wafer 20, the first
metal layer(s) 13 is/are electrically connected to the second
metal layer 23. It is possible to bond either a single or several
(22) first dies to the wafer. The several first dies may be
either of the same structure or of different structures.

[0083] As shown in FIG. 3a, an insulating layer 31a is
formed. The insulating layer 31e¢ may be a silicon oxide
layer, for example. When N=I1, the insulating layer 31a
covers a top surface of the single first die 10a and the wafer
20 around the single first die 10a. When N=2, the insulating
layer 31a covers top surfaces of the N first dies and fill
gap(s) between the N first dies on the wafer 20. N=1 or N=2,
and a top surface of the insulating layer 31a on the water 20
is higher than the top surface(s) of the first die(s) 10a.
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[0084] Hole(s) is/are formed each extending through the
insulating layer 31a and a partial thickness of the wafer 20
and exposing the second metal layer 23. In this embodiment,
each hole includes only a first hole V. That is, each hole
consists of a first hole V. Interconnect(s) 32a is/are formed,
which are filled in the hole(s), the first metal layer(s) 13, the
second metal layer 23 and the interconnect structure(s) 32a
are electrically connected. The interconnect structure(s) 32a
in the first hole(s) V, electrically connect(s) the first die(s)
10a to the wafer 20 and lead(s) out electrical signals.
[0085] Optionally, each hole may further include a second
hole extending parallel to the wafer, and the second hole
connects with the respective first hole. The second hole(s)
is/are at least partially located above the first die(s).
[0086] A first method for forming the insulating layer and
the hole(s) will be described below with reference to FIGS.
3b, 3¢ and 4. As shown in FIG. 35, the insulating layer 31a
is formed. As shown in FIG. 3¢, the second hole(s) V, is/are
formed by partially etching away the insulating layer 31a
above the top surface(s) of the first die(s) 10a. As shown in
FIG. 4, the first hole(s) V| is/are formed by etching through
the insulating layer 31a above the wafer 20 exposed in the
second hole(s) V, and a partial thickness of the wafer 20, the
first hole(s) V, exposing the second metal layer 23. The
second hole(s) V, extend(s) parallel to the wafer 20. The
second hole(s) V, connect(s) with the first hole(s) V.
Although the formation of the second hole(s) V, is shown in
FIGS. 3¢ and 4 as preceding the formation of the first hole(s)
V,, it would be appreciated that it is also possible that the
formation of the first hole(s) V, precedes the formation of
the second hole(s) V.

[0087] A second method for forming the insulating layer
and the hole(s) will be described below with reference to
FIGS. 3d, 3¢ and 4. In this case, the insulating layer 31a
includes a first insulating layer 311 and a second insulating
layer 312.

[0088] As shown in FIG. 34, the first insulating layer 311
is formed, which resides on the wafer 20 and is contiguous
with the first die(s) 10a. In case of multiple first dies 10a, the
first insulating layer 311 fills gap(s) between adjacent first
dies 10a. A chemical mechanical polishing (CMP) process is
performed to thin and planarize the first die(s) 10a and the
first insulating layer 311. As a result of thinning the first
die(s) 10a by CMP, a top surface of the first insulating layer
311 is flush with top surface(s) of the first substrate(s) 11. As
shown in FIG. 3e, the first hole(s) V| is/are formed, which
extend(s) through the first insulating layer 311 and a partial
thickness of the wafer 20, without exposure of the second
metal layer 23 (i.e., it/they terminate(s) above the second
metal layer 23). A filling layer such as a bottom anti-
reflection coating (BARC) is formed in the first hole(s) V.
The material of the filling material deposited outside of the
first hole(s) V, is then removed, with the remainder being
present only in the first hole(s) V,. The second insulating
layer 312 is then formed, which covers the first die(s) 10a,
the filling layer and the first insulating layer 311.

[0089] The second hole(s) V, is/are formed by etching the
second insulating layer 312. The second hole(s) V, extend(s)
parallel to the wafer 20 and the second hole(s) V, connect(s)
with the first hole(s) V. The second hole(s) V, is/are at least
partially located above the first die(s) 10a. Subsequently, the
filling layer in the first hole(s) V, is etched away, and
depending on a depth of the second hole(s) V,, the second
insulating layer 312 may be also partially etched away. As
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a result, the second metal layer 23 is exposed. After that, as
shown in FIG. 4, the interconnect structure(s) 32a are
formed in both the second hole(s) V, and the first hole(s) V,
the interconnect structure(s) 32a may be electrically con-
nected to the second metal layer 23, the first metal layer(s)
13 may be electrically connected to the second metal layer
23. In this way, electrical connection is achieved between the
first metal layer(s) 13, the second metal layer 23 and the
interconnect structure(s) 32a. As shown in FIG. 4, section(s)
of the interconnect structure(s) received in the laterally-
extending (parallel to the wafer 20) second hole(s) V,
provide(s) greater flexibility in metal layer distribution of
the subsequently-stacked die(s) because electrical connec-
tion can be easily established between the die(s) and the
section(s) of the interconnect structure(s).

[0090] As shown in FIG. 5, after the formation of the
interconnect structure(s), the method may further include the
formation of a lead-out layer 35, which may specifically
include:

[0091] forming a separation layer 34a, the separation
layer 34a covers the interconnect structure(s) 32a and
the insulating layer 31a; forming lead-out hole(s),
which extend(s) through the separation layer 34a and
expose(s) the interconnect structure(s) 32a; and filling
the lead-out layer 35 in the lead-out hole(s). The
lead-out layer 35 is electrically connected to the inter-
connect structure(s) 32a.

[0092] Only one layer of die(s), for example, the first layer
of first die(s), may be stacked on the wafer 20, and the
interconnect structures 32a may operably lead out electrical
signals from the first die(s) 10a and the wafer 20. Alterna-
tively, several layers of die(s), for example, M (M=2) layers
of first die(s), may be stacked on the wafer 20, as practically
needed. The latter case is shown in FIGS. 6 and 7.

[0093] In this case, an M-th layer of first die(s) (e.g., 105,
107) may be provided, where M is an integer =2. The same
method as used for the first layer of first die(s) 10a may be
employed to form an insulating layer (e.g., 315, 31n),
hole(s), interconnect structure(s), a separation layer (e.g.,
34b) and a lead-out layer for the M-th layer of first die(s).
The insulating layer (e.g., 315) for the M-th layer of first
die(s) may cover a separation layer (e.g., 34a) for an
(M-1)-th layer of first die(s).

[0094] The M-th layer of first die(s) (e.g., 105) may be
bonded to the separation layer (e.g., 34a) of the (M-1)-th
layer of first die(s), metal layer(s) in the M-th layer of first
die(s) is/are electrically connected to a lead-out layer for the
(M-1)-th layer of first die(s). In this way, multiple layers of
first die(s) (e.g., 10a and 105 through 10%) can be stacked on
the wafer 20. Without limitation, the first dies in different
layers may be either of the same structure, or of different
structures, depending on the requirements of practical appli-
cations. Lead-out pad(s) 36 may be formed on the topmost
layer of first die(s). The pad(s) 36 may be formed of, for
example, aluminum. The pad(s) 36 may be electrically
connected to interconnect structure(s) or a lead-out layer for
the topmost layer.

[0095] FIG. 7 shows an example in which the pad(s) 36
is/are electrically connected to section(s) of the interconnect
structure(s) in second hole(s) (extending parallel to the first
die(s)). Optionally, the second hole(s) (extending parallel to
the first die(s)) may be omitted from the topmost layer of
first die(s) (e.g., 10n). Instead, only first hole(s) (extending
perpendicular to the first dies) may be formed, and the pad(s)
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36 may be electrically connected to the interconnect struc-
ture(s) in the first hole(s), depending on the requirements of
practical applications. It would be appreciated that, for each
layer, there may be one or more isolation layers and one or
more insulating layers.

[0096] In the first method, the first die(s) is/are allowed to
be additionally thinned to meet the requirements for higher
integration and a smaller size. The insulating layer resides
on the wafer and is contiguous with the first die(s). In other
words, the insulating layer surrounds the first die(s). More-
over, the interconnect structure(s) formed in the holes in the
insulating layer electrically connect(s) the first metal layer(s)
to the second metal layer, thereby establishing electrical
connection between the first die(s) and the wafer, without
needing to form TSV(s) in the first die(s). This reduces
difficulties in the design of internal wiring within the first
die(s) and results in area savings of the first die(s). Gap(s)
between adjacent first die(s) can be fully utilized during the
bonding of the first die(s) and the wafer. The interconnect
structure(s) can be formed in such gap(s) between adjacent
first die(s), in particular when an area of the first die(s)
differs from an area of corresponding die(s) on the wafer, for
example, when the area of the first die(s) is smaller than the
area of the die(s) on the wafer. The absence of TSV(s)
circumvents issues associated with electrical connection
between the substrate(s) and TSVs (e.g., insulation, parasitic
capacitance, etc.). Further, process complexity can be
reduced because it is not necessary to take into account the
influence of thickness variation of the first die(s) on the
formation of through hole(s) by etching.

[0097] Here, the area of the die(s) on the wafer should be
broadly interpreted as referring either to an actual wafer area
physically taken up by the die(s), i.e., by various circuits,
devices, connections and the like thereof, or to an enlarged
wafer area further accommodating the interconnect structure
(s) constructed in accordance with the present invention (i.e.,
it is greater than the actual area). The additional wafer area
may be provided either by dicing lane(s) or the gap(s)
between the dies. The area of the first die(s) refers to an area
of each single first die after a dicing process.

[0098] Various steps in a second method of bonding first
die(s) to a wafer according to an embodiment of the present
invention will be described below with reference to FIGS. 8
to 13. In this method, a side of the first die(s) away from
its/their first metal layer(s) is bonded to the wafer.

[0099] As shown in FIG. 8, a first layer of the first die(s)
40a may be provided. The first die(s) include(s) N first die(s)
40a, each including a first substrate 41, a first dielectric layer
42 on the first substrate 41 and a first metal layer 43
embedded in the first dielectric layer 42. N is an integer =1.
[0100] The wafer 50 is provided, which includes a second
substrate 51, a second dielectric layer 52 on the second
substrate 51 and a second metal layer 53 embedded in the
second dielectric layer 52.

[0101] For example, the first die(s) 40a may further
include first alignment marks 44, the first alignment marks
44 are formed in the first dielectric layer(s) 42, and the wafer
50 may further include second alignment marks 54. When
the first alignment marks 44 are aligned with the respective
second alignment marks 54 in a thickness direction of the
first die(s) 40a or the wafer 50, alignment between the first
die(s) 40a and the wafer 50 is attained. Each of the first
die(s) 40a may further include a first bonding layer, and the
wafer 50 may further include a second bonding layer 55. The
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first bonding layer(s) and the second bonding layer 55 are
intended to be bonded to each other.

[0102] The first die(s) 40a is/are bonded to the wafer 50.
The first die(s) 40a may be known good die(s) (KGD(s)), for
example. A side of the first die(s) 40a away from the first
metal layer(s) 43 (i.e., at their back side) is bonded to the
wafer 50.

[0103] As shown in FIG. 9, a first insulating layer 611 is
formed, which resides on the wafer 50 and is contiguous
with the first die(s) 40a. In case of multiple first dies 40qa, the
first insulating layer 611 fills gap(s) between adjacent first
dies 40a. A top surface of the first insulating layer 611 is
flush with top surface(s) of the first die(s) 40a. The first
insulating layer 611 may be formed by a deposition process
and planarized by a CMP process.

[0104] As shown in FIGS. 9 and 10, first hole(s) V, is/are
formed, which extend(s) through the first insulating layer
611 and a partial thickness of the wafer 50 and expose(s) the
second metal layer 53. A second insulating layer 612 is
formed, which may be also considered as a redistribution
layer (RDL). The second insulating layer 612 covers the first
die(s) 40a and the first insulating layer 611. The second
insulating layer 612 is etched, thereby forming second
hole(s) V,. The second hole(s) V, extend(s) parallel to the
wafer 50, the second hole(s) V, connect(s) with the first
hole(s) V,. The second hole(s) V, are at least partially
located above the first die(s) 40a. Third hole(s) V; connects
with the second hole(s) V, is/are then formed. The third
hole(s) V5 extend(s) through a partial thickness of the first
dielectric layer(s) 42 and expose(s) the first metal layer(s)
43. The insulating layer 61a includes a first insulating layer
611 and a second insulating layer 612.

[0105] The first hole(s) V, the second hole(s) V, and the
third hole(s) V; are not limited to being formed in any
particular order. For example, the second hole(s) V, may be
formed immediately after the formation of the insulating
layer 61a, and the first holes V| and the third holes V; may
be formed subsequently.

[0106] Next, interconnect structure(s) 62a are formed
within the first hole(s) V,, the second hole(s) V, and the
third hole(s) V5, and the interconnect structure(s) 62a are
electrically connected to both the first metal layer(s) 43 and
the second metal layer 53. In order to enable alignment
between the interconnect structure(s) 62a and the second
metal layer 53, corresponding alignment marks may be
provided in the second insulating layer 612 and the second
dielectric layer 52.

[0107] Only one layer of die(s), for example, the first layer
of first die(s) 40a, may be stacked on the wafer 50, and the
interconnect structure(s) 62a may operably interconnect the
first die(s) 40a and the wafer 50 and lead out electrical
signals therefrom. Alternatively, several layers of die(s), for
example, L (L=2) layers of first die(s), may be stacked on the
wafer 50, as practically needed.

[0108] As shown in FIG. 11, an isolation layer 64a is
formed, which covers the interconnect structures 62a and
the insulating layer 61a.

[0109] As shown in FIGS. 12 and 13, an L-th layer of first
die(s) (e.g., 405, 40r) may be provided, where L is an integer
=2. The same method as used for the first layer of first die(s)
40a may be employed to form an insulating layer (e.g., 615,
617), hole(s), interconnect structure(s) (e.g., 625) and an
isolation layer (e.g., 645) for the L-th layer of first die(s).
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The insulating layer (e.g., 615) for the L-th layer of first
die(s) may cover an isolation layer (e.g., 64a) for an (L-1)-
th layer of first die(s).

[0110] The L-th layer of first dies (e.g., 405) may be
bonded to the isolation layer (e.g., 64a) of the (L.-1)-th layer
of first dies, the interconnect structure(s) (e.g., 626) for the
L-th layer of first die(s) is brought into contact with and
electrically connected to the interconnect structure(s) (e.g.,
62a) for the (L-1)-th layer of first die(s).

[0111] During alignment for bonding, a lower lens may
identify, and capture images of, the first alignment marks
44 in the first die(s) 40a, and an upper lens may identify,
and capture images of, the respective corresponding second
alignment marks 54 in the wafer 50. The images may be
processed, and the first die(s) 40a may be then moved into
alignment with the wafer 50 according to the results of the
image processing.

[0112] Third alignment marks 63a may be formed in the
insulating layer 61a. The third alignment marks 63a may be
replicas of the second alignment marks 54 formed by
exposure and development at locations corresponding to
those of the second alignment marks 54 in the wafer 50. This
is equivalent to transferring the second alignment marks 54
in the wafer 50 to the upper layer and can facilitate subse-
quent alignment and identification. For example, as shown
in FIG. 12, subsequently, first alignment marks 4456 in a
second layer of first die(s) 406 may be aligned with the third
alignment marks 63« in the insulating layer 61a for the first
layer. In this way, the alignment for bonding of each
subsequently stacked layer of first die(s) is made indepen-
dent of the location(s) of the previous stacked layer of first
die(s), as it is equivalent to alignment with the second
alignment marks 54 within the common reference wafer 50.
[0113] In this way, multiple layers of first die(s) (e.g., 40a
and 4056 through 40%) can be stacked on the wafer 50.
Without limitation, the first dies in different layers may be
either of the same structure, or of different structures,
depending on the requirements of practical applications.
Lead-out pad(s) 65 may be formed on the topmost layer of
first die(s). The pad(s) 65 may be formed of, for example,
aluminum. The pad(s) 65 may be electrically connected to
interconnect structure(s) or a lead-out layer for the topmost
layer.

[0114] The present invention also provides a die-stack
structure, including:

[0115] a first die including a first substrate, a first
dielectric layer on the first substrate and a first metal
layer embedded in the first dielectric layer;

[0116] a second die including a metal layer, the second
die having an area larger than an area of the first die, the
second die bonded to the first die;

[0117] an insulating layer and a hole, the insulating
layer covering a top surface of the first die and the
second die around the first die, the insulating layer
having a top surface above the second die that is higher
than a top surface of the first die,

[0118] the hole including a first hole, which extends
through the insulating layer and a partial thickness of
the second die and exposes the second metal layer; and

[0119] an interconnect structure filled in the hole, the
first metal layer, the second metal layer and the inter-
connect structure are electrically connected.

[0120] It would be appreciated that the die-stack structure
can be obtained by dicing a structure constructed in accor-
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dance with the above-discussed method of bonding first
die(s) to a wafer, and the second die is obtained as a result
of dicing the wafer. The area of the second die is just an area
of each single die obtained by dicing the wafer.

[0121] FIGS. 14 to 16 show three examples of the die-
stack structure. Since a detailed description thereof has been
set forth above in connection with the method of bonding
first die(s) to a wafer, only a brief description is given below.
[0122] As shown in FIG. 14, the die-stack structure
includes the first die 10a and the second die 20'. The second
die 20' is obtained by dicing the aforementioned wafer 20.
In this example, the hole only includes the first hole V|, and
the interconnect structure 32a is filled in the hole, the first
metal layer 13, the second metal layer 23 and the intercon-
nect structure 32a are electrically connected. The intercon-
nect structure 32a in the first hole V, electrically connect the
first die 10a to the second die 20' and lead out electrical
signals.

[0123] As shown in FIG. 15, the die-stack structure
includes the first die 10a and the second die 20'. A side of the
first die 10a which is proximate to the first metal layer 13 is
bonded to the second die 20'. The hole includes the first hole
V, and a second hole V,. The second hole V, extends
parallel to the second die 20', the second hole V, connects
with the first hole V. The second hole V, is at least partially
located above the first die 10a. A side of the first die 10a
which is proximate to the first metal layer 13 is bonded to the
second die 20", the first metal layer 13 is electrically con-
nected to the second metal layer 23. The interconnect
structure 32aq is filled in both the first hole V, and the second
hole V,, the interconnect structure 32q is electrically con-
nected to the second metal layer 13.

[0124] As shown in FIG. 16, the die-stack structure
includes the first die 40a and the second die 50'. A side of the
first die 40a away from the first metal layer 43 is bonded to
the second die 50'. The hole includes the first hole V|, a
second hole V, and a third hole V5. The third hole V,
extends through a partial thickness of the first dielectric
layer 42 and exposes the first metal layer 43. The intercon-
nect structure 62q is located within the first hole V,, the
second hole V, and the third hole V;, the interconnect
structure 62a is electrically connected to both the first metal
layer 43 and the second metal layer 53.

[0125] As shown in FIGS. 15 and 16, a section of the
interconnect structure received in the laterally-extending
(parallel to the second die) second hole V,, provides greater
flexibility in metal layer distribution of a subsequently-
stacked die because electrical connection can be easily
established between the die and the section.

[0126] In summary, the present invention provides a
method of bonding first die(s) to a wafer and a die-stack
structure. The method includes: providing a first layer of first
die(s), which include(s) N first die(s) each including a first
metal layer; providing the wafer, which includes a second
metal layer; bonding the first die(s) to the wafer; forming an
insulating layer and hole(s), the insulating layer covering the
wafer around the first die(s) or filling gap(s) between the first
die(s), the hole(s) formed in the insulating layer around the
first die(s); forming interconnect structure(s) in the hole(s),
the first metal layer, the second metal layer and the inter-
connect structure(s) are electrically connected, thus estab-
lishing electrical connection between the first die(s) and the
wafer. In this method, it is unnecessary to form TSV(s)
within the first die(s), reducing difficulties in the design of
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internal wiring within the first die(s) and resulting in area
savings of the first die(s). The absence of TSV(s) circum-
vents issues associated with electrical connection between
substrate(s) and TSV(s) (e.g., insulation, parasitic capaci-
tance, etc.). Further, process complexity can be reduced
because it is not necessary to take into account the influence
of thickness variation of the first die(s) on the formation of
through hole(s) by etching.
[0127] The embodiments disclosed herein are described in
a progressive manner with the description of each embodi-
ment focusing on its differences from others, and reference
can be made between the embodiments for their identical or
similar parts. Since the structure embodiments correspond to
the method embodiments, they are described relatively
briefly, and reference can be made to the method embodi-
ments for details in the structure embodiments.
[0128] The foregoing description presents merely pre-
ferred embodiments of the present invention and is not
intended to limit the scope of the present invention in any
way. Any and all changes and modifications made by those
of ordinary skill in the art in light of the above teachings
without departing from the spirit of the present invention are
intended to be embraced in the scope as defined by the
appended claims.
1. A method of bonding first die(s) to a wafer, comprising:
providing a first layer of first die(s), the first layer of first
die(s) including N first die(s) each comprising a first
substrate, a first dielectric layer on the first substrate
and a first metal layer embedded in the first dielectric
layer, where N is an integer=1;
providing the wafer, which comprises a second metal
layer;
bonding the N first die(s) to the wafer, wherein when N=2,
the N first dies are spaced apart on the wafer;
forming an insulating layer and a hole, wherein when
N=1, the insulating layer covers a top surface of the
single first die and the wafer around the single first die;
when N=z2, the insulating layer covers top surfaces of
the N first dies and fills gap(s) between the N first dies
on the wafer; N=1 or Nz2, and a top surface of the
insulating layer on the wafer is higher than the top
surface(s) of the first die(s); and the hole comprises a
first hole, which extends through the insulating layer
and a partial thickness of the wafer and exposes the
second metal layer; and
forming an interconnect structure, which is filled in the
hole, the first metal layer, the second metal layer and
the interconnect structure are electrically connected.
2. The method of bonding first die(s) to a wafer of claim
1, wherein the formation of the insulating layer and the hole
comprises:
forming the insulating layer; and
etching the insulating layer and a partial thickness of the
wafer until the second metal layer is exposed, thereby
forming the first hole, wherein the hole comprises only
the first hole.
3. The method of bonding first die(s) to a wafer of claim
1, wherein the hole further comprises a second hole, the
second hole extending parallel to the wafer, the second hole
connecting with the first hole, and the second hole located at
least partially above the respective first die.
4. The method of bonding first die(s) to a wafer of claim
3, wherein the formation of the insulating layer and the hole
comprises:
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forming the insulating layer;
forming the second hole by etching a portion of the
insulating layer higher than the top surface(s) of the
first die(s); and
forming the first hole by etching the insulating layer
above the wafer exposed in the second hole and a
partial thickness of the wafer, the first hole exposing the
second metal layer.
5. The method of bonding first die(s) to a wafer of claim
3, wherein the insulating layer comprises a first insulating
layer and a second insulating layer, wherein the formation of
the insulating layer and the hole comprises:
forming the first insulating layer, which is arranged on the
wafer; performing a chemical mechanical polishing
process on a top surface of the first insulating layer until
the top surface of the first insulating layer is flush with
the top surface(s) of the first die(s);
forming the first hole, which extends through the first
insulating layer and a partial thickness of the wafer and
exposes the second metal layer;
forming a filling layer in the first hole;
forming the second insulating layer, which covers the first
die(s), the filling layer and the first insulating layer; and
forming the second hole by etching the second insulating
layer.
6. The method of bonding first die(s) to a wafer of claim
3, wherein a side of the first die(s) which is proximate to the
first metal layer is bonded to the wafer, the first metal layer
is electrically connected to the second metal layer.
7. The method of bonding first die(s) to a wafer of claim
6, wherein the interconnect structure is electrically con-
nected to the second metal layer.
8. The method of bonding first die(s) to a wafer of claim
6, wherein after the formation of the interconnect structure,
the method further comprising forming a lead-out layer, the
formation of the lead-out layer comprising:
forming a separation layer, which covers the interconnect
structure and the insulating layer;
forming a lead-out hole, which extends through the sepa-
ration layer and exposes the interconnect structure; and
filling the lead-out layer in the lead-out hole, the lead-out
layer is electrically connected to the interconnect struc-
ture.
9. The method of bonding first die(s) to a wafer of claim
8, further comprising:
providing an M-th layer of first die(s), where M is an
integer =2, and repeating the steps for forming the
insulating layer, the hole, the interconnect structure, the
separation layer and the lead-out layer of the first layer
of first die(s) to form an insulating layer, hole, inter-
connect structure, a separation layer and a lead-out
layer of the M-th layer of first die(s), the insulating
layer of the M-th layer of first die(s) covering a
separation layer of an (M-1)-th layer of first die(s);
bonding the separation layer of the M-th layer of first
die(s) to the separation layer of the (M-1)-th layer of
first die(s), wherein a metal layer of the M-th layer of
first die(s) is electrically connected to a lead-out layer
of the (M-1)-th layer of first die(s).
10. The method of bonding first die(s) to a wafer of claim
3, wherein a side of the first die(s) which is proximate to the
first metal layer is bonded to the wafer.
11. The method of bonding first die(s) to a wafer of claim
10, wherein the hole further comprises a third hole connect-
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ing with the second hole, the third hole extending through a
partial thickness of the first dielectric layer and exposing the
first metal layer, wherein the interconnect structure is filled
in the first hole, the second hole and the third hole.
12. The method of bonding first die(s) to a wafer of claim
10, wherein first alignment marks are formed in the first
dielectric layer of the first die(s) and respective second
alignment marks in the wafer, the first alignment marks
aligned with the respective second alignment marks in a
thickness direction of the first dies, wherein third alignment
marks are formed in the insulating layer by exposure and
development as replicas of the second alignment marks, the
projections of the third alignment marks on the wafer
coinciding with projections of the second alignment marks
on the wafer.
13. The method of bonding first die(s) to a wafer of claim
11, wherein after the formation of the interconnect structure,
the method further comprising forming an isolation layer,
the isolation layer covering the interconnect structure and
the insulating layer.
14. The method of bonding first die(s) to a wafer of claim
13, further comprising:
providing an L-th layer of first die(s), where L is an
integer =2, and repeating the steps for forming the
insulating layer, the hole, the interconnect structure and
the isolation layer of the first layer of first die(s) to form
an insulating layer, a hole, an interconnect structure and
an isolation layer of the L-th layer of first die(s), the
insulating layer of the [.-th layer of first die(s) covering
an isolation layer of an (I.—1)-th layer of first die(s); and

bonding the isolation layer of the L-th layer of first die(s)
to the isolation layer of the (IL-1)-th layer of first die(s),
wherein a metal layer of the L-th layer of first die(s) is
brought into contact with and electrically connected to
an interconnect structure of the (L-1)-th layer of first
die(s).

15. A die-stack structure, comprising:

a first die comprising a first substrate, a first dielectric

layer on the first substrate and a first metal layer
embedded in the first dielectric layer;
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a second die comprising a metal layer, the second die
having an area larger than an area of the first die, the
second die bonded to the first die;

an insulating layer and a hole, the insulating layer cov-
ering a top surface of the first die and the second die
around the first die, the insulating layer having a top
surface above the second die that is higher than a top
surface of the first die,

the hole including a first hole, which extends through the
insulating layer and a partial thickness of the second die
and exposes the second metal layer; and

an interconnect structure filled in the hole, the first metal
layer, the second metal layer and the interconnect
structure are electrically connected.

16. The die-stack structure of claim 15, wherein the hole
further comprises a second hole, the second hole extending
parallel to the first die, the second hole connecting with the
first hole, and the second hole at least partially located above
the first die.

17. The die-stack structure of claim 16, wherein

a side of the first die which is proximate to the first metal
layer is bonded to the second die, the first metal layer
is electrically connected to the second metal layer.

18. The die-stack structure of claim 17, further compris-
ing:

a separation layer covering the interconnect structure and

the insulating layer;

a lead-out hole extending through the separation layer and
exposing the interconnect structure; and

a lead-out layer filled in the lead-out hole and electrically
connected to the interconnect structure.

19. The die-stack structure of claim 16, wherein a side of
the first die away from the first metal layer is bonded to the
second die.

20. The die-stack structure of claim 19, wherein the hole
further comprises a third hole connecting with the second
hole, the third hole extending through a partial thickness of
the first dielectric layer and exposing the first metal layer,
wherein the interconnect structure is filled in the first hole,
the second hole and the third hole.
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