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(57) ABSTRACT

A process is described for semiconductor device integration
at chip level or wafer level, in which vertical connections are
formed through a substrate. A metallized feature is formed
in the top surface of a substrate, and a handling plate is
attached to the substrate. The substrate is then thinned at the
bottom surface thereof to expose the bottom of the feature,
to form a conducting through-via. The substrate may com-
prise a chip having a device (e.g. DRAM) fabricated therein.
The process therefore permits vertical integration with a
second chip (e.g. a PE chip). The plate may be a wafer
attached to the substrate using a vertical stud/via intercon-
nection. The substrate and plate may each have devices
fabricated therein, so that the process provides vertical
wafer-level integration of the devices.
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CHIP AND WAFER INTEGRATION PROCESS
USING VERTICAL CONNECTIONS

FIELD OF THE INVENTION

[0001] This invention relates to the manufacture of inte-
grated circuit devices. More particularly, this application
relates to a process for chip-level and wafer-level integration
in which vertical interconnections are formed.

BACKGROUND OF THE INVENTION

[0002] The need for greater functionality and performance
in semiconductor devices has resulted in the development of
larger and more complex chips. In addition, it is often
desirable to include several different functions on a single
chip to obtain a “system on a chip,” which generally results
in both an increased chip size and a more complicated
manufacturing process. These factors both tend to depress
manufacturing yield. It is estimated that many such complex
chips, with areas greater than 400 mm?, will generally have
very poor manufacturing yield (perhaps under 10%).

[0003] One method of maintaining acceptable yields is to
manufacture smaller chips, and then to interconnect those
chips using lateral and vertical connections on the chips or
on support substrates. The interconnected chips thus form a
single larger chip which is mounted on another chip, on a
substrate or on a chip carrier. Besides improved manufac-
turing yield, another major advantage of this approach is that
the individual chips may be of different sizes, perform
different functions, or be fabricated by different or incom-
patible methods.

[0004] A system constructed according to this approach is
illustrated schematically in FIG. 1A. The substrate or bot-
tom chip 11 has several chips 10 mounted thereon, with
lateral spacing Ax and Ay. For example, the bottom chip 11
may be a DRAM chip while the four chips 10 are processor
(“processor engine” or PE) chips.

[0005] To realize the advantages offered by the system-
on-a-chip (SOC) concept, the different chips are preferably
in very close proximity and have very precise alignment
with respect to each other. For example, spacing Ax and Ay
between chips 10 is preferably about 50 um or less.

[0006] Chips 10 may be placed on the substrate or bottom
chip 11 with very high accuracy (within about 1 um) by
using a stud/via interconnection, shown schematically in
FIG. 1B. In FIG. 1B, chip 10 has metal studs. 12 formed on
the terminal surface of the chip, with a layer 16 of a
low-melting-point alloy material deposited on the surface of
the stud. Dielectric layer 17 (often designed and fabricated
as a multilayer structure of polyimide), on the surface of
bottom chip 11, has embedded therein high-density wiring
18 (generally several levels of Cu conductors, as shown
schematically in FIG. 1B), and has electrical joining pads 15
on the surface of layer 17. A dielectric layer 14 overlies the
wiring layer 17; layer 14 may be formed of a polyimide
material typically used in thin film packaging processing.
Layer 14 has vias 13 formed therein (e.g. by reactive-ion
etching, by photolithography or by an excimer laser), so that
a terminal metal joining pad 15 is at each via bottom. The
vias may be formed with a sloped wall angle as a guide for
high-accuracy, self-aligned placement of the studs 12 in the
vias 13. A thin coating 19 of thermoplastic polymer adhesive
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may be deposited on the top of the dielectric layer 14, to
ensure reliable bonding to the chip surface. Details of this
stud/via alignment and joining process are provided in U.S.
patent application Ser. No. 09/669,531, entitled “Process for
making fine pitch connections between devices and structure
made by the process,” the disclosure of which is incorpo-
rated herein by reference. The use of self-aligning stud/via
interconnections permits a significantly higher wiring den-
sity compared to current C4 interconnection schemes.

[0007] In the SOC shown in FIG. 1A, the wiring layer
extends laterally outside the area of chips 10. External
connections are generally made at the perimeter 11a of the
top surface of bottom chip 11. The overall size of the SOC
therefore limits the space available for wirebonding to make
the external connections. It is desirable that the external
connections instead be made through the backsides of the
chips, so that the connections are not restricted by wireb-
onding space requirements. Formation of a connection pad
(e.g. C4 pad) on the backside 10b of a chip would require
that electrical connections be made vertically through the
chip body, to the device side (surface 10a) of the chip.
Furthermore, building vertical interconnections through a
device chip would facilitate vertical stacking of chips,
effectively extending the SOC concept to three dimensions.

[0008] Accordingly, there is a need for a process for
fabricating vertical interconnections in a multi-chip device
such as an SOC, which permits three-dimensional chip
interconnection and which can be practiced with high manu-
facturing yield.

SUMMARY OF THE INVENTION

[0009] The present invention addresses the above-de-
scribed need by providing a process for vertical integration
at chip level or wafer level, in which vertical connections are
formed using a through-via in a chip. According to a first
aspect of the invention, a method is provided for fabricating
a semiconductor structure. A feature is formed in the top
surface of the substrate, and metal is deposited in the feature
to make a conducting path. A liner may first be deposited in
the feature to isolate the metal from the semiconductor
material. A layer is then formed which overlies the top
surface of the substrate; the layer includes an electrical
conductor and a first conducting pad on a top surface of the
layer, so that the first conducting pad is electrically con-
nected to the feature. A plate is attached to this layer, and the
substrate is then thinned at the bottom surface thereof to
expose the bottom of the feature. A second conducting pad
is formed on the bottom surface of the substrate to make an
electrical connection to the bottom of the feature, so that the
first conducting pad and the second conducting pad are
electrically connected through the feature.

[0010] The substrate may comprise a chip having a device
(e.g. DRAM) fabricated therein. Formation of a conducting
path in a through-via in this chip therefore permits vertical
integration with a second chip.(e.g. a PE chip).

[0011] The plate may be a temporary handling plate to
facilitate thinning of the substrate. If the plate is transparent
to ablating radiation, it may be conveniently removed by
ablating an interface between the layer and the plate.

[0012] According to another aspect of the invention, the
plate is a semiconductor wafer which is not removed from
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the substrate; this wafer is attached to the substrate using a
vertical stud/via interconnection. A second layer is formed
on the above-described layer overlying the substrate, and a
via is formed in the second layer exposing the first conduct-
ing pad. A stud is formed on the semiconductor wafer and
aligned to the via; the wafer is then contacted to the second
layer so that the stud makes electrical connection with the
first conducting pad. Accordingly, the substrate and plate
(semiconductor wafer) form a wafer system, and the sub-
strate and plate may each have devices fabricated therein
(e.g. DRAM and PE devices respectively). This process thus
provides vertical wafer-level integration of the devices.

[0013] According to another aspect of the invention, a
semiconductor structure is provided which includes a sub-
strate; a first layer overlying the top surface of the substrate;
conducting pads on top of the first layer and on the bottom
surface of the substrate; a second layer on the first layer; and
a plate contacting the first layer. The substrate has a via
extending therethrough, with a first electrical conductor
formed in the via. The first layer includes a second electrical
conductor connecting the first electrical conductor with the
conducting pad on top of the layer. The conducting pad on
the bottom surface of the substrate is electrically connected
to the first electrical conductor, so that the first conducting
pad and the second conducting pad are electrically con-
nected. The second layer has a via formed therein exposing
the conducting pad on top of the first layer. The plate has a
stud formed thereon, aligned to the via and making electrical
contact with the conducting pad.

[0014] The present invention offers a significant advan-
tage in that the through-via is formed in the substrate without
an expensive deep-via etching process. Via dimensions may
be maintained with very high fidelity, which in turn permits
a high density of through-vias. Furthermore, the use of
vertical stud/via interconnections allows for highly accurate
chip placement in the third dimension, similar to the highly
accurate lateral chip placement described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A is a schematic illustration of system on a
chip in which smaller chips are arranged on a larger chip and
are integrated and connected in close proximity.

[0016] FIG. 1B illustrates a high accuracy, self-aligning
stud/via interconnection scheme for the chips of FIG. 1A.

[0017] FIGS. 2A-2F illustrate steps in a process for form-
ing a vertical interconnection through the body of a chip, in
accordance with an embodiment of the invention.

[0018] FIGS. 3A-3F illustrate steps in a process for
obtaining chip-level integration of DRAM chips and pro-
cessor (PE) chips using vertical interconnections, in accor-
dance with an embodiment of the invention.

[0019] FIG. 3G illustrates an alternative chip-level inte-
gration using the vertical interconnections of FIG. 3F.

[0020] FIGS. 4A-4E illustrate steps in a process for
obtaining wafer-level integration of DRAM and PE wafers
using vertical interconnections, in accordance with another
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] In accordance with the present invention, a semi-
conductor device is fabricated which includes vertical elec-
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trical connections through a chip. These vertical connections
are formed by constructing metallized through-vias in the
chip, without the need for expensive deep via etching.

[0022] In the embodiments discussed below, two different
types of chips are vertically connected. Specifically, in the
examples shown, a DRAM chip (or silicon DRAM device
wafer) is vertically connected to a plurality of PE chips (or
a silicon PE device wafer). It will be appreciated that these
types of chips are discussed for purposes of illustration only,
and that the present invention may be practiced with a wide
variety of chips and wafer types.

[0023] Formation of Metallized vias

[0024] A metallized through-via in a semiconductor sub-
strate, such as a silicon wafer, may be formed by depositing
metal in a trench and thinning the wafer to open the bottom
of the trench, as detailed below.

[0025] In a silicon wafer 1, prior to the fabrication of
devices therein, trenches 2 are etched where the vertical
connections are desired. As shown in FIG. 2A, the trenches
do not extend through the wafer, but should extend into the
bulk Si below the depth of the devices. An oxide layer 21 is
grown or deposited on the wafer and in the trenches. A
trench liner 22, typically of tungsten, is deposited on the
oxide, preferably by chemical vapor deposition (CVD). A
layer 23 of copper is then deposited on the liner. (As is
understood by those skilled in the art, a liner is necessary
when copper is used to metallize the trench; numerous
alternative metallization schemes are possible which do not
require a liner.) The deposition process for layer 23 is
ionized physical vapor deposition (IPVD), to ensure a thin,
conformal coating of the interior of the trench.

[0026] A layer 24 of copper is formed on layer 23 (e.g. by
electroplating) in the trench and on top of the wafer. Layer
24 is built up on the sidewalls of the trench until it reaches
a thickness such that the upper part of the trench is closed,
as shown in FIG. 2C. With this structure, a conducting path
is established between the bottom of the trench and the top
surface of the wafer, while a void 25 remains near the
bottom of the trench. It should be noted that the void 25 has
an important function in relieving stresses caused by differ-
ences in the thermal coefficient of expansion (TCE) of the
various materials in and around the feature.

[0027] The wafer is then planarized, preferably by chemi-
cal-mechanical polishing (CMP), to remove layers 21-24
from the top surface of the wafer. The resulting structure is
shown in FIG. 2D. The copper at the top of the trench is then
etched away (by reactive sputtering or some other conve-
nient process) to a depth of about 5 um, to yield the structure
shown in FIG. 2E. A layer of tungsten is deposited on the
wafer (preferably by CVD) and the wafer is again planarized
using CMP, leaving a tungsten layer 26 at the top of each
trench and an exposed surface 1p of the silicon wafer (FIG.
2F). The trench structure 20 thus has copper metallization
encased in tungsten.

[0028] The wafer is then ready to have devices formed
therein near surface 1p, and to be further processed to obtain
either chip-level or wafer-level integration.

[0029] Chip-Level Integration

[0030] Devices 30, shown schematically in FIG. 3A, are
fabricated in wafer 1 after the metallized trench structure 20
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is completed. As shown in FIG. 3A, the devices are located
in a region of wafer 1 adjacent to the top surface of the wafer.
In this embodiment, devices 30 are DRAM devices. Dielec-
tric layer 31 typically polyimide) is then formed on top of
the wafer; layer 31 has embedded therein high-density
wiring 32a-32¢, and has on its top surface electrical joining
pads 33 for making external connections (e.g. to PE chips on
top of the DRAM chip). Examples of possible connections
are shown schematically in FIG. 3A. The electrical wiring
may connect a metallized via to a joining pad (conductor
324); a device to a joining pad (conductor 32b); or a device
to a via and/or a joining pad (conductor 32¢). Although layer
31, including the conductors, is shown as a single layer, it
will be appreciated that for ease of manufacturing it is often
designed and fabricated as a multilayer structure. Pads 33
are typically formed as a multilayer structure including a
Ti—W alloy, Ni, and Au, but may also include Cu, Co or
other combinations of metals.

[0031] Wafer 1 is then thinned, by grinding, CMP, or some
other convenient process, so that the interior of metallized
via structure 20 is exposed at the bottom surface 1b or
backside of wafer 1 (FIG. 3B). The thinned wafer may be
difficult to handle or be incompatible with the equipment
used in subsequent wafer processing. Accordingly, it may be
desirable to attach a temporary handling plate to the wafer
before the thinning process is performed, particularly if the
final thickness of the wafer is less than 150 um. In this
embodiment, the wafer thickness is reduced to about 100 um
or less. As shown in FIG. 3B, a glass plate 35 is attached to
the top surface of layer 31 using a layer of adhesive 36.

[0032] Each via structure 20 at this point is a through-via
with tungsten layer 22 exposed on the bottom surface 1 of
the wafer. An insulating layer 37 (e.g. polyimide) is depos-
ited on surface 1b, and openings 38 are formed therein, at the
locations of the vias 20. A metal layer (or combination of
layers) is then deposited on layer 37 and patterned so that
metal pads 39 are formed in and around the openings 38.
Pads 39 typically have a structure similar to pads 33; that is,
a multilayer structure including a Ti—W alloy, Ni, and Au.
The resulting structure is shown in FIG. 3C.

[0033] Solder bumps 41 are then formed on the back side
of the wafer on pads 39, using methods known in the art. For
example, a solder paste may be applied to the wafer through
a screen, and the deposited solder subjected to a reflow
process. FIG. 3D shows the wafer structure ready for dicing
and joining to a carrier.

[0034] Inthis embodiment, the wafer is diced into chips 44
while the glass handling plate 35 is kept intact, as shown in
FIG. 3E. Alternatively, the dicing process may include
dicing of plate 35 (thus requiring handling of individual
chips in the joining process). The chips are joined to a carrier
45; solder bumps 41 are typically connected to metal pads
(not shown) at the top surface of the carrier. Carrier 45 may
be another chip, a ceramic substrate, a circuit board, etc.

[0035] After the joining process, the temporary handling
plate 35 is removed from the chips. This may be conve-
niently done by a laser ablation process, as shown schemati-
cally in FIG. 3E. Laser radiation 46, incident on glass plate
35, penetrates the plate and ablates the interface between the
plate and the adhesive layer 36. This results in delamination
of the plate from layer 36, so that plate 35 may be removed.
The remaining adhesive is then cleaned away so that joining
pads 33 are exposed.
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[0036] As shown in FIG. 3F, vertical integration of
DRAM chips 44 and PE chips 54 is accomplished by
bonding the PE chips to the joining pads 33 of the DRAM
chips. In the PE chips 54, processing devices 50 are fabri-
cated in the wafer; otherwise the PE chips are prepared
according to the same method as described above, with
similar structures indicated by repeated reference numerals
in FIG. 3F. In particular, it should be noted that the joining
pads 33 on the top surface of chips 54 may be used to make
external connections to the vertically integrated structure 55,
which includes a DRAM chip and a plurality of PE chips.

[0037] Alternatively, as shown in FIG. 3G, the PE chips
may be conventional chips 56 (having devices 51 in sub-
strate 52 and wiring layer 31) without vertical through-via
connections. In this case the PE chips 56 are joined to chips
44 (which have vertical through-via connections) to form
integrated structure 57.

[0038] Wafer-Level Integration

[0039] In this embodiment of the invention, a metallized
through-via is formed in a wafer, and another wafer is joined
thereto using stud/via interconnections.

[0040] In FIG. 4A, wafer 1 has metallized trench struc-
tures 20 and devices 30 (e.g. DRAM devices) fabricated
therein, with a dielectric layer 31 on top of the wafer
containing electrical wiring and having pads 33 thereon
(compare FIG. 3A). The trench structures are formed as
described above with reference to FIGS. 2A-2F. The wafer
has a dielectric layer 61, typically of polyimide, overlying
layer 31. Layer 61 has via openings 62 formed therein, to
expose pads 33. Another wafer 65, having devices 60 (e.g.
PE devices) near front surface 65f, has a dielectric layer 63
formed thereon, with high-density wiring 64 for electrical
connection to studs 66. As shown in FIG. 4A, devices 60 are
connected to studs 66, and the studs correspond with the vias
62.

[0041] Wafer 1 and wafer 65 are then bonded together
with studs 66 making electrical connection to pads 33, as
shown in FIG. 4B. (The bonding may be facilitated by using
a solder layer on the studs and/or an adhesive on the
polyimide layer, as discussed above with reference to FIG.
1B.) The resulting wafer structure 70 thus contains inter-
connected devices; it should be noted that wafers 1 and 65
may have different device types (such as DRAM and PE
devices) and/or be of different materials (Si, SiGe, GaAs,
etc.).

[0042] Wafer 1 is then thinned so that the trench structure
20 becomes a through-via, as in the previous embodiment
(FIG. 4C; compare FIG. 3B). It should be noted that wafer
65 can function as a handling wafer while wafer 1 is thinned.
Alternatively, wafer 65 may also be processed to have
through-vias extending to back surface 65b; in this case
wafer 65 may require bonding to a temporary handling plate
(not shown) which is subsequently removed, prior to bond-
ing of wafer 65 to wafer 1.

[0043] An insulating layer 37 (e.g. polyimide) is deposited
on surface 1b, and openings 38 are formed therein, as in the
previous embodiment. Pads 39 are then formed to make
connections to the through-vias, and solder bumps 41 are
attached to the pads (FIG. 4D).

[0044] The wafer structure 70 is then diced to produced
combined chips 74 (e.g. combined DRAM/PE chips), which
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are then joined to carrier 45, as shown in FIG. 4E. Any
temporary handling plate used for wafer 65 is removed at
this point. It will be appreciated that if wafer 65 has
through-vias to back surface 65b, electrical connections may
be made to the top surface of chip 74. Accordingly, further
vertical integration may be accomplished.

[0045] While the invention has been described in terms of
specific embodiments, it is evident in view of the foregoing
description that numerous alternatives, modifications and
variations will be apparent to those skilled in the art.
Accordingly, the invention is intended to encompass all such
alternatives, modifications and variations which fall within
the scope and spirit of the invention and the following
claims.

1-20. (canceled)
21. A semiconductor structure comprising:

a first substrate having a first semiconductor device
formed therein and having a top surface and a bottom
surface;

a dielectric layer overlying the top surface of the first
substrate, the dielectric layer having embedded therein
an electrical conductor extending through the dielectric
layer; and

a second substrate having a second semiconductor device
formed therein, the second substrate overlying the
dielectric layer so that the electrical conductor forms an
electrical connection between the second semiconduc-
tor device and the first semiconductor device.

22. A semiconductor structure according to claim 21,

wherein

the dielectric layer includes a first layer having an elec-
trical conductor extending therethrough and making
contact with the first semiconductor device and a
second layer having an electrical conductor extending
therethrough and making contact with the second semi-
conductor device, and

the first layer and the second layer are joined by a stud/via
interconnection to form said electrical connection.

23. A semiconductor structure according to claim 21,
wherein at least one of the first substrate and the second
substrate has an opening extending therethrough with an
electrical conductor disposed in the opening and contacting
the electrical conductor embedded in the dielectric layer.

24. A semiconductor structure according to claim 23,
wherein each of the first substrate and the second substrate
has an opening extending therethrough with an electrical
conductor disposed in the opening and contacting the elec-
trical conductor embedded in the dielectric layer, thereby
forming a conducting path from the bottom surface of the
first substrate to a top surface of the second substrate.

25. A semiconductor structure according to claim 23,
further comprising a conducting pad on the bottom surface
of the first substrate electrically connected to an electrical
conductor disposed in an opening extending through the first
substrate, so that said conducting pad is electrically con-
nected to at least one of the first semiconductor device and
the second semiconductor device.
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26. A semiconductor structure according to claim 21,
wherein the first semiconductor device and the second
semiconductor device are of different types.

27. A semiconductor structure according to claim 26,
wherein the different types of devices include DRAM
devices and processor devices.

28. A semiconductor structure according to claim 21,
wherein the first substrate and the second substrate are of
different materials.

29. A semiconductor structure according to claim 26,
wherein the first semiconductor device and the second
semiconductor device form a vertically integrated device.

30. A semiconductor structure according to claim 21,
wherein at least one of the first substrate and the second
substrate has a thickness not greater than about 100 ym.

31. A semiconductor structure comprising:

a plurality of substrates having devices formed therein,
each of said substrates having a front surface and a back
surface extending in a first direction; and

at least one dielectric layer separating said substrates one
from another, the dielectric layer having electrical
conductors extending through the interior of the layer
in a second direction normal to the first direction, said
conductors connecting devices disposed in respective
substrates separated by the dielectric layer, wherein the
substrates and the dielectric layer form an integrated
chip having electrical connections between devices
through the interior of the integrated chip.

32. A semiconductor structure according to claim 31,
wherein at least one of the substrates has an electrical
conductor extending through the interior of the substrate.

33. A semiconductor structure according to claim 32,
wherein the front surface of a first substrate forms a top
surface of the integrated chip and the back surface of a
second substrate forms a bottom surface of the integrated
chip, a device in the first substrate is electrically connected
to a device in the second substrate through the interior of the
integrated chip, and the integrated chip has electrical con-
nections thereto on the top surface and the bottom surface.

34. A semiconductor structure according to claim 32,
wherein the dielectric layer has a conductor forming an
electrical connection between a device in a substrate and the
electrical conductor extending through that substrate.

35. A semiconductor structure according to claim 32,
further comprising conducting pads on at least one of the top
surface and the bottom surface of the integrated chip.

36. A semiconductor structure according to claim 31,
wherein a device in a first substrate and a device in a second
substrate are of different types.

37. A semiconductor structure according to claim 36,
wherein the different types of devices include DRAM
devices and processor devices.

38. A semiconductor structure according to claim 31,
wherein the substrates are of different materials.

39. A semiconductor structure according to claim 31,
wherein at least one dielectric layer comprises a plurality of
layers joined by stud/via interconnections.
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40. A semiconductor structure according to claim 31,
wherein at least one of the substrates has a thickness not
greater than about 100 um.

41. A semiconductor structure comprising:

a plurality of semiconductor layers arranged in a vertical
stack, each of said semiconductor layers having elec-
trical devices therein; and
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an electrical connection for electrically connecting
devices in separate semiconductor layers, said electri-
cal connection including at least one electrical conduc-
tor extending vertically through a body of a semicon-
ductor layer.
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