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METHOD FOR FABRICATING THROUGH
SUBSTRATE VIAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT Applica-
tion No. PCT/EP2009/052922, filed Mar. 12, 2009, which
claims priority under 35 U.S.C. §119(e) to U.S. provisional
patent application 61/037,992 filed on Mar. 19, 2008. Each of
the above applications is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to the field of three-dimen-
sional integration of integrated circuits. In particular, the
present invention relates to methods for manufacturing a
through substrate via in semiconductor chips, and to semi-
conductor chips prepared for being provided with and/or
being provided with such through substrate vias.

[0004] 2. Description of the Related Technology

[0005] The semiconductor industry has been able to
steadily reduce the cost per function and to increase the func-
tion density in integrated circuits over the last three decades.
At the same time, the different abstraction levels separating
semiconductor design and manufacturing have enabled effi-
cient product design cycles and fast time-to-market. How-
ever, economical and technical issues may slow down the
scaling effort beyond the 32 nm node.

[0006] FIG.1 shows a prior art example of a CMOS device
with a substrate 5, comprising a front-end-of-line 1 compris-
ing active devices, for example transistors. On top there is a
back-end-of-line 3 comprising a multi-layer of metal/dielec-
tric. The back-end-of-line 3 comprises different metal levels,
e.g. Cuor Al labelled from M1 to Mn and isolated from each
other by means of interlayer dielectric layers 15, and contacts
or vias, labelled Via 1 to Via n, interconnecting the different
metal levels M1 to Mn through the interlayer dielectric layers
15. The (electrical) connection between the front-end-of-line
1 and the metal levels, in particular metal one M1, in the
back-end-of-line 3 is made by means of contacts 2.

[0007] For many applications different ICs, for example
with different functionalities are connected with each other.
Therefore, connections are made between the back-end-of-
line parts 3 of the different ICs that are to be connected. In
case of ICs that are positioned next to each other, connecting
the back-end-of-line parts 3 of the different ICs can be done
with long wiring.

[0008] To keep on reducing the cost per function, one pos-
sibility is to move to a three-dimensional (3D) stacking of
integrated circuits (ICs). In this approach, devices are stacked
on top of each other rather than next to each other. This
reduces significantly the area that is used for the ICs and
permits to extend the number of functions per area of the
integrated device or system when compared to non-stacked
ICs. Using 3D chip stacking, it is possible to extend the
number of functions per area of the integrated device or
system well beyond the near-term capabilities of traditional
scaling. 3D strata are the individual device layers that build up
the 3D system. These layers can be processed separately to be
stacked later in the process flow. The 3D strata may be real-
ized using advanced CMOS technology nodes but may also
exploit a wide variety of device technologies to optimize
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system performance. Such heterogeneous 3D stacks may
include, or consist of, e.g. CMOS, BiCMOS, different
memory technologies and even MEMS, integrated passive
layers and optical components like for example GaN (III-V).
[0009] Different product applications may require different
3D-interconnect technology solutions. In 3D technology
these may be interconnect technologies at the package level,
water level and/or foundry level. 3D stacking and intercon-
nection technologies are mainly limited to the assembly tech-
niques that realize 3D-interconnects at the packaging inter-
connects level. Technologies for through substrate via (TSV)
connections are only emerging and not widely available for
volume manufacturing. Depending on their TSV diameter
and pitch capabilities, these technologies principally target to
enable 3D interconnectivity at the IC bond-pad and IP-block
level, as well as at the global, intermediate or even local level
of the interconnect hierarchy. TSV can be applied to single
layer semiconductor devices, but also to substrates, stacked
semiconductor devices or substrates . . . .
[0010] In literature, a wide variety of TSV integration
schemes has been proposed. Most of these integration
schemes described in literature include:
[0011] making ofa deep hole in or through the substrate
(typically using laser drilling, DRIE, . . .),
[0012] isolation of the hole using an insulator or dielec-
tric material (typically SiO,, SiN, polymers, . . . ),
[0013] application of conductive material or metalliza-
tion into the via hole (typically Cu, W, but also Al, Au,
Sn, poly-Si, . .. ).

[0014] The TSV integration schemes can differ in terms of
[0015] the type of the substrates (Si, SO, . . .),
[0016] the position in the process flow for fabrication of

the device where the TSV is processed (examples are
before front-end-of-line (FEOL), after FEOL & before
back-end-of-line (BEOL), after BEOL, after stacking,
before/after thinning . . . ),

[0017] theway in which devices or substrates are stacked
on top of each other and the way in which the TSV is
interconnected to the next level in the stack (Oxide/
oxide stacking in combination with a metallic intercon-
nect, conductive polymer adhesive, Cu/Cu metal fusion,
solder (microbump), Hybrid metal/dielectric bond, . . . ),

[0018] the side of the wafer from which the TSV hole is
processed (Wafer/substrate front or wafer/substrate
backside).

[0019] The side of the wafer from which the TSV hole is
processed is a major differentiator in complexity when apply-
ing the process e.g. to semiconductor devices.

[0020] As the before, FIG. 1 shows an example of a regular
CMOS stack built-up with a multi-layer metal/dielectric
back-end-of-line 3.

[0021] Often, TSVs 10 are processed from the device top
side during back-end-of-line processing as illustrated in FIG.
2. In that case the TSV hole is etched or drilled during or after
back-end-of-line processing at least through (part of) the
multilayer back-end-of-line 3 being a layered stack contain-
ing a variety of materials (such as for example metals e.g. Cu,
Al . . . and dielectrics e.g. oxides, nitrides, carbides, . . . ).
After processing the hole through the BEOL 3 layers, it needs
to be further deepened to extend through the pre-metal dielec-
tric layer (PMD) 13 and into the substrate 5, e.g. silicon
substrate. In view of the number of materials the hole needs to
be drilled or etched through (at least metal layers, ILD layers,
PMD layers, substrate), the process can be fairly complex as
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different etch chemistries may be necessary to etch the dif-
ferent materials. Furthermore deep holes result in a high
aspect ratio, which is difficult to obtain via etching and filling.
In order to contact the via from the back side of the wafer
further processing typically includes thinning the wafer sub-
strate until the conductive layer in the TSV 10 is exposed.
[0022] An example of TSVs 10 processed through BEOL
and FEOL as in FIG. 2 can be found in parts 3 and 4 of FIG.
3, before and after bonding and thinning, respectively. This
figure is taken from an article by Steve Lassig, “Manufactur-
ing integration considerations of through-silicon via etch-
ing”, in Solid State Technology, The international magazine
for semiconductor manufacturing, December 2007.

[0023] In an alternative approach, via holes are etched or
drilled from the wafer backside after first thinning the sub-
strate (Proceedings of the 57 Electronic Components and
Technology Conference, p 643). This approach is shown in
FIG. 4. In this case the stack through which the hole needs to
penetrate is considerably simpler and typically includes, or
only consists of, the substrate 5, e.g. Si, and a dielectric stack
14, 13. An advantageous feature of this process flow is that it
is much less dependent on the details of the stack built up on
the front side of the wafer. The process therefore is much
more generic and can be applied to a wide variety of devices.
Implementation schemes for this approach will typically
show vias landing on a metal pad, e.g. a Cu or Al metal pad,
in the metal one M1 layer. A disadvantage of this approach is
the fact that the etching of the TSVs stops in metal thereby
increasing the risk of metal contamination of the tools. A
further disadvantage is that an etch through the dielectric
stack is needed, which is difficult if one does not know the
stack, hence does not know the chemistry needed. This is an
issue in particular when wafers have to be stacked which do
not come from in-house or come from different sources/fabs.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0024] Certain inventive aspects relate to good methods
and devices for stacking chips one onto another.

[0025] 1In a first aspect, the present invention relates to a
method for fabricating through substrate vias, also called
through wafer vias, thereby solving problems from prior-art.
Such through substrate vias can be manufactured at the fab
where the FEOL devices are manufactured, or at another
location, for example where the chip is stacked onto another
chip, and/or where the chip is packaged.

[0026] According to embodiments of the present invention,
a method is provided for manufacturing a through substrate
via in a semiconductor chip, the chip comprising a substrate,
a FEOL comprising at least one device of the chip, a BEOL
comprising a metal one layer, a pre-metal dielectric between
the substrate and the metal one layer of the BEOL, at least one
first contact to the at least one device of the chip and at least
one second contact plug not contacting the devices, the first
and second contact plugs being provided through the pre-
metal dielectric and electrically connecting the metal one
layer. The method comprises providing a via hole through the
substrate, the via hole not extending up to the metal one layer
of'the BEOL, and filling the via hole with conductive material
such that electrical contact with the metal one layer is realized
via the at least one second contact plug in the pre-metal
dielectric. Providing a via not extending up to the metal one
layer of the BEOL means providing a via hole through the
substrate, optionally also partially through the pre-metal
dielectric, but not up to the metal one layer.
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[0027] It is an advantage of certain inventive aspects that
provision of the stack is easier than in prior art, as only a
limited number of materials need to be removed. In the most
easy case, only substrate material, optionally comprising a
doped portion, needs to be removed, thus reducing the etch
chemistries needed to one. In other embodiments, only sub-
strate material and a dielectric material, e.g. shallow trench
isolation (STT), need to be removed. This is a fairly simple
process, and it is relatively easy to get to know which etch
chemistries to use. In yet another embodiment, besides sub-
strate material and optionally dielectric material, e.g. STI,
also a portion of the pre-metal dielectric is removed.

[0028] According to embodiments of the present invention,
the method may furthermore comprise providing the at least
one second contact plug in the pre-metal dielectric. Accord-
ing to alternative embodiments, the method does not include
this provision of the at least one second contact plug, and the
at least one second contact plug has been provided by some-
one else, e.g. by the manufacturer of the BEOL which is
different from the manufacturer of the through substrate via.
Providing the at least one second contact plug may be per-
formed as part of BEOL processing. The at least one second
contact plug may be provided at the same time as providing
the at least one first contact to the at least one FEOL device.
Alternatively, the at least one second contact plug may be
provided in a separate processing step, e.g. before or after
provision of the at least one first contact. The at least one
second contact plug is strategically placed at a location where
a through substrate via is to be provided, and will serve in
providing an electrical connection between the metal one
layer and the actual through substrate via.

[0029] A method according to embodiments of the present
invention may further comprise forming a silicided area in the
substrate underneath and in electrical contact with the at least
one second contact plug. Practically this may be obtained by
first providing the silicided area, e.g. during FEOL process-
ing, and thereafter, e.g. during BEOL processing, providing
the at least one second contact plug through the pre-metal
dielectric and in electrical contact with the silicided area. A
silicided area is particularly well suited for making electrical
contact to the at least one second contact plug. A method
according to embodiments of the present invention may fur-
ther comprise forming a diode at the location of the silicided
area, the diode comprising the silicided area. This diode does
not form part of the FEOL devices ofthe chip; it is not a device
required for the functioning of the chip, itis a device provided
for enabling contacting of the chip. The FEOL devices are
those devices, active and/or passive, which are provided in the
design of'the chip to allow the chip to perform the function as
desired.

[0030] In a method according to embodiments of the
present invention, the substrate may have a front side which is
a main surface where devices are provided and a backside
which is a main surface opposite thereto, and providing a via
hole may be performed from the backside of the substrate.
This has the advantage that the stack to be removed, e.g. by
etching, is much simpler than when removing material from
the front side of the surface, upon which the BEOL is pro-
vided, which may be a complicated stack.

[0031] Inmethodsaccording to embodiments ofthe present
invention, providing a via hole may comprise providing the
via hole after BEOL processing. In methods according to
embodiments of the present invention, providing a via hole
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may comprise providing a via hole before stacking the chip
onto and electrically connecting the chip with another chip.
[0032] A method according to embodiments of the present
invention, may furthermore comprise thinning the substrate
before providing the via hole. This has the advantage that the
via hole to be provided needs to be less deep, hence there are
less issues with aspect ratio and filling of deep holes.

[0033] In a particular method embodiment of the present
invention, the following could be provided:

[0034] A method for fabricating through substrate vias
(TSVs), the method comprising a) selecting a semiconductor
wafer, e.g. a silicon wafer; b) fabricating ICs, comprising
front-end-of-line processing and back-end-of-line processing
at a first side of the semiconductor wafer; ¢) after fabricating
ICs, thinning the semiconductor wafer at a second side of the
wafer, the second side being essentially parallel to the first
side of the wafer; d) after thinning the wafer, fabricating,
through-substrate via holes at the second side, whereby the
through substrate via holes are penetrating down to the con-
tact level; e) filling the through substrate via holes with a
conductive material; ) fabricating at least one second contact
at one side in electrical contact with a metal bond pad inter-
connecting the at least one second contact and at the other side
in electrical contact with a TSV; and g) integrating the metal
bond pads in electrical wiring in back-end-of-line processing.
[0035] In embodiments of the present invention, the con-
ductive material for filling the through substrate via holes
may be Cu. A barrier layer such as for example a Ta/TaN
barrier layer can be used.

[0036] In an alternative embodiment, the conductive mate-
rial for filling the through substrate via holes may be W. A
barrier layer such as for example a Ti/TiN barrier layer can be
used.

[0037] In asecond aspect, the present invention provides a
semiconductor chip comprising a substrate with at least one
FEOL device, a BEOL comprising metal pads, e.g. metal one
pads, first contacts contacting the at least one FEOL device
and at least one second contact plug underneath a metal pad,
e.g. metal one pad, and in electrical contact therewith,
wherein the at least one second contact plug at one extremity
contact and electrically connect to the metal pad, e.g. metal
one pad, and at another extremity contact material not part of
an FEOL device, e.g. dielectric material, substrate or conduc-
tive material not part of a FEOL device. With “underneath the
metal pad” is meant between the metal pad and the substrate
ofthe chip. The directions “under” and “above” or “on top of”
are defined here for the sake of clarity only, referring to the
substrate being “under” and the FEOL and BEOL being
“above”, the BEOL being “at the top” of the chip. These
directions do not relate or refer in any way to the actual
position of the chip, which may be used or connected to
another chip in e.g. top down position. “Conductive material
not part of a FEOL device” may for example be a silicided
region as explained below, provided explicitly for making
electrical contact between the through substrate via to be
formed and the at least one second contact plug and not
having to do with the actual function of the chip.

[0038] In asemiconductor chip according to embodiments
of the present invention, the at least one second contact plug
may extend through a pre-metal dielectric layer between the
FEOL and the metal pads, e.g. metal one pads, of the BEOL.
[0039] In asemiconductor chip according to embodiments
of the present invention, the at least one second contact plug
may be in electrical contact with a silicide at a side opposite
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to the side in electrical contact with the metal pad. If the
“another extremity of the at least one second contact plug”
contacts a silicided area, the semiconductor chip may further
comprise a diode at the location of the silicided area.

[0040] A semiconductor chip according to embodiments of
the present invention may furthermore comprise a through
substrate via in electrical contact with the at least one second
contact plug. In embodiments of the present invention, the
semiconductor chip may comprise a pre-metal dielectric
layer between the FEOL and the BEOL, wherein the through
substrate via does not penetrate the pre-metal dielectric layer.
In alternative embodiments of the present invention, the semi-
conductor chip may comprise a pre-metal dielectric layer
between the FEOL and the BEOL, wherein the through sub-
strate via only partially penetrates the pre-metal dielectric
layer, hence does not penetrate the pre-metal dielectric layer
up to a metal layer, e.g. metal one layer, of the BEOL.
[0041] In embodiments of the present invention, the
through substrate via goes through only part of the BEOL.
[0042] A semiconductor chip according to embodiments of
the present invention may further comprise a silicided area
underneath the at least one second contact plug, the silicided
area being in electrical contact with the at least one second
contact plug and the through substrate via.

[0043] Certain objects and advantages have been described
herein above. Of course, it is to be understood that not nec-
essarily all such objects or advantages may be achieved in
accordance with any particular embodiment of the invention.
Thus, for example, those skilled in the art will recognize that
the invention may be embodied or carried out in a manner that
achieves or optimizes one advantage or group of advantages
as taught herein without necessarily achieving other objects
or advantages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 shows an example of a regular CMOS layer
build up as known in the art.

[0045] FIG. 2 illustrates an example of a TSV hole pro-
cessed from the device top side according to a prior art
method.

[0046] FIG. 3 illustrates prior art methods for manufactur-
ing vias for 3D stacking; the first method is to provide the vias
before FEOL processing, the second method is to provide the
vias after FEOL but before processing BEOL, the third
method is to provide vias after FEOL and BEOL processing
but before stacking wafers, and the fourth method is to pro-
vide vias after FEOL and BEOL processing and after stacking
of the wafers.

[0047] FIG. 4 illustrates an example of a TSV hole pro-
cessed from the device back side according to a prior art
method.

[0048] FIG. 5(a) illustrates an example of a device with
prefabricated second contact plugs to land the TSV on in
accordance with an embodiment of the present invention,
wherein the second contact plugs are provided through a
pre-metal dielectric.

[0049] FIG. 5(b) illustrates an example of a device with
prefabricated second contact plugs to land the TSV on in
accordance with a second embodiment of the present inven-
tion, wherein the second contact plugs are provided through a
pre-metal dielectric and an underlying isolation zone (e.g.
shallow trench isolation STI).
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[0050] FIG. 5(c) illustrates an example of a device with
prefabricated second contact plugs and Silicide and implan-
tation to land the TSV on in accordance with a third embodi-
ment of the present invention.

[0051] FIG. 6(a), FIG. 6(b), FIG. 6(c) and FIG. 6(d) illus-
trate different embodiments of a device with prefabricated
second contact plugs with a via hole landing on the second
contact plugs.

[0052] FIG. 7 illustrates a device with prefabricated second
contact plugs according to embodiments of the present inven-
tion, with a filled via hole landing on the second contact plugs.
[0053] FIG. 8 is a schematic overview of a process flow for
methods in one embodiment.

[0054] Dimensions in the drawings may be exaggerated
and not to scale for clarity reasons.

[0055] Materials mentioned in the drawings are for the
purpose of illustration only, and are not intended to limit the
invention in any way.

DETAILED DESCRIPTION OF CERTAIN
ILLUSTRATIVE EMBODIMENTS

[0056] The active parts of devices, for example transistors
etc. in case of CMOS devices, are called front-end-of-line
(FEOL) part 1 or frontend of the devices. Processing of this
part is called FEOL processing.

[0057] These active devices are connected to each other
with electrical wiring which is often called back-end-of-line
(BEOL) 3 or backend. Processing of this part is called BEOL
processing.

[0058] Connection between the FEOL and BEOL is made
by first contacts or vias 2. In this case first contacts and vias
are also classified as being part of BEOL 3.

[0059] The front-side of a substrate 5 is the side where the
active devices of a chip 11 are located. The bottom is the side
opposite to the side where the active devices are located. In
the following, through substrate vias (TSVs) are filled holes
(often filled with a conductive material) down to the bottom of
the substrate 5. At the front side of the devices they can be
covered with layers or interconnects. At the other side, the
vias can be contacted, for example to contact other devices.
This means that TSVs according to embodiments of the
present invention are going through at least part of the BEOL
3, through the full FEOL 1 and through the rest of the wafer,
at least the substrate 5, underneath BEOL 3 and FEOL 1.
[0060] Inafirstaspectofthe present invention, a method 80
(see FIG. 8) is provided for manufacturing through substrate
vias (TSVs) 75. The method comprises, after front-end-of-
line processing 82, covering the FEOL devices 1 with a pre-
metal dielectric 13, comprising one or more dielectric layers,
providing first contact plugs 2 for connecting the BEOL to the
FEOL devices 1, and providing 85 at least one second contact
plug 50 through the pre-metal dielectric 13 at a location where
a TSV is to land. Such providing 85 of second contact plugs
50 may be done at the same time of providing 84 first contacts
2 for electrically connecting the FEOL 1 to the BEOL 3.
Thereatter, normal BEOL processing may be carried out—
step 86 in the flow chart of FIG. 8.

[0061] Process steps for carrying out the above method are
known to a person skilled in the art, as they are not different
from processing steps in standard semiconductor processing.
The only part which is different, though, although not in
processing in itself but in the idea behind it, is the provision 85
ofthe at least one second contact plug 50, e.g. array of second
contact plugs 50, at a location where a TSV 75 is to land.
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[0062] Thereafter, according to the first aspect of the
present invention, at least one TSV is provided—step 87 of
the flow chart in FIG. 8. In embodiments of the present
invention, such through substrate vias (TSVs) are processed
from the wafer backside, ultimately stopping on the second
contact plugs 50.

[0063] Inembodiments ofthe present invention, the vias 75
do not go through PMD 13, or any IMD layer 15 or back-end-
of-line layer. In particular embodiments of the present inven-
tion, the vias 75 do not even go through FEOL STI. This is
realized by strategically providing the second contact plugs
50 and etching the vias from the wafer backside until the
bottom of the second contact plugs 50 is reached.

[0064] An advantage of this approach is the fact that via
hole drilling/etching through the PMD and possibly also
through the STI area can be avoided. This reduces the number
of'layers and different materials that are etched and results in
a simplified drilling/etching process. This enhances applica-
bility of the process to a larger variety of devices making the
process more suitable for outsourcing to e.g. a packaging
house, where one does not need to know the actual composi-
tion of the layers—only the type of substrate needs to be
known.

[0065] Also the cost of the process is reduced compared to
prior art methods. In the original existing process flows,
where through wafer vias are etched from the wafer front side
after finalizing front-end-of-line processing, the via etching
process needs to be segmented into different steps for each
material that needs to be etched. In an approach according to
embodiments of the present invention the number of different
materials that need to be removed during hole fabrication is
reduced.

[0066] As the vias stop on second contact plugs 50 fabri-
cated during IC processing, there is no extra cost for process-
ing additional contact plugs as this can be integrated in the
contact processing.

[0067] Another advantage is the fact that via etching
according to embodiments of the present invention does not
stop on a metal layer or pad, in particular not on the metal one
layer 16. As, according to embodiments of the present inven-
tion, the TSVs stop in second contact plugs 50, they stop on a
small metal area (rather than in large metal pads of, for
example, metal one 16), which reduces the risk of metal
contamination of etching tools and other equipment used in
further process steps (for example cleaning, deposition, . .. ).
When etching the TSV from the backside, over-etch (slightly
larger etch time than strictly needed to fully etch the vias) may
be used, both in prior art and in embodiments of the present
invention, in order to compensate for etch non-uniformities or
wafer non-uniformities (wafer-to-wafer and within wafer).
For certain parts of the wafer or certain wafers, this implies
that the underlying metal may be exposed to the etching
chemistry; e.g. etching plasma, for a considerable time. In
prior art methods, this increases the level of metal contami-
nation in the etch chamber. By landing on a contact layer as in
accordance with embodiments of the present invention, the
amount of metal exposed during plasma etch is significantly
reduced. Also the amount of metal exposed in further process
steps is reduced, thereby reducing the risk/level of metal
contamination in tools used for further processing (for
example cleaning tools, deposition tools, . . . ). As there is less
risk for contamination during etching, one can more easily
allow for overetching and the etch time becomes less critical.
Hence, a process according to embodiments of the present
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invention is more robust to local variation in thickness of the
wafer, e.g. Si wafer, for example after thinning.

[0068] Also contamination issues appearing in the prior art
methods, originating from etching until a metal layer (e.g.
Cu) is reached can lead to a drift of the etch process. This drift
in the etch processes can be limited in accordance with
embodiments of the present invention by etching down to
contacts instead of large metal bond pads.

[0069] Etching down to contacts in accordance with
embodiments of the present invention also reduces the risk of
notching. Notching is an undercut effect that occurs at the
bottom of the via (where the via hits the metal), mainly due to
plasma non-uniformities at the bottom of the via.

[0070] Also, different metals may behave differently: for
example W is often used in contact plugs, instead of Cu which
is often used for metal levels. A metal can be chosen for the
contacts that is less contaminating for the etch tools (for
example less affects stability of the etch tool or etching time)
and other tools for further processing than the metal which is
used for the metal pads in the BEOL processing.

[0071] The fabrication in accordance with embodiments of
the present invention can be done as described below.
[0072] First the front-end-of-line of the ICs is processed.
This is not described in detail as it is not crucial for certain
embodiments. It includes manufacturing of a number of
active and/or passive devices as required by the integrated
circuit to be manufactured. The front-end-of-line manufac-
turing includes a plurality of loops, each putting down a layer
on the device, and comprising some or all of the steps of
deposition, photolithography, diffusion, ion implantation,
etching, stripping, chemical mechanical planarization. The
only part of front-end-of-line processing which is important
with respect to certain embodiments is manufacturing of con-
tacts.

[0073] At the contact level, according to embodiments of
the present invention, not only first type contacts for contact-
ing FEOL devices 1 to BEOL 3 are provided, but extra second
type contacts for contacting the TSVs are made, also called
second contacts or second contact plugs hereinafter. This is
illustrated for different embodiments in FIG. 5(a), FIG. 5(b)
and FIG. 5(¢).

[0074] For contacting the circuits with the TSVs to be
manufactured, one or more second contact plugs 50 or arrays
of'second contact plugs 50 are fabricated underneath metal 1
pads 55 where the TSVs will land on and which metal 1 pads
55 are connected to these circuits. The second contact plugs
50 are made through the pre-metal dielectric 13. The metal 1
pads 55 can have a size which in one dimension is approxi-
mately varying between 1 um and 500 pm, or between 20 um
and 150 um, or between 3 pm and 15 um, 3 um and 10 pm; for
example a size of 50 umx50 um. The diameter of the second
contact plugs 50 can vary between 15 nm and 1000 nm,
between 20 nm and 500 nm, or 25 nm and 150 nm, or between
30 nm and 100 nm. The distance between the second contact
plugs 50 can vary approximately between 15 nm and 1000
nm, between 20 nm and 500 nm, or 22 nm and 130 nm, or
between 30 nm and 100 nm. The pitch between the second
contact plugs 50 can vary between 30 nm and 2000 nm or
between 40 nm and 1000 nm, between 44 nm and 260 nm,
between 47 nm and 280 nm, between 50 nm and 300 nm,
between 55 nm and 400 nm, between 60 nm and 200 nm. The
size and the number of second contact plugs 50 underneath a
single metal pad 55 and in electrical contact with the TSV 75
define the current that can run through the via. The larger the
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second contact plugs 50 and the higher the number of second
contact plugs 50 the higher the current that can run through
the via 75. So the minimum number of second contact plugs
50 can be defined based on the required current and the size of
the second contact plugs 50. The number of second contact
plugs 50 underneath a metal 1 pad 55 can vary between 1 and
10000 or between 2 and 500 or between 5 and 100, or between
10 and 64 or between 5 and 5000 or between 10 and 1000 or
between 50 and 500 or between 100 and 200. In order to
circumvent failing second contact plugs 50, the number of
second contact plugs 50 is preferably higher than 1, for
example equal to or higher than 2, or equal to or higher than
4. 1In case the second contact plugs 50 are connected to a large
metal bond pad 55, the number of second contact plugs 50 is
preferably high such as to limit the influence of failing second
contact plugs 50 and to leave the possibility open of using
high currents. The second contact plugs 50 can be arranged in
a random way or in an array; the array may be circular or
square; the array may be regular or irregular; the second
contact plugs 50 may be made at equal or different distances
from each other. In particular embodiments, the array may
comprise a plurality of second contact plugs 50, wherein the
number of second contact plugs 50 is optimized for conduc-
tivity reasons.

[0075] Inembodiments of the present invention, the second
contact plugs 50 can extend up to the STT area 14 (FIG. 5(a)).
This case is universally applicable. The depth of these plugs
50 can vary between 50 nm and 1000 nm, between 70 nm and
700 nm, between 100 nm and 550 nm in case of second
contact plugs landing on STI 14.

[0076] In alternative embodiments, the second contact
plugs 50 may even go through an isolation zone underlying a
pre-metal dielectric, e.g. an STI area 14, into the substrate 5,
e.g. Sisubstrate (FIG. 5(5)). Second contact plugs down to the
substrate, e.g. silicon, are typically 20-100 nm (the thickness
of the isolation zone, e.g. STI region) deeper than second
contact plugs 50 to the isolation zone, e.g. STI 14. This
embodiment optimizes the further process of providing the
TSV landing on the second contact plugs 50, as less issues
relating to the provision of the contact hole 60 remain (only
substrate material present), but it may require a change in the
facility process, as an etch of insulating material, e.g. an STI
etch, at the moment of making the second contact plugs may
not be part of the typical process flows or may be difficult and
not controlled if performed over undefined Si areas.

[0077] In yet alternative embodiments (as illustrated in
FIG. 5(¢)), the second contact plugs 50 can extend down to a
silicide 56 and an implantation region 57 which are provided
in the substrate 5.

[0078] Ifthe second contact plugs 50 are touching the sub-
strate 5, which may be the case in some embodiments of the
present invention, once the front side processing is com-
pleted, it will be challenging, difficult or even impossible to
verify the functionality of the chip 11 without further pro-
cessing, i.e. without the actual TSV processing, since all the
pads 55 for landing TSVs 75 would be shorted to the substrate
5. Even at design level difficulties may occur since the second
contact plugs 50 are considered a design rule violation by
standard EDA tools and foundry tool-kits if placed over unde-
fined substrate, e.g. Si, areas.

[0079] These problems are overcome by a proposed
method according to embodiments of the present invention.
The proposed method is applicable to any CMOS technology
and allows for a better testability of the devices. During the IC
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design, the locations of the TSV connections are designed as
reverse biased diodes 58. These diodes 58 comprise p and/or
n doped regions 57 and silicided contacts 56. These are con-
tacted to the metal back-end layers, e.g. to a metal pad 55,
typically using a contact process, e.g. W-plug contact process.
After processing, the IC can be tested using standard tech-
niques. The diodes 58 at the TSV location only add a small
leakage current of the diodes to the circuit, not unlike the ESD
protection structures that are also present.

[0080] During TSV backside processing, substrate via
holes 60, e.g. Si-via holes, are etched from the wafer backside
to the contact area which removes the substrate material,
including any p or ndoped regions 57 from the TSV locations,
but not the silicided contacts 56, as illustrated in FIG. 6(c).
These layers 56 will resist further etching and protect the
back-end interconnect and isolation layers. The subsequent
TSV processes (as illustrated in FIG. 7) will deposit an elec-
trical contact to these silicided contacts 56, practically com-
pleting the 3D-TSV contact 75.

[0081] For some 3D-TSV contacts not contacted to any
particular part of the circuitry (e.g. TSV’s connects from a top
tier die to a lower tier die) or not contacted to substrate diodes,
the presence of the sacrificial diode 58 at the TSV location can
be used to test the contact to the TSV area.

[0082] In particular cases the extra second contact plugs 50
provided according to embodiments of the present invention
can be fabricated together with the first contacts 2 to the
front-end-of-line 1, so without the need of extra process steps.
Alternatively, these extra second contact plugs 50 can be
fabricated in a separate process step.

[0083] Providing, e.g. etching, of the holes to manufacture
the second contact plugs 50 can be done by any suitable
method, for example by lithography followed by dry and/or
wet etching. Second contact plugs 50 can be made of W, Cu,
poly-silicon, Al, Ni, or any other suitable material used in the
field, i.e. the holes provided can be filled with such conductive
material.

[0084] After providing the second contact plugs 50, thin-
ning the wafer from the backside to the desired thickness can
be done (optionally) using suitable techniques such as grind-
ing, CMP, wet or dry etching, or any other method used in the
field. The desired thickness of the substrate 5 can vary
between 5 pm and 800 pm, between 5 pm and 500 pm,
between 10 um and 500 pum, between 10 pm and 300 pm,
between 10 um and 200 um, between 15 pm and 200 pm,
between 20 um and 100 pwm.

[0085] Subsequently, after providing the second contact
plugs 50, the TSV holes 60 are provided, for example etched,
from the wafer backside, as illustrated in FIG. 6(a) to FIG.
6(d). The diameter of the TSV holes 60 can vary between 500
nm and 500 um, between 1 um and 120 pm between 1 um and
100 um, between 1 um and 5 um, between 15 um and 100 pm.
This can be obtained by any suitable method, for example by
lithography followed by dry and wet etching. The via photo
can be aligned to the second contact plugs 50 already present.
This can be done by (1) front-to-backside alignment using an
stepper or 1x aligner; or (2) through-wafer alignment using
e.g. IR alignment.

[0086] In one implementation scheme, corresponding to
the provision of the second contact plugs 50 as in FIG. 5(a),
via holes 60 can stop on an etch stop layer 61 that is aligned
with the bottom of the second contact plugs 50 and that is
deposited during front side process for example on top of the
front-end-of-line, so at the end of front-end processing or the
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first layer of PMD deposition (see FIG. 6(a)). This can for
example be a SiC or SiN layer underneath or at the bottom of
the PMD 13. The thickness of this etch stop layer 61 can vary
between 10 nm and 100 nm, or between 20 nm and 50 nm or
between 25 nm and 35 nm. In this case, etching has to take
care of at least two materials: substrate 5 and STT 14—hence
at least two etch chemistries are needed.

[0087] Inanother scheme, the hole 60 can be deeper and the
second contact plugs 50 can partially stick into the via holes
60 as illustrated in FIG. 6(d). Hole drilling could for example
be performed using dry and/or wet etching or laser drilling.
Etching is a collective (wafer level) process whereas laser
drilling is a sequential process (via by via). Etching has a
throughput advantage for cases with a high number of vias. In
this case, also at least part of the PMD 13 needs to be
removed.

[0088] In yet another scheme, corresponding to the provi-
sion of the second contact plugs 50 as in FIG. 5(5), via holes
60 can stop on the STI 14 (see FIG. 6(b)). In this case,
manufacturing of the via holes 60 only has to take the sub-
strate material 5 into account. This is particularly useful for
out-house processing.

[0089] In still another scheme, corresponding to the provi-
sion of the second contact plugs 50 as in FIG. 5(¢), via holes
60 can stop on a silicide layer 56 aligned with the bottom of
the second contact plugs 50 and deposited during FEOL
processing (see FIG. 6(c)).

[0090] Stopping in the silicide 56 avoids etching through
the PMD 13 and STI 14, both of which may be technology
dependent and may cause extra process difficulties. Further-
more, end-point detection of the etching process can be done
more easily on a silicide layer 56. On the other hand, if during
the substrate via etch the second contact plugs 50 are (inten-
tionally or unintentionally) etched, causing one or more tiny
contact hole(s), they can be refilled during the subsequent
barrier seed deposition and metallization, eg. Cu electroplat-
ing.

[0091] After provision of the via holes 60, these via holes
60 can be filled with a conductive material 70 (see F1G. 7) for
making electrical contact to the IC via the extra second con-
tact plugs 50 provided according to embodiments of the
present invention. Materials that can be used for filling can for
example be Cu, W, Al, Ti, Co, conductive polymers or any
other material used in the field. These materials can be depos-
ited by electroplating, or by any other method used in the
field. The material 70 for filling the TSV holes 60 and the
material of the second contact plugs 50 should be chosen such
asto realize good electrical contact between the TSVs and the
second contact plugs 50.

[0092] Underneath the conductive material 70 other layers
can be deposited, such as an isolation liner 71, barrier layers
blocking diffusion of layers into surrounding material, adhe-
sion layers, layers for improving electrical contact. For
example a combination of Ti and TiN can be used in case of W
or Al material 70 or a combination of Ta and TaN in case of Cu
material 70.

[0093] Via fill can include different substeps. First an iso-
lation layer 71 can be deposited (e.g. oxide, nitride, polymer
...). Typical examples would be (PE- or SA-) CVD oxide or
nitride (for example between 20 nm and 2000 nm), or spin-
on/spray-on/CVD polymers (for example between 0.5 um
and 10 um). This can be followed by deposition of a diffusion
barrier (e.g. PVD, ALD . . . Ti, TaN, TiN, W, Ru, . . . with
typical thicknesses in the range of 5 nm-20 nm) or combina-
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tions thereof with an adhesion layer, such as Ti or Ta. Alter-
natively a diffusion barrier could be deposited underneath the
insulating material or liner.

[0094] For filling often a seed layer (in case of Cu, . . . ) can
be deposited (for example PVD-Cu with a nominal field
thickness of 100-1000 nm) followed by metallization with for
example ECD Cu, Cu paste, solder, Au, . . . or CVD-W, Cu, .
. .. Metallization could be conformal for large vias (typically
diameter>20 um) or fully filled (typically for diameters<10
um). Conformal metallization could be in the thickness range
of'1-5 um (ECD-case) or in the range of 500-2000 nm (CVD-
case).

[0095] The TSVs can have diameters varying between 500
nm and 500 pum, 1 and 120 um between 1 um and 100 pm,
between 1 um and 5 pum, or between 15 pm and 100 um. The
depth of the vias can vary between 5 um and 500 um, between
10 um and 300 pm, between 10 um and 200 um, between 15
um and 200 um, between 20 pm and 100 pm. The aspect ratio
can be chosen such as to realize good filling of the TSVs and
may vary between 1 and 20, between 1 and 10, between 2 and
5.

[0096] A general overview of a process flow of methods
according to embodiments of the present invention is given in
FIG. 8. A substrate 5 is selected—step 81, and FEOL pro-
cessing is performed—step 82—during which FEOL devices
are formed on the substrate 5. Thereafter, BEOL processing is
carried out—step 83. This BEOL processing comprises pro-
viding first contacts 2 for providing an electrical connection
between the FEOL 1 and the metal levels, in particular metall
16, in the BEOL 3. According to embodiments of the present
invention, the BEOL processing also comprises providing at
least one second contact plug, and optionally an array of
second contact plugs 50—step 85—where later on the TSV
75 will land on. Thereafter, normal BEOL processing is car-
ried out—step 86—as known in the art, e.g. by providing a
plurality of metal layers divided into metal pads for electri-
cally connecting to the FEOL devices 1, the metal layers
being separated from one another by means of dielectric
layers 15, vias going through the dielectric layers 15 as appro-
priate for making the electrical contacts between the different
metal layers as required. The second contact plugs 50 are such
that at one side they are in electrical contact with a metal pad
55 of a metal layer of the BEOL processing, e.g. with metall
layer 16. Once the BEOL processing is finished, the manu-
factured device can either be shipped out-house for further
processing in accordance with embodiments of the present
invention, or can further be dealt with in-house. The further
processing comprises providing a TSV 75 landing on the
second contact plugs 50—step 87.

EXAMPLES

[0097] An example of TSVs for C130 technology is pre-
sented here. First C130 Front-End-Of-Line is fabricated.
[0098] Then a Pre Metal Dielectric stack (PMD) is depos-
ited which comprises the following processing steps:
[0099] 50 nm PECVD SiC 61 deposition,
[0100] 700 nm HighDensityPlasma (HDP) Boron doped
PhosphoSilicateGlass (B-PSG) 13 deposition,
[0101] Chemical Mechanical Polishing (CMP) of the
PSG layer down to a thickness of 500 nm,
[0102] Deposition of 20 nm PECVD nitride.
[0103] Then first contacts 2 are printed with CD or diameter
of 150 nm. For contacting the Through Substrate Vias (TSVs)
75, at least one second contact plug 50 and optionally one or
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more arrays of second contact plugs 50 in a 10 um diameter
region (13x13 circular area array with a pitch of 800 nm) are
printed on the location of the metal bond pads 55 for contact-
ing the TSVs 75. These first contacts 2 and second contact
plugs 50 are filled with 15 nm IMP Ti and 10 nm MOCVD
TiN, followed by 350 nm W and W-CMP to remove excess W
on field areas between contacts.

[0104] Then Inter Metal Dielectric 1 (IMD1) is deposited
with 50 nm PECVD SiC 76 and 300 nm PECVD SiO2 77.

[0105] Litho and etch are performed in a single damascene
fashion with minimal CD of 150 nm. Metal bond pads 55 of
50 umx50 um for contacting the TSVs 75 are printed on top of
the second contact plugs 50. Then the baseline metal 1 met-
allization process is used to fill the M1 trenches. This includes
depositing 10 nm PVD TaN, 15 nm PVD Ta, Cu seed of 100
nm, Cu electroplating of 600 nm, followed by CMP to remove
the excess copper on field regions between M1 lines. Then the
following metal levels are fabricated, and the vias for inter-
connecting the different metal levels.

[0106] After finalizing front-end-of-line and back-end-of-
line processing, the wafer is thinned at the backside down to
a thickness of 50 um. This is done with grinding and subse-
quent etching. The thickness uniformity is better than 2 pm.

[0107] For fabricating the TSVs 75 litho is done at the
backside of the wafer 11. The diameter of the holes is 35 pm.
The resist used is IX845 with a thickness of 2.5 um. The vias
60 are etched through the Si wafer, stopping at the bottom of
the second contact plugs 50. Etching is done with standard
Bosch processing known as deep reactive ion etch (DRIE).
Then the resist is stripped.

[0108] First an insulating layer 71 of 5 um polymer is
deposited in the vias 60. Subsequently a layer of 70 nm Ti is
deposited with PVD followed by a layer of 500 nm Cu depos-
ited (acting as a seed layer) with PVD. A resist layer is
deposited and patterned thereby creating holes in the resist
layer at the locations of the vias 60. Then Cu 70 is plated on
the Cu areas either conformally with a thickness of 5 um or
the via hole is completely filled with Cu 70 using techniques
know as bottom-up plating. Finally the resist is stripped and
the remaining Ti/Cu seed layer is removed at location where
there was no Cu plating.

[0109] The foregoing description details certain embodi-
ments of the invention. It will be appreciated, however, that no
matter how detailed the foregoing appears in text, the inven-
tion may be practiced in many ways. It should be noted that
the use of particular terminology when describing certain
features or aspects of the invention should not be taken to
imply that the terminology is being re-defined herein to be
restricted to including any specific characteristics of the fea-
tures or aspects of the invention with which that terminology
is associated.

[0110] While the above detailed description has shown,
described, and pointed out novel features of the invention as
applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form and
details of the device or process illustrated may be made by
those skilled in the technology without departing from the
spirit of the invention. The scope of the invention is indicated
by the appended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and range
of equivalency of the claims are to be embraced within their
scope.
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What is claimed is:

1. A method of manufacturing a through substrate via
(TSV) in a semiconductor chip comprising a substrate, a
front-end-of-line (FEOL) comprising at least one device of
the chip, a back-end-of-line (BEOL) comprising a metal one
layer, a pre-metal dielectric between the substrate and the
metal one layer of the BEOL, at least a first contact to the at
least one device and at least one second contact plug through
the pre-metal dielectric and electrically contacting the metal
one layer, the method comprising:

providing a TSV hole through the substrate, the via hole not

extending up to the metal one layer of the BEOL; and
then

filling the TSV hole with conductive material such that

electrical contact with the metal one layer is realized via
the at least one second contact plug in the pre-metal
dielectric.

2. The method according to claim 1, the method further
comprising providing the at least one second contact plug in
the pre-metal dielectric.

3. The method according to claim 2, wherein providing the
at least one second contact plug is performed at the same time
as providing the at least one first contact to the at least one
FEOL device.

4. The method according to claim 2, wherein providing the
at least one second contact plug comprises providing at least
one second contact plug at a location where a TSV is to land.

5. The method according to claim 2, further comprising
forming a silicided area in the substrate underneath and in
electrical contact with the at least one second contact plug.

6. The method according to claim 5, further comprising
forming a diode at the location of the silicided area, the diode
comprising the silicided area.

7. The method according to claim 1, wherein providing the
TSV comprises forming a TSV hole and filling the TSV hole
before stacking the chip onto another chip.

8. The method according to claim 1, the method further
comprising thinning the substrate before providing the TSV
hole.
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9. The method according to claim 1, further comprising
providing the pre-metal dielectric between the FEOL and the
BEOL, wherein the TSV does not penetrate the pre-metal
dielectric.

10. The method according to claim 1, wherein the through
substrate via goes through only part of the BEOL.

11. A semiconductor chip comprising:

a substrate with at least one front-end-of-line (FEOL)

device; and

a back-end-of-line (BEOL) comprising metal pads, at least

one first contact contacting the at least one FEOL device,
and at least one second contact plug underneath a metal
pad and in electrical contact therewith,

wherein the at least one second contact plug at one extrem-

ity contacts the metal pad and at another extremity con-
tacts material not part of a FEOL device.

12. The semiconductor chip according to claim 11,
wherein the another extremity of the at least one second
contact plug contacts a silicided area, the semiconductor chip
further comprising a diode at the location ofthe silicided area.

13. The semiconductor chip according to claim 11, further
comprising a through substrate via (TSV) in electrical contact
with the at least one second contact plug.

14. The semiconductor chip according to claim 13, further-
more comprising a pre-metal dielectric layer between the
FEOL and the BEOL, wherein the through substrate via does
not penetrate the pre-metal dielectric layer.

15. The semiconductor chip according to claim 13,
wherein the through substrate via goes through only part of
the BEOL.

16. The semiconductor chip according to claim 13, further
comprising a silicided area underneath the at least one second
contact plug, the silicided area being in electrical contact with
the at least one second contact plug and the TSV.

17. The semiconductor chip according to claim 11,
wherein the at least one second contact plug is in a pre-metal
dielectric.
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