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(57) ABSTRACT

The present disclosure relates to semiconductor structures
and, more particularly, to self-aligned contacts and methods
of manufacture. The structure includes: adjacent diffusion
regions located within a substrate material; sidewall struc-
tures above an upper surface of the substrate material,
aligned on sides of the adjacent diffusion regions; and a
contact between the sidewall structures and extending to
within the substrate material between and in electrical
contact with the adjacent diffusion regions.
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SELF-ALIGNED CONTACT

FIELD OF THE INVENTION

[0001] The present disclosure relates to semiconductor
structures and, more particularly, to self-aligned contacts
and methods of manufacture.

BACKGROUND

[0002] As semiconductor processes continue to scale
downwards, e.g., shrink, the desired spacing between fea-
tures (i.e., the pitch) also becomes smaller. To this end, in the
smaller technology nodes it becomes ever more difficult to
fabricate back end of line (BEOL) and middle of line (MOL)
metallization features, e.g., interconnects and contacts, due
to the critical dimension (CD) scaling and process capabili-
ties, as well as materials that are used to fabricate such
structures.

[0003] For example, to manufacture contact structures for
source and drain contacts, it is necessary to remove dielec-
tric material which is adjacent to the gate structures. The
removal of the dielectric material is provided by an etching
process, which also tends to erode the spacer material of the
gate structure. That is, the low-k dielectric material used for
the spacer or sidewalls of the gate structure can be eroded
away in the downstream etching processes used to form the
openings for the drain and source contacts. This loss of
material will expose the metal material of the gate structure,
resulting in a short between the metal material of the gate
structure and the metal material used to form the contact,
itself.

[0004] Also, due to the shrinking of the device, contact
open issues result to the narrow source and drain silicide
contacts, particularly as a result of lithographic limits.
Accordingly, to solve this issue, larger sized silicide contacts
for the source and drain are fabricated; however, this results
in a size penalty.

SUMMARY

[0005] In an aspect of the disclosure, a structure com-
prises: adjacent diffusion regions located within a substrate
material; sidewall structures above an upper surface of the
substrate material, aligned on sides of the adjacent diffusion
regions; and a contact between the sidewall structures and
extending to within the substrate material between and in
electrical contact with the adjacent diffusion regions.

[0006] In an aspect of the disclosure, a structure com-
prises: a source/drain region in a substrate; a pair of outer
spacers above the source/drain region; and a contact to the
source/drain region located between the pair of outer spacers
and extending to below a surface of the substrate.

[0007] In an aspect of the disclosure, a structure compris-
ing: a substrate; a first gate structure over the substrate; a
second gate structure over the substrate and spaced apart
from the first gate structure; a first source/drain region
adjacent to the first gate structure and between the first gate
structure and the second gate structure; a second source/
drain region adjacent to the second gate structure and
between the first gate structure and the second gate structure;
and a contact extending into the substrate and making
contact with the first source/drain region and the second
source/drain region.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present disclosure.

[0009] FIG. 1A shows a plan view of a plurality of fin
structures and dummy gate structures, amongst other fea-
tures, and respective fabrication processes in accordance
with aspects of the present disclosure.

[0010] FIG. 1B shows a cross-sectional view of FIG. 1A
along line A-A.

[0011] FIG. 2 shows diffusion regions, amongst other
features, and respective fabrication processes in accordance
with aspects of the present disclosure.

[0012] FIG. 3 shows replacement and sacrificial gate
structures, amongst other features, and respective fabrica-
tion processes in accordance with aspects of the present
disclosure.

[0013] FIG. 4 shows a trench exposing the sacrificial gate
structure, amongst other features, and respective fabrication
processes in accordance with aspects of the present disclo-
sure.

[0014] FIG. 5 shows a cavity in a fin structure between the
diffusions, amongst other features, and respective fabrica-
tion processes in accordance with aspects of the present
disclosure.

[0015] FIG. 6 shows silicide contacts, amongst other fea-
tures, and respective fabrication processes in accordance
with aspects of the present disclosure.

[0016] FIG. 7 shows self-aligned contacts, amongst other
features, and respective fabrication processes in accordance
with aspects of the present disclosure.

DETAILED DESCRIPTION

[0017] The present disclosure relates to semiconductor
structures and, more particularly, to self-aligned contacts
and methods of manufacture. More specifically, the present
disclosure describes a self-aligned silicide contact for con-
tacted gate (poly) pitch (CPP) devices. Advantageously, the
present disclosure provides self-aligned contact formation
on a wide gate pitch, for example, a 2xCPP (i.e., a gate pitch
wider than 1xCPP) device or a 3xCPP device, in small
technology nodes.

[0018] The self-aligned contacts of the present disclosure
can be manufactured in a number of ways using a number of
different tools. In general, though, the methodologies and
tools are used to form structures with dimensions in the
micrometer and nanometer scale. The methodologies, i.e.,
technologies, employed to manufacture the self-aligned con-
tacts of the present disclosure have been adopted from
integrated circuit (IC) technology. For example, the struc-
tures are built on wafers and are realized in films of material
patterned by photolithographic processes on the top of a
wafer. In particular, the fabrication of the self-aligned con-
tacts uses three basic building blocks: (i) deposition of thin
films of material on a substrate, (ii) applying a patterned
mask on top of the films by photolithographic imaging, and
(iii) etching the films selectively to the mask.

[0019] FIG. 1A shows a plan view of a plurality of fin
structures and dummy gate structures, amongst other fea-
tures, and related fabrication processes. FIG. 1B shows a
cross-sectional view of FIG. 1A along line A-A. More
specifically and referring to FIGS. 1A and 1B, the structure
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10 includes a plurality of fin structures 12 formed from a
substrate material, in both a 2xCPP and 1xCPP design
scheme. It should be understood that the processes described
herein for the 2xCPP design scheme can also be imple-
mented in a 3xCPP design scheme, and that the use of a
2xCPP design scheme and 1xCPP design scheme are pro-
vided for ease of illustration.

[0020] Inembodiments, the fin structures 12 are composed
of substrate material which can be either bulk materials or
semiconductor on insulator (SOI) technologies. For
example, the plurality of fin structures 12 may be composed
of any suitable material including, but not limited to, Si,
SiGe, SiGeC, SiC, GaAs, InAs, InP, and other I1I/V or II/'VI
compound semiconductors. In the SOI technologies, an
insulator layer is provided on top of a semiconductor wafer.
The insulator layer comprises any suitable material includ-
ing, e.g., silicon oxide, sapphire, or a buried oxide layer
(BOX). A semiconductor material is formed on top of the
insulator layer to form a semiconductor-on-insulator (SOI)
substrate, which can be fabricated using wafer bonding,
and/or other suitable methods. The semiconductor material
can be composed of any of the materials described herein
and is used in the fabrication of the plurality of fin structures
12.

[0021] The fin structures 12 can be fabricated using con-
ventional lithography and etching techniques including side-
wall image transfer (SIT) or self-aligned double patterning
(SADP). In the SIT technique, for example, a mandrel is
formed on the substrate material using conventional CVD
processes. A resist is formed on the mandrel material, and
exposed to light to form a pattern (openings). A reactive ion
etching (RIE) is performed through the openings to form the
mandrels. Spacers are formed on the sidewalls of the man-
drels which are preferably material that is different than the
mandrels, and which are formed using conventional depo-
sition processes known to those of skill in the art. The
spacers can have a width which matches the dimensions of
the fin structures 12, for example. The mandrels are removed
or stripped using a conventional etching process, selective to
the mandrel material. An etching is then performed within
the spacing of the spacers to form the sub-lithographic
features. The sidewall spacers can then be stripped.

[0022] As further shown in FIGS. 1A and 1B, isolation
material 14 is deposited between the fin structures 12. The
isolation material 14 is deposited using conventional depo-
sition methods, e.g., a chemical vapor deposition (CVD)
process. In embodiments, the isolation material 14 can be an
oxide material. Following the deposition process, the isola-
tion material 14 can be subjected to a planarization process,
e.g., chemical mechanical processes (CMP).

[0023] Dummy gate structures 16, 16a are formed, and
isolation material 14 is filled in between them using con-
ventional deposition, lithography, and etching processes. It
should be understood by those of skill in the art that the
dummy gate structures 16, 16a preferably have the same
gate width and the same gate to gate distance.

[0024] To form the dummy gate structures, for example,
an optional gate dielectric material and polysilicon material
can be deposited by any conventional deposition processes,
e.g., CVD processes. Then, for example, a resist formed over
the dummy gate material is exposed to energy (light) to form
a pattern (opening). An etching process with a selective
chemistry, e.g., RIE, will be used to form dummy gate
structures 16, 16a. Following the resist removal by a con-
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ventional oxygen ashing process or other known stripants,
the insulator material 14 is deposited inside trenches
between the dummy gate structures 16, 16a. Any residual
material can be removed by conventional CMP processes. In
embodiments, the gate dielectric material can be high-k gate
dielectric material, e.g., HfO, Al,O;, Ta,0;, TiO,, La,0O,,
SrTi0,, LaAlO;, ZrO,, Y,0;, Gd,0;, and combinations
including multilayers thereof. In embodiments, the dummy
gate structures 16, 164 are formed over the fin structures 12.
[0025] In FIG. 2, diffusion regions 20 (e.g., source/drain
regions) are provided in the substrate between the dummy
gate structures 16, 16a. More specifically, the diffusion
regions 20 (e.g., source/drain regions) are provided in the
substrate between sidewalls (spacers) 18 of the gate struc-
tures 16, 16a. In this way, the sidewalls 18 of the gate
structures 16, 16a are above the surface of the substrate and
aligned with the diffusion regions 20.

[0026] In embodiments, the diffusion regions 20 are
formed in the substrate of the plurality of fin structures 12
using an ion implantation process or epitaxial growth pro-
cess, for example. In preferred embodiments, the diffusion
regions 20 are of the same size. As should be understood by
those of skill in the art, ion implantation is a low-tempera-
ture process by which ions of a particular element are
accelerated into the plurality of fin structures 12, between
the dummy gate structures 16, 16a. In more specific embodi-
ments, the ion implantation processes or epitaxial growth
process comprises a semiconductor doping with boron,
phosphorus, or arsenic (depending on the type of device),
followed by an anneal process (for ion implantation).
[0027] Prior to the ion implantation process, the insulator
material 14 would be removed, followed by formation of
sidewalls 18 on the dummy gate structures 16, 16a. The
sidewalls 18 can be formed on the dummy gate structures
16, 16a by deposition of a low-k dielectric sidewall material,
e.g., nitride, and anisotropic etching process as is known in
the art. The anisotropic etching processes will remove the
sidewall material from horizontal surfaces of the structure,
e.g., an upper surface of the dummy gate structures 16, 16a
and the plurality of fins 12. In this way, the removal of the
insulator material and the sidewall material (by anisotropic
etching processes) will expose the plurality of fins 12 for the
ion implantation process, as should be understood by those
of ordinary skill in the art. Subsequent to the ion implanta-
tion process, insulator material 14a will be redeposited
within the spaces between the plurality of fins 12, over the
diffusion regions 20. The insulator material 14a can also
undergo a planarization process, e.g., CMP.

[0028] In FIG. 3, the dummy gate structures are replaced
with metal gate structures 22, 22a. In this example, the metal
gate structure 22a is a sacrificial gate structure that will be
removed at a later fabrication process to form a self-aligned
source/drain contact. In embodiments, the material (e.g.,
poly) of the dummy gate structures 16, 16a is removed by
conventional etching processes, and replaced with replace-
ment metal gate material, e.g., workfunction materials,
between the sidewalls 18. In embodiments, examples of the
workfunction materials for a p-channel FET include Ti,
TiAIC, Al, TiAl, TaN, TaAlC, TiN, TiC or Co and combi-
nation thereof. In one embodiment, TiN is used for a
p-channel FET. Examples of the workfunction materials for
an n-channel FET include TiN, TaN, TaAlC, TiC, TiAl, TaC,
Co, Al, TiAl, HfTi, TiSi, TaSi or TiAlC and combination
thereof. In one embodiment, TaAlC, TiAl or Al is used for
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an n-channel FET. The workfunction materials may be
formed by chemical vapor deposition (CVD), physical vapor
deposition (PVD) including sputtering, atomic layer depo-
sition (ALD) or other suitable method. Following workfunc-
tion metal deposition, a conductive metal (e.g., W) will be
used to fill in the rest of metal gate to increase gate
conductibility. A CMP process follows the deposition of the
workfunction materials.

[0029] Following the replacement gate processes, a cap-
ping material 25 is deposited over the replacement metal
gate structures 22, sacrificial gate structure 22 and insulator
material 14a. In embodiments, the capping material 25 can
be a nitride material, e.g., SiN, deposited by conventional
CVD processes. An insulator material 24 is deposited over
the capping material 25, with a hardmask 26 deposited over
the insulator material 24. In embodiments, the insulator
material 24 can be a blanket deposition of oxide material;
whereas, the hardmask 26 can be representative of a stack of
lithographic materials.

[0030] As shown in FIG. 4, trenches 28, 30 are formed
through the hardmask 26, insulator material 24 and capping
material 25. In embodiments, the trench 28 is tapered (e.g.,
wider at the top than at the bottom) and will expose the
sacrificial gate structure 22a; whereas, the trenches 30 are
also tapered and will extend to the capping material 25 and
be aligned with the diffusion regions 205. The trenches 28,
30 can be formed by conventional lithography and etching
processes, with the hardmask 26 being part of the resist stack
as an example.

[0031] In FIG. 5, the sacrificial gate structure 22a is
removed by an isotropic etching process performed through
the trench 28. In embodiments, the gate dielectric material,
if any, could also be removed using a selective directional
etching process. The selective directional etching process
can be a dry or wet etching process, known to those of
ordinary skill in the art. During the etching (removal)
process, the hardmask 26 and sidewalls 18 will protect the
insulator material 24, 14a (e.g., interlevel dielectric material
composed of, e.g., oxide).

[0032] The removal of the sacrificial gate structure 22a
and, optionally, the gate dielectric material, will expose
substrate material of the underlying fin structure 12 located
between adjacent diffusion regions 20a. Also, the sidewalls
18 will be aligned with the sides of the adjacent diffusion
regions 20a, protecting the oxide material, e.g., insulator
material 14a, from processing damage. The exposed sub-
strate material of the fin structure 12 will then undergo a
recess process, e.g., Si recess, to form a cavity 28a extending
under the sidewalls 18 and contacting adjacent diffusion
regions 20aq. In embodiments, the cavity 28a can be ball
shaped, although other shapes are also contemplated herein.
[0033] The recess process is an isotropic Si etching pro-
cess, which is highly selective to the sidewall material 18,
e.g., low-k spacer material, and insulator material, e.g.,
oxide. In more specific embodiments, the recess process is
a wet etching process or dry etching process. For example,
dry etchants can include plasma-based CF,, plasma-based
SF,, or gas XeF, silicon etch, etc., and wet etching processes
can include KOH and NH,OH. In embodiments, the cavity
structure 28a is self-aligned with the adjacent diffusion
regions 20a.

[0034] FIG. 6 shows an additional etching process in
which the trenches 30 are extended to expose the underlying
diffusions 2056. In embodiments, the etching process is an
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isotropic oxide etching process, which is highly selective to
the Si or other substrate material of the fin structure 12; that
is, the etching process will not attack the substrate material
of the fin structure 12. The hardmask material is then
removed using a conventional stripant process.

[0035] Still referring to FIG. 6, a silicide process is
performed to form silicide contacts 32a, 325 on the diffusion
regions 20a, 205. As shown, the silicide contacts 32qa are in
contact with the diffusion regions 20a below the upper
surface of the substrate material of the plurality of the fin
structures 12; whereas, the silicide contacts 325 are in
contact with the diffusion regions 205 above the surface of
the substrate material of the plurality of the fin structures 12.
In this way, in the 2xCCP or 3xCPP design scheme, the
silicide contacts 32a and subsequently formed diffusion
contacts will land on and make direct and proper contact
(without shorting to an adjacent gate structure) with the
diffusion regions 20a, regardless of the scaling of the device.
[0036] As should be understood by those of skill in the art,
the silicide process begins with deposition of a thin transi-
tion metal layer, e.g., nickel, cobalt, titanium, TiSi, or TiN
over fully formed and patterned semiconductor devices
(e.g., doped or ion implanted source and drain regions 20a,
2054). After deposition of the material, the structure is heated
allowing the transition metal to react with exposed silicon
(or other semiconductor material as described herein) in the
active regions of the semiconductor device (e.g., source,
drain, gate contact region) forming a low-resistance transi-
tion metal silicide. Following the reaction, any remaining
transition metal is removed by chemical etching, leaving
silicide contacts 32 in the active regions of the device.
[0037] Another option to form silicide contacts 32a and
325 is to selectively deposit TiSi on Si only by CVD, ALD
or other methods. In this implementation, as is understood
by one of skill in the art, the post anneal process could be
skipped since TiSi has been formed as deposited.

[0038] InFIG. 7, an optional liner material 34 is deposited
within the trenches 28, 30 and within the cavity 28a. The
optional liner can be a diffusion barrier layer such as TiN,
deposited by conventional deposition methods, e.g., CVD,
atomic layer deposition (ALD) plasma enhanced CVD
(PECVD), etc. A metal fill material is then deposited in the
28, 30 and within the cavity 28a to form self-aligned
contacts 36a, 365. In embodiments, the metal fill material
can be tungsten (W) which provides an electrical conduction
path from the diffusions 20a. Any excessive metal fill
material can be removed from the surface of the structure by
a conventional CMP process.

[0039] The metal material in the cavity 28a will form a
ball shaped contact 36a between the diffusion regions 20a.
In this way, the contact 36a will have a wider dimension at
its lower portion below the upper surface of the substrate
material, compared to between the mid-portion between the
outer sidewalls (spacers) 18 above the upper surface of the
substrate material. It should be recognized that the mid-
portion between the pair of sidewalls 18 (outer spacers) is at
a level of the replacement second gate structures 22. The
upper portion of the contact 36a can be tapered and is above
the pair of sidewalls 18.

[0040] The self-aligned contacts can be utilized in system
on chip (SoC) technology. It should be understood by those
of skill in the art that SoC is an integrated circuit (also
known as a “chip”) that integrates all components of an
electronic system on a single chip or substrate. As the
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components are integrated on a single substrate, SoCs con-
sume much less power and take up much less area than
multi-chip designs with equivalent functionality. Because of
this, SoCs are becoming the dominant force in the mobile
computing (such as in Smartphones) and edge computing
markets. SoC is also commonly used in embedded systems
and the Internet of Things.

[0041] The method(s) as described above is used in the
fabrication of integrated circuit chips. The resulting inte-
grated circuit chips can be distributed by the fabricator in
raw wafer form (that is, as a single wafer that has multiple
unpackaged chips), as a bare die, or in a packaged form. In
the latter case the chip is mounted in a single chip package
(such as a plastic carrier, with leads that are affixed to a
motherboard or other higher level carrier) or in a multichip
package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any
case the chip is then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
part of either (a) an intermediate product, such as a moth-
erboard, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
toys and other low-end applications to advanced computer
products having a display, a keyboard or other input device,
and a central processor.

[0042] The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed:

1. A structure comprising:

adjacent diffusion regions located within a substrate mate-

rial;

sidewall structures above an upper surface of the substrate

material, aligned on sides of the adjacent diffusion
regions; and

a contact between the sidewall structures and extending to

within the substrate material between and in electrical
contact with the adjacent diffusion regions.

2. The structure of claim 1, further comprising silicide
contacts below the upper surface of the substrate material
and in direct contact with the adjacent diffusion regions.

3. The structure of claim 2, wherein the silicide contacts
are an intervening material between the contact and the
adjacent diffusion regions.

4. The structure of claim 2, wherein the contact provides
an electrical conduction path to both the adjacent diffusion
regions.

5. The structure of claim 4, wherein the contact is a
self-aligned contact.

6. The structure of claim 4, wherein a portion of the
contact below the upper surface of the substrate material is
ball shaped.
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7. The structure of claim 4, wherein the portion of the
contact below the upper surface of the substrate material is
wider than a portion of the contact between the sidewall
structures.

8. The structure of claim 1, further comprising a contact
that extends to additional diffusion regions above the upper
the upper surface of the substrate material.

9. The structure of claim 1, wherein the diffusion regions
are source and/or drain regions for adjacent gate structures.

10. The structure of claim 9, wherein the substrate mate-
rial is a fin of a finFET device.

11. The structure of claim 10, wherein the adjacent gate
structures include sidewalls which are of a same material as
the sidewall structures.

12. A structure comprising:

a source/drain region in a substrate;

a pair of outer spacers above the source/drain region; and

a contact to the source/drain region located between the
pair of outer spacers and extending to below a surface
of the substrate.

13. The structure of claim 12, wherein the source/drain
region is adjacent source/drain regions comprising a first
source/drain region and a second source/drain region for a
first gate structure and a second gate structure, respectively,
and the contact abuts both the first source/drain region and
the second source/drain region below the surface of the
substrate.

14. The structure of claim 13, wherein the contact has a
lower portion which is below the first and second gate
structures.

15. The structure of claim 13, wherein the contact has a
mid-portion which is between the pair of outer spacers and
is at a level of the first and second gate structures.

16. The structure of claim 13, wherein the contact has an
upper portion which is above the pair of outer spacers.

17. A structure comprising:

a substrate;

a first gate structure over the substrate;

a second gate structure over the substrate and spaced apart

from the first gate structure;

a first source/drain region adjacent to the first gate struc-
ture and between the first gate structure and the second
gate structure;

a second source/drain region adjacent to the second gate
structure and between the first gate structure and the
second gate structure; and

a contact extending into the substrate and making contact
with the first source/drain region and the second source/
drain region.

18. The structure of claim 17, wherein the contact par-
tially extends between opposing sidewalls above the sub-
strate.

19. The structure of claim 18, wherein a lower portion of
the contact is wider than a portion of the contact that
partially extends between the opposing sidewalls above the
substrate.

20. The structure of claim 17, further comprising silicide
contacts below an upper surface of the substrate and in direct
contact with the first source/drain region and the second
source/drain region.



