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1
CONTACT SCHEME FOR MOSFETS

This application claims the priority of the following pro-
visionally filed U.S. patent application: Application Ser. No.
60/925,046, filed Apr. 18, 2007, entitled “3-Dimensional
Device Design Layout,” which patent application is incorpo-
rated herein by reference.

TECHNICAL FIELD

This invention relates generally to integrated circuits, and
more particularly to contact formation schemes, and even
more particularly to the contacts for connecting Fin field-
effect transistors (FinFET).

BACKGROUND

In modern integrated circuits, semiconductor devices are
formed on semiconductor substrates, and are connected
through metallization layers. The metallization layers are
connected to the semiconductor devices through contacts,
also referred to as contact plugs. Also, external pads are
connected to the semiconductor devices through the contacts.

Typically, the formation process of contacts includes form-
ing an inter-layer dielectric (ILD) over semiconductor
devices, forming contact openings in the ILD, and filling a
metallic material in the contact openings. However, with the
increasing down-scaling of integrated circuits, the above-
discussed processes experience shortcomings. While the
horizontal dimensions, such as the widths of contacts, are
continuously shrinking, the thickness of the ILD is not
reduced accordingly to the same scale as the widths. Accord-
ingly, the aspect ratios of contacts continuously increase,
causing the contact formation process to be more and more
difficult.

The difficulty is further increased for forming contacts to
Fin field-effect transistors (FinFET). FinFETs are widely
used since they use less chip area. FIG. 1 illustrates a FinFET
structure. Gate 4 crosses three fins 2, and the portions of fins
2 not covered by gate 4 are used to form source and drain
regions. The source regions of the three FinFETs are inter-
connected, and the drain regions of the FinFETs are intercon-
nected. Therefore, the three FinFETs act as a single FinFET.
The introduction of FinFETs has the advantageous feature of
increasing drive current without the cost of occupying more
chip area. However, it is difficult to form contacts to fins 2.
Since the fins 2 of the FinFETs have small dimensions, the
landing areas for the corresponding contacts are small. To
ensure that contacts land on the fins, the landing areas need to
be increased. One of the previous solutions is shown in FIG.
1, wherein landing pads 6 are formed and connected to fins 2.
Landing pads 6 may be formed of the same material, and by
the same process, as fins 2. The contacts to the source and
drain regions can thus be easily landed on landing pads 6.
However, landing pads 6 themselves occupy chip area, and
hence such a solution defeats the purpose of forming Fin-
FETs, which is to save chip area.

Accordingly, what is needed in the art is a contact structure
and formation methods for solving the above-discussed prob-
lems.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a
semiconductor structure includes a semiconductor substrate;
a first inter-layer dielectric (ILD) over the semiconductor
substrate; a contact extending from a top surface of the first
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ILD into the first ILD; a second ILD over the first ILD; a
bottom inter-metal dielectric (IMD) over the second ILD; and
a dual damascene structure comprising a metal line in the
IMD and a via in the second ILD, wherein the via is connected
to the contact.

In accordance with another aspect of the present invention,
a semiconductor structure includes a substrate; and a first Fin
field-effect transistor (FinFET) and a second FinFET at a top
surface of the substrate. The first FinFET includes a first fin;
a first gate dielectric on a top surface and sidewalls of the first
fin; a first gate electrode on the first gate dielectric; a first
source/drain region in a portion of the first fin uncovered by
the first gate dielectric; a first source/drain silicide region on
the first source/drain region and a second FinFET at the top
surface of the semiconductor substrate. The second FinFET
includes a second fin; a second gate dielectric on a top surface
and sidewalls of the second fin; a second gate electrode on the
second gate dielectric; a second source/drain region in a por-
tion of the second fin uncovered by the second gate dielectric;
and a second source/drain silicide region on the second
source/drain region. The semiconductor structure further
includes a first inter-layer dielectric (ILD) over the first and
the second FinFETs; a second ILD over the first ILD; and a
contact electrically connected to the first and the second
source/drain silicide regions, wherein the contact has a top
surface substantially level with a top surface of the first ILD.

In accordance with yet another aspect of the present inven-
tion, a method for forming a semiconductor structure includes
providing a semiconductor substrate; forming a first inter-
layer dielectric (ILD) over the semiconductor substrate;
forming a contact extending from a top surface of the first ILD
into the first ILD; forming a second ILD over the first ILD;
forming an inter-metal dielectric (IMD) over the second ILD;
and forming a dual damascene structure comprising a metal
line in the IMD and a via in the second ILD, wherein the via
contacts the contact.

In accordance with yet another aspect of the present inven-
tion, a method for forming a semiconductor structure includes
providing a substrate; and forming a first FinFET and a sec-
ond FinFET at a top surface of the substrate. The first FinFET
includes a first fin; a first gate dielectric on a top surface and
sidewalls of the first fin; a first gate electrode on the first gate
dielectric; a first source/drain region ina portion of the first fin
uncovered by the first gate dielectric; and a first source/drain
silicide region on the first source/drain region. The second
FinFET includes a second fin over the substrate; a second gate
dielectric on a top surface and sidewalls of the second fin; a
second gate electrode on the second gate dielectric; a second
source/drain region in a portion of the second fin uncovered
by the second gate dielectric; and a first source/drain silicide
region on the first source/drain region. The method further
includes forming a first inter-layer dielectric (ILD) over the
substrate; forming a contact electrically connected to the first
and the second source/drain silicide regions, wherein the
contact has a top surface substantially level a top surface of
the first ILD; and forming a second ILD over the first ILD.

The advantageous features of the present invention include
reduced aspect ratios of contacts and reduced manufacturing
cost due to the combination of forming contacts and forming
gate electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:
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FIG. 1 illustrates a conventional Fin field-effect transistor
(FinFET) formed of three FinFETs, wherein landing pads are
formed in order to form contacts;

FIGS. 2A through 8 are top views and cross-sectional
views of intermediate stages in the manufacturing of a first
embodiment of the present invention;

FIG. 9 illustrates a contact connecting two neighboring
source/drain regions;

FIGS. 10 and 11 illustrate a second embodiment of the
present invention, wherein a contact is used as a gate elec-
trode of a MOSFET;

FIG. 12 illustrates a first contact used as a gate electrode of
a PFET and a second contact used as a gate electrode of an
NFET; and

FIG. 13 illustrates a contact for connecting two planar
MOSFETs.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

A novel contact structure and the method of forming the
same are presented. The intermediate stages of manufactur-
ing a preferred embodiment of the present invention are illus-
trated. The variations of the preferred embodiment are then
discussed. Each figure may have a suffix A, B or C, indicating
different views of a same structure. Throughout the various
views and illustrative embodiments of the present invention,
like reference numbers are used to designate like elements.

FIGS. 2A through 8 illustrate a first embodiment of the
present invention. FIG. 2A illustrates a top view of a semi-
conductor structure, which includes FinFETs 100, 200, 300
and 400. FinFETs 100, 200 and 300 are parallel to each other
and are closely located. Gate electrode strip 32 extends across
FinFETs 100, 200 and 300. FIG. 2C is a cross-sectional view
of'the structure shown in FIG. 2A, wherein the cross-sectional
view is taken along a plane across line B-B'. Gate electrode
strip 32 and gate dielectric 134 form the gate stack of FinFET
100. Gate electrode strip 32 and gate dielectric 234 form the
gate stack of FinFET 200. Gate electrode strip 32 and gate
dielectric 334 form the gate stack of FinFET 300. Therefore,
the gates of FinFETs 100, 200 and 300 are interconnected.

FIG. 2B illustrates a cross-sectional view of the structure
shown in FIG. 2A, wherein the cross-sectional view is taken
along a plane across line A-A'. The plane crosses the gate
portion of FinFET 400, and source/drain portions of FinFETs
100, 200 and 300. FinFET 100 includes gate dielectric 434
and gate electrode 432. In an embodiment, gate electrodes 32
and 432 are formed of polysilicon, and hence gate silicide 438
is formed on the surface of gate electrode 432, and source/
drain silicide regions 138, 238 and 338 are formed on fins
130, 230 and 330, respectively. Alternatively, gate electrodes
432 and 32 are formed of a material selected from the group
consisting essentially of metals, metal silicides, metal
nitrides, and the like. Accordingly, no gate silicide region is
formed. Preferably, the source/drain portions of fins 130,230
and 330 are doped with a same type of impurity. Fins 130,
230, 330 and 430 rise above shallow trench isolation regions
(STI) 24, which is further formed in semiconductor substrate
20. In alternative embodiments, fins 130, 230, 330 and 430
may be formed on a silicon-on-insulator (SOI) substrate.
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FIGS. 3 through 7 are cross-sectional views taken along the
plane crossing line A-A' in FIG. 2A. Referring to FIG. 3, etch
stop layer (ESL) 40 is formed over FinFETs 100 through 400,
followed by the formation of first inter-dielectric layer (ILD)
42. As is known in the art, ESL. 40 may be formed of a
dielectric material, such as silicon nitride, silicon oxide, and
thelike. Preferably, ESL. 40 has an inherent tensile stress if the
respective FinFETs 100 through 400 are NMOS devices, or
an inherent compressive stress if the respective FinFETs are
PMOS devices. First ILD 42 may be formed of commonly
used ILD materials, such as phosphosilicate glass (PSG),
(un-doped silicate glass, selective area chemical vapor depo-
sition (SACVD) oxide, carbon-doped dielectric materials,
and combinations thereof. In an exemplary embodiment, first
ILD 42 has a thickness T of between about 1500 A and about
8000 A. Photo resist 44 is then formed and patterned, forming
openings 46.

Referring to FIG. 4, the exposed portions of ILD 42 are
etched, forming openings 48 in first ILD 42. The portions of
ESL 40 exposed through openings 48 are then etched. As a
result, gate silicide 438 and source/drain suicides 138, 238
and 338 are exposed. Photo resist 44 is then removed.

FIG. 5 illustrates the filling of openings 48 to formed
contacts 52 and 452. Preferably, a glue layer is formed in
openings 48 first, followed by filling the remaining portions
of openings 48 with a metallic material. The glue layer may
include titanium, titanium nitride, tantalum, tantalum nitride,
and combinations thereof. The metallic material may include
metals, metal alloys, metal nitrides, and the like. Exemplary
metallic materials include titanium, tantalum, tungsten, alu-
minum, copper, silver, and combinations thereof. A chemical
mechanical polish is then performed to remove excess por-
tions of the metallic material and glue layer. The resulting
structure includes contacts 52 and 452, which include glue
layers 50 and 450 and the corresponding metallic materials
filled therein.

FIGS. 6 and 7 illustrate a dual damascene process. First, as
shown in FIG. 6, ESL 54 is formed, followed by the formation
of second ILD 56. In an exemplary embodiment, the com-
bined thickness of ESL 54 and second ILD 56 is between
about 1000 A and about 5000 A. Second ILD 56 may include
essentially the same materials as first ILD 42 or different
dielectric materials. ESL 58 and inter-metal dielectric (IMD)
60 are then formed. Throughout the description, the term
“ILD” is used to indicate the dielectric layers formed under
the bottom metallization layer, and the term “IMD” is used to
indicate the dielectric layer in which the bottom metallization
layer is formed, and the dielectric layers overlying the bottom
metallization layer. Further, the “bottom metallization layer”
is the lowest metallization layer formed in the bottom IMD
layer. Also, the term “bottom IMD” is used to refer to an IMD
immediately over the ILD. Via openings 62 and trench open-
ings 64 are then formed. As is known in the art, the formation
of'via openings 62 and trench openings 64 may use a via-first
approach, in which via openings 62 are formed first, or a
trench-first approach, in which trench openings 64 are formed
first. Inthe via-first approach, a first photo resist is formed and
patterned, and an anisotropic etching cuts through dielectric
layers 60, 58 and 56, and stops at ESL 54, forming via open-
ings 62. The exposed ESL 54 is then removed. Next, the first
photo resist is removed. A second photo resist is then formed
and patterned, and trench openings 64 are formed by etching
IMD 60, wherein the etching is stopped at ESL 58. The
exposed portion of ESL 58 is then removed, followed by the
removal of the second photo resist. One skilled in the art will
realize the process steps of the trench-first approach.
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Next, as shown in FIG. 7, openings 62 and 64 are filled with
conductive materials. Preferably, a diffusion barrier layer is
blanket formed, followed by filling the remaining portions of
openings 62 and 64 with a conductive material. As is known
in the art, the diffusion barrier layer may be formed of tita-
nium, titanium nitride, tantalum, tantalum nitride, and the
like. The conductive material preferably includes copper or
copper alloys, and may further include metals such as alumi-
num, silver, tungsten, and combinations thereof. A chemical
mechanical polish (CMP) is then performed to remove excess
diffusion barrier layer and the conductive material. The
resulting structure includes a first dual damascene structure
including diffusion barrier layer 472, via 468 and metal line
470, which are electrically connected to gate electrode 432.
Further, a second dual damascene include diffusion barrier
layer 72, vias 68 and metal line 70, which are electrically
connected to source/drain silicide regions 138, 238 and 338,
is also formed.

FIG. 8 illustrates a top view of the resulting structure. For
a clear view, the dual damascene structures are not shown.
Assuming the source/drain regions of FinFETs 100, 200 and
300, which are interconnected by contact 52 are source
regions, the drain regions FinFETs 100, 200 and 300 are
preferably interconnected by another contact 74, which is
preferably formed simultaneously with the formation of con-
tact 52. Another metal line and via (not shown) similar to
metal line 70 and via 68 (refer to FIG. 7) may be formed to
connect to contact 74. Therefore, FinFETs 100, 200 and 300
act as a single FinFET.

Referring back to FIG. 7, the contact to the source/drain
regions of transistors 100, 200 and 300 include two portions,
contact 52 and vias 68. As a comparison, in conventional
contact formation schemes, the contacts may have a depth up
to D2 (if a misalignment occurs and the source/drain contacts
extend on sidewalls of fins 130, 230 and 330). Advanta-
geously, because the depth D1 of contact 52 is significantly
less than depth D2, and further because contact 52 crosses
more than one fin, and hence is wider than a contact connect
to only one fin, the resulting aspect ratio of contact 52 is
significantly reduced. The contact formation process is thus
less difficult.

It is realized that although in the embodiment discussed in
the preceding paragraphs, contacts are used to connect two
sources or two drains of two FinFETs, and in other embodi-
ments, the contacts may be used to connect any of the two
neighboring FinFETs. For example, FIG. 9 illustrates source
78 of FinFET 79 connected to drain 80 of a neighboring
FinFET 81 by contact 82, wherein contact 82 is further con-
nected to a metal line in M1 by a via (not shown). FinFETs 79
and 81 can both be PFETs, NFETs, or a PFET and an NFET.
The contacts may have any shapes other than rectangular
shapes. Furthermore, the concept of the present invention can
be used to form a connection to only a single source/drain
region, where the connection includes a contact and a dual
damascene structure.

In the previously discussed embodiments, gate electrodes
32 and 432 (refer to FIGS. 2A through 2C) are formed before
the formation of contacts 52 and 452. In alternative embodi-
ments, gate electrodes 32 and 432 are formed simultaneously
with the formation of contacts 52 and 452, and gate electrode
themselves are also contacts. The cross-sectional views of
this embodiment are briefly illustrated in FIGS. 10 through
11. FIG. 10 is similar to FIG. 2A, except gate electrodes 432
(and gate electrode 32 as shown in FIG. 2C) is not formed.
Next, ESL 40 is blanket formed, followed by the formation
and patterning of first ILD 42. Photo resist 44 is then formed.
In FIG. 11, the exposed portions of ILD 42 are etched, and
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contacts 52 and 452 are formed, using essentially the same
process as illustrated in FIGS. 3 through 5. As a result, contact
452 acts as the gate electrode of FinFET 400. Advanta-
geously, this embodiment combines the formation of gate
electrodes and contacts, and thus has less process steps.

In an embodiment, FinFET 100 is of n-type, and hence gate
electrode 452 has a low work function, for example, less than
about 4.2 eV. Alternatively, FinFET 100 is of p-type, and
hence gate clectrode 452 has a high work function, for
example, greater thanabout 4.9 eV. In yet other embodiments,
as shown in FIG. 12, a semiconductor chip includes contacts
752 and 852 with different work functions, wherein contact
752 has a higher work function than contact 852. Preferably
contact 752 is used as the gate electrode of PFET 700, while
contact 852 is used as the gate electrode of NFET 800. Con-
tact 952 is connected to a source/drain region of MOSFET
900, and can be formed simultaneously with either contact
752 or contact 852.

Referring back to FIG. 8, please note that FinFET 400 may
have a substantially same structure as FinFETs 100, 200 and
300. Therefore, the formation of the gate electrode of FinFET
400 may be performed simultaneously with the formation of
the gate electrodes of FinFETs 100, 200 and 300. Similarly,
the formation of the contact structures of FinFETs 100, 200
and 300 may also be performed simultaneously with in the
formation of the contact structure of FInFET 400. For this
reason, the cross-sectional view of the gate portion of FinFET
400 may be considered as the cross-sectional view of the gate
portions of FinFET 100, 200, or 300.

The teaching of the present invention may also be applied
to the formation of contacts to planar devices. FI1G. 13 illus-
trates two planar MOSFETs 500 and 600. Source/drain
region 510 and source/drain region 610 are interconnected by
contact 550, which is formed in first ILD 42. A dual dama-
scene structure including via 568 and metal 570 are further
connected to contact 550. One skilled in the art will realize the
corresponding process steps by applying the teaching of the
present invention.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. Moreover, the scope of the
present application is not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed, that perform substantially the same function
or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:
1. A semiconductor structure comprising:
a substrate;
afirst Fin field-effect transistor (FinFET) at a top surface of
the substrate, the first FinFET comprising:
a first fin;
afirst gate dielectric on a top surface and sidewalls of the
first fin;
a first gate electrode on the first gate dielectric;
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a first source/drain region in a portion of the first fin
uncovered by the first gate dielectric; and

a first source/drain silicide region on the first source/
drain region;

a second FinFET at the top surface of the substrate, the
second FinFET comprising:

a second fin;

a second gate dielectric on a top surface and sidewalls of
the second fin;

a second gate electrode on the second gate dielectric;

a second source/drain region in a portion of the second
fin uncovered by the second gate dielectric; and

a second source/drain silicide region on the second
source/drain region;

a first inter-layer dielectric (ILD) over the first and the
second FinFETs;

a second ILD over the first ILD;

a contact plug contacting the first and the second source/
drain silicide regions, wherein the contact plug com-
prises a sidewall extending continuously from a top sur-
face of the first ILD to lower than top surfaces of the first
and the second source/drain silicide regions, with the
sidewall being substantially vertical with substantially
no horizontal shift, and wherein the contact plug
includes a contiguous structure which extends over the
first fin and the second fin and interposes the first fin and
the second fin;

abottom inter-metal dielectric (IMD) over the second ILD;
and

a dual damascene structure comprising a metal line in the
bottom IMD and a via in the second ILD, wherein the via
has a bottom surface contacting a top surface of the
contact plug.

2. The semiconductor structure of claim 1, wherein the
contact plug is electrically connected to the first source/drain
region of the first finFET.

3. The semiconductor structure of claim 2, wherein the
contact plug is further electrically connected to the second
source/drain region of the second finFET.

4. The semiconductor structure of claim 1, wherein each of
the first and the second finFETS comprises an additional
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source/drain region, wherein the first and the second gate
electrodes are electrically interconnected, and wherein the
additional source/drain regions of the first and the second
finFETs are interconnected by an additional contact plug.

5. The semiconductor structure of claim 1, wherein the first
finFET further comprises a gate silicide over the first fin, and
wherein a glue layer contacts the gate silicide.

6. The semiconductor structure of claim 5, wherein the glue
layer adjoins the first ILD and the gate silicide.

7. The semiconductor structure of claim 1, wherein the dual
damascene structure comprises a continuous metal region
extending from the metal line into the via, and a diffusion
barrier layer separating the continuous metal region from the
second ILD and the bottom IMD.

8. The semiconductor structure of claim 1, wherein the
contact plug forms a single and unbroken metal line electri-
cally connecting more than two FETs.

9. The semiconductor structure of claim 1, wherein the first
and the second source/drain regions are source regions, and
wherein the first and the second gate electrodes are electri-
cally interconnected.

10. The semiconductor structure of claim 1, wherein the
first gate electrode has a top surface level with the top surface
of the first ILD, and wherein the first gate electrode and the
contact plug comprise same materials.

11. The semiconductor structure of claim 1, wherein the
first FinFET is a PFET, and the second FinFET is an NFET,
and wherein one of the first and the second gate electrodes has
a top surface level with the top surface of the first ILD, and
wherein the first and the second gate electrodes comprise
different materials.

12. The semiconductor structure of claim 1 further com-
prising:

a shallow trench isolation (STI) region horizontally
between, and vertically below, the first and the second
fins; and

an etch stop layer (ESL) on the STI region, wherein the
ESL adjoins the contact plug and the STI region.

13. The semiconductor structure of claim 1, wherein the

contact plug comprises tungsten.
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