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SELF-ALIGNED GATE CONTACT STRUCTURE
FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of semiconductor device manufacturing and

in particular relates to self-aligned gate contact structures and method of forming the same.

BACKGROUND

[0002] Continuing scaling in manufacturing of complementary-metal-oxide-semiconductor (CMOS)
transistors has recently lead to the development of borderless contact, also known as self-aligned
contact (SAC), which is used to contact source and drain (S/D) of the transistors. This is mainly
because conventional manufacturing process of S/D contact has been frequently found to cause issues
such as causing electric short between the gate and a S/D of a transistor, wherein such electric short
may sometimes be detrimental to the performance of the transistor. This is particularly true in
situations of highly scaled semiconductor devices manufacturing where the pitch between a transistor
and its neighboring transistor could sometimes become extremely narrow or small. In comparison,
borderless contact or self-aligned contact generally does not possess this type of issues of causing
electric short between a S/D and the gate, and thus related manufacturing process generally has much

greater process window than those of conventional ones.

[0003] In order to manufacture or form borderless contact (or SAC) within current replacement metal
gate (RMQG) integration scheme, several methods have been recently developed. One of the methods
includes forming a dielectric cap layer on top of the gate to isolate the gate from the S/D contact. The
dielectric cap layer prevents potential shorting between the gate and the S/D contact. In forming this
dielectric cap layer, one of the straightforward approaches may include a series of steps such as, for
example, first recessing the metal gate of a RMG structure which may include work-function (WF)
metals and gap filling metals such as aluminum (Al) and/or tungsten (W); depositing dielectric material
in and on top of the recessed area of the RMG structure; and subsequently polishing the deposited
dielectric material through, for example, a chemical-mechanic-polishing (CMP) process to remove any

excess amount of the dielectric material and thereby forming the dielectric cap layer in the gate area.
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[0004] Another method of making borderless contact or self-aligned contact without causing S/D and
gate short includes encapsulating the gate with spacers and a cap (usually silicon nitride SiN) to ensure

active contacts are not shorted to the gate.

[0005] While the borderless contact process as described above prevents shorts between S/D contacts
and gate, it does not prevent shorts between gate contact and the active region of S/D. In order to make
sure that the gate contact is not shorted to the active region, it is generally relied upon either lateral
spacing of the gate contact to active region, which leads to area penalty, or vertical distance obtained by

using a tall gate, which leads to high gate-contact parasitic capacitance.
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SUMMARY OF EMBODIMENTS OF THE INVENTION

[0006] Embodiments of present invention provide a method of forming a dual height metal gate
structure for one or more transistors. The method includes depositing a layer of metal over one or more
channel regions of respective one or more transistors in a substrate, the layer of metal having a first
region and a second region; lowering height of the first region of the layer of metal; forming an
insulating layer over the first region of lowered height, the insulating layer being formed to have a top
surface coplanar with the second region of the layer of metal; and forming at least one contact to a

source/drain region of the one or more transistors.

[0007] In one embodiment, forming the at least one contact includes forming the at least one contact to
the source/drain region of one of the one or more transistors, the one of the one or more transistors
having a channel region that is covered by the first region of lowered height and not covered by the

second region of the layer of metal.

[0008] According to one embodiment, lowering height of the first region further includes retaining
height of the second region of the layer of metal, the second region of the layer of metal being on top of

a shallow-trench-isolation (STI) region in the substrate.

[0009] According to another embodiment, lowering height of the first region further includes retaining
height of the second region of the layer of metal, the second region of the layer of metal being on top of

a portion of a channel region of one of the one or more transistors.

[0010] One embodiment of the method may further include forming a conductive contact to the second

region of the layer of metal contacting gates of the one or more transistors.

[0011] Another embodiment of the method may further include, after forming the insulating layer over
the first region of lowered height, patterning the layer of metal into a dual height metal gate for the one

or more transistors.

[0012] Yet another embodiment of the method may include, before depositing the layer of metal,
removing a dummy metal gate to expose the one or more channel regions of the respective one or more

transistors and depositing the layer of metal in areas left by the removal of the dummy metal gate.
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[0013] According to one embodiment, lowering height of the first region of the layer of metal includes
forming a hard mask of a dual height gate pattern covering the second region of the layer of metal, and

etching the layer of metal in the first region that is not covered by the hard mask.

[0014] In one embodiment, the method further includes depositing a dielectric layer on top of the
insulating layer and the second region of the layer of metal; applying the dual height gate pattern in
forming a photo-resist mask on top of the dielectric layer; removing a portion of the dielectric layer to
create a via, the portion of the dielectric layer being defined by the dual height gate pattern and being
directly on top of the second region of the layer of metal; and filling the via with a conductive material

to form a gate contact.

[0015] Embodiment of present invention also provides a semiconductor device. The semiconductor
device includes a dual height metal gate over one or more channel regions of one or more transistors in
a substrate, the dual height metal gate having a first region of a first height and a second region of a
second height, the second height being higher than the first height; and at least one contact to a
source/drain region of one of the one or more transistors; and the one of the one or more transistor
having a channel region that is covered by the first region of first height and not covered by the second

region of the second height.

[0016] According to one embodiment, the at least one contact of the semiconductor device has a height

higher than that of the first height of the dual height metal gate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will be understood and appreciated more fully from the following
detailed description of preferred embodiments, taken in conjunction with the accompanying drawings

of which:

[0018] FIG. 1 is a demonstrative illustration of a top view of a semiconductor device according to an

embodiment of present invention;

[0019] FIGS. 2(a), 2(b) — FIGS. 10(a), 10(b) are demonstrative illustrations of cross-sectional views of
a method of forming a semiconductor device with self-aligned gate contact according to one

embodiment of present invention;

[0020] FIGS. 11(a), 11(b) — FIGS. 16(a), 16(b) are demonstrative illustrations of cross-sectional views
of a method of forming a semiconductor device with self-aligned gate contact according to another

embodiment of present invention;

[0021] FIGS. 17(a), 17(b) — FIGS. 20(a), 20(b) are demonstrative illustrations of cross-sectional views
of a method of forming a semiconductor device with self-aligned gate contact according to yet another

embodiment of present invention; and

[0022] FIGS. 21(a), 21(b) — FIGS. 22(a), 22(b) are demonstrative illustrations of cross-sectional views
of a method of forming a semiconductor device with self-aligned gate contact according to yet a further

embodiment of present invention.

[0023] It will be appreciated that for purpose of simplicity and clarity of illustration, elements in the
drawings have not necessarily been drawn to scale. For example, dimensions of some of the elements

may be exaggerated relative to those of other elements for clarity purpose.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0024] In the following detailed description, numerous specific details are set forth in order to provide
a thorough understanding of various embodiments of the invention. However, it is to be understood

that embodiments of the invention may be practiced without these specific details.
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[0025] In the interest of not obscuring presentation of essences and/or embodiments of the invention,
in the following detailed description, some processing steps and/or operations that are known in the art
may have been combined together for presentation and/or for illustration purpose and in some instances
may have not been described in detail. In other instances, some processing steps and/or operations that
are known in the art may not be described at all. In addition, some well-known device processing
techniques may have not been described in detail and, in some instances, may be referred to other
published articles, patents, and/or published patent applications for reference in order not to obscure
description of essence and/or embodiments of the invention. It is to be understood that the following
descriptions may have rather focused on distinctive features and/or elements of various embodiments

of the invention.

[0026] FIG. 1 is a demonstrative illustration of a top view of a semiconductor device 10 according to
an embodiment of present invention. For purpose of providing description of various embodiments of
present invention without losing generality, semiconductor device 10 is shown in FIG.1, as a non-
limiting example, to include a plurality of interconnected transistors such as CMOS transistors that
may be manufactured through, for example, a replacement metal gate process or other conventional
processes. More specifically, semiconductor device 10 may include one or more metal gates 11-13
being placed on top of one or more channel regions that are next to active regions 21-24 such as active
source/drain regions. Metal gates 11-13 may be formed to be surrounded, at their respective sidewalls,
by spacers 31-33 of for example dielectric material. Spacers 31-33 are generally used to place a certain
distance between channel regions underneath the gate and active source/drain regions 21-24. Active
source/drain regions 21-24 may be accessed or contacted through one or more active contacts 41-44

that are formed directly on top of active source/drain regions 21-24.

[0027] According to one embodiment of present invention, semiconductor device 10 may further
include one or more vias 51-55 that are formed directly on top of and in contact with active contacts
41-44 and/or in contact with metal gate 11-13. For example, at least via 55 may be formed to be in
contact with metal gate 12 at a portion thereof, which may be a portion situated in between active
regions 21/22 and 23/24 as being illustrated in FIG. 1, or may be a portion situated partially on top of
the channel region either between active regions 21 and 22 or between active regions 23 and 24. The

portion of metal gate 12, where via 55 is formed, may have an elevated height, although not clearly
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visible in the top view illustration of FIG. 1, when being compared with rest of metal gate 12 that are
not in direct contact with via 55. In other words, the rest of metal gate 12 may have a lower height than
the portion of metal gate 12 where via 55 is formed. The partially lowered height of metal gate 12 helps
reduce parasitic capacitance between gate 12 and active contacts 41-44 surrounding metal gate 12. In
the meantime, the portion of metal gate 12 that has a relatively tall height helps forming via 55 on top
thereof while achieving avoiding electric short of via 55 to active contacts 41-44 that are on top of the

source/drain regions 21-24 and next to metal gate 12.

[0028] FIGS. 2(a), 2(b) — FIGS. 10(a), 10(b) are demonstrative illustrations of cross-sectional views of
a method of forming a semiconductor device according to one embodiment of present invention. In
particular, taking as a demonstrative example of forming semiconductor device 10 illustrated in FIG. 1,
cross-sectional views of FIG. 2(a) — FIG. 10(a) and FIG. 2(b) — FIG. 10(b) may be taken, respectively,
at position A-A’ and position B-B’ as being indicated by the dash lines shown in FIG. 1. Here, it is
further to be noted that FIG. 2(a) — FIG. 10(a) may be used to only illustrate the formation of metal gate
12 and active contacts 43 and 44. In other words, the illustration of formation of metal gates 11 and 13

is intentionally omitted hereinafter for clarity purpose.

[0029] Embodiments of present invention provide a self-aligned gate contact structure and a method of
forming the same. Reference is now made to FIG. 2(a) and FIG. 2(b). According to one embodiment,
the method may start with providing a substrate 101 which is typically a semiconductor substrate such
as doped or un-doped silicon or silicon-germanium substrate, although other types of semiconductor
materials may be use and these materials are fully contemplated here as well. The method may further
include forming one or more isolation regions 102, such as shallow trench isolation (STI) regions,
inside substrate 101. Isolation regions 102 may be used to define one or more areas that are suitable for
forming active regions of transistors such as source, drain, and channel regions of the transistors. The
transistors so formed may be next to each other but are separated, at least inside substrate 101, from

each other by isolation regions or STI regions 102.

[0030] In one embodiment, the method of present invention includes forming a dielectric layer and
preferably a high-k dielectric layer 103 on top of substrate 101. As being described below in more

details, high-k dielectric layer 103 may be formed in places between a channel region inside substrate
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101 and a metal gate that is to be formed on top thereof. High-k dielectric layer 103 may be formed by
any currently existing or future developed processes such as, for example, a chemical vapor deposition
(CVD) process or an oxidizing process. On top of high-k dielectric layer 103, a layer of materials
suitable for forming metal gate may be deposited, as being illustrated in FIGS. 2(a) and 2(b), which
may be referred to hereinafter as metal layer 104. Materials suitable for metal layer 104 may include
metal elements or metallic alloys such as, for example, tungsten (W), TiN, TaN, TiC, TaC, WN, Co, or
a combination thereof and may include other metal alloys. Metal layer 104 may be formed to have a
sufficient thickness of at least 30 nm, preferably between 50nm and 200nm, in order to become a metal
gate and be able to form contact to the top surface thereof without causing electric short to surrounding

active contacts, as being described below in more details.

[0031] FIGS. 3(a) and 3(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 2(a) and 2(b), according
to one embodiment of present invention. In particular, the method may include forming an etch mask
or mask pattern 121 on top of metal layer 104 where a via contact to the metal gate is desirable to be
formed. Alternately, an etch mask may be formed to cover metal layer 104 other than areas where
contacts to source/drain (CA contacts) may be formed nearby, posting a risk of shorting CA contacts
with metal layer 104. Etch mask 121 may be a hard mask although other types of masks, if suitable,
may be used as well. Hard mask 121 may be made of oxide, nitride, or other dielectric material. For
example, hard mask 121 may be made of silicon dioxide, for example, so long as the material used may
be able to provide desired etch-selectivity with respect to materials that are later formed to surround
hard mask 121, as being described below in more details with reference to FIG. 5(a) and FIG. 5(b). In
another embodiment, etch mask 121 maybe an amorphous-carbon (a-C) mask that is patterned through

a photo-resist mask.

[0032] Hard mask 121 may be deposited using a CVD process and later be patterned through a
standard lithographic patterning process such as, for example, by first creating a mask pattern in a
photo-resist layer that is formed (such as through a spin-on process) on top of a hard mask layer and the
mask pattern is then transferred to the hard mask layer underneath thereof through, for example, a dry-
etching process including a reactive-ion-etching (RIE) process. In one embodiment, hard mask 121

may be formed preferably on a portion of metal layer 104 that is directly on top of one of the STT 102.
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In another embodiment, hard mask 121 may be preferably on a portion of metal layer 104 that is
partially on top of the active regions defined between any two of the STI regions 102. The location
where hard mask 121 is formed defines where contact to metal layer 104, which is eventually formed
into a metal gate, may be formed. For example, hard mask 121 may be formed on top of a portion of
metal layer 104 that will preferably not be near any source/drain contact, , although not necessarily, and
this portion of metal layer may be on top of a channel region of one of the transistors or a region above

a STI between two neighboring transistors.

[0033] FIGS. 4(a) and 4(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 3(a) and 3(b), according
to one embodiment of present invention. In particular, the method includes recessing height of a
portion of metal layer 104 to a lower height in areas where direct contact to metal layer 104 is not
planned and the areas are not covered by hard mask 121. Recessing of metal layer 104 in the areas not
covered by hard mask 121 may be achieved by applying, for example, a dry etching such as a RIE
process. The process of partial recessing of metal layer 104 may create a dual-height metal gate layer of
a first height area 104a of low height and a second height area 104b of high height, wherein the second
high height area 104b is defined by, and directly underneath, hard mask 121.

[0034] The first low height area 104a of metal gate layer will result in reduced parasitic capacitance
with neighboring conductive contact such as source/drain contact, when being formed into a first part
of a dual-height metal gate. The second high height area 104b of metal gate layer, when being formed
into a second part of the dual-height metal gate, may provide access to the top thereof for forming
contact to the dual-height metal gate. The second height area 104b may be formed to have a sufficient
height to avoid causing electric shorting between gate and source/drain contacts of the transistors. To
achieve the above, the etch process used to recess the metal layer 104 to the first height area 104a may
be timed such that a pre-determined height in the area 104a may be obtained. In another embodiment,
the gate metal layer 104 may be made to include multiple layers of metals with each having different
etch properties such that the height of first area or region 104a may be defined by the etch property of

the material used in the deposition process to form the multi-layer metal layer 104.
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[0035] FIGS. 5(a) and 5(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 4(a) and 4(b), according
to one embodiment of present invention. In particular, according to one embodiment, method of
present invention includes applying an insulating layer 131, such as a dielectric layer, directly on top of
the metal gate layer 104 to cover recessed first height areas 104a. Dielectric layer 131 may be deposited
through any currently known or future developed processes, and may be deposited to have a height
higher than the second height area 104b of the metal gate layer 104 and hard mask 121 on top of the
second height area 104b. Depending upon etch-selectivity of the material used for hard mask 121,
dielectric layer 131 may be selected to be made of a material that provides sufficient or at least
adequate difference in etch-selectivity from that of hard mask 121. For example, when hard mask 121
is made of an oxide material, dielectric layer 131 may be made of, for example, nitride which may
provide adequate etch-selectivity for purpose of performing subsequent device processing. However,
embodiments of present invention are not limited in this aspect and other combinations of materials for
hard mask 121 and dielectric layer 131 may be used as well and these combinations are fully

contemplated here.

[0036] After deposition of dielectric layer 131 to a height higher than that of hard mask 121, which
becomes embedded inside dielectric layer 131, a CMP (chemical-mechanic-polishing) process may be
applied to polish down dielectric layer 131 to expose hard mask 121, possibly using hard mask 121 as
an etch-stop end-point. The CMP process may thus create a top surface 132 which is co-planar with

both a top surface of dielectric layer 131 and that of hard mask layer 121.

[0037] FIGS. 6(a) and 6(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 5(a) and 5(b), according
to one embodiment of present invention. In particular, one embodiment of the method of present
invention may include patterning metal gate layer areas 104a and 104b into a dual-height metal gate of
a first height 104c¢ and a second height 104d, which may be collectively referred to as metal gate 105
hereafter. The patterning process may typically include forming a mask such as a photo-resist mask by
applying a photolithographic patterning process, and subsequently transfer the pattern of the mask into
the underneath dielectric layer 131, metal gate layer 104a, and metal gate layer 104b to transform them
into, respectively, dielectric layer 131a, first height region 104c, and second height region 104d of
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dual-height metal gate 105. In one embodiment, the patterning process may together form high-k

dielectric layer 103 into a gate dielectric layer 103a directly underneath metal gate 105.

[0038] FIGS. 7(a) and 7(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 6(a) and 6(b), according
to one embodiment of present invention. In particular, after forming metal gate of first height 104c and
second height 104d, embodiment of present invention continues to form source and drain next to metal
gate 104c. In doing so, one embodiment of present invention may include a method of forming spacers
141 and 142 surrounding sidewalls of metal gate 105, and dielectric layer 131a on top of the metal gate
105. Spacers 141 and 142 may be formed through, for example, depositing a preferably conformal
dielectric layer covering dielectric layer 131a and substrate 101 and subsequently applying a directional
etching process to remove most of the deposited dielectric layer leaving only portions thereof that are
next to sidewalls of dielectric layer 131a and metal gate 105. With the sidewall spacers 141 and 142
keeping a proper spacing from the gate, source and drain of the transistors are then formed inside

substrate 101 through, for example, an ion-implanting process as is known in the art.

[0039] FIGS. 8(a) and 8(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 7(a) and 7(b), according
to one embodiment of present invention. After the formation of source and drain inside substrate 101,
an inter layer dielectric (ILD) layer 151/152 may be formed on top of source and drain regions above
substrate 101. For example, ILD layer 151/152 may be formed to fill up any gapes between metal gates
of two neighboring different transistors. The ILD layer 151/152 may be formed by any currently known
or future developed technique or process such as a CVD deposition process to have a height above the
top surface of dielectric layer 131a. The ILD layer 151/152 is then recessed or polished down through a
CMP process to be co-planar with that of dielectric layer 131a. According to one embodiment of
present invention, material of ILD layer 151/152 may be selected to have an etch-selectivity sufficiently
different from that of material that makes sidewall spacers 141/142. The difference in etch-selectivity

may assist later in the process of forming self-aligned contacts to S/D regions.

[0040] FIGS. 9(a) and 9(b) are demonstrative illustrations of cross-sectional views of a method of

forming a semiconductor device, following the step illustrated above in FIGS. 8(a) and 8(b), according
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to one embodiment of present invention. For example, one embodiment of present invention includes a
method of forming one or more contacts through ILD layer 151/152 to reach source and/or drain of the
transistor underneath thereof, and forming contact to metal gate 105 at second height area 104d. More
specifically in the process of forming the above contacts, one or more via holes such as via hole 161,
162, and 163 may first be created inside ILD layer 151/152. In order to form via holes 161, 162, and
163, a photo-resist layer may be used to create a mask pattern of via holes 161, 162, and 163 on top of
ILD layer 151/152. The photo-resist mask pattern is then transferred, for example through a directional
etching process, into ILD layer 151/152 and into hard mask 121 that is surrounded by dielectric layer
131a and may have an etch-selectivity similar to that of ILD layer 151/152.

[0041] Via holes 161 and 162 may be formed to be, in one embodiment, standalone via holes and, in
another embodiment, self-aligned to spacers 141. More specifically, photo-resist mask pattern of via
holes 161 and 162 may be made to slightly overlap with underneath spacers 141. Since material of
spacers 141 have different etch-selectivity from that of ILD layer 151/152, a selective etching process
may be applied to create via holes 161 and 162 such that they become self-aligned to spacers 141. The

etching process may not affect or at least significantly affect spacers 141.

[0042] In forming via hole 163, photo-resist mask pattern of via hole 163 may be made slightly bigger
than, and overlap, that of underneath hard mask layer 121. According to one embodiment of present
invention, a selective etching process may then be applied, utilizing the difference in etch-selectivity
between hard mask 121 and surrounding dielectric layer 131a, to completely remove hard mask 121
and expose underneath metal gate 105 of second high height area or region 104d. Because via hole 163
basically takes the shape of hard mask layer 121, via hole 163 is made self-aligned to underneath
second height region 104d of metal gate 105.

[0043] FIGS. 10(a) and 10(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 9(a) and 9(b), according
to one embodiment of present invention. Following the formation of via holes 161, 162, and 163, via
contacts 171, 172, and 173 may be formed by filling via holes 161, 162, and 163 with suitable
conductive material such as, for example, Cu, W, or Al, as they may fit for any particular application.

The material selected may be compatible with the process and with the surrounding dielectric material
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to provide low resistance. As being clearly illustrated in FIGS. 10(a) and 10(b), since via contacts 171
and 172 are formed in areas not next to, or at least not close to, the second height area 104d of metal
gate 105 when being compared to conventional source/drain contacts, risk of source/drain contacts 171
and 172 shorting metal gate 105, at the second height area 104d, is greatly reduced. In the meantime,
parasitic capacitance formed by source/drain contacts 171 and 172 with metal gate 105 is also reduced

because of reduced overlapping areas between thereof.

[0044] FIGS. 11(a), 11(b) — FIGS. 16(a), 16(b) are demonstrative illustrations of cross-sectional views
of a method of forming a semiconductor device according to another embodiment of present invention.
In particular, when being compared with the embodiment demonstratively illustrated in FIGS. 2(a), 2(b)
—FIGS. 10(a), 10(b), the current embodiment may start with forming transistors including source, drain,
and gate in a replacement-metal-gate (RMG) process. More particularly, one embodiment of the
method of present invention may include providing a substrate 201 which is typically a semiconductor
substrate such as doped or undoped silicon or silicon-germanium (SiGe) substrate, although other
semiconductor materials may be used as well and these other materials are fully contemplated here.
The method further includes forming one or more isolation regions 202, such as shallow trench
isolation (STI) regions, inside substrate 201. STI or STI regions 202 may be used to define one or more
areas suitable for forming active regions of one or more transistors, such as suitable for forming source,
drain, and channel regions of transistors. The transistors so formed may be adjacent to but separated

from each other by STI 202.

[0045] In one embodiment, the method of present invention may include forming one or more field-
effect-transistors on top of substrate 201. More specifically, the method includes forming one or more
field-effect-transistors through, for example, a replacement-metal-gate (RMG) process to have a metal
gate block 204 on top of a channel region in substrate 201 via a high-k dielectric layer 203, as being
demonstratively illustrated in FIG. 11(a) and FIG. 11(b). More specifically, high-k dielectric layer 203
may be formed to surround metal gate block 204 both at bottom and sidewalls of metal gate block 204.
Metal gate block 204 may be formed to have an adequate height that is sufficient to avoid possible

shorting when self-aligned contact to source/drain of the transistor is formed later.
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[0046] Embodiment of present invention may further include forming the one or more field-effect-
transistors to have sidewall spacers 205 formed next to metal gate block 204. Sidewall spacers 205 may
be lined with high-k dielectric layer 203 which may be referred to hereafter as a liner from time to time.
The replacement-metal-gate structure, including metal gate block 204, liner 203, and sidewall spacers
205, may be embedded inside an inter-layer-dielectric (ILD) layer 206, as being demonstratively
illustrated in FIG. 11(a) and FIG. 11(b).

[0047] FIGS. 12(a) and 12(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 11(a) and 11(b),
according to one embodiment of present invention. More specifically, one embodiment of present
invention may include forming a metal gate mask, preferably a hard mask, on top of metal gate block
204, and recessing metal gate block 204 to become a dual-height metal gate 204c. Metal gate 204c may
have a first height area 204a of low height and a second height area 204b of high height. The metal gate
mask (not shown) protects the portion of metal gate block 204 underneath thereof to become the
second height area 204b while the rest of metal gate block 204 gets etched to become the first height
area 204a. The second height area 204b may be formed to be preferably above an STI region 202, in an
area contact to metal gate is preferred, or in an area not near a source/drain contact region. However,
embodiment of present invention is not limited in this aspect and the second height area 204b may be

formed in any portion along the metal gate block 204.

[0048] Reference is briefly made to FIGS. 21(a), 21(b) — FIGS. 22(a), 22(b), which are demonstrative
illustrations of cross-sectional views of a method of forming a semiconductor device with self-aligned
gate contact according to yet a further embodiment of present invention. In recessing metal gate block
204 to become dual-height metal gate 204c¢, a hard mask 207, such as an amorphous carbon hard mask,
may be formed to cover areas where recess of metal gate block 204 is not desired, or to expose areas
where source/drain contacts (CA contacts) may be formed thereby which may pose a risk of shorting to
metal gate block 204. After partial recess of a portion of metal gate block 204, as being defined by
amorphous carbon hard mask 207, an insulating material 211a such as silicon nitride may be used to
fill in the recessed areas to above a top surface of hard mask 207. Insulating material 211a above hard
mask 207 may be removed by applying a CMP polishing process to create a flat top surface as being
illustrated in FIGS. 22(a) and 22(b). It is clear in FIGS. 22(a) and 22(b), with the added thickness of
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hard mask 207, insulating material 211a on top of region 204c of metal gate block 204 may become a

cap layer that is thicker than otherwise it would be without the presence of hard mask 207.

[0049] Reference is now made back to FIGS. 13(a) and 13(b), which are demonstrative illustrations of
cross-sectional views of a method of forming a semiconductor device, following the step illustrated
above in FIGS. 12(a) and 12(b), according to one embodiment of present invention. Following the
recess etching of metal gate block 204 in forming metal gate 204c of first height area 204a and second
height area 204b, one embodiment of present invention includes filling the recessed areas above the
first height area 204a with an insulating layer 211, such as a layer of dielectric material 211 of for
example silicon nitride. For example, a silicon nitride dielectric layer 211 may be deposited into the
recesses as well as on top of other areas such as on top of sidewall spacers 205 and ILD layer 206. The
deposition may be performed until the recesses are fully filled up with the nitride dielectric material.
Following the nitride dielectric deposition, a chemical-mechanic-polishing (CMP) process may be
applied to remove any excess nitride material that may be above the top level of the second height area

204b of metal gate 204c.

[0050] FIGS. 14(a) and 14(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 13(a) and 13(b),
according to one embodiment of present invention. After metal gate 204c becomes covered by
dielectric layer 211 of nitride material such that metal gate 204¢ being embedded inside dielectric layer
211, one or more via holes, for example, via holes 221 and 222, may be created inside ILD layer 206 to
reach active regions such as source and drain regions of the one or more field-effect-transistors. Via
holes 221 and 222 may be created to be standalone or be self-aligned to spacers 205 next to metal gate
204c by strategically applying the difference in etch-selectivity between dielectric material of ILD layer
206 and that of sidewall spacers 205, such as between an oxide and a nitride. This could be the case

when sidewall spacers 205 are made of nitride and ILD layer 206 is made of oxide, or vice versa.

[0051] FIGS. 15(a) and 15(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 14(a) and 14(b),
according to one embodiment of present invention. Following the creation, via holes 221 and 222 may

subsequently be filled up with conductive materials such as metal or metal alloy to form via contacts
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231 and 232. Depending on the formation of via holes 221 and 222, via contacts 231 and 232 may be
made self-aligned to metal gate 204c¢ adjacent direct to spacers 205, as being illustrated in FIGS. 15(a)
and 15(b). Alternatively, via contacts 231 and 232 may be made standalone. In any instances, since via
contacts 231 and 232, which are source/drain contacts, are made in areas not directly adjacent to the
second height area 204b of metal gate 204c, risk of source/drain contacts 231 and 232 shorting to metal
gate 204 is greatly reduced. In the meantime, possible parasitic capacitance caused by source/drain
contacts 231 and 232 with metal gate 204c¢ is also reduced because of reduced overlapping between

thereof.

[0052] FIGS. 16(a) and 16(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 15(a) and 15(b),
according to one embodiment of present invention. Following the formation of source/drain via
contacts 231 and 232, other back-end-of-line (BEOL) contact structures may be formed on top of ILD
layer 206 to provide connectivity to the underneath one or more field-effect-transistors. For example, a
new ILD layer 241 may first be formed on top of ILD layer 206 and one or more additional via contacts,
such as via contacts 251 and 252, may be formed inside ILD layer 241 reaching through ILD layer 241
to contact at least one of underneath source/drain via contacts 231, 232 and metal gate 204c. According
to one embodiment, in forming via contact 252 contacting underneath metal gate 204c, the mask
pattern that was used in transforming metal gate block 204 into metal gate 204c with first height area
204a and second height area 204b may be reused because of the essential same pattern. This helps
ensure, or ease the requirement on, alignment of via contact 252 with underneath second height area

204b of metal gate 204c.

[0053] FIGS. 17(a) and 17(b) are demonstrative illustrations of cross-sectional views of a method of
forming a semiconductor device, following the step illustrated above in FIGS. 13(a) and 13(b),
according to yet another embodiment of present invention. When being compared with embodiments
illustrated in FIGS. 14(a), 14(b) — FIGS. 16(a), 16(b) which starts forming source/drain via contacts
231 and 232 directly after filling up recesses made during the transformation of metal gate block 204 to
metal gate 204c, the current embodiment combines forming source/drain via contacts with forming via
contact to metal gate 204c. More specifically, the method includes forming a new ILD layer 261,

through deposition for example, on top of ILD layer 206 after recesses made above first height area
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204a of metal gate 204c have been filled up with dielectric material 211. Embodiment of present
invention then creates via holes 271 and 272, as being demonstratively illustrated in FIGS. 18(a) and
18(b), inside ILD layer 261 through ILD layer 206 to expose underneath source and/or drain regions in
substrate 201. The creation of via holes 271 and 272 may be made by applying any currently known or
future developed etching processes such as by applying a directional etching process with the help of a
mask layer of proper material, such as a photo-resist mask, which defines proper shape/size of the via

holes 271 and 272.

[0054] Alternatively, as being demonstratively illustrated in FIGS. 19(a) and 19(b), via holes 281, 282,
and 283 may be created to expose source/drain regions as well as metal gate 204c underneath ILD layer
261. Once via holes, either 271, 272 or 281, 282, and 283, are formed, conductive material such as Cu,
W, or Al may be deposited, plated, or to fill in via holes to form via contacts 291, 292, and/or 293 to
the source, drain, and/or gate, as being demonstratively illustrated in FIG. 20(a) and 20(b).

[0055] While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skill in the
art. It is, therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the spirit of the invention.
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CLAIMS

What is claimed is:

1. A method comprising:

depositing a layer of metal over one or more channel regions of respective one or more

transistors in a substrate, said layer of metal having a first region and a second region;
lowering height of said first region of said layer of metal;

forming an insulating layer over said first region of lowered height, said insulating layer being

formed to have a top surface coplanar with said second region of said layer of metal; and

forming at least one contact to a source/drain region of said one or more transistors.

2. The method of claim 1, wherein forming said at least one contact comprises forming said at
least one contact to said source/drain region of one of said one or more transistors, said one of
said one or more transistors having a channel region that is covered by said first region of

lowered height and not covered by said second region of said layer of metal.

3. The method of claim 1, wherein lowering height of said first region further comprises retaining
height of said second region of said layer of metal, said second region of said layer of metal

being on top of a shallow-trench-isolation (STI) region in said substrate.

4. The method of claim 1, wherein lowering height of said first region further comprises retaining
height of said second region of said layer of metal, said second region of said layer of metal

being on top of a portion of a channel region of one of said one or more transistors.
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The method of claim 1, further comprising forming a conductive contact to said second region

of said layer of metal contacting gates of said one or more transistors.

The method of claim 1, further comprising, after forming said insulating layer over said first
region of lowered height, patterning said layer of metal into a dual height metal gate for said

one or more transistors.

The method of claim 1, further comprising, before depositing said layer of metal, removing a
dummy metal gate to expose said one or more channel regions of said respective one or more
transistors and depositing said layer of metal in areas left by said removal of said dummy metal

gate.,

The method of claim 1, wherein lowering height of said first region of said layer of metal
comprises forming a hard mask of a dual height gate pattern covering said second region of said
layer of metal, and etching said layer of metal in said first region that is not covered by said

hard mask.

The method of claim 8, further comprising:

depositing a dielectric layer on top of said insulating layer and said second region of said layer

of metal;

applying said dual height gate pattern in forming a photo-resist mask on top of said dielectric

layer;

removing a portion of said dielectric layer to create a via, said portion of said dielectric layer

being defined by said dual height gate pattern and being directly on top of said second region of

said layer of metal; and

filling said via with a conductive material to form a gate contact.
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10. A method of making a dual height metal gate structure, the method comprising:

depositing a layer of metal over one or more channel regions of one or more transistors in a

substrate, said layer of metal having a first height;

lowering said first height of a portion of said layer of metal to a second height while keeping

rest of said layer of metal at said first height;
forming a dielectric layer over said portion of said layer of metal having said second height; and

forming at least one contact to a source/drain region of said one or more transistors.

11. The method of claim 10, wherein lowering said first height of said portion of said layer of metal
comprises forming a hard mask of a gate pattern covering said rest of said layer of metal and

recessing said portion of said layer of metal to said second height.

12. The method of claim 11, wherein forming said dielectric layer comprises:

selecting material of said dielectric layer to have an etch-selectivity sufficiently different from

that of said hard mask;
depositing said dielectric layer to a height higher than that of said hard mask; and

applying a chemical-mechanic-polishing (CMP) process to create a coplanar surface of said

dielectric layer and said hard mask.

13. The method of claim 12, further comprising;

removing said hard mask, through a selective etching process relative to surrounding said

dielectric layer, to expose underneath said second region of said layer of metal; and
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depositing a conductive material on top of exposed said second region of said layer of metal in

forming a gate conduct.

14. The method of claim 13, wherein removing said hard mask comprises

forming a photo-resist mask on top of said dielectric layer and said hard mask, said photo-resist
mask having an opening exposing said hard mask and a portion of said dielectric layer surrounding

said hard mask; and

applying said selective etching process to remove said hard mask without affecting said portion

of said dielectric layer surrounding said hard mask.

15. The method of claim 10, wherein forming said at least one contact comprises forming said at
least one contact to said source/drain region of one of said one or more transistors, said one of
said one or more transistors having a channel region that is covered by said portion of said layer

of metal of said second height and not being covered by said rest of said layer of metal.

16. The method of claim 10, wherein said rest of said layer of metal is on top of a shallow-trench-

isolation (STI) region in said substrate.

17. The method of claim 10, wherein said rest of said layer of metal is on top of only a portion of a

channel region of one of said one or more transistors.

18. The method of claim 10, further comprising forming a conductive contact to said rest of said

layer of metal contacting gates of said one or more transistors.
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19. The method of claim 10, further comprising, after forming said dielectric layer over said portion
of said layer of metal of second height, patterning said layer of metal into a dual height metal

gate, said dual height metal gate being used as gates of said one or more transistors.

20. The method of claim 10, further comprising, before depositing said layer of metal;

removing a dummy metal gate to expose said one or more channel regions of said one or more

transistors in creating an gate opening; and

depositing said layer of metal inside said gate opening.

21. The method of claim 10, wherein lowering height of said first region of said layer of metal
comprises forming a hard mask of a gate pattern covering said second region of said layer of

metal, and etching said layer of metal in said first region that is not covered by said hard mask.

22. The method of claim 12, wherein said dielectric layer is a first dielectric layer, further

comprising:
depositing a second dielectric layer on top of said first dielectric layer and said hard mask;
applying said gate pattern in forming a photo-resist mask on top of said second dielectric layer;

removing a portion of said second dielectric layer exposed by said photo-resist mask and

removing said hard mask underneath thereof in creating a via hole; and

filling said via hole with a conductive material to form a gate contact.

23. A semiconductor device comprising:

a dual height metal gate over one or more channel regions of one or more transistors in a
substrate, said dual height metal gate having a first region of a first height and a second region of a

second height, said second height being higher than said first height; and
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at least one contact to a source/drain region of one of said one or more transistors; wherein said
one of said one or more transistor having a channel region that is covered by said first region of

first height and not covered by said second region of said second height.

24. The semiconductor device of claim 23, wherein said second region of said dual height metal

gate is on top of a shallow-trench-isolation (STI) region between said one or more transistors.

25. The semiconductor device of claim 23, wherein said second region of said dual height metal

gate is partially on top of a channel region of one of said one or more transistors.

26. The semiconductor device of claim 23, wherein said at least one contact has a height higher

than that of said first height of said dual height metal gate.
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