SEM CONDUCTOR DEVI CES HAVI NG ENCAPSULATED | SOLATI ON REG ONS AND RELATED
FABRI CATI ON METHODS TECHNI CAL FI ELD 100011 Enbodi ments of the subject
matter generally relate to sem conductor device structures and rel ated
fabrication nmethods, and nore particul arly, enbodi nents of the subject
matter relate to devices forned on electrically isolated regions of
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related fabrication methods.

BACKGROUND
[0002] Transistors, such as metal oxide semiconductor field-effect transistors (MOSFETs),
are the core building block of the wvast majority of semiconductor devices. Some
semiconductor devices, such as high performance processor devices, can include millions of
transistors. For such devices, decreasing transistors size, and thus increasing {ransistor
density, has traditionally been a high priority in the semiconductor manufacturing industry.
Increasing density necessarily involves reducing the area between neighboring devices, which
in turn, requires reliable isolation between devices to prevent leakage currents, parasitic
capacitances, and other undesirable electrical effects that may degrade performance and/or

reduce yicld.

BRIEF SUMMARY

[0003] A method is provided for fabricating a semiconductor device on a semiconductor
substrate of a semiconductor material. The method involves the steps of forming an isolation
region of a first dielectric material in the semiconductor substrate adjacent to a first region of
the semiconductor material, forming a first layer of a second dielectric material overlying the
isolation region and the first region, and removing the second dielectric material overlying the
{irst region leaving portions of the second dielectric material overlying the isolation region
intact. The isolation region is recessed relative to the first region, and the second diclectric
material is more resistant to an etchant than the first dielectric material.

[0004] In another embodiment, a method of fabricating a semiconductor device structure on
a semiconductor substrate of a semiconductor material involves the steps of forming an oxide
isolation region adjacent to a first region of the semiconductor material, conformably

depositing a nitride material overlying the first region and the oxide isolation region, and
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100031 A nethod is provided for fabricating a sem conductor device on a
sem conductor substrate of a sem conductor material. The nethod invol ves
the steps of formng an isolation region of a first dielectric material in
t he sem conductor substrate adjacent to a first region of the sem conductor
material, formng a first layer of a second dielectric material overlying
the isolation region and the flrst regi on, and renoving the second
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summary is provided to introduce a selection of concepts in a sinplified
formthat are further described belowin the detail ed description. This
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the detailed description and claims when considered in conjunction with the following

figures, wherein like reference numbers refer to similar elements throughout the figures.
[0008] FIGS. 1-7 are cross-sectional views that illustrate a semiconductor device structure

and methods for fabricating the semiconductor device structure in exemplary embodiments.

DETAILED DESCRIPTION

[0009] The following detailed description is merely illustrative in nature and is not intended
to limit the embodiments of the subject matter or the application and uses of such
embodiments.  As used hercin, the word “exemplary” means “serving as an example,
instance, or illustration.” Any implementation described herein as cxemplary is not
necessarily to be construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory presented
in the preceding technical field, background, brief summary or the following detailed
description.

[0010] Techniques and technologics described herein may be utilized to fabricate MOS
transistor devices on electrically isolated regions of a semiconductor substrate. Although the
term “MOS device” properly refers to a device having a metal gate electrode and an oxide
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[0007] A nore conplete understanding of the subject matter may be derived
by referring to the detail ed description and cl ai ns when considered in
conjunction with the followi ng figures, wherein |like reference nunbers
refer to simlar elenents throughout the figures. [0008] FIGS. 1-7 are
cross-sectional views that illustrate a sem conductor device structure and
met hods for fabricating the sem conductor device structure in exenplary
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a device having a netal gate el ectrode and an oxide _ i
of the semiconductor device structure 100 begins by providing an appropriate substrate of
semiconductor material 102 and forming oxide isolation regions 104, 106 in the
semiconductor substrate 102 to obtain electrically isolated regions 108, 110, 112 of
semiconductor material 102. As described in greater detail below, the electrically isolated
regions 108, 110, 112 may be doped in a conventional manner and utilized to form
electrically isolated transistor devices or other devices. Accordingly, for convenience, but
without limitation, the electrically isolated regions 108, 110, 112 may alternatively be referred
to herein as active regions.
[0012] In an exemplary embodiment, the semiconductor substrate 102 is realized as a bulk
semiconductor substrate comprising a silicon material, wherein the term “silicon material” is
used herein to encompass the relatively pure silicon materials typically used in the
semiconductor industry as well as silicon admixed with other elements such as germanium,
carbon, and the like. Alternatively, the semiconductor material 102 can be realized as
germanium, gallium arsenide, and the like, or the semiconductor material 102 can include
layers of different semiconductor materials. Additionally, it should be noted that although the
fabrication process may be described herein in the context of a bulk semiconductor substrate,
the subject matter is not intended to be limited to bulk semiconductor substrates, and in
practice, the fabrication process may utilize a silicon-on-insulator (SOI) substrate in an
equivalent manner with corresponding modifications to the relative dimensions described
below to accommodate the thickness of the silicon of the SOI substrate.
[0013] In an exemplary embodiment, the electrically isolated regions 108, 110, 112 are
formed by performing shallow trench isolation (STI) on the semiconductor substrate. In the
llustrated embodiment, a layer of oxide material 114 (alternatively referred to herein as the
pad oxide) is formed overlying the semiconductor material 102, and a layer of masking

material 116 is formed overlying the oxide material 114. In an exemplary embodiment, the
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gate insulator, that termw |l be used throughout to refer to any

sem conduct or device that includes a conductive gate el ectrode (whether
nmetal or other conductive nmaterial) that is positioned over a gate

i nsul ator (whether oxide or other insulator) which, in turn, is positioned
over a sem conductor substrate. Various steps in the fabrication of
senicond$g}or devices are well known and so, in the interest of brevity,
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depositing an oxide material, such as silicon dioxide, using a plasna
enhanced chem cal vapor deposition (PECVD) process or another suitable
deposition process. In this regard, the oxide material 120 may be realized
as high aspect ratio plasnma (HARP) oxide. In an exenplary enbodi nent, the
oxide material 120 is deposited to a thickness that is greater than or
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material, such as silicon dioxide, that is conformably deposited overlying
the sem conductor device structure 100 of FIG 1, for exanple, by using a
| ow pressure chem cal vapor deposition (LPCVD) process or another suitable
deposition process. For convenience, but without limtation, the dielectric
material 122 may be referred to herein as an oxide material. The thickness
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[0021] Referring nowto FIGS. 5-6, in an exenplary enbodi nent, the
fabrication process continues by renoving portions of the nitride materi al
124 to obtain a substantially planar surface 130 that is aligned with the
upper surface of the oxide material 122, resulting in the sem conduct or
device structure 100 illustrated by FIG 5. In an exenplary enbodi nent, the
fabrication p rogﬁfs pl anarjzes the nitride material 124 to renove portlons
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i npl antation steps to define or otherwise control the lateral extent of the
source/drain regions 152, 154 in a conventional nanner. [0026] Fabrication
of the semiconductor device structure 100 may be conpl eted using well known
final process steps, such as deep ion inplantation, thermal annealing,
formation of conductive contacts overlying the source/drain regions and/or
gate stru ture,_forqgtiog %L gﬁﬁ capaci tors and/or other elements on the
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CLAI M5 WAgtositencdiaihpedirids :material 124 may be non-uniform by virtue of the topographical
variations between small active regions 108, 110 and large active regions 112, resulting in the
portions of the nifride material 124 overlying the large active region 112 being thicker than
the nifride material 124 overlying the smaller active regions 108, 110. In this regard, reducing
the thickness of the nitride material 124 overlying the large active region 112 may improve
subsequent process steps, such as the planarization of the nitride material 124 described
below. To remove portions of the nitride material 124, a masking material 126 is formed
overlying the semiconductor device structure 100 of FIG. 3 and patterned to define an etch
mask 128 that exposes portions of the nitride material 124 overlying the large active region
112. In this regard, the portions of the masking material 126 overlying the isolation regions
104, 106 and the relatively smaller active regions 108, 110 remain intact. As iltustrated, in an

exemplary embodiment, portions of the masking material 126 that overlie portions of the
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1. A method of fabricating a semi conductor device on a sem conductor
substrate conprising a seniconductor material, the nethod conprising:
form ng an isolation region in the sen1conductor substrate, the isolation
regi on being recessed relative to a first region of the sem conductor

mat eri al adjacent to the |solat|on reglon t he |solat:on reg;on conpr35|ng
afirst dielectric mterjia ormng a first layer of a secon
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dielectric material being more resistant to hydrofluoric acid-conprisi
et chant s peHeimina R 1bxiodeisstvpicildy etch the expos@d niTtide metdned 124 withadmaisotfopict her

conpri si @%hgﬁ'r gﬂeﬁgst?y u%% ﬁjae o%/h masf 182 ¢ hl/(sdﬂlustlatcd in FIG. 4, in an exemplary

embodiment, the exposed nitride material 124 overlying the large active region 112 is etched
until the upper surface of the exposed nitride material 124 overlying the large active region
112 is substantially aligned with the upper surfaces of the nitride material 124 overlying the
isolation regions 104, 106. In this regard, variations in the thickness of the nitride material
124 relative to the upper surfaces of the semiconductor material 102 that may result from the
conformal deposition on large areas (e.g., active region 112) relative to smaller areas (e.g.,
active regions 108, 110) may be reduced. After removing portions of the exposed nitride
material 124 overlying the large active region 112 such that the nitride material 124 overlying
the active region 112 is substantially aligned with the nitride material 124 overlying the
isolation regions 104, 106, any remaining masking material 126 is removed.

[0021] Referring now to FIGS. 5-6, in an exemplary embodiment, the fabrication process
continues by removing portions of the nitride material 124 to obtain a substantially planar
surface 130 that 1s aligned with the upper surface of the oxide material 122, resulting in the
semiconductor device structure 100 illustrated by FIG. 5. In an exemplary embodiment, the
fabrication process planarizes the nitride material 124 to remove portions of the nitride
material 124 across the semiconductor substrate 102 until reaching the upper surface of the
oxide material 122. In other words, the fabrication process ceases planarizing the niiride
material 124 when the upper surfaces of the oxide material 122 are exposed. In accordance
with one embodiment, CMP is used to polish the nitride material 124 with a chemical slurry
for a predetermined amount of time such that the CMP stops when the upper surfaces of the
oxide material 122 are exposed. As illustrated in FIG. 5, when the upper surfaces of the oxide
material 122 are exposed, the nitride material 124 is completely removed from the active
regions 108, 110, 112, while portions of the nitride material 124 overlying the isolation
regions 104, 106 remain intact and provide hydrofluoric acid resistant caps 132, 134 that

encapsulate the upper surfaces of the oxide isolation regions 104, 106.



dielectric material overlying the isolation region and the first region
prior to formng the first layer, the first |ayer overlying the second
| ayer. 4. The method of claim3, wherein renoving the second
dielectric material conprises planarizing the first layer to obtain a
pl anar surface aligned with portions of the second | ayer overlying the
-first The nmet hod of claim.3, wherein: form ng

the sec oi@diﬁiyef}ﬁ%dﬁﬁwi\%sﬂle Fitrige maaital déposrtlying thactivei iegiogs dP&ctll; ghe
mat eri al Q. F(‘:'é ik ?1%0@5@%ohﬁﬁle@tb?/(?&nﬁﬁg%?9}?(%@% I)lti"gng b 8 kG- ﬁeﬂeuﬁr}%2 nd the
or ma Py e Seconé

formng the first layer conprises co eposi ting

di el ect r iped oaiderlil dlovenging yhagrtivh ecgitis H)Sdi]éﬂ),eldﬂrlb ©brat E}fel sahiiconductor device
structure 100 illusirated by FIG. 6. In an exemplary embodiment, a diluted hydrofluoric acid
etching process or another known etching process is performed to remove exposed oxide
material 114, 122 until the upper surfaces of the semiconductor material 102 of the active
regions 108, 110, 112 are exposed. In this regard, the nitride material 124 of the hydrofluoric
acid resistant caps 132, 134 protects the underlying oxide material 118, 120, 122 from the
etchant while the oxide material 114, 122 is removed from the active regions 108, 110, 112.
[0023}] By virtue of the layer of oxide material 122 being relatively thin (e.g., about 5 nm or
less) in addition to the pad oxide 114 being relatively thin (e.g., about 5 nm or less), the
difference between the upper surfaces of the nitride caps 132, 134 relative to the upper
surfaces of the surrounding semiconductor material 102 of the active regions 108, 110, 112 is
relatively small and corresponds to the combined thicknesses of the oxide layer 122 and the
pad oxide 114 (e.g., about 10 nm or less), thereby reducing the topographical variations across
the semiconductor substrate 102. Thus, reducing the thickness of the oxide layer 122 and/or
pad oxide 114 results in upper surfaces of the nitride caps 132, 134 that are more closely
aligned with the upper surfaces of the active regions 108, 110, 112, and accordingly, in
exemplary embodiments, the oxide layer 122 is as thin as possible. The pad oxide 114 is also
preferably as thin as possible; however, it will be appreciated that the thickness of the pad
oxide 114 may be constrained by other process steps (e.g., the process steps for etching the
trenches for the isolation regions 104, 106). It should be noted that in embodiments where it
is desirable to provide a highly planar surface across the semiconductor substrate, the
fabrication process may continue by performing one or more etch steps or planarization steps
to reduce the height of the nitride caps 132, 134 until they are substantially aligned with the
adjacent semiconductor material 102 of the active regions 108, 110, 112.
[0024] Referring now to FIG. 7, although one or more additional process steps may be
performed next, in the illustrated embodiment, transistor structures 140, 142 are formed on
the smaller active regions 108, 110. In this regard, the fabrication process continues forming
body regions (or well regions) 144, 146 for the transistor structures 140, 142 in the active
regions 108, 110, forming gate structures 148, 150 overlying the well regions 144, 146, and
forming spaced-apart source and drain regions 152, 154 about the gate structures 148, 150.

The body regions 144, 146 may be formed by doping the active regions 108, 110 in a
10



6. The method of claim5, the isolation region being recessed relative to
the first region by a first distance, wherein conformably depositing the
second dielectric material conprises depositing the second dielectric
material to a first thickness greater than the first distance. 7.
The method of claim6, wherein conformably depositing the third dielectric

mat eri al rises deposjting the third dielectric material to a second
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deposi ting an oxide matérial overlying the isol ation fegion and

regi on; 8@ The gate structures 148, 150 function as gate electrodes for the respective uanslslm
structures 140, 142, and may be fabricated using a conventional gate stack module or any
combination of well-known process steps. The gate structures 148, 150 preferably include at
least one layer of dielectric material 160, at least one layer of conductive gate electrode
material 162, and at least one layer of a dielectric capping material 164. In accordance with
one embodiment, the gate structures 148, 150 are formed by depositing one or more layers of
high-k dielectric material 160 overlying the semiconductor matertal 102, depositing one or
more layers of metal material 162 overlying the high-k dielectric material(s) 160, and
depositing one or more layers of dielectric material 164, such as a nitride material (e.g.,
silicon nitride, silicon oxynitride, or the like), overlying the metal material 164, and
selectively removing portions of the high-k dielectric material 160, metal material 162, and
capping material 164, preferably using an anisotropic etchant, to define the gate structures
148, 150. The remaining portions of the capping material 164 function as gate caps that
protect the underlying metal material 162 during subsequent process steps. [t should be
understood that various numbers, combinations and/or arrangements of materials may be
utilized for the gate structure in a practical embodiment, and the subject matter described
herein is not limited to any particular number, combination, or arrangement of gate
material(s) in the gate structure.
[0025] After the gafe structures 148, 150 are formed, spaced-apart source and drain regions
152, 154 may be formed about the gate siructures 148, 150 by implanting dopant ions of a
conductivity-determining impurity type into the semiconductor material 102 to a desired
depth and/or sheet resistivity using the gate structures 148, 150 as an implantation mask and
subsequent thermal annealing. The conductivity-determining impurity type of the implanted
ions used for the source/drain regions 152, 154 is of a conductivity type that is different from
the conductivity type of the body regions 144, 146, as will be appreciated in the art. It will be
apprectated that although not illustrated by FIG. 7, in some embodiments, onc or more

spacers may be formed about the sidewalls of the gate structure 148, 150 prior to the ion
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formng the first |ayer conprises conformably depositing a nitride materi al
overlying the oxide material. 10. The nmethod of claim9, wherein
renoving the second dielectric material conprises polishing the nitride
material until the oxide material overlying the first region is exposed.
11. The method of claim9, wherein renoving the second dielectric materi al
conprises renoving portions of the nitride material to obtain a planar

surface APPERBYORSERS thdelogiethmiseicantrevbe [ajgalgexiens of fliestourcsgirein regions
é?éllgfrﬁgéggggg%glh%%@?ﬁ?ﬁﬁ%ﬁ%ﬂgrf??g?rLZBPgh;rgzgv}ggn}ES ;h{;gnsistor
st ruct ur ¢0UR6] t Habficatsmn afeld samiconductor devikd stréetnret100dnof be E@bpleeatusing veell
Sem condyct of 'I'de | (':% Osnsta qses'\:m o g-Ct o '%Utht'ar,tlatneﬂg:e?rrlTlg{ !m?licra]l 111? formation of
sem condAGYSP ] BFAR, SEie SHER RoACEL I FET RO, g formation o
conductive contacts overlying the source/drain regions and/or gate structure, formation of
MOS capacitors and/or other elements on the large active region 112, and/or other back end
process steps, which will not be described in detail herein. By virtue of the hydrofluoric acid
resistant caps 132, 134, the isolation regions 104, 106 are not reduced in thickness during
subsequent process steps, for example, when hydrofluoric-acid comprising etchants are
subsequently used to remove or pattern oxide material or otherwise clean the surface of the
semiconductor substrate. In this regard, hydrofluoric-acid comprising etchants may be used
without removing or otherwise damaging the oxide material 118, 120 of the isolation regions
104, 106. The nitride material 124 remains intact along the periphery of the active regions
108, 110, 112 thereby reducing parasitic leakage currents and/or reducing the threshold
voltage (Vt) to device width (W) variations that may otherwise result from corner devices that
may be created when the gate stack overlaps onfo a recessed oxide isolation region. At the
same time, the trenches for the isolation regions are primarily occupied by oxide material 118,
120 to provide or otherwise maintain reduced parasitic capacitances between active regions
108, 110, 112. Additionally, the distance between the upper surfaces of the hydrofluoric acid
resistant caps 132, 134 and the upper surfaces of the semiconductor material 102 of the active
regions 108, 110, 112 may be made relatively small (e.g., 15 nm or less), such that the
semiconductor device structure 100 has a substantially planar surface prior to forming the
gate structures 148, 150, which in turn, improves fine geomeltry photoresist processing where
planar surfaces are desired.
[0027] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or embodiments described herein are not
intended to limit the scope, applicability, or configuration of the claimed subject matter in any
way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing the described embodiment or embodiments. It should
be understood that various changes can be made in the function and arrangement of elements
without departing from the scope defined by the claims, which includes known equivalents

and foreseeable equivalents at the time of filing this patent application.
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CLAIMS

1 A method of fabricating a semiconductor device on a semiconductor substrate
comprising a semiconductor material, the method comprising:

forming an isolation region in the semiconductor substrate, the isolation region being
recessed relative to a first region of the semiconductor material adjacent to the isolation
region, the isolation region comprising afirst dielectric material;

forming afirst layer of a second dielectric materia overlying the isolation region and
the first region, the second dielectric material being more resistant to an etchant than the first
dielectric material;

removing the second dielectric material overlying the first region leaving portions of
the second dielectric material overlying the isolation region intact; and

forming a second layer of athird dielectric material overlying the isolation region and
the first region prior to forming the first layer, the first layer overlying the second layer, and
wherein removing the second dielectric material comprises planarizing the first layer to
obtain a planar surface aligned with portions of the second layer overlying the first region

laterally adjacent to the isolation region.

2. The method of claim 1, wherein forming the isolation region comprises forming an
oxide material in a trench adjacent to the first region, the second dielectric material being

more resistant to hydrofluoric acid-comprising etchants than the oxide material.

3. The method of claim 1, wherein:

forming the second layer comprises conformably depositing the third dielectric
material overlying the isolation region and the first region; and

forming the first layer comprises conformably depositing the second dielectric
material overlying the third dielectric material.

4, The method of claim 3, the isolation region being recessed relative to the first region

by afirst distance, wherein conformably depositing the second dielectric material comprises

depositing the second dielectric materia to afirst thickness greater than the first distance.
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5. The method of claim 4, wherein conformably depositing the third dielectric materia
comprises depositing the third dielectric material to a second thickness less than the first

distance.

6. The method of claim 1, the isolation region being recessed relative to the first region
by afirst distance, wherein;

forming the second layer comprises forming the second layer having a first thickness
less than the first distance; and

forming the first layer comprises forming the first layer having a second thickness
greater than thefirst distance.

7. The method of claim 6, wherein:

forming the second layer comprises conformably depositing an oxide material
overlying the isolation region and the first region; and

forming the first layer comprises conformably depositing a nitride material overlying
the oxide material.

8. The method of claim 7, wherein removing the second dielectric material comprises

polishing the nitride material until the oxide material overlying the first region is exposed.

0. The method of claim 7, wherein removing the second dielectric material comprises
removing portions of the nitride material to obtain a planar surface aligned with the oxide

material overlying the first region.

10.  Themethod of claim 1, further comprising:
removing the third dielectric material overlying the first region; and

forming atransistor structure on the first region.

11. A method of fabricating a semiconductor device on a semiconductor substrate
comprising a semiconductor material, the method comprising:

forming an oxide isolation region adjacent to a first region of the semiconductor
material, the oxide isolation region being recessed relative to the first region;

conformably depositing a nitride material overlying the first region and the oxide
isolation region;
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removing the nitride material overlying the first region leaving a portion of the nitride
material overlying the oxide isolation region intact; and

conformably depositing an oxide material overlying the first region and the oxide
isolation region prior to conformably depositing the nitride material, and wherein removing
the nitride material comprises planarizing the nitride material to obtain a planar surface
aligned with the oxide material overlying the first region lateraly adjacent to the oxide
isolation region.

12. The method of claim 11, further comprising conformably depositing an oxide material
overlying the first region and the oxide isolation region prior to conformably depositing the
nitride material, wherein removing the nitride material comprises polishing the nitride
materia until the oxide material is exposed.

13.  The method of claim 11, the oxide isolation region being recessed relative to the first
region by afirst distance, wherein:

conformably depositing the oxide material comprises depositing the oxide material to
afirst thickness less than the first distance; and

conformably depositing the nitride material comprises depositing the nitride material

to a second thickness greater than the first distance.

14. A semiconductor device fabricated in accordance with any of the preceding claims.
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