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SEMICONDUCTOR DEVICES HAVING FIN STRUCTURES AND

FABRICATION METHODS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application

No. 61/515,452, filed August 5, 201 1 and entitled "Multigate Transistors", the contents

of which are herein incorporated by reference in their entirety.

FIELD

The present disclosure relates, in general, to semiconductor devices and, more

particularly, to semiconductor devices that include fm structures as well as an integration

scheme to incorporate planar transistors on the same substrate as fin-based transistors.

BACKGROUND

As the semiconductor industry looks toward the 22nm technology node and

beyond, some manufacturers are considering a transition from planar CMOS transistors

to the three-dimensional (3D) FinFET device architectures. In contrast to the gate in a

planar transistor, which sits above the channel, the gate of a FinFET wraps around the

channel, providing electrostatic control from multiple sides. Relative to planar

transistors, such FinFETs offer improved channel control and, therefore, reduced short

channel effects. Thanks to its intrinsically superior electrostatics control, the device

electrostatics of FinFETs are improved as the width of the devices (Fin) is aggressively

scaled (typically around 10-15nm for sub-22nm nodes applications). This is a result of

the so-called "double gate" field effect, and can be quantified by significant DIBL

reduction at small gate lengths (Lg), as the fm width (Wfi ) reduces.

For the specific integration of FinFET on Bulk Silicon (Bulk-FinFET), the use

of a "ground plane" right underneath the Si Fin has been studied. This ground plane is

provided to prevent a potential leakage path between source and drain, in any regions

which are low doped and not under direct control of the gate. In conventional Bulk-

FinFETs, the ground plane is formed via implantation of a doped layer at an energy

sufficiently high to cause the dopants to tunnel through the vertical length of the

substrate and form the ground plane in the area of the well. The ground plane formation



step is done after isolation features are formed. However, due to multiple factors (e.g.,

finite gradient of dopant profiles as-implanted, WPE, and backscattering from

implantation into the isolation oxide layers), the Si fm can be unintentionally doped. The

unintentional doping can degrade electrical performance, manifesting in matching issues

(due to Random Dopant Fluctuation) or drive current variations (due to mobility loss

from impurity scattering).

Moreover, in the case where this ground plane implant is performed after fm

formation, any variation in the actual fm height will translate into a change of dopants

position with respect to the top of the Fin. Therefore, the effective (or electrical) fm

height of the device varies as well. Worst yet, the ground plane may not be properly

formed. The variations in fm height are not only due to variations in process conditions,

but also due to loading effects and other pattern dependencies. These variations will

impact directly the key figures of merit of the devices (gate capacitance and drive

current), directly proportional to the device effective width. As a result of such

limitations, manufacturers are also considering utilizing SOI-FinFET device

architectures, which eliminate the need for the heavily doped ground plane by simply

providing Si fins on top of an insulator.

However, SOI-FinFET devices are not without issues. For example, one

significant issue is the inability to provide an adequate backside substrate contact to fix a

body voltage for the devices. This can lead to odd device characteristics, such as abrupt

increases in current or a history effect which can alter threshold voltages (Vt) over time.

Another significant issue is that the cost of an SOI substrate is prohibitive compared to

bulk silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments and their advantages,

reference is now made to the following descriptions, taken in conjunction with the

accompanying drawings, in which:

FIG. 1 illustrates a cross-section view of a semiconductor device according to

a particular embodiment;

FIGS. 2-4 illustrate various steps in a method for fabricating the

semiconductor device of FIG. 1; and



FIGs. 5A-5D illustrate various steps for forming FinFET and planar MOSFET

devices on a same substrate in accordance with a particular embodiment.

DETAILED DESCRIPTION

The embodiments are described with reference to the attached figures, wherein

like reference numerals are used throughout the figures to designate similar or equivalent

elements. The figures are not drawn to scale and they are provided merely to illustrate

the embodiments. Several aspects of embodiments are described below with reference to

example applications for illustration. It should be understood that numerous specific

details, relationships, and methods are set forth. One having ordinary skill in the relevant

art, will readily recognize that the invention can be practiced without one or more of the

specific details or with other methods. In other instances, well-known structures or

operations are not shown in detail to avoid obscuring the embodiments. The present

invention is not limited by the illustrated ordering of acts or events, as some acts may

occur in different orders and/or concurrently with other acts or events. Furthermore, not

all illustrated acts or events are required to implement a methodology in accordance with

the present invention.

The various embodiments provide a Bulk-FinFET device architecture that

limits or eliminates both the amount of undesired fin doping and effective fin height

variations to render the fin substantially undoped. to thereby reduce the degree of

variation in threshold voltage arising from random dopant fluctuation in the fins. In

particular, the various embodiments provide an integration scheme consisting of, prior to

the isolation and fin formation modules, (1) forming the wells and heavily doped layers

in a surface of a substrate via implants or other doping techniques; (2) growing an

undoped epitaxial layer (epi-layer) on the substrate after forming the heavily doped

region; and (3) patterning the epi-layer to define the fins. Thereafter, the fins are then

used to form FinFET devices.

The integration scheme described above provides several advantages of SOI-

FinFETs, but in a Bulk-FinFET structure. First, a truly undoped fin on a highly doped

layer can be formed since no channel implantations are performed subsequent to the

formation of the epi-layer. As a result, improvements in electrical characteristics, such as

improved matching characteristics and higher mobility from less impurity scattering, are



possible.

Second, this integration scheme enables the matching coefficient of Bulk-

FinFET to reach ~1.0-1.2mV/um, closely matching that reported for undoped SOI-

FinFET devices. Further, global uniformity of the electrical performance is improved

through a decoupling of the effective (or electrical) fin height from variations in etch and

implant processes. Rather, fin height is primarily instead set by the epitaxial film

thickness, for which uniformities of 0.1% or better are achievable. For example, for a

silicon epi-layer of 30-40nm, the epi-layer thickness wafer uniformity can be within +/-1

nm ( 1 sigma), which is much tighter than the uniformity achievable for the physical fin

height via the conventional combination of etch processes and implant processes.

Other possible benefits include enhanced threshold voltage (Vth) tuning

sensitivity by ground plane concentration change and enhanced body coefficient.

Further, since no halo implantation is required and the well/ground well implantation is

performed prior to STI, the integration scheme is also expected to reduce Well Proximity

Effects.

Now turning to FIG. 1 there is shown a cross-sectional view of an exemplary

semiconductor device 10, before the formation of the gate, according to a particular

embodiment. Semiconductor device 10 includes a fin structure 14 formed on a

semiconducting substrate 12 by a combination of lithographic and etch processes. In the

illustrated embodiment, semiconductor device 10 includes a channel region 60 formed in

fin structure 14 by way of a substantially undoped semiconductor layer, overlying a

heavily doped region 18 and, optionally, a well region 19. Adjacent to fin structure 14

on either side is isolation oxide 16. Semiconductor device 10 can operate at higher

speeds and/or with reduced power consumption. As used herein, the term

"semiconducting substrate" refers to any type of substrate or supporting layer having one

or more layers of semiconducting materials disposed thereon. These can include silicon-

on-insulator substrates, bulk silicon substrates, or epi-silicon substrates, to name a few.

As illustrated by FIG. 1 fin structure 14 is formed on semiconducting substrate

12. Substrate 12 in this embodiment represents a substrate of semiconductor material

having a heavily doped layer 18 formed therein. Heavily doped layer 18 represents a

layer of heavily concentrated doped semiconductor material (5 x 10 18 to 1020 atom/cm3).

As shown in FIG. 1, this layer can be configured as an anti-punch through layer (APT).



Fin structure 14 represents a structure formed of semiconductor material on

top of semiconducting substrate 1 that extends outward and/or upward from

semiconducting substrate 12. In the particular configuration of FIG. 1, the fm structure

14 extends at least through the channel region and preferably through the heavily doped

layer 18. In some configurations, the fm structure 14 can further extend through the well

layer 19. As noted above, the fm structure 14 is formed preferably by depositing an epi-

layer that is substantially undoped (<10 1 atoms/cm3) and subsequently patterning to

form the fin structure 14. In particular embodiments, the width of fm structure can be

between 5 and 50nm, such as lOnm.

As noted above, channel region 60 also represents a region of fm structure 14.

In particular, channel region 60 is formed from semiconductor material in fm structure

14 by defining a portion of fm structure 14 into which no types of impurities are added.

As a result, channel region 60 defines a channel region that is substantially undoped.

Because channel region 60 is formed as a part of fm structure 14 extending

from semiconducting substrate 12 and heavily doped layer 18, the gate (not shown) is be

formed to abut channel region 60 along multiple boundaries, faces, sides, and/or portions

of channel region 60. The gate is formed by first depositing or growing a layer of oxide

at these boundaries. Then, preferably, a stack of metal is formed to provide a gate

electrode. However, the various embodiments are not limited in this regard and other

types of gate electrode materials can also be used.

As noted above, the heavily doped layer 18 (and well region 19) is formed

prior to formation of isolation regions. Further, the heavily doped layer 18 can be

formed in a variety of ways. In particular embodiments, the heavily doped layer 18 is

formed by implanting appropriate species to form one or more heavily doped regions.

Similarly, the well region 19 is formed by implanting appropriate species to form one or

more well regions. This process is schematically illustrated in FIG. 2. In one exemplary

process, the semiconducting substrate 12 is a p-type conductivity substrate. Then, p-type

doping materials, such as boron (B), gallium (Ga), indium (In), or any other suitable p-

type dopant, can be provided. In one exemplary process, a boron well implant(s) and

additional boron implant(s) are provided. The implants can be configured to result in a

p-type doping concentration at the surface between 5 x 10 18 to 1 x 1020 atom/cm3.

Depending on the process conditions, additional implants can also be provided to limit



the amount of B (or other p-type dopants) allowed to diffuse into the epi-layer during

subsequent steps. For example, a Ge amorphization implant and a C+ implant can be

utilized to provide a surface layer of substitutional C to reduce or eliminate B diffusion

during subsequent processing steps. For another FinFET, n-type doping materials, such

as antimony, arsenic, phosphorous, or any other appropriate n-type dopant, can be

provided. For example, a phosphorous well implant(s) and an arsenic implant(s) can be

provided. The implants can be layered to provide regions of differing dopant

concentrations to achieve the electrical characteristics desired. Again, the implants can

be selected to provide an n-type doping concentration at the surface between 5 x 10 18 to

1 1020 atom/cm3.

Following the formation of the heavily doped layer 18 and the well region 19,

the undoped channel can be formed. FIG. 3 illustrates semiconducting substrate 1 after

an epi-layer 13 of undoped semiconductor material has been formed on top of heavily

doped layer 18. In a particular embodiment, the epi-layer 13 can be a layer of 30nm to

40nm of silicon. Epi-layer 13 will subsequently be used to form fin structure 14. The

epi-layer 13 is formed on top of heavily doped layer 18 using any appropriate epitaxial

growth techniques to deposit the epi-layer 13. In some embodiments, the

semiconducting substrate 12 is a silicon-comprising substrate and the epi-layer 13 is a

layer of silicon. In these embodiments, various chemical vapor deposition techniques

can be used to form the epi-layer 13. These include ultra-high vacuum CVD, low

pressure CVD, and remote plasma CVD, to name a few. However, the various

embodiments are not limited in this regard and any other techniques for forming silicon

epi-layer are equally applicable.

The present disclosure also contemplates that epi-layer 13 can be formed using

other materials compatible with a silicon substrate. For example, epi-layer can be a layer

of a silicon germanium alloy, a silicon germanium carbon alloy, a silicon carbon alloy, or

a germanium carbon alloy. Further, the present disclosure also contemplates that the

composition of the semiconducting substrate 12 and the epi-layer 13 are not limited to

Column IV elements. Rather, the methods described herein and devices therefrom can

be based on any other types of semiconductor materials without limitation.

Referring now to FIG. 4, this illustrates a fin patterning process that is

performed, in particular embodiments, after epi-layer 13 has been formed on top of



heavily doped layer 18. A hard mask 40 is applied to appropriate portions of

semiconducting substrate 12 to delineate fin structure 14. Mask 40 can comprise silicon

oxide, silicon oxide nitride, silicon nitride layer, a combination of these materials, and/or

any other appropriate material for protecting portions of epi-layer 13 directly below mask

40 from etching. After mask 40 has been applied, a layer of photoresist is applied on top

of mask 40, and semiconducting substrate 12 is then be etched to form fin structure 14.

Various processes such as optical lithography, immersion lithography, imprint

lithography; direct write e-beam lithography, x-ray lithography, or extreme ultraviolet

lithography can be used to define this pattern in the photoresist. An etch process, such as

plasma etching, is then used to complete the patterning process to form fin structure 14.

Any other etching processes can also be used in the various embodiments. Mask 40 can

then be removed or retained for subsequent steps as appropriate based on the particular

techniques being utilized.

As noted above, some processes for forming epi-layer 13 can provide

variation in uniformity on the order of 0.5% or better. Accordingly, the thickness of the

epi-layer 13 across the semiconducting substrate 12 is well-known. Further, selected

etch processes can be used that provide high levels of uniformity as well. For example, a

dry, plasma etch processes are available that provide 2-5 nm accuracy. Accordingly, the

combination of these two levels of uniformity allows the etch process to accurately target

an etch process that substantially achieves a desired thickness of the epi-layer 13 for the

resulting fin.

Subsequent to etching process that forms the fin structure 14, an dielectric

layer 42 is formed over the entire structure as a blanket film. In a particular embodiment,

a silicon oxide is deposited using a chemical vapor deposition method at a temperature

that is selected to avoid the dopants from heavily doped region 18 from migrating up into

the channel 60. Thereafter, an etch process is used to remove a portion of the dielectric

layer 42 down to a pre-selected level to define the isolation dielectric 16. Preferably, the

etch process is configured to so that the top surface of the resulting isolation dielectric 16

is at or near the top surface of the heavily doped region 18, as illustrated in FIG. 1.

In some embodiments, prior to the etching of dielectric layer 42, a

planarization etch or polish process can be performed as a first step so that the dielectric

layer 42 can be removed to the level of the top surface of fin structure 14. Examples of



suitable polish processes include chemical mechanical polishing or mechanical polishing.

Then the etch can proceed through the vertical length of the fin structure 14 so that as a

result, at least the undoped portion (channel 60) of the fin structure 14 is exposed,

yielding an exposed fin structure 15, and the remainder of the fin structure 14 is

surrounded by the isolation dielectric 16. After the dielectric 42 is etched, resulting in

the exposure of channel 60, the gate structure can be formed (not shown) so that the gate

materials (e.g., gate dielectric and gate electrode) wraps around the exposed surfaces of

fin structure 14 (i.e., around exposed fin structure 15).

The result of this process is that the electrical height of the exposed fin

structure 15 (i.e., the height of channel 60, represented by Hfin eff) and the actual height

of the exposed fin structure 15 are the same or substantially the same. As a result of the

process described above, the portion of the exposed fin structure 15 associated with

heavily doped layer 18 is relatively small. As a result, all undoped regions of channel 60

are under direct control of the gate structure subsequently formed. Further, even if some

portions of heavily doped layer 18 are under control of the gate structure subsequently

formed, the high doping therein will prevent this portion of fin structure 14 from

significantly affecting operation of device 10.

The present disclosure also contemplates that the methodology described

above can be utilized to allow planar CMOS and FinFET devices to be concurrently

formed on the same substrate. Specifically, the methodology described above can be

useful for integrating deeply depleted channel (DDC) transistor devices with FinFET

devices. DDC transistor devices are amenable to the process flow described above, as

they also use a substantially undoped layer for the channel formed on top of one or more

highly doped layers.

DDC transistors are formed, for example, by forming a well for the CMOS

devices by implanting dopants into a substrate to form a heavily doped screen layer (5 x

10 18 to 1 1020 atoms/cm3) . This can be followed by an undoped or slightly doped

(collectively "substantially undoped") blanket epitaxial layer (<5x 10 1 ) deposited over

the screen layer, extending across multiple die and transistor die blocks. Such a blanket

epitaxial layer should be formed so as to reduce upward migration of scattered dopants

emplaced during the well implant. In some configurations, lightly doped threshold
17 19 3voltage (Vth) adjustment layers (between 5 10 and x 10 atoms/cm ) can also be



formed in or adjacent to the screen layer in order to allow finer adjustment of threshold

voltage and control against unwanted leakage current. Preferably, conventional

threshold voltage setting methods by way of channel implants or halo implants are not

used in the fabrication of DDC transistors. However, other various embodiments exist.

Details regarding exemplary DDC transistor structures are more completely

described in U.S. Patent Application Serial Number 12/708,497 titled "ELECTRONIC

DEVICES AND SYSTEMS, AND METHODS FOR MAKING AND USING THE

SAME" and filed February 18, 2010, U.S. Patent Application Serial Number 12/971,884

titled "LOW POWER SEMICONDUCTOR TRANSISTOR STRUCTURE AND

METHOD OF FABRICATION THEREOF" and filed December 17, 2010, U.S. Patent

Application Serial Number 12/971,955 titled "TRANSISTOR WITH THRESHOLD

VOLTAGE SET NOTCH AND METHOD OF FABRICATION THEREOF" and filed

December 17, 2010, U.S. Patent Application Serial Number 12/895,785 titled

"ADVANCED TRANSISTORS WITH THRESHOLD VOLTAGE SET DOPANT

STRUCTURES" and filed September 30, 2010, the disclosures of which are hereby

incorporated by reference in their entirety, and U.S. Patent Application Serial Number

12/895,813 titled "ADVANCED TRANSISTORS WITH PUNCH THROUGH

SUPPRESSION" and filed September 30, 2010.

Referring now to FIG. 5A, the process can first begin with formation of a

heavily doped layer region 518 at the surface of semiconducting substrate 512.

Optionally, a well region (not shown) can also be formed, as previously described. The

heavily doped layer region 518 is for the to-be-formed FinFET device and for the to-be-

formed DDC device. Although the doping concentration in the heavily doped region 518

can be selected for purposes of providing an adequate body for a FinFET, the doping

concentration can also be selected for a CMOS device, such as a DDC device. For

example, in the case of a DDC device, the heavily doped region 518 can be configured to

provide a highly doped screening layer ("SCREEN" in FIGs. 5A-5D) and the Vth

adjustment layer ("VT" in FIGs. 5A-5D) for the DDC device. The dopant levels and

materials for the heavily doped layer region 518 are selected for each device, and may be

the same or may differ. If the dopant levels and/or materials differ, then masking steps

are used to block off areas for differential doping.

The substantially undoped epi-layer 513 can then be formed, as shown in FIG.



5B. The epi-layer 513 can be formed in substantially the same manner as previously

described. Thereafter, the epi-layer 513 can be pattered, using lithography and etch steps,

to simultaneously form structures 514 and 554, as shown in FIG. 5C. In the

embodiment illustrated in FIG. 5C, structure 514 is a fin structure while structure 554 is

a device island or an active area structure or region for forming planar devices thereon.

In FIG. 5C, the well implants are not shown for ease of illustration. It is worth noting

that the etching of the epi-layer 513 can also be utilized to define isolation features

between the structures 514 and 554. Thus, the etch process can be configured so as to

etch specific regions of the epi-layer 513, the underlying portions of the heavily doped

region 518, and portions of semiconducting substrate 512.

Next, a dielectric 542 is deposited to cover over all of the etched portions.

This can be performed, preferably, using chemical vapor deposition in a process that is

below the maximum temperature to avoid dopants migrating up into the substantially

undoped epi-layer 513. Then, the dielectric 542 is etched back to a desired depth to work

as isolations for both the FinFET and the planar device to yield isolation dielectric 516.

As a result of the etch of dielectric 542, the dielectric isolation 516 will be at a depth

defining the bottom of an exposed fin structure 515, to be used to define a FinFET

device(s), and will be aligned with an upper surface of the active area region 554 to

provide isolation for the planar device(s) formed thereon.

Additional processing can then be performed to form the planar and FinFET

devices, as also shown in FIG. 5D. In particular, gate dielectric 530 is formed on the

exposed sides of exposed fin structure 515. A gate dielectric 560 is also formed on the

upper surface of the active area regions 554. The gate dielectrics 530 and 560 can be the

same or different and can be formed using the same or different processes. Preferably,

gate dielectrics 530 and 560 are both formed using a thermal oxidation process in a

furnace, using a temperature suitable to avoid dopants from migrating up into the

substantially undoped channel areas. Gate electrodes 532 and 562 for each device are

then preferably formed from metal using a physical vapor deposition process. Materials

can include TiN, Al alloys, W and other materials or combinations thereof to achieve a

desired work function. For the planar device, gate electrode can be formed using a gate-

first approach or gate-last approach. Additionally, source and drain regions 570 are

formed for the planar device(s). In a particular embodiment, these regions can be formed



via implants into the active area region 554. Such a process can include formation of

spacer features 572 in the active area region 554, for source/drain extension implants.

The present disclosure also contemplates that additional process steps can be

provided for the planar CMOS devices. For example, the channel region for the planar

CMOS devices can require a higher doping concentration than the FinFET devices and

therefore, additional doping steps would be used. In still another example, selective

etching of the active area structure 554 can be performed prior to the formation of gate

dielectric 560 and gate electrode 562 to reduce the thickness of the epi-layer for the

planar CMOS devices.

The present disclosure also contemplates that following formation of the

structure of FIG. 5C, the process flow can proceed in a bifurcated manner. That is, many

or all of the processing steps for the different device types can be performed separately.

This can be accomplished via the use of masking layers to prevent process steps from

being performed on certain devices. For example, masking layers can be utilized to

allow different processes and materials for the gate dielectric, the gate electrode, and

device implants, to name a few. However, the various embodiments are not limited in

this regard and any other processes for the different devices can also be bifurcated.

While various embodiments have been described above, it should be

understood that they have been presented by way of example only, and not limitation.

Numerous changes to the disclosed embodiments can be made in accordance with the

disclosure herein without departing from the spirit or scope of the embodiments. Thus,

the breadth and scope of the present invention should not be limited by any of the above

described embodiments. Rather, the scope of the invention should be defined in

accordance with the following claims and their equivalents.

Although the embodiments have been illustrated and described with respect to

one or more implementations, equivalent alterations and modifications will occur to

others skilled in the art upon the reading and understanding of this specification and the

annexed drawings. In addition, while a particular feature of an embodiment may have

been disclosed with respect to only one of several implementations, such feature may be

combined with one or more other features of the other implementations as may be

desired and advantageous for any given or particular application.



The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless

the context clearly indicates otherwise. Furthermore, to the extent that the terms

"including", "includes", "having", "has", "with", or variants thereof are used in either the

detailed description and/or the claims, such terms are intended to be inclusive in a

manner similar to the term "comprising."

Unless otherwise defined, all terms (including technical and scientific terms)

used herein have the same meaning as commonly understood by one of ordinary skill in

the art. It will be further understood that terms, such as those defined in commonly used

dictionaries, should be interpreted as having a meaning that is consistent with their

meaning in the context of the relevant art and will not be interpreted in an idealized or

overly formal sense unless expressly so defined herein.



CLAIMS

What is claimed is:

1. A method of fabricating semiconductor devices, comprising:

providing a semiconducting substrate;

defining a heavily doped region at a surface of the semiconducting substrate in at

least one area of the semiconducting substrate, the heavily doped region comprising at

least one heavily doped layer, the at least one heavily doped layer having a doping

concentration greater than a doping concentration of the semiconducting substrate and of

a first conductivity type ;

forming an additional layer of semiconductor material on the semiconducting

substrate, the additional layer comprising a substantially undoped layer;

applying a first removal process to the semiconducting substrate to define at least

one unetched portion and at least one etched portion in the at least one area, the at least

one unetched portion defining at least one fin structure, and the at least one etched

portion extending through at least the thickness of the additional layer;

forming a dielectric in the at least on etched portion with a thickness selected so

that the additional layer in the at least one fin structure remains exposed; and

forming a gate that wraps around the exposed surfaces of the at least one fin

structure.

2. The method of claim 1, wherein the forming comprises:

prior to applying the first removal process, providing a stop layer on the additional

layer in a pattern corresponding to the at least one fin structure;

subsequent to applying the first removal process, depositing a blanket dielectric

film on the semiconducting substrate;

applying a planarization process to the semiconductor substrate so that a

planarized surface of the blanket dielectric film coincides substantially with the stop

layer; and

applying a second removal process to the semiconducting substrate that

preferentially removes the blanket dielectric film over other materials.

3. The method of claim 1, wherein defining the heavily doped region comprises



implanting at least one species for providing dopant atoms of the first conductivity type

to a concentration of about 5 x 1018 to 1 x 1020 atoms/cm3.

4. The method of claim 1, wherein defining the heavily doped region comprising

forming at least one barrier layer at the surface of the semiconducting substrate for

preventing diffusion of dopants into the additional layer,

5. The method of claim 1, wherein the semiconducting substrate comprises one of a

bulk silicon substrate, an epi substrate, or a silicon-on-insulator substrate.

6. The method of according to any of claims 1-5, wherein forming the additional

layer comprises depositing a layer of epitaxial silicon.

7. A method of fabricating semiconductor devices, coniprising:

providing a silicon substrate;

defining a heavily doped region at a surface of the silicon substrate in at least one

area of die silicon substrate, the heavily doped region comprising at least one heavily

doped layer, the at least one heavily doped layer having a doping concentration greater

than a doping concentration of the semiconducting substrate and of a first conductivity

type;

forming an additional layer of semiconductor material on the silicon substrate, the

additional layer comprising a substantially undoped silicon-comprising epitaxial layer,

applying a first removal process to the silicon substrate to define at least one

unetched portion and at least one etched portion in the at least one area, the at least one

unetched portion defining at least one fin structure, and the at least one etched portion

extending through at least a portion of the heavily doped region;

disposing at least one dielectric layer in the at least one etched portion, the

thickness of the at least one dielectric layer selected to so that the upper surface of the at

least one dielectric layer abuts the heavily doped region; and

forming a gate in the at least fin structure to provide at least one FinFET device.

8. The method of claim 7, wherein the disposing comprises:



prior to applying the first removal process, providing a stop layer on the additional

layer in a pattern corresponding to the at least one fin structure;

subsequent to applying the first removal process, depositing at least one blanket

dielectric film on the silicon substrate;

applying a planarization process to the silicon substrate so that a planarized

surface of the at least one blanket dielectric film coincides substantially with the stop

layer; and

applying a second removal process to the silicon substrate that preferentially

removes a portion of the at least one blanket dielectric film over other materials to yield

the at least one dielectric layer.

9. The method of claim 7, wherein defining the heavily doped region comprises

implanting at least one species for providing dopant atoms of the first conductivity type.

10. The method of claim 7, wherein defining the heavily doped region comprises

forming at least one barrier layer at the surface of the silicon substrate for preventing

diffusion of dopants into the additional layer.

11. The method of claim 7, wherein the silicon substrate comprises one of a bulk

silicon substrate, an epi substrate, or a silicon-on-insulator substrate.

12. The method of claim 7, wherein substantially undoped silicon-comprising

epitaxial layer comprises a substantially undoped silicon epitaxial layer.

13. A method of fabricating semiconductor devices, comprising:

providing a semiconducting substrate;

defining a heavily doped region at a surface of the semiconducting substrate in at

least one area of the semiconducting substrate, the heavily doped region comprising at

least one heavily doped layer, the at least one heavily doped layer having a doping

concentration greater than a doping concentration of the semiconducting substrate and of

a first conductivity type ;

forming an additional layer of semiconductor material on the semiconducting



substrate, the additional layer comprising a substantially undoped layer;

applying a first removal process to the semiconducting substrate to define at least

one first unetched portion, at least one second unetched portion, and at least one etched

portion in the at least one area, the at least one first unetched portion defining at least one

fm structure, the at least one second unetched portion defining at least one planar active

area, and the at least one etched portion extending through at least through a portion of

the heavily doped layer;

forming at least one dielectric layer in the at least one etched portion so that an

upper surface of the at least one dielectric layer abuts the heavily doped region in the at

least one fm structure and abuts an upper surface of the additional layer in the at least

one planar active area; and

forming a gate in the at least one fm structure to provide at least one FinFET

device; and

forming a gate in the at least one planar active region to provide at least one

planar MOSFET device.

14. The method of claim 13, wherein the at least one etched portion extends through

the heavily doped region.

15. The method of claim 13, wherein the disposing comprises:

prior to applying the first removal process, providing a stop layer on the additional

layer in a pattern corresponding to the at least one fin structure and the at least one planar

active area;

subsequent to applying the first removal process, depositing at least one blanket

dielectric film on the silicon substrate;

applying a planarization process to the semiconducting substrate so that a

planarized surface of the at least one blanket dielectric film coincides substantially with

the stop layer;

forming a masking layer over the at least planar active area and adjoining portions

of the planarized surface; and

applying a second removal process to the semiconducting substrate that

preferentially removes a portion of the at least one blanket dielectric film over other



materials to yield the at least one dielectric layer.

16. The method of claim 13, wherein defining the heavily doped region comprises

implanting at least one species for providing dopant atoms of the first conductivity type.

17. The method of claim 13, wherein defining the heavily doped region comprises

implanting at least one species for providing at least one threshold voltage adjustment

layer for the at least one planar MOSFET device.

18. The method of claim 13, wherein defining the heavily doped region comprises

forming at least one barrier layer at the surface of the silicon substrate for preventing

diffusion of dopants into the additional layer.
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