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(57) ABSTRACT

A semiconductor device with improved source/drain junc-
tions and methods for fabricating the device are disclosed. A
preferred embodiment comprises a MOS transistor with a
gate structure overlying a substrate, lightly doped source/
drain regions formed in the substrate aligned to the gate
structure, sidewall spacers formed on the sidewalls of the
gate structure and overlying the lightly doped source/drain
regions, deeper source/drain diffusions formed into the sub-
strate aligned to the sidewall spacers and additional pocket
implants of source/drain dopants formed at the boundary of
the deeper source/drain diffusions and the substrate. In a
preferred method, the additional pocket implants are formed
using an angled ion implant with the angle being between 4
and 45 degrees from vertical. Additional embodiments
include recesses formed in the source/drain regions and
methods for forming the recesses.
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METHOD AND APPARATUS FOR
SEMICONDUCTOR DEVICE WITH
IMPROVED SOURCE/DRAIN JUNCTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application relates to the following co-pending and
commonly assigned patent application Ser. No. 11/438,711,
filed May 22, 2006, entitled “Transistors with Stressed
Channels and Methods of Manufacture,” which application
is hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to a system and
method for forming transistors in advanced semiconductor
processes having contacts extending through a layer, typi-
cally a contact etch stop layer, including added implants in
the channel region of a transistor to reduce the junction
leakage that occurs in such devices fabricated with methods
of the prior art. The transistors may be fabricated using
intentionally induced tensile and/or compressive stress/
strain layers to stress/strain the channel regions and there-
fore to enhance the carrier mobility of some or all of the
devices. The contact etch stop layer may be used as the
stress/strain layer. The transistors may also include recessed
silicon areas on either side of the gate area to enhance
performance. The transistors may include NMOS, PMOS
transistors or in a complementary MOS process, the tran-
sistors formed using the inventive process and structures
may include both types of devices, and may include
enhancements to further increase performance such as ret-
rograde wells, well halo implants, and graded source drain
junctions. Epitaxial layers may be used as an alternative to
a semiconductor substrate.

BACKGROUND

Generally, the minimum feature size fabricated in a par-
ticular semiconductor process is an objective measure that
indicates how advanced, and how complex, that process is.
Currently integrated circuits manufacturers may fabricate
silicon integrated circuits using 65 nanometer (sometimes
“65 nm”) minimum feature size processes and are transi-
tioning to 45 nanometers (“45 nm”) processes in the imme-
diate future, further advances will lead to processes with
even smaller minimum feature sizes. Smaller minimum
feature sizes increase the density of devices, increase the
number of devices that may be incorporated into a single die,
increase the switching speeds of the transistors and thus the
performance of the integrated circuits produced using the
process, and may increase the number of integrated circuits
that can be produced on a single semiconductor wafer, thus
lowering manufacturing costs and making increased perfor-
mance possible at the same time.

One disadvantage of the prior art semiconductor devices
is that as the fabrication processes shrink in size, undesirably
increased junction leakage currents may occur due to the
geometric features of certain regions that are formed adja-
cent to, or in proximity to, each other during the manufacture
of, for example, MOS semiconductor transistor devices,
which includes P channel MOS and N channel MOS tran-
sistors. Various approaches to improving the leakage current
performance of these devices have been proposed, but these
known approaches typically require extra processing steps,
and therefore add additional cost and complexity to the
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processing methods; including the need for additional pho-
tolithographic masks and repeated use of photoresist, etch,
implant and photoresist strip steps to achieve the desired
geometric shapes in the finished devices.

Further the process tolerances and manufacturing varia-
tions that occur during processing may cause slight mis-
alignment in certain process steps. Sometimes this slight
misalignment results in a contact structure made to a source
or drain diffused region actually forming slightly out of
alignment, or forming slightly deeper than intended, and
thereby electrically and/or physically contacting or forming
very near a junction boundary between a diffusion region
and a well region, which can increase the leakage current of
the fabricated device. As the processes continue to shrink in
size, this kind of leakage current becomes more prevalent
and the resulting leakage current degrades the performance
of the finished integrated circuits below the expected per-
formance, and may even cause finished devices to be
scrapped, the misalignment then increasing the costs of
production of the integrated circuits by lowering the yield of
the process.

FIG. 1 depicts an illustration, not to scale, in cross
sectional view, of a conventional MOS device depicting one
of either a P or N channel MOS transistor 1 fabricated using
present processing techniques.

In FIG. 1, a substrate 3 which may be doped to a P or N
type as is known in the art, is provided. Retrograde well 10
is formed which has the doping needed to support a channel
for the MOS transistor, e.g. for an N channel transistor, the
well is a P type, for a P channel transistor, the well is an N
type dopant. The well is often doped with slow diffusing ions
for example indium for N type devices, and arsenic or
antimony for P type devices.

Standard features for a MOS transistor are shown, a gate
oxide 7 is formed from a thermally grown or CVD deposited
oxide layer or sometimes an oxide and a nitride is used,
conductive gate 9 which can be formed of a conductive
material such as a polysilicon material is formed. The gate
material is used in a self aligned process and lightly doped
drain (LLDD) regions 11 are formed by implanting the correct
dopant species (boron for N channel devices, phosphorous
for P channel devices) and following the implant with a
thermal anneal or sometimes a rapid thermal anneal. Halo
implants 13 are performed and again use the slow diffusing
species appropriate for the type of MOS transistor being
formed, these slow diffusing halo implants prevent out
diffusion of the more mobile implanted ions in the lightly
doped drain regions (sometimes called “L.LDD” or, source
drain extensions, “SDE”) into the channel region by creating
a guard region around and beneath the lightly doped drain.
These implants may be performed at an acute angle to the
vertical so that they can extend beneath the gate region.

Sidewall spacers 15 are formed on the gate polysilicon
using conventional oxide and nitride deposition or thermal
growth techniques. The sidewalls are then used during a
second self aligned implant step to form the deeper source
and drain diffused regions 17 using the appropriate dopant,
boron or phosphorous, to complete the MOS transistor
source and drain regions. Again slow or rapid thermal anneal
steps may be used to drive and activate the dopants in the
diffusion regions. Since the source and the drain of the
transistor are symmetrical and which one is the source and
which the drain is arbitrarily chosen based on the electrical
connections made later, these regions are usually referred to
simply as source/drain regions.

Following formation of the source/drain diffusion regions,
a conductive metal such as titanium may be deposited over
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the diffusion regions to form a silicide, again a self aligned
process is used, so that this is often referred to as a salicide
layer, Layer 21 in FIG. 1 depicts the salicide regions which
are formed over the polysilicon gate and the source and drain
regions 17. Various known processes for forming the sali-
cide 21 may be used. The formation of salicide over these
regions results in a lower resistivity, improving performance
of the finished transistor.

A contact etch stop layer (sometimes, CESL) 23 is applied
over the structure to complete the intermediate structure for
transistor 1 as shown in FIG. 1. This CESL layer 23 may also
be used to apply physical stress or strain onto the channel
region for the MOS device in order to increase carrier
mobility and performance, as is known in the art. Shallow
trench isolation (STI) regions 5 are shown and isolate the
completed MOS transistor 1 from adjacent devices (not
shown), also, as is known in the art, various other isolation
methods such as field oxide regions may be used. The
transistor 1 may be formed in a well first formed in a
substrate, or, in an epitaxial layer formed over an insulator,
such as an SOI structure, also as is known in the art.

FIG. 2 depicts the prior art transistor 1 of FIG. 1 in cross
section after further process steps have been completed. In
FIG. 2, an interlevel dielectric or isolation layer (sometimes
referred to as ILO) 25 is formed over the CESL layer 23, this
insulating layer may be formed of oxide or oxide and nitride
layers as is known in the art. Interlevel dielectric layer 25 is
subsequently patterned to form a via for a contact region
which is then subsequently filled with a conductive material
29 to form contact over the source/drain region 17 and
extending through the interlevel dielectric layer 25. A first
level of metallization 27 is formed overlying the interlevel
dielectric layer 25 and may be formed of aluminum or
copper as is known in the art. This metallization layer
overlies the top of and electrically contacts the contact 29
and forms an electrical connection to the source/drain region
17.

FIG. 2 also depicts the effects of misalignment as occurs
in the prior art processing steps. Region 31 in FIG. 2 depicts
the contact material extending almost through the lightly
doped drain region 11 at a point near the boundary of the
lightly doped drain 11 and the halo implant 13. In a more
severe case, the contact material might extend completely
through the lightly doped drain region. In any event, the
contact 29 as shown in FIG. 2 is too near the boundary of the
outer surface of the lightly doped drain diffusion region 11
with the halo implant 13, and thus junction leakage currents
can flow from the source/drain contact 29 into the channel
region, which is a failure caused by the misalignment.
(Ideally, the contact 29 would end at or very near the surface
of the source/drain region 17 and would not extend into the
lightly doped drain region 11 as shown.)

FIG. 3 is a prior art drawing which depicts in cross section
the region 31 and other features of the transistor 1 from FIG.
2 in a closer view, again this drawing is not to scale. The
bottom and side edges of contact 29 are shown extending
into the lightly doped drain region 11 and are formed very
close to the outer boundary of the LDD region 11 and the
well region where the halo implant 13 meets the LDD
region. Again it can be seen that the contact 29 in this
example is formed too near the LDD boundary. This prox-
imity results in additional leakage current and correspond-
ingly poor performance of the completed devices.

Certain prior art approaches to adding spacing in the gate
sidewall area where the source/drain contacts are made
adjacent a gate electrode sidewall are known. U.S. Pat. No.
6,207,519, to Kim et al., issued Mar. 27, 2001, describes a
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method of creating double sidewall spacers for a self aligned
source contact in a MOS device by repeatedly performing
implants, and anneals, growing a spacer on a sidewall of a
gate electrode. Kim et al. provides additional spacing for the
source contact away from the channel region. If this known
process were applied to a CMOS device, it would require
additional mask, photoresist, implant and strip steps for both
the N-MOS and P-MOS ftransistors resulting in several
additional processing steps. A second disadvantage of this
approach is that the area used for each device is increased to
increase the feature spacing, thus reducing the available
silicon area (and therefore providing reduced device den-
sity). A similar approach is described in U.S. Pat. No.
6,165,880, to Yaung et al., which is assigned to the owner of
the present application and which is herein incorporated by
reference.

Additional engineering of the source/drain diffusions and
the channel may be performed as is known in the prior art.
The use of graded source drain junctions to reduce leakage
current is known. U.S. Pat. No. 5,972,762, to Wu, issued
Oct. 26, 1999, for example, describes the use of silicon
recesses formed in the source drain regions adjacent a gate
electrode to create a gradual source drain junction. The use
of pocket implants, including angled implants, is known to
create diffusions extending underneath the gate electrode or
sidewalls, for example U.S. Patent Application Publication
No. 2004/0063289A1, which published Apr. 1, 2004,
describes angled implants to place dopants underneath side-
wall spacers.

A continuing need exists thus for a MOS structure and
fabrication methods for MOS devices to address the leakage
current that results in prior art MOS transistors due to the
proximity of the source/drain contact and the channel
region. There is a need for a simple and economical way to
reduce the leakage current and to increase the process
tolerance of any misalignment that may occur in the manu-
facturing process. The methods and structures of the present
invention address these needs.

SUMMARY OF THE INVENTION

These and other problems of the prior art are generally
solved or circumvented, and technical advantages are gen-
erally achieved, by preferred embodiments of the present
invention which provide, in a MOS transistor structure and
methods for production, an additional angled implant of
source/drain dopants into the substrate and placed generally
in the area where the lightly doped drain diffusion meets the
deeper source/drain diffusion region, and adjacent the well
or substrate. This additional source/drain implant is per-
formed contemporaneously with, prior to, or subsequent to
the source/drain region ion implantation steps already being
performed and thus no added masks, photoresist, strip or
etch steps are required. The additional implant may be
performed in situ with the source/drain ion implant steps
conventionally used, so that no additional process chamber
time, chamber cleaning, or wafer movements in and out of
chambers are necessary. Alternatively the additional implant
may be performed ex situ. No additional masking steps or
other modifications are required to use the novel method and
to form the novel structures of the invention. The novel
transistor structure and method reduces leakage current and
increases the tolerances to manufacturing variations in the
devices with no additional costs, thereby increasing the
productivity of the manufacture process and/or improving
the performance of the finished devices.
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In accordance with a preferred embodiment of the present
invention, a method for forming a semiconductor device
comprises forming isolation regions that define active areas,
forming gate electrodes including a gate oxide overlying an
active area and forming a gate conductor overlying the gate
oxide, patterning the gate electrodes to form sidewalls,
forming lightly doped source/drain diffusion regions in the
active areas on either side of the gate electrodes, optionally
performing an anneal process to drive the diffused dopants
in the lightly doped source/drain regions underneath the gate
electrodes, the lightly doped source/drain diffusions defining
a channel region for a MOS transistor, forming composite
sidewall spacers overlying the lightly doped source/drain
diffusions and covering the sidewalls of the gate electrodes,
and forming source/drain diffusions self aligned to the
composite sidewall spacers, where the forming of the
source/drain diffusions includes ion implantation that is
vertical and aligned to the composite sidewalls, and angled
ion implants that form source/drain pocket diffusions under-
neath and adjacent the lightly doped source/drain diffusions.
A layer of insulating material is formed over the gate
electrodes and the active areas, this may be a contact etch
stop layer. A contact is formed extending through the insu-
lating layer and making electrical contact to the source/drain
diffusion regions. If this contact extends through the lightly
doped source/drain diffusion region, the source/drain pocket
diffusion will prevent excess leakage current from occur-
ring. The insulating layer may provide physical stress/strain
on the device and thereby enhance carrier mobility in the
channel.

In accordance with another preferred embodiment of the
present invention, a semiconductor device is provided com-
prising an active area in a semiconductor substrate isolated
from other areas by isolation regions, a gate electrode
comprising a gate conductor and a gate oxide overlying the
active area, lightly doped source/drain diffusions formed in
the substrate on either side of the gate electrode, composite
sidewall spacers deposited over the lightly doped source/
drain region and covering the sidewalls of the gate electrode,
source/drain diffusion regions in the semiconductor sub-
strate formed on either side of the composite spacers,
source/drain pocket diffusions formed beneath and physi-
cally adjacent to the lightly doped source/drain regions, an
insulating layer formed over the gate electrodes and the
active areas, and a contact formed of a conductive material
extending through the insulating layer and making electrical
contact to the source/drain diffusion regions.

In accordance with a preferred embodiment of the present
invention, a method for forming a semiconductor device
comprises forming isolation regions that define active areas,
forming gate electrodes including a gate oxide overlying an
active area and a gate conductor overlying the gate oxide,
patterning the gate electrodes to form sidewalls, forming
lightly doped source/drain diffusion regions in the active
areas on either side of the gate electrodes, optionally per-
forming an anneal process to drive the diffused dopants in
the lightly doped source/drain regions underneath the gate
electrodes, the lightly doped source/drain diffusions defining
a channel for a MOS transistor, forming recesses in the
lightly doped source/drain diffusion regions by removing
material in those regions, forming composite sidewall spac-
ers over the recessed lightly doped source/drain diffusions
and covering the sidewalls of the gate electrodes, and
forming source/drain diffusions self aligned to the composite
sidewall spacers, where the forming of the source/drain
diffusions includes ion implantation that is vertical and
aligned to the sidewall spacers and also includes angled ion
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implants that form source/drain pocket diffusions under-
neath and adjacent the lightly doped source/drain diffusions.
A layer of insulating material is formed over the gate
electrodes and the active areas, this may be a contact etch
stop layer. A contact is formed extending through the insu-
lating layer and making electrical contact to the source/drain
diffusion regions. If, though misalignment of the process
steps, this contact extends through the lightly doped source/
drain diffusion region, the source/drain pocket diffusion will
prevent excess leakage current from occurring that would
have otherwise occurred between the contact and the chan-
nel region.

In accordance with a preferred embodiment of the present
invention, a method for forming a plurality of CMOS
devices comprises first forming isolation regions that define
active areas for N and P type transistors, forming gate
electrodes including a gate oxide overlying an active area
and a gate conductor overlying the gate oxide, patterning the
gate electrodes to form sidewalls, forming lightly doped
source/drain diffusion regions in the active areas on either
side of the gate electrodes using N type dopant atoms in the
active areas for NMOS transistors and P type dopant atoms
in the active areas for PMOS transistors, optionally perform-
ing an anneal process to drive the diffused dopants in the
lightly doped source/drain regions underneath the gate elec-
trodes, the lightly doped source/drain diffusions defining a
channel for the MOS transistors, forming recesses in the
lightly doped source/drain diffusion regions by removing
material in those regions, forming composite sidewall spac-
ers over the recessed lightly doped source/drain diffusions
and covering the sidewalls of the gate electrodes. Then, in a
symmetrical process method, covering the PMOS transistors
by a photoresist layer and forming source/drain diffusions
for the NMOS transistors self aligned to the composite
sidewall spacers, where the forming of the source/drain
diffusions includes ion implantation of N type dopants that
is vertical and aligned to the sidewall spacers and angled ion
implants of the same type dopants that form source/drain
pocket diffusions underneath and adjacent the lightly doped
source/drain diffusions. Next the NMOS transistors are
covered by a layer of photoresist, the PMOS transistors are
exposed, and source/drain diffusions including forming
source/drain pocket diffusion regions is performed for the
PMOS transistors using P type dopant atoms in an ion
implanting step that is vertical implanting and angled
implanting, either contemporaneously or performed sequen-
tially. A layer of insulating material is formed over the gate
electrodes and the active areas, this may be a contact etch
stop layer. A contact is formed extending through the insu-
lating layer and making electrical contact to the source/drain
diffusion regions. If, though misalignment of the process
steps, this contact extends through the lightly doped source/
drain diffusion region, the source/drain pocket diffusion will
prevent excess leakage current from occurring that would
have otherwise occurred between the contact and the chan-
nel region.

Another preferred embodiment of the invention is a
semiconductor structure including CMOS transistors includ-
ing NMOS and PMOS transistors having isolation regions
defining active areas, gate electrodes including gate oxides
deposited over the active areas and gate conductors formed
over the gate oxide and pattered to form sidewalls in the gate
electrodes, lightly doped source/drain diffusions of a N type
dopant atom formed for the NMOS transistors adjacent the
sidewalls of the gate electrodes and lightly doped source/
drain diffusions of a P type dopant atoms formed for the
PMOS transistors adjacent the sidewalls of the gate elec-
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trodes, the lightly doped source/drain diffusions being
annealed to drive these diffusions beneath the gate elec-
trodes, recesses formed in the lightly doped source/drain
diffusions to lower the top surface of the lightly doped
source/drain diffusion beneath the bottom of the gate oxide
for each of the transistors, composite sidewall spacers
formed over the recessed lightly doped source/drain diffu-
sions and covering the sidewalls of the gate electrodes,
source/drain diffusions of N type dopant atoms for the
NMOS transistors formed in the substrate aligned to the
composite sidewall spacers, source/drain diffusions of P type
dopant atoms for the PMOS transistors formed in the
substrate aligned to the composite sidewall spacers, source/
drain pocket diffusions of N type dopant atoms for the
NMOS transistors formed by angle implants contempora-
neously with or sequentially with the source/drain diffusions
and placed beneath the lightly doped source/drain diffusions,
and source/drain pocket diffusions of P type dopant atoms
for the PMOS transistors formed by angle implants contem-
poraneously with or sequentially with the source/drain dif-
fusions and placed beneath the lightly doped source/drain
diffusions.

Preferred embodiments of the present invention may
further include one or more additional performance improv-
ing features such as forming retrograde wells of low mobil-
ity well dopants underneath the gate electrodes prior to the
formation of the gate electrodes, forming halo implants of
well dopants prior to the formation of the lightly doped
source/drain diffusions, using stress or strain to improve
carrier mobility in the channel regions, and/or recessing the
source/drain diffusions after the ion implantation step, each
of these steps may be used with the present invention to
create additional preferred embodiments, these steps may
also be combined to create additional preferred embodi-
ments in various combinations.

Another preferred embodiment of the invention forms an
silicon on insulator layer by depositing an insulator layer,
then forming an epitaxial layer of semiconductor material,
prior to forming the isolation regions, gate electrodes, and
source/drain diffusions including the source/drain pocket
implants of the invention.

An advantage of a preferred embodiment of the present
invention is that the junction leakage current is reduced over
the prior art devices. By placing the added source/drain
pocket diffusion at the location where the deeper source/
drain diffusion meets the shallow lightly doped source/drain
diffusion, current crowding effects and other junction effects
are improved.

A further advantage of a preferred embodiment of the
present invention is it improves the tolerance of the manu-
facturing method to misalignment, especially in forming the
contacts for the source/drain terminals of the finished tran-
sistors. As the semiconductor processes continue to shrink,
misalignment problems often result in the contact being
formed in the lightly doped source/drain diffusion region. As
this region is very shallow, the contact may extend into it,
very close to the inner boundary of this diffusion with the
channel, and in the prior art this may result in an unaccept-
able leakage current. The preferred methods of the invention
advantageously provide greater tolerance by placing addi-
tional source/drain pocket diffusion at this critical area, and
as a result the leakage current is prevented. Even if the
contact extends to the bottom of the lightly doped source/
drain diffusion, the device will still perform adequately with
the added implants of the invention, thus improving the
tolerance to misalignment and increasing the yields of the
process.
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Yet another advantage of preferred embodiments of the
present invention is that they may be implemented in
existing semiconductor processes at minimal cost. No added
mask set is required, and unlike the prior art approaches of
increasing the sidewall spacing or of making repeated
implant, diffusion and strip steps, no additional photoresist
and strip steps are required. The added angle implant of the
invention may be performed contemporaneously with or in
the same process chamber as the existing source/drain
diffusion, and so the cost of implementing the invention is
de minimis. The spacing between devices is not increased
using the invention, and thus the device density is not
impacted, in contrast to the approaches of the prior art.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter, which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed might be readily utilized as a
basis for moditying or designing other structures or pro-
cesses for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates in a representative cross section a MOS
transistor of the prior art in an intermediate stage of comple-
tion;

FIG. 2 illustrates in a representative cross section the
MOS transistor of FIG. 1 following additional manufactur-
ing steps;

FIG. 3 illustrates in a representative cross section a
semiconductor substrate having an active region for forming
a MOS ftransistor of a preferred embodiment during an
implant step;

FIG. 4 illustrates in a representative cross section the
MOS transistor of FIG. 3 following some additional manu-
facturing steps;

FIG. 5 illustrates in a representative cross section the
MOS transistor of FIG. 4 following some additional manu-
facturing steps;

FIG. 6 illustrates in a representative cross section the
MOS transistor of FIG. 5 during another implant step;

FIG. 7 illustrates in a representative cross section the
MOS transistor of FIG. 5 during an angled implant step;

FIG. 8 illustrates in a representative cross section the
MOS transistor of FIG. 7 following some additional manu-
facturing steps;

FIG. 9 illustrates in a representative cross section the
MOS transistor of FIG. 8 after formation of a contact;

FIG. 10 illustrates, in a representative cross section, an
angled implant being performed on a transistor in a CMOS
manufacturing process in another preferred embodiment of
the invention;

FIG. 11 illustrates in a representative cross section, an
angled implant being performed on another transistor in the
CMOS structure of FIG. 10;

TSMC Exhibit 1025, Page 22 of 28



US 7,364,957 B2

9

FIG. 12 illustrates, in a representative cross section, a
completed CMOS structure in another preferred embodi-
ment of the invention;

FIG. 13 illustrates, in a representative cross section,
another preferred embodiment including a MOS transistor
having recessed lightly doped source/drain regions;

FIG. 14 illustrates, in a representative cross section,
another preferred embodiment including a MOS transistor
having recessed lightly dopes source/drain regions and
recessed deeper source/drain regions;

FIG. 15 illustrates, in a representative cross section, the
MOS transistor of FIG. 14 in an earlier intermediate stage of
manufacture; and

FIG. 16 depicts, in a graphical form, comparative satu-
ration current measurements for transistors formed using
preferred embodiments of the invention and for transistors
formed without the use of the invention.

The drawings listed above are illustrative only and are not
to scale, like numbers are used for like elements when
possible.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

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

The present invention will be described with respect to
various preferred embodiments in a specific context, namely
an integrated circuit having complementary MOS (CMOS)
devices fabricated using photomasks and photoresists so that
a variety of devices, possibly including logic, memory, high
voltage and low voltage transistors, FLLASH and nonvolatile
cells or dynamic memory cells can be incorporated into a
single integrated circuit. The invention may also be applied,
however, to other devices such as a pure NMOS or PMOS
integrated circuit or a pure memory or logic integrated
circuit as well. Certain enhanced features may be described
which may be incorporated into and used in conjunction
with the advantageous invention to create additional pre-
ferred embodiments, however these features are not essen-
tial to or necessary to use the invention and may be excluded
from a particular embodiment. These features include
enhancements known in the current advanced semiconduc-
tor art including retrograde well implants, halo well dopant
implants, stress and strained layers to increase or improve
carrier mobility, and the use of SiGe epitaxial layers, and
recessed source/drain regions or so-called elevated gate
structures.

The invention and the methods disclosed herein are also
compatible with a variety of MOS devices that may incor-
porate sidewall spacers using various oxide and nitride
combinations. Gate conductors may be formed traditionally
using polysilicon, and metal gate structures including the
use of damascene metals may be used. The methods and
structures of the invention have application to, and advan-
tages with, MOS devices generally irrespective of whether
these additional features are utilized. The descriptions of
these preferred embodiments do not limit the invention or
the scope of the appended claims, and should not be read as
limiting but are to be understood by the reader as illustrative
examples.
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Further the descriptions of the process steps that follow to
form the transistors including forming isolation, gate oxide,
gate conductor, sidewalls, lightly doped source/drain
regions, and the deep source/drain diffusions, for both N and
P channel MOS transistors, are conventionally known and
those skilled in the art will recognize that although exem-
plary descriptions are given for process steps, dopants,
temperatures, implants, concentrations of dopants, types of
anneal and diffusions, patterning by etch, many well known
alternatives may be used and these alternative known
approaches are within the scope of the invention and the
appended claims.

FIG. 3 depicts a cross sectional view of a substrate or
epitaxial semiconductor region 3 having shallow trench or
other conventional isolation regions 5 formed within sub-
strate 3 to define an active area for fabricating a single MOS
transistor. In a typical device many thousands of such
transistors will be formed. In FIG. 3 the downward directed
arrows indicate the step of forming a retrograde well 10 in
the active area by ion implanting the appropriate dopant ions
for the well type. For example, for an N channel MOS
transistor, the well dopant may be a slow diffusing P type
species such as indium. For a P channel MOS transistor, the
well dopant may be a slow diffusing N type species such as
arsenic or antimony. In a CMOS process, a preferred
embodiment, the retrograde well may be used for one type
of transistor, for example the NMOS transistor, while the
well for the other transistor type, for example the PMOS
transistor, may use the substrate doping itself for the channel
region. Alternatively both transistor types may have retro-
grade wells. Annealing may follow the implant, as is known,
to activate the implanted ions and to repair any damage to
the crystal lattice structure the ion implant step may have
caused, the anneal could include various known approaches
such as rapid thermal annealing (RTA), laser annealing, etc.

The appropriate well dopant ions will be, for example,
implanted to a concentration of 1x10"*/cm® to 5x10'*cm? in
an example using indium (In+) as the implanted dopant for
the retrograde well (p type) for NMOS transistors. Similar
concentrations of antimony dopant could be used to form a
retrograde well for the PMOS transistors. Typically, the
substrate has a type (N or P) and thus additional well doping
is only required for one type of transistor. For an N type
substrate, only the NMOS transistor requires additional well
doping for the channel to form correctly. It is desirable to use
low mobility well dopants to reduce the spreading effect that
may occur when additional process steps are performed, as
thermal annealing steps are performed later in the process,
the well dopants need to remain in their original locations.

FIG. 4 depicts the cross sectional view of the substrate 3
of FIG. 3 following the steps of formation of a gate oxide,
a gate electrode, and patterning the gate electrode, with the
arrows indicating the process for forming so-called “halo”
implants of additional well dopants. These “halo” implants
are performed to further enhance the performance of the
devices by controlling the source-drain and channel profiles.
These “halo” implants are not necessary for the use of the
invention but are preferred in present advanced processes.
Halo implants are performed using the well dopants, as
above for the retrograde wells, and angled implants may be
used to form the halo dopants beneath the gate structure.
Halo diffusions 31 are thus formed adjacent, and underneath,
the gate electrode. Typically, the depth of this implant may
be 100-1500 Angstroms.

As is known in the art, the gate oxide 7 may be formed by
a number of methods for depositing an oxide layer, including
without limitation thermal oxidation, thermal oxidation fol-
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lowed by nitridation, chemical vapor deposition (CVD),
plasma enhanced CVD (PECVD), sputtering or other tech-
niques known to those skilled in the art. The oxide layer may
be a simple oxide, such as silicon dioxide (SiO,), silicon
nitride, or silicon oxynitride. Alternatives are the use of high
K dielectrics, such as for example aluminum oxide, hafnium
oxide, zirconium oxide, hafnium oxynitride, hafnium sili-
cate, zirconium silicate, lanthanum oxide and various com-
binations thereof. A deposited oxide or nitride layer prefer-
ably has a thickness in the range of 8 to 100 Angstroms, and
a preferred embodiment ranges from 8 to 10 Angstroms. A
high K dielectric used in an alternative preferred embodi-
ment should have an equivalent oxide thickness of between
8 and 100 Angstroms.

The gate electrode 9 is comprised of conductive material
that may include polysilicon, polycrystalline silicon germa-
nium, a refractory metal such as molybdenum, nickel, plati-
num, tungsten, compounds that are conductive such as
titanium nitride, or other conductive metals. Metal gates
may be used, and damascene processed metals may be used.

Subsequent to the halo implants, and in a preferred
embodiment, performed using the same chamber, using the
same photoresist, and thus not requiring any additional
masks, photoresist deposit, strip and etch steps, the lightly
doped source/drain diffusion implant is performed to form
the diffusion regions 18. Because the source and drain of the
MOS device are, structurally, symmetrical and which ter-
minal is which depends not on the structural characteristics
but rather on the electrical connections of the finished
transistor, these diffusions are referred to in this document as
“source/drain” diffusions. Some in the art refer to these
lightly doped source/drain diffusions, which when complete
extend underneath the gate structure, as “source drain exten-
sions” or SDE regions.

FIG. 5 depicts in cross section the transistor structure of
FIG. 4 while the lightly doped source/drain diffusions are
being implanted. These diffusions may be performed, as
suggested by FIG. 5, by an ion implant step and the dopants
are those typically used for source/drain regions, for an N
channel MOS transistor the dopants may be phosphorous or
arsenic, for a P channel MOS transistor the dopants may be
boron or boron fluoride (BF,); the concentrations in the
lightly doped source/drain diffusion regions may be 3x10'%/
cm?, for example. Following the implant step, the substrate
may be subjected to a rapid thermal anneal, laser anneal or
other annealing step to cause the dopants to diffuse under-
neath the gate region, and to repair any damage to the crystal
lattice structure caused by the impact of the implanted ions,
as is known in the art. For example, a rapid thermal anneal
at an elevated temperature of between 950-1100 degrees
Celsius may be used, with a temperature of around 1020
degrees Celsius preferred. For a CMOS process, it is to be
understood that the ion implanting steps must be performed
using appropriate photoresist deposit and strip steps to
implant the N type dopant atoms for N channel transistors,
and then, to implant the P type dopant atoms for P channel
transistors, as is known in the art, followed by the anneal
steps to drive the diffusions underneath the gate and to repair
any lattice damage caused by the implant steps.

FIG. 6 depicts the transistor 1 of FIG. 5 following the
formation of sidewall spacers 15 on the gate structure and
during the implant step for the deeper source/drain diffu-
sions 17. A variety of sidewall spacers may be used in
conjunction with the invention, the embodiment shown here
is a two part spacer 15 formed of a nitride deposition which
is generally “L” shaped and adjacent the gate electrode 9,
and an oxide overlying the L. shaped nitride. These spacers
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may be formed by deposit and etch steps for oxides or
nitrides as is known in the art. In other embodiments
described in detail below, the spacers may be a single
material such as an oxynitride, or composites comprising
oxide nitrides as shown (ON), oxide nitride oxide layers
(ONO), oxide nitride nitride layers (ONN), oxide nitride
oxide nitride layers (ONON), and may be bell shaped as
depicted in FIG. 6, or L shaped, or other shapes may be used
as is known in the art. The spacers may have varying widths
and control of this width may be used to control certain
critical dimensions, for example, the spacing of the lightly
doped source/drain region and the deeper source/drain dif-
fusions, to be formed next, may depend on the spacer
dimensions.

FIG. 6 depicts the cross section during the source/drain
diffusion implant step. This ion implant is performed to
produce source/drain diffusions 17 which are deeper than
and have higher dopant concentrations than the lightly
doped source/drain diffusion 11, formed earlier. Preferably
similar dopant atoms can be used, that is, for N channel
MOS transistors, arsenic or phosphorous may be used, for P
channel MOS transistors, boron or BF, may be used; also
other dopants may be used as is known in the art. This
implant may be performed simultaneously with next implant
step, or the steps may be performed in a sequential series of
steps. Further, while it would be preferred to perform this
step and the next step in a single chamber, it is possible to
vary this method and use different chambers, as is known in
the art. The source-drain implant may be, for example, for
NMOS phosphorous or arsenic and a depth of around 100 A
to 1500 A, and for PMOS boron or boron fluoride or indium
and to a depth of around 100 A to 1500 A.

FIG. 7 depicts in cross section the transistor structure of
FIG. 6 during the angled implant of additional source/drain
dopant atoms, which is a preferred embodiment of the
invention. Transistor 41 includes source/drain pocket diffu-
sions 33 that are formed by an angled ion implant, where the
angle varies from 5 to 45 degrees from vertical (that is,
vertical is 0 degrees). The pocket diffusions 33 of dopants
are generally formed in the region where the deeper source/
drain diffusion 17 meets the lightly doped source/drain
diffusion 11 and adjacent the halo implants 31 (if present) or
the well material. The implanted ions are preferably the
same species as used for the deeper source/drain implants
17, but in an alternative embodiment may be a different
species. This angled implant step is preferably performed
using the same photoresist mask and in the same implant
chamber as the deeper source/drain diffusion implant, so that
no added photoresist mask, deposit and strip steps are
needed to implement this step. No additional wafer cleaning,
wafer transport or preparation steps are required to accom-
plish this angled implant are required, so that this novel
method step is economical to implement in existing semi-
conductor processes. The implant will result in source/drain
diffusions 33 which may have a depth of from about 50
Angstroms to about 1800 Angstroms, and a width from
about 0.01 microns to about 10 microns. The concentration
of the dopants for NMOS is phosphorous or arsenic from
1x10 /em? to 5x10**/cm?, and for PMOS boron or BF, from
1x10™* to 5x10"/cm?.

Following the completion of the deeper and pocket
source/drain implants, a rapid thermal anneal, such as is
described above is performed to repair any damage caused
by the implant and to activate the dopant ions. This may be
preferably performed at about 1020 degrees Celsius, for
example. Other anneals such as a laser anneal or conven-
tional anneal cycles could be performed as described above.
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FIG. 8 depicts in cross section the structure of transistor
1 following the formation of the self aligned silicide (some-
times called salicide) layers 35 over the source/drain diffu-
sions 17 and the gate electrode 9, the deposition of the
stress/strain layer 37 which may be a contact etch stop layer
(CESL) for example, or other stress/strain layer. The depo-
sition of the metal to form the silicide layers is well known
in the art and may include depositing metals such as nickel,
erbium, platinum, and the like. The stress layer 37 which
may be a contact etch stop layer (CESL) may be formed by
conventional deposition methods such as low-pressure CVD
(LPCVD), plasma enhanced CVD (PECVD) or other meth-
ods known in the art for depositing stress layers such as a
silicon nitride or other stress inducing layers.

FIG. 9 depicts in cross section the structure of transistor
41 as shown in FIG. 8 following the formation of a con-
ductive contact 39 to the source/drain diffusion regions 17
using known pattern, etch and fill techniques to form a
contact of a conductor, usually a metal such as aluminum,
copper or the like. In FIG. 9 contact 39 extends through the
stress layer 37 to a depth equal to or even greater than the
bottom of the lightly doped source/drain layer 11, and the
advantage of the added source/drain pocket diffusions 33 of
the invention can now be seen. The bottom of the contact 39
falls within the added pocket diffusion 33, preventing the
formation of a current leakage path from the contact directly
to the channel in the well region. In contrast to the prior art
contact of FIG. 2, there is no path for the current to flow and
thus the junction leakage current is reduced. The process
therefore can tolerate misalignment of the position of the
contact, as well as variation in the depth of the contact, better
than transistors fabricated in the prior art processes.

FIG. 10 depicts in cross section an intermediate step in
forming another preferred embodiment of a CMOS transis-
tor structure incorporating the source/drain pocket diffusions
of the invention. In FIG. 10, N channel MOS transistor 41
is depicted and formed up to the deeper source/drain diffu-
sion step and covered by a layer of photoresist 53. P channel
MOS transistor 63 is depicted being implanted with the
source/drain pocket implant to form pocket diffusions 33 as
described above. P channel MOS ftransistor is being
implanted with dopants of a P type, for example, boron or
BF,; other P type dopant atoms could be used.

FIG. 11 depicts a step following the step of FIG. 12, of
course the order of these steps is flexible and a different
order could be used. In FIG. 11, the P channel MOS
transistor 63 with the completed pocket source/drain diffu-
sions is covered by a layer of photoresist 59, the layer of
photoresist 53 has been removed from the N channel MOS
transistor 41 and the source/drain pocket diffusion is shown
being performed. For N channel MOS transistor 41 N type
dopants such as phosphorous or arsenic may be implanted to
form source/drain pocket diffusions 33.

FIG. 12 depicts the CMOS transistors 41 and 63 of FIGS.
10, 11 in a further cross sectional view. In FIG. 12 the
salicide layers 21 are completed, a stress layer such as a
contact etch stop layer 37 as described above is formed over
the structures, and source/drain contacts 65 are shown
formed extending through the CESL layer 37 and into the
diffusions for both transistors. As a further preferred
embodiment the use of silicon germanium (SiGe) 69
implanted into the deeper source/drain diffusions 17 for the
P channel MOS transistor are shown, these SiGe source/
drain implants 69 further enhance the performance of the P
channel MOS transistors. As is known to those skilled in the
art, for a particular process node, typically the P channel
MOS transistors are more resistive than the N channel MOS
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transistors resulting in an asymmetrical performance of the
devices. In order to balance the N and P channel device
performance of the N and P channel transistors and to create
symmetrical performance of the paired devices, additional
steps must be taken to improve the performance of the P
channel transistors. SiGe implants 69 are used as one
method of accomplishing this desired feature.

The transistor structures of FIGS. 3-12 above depict
simplified views of certain preferred embodiments. Co-
pending and commonly assigned U.S. patent application Ser.
No. 11/438,711, entitled “Transistors with Stressed Chan-
nels and Methods of Manufacture”, filed May 22, 2006,
which is incorporated herein by reference, discloses the use
of stress/strain layers along with recessed areas in the silicon
source/drain regions to further enhance the transistor per-
formance. In preferred embodiments of the present inven-
tion, recesses may be formed in either the lightly doped
source/drain regions, or, in both of the lightly doped source/
drain and deeper source/drain diffusion regions, in conjunc-
tion with the angled source/drain pocket implants described
above, to even further enhance the performance of MOS
transistors so produced.

In FIG. 13 a cross sectional view of another preferred
embodiment of a MOS transistor is shown. Here, transistor
41 incorporates the source/drain pocket implants 33 and the
methods described above and are further depicted with the
preferred recesses 12 formed in the lightly doped source/
drain regions 11.

In FIG. 14 a cross sectional view of yet another preferred
embodiment of a MOS transistor is shown. Here, transistor
41 incorporates the source/drain pocket implants 33 and the
methods described above and are further depicted with the
preferred recesses 12 formed in the lightly doped source/
drain regions 11. A second recessed area 16 is formed in each
of the deeper source/drain regions 17 to further enhance the
performance of the devices.

The preferred embodiments with recessed source and
drain features as shown in FIGS. 13 and 14 are of course
simplified illustrations depicting only a single transistor in
each case, in a CMOS application of course there will be N
and P type transistors each having been recessed either in the
lightly doped source/drain regions, or in both the lightly
doped source/drain regions and the deeper source/drain
diffusions. Although the illustrations above only depict one
or two transistors for clarity, a practical integrated circuit
using the methods and structures of the invention will of
course include many devices, typically thousands of tran-
sistors or more will be formed on a single integrated circuit.

FIG. 15 depicts in cross section another preferred MOS
transistor 42 similar to that of FIG. 14 at an earlier stage of
fabrication. FIG. 15 illustrates the recessed areas 12 and 16
without the contact structure 65 shown for further clarifica-
tion. As described above, a variety of sidewall structures 15
may be used, in this illustrative preferred embodiment an
alternative to the ON structure is shown, here an ONO
structure is shown as the sidewall spacer 15.

FIG. 16 depicts a graphical representation of normalized
measurements taken of transistors formed in both 45 and 65
nanometer semiconductor process nodes, with and without
the use of the pocket source/drain implants, and with a
variety of recesses, to further illustrate the advantages of the
use of the invention. In FIG. 16, the horizontal axis depicts
the depth of the recesses formed in the source/drain regions
starting at 0 Angstroms and increasing to a maximum of 80
Angstroms, although deeper recesses could be formed. The
vertical axis illustrates the observed current in saturation
(Isat) for a transistor formed using no recesses, and for

TSMC Exhibit 1025, Page 25 of 28



US 7,364,957 B2

15

transistors with increasingly deep recessed areas. The cur-
rent is measured compared to a normalized value of 1.00 for
a “no recess” case. The dashed lines represent the 45 and 65
nanometer process nodes without the pocket source/drain
diffusion regions, and the solid lines represent the 45 and 65
nanometer process nodes incorporating the added pocket
source/drain implanted diffusions of the invention. As can be
seen, the transistors including the added source/drain diffu-
sions have currents Isat that remain more or less constant,
and close to the normalized value as the recess depths
increase. In contrast, the transistors formed using the prior
art structures without these added implants show a marked
degradation in Isat as the recess depths increase.

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

What is claimed is:

1. A method for forming a semiconductor device, com-
prising:

providing a semiconductor substrate;

forming isolation regions in the semiconductor substrate

and forming a plurality of active areas formed between
the isolation regions;

forming at least one gate structure in one of the active

areas, the gate structure comprising a gate oxide over
the substrate and a conductive gate electrode over the
gate oxide and the gate structure having sidewalls, the
active area beneath the gate structure forming a channel
region;

forming a lightly doped drain diffusion in the active area

on either side of the gate structure sidewalls;

forming recessed areas in the active area on either side of

the gate structure sidewalls;

forming insulating composite spacers on either side of the

gate structure, the composite spacers covering the side-
walls and overlying the recessed areas; and

forming source/drain diffusions in the active areas includ-

ing angle implanted source/drain regions formed in the
substrate, the source/drain regions being self aligned to
the composite spacers.

2. The method of claim 1 and further comprising:

forming a retrograde well in at least one active area prior

to forming the at least one gate structure.

3. The method of claim 1, wherein forming the lightly
doped drain diffusions comprises ion implantation of semi-
conductor dopants, followed by a thermal anneal.

4. The method of claim 1, wherein forming the isolation
regions comprises forming shallow trench isolation regions.

5. The method of claim 1, wherein forming the source/
drain diffusions comprises performing an angled ion implant
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of semiconductor dopants contemporaneously with a verti-
cal implant of semiconductor dopants.
6. The method of claim 4 wherein the angles of the angled
ion implant is between 5 and 45 degrees from vertical.
7. The method of claim 1 wherein forming the source/
drain diffusions comprises performing a vertical ion implant
of semiconductor dopants to form deep source/drain diffu-
sions on either side of the composite spacers, and perform-
ing an angled ion implant of semiconductor dopants of the
same type on either side of the composite spacers to form
additional source/drain dopants beneath the recessed areas.
8. The method of claim 1 and further comprising forming
a second recess on either side of the composite spacer after
the composite spacer is formed, said second recess being
larger than the first, and then subsequently performing the
source/drain diffusion.
9. The method of claim 1 wherein the depth of the first
recess is from about 5 Angstroms from the surface of the
substrate to about 100 Angstroms from the surface of the
substrate.
10. The method of claim 1 wherein the source/drain
angled implants results in a source/drain implant having a
depth greater than 50 Angstroms.
11. The method of claim 10 where the range of the depth
of the source/drain angled implant is from about 50 Ang-
stroms from the surface of the substrate to about 1800
Angstroms.
12. A method for forming a complementary MOS device
including at least one NMOS and at least one PMOS
transistor comprising:
providing a semiconductor substrate;
forming shallow trench isolation regions in the semicon-
ductor substrate, the shallow trench isolation regions
defining at least one active area for an NMOS transistor
and at least one active area for a PMOS transistor;

forming a retrograde well of a low mobility P type dopant
atom in the semiconductor substrate in the active area
for the NMOS transistor;

depositing a gate oxide layer over the active areas;

depositing a gate electrode material over the gate oxide

layer;

patterning gate electrode structures having sidewalls over

each active area by etching the gate electrode material;
patterning the gate oxide material to from gate oxide
layers beneath the gate electrode structures;
forming lightly doped source/drain diffusion regions in
the semiconductor substrate by performing ion
implants of semiconductor dopants of N and P types for
the NMOS and PMOS transistors, respectively, into the
substrate adjacent to the gate electrode structures, and
annealing the lightly doped source/drain diffusions so
that the diffusions extend partially underneath the gate
electrodes, and the lightly doped source/drain diffu-
sions define channel regions for the NMOS and the
PMOS transistors;

recessing the lightly doped source/drain diffusion regions
so that the top surface of the source/drain diffusion
regions lies below the gate oxide bottom surface in
each active area;

forming composite sidewall spacers over the recessed

lightly doped source/drain diffusion regions and cov-
ering the sidewalls of the gate electrode structures; and
forming source/drain diffusions by ion implanting semi-
conductor dopants of N and P types for the NMOS and
PMOS transistors respectively using a self aligned
vertical implant adjacent to the composite sidewall
spacers and forming source/drain pocket diffusions
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underneath the recessed lightly doped source/drain
diffusions by ion implanting semiconductor dopants of
N and P types for the NMOS and PMOS transistors,
respectively, at an angle of from 5 degrees to about 45
degrees from vertical, the source/drain pocket diffu-
sions being positioned adjacent to the inner boundary
of the source/drain diffusion and adjacent the boundary
of the lightly doped source/drain diffusions in each
active area.

13. The method of claim 12 and further comprising:

forming a stress layer comprising a layer overlying the

active areas and gate electrodes which causes at least
one of compressive or tensile stress in at least one
channel region of one of the NMOS and PMOS tran-
sistors.

14. The method of claim 13 wherein the stress layer is a
contact etch stop layer.

15. The method of claim 14 and further comprising, for
each of the NMOS and PMOS transistors, forming a contact
of conductive material that extends through the stress layer
and makes electrical contact to the source/drain diffusion
region.

16. The method of claim 15 wherein the contact extends
through one of the composite sidewall spacers and makes
electrical contact to a lightly doped source/drain diffusion
region.

17. The method of claim 16 wherein the contact extends
into the lightly doped source/drain diffusion region.

18. The method of claim 15 wherein the contact extends
though a portion of one of the composite sidewall spacers
and extends through the lightly doped source/drain diffusion
and makes electrical contact with a source/drain pocket
diffusion region.

19. A method for forming a complementary MOS device
comprising:

forming shallow trench isolation regions in a semicon-

ductor substrate, the shallow trench isolation regions
defining at least one active area for an NMOS transistor
and at least one active area for a PMOS transistor;
depositing a gate oxide layer over the active areas;
depositing a gate electrode material over the gate oxide
layers;

patterning gate electrode structures having sidewalls over

each active area;
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patterning the gate oxide material to from gate oxide
layers lying beneath the gate electrode structures;

forming lightly doped source/drain diffusion regions by
performing ion implants of semiconductor dopants of N
and P types for the NMOS and PMOS transistors,
respectively, into the substrate adjacent to the gate
electrode structures, and annealing the lightly doped
source/drain diffusion region;

recessing the lightly doped source/drain diffusion regions

so that the top surface of the source/drain diffusion
regions lies below the gate oxide bottom surface in
each active area;
forming composite sidewall spacers over the recessed
lightly doped source/drain diffusion regions and cov-
ering the sidewalls of the gate electrode structures; and

forming source/drain diffusions by ion implanting semi-
conductor dopants of N and P types for the NMOS and
PMOS transistors respectively using a self aligned
vertical implant adjacent to the composite sidewall
spacers, and forming source/drain pocket diffusions
underneath the recessed lightly doped source/drain
diffusions by ion implanting semiconductor dopants of
N and P types for the NMOS and PMOS transistors,
respectively, at an angle of from 5 degrees to about 45
degrees from vertical, the source/drain pocket diffu-
sions being positioned adjacent to the inner boundary
of the source/drain diffusion and adjacent to the bound-
ary of the lightly doped source/drain diffusions in each
active area;
recessing the source and drain diffusion regions to form
second recessed areas such that the top surface of the
recessed source and drain diffusion regions in each
active area lies below the top surface of the recessed
lightly doped source/drain diffusion regions; and

depositing a contact etch stop layer overlying the NMOS
and PMOS transistors.

20. The method of claim 19 and further comprising, for
each of the NMOS and PMOS transistors, forming a contact
of conductive material that extends through the stress layer
and makes electrical contact to and extends into the source/
drain diffusion region.
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