
8-(2-HYDROXYPHENOXY)OCTYLDIETHANOLAMINE AND SALTS
THEREOF FOR DELIVERY OF ACTIVE AGENTS This application
claims the benefit of U.S. Provisional Application No.
60/575,320, filed May 28, 2004 and U.S. Provisional
Application No. 60/563,281, filed April 16, 2004. Each
of these applications are hereby incorporated by
reference. FIELD OF THE INVENTION [1] The present
invention provides 8-(2-hydroxyphenoxy)
octyldiethanolamine and salts thereof, compositions
containing the same and one or more active agents, and
methods of administering active agents with the same.
The delivery agents of the present invention are well
suited for forming non-covalent mixtures with active
agents for oral, intracolonic, pulmonary, and other
routes of administration to animals. BACKGROUND OF THE
INVENTION [2] Conventional means for delivering active
agents are often severely limited by biological,
chemical, and physical barriers. Typically, these
barriers are imposed by the environment through which
delivery occurs, the environment of the target for
delivery, and/or the target itself. Biologically and
chemically active agents are particularly vulnerable
to such barriers. [3] In the delivery to animals of
biologically active and chemically active
pharmacological and therapeutic agents, barriers are
imposed by the body. Examples of physical barriers are
the skin, lipid bi-layers and various organ membranes
that are relatively impermeable to certain active
agents but must be traversed before reaching a target,
such as the circulatory system. Chemical barriers
include, but are not limited to, pH variations in the
gastrointestinal (GI) tract and degrading enzymes. [4]
These barriers are of particular significance in the
design of oral delivery systems. Oral delivery of many
biologically or chemically active agents would be the
route of choice for administration to animals if not
for biological, chemical, and physical barriers. Among
the numerous agents which are not typically amenable
to oral administration are biologically or chemically
active peptides, such as calcitonin and insulin;
polysaccharides, and in particular mucopolysaccharides
including, but not limited to, heparin; heparinoids;
antibiotics; and other organic substances. These
agents may be rapidly rendered ineffective or
destroyed in the gastro-intestinal tract by acid
hydrolysis, enzymes, and the like. In addition, the
size and structure of macromolecular drugs may
prohibit absorption. [5] Earlier methods for orally
administering vulnerable pharmacological agents have
relied on the co-administration of adjuvants (e.g.,
resorcinols and non-ionic surfactants such as
polyoxyethylene oleyl ether and
n-hexadecylpolyethylene ether) to increase
artificially the permeability of the intestinal walls,
as well as the co-administration of enzymatic
inhibitors (e.g., pancreatic trypsin inhibitors,
diisopropylfluorophosphate (DFF) and trasylol) to
inhibit enzymatic degradation. Liposomes have also
been described as drug delivery systems for insulin
and heparin. However, broad spectrum use of such drug
delivery systems is precluded because: (1) the systems
require toxic amounts of adjuvants or inhibitors; (2)
suitable low molecular weight cargos, i.e. active
agents, are not available; (3) the systems exhibit
poor stability and inadequate shelf life; (4) the
systems are difficult to manufacture; (5) the systems
fail to protect the active agent (cargo); (6) the
systems adversely alter the active agent; or (7) the
systems fail to allow or promote absorption of the
active agent. [6] Proteinoid microspheres have been
used to deliver pharmaceuticals. See, for example,
U.S. Patent Nos. 5,401,516; 5,443,841; and Re. 35,862.
In addition, certain modified amino acids have been
used to deliver pharmaceuticals. See, for example,
U.S. Patent Nos. 5,629,020; 5,643,957; 5,766,633;
5,776,888; and 5,866,536. [7] More recently, a polymer
has been conjugated to a modified amino acid or a
derivative thereof via a linkage group to provide for
polymeric delivery agents. The modified polymer may be
any polymer, but preferred polymers include, but are
not limited to, polyethylene glycol (PEG), and
derivatives thereof. See, for example, International
Patent Publication No. WO 00/40203 . [8] International
Patent Publication Nos. WO 01/32130 and WO 01/32596
disclose particular phenyl amine carboxylic acid
compounds and phenoxy carboxylic acid compounds for
delivering active agents. International Publication
No. WO 00/50386 also discloses amine delivery agents.
[9] International Application No. PCT/US02/36552,
filed November 13, 2002, published as International
Application No. WO 03/045306, and its priority
applications, namely U.S. Provisional Application No.
60/350,488, filed November 13, 2001, and
U.S.Provisional Application No. 60/357,288, filed
February 15, 2002, disclose phenoxy amine compounds
and compositions for delivering active agents. Each of
the above applications are hereby incorporated by
reference. [10] Recently, some articles have discussed
the use of certain bisphosphonates for treating
various malignant diseases. See, e.g., Brown, et al.,
Endocr. Relat. Cancer, 2004 ll(2):207-24); Major
Oncologist, 2002 7:481-491; Tripathy et al., Ann.
Oncol. 2004 (5):743- 50; Coleman, Oncologist, 2000
5:463-470; Boissier, et al., Cancer Res., 2000
60:2949-2954; and Jantunen, Eur J Haematol. 2002
69(5-6):257-64, all of which are incorporated herein
by reference. [1 1] However, there is still a need for
simple, inexpensive delivery systems which are easily
prepared and which can deliver a broad range of active
agents by various routes. SUMMARY OF THE INVENTION
[12] The present invention provides compounds and
compositions which facilitate the delivery of active
agents. Delivery agent compounds of the present
invention include those having the following formula:
8-(2-hydroxyphenoxy)octyldiethanolamine ("HPOD") 



Compound 1 and salts thereof. A preferred delivery
agent compound is the mesylate salt of compound 1.
[13] Mixtures of these delivery agent compounds may
also be used. [14] The invention also provides a
composition, such as a pharmaceutical composition,
comprising at least one of the delivery agent
compounds of the formula above, and at least one
active agent. These compositions deliver active agents
to selected biological systems in increased or
improved bioavailability of the active agent compared
to administration of the active agent without the
delivery agent compound. [15] Also provided are dosage
unit forms comprising the compositions. The dosage
unit may be in the form of a liquid or a solid, such
as a tablet, capsule or particle, including a powder
or sachet.[16] Another embodiment is a method for
administering an active agent to an animal,
particularly an animal in need of the active agent, by
administering a composition comprising at least one of
the agent compounds above and the active agent to the
animal. Preferred routes of administration include the
oral and intracolonic routes. [17] Yet another
embodiment is a method of treating a disease or for
achieving a desired physiological effect in an animal
in need thereof by administering an effective amount
of the composition of the present invention. [18] Yet
another embodiment is a method of preparing a
composition of the present invention by mixing at
least one delivery agent compound of the formula
above, and at least one active agent. Mixtures of
active agents may also be used with HPOD. [19] Yet
another embodiment is a method of treating
osteoporosis and/or Paget's disease in an animal
(e.g., a person or other mammal) in need thereof by
administering an effective amount of a pharmaceutical
composition comprising a delivery agent compound of
the present invention and a bisphosphonate. A
preferred delivery agent of the present invention is
the mesylate salt of compound I. Preferred
bisphosphonates, include, but are not limited to,
alendronate, clodronate, etidronate, ibandronate,
incadronate, minodronate, neridronate, olpadronate,
pamidronate, risedronate, tiludronate, zoledronate,
EBl 053, and YH529. A more preferred bisphosphonate is
ibandronate. [20] Still another embodiment is a method
of inhibiting osteoclasts in an animal (e.g., a person
or other mammal) in need thereof by administering an
effective amount of a pharmaceutical composition
comprising a delivery agent compound of the present
invention and a bisphosphonate. A preferred delivery
agent of the present invention is the mesylate salt of
compound I . Preferred bisphosphonates, include, but
are not limited to, alendronate, clodronate,
etidronate, ibandronate, incadronate, minodronate,
neridronate, olpadronate, pamidronate, risedronate,
tiludronate, zoledronate, EB1053, and YH529.. A more
preferred bisphosphonate is ibandronate. [21] Still
another embodiment is a method for treating a
malignant disease in an animal (e.g., a person or
other mammal) in need thereof by administering an
effective amount of a pharmaceutical composition
comprising (a) at least one compound selected from
8-(2- hydroxyphenoxy)octyldiethanolamine and salts
thereof, and (b) one or more bisphosphonates. The
malignant disease is preferably selected from breast
cancer, prostate cancer, testicular cancer, colon
cancer, pancreatic cancer, endometrial cancer, small
cell andnon-small cell cancer of the lung, ovarian
cancer, cervical cancer, myeloid leukemia,
lymphocyltic leukemia, lymphoma, hepatic tumors,
medullary thyroid carcinoma, multiple myeloma, and
melanoma retinoblastoma, and sarcomas of the soft
tissue and bone, i.e. neoplasms that express vitamin D
receptors. According to one embodiment, the
bisphosphonate is ibandronate. [22] Still another
embodiment is a method for treating hypercalcemia of
malignancy in an animal (e.g., a person or other
mammal) in need thereof by administering an effective
amount of a pharmaceutical composition comprising (a)
at least one compound selected from
8-(2-hydroxyphenoxy)octyldiethanolamine and salts
thereof, and (b) one more bisphosphonates. According
to one embodiment, the bisphosphonate is ibandronate.
[23] Still another embodiment is a method for treating
osteolytic bone mestastases in an animal (e.g., a
person or other mammal) in need thereof by
administering an effective amount of a pharmaceutical
composition comprising (a) at least one compound
selected from 8-(2-hydroxyphenoxy)octyldiethanolamine
and salts thereof, and (b) one more bisphosphonates.
BRIEF DESCRIPTION OF THE DRAWINGS [24] Figure 1
depicts the mean urine Ibandronate concentration
following administration of Ibandronate alone (--) or
with any one of four delivery agents (SNAC ( -- ),
FSAA (- -), HPOD mesylate (-x-), and SNAD (-*-)) [25]
Figure 2 depicts the predicted Ibandronate
concentration following administration of Ibandronate
alone (--) or with any one of four delivery agents
(SNAC ( -- ), FSAA (-A-), HPOD mesylate (-x-), and
SNAD (-*-)) DETAILED DESCRIPTION OF THE INVENTION
Definitions [26] The term "HPOD" as used herein
(unless otherwise indicated) refers to 8-(2-
hydroxyphenoxy)octyldiethanolamine and salts thereof.
[27] The term "delivery agent" as used herein refers
to phenoxy amine compounds of the present invention,
including crystalline polymorphic forms thereof. [28]
An "effective amount of drug" is an amount of the
active agent (e.g., heparin) which is effective to
treat or prevent a condition in a living organism to
whom it isadministered over some period of time, e.g.,
provides a therapeutic effect during a desired dosing
interval. Effective doses will vary, as recognized by
those skilled in the art, depending on the route of
administration, excipient usage, and the possibility
of co-usage with other agents for treating a
condition. [29] The term "treat", "treating", or
"treated" refers to administering an active 



agent with the purpose to cure, heal, alleviate,
relieve, alter, remedy, ameliorate, improve, or affect
a condition (e.g., a disease), the symptoms of the
condition, or the predisposition toward the condition.
[30] An "effective amount of delivery agent" is an
amount of the delivery agent which promotes the
absorption of a desired amount of the active agent via
any route of administration (such as those discussed
in this application including, but not limited to, the
oral (e.g., across a biological membrane in the
gastrointestinal tract), nasal, pulmonary, dermal,
vaginal, and/or ocular route). [31] As used herein,
the term "about" means within 10% of a given value,
preferably within 5%, and more preferably within 1% of
a given value. Alternatively, the term "about" means
that a value can fall within a scientifically
acceptable error range for that type of value, which
will depend on how qualitative a measurement can be
given the available tools. Delivery Agent Compounds
[32] The delivery agent compounds may be in the form
of the free base or salts thereof. Suitable salts
include, but are not limited to, organic and inorganic
salts, for example ammonium, acetate salt, citrate
salt, halide (preferably hydrochloride), hydroxide,
sulfate, nitrate, phosphate, alkoxy, perchlorate,
tetrafluoroborate, carboxylate, mesylate, fumerate,
malonate, succinate, tartrate, acetate, gluconate, and
maleate. Preferred salts include, but are not limited
to, citrate and mesylate salts. The salts may also be
solvates, including ethanol solvates, and hydrates.
[33] Salts of the delivery agent compounds of the
present invention may be prepared by methods known in
the art. For example, citrate salts and mesylate salts
may be prepared in ethanol, toluene and citric acid.
[34] The delivery agent compound may be purified by
recrystallization or by fractionation on one or more
solid chromatographic supports, alone or linked in
tandem.Suitable recrystallization solvent systems
include, but are not limited to, ethanol, water,
heptane, ethyl acetate, acetonitrile, acetone,
methanol, and tetrahydrofuran (THF) and mixtures
thereof. Fractionation may be performed on a suitable
chromatographic support such as alumina, using
methanol/n-propanol mixtures as the mobile phase;
reverse phase chromatography using trifluoroacetic
acid/acetonitrile mixtures as the mobile phase; and
ion exchange chromatography using water or an
appropriate buffer as the mobile phase. When anion
exchange chromatography is performed, preferably a
0-500 mM sodium chloride gradient is employed. [35]
The delivery agent may contain a polymer conjugated to
it, e.g., as described in International Publication
No. WO 03/045331, which is incorporated herein by
reference. For example, the delivery agent may contain
a polymer conjugated to it by a linkage group selected
from -NHC(O)NH-, -C(O)NH- ,-NHC(O), -OOC-, -COO-,
-NHC(O)O-, -OC(O)NH- , -CH2NH -NHCH2-, -CH2NHC(O)O-,
-OC(O)NHCH2-,-CH2NHCOCH2O-, - OCH2C(O)NHCH2-, -
NHC(O)CH2O-, -OCH2C(O)NH-, -NH-, -0-, and
carbon-carbon bond, with the proviso that the
polymeric delivery agent is not a polypeptide or
polyamino acid. The polymer may be any polymer
including, but not limited to, alternating copolymers,
block copolymers and random copolymers, which are safe
for use in mammals. Preferred polymers include, but
are not limited to, polyethylene; polyacrylates;
polymethacrylates; poly(oxyethylene); poly(propylene);
polypropylene glycol; polyethylene glycol (PEG); and
derivatives thereof and combinations thereof. The
molecular weight of the polymer typically ranges from
about 100 to about 200,000 daltons. The molecular
weight of the polymer preferably ranges from about 200
to about 10,000 daltons. In one embodiment, the
molecular weight of the polymer ranges from about 200
to about 600 daltons and more preferably ranges from
about 300 to about 550 daltons. Active Agents [36]
Active agents suitable for use in the present
invention include biologically active agents and
chemically active agents, including, but not limited
to, pesticides, pharmacological agents, and
therapeutic agents. Suitable active agents include
those that are rendered less effective, ineffective or
are destroyed in the gastro-intestinal tract by acid
hydrolysis, enzymes and the like. Also included as
suitable active agents are those macromolecular agents
whose physiochemical characteristics, such as, size,
structure orcharge, prohibit or impede absorption when
dosed orally. [37] For example, biologically or
chemically active agents suitable for use in the
present invention include, but are not limited to,
proteins; polypeptides; peptides; hormones;
polysaccharides, and particularly mixtures of
muco-polysaccharides; carbohydrates; lipids; small
polar organic molecules (i.e. polar organic molecules
having a molecular weight of 500 daltons or less);
other organic compounds; and particularly compounds
which by themselves do not pass (or which pass only a
fraction of the administered dose) through the gastro
intestinal mucosa and/or are susceptible to chemical
cleavage by acids and enzymes in the gastro-intestinal
tract; or any combination thereof. [38] Further
examples include, but are not limited to, the
following, including synthetic, natural or recombinant
sources thereof: growth hormones, including human
growth hormones (hGH), recombinant human growth
hormones (rhGH), bovine growth hormones, and porcine
growth hormones; growth hormone releasing hormones;
growth hormone releasing factor, interferons,
including a (e.g., interferon alfacon-1 (available as
Infergen(r) from InterMune, Inc. of Brisbane, CA)), b
and g; interleukin-1; interleukin-2; insulin,
including porcine, bovine, human, and human
recombinant, optionally having counter ions including
zinc, sodium, calcium and ammonium; insulin-like
growth factor, including IGF-I; heparin, including
unfractionated heparin, heparinoids, dermatans,
chondroitins, low molecular weight heparin, very low
molecular weight heparin and ultra low molecular
weight heparin; calcitonin, including salmon, eel,
porcine and human; 



erythropoietin; atrial naruretic factor; antigens;
monoclonal antibodies; somatostatin; protease
inhibitors; adrenocorticotropin, gonadotropin
releasing hormone; oxytocin; leutinizinghormone-
releasing-hormone; follicle stimulating hormone;
glucocerebrosidase; thrombopoietin; filgrastim;
prostaglandins; cyclosporin; vasopressin; cromolyn
sodium (sodium or disodium chromoglycate); vancomycin;
desferoxamine (DFO); parathyroid hormone (PTH),
including its fragments; anti-migraine agents such as
BIBN-4096BS and other calcitonin gene-related proteins
antagonists; glucagon-like peptide 1 (GLP-I);
antimicrobials, including antibiotics, anti-bacterials
and anti-fungal agents; vitamins; analogs, fragments,
mimetics or polyethylene glycol (PEG)-modified
derivatives of these compounds; or any combination
thereof. Non-limiting examples of antibiotics include
gram-positive acting, bacteriocidal, lipopeptidal and
cyclic peptidal antibiotics, such as daptomycin and
analogs thereof.[39] Additional active agents include
amylin and amylin antagonist, as well as peptide PYY
and peptide PYY agonists including, but limited to
peptide PYY [3-36]. [40] Active agents of the present
invention further include bisphosphonates.
Bisphosphonates of the present invention include, but
are not limited to, alendronate, clodronate,
etidronate, ibandronate, incadronate, minodronate,
neridronate, olpadronate, pamidronate, risedronate,
tiludronate, zoledronate, EB1053, and YH529. Delivery
systems [41] The composition of the present invention
comprises one or more delivery agent compounds of the
present invention, and one or more active agents. In
one embodiment, one or more of the delivery agent
compounds, or salts of these compounds, or poly amino
acids or peptides of which these compounds or salts
form one or more of the units thereof, may be used as
a delivery agent by mixing with the active agent prior
to administration to form an administration
composition. [42] The administration compositions may
be in the form of a liquid. The solution medium may be
water (for example, for salmon calcitonin, parathyroid
hormone, and erythropoietin), 25% aqueous propylene
glycol (for example, for heparin) and phosphate buffer
(for example, for rhGH). Other dosing vehicles include
polyethylene glycol. Dosing solutions may be prepared
by mixing a solution of the delivery agent compound
with a solution of the active agent, just prior to
administration. Alternately, a solution of the
delivery agent compound (or active agent) may be mixed
with the solid form of the active agent (or delivery
agent compound). The delivery agent compound and the
active agent may also be mixed as dry powders. The
delivery agent compound and the active agent can also
be admixed during the manufacturing process. [43] The
dosing solutions may optionally contain additives such
as phosphate buffer salts, citric acid, glycols, or
other dispersing agents. Stabilizing additives may be
incorporated into the solution, preferably at a
concentration ranging between about 0.1 and 20% (w/v).
[44] The administration compositions may alternately
be in the form of a solid, such as a tablet, capsule
or particle, such as a powder or sachet. Solid dosage
forms may be prepared by mixing the solid form of the
compound with the solid form of the active agent.
Alternately, a solid may be obtained from a solution
of compound and active agent bymethods known in the
art, such as freeze-drying (lyophilization),
precipitation, crystallization and solid dispersion.
[45] The administration compositions of the present
invention may also include one or more enzyme
inhibitors. Such enzyme inhibitors include, but are
not limited to, compounds such as actinonin or
epiactinonin and derivatives thereof. Other enzyme
inhibitors include, but are not limited to, aprotinin
(Trasylol) and Bowman-Birk inhibitor. [46] The amount
of active agent used in an administration composition
of the present invention is an amount effective to
accomplish the purpose of the particular active agent
for the target indication. The amount of active agent
in the compositions typically is a pharmacologically,
biologically, therapeutically, or chemically effective
amount. However, the amount can be less than that
amount when the composition is used in a dosage unit
form because the dosage unit form may contain a
plurality of delivery agent compound/active agent
compositions or may contain a divided
pharmacologically, biologically, therapeutically, or
chemically effective amount. The total effective
amount can then be administered in cumulative units
containing, in total, an effective amount of the
active agent. [47] The total amount of active agent to
be used can be determined by methods known to those
skilled in the art. However, because the compositions
of the invention may deliver active agents more
efficiently than compositions containing the active
agent alone, lower amounts of biologically or
chemically active agents than those used in prior
dosage unit forms or delivery systems can be
administered to the subject, while still achieving the
same blood levels and/or therapeutic effects. [48] The
presently disclosed delivery agent compounds
facilitate the delivery of biologically and chemically
active agents, particularly in oral, intranasal,
sublingual, intraduodenal, subcutaneous, buccal,
intracolonic, rectal, vaginal, mucosal, pulmonary,
transdermal, intradermal, parenteral, intravenous,
intramuscular and ocular systems, as well as
traversing the blood-brain barrier. [49] Dosage unit
forms can also include any one or combination of
excipients, diluents, disintegrants, lubricants,
plasticizers, colorants, flavorants, taste-masking
agents, sugars, sweeteners, salts, and dosing
vehicles, including, but not limited to, water, 1,2-
propane diol, ethanol, olive oil, or any combination
thereof. [50] The compounds and compositions of the
subject invention are useful for administering
biologically or chemically active agents to any
animals, including but notlimited to birds such as
chickens; mammals, such as rodents, cows, pigs, dogs,
cats, primates, and particularly humans; and insects.
[51] The system is particularly advantageous for
delivering chemically or 



biologically active agents that would otherwise be
destroyed or rendered less effective by conditions
encountered before the active agent reaches its target
zone (i.e. the area in which the active agent of the
delivery composition is to be released) and within the
body of the animal to which they are administered.
Particularly, the compounds and compositions of the
present invention are useful for orally administering
active agents, especially those that are not
ordinarily orally deliverable, or those for which
improved delivery is desired. [52] The compositions
comprising the compounds and active agents have
utility in the delivery of active agents to selected
biological systems and in an increased or improved
bioavailability of the active agent compared to
administration of the active agent without the
delivery agent. Delivery can be improved by delivering
more active agent over a period of time, or in
delivering the active agent in a particular time
period (such as to effect quicker or delayed
delivery), or in delivering the active agent at a
specific time, or over a period of time (such as
sustained delivery). [53] Another embodiment of the
present invention is a method for the treatment or
prevention of a disease or for achieving a desired
physiological effect, such as those listed in the
table below, in an animal by administering the
composition of the present invention. Preferably, an
effective amount of the composition for the treatment
or prevention of the desired disease or for achieving
the desired physiological effect is administered.
Specific indications for active agents can be found in
the Physicians' Desk Reference (54th Ed., 2000,
Medical Economics Company, Inc., Montvale, NJ) and
(58th Ed. 2004, Medical Economics Company, Inc.,
Montvale NJ), which are herein incorporated by
reference. Specific indications for active agents can
also be found in Fauci, AS, et. al. , Harrison's
Principles of Internal Medicine (14th Ed., 1998,
McGraw-Hill Health Professions Division, New York. The
active agents in the table below include their
analogs, fragments, mimetics, and polyethylene
glycol-modified derivatives, and can be administered
with HPOD to improve the bio-availability of the
active agent, as compared to administering the active
agent alone.SEMICONDUCTOR DEVICE BASED ON Si-Ge WITH
HIGH STRESS LINER FOR ENHANCED CHANNEL CARRIER
MOBILITY FIELD OF THE INVENTION The present invention
relates to micro-miniaturized semiconductor devices
comprising transistors on silicon-germanium. The
present invention is particularly applicable in
fabricating transistors with enhanced channel carrier
mobility. BACKGROUND OF THE INVENTION The relentless
pursuit of miniaturized high speed semiconductor
devices continues to challenge the limitations of
conventional semiconductor materials and fabrication
techniques. Conventional semiconductor devices
typically comprise a plurality of active devices in or
on a common semiconductor substrate, e.g., CMOS
devices comprising at least a pair of PMOS and NMOS
transistors in spaced adjacency. Current technology
utilizes crystalline semiconductor wafers as
substrates, such as a lightly pdoped epitaxial ("epi")
layer of silicon (Si) grown on a heavily-doped,
crystalline Si Substrate. The low resistance of the
heavily-doped substrate is necessary for minimizing
susceptibility to latch-up, whereas the light doping
of the epi layer permits independent tailoring of the
doping profiles of both the p-type and n type wells
formed therein as part of the fabrication sequence,
thereby resulting in optimal PMOS and NMOS transistor
performance. The use of the very thin epi layers,
i.e., several mm thick, is made possible by utilizing
shallow trench isolation ("STI"), which advantageously
minimizes up-diffusion of p-type dopant(s) from the
more heavily-doped substrate into the lightly-doped
epi layer. In addition, STI allows for closer spacing
of adjacent active areas by avoiding the "bird's beak"
formed at the edge of each LOCOS isolation structure.
STI also provides better isolation by creating a more
abrupt structure, reduces the vertical step from
active area to isolation to improve gate lithography
control, eliminates the high temperature field
oxidation step that can cause problems with large
diameter, i.e., 8 inch, wafers, and is scalable to
future logic technology generations. Substrates based
on "strained silicon" have attracted interest as a
semiconductor material which provides increased speeds
of electron and hole flow therethrough, thereby
permitting fabrication of semiconductor devices with
higher operating speeds, enhanced performance
characteristics, and lower power consumption. A very
thin, tensilely strained, crystalline silicon (Si)
layer is grown on a relaxed, graded composition of
silicon-germanium (Si-Ge) buffer layer several microns
thick, which Si-Ge buffer layer in turn is formed on a
suitable crystalline substrate, e.g., a Si wafer or a
silicon-on-insulator (SOI) wafer. The Si-Ge buffer
layer typically contains 12 to 25 at.% Ge. Strained Si
technology is based upon the tendency of the Si atoms,
when deposited on the Si-Ge buffer layer, to align
with the greater lattice constant (spacing) of Si and
Ge atoms therein (relative to pure Si). As a
consequence of the Si atoms being deposited on a
substrate (Si-Ge) comprised of atoms which are spaced
further apart, they "stretch" to align with the
underlying Si and Ge atoms, thereby "stretching" or
tensilely straining the deposited Si layer. Electrons
and holes in such strained Si layers have greater
mobility than in conventional, relaxed Si layers with
smaller inter-atom spacings, i.e., there is less
resistance to electron and/or hole flow. For example,
electron flow instrained Si may be up to about 70%
faster compared to electron flow in conventional Si.
Transistors and IC devices formed with such strained
Si layers can exhibit operating speeds up to about 35%
faster than those of equivalent devices formed with
conventional Si, without necessity for reduction in
transistor size. Conventional practices based on
strained silicon technology also involve epitaxially
growing a relaxed silicon layer on a tensilely
stressed silicon layer which is subsequently doped to
form relaxed source/drain regions in the relaxed
silicon layer. The mobility of electrons is faster
than the mobility of holes in conventional bulk
silicon substrates. Accordingly, in conventional CMOS
transistors, the drive current of the PMOS transistor
is less than the drive current of the NMOS transistor
creating an imbalance. TWs imbalance is exacerbated in
CMOS transistors fabricated on or within a tensilely
stressed active device area formed in a strained
lattice semiconductor substrate, e.g., strained Si on
Si-Ge, because the increase in electron mobility is
greater than the increase in hole mobility. 



As micro-miniaturization proceeds, there is an
attendant need to increase the drive current of
transistors, including transistors formed on various
types of strained Si-Ge substrates, by enhancing
carrier mobility. Accordingly, there exists a need for
methodology enabling the fabrication of semiconductor
devices comprising transistors formed on Si-Ge
substrates with enhanced drive currents by increasing
channel carrier mobility and the resulting
semiconductor devices. DISCLOSURE OF THE INVENTION An
advantage of the present invention is a method of
fabricating a semiconductor device comprising
transistors on Si-Ge substrates with enhanced drive
currents. Another advantage of the present invention
is a semiconductor device comprising transistors based
on Si-Ge substrates with enhanced drive currents.
Additional advantages and other aspects and features
of the present invention will be set forth in the
description which follows and in part will become
apparent to those having ordinary skill in the art
upon examination of the following or may be learned
from the practice of the present invention. The
advantages of the present invention may be realized
and obtained as particularly pointed out in the
appended claims. According to the present invention,
the foregoing and other advantages are obtained in
part by a semiconductor device comprising: a substrate
comprising a layer of silicon (Si) having a strained
lattice on a layer of silicon-germanium (Si-Ge); a
transistor comprising source/drain regions and a gate
electrode over the substrate with a gate dielectric
layer therebetween; and a stressed dielectric liner
over side surfaces of the gate electrode and over the
source/drain regions. Another advantage of the present
invention is a method of manufacturing a semiconductor
device, the method comprising: forming a substrate
comprising a layer of silicon (Si) having a strained
lattice on a layer of silicon-germanium (Si-Ge);
forming a transistor comprising source/drain regions
and a gate electrode, having an upper surface and side
surfaces, over the substrate with gate dielectric
layer therebetween; and forming a stressed dielectric
liner over the side surfaces of the gate electrode and
over the source/drain regions. Embodiments of the
present invention comprise forming dielectric sidewall
spacers on side surfaces of the gate electrode, such
as an oxide liner and a nitride layer thereon,
epitaxially growing a relaxed Si layer on the strained
Si layer, forming source/drain regions in the relaxed
Si layer and then depositing the stresseddielectric
liner on the sidewall spacers, on the relaxed
source/drain regions and on a portion of the strained
Si layer between the sidewall spacers and raised
source/drain regions. Embodiments of the present
invention also include forming dielectric sidewall
spacers on side surfaces of the gate electrode,
forming source/drain regions in the strained Si layer,
forming a metal silicide layer on the upper surface of
the gate electrode and a metal silicide layer on the
source/drain regions, removing the dielectric sidewall
spacers to expose a portion of the strained Si layer
adjacent the side surfaces of the gate electrode, and
then forming the stress dielectric liner on the metal
silicide layer, on the upper surface of the gate
electrode, on the side surfaces of the gate electrode,
on the adjacent exposed portions of the strained Si
layer, and on the silicide layer overlying the
source/drain regions. In embodiments of the present
invention comprising N-channel transistors, the
stressed dielectric liner exhibits high tensile
stress. In embodiments of the present invention
comprising P-channel transistors, the stressed
dielectric liner exhibits high compressive stress. The
stressed dielectric liner may comprise a layer of
silicon nitride, silicon carbide or silicon
oxynitride, at a thickness of about 200A to about
lOOOA. Embodiments of the present invention include
fabricating semiconductor devices comprising
complimentary MOS (CMOS) transistors, with a
compressive Film on the PMOS transistor and a tensile
film on the NMOS transistor. According to one aspect
of this invention, process flow includes depositing a
compressive stressed nitride film over both the NMOS
and PMOS transistors, and then depositing a thin
buffer film, such as an oxide or oxynitride film, over
both the NMOS and PMOS transistors. Selective etching
is then conducted to remove the oxide and compressive
stressed nitride films from the NMOS transistor while
masking the PMOS transistor. A tensile stressed
nitride film is then deposited over both the NMOS and
PMOS transistors, and then selectively etched away
from the PMOS transistor. The resulting CMOS device
comprises an NMOS transistor with a tensile stressed
film thereon and a PMOS transistor with a compressive
stress film thereon. Additional advantages and aspects
of the present invention will become readily apparent
to those skilled in the art from the following
detailed description, wherein embodiments of the
present invention are shown and described, simply by
way of illustration of the best mode contemplated for
practicing the present invention. As will be
described, the present invention is capable of other
and different embodiments, and its several details are
susceptible of modification in various obvious
respects, all without departing from the spirit of the
present invention. Accordingly, the drawings and
description are to be regarded as illustrative in
nature, and not as limitative. BRIEF DESCRIPTION OF
THE DRAWINGS Figs. 1 and 2 schematically illustrate
sequential phases of a method in accordance with an
embodiment of the present invention. Figs. 3 through 6
schematically illustrate sequential phases of a method
in accordance with another embodiment of the present
invention. Figs. 7 through 14 schematically illustrate
sequential phases of a method in accordance with
another embodiment of the present invention. In Figs.
1 and 2, similar features or elements are denoted by
similar reference characters; in Figs. 3 through 6,
similar features or elements are denoted by similar
reference characters; and in Figs. 7 through 14,
similar features or elements are denoted by similar
reference characters.DESCRIPTION OF THE INVENTION
Transistors built on Si-Ge substrates involve
different considerations than those built on bulk
silicon substrates. Because of the large thickness of
silicon substrates, stressed films deposited thereon
tend to affect the substrate with a stress opposite to
that exhibited by the film. For example, if a tensile
stressed film is deposited on a bulk silicon
substrate, compressive stress is imparted to the
substrate and, hence, a channel region. However,
typically, and in accordance with embodiments of the
present invention, Si-Ge substrates are formed with a
strained silicon layer having a thickness of about
200A to about 300A. Relaxed source/drain regions may
be formed thereon at a thickness of up to about 400A.
Thus, the thickness of the strained Si layer and
drain/source regions together typically does not
exceed 800A. As a result, the strained 



Si layer, even together with a relaxed Si layer, is
relatively transparent to the type of stress exhibited
by a film deposited thereon. Accordingly, a tensile
stressed layer deposited on a strained Si layer, or a
relaxed Si layer formed on a strained Si layer, would
also impart tensile stress to a channel region formed
therein; and a compressive stressed layer deposited on
such a thin Si layer or layers imparts compressive
stress to a channel region formed therein; whereas, in
bulk substrates, the opposite would occur. The present
invention addresses and solves the problem of
increasing the drive current of transistors based on
strained Si substrates in a cost effective and
efficient manner by significantly enhancing the
channel carrier mobility. The present invention stems
from the recognition that the channel carrier mobility
of transistors based on strained Si substrates can be
increased by applying a stress thereto. In forming
Pchannel transistors, channel carrier mobility is
enhanced by applying a stressed dielectric layer
exhibiting high compressive stress for increasing hole
mobility. In N-channel transistors, channel carrier
mobility is significantly increased by applying a
stressed layer exhibiting high tensile stress for
increasing electron mobility. Stressed dielectric
layers may be applied to transistors wherein the
source/drain regions are formed within the strained Si
layer, and to transistors having relaxed source/drain
regions formed on strained Si layers. The stressed
dielectric layer may comprise silicon carbide, silicon
nitride or silicon oxynitride, and may be deposited by
plasma enhanced chemical vapor deposition (PECVD) at a
thickness of about 200A to about 100OA. Conventional
PECVD conditions may be employed for deposition of a
highly compressive or highly tensile dielectric layer.
In depositing a stressed dielectric layer exhibiting
high compressive stress, both high frequency and low
frequency power are applied. When depositing a
stressed dielectric layer exhibiting high tensile
stress, the low frequency power is significantly
reduced. In depositing a dielectric layer exhibiting
high tensile stress, a tensile stress is applied to
the underlying strained or relaxed Si layer. In
applying a layer exhibiting high compressive stress, a
compressive stress is applied to the underlying
strained or relaxed Si layer. For example, a stressed
conformal silicon nitride layer exhibiting a high
compressive stress, e.g., greater than IGPa, may be
deposited at: a silane (SiH ) flow rate of 200 to 500
seem; a nitrogen (N2) flow rate of 2,000 to 10,000
seem; an ammonia (NH3) flow rate of 2,500 to 5,000
seem; a SiH4/NH3 ratio of 0.2 to 0.04, a temperature
of 350C to 55O0C; a pressure of 1 to 6 Torr; a high
frequency power of 70 to 300 watts; a low frequency
power of 20 to 60 watts and an electrode (shower head)
spacing of 400 to 600 mils. A silicon nitride layer
exhibiting a high tensile stress, e.g., greater than
IGPa, may be deposited at a SiH flow rate of 50 to 500
seem; an NH3 flow rate of 1,500 to 5,000 seem; a N2
flow rate of 4,000 to 30,000 seem; a SiH4M H3 ratio of
0.2 to 0.04, a temperature of 3500C to 55O0C, a
pressure of 2 to 10 Torr; a high frequency power of 40
to 300 watts and a low frequency power of 0 to 10
watts.In other embodiments of the present invention, a
dielectric layer exhibiting high tensile stress may be
formed by depositing the dielectric layer by chemical
vapor deposition and then treating the deposited
dielectric layer with ultraviolet or electron beam
radiation to increase its tensile stress. In
accordance with embodiments of the present invention,
the stressed layer is applied at a relatively low
temperature. Accordingly, the present invention
enables deposition of a tensile or compressive
stressed layer in transistors having nickel suicide
layers formed on source/drain regions and gate
electrodes, without exceeding the thermal stability
limits of the nickel silicon layers. The present
invention is also applicable to transistors comprising
other metal silicides, such as cobalt silicide. In
cobalt silicidation, a separate layer of silicon is
deposited prior to depositing a layer of cobalt and
implementing silicidation. An embodiment of the
present invention is schematically illustrated in
Figs. 1 through 6. Adverting to Fig. 1, a layer of
strained Si 11 is formed on a layer of Si-Ge 10. It
should be understood that Si layer 11 may be entirely
strained or strained locally in the source/drain
regions as in conventional practices, and that
embodiments of the present invention encompass both
types of strained Si layers. A gate electrode 12 is
formed over strained Si layer 11 with a gate
dielectric layer 13 therebetween. Sidewall spacers are
then formed comprising an L-shaped oxide liner 14,
e.g., silicon oxide, and a nitride layer 15, e.g.,
silicon nitride, thereon. A relaxed Si layer 16 is
then epitaxially grown on strained Si layer 11 and
source/drain regions formed therein, as by doping
extending the source/drain regions into strained Si
layer 11. A metal silicide layer 20, 2OA, such as
nickel silicide, is formed on the upper surface of
gate electrode 12 on an relaxed source/drain region
16, respectively. A stressed dielectric liner 2 1 is
then formed on the sidewall spacers, silicides 20,
2OA, and between the oxide liner 14 and relaxed
source/drain region 16 on the Si layer 11. In
embodiments of the present invention wherein the Si
layer is strained locally at the source/drain regions,
the stressed dielectric layer 2 1 imparts strain 20 to
silicon layer 1 1 under the gate electrode and under
the spacers, thereby advantageously increasing channel
carrier mobility. In embodiments wherein the entire Si
layer 11 is strained, the stressed dielectric layer
further increases strain in the channel region under
the gate electrode and spacers, thereby further
increasing channel carrier mobility. Stressed
dielectric layer 2 1 can be, for example, silicon
nitride deposited by PECVD exhibiting a high
compressive or tensile stress. Additional features
illustrated in Fig. 2 include tungsten plug 22 and
barrier metal 23, e.g., titanium nitride, filling an
opening in interlayer dielectric 24, and tungsten plug
25 and barrier metal wire 26, such as titanium
nitride, filing contact hole 27 in interlayer
dielectric 24. The stress applied by the highly
stressed dielectric layer 2 1 enhances channel carrier
mobility, thereby increasing the drive current of the
transistor. Another embodiment of the present
invention is schematically illustrated in Figs. 3
through 6. Adverting to Fig. 3, strained Si layer 3 1
is formed over Si-Ge layer 30. As in the previous
discussed embodiment, Si layer 31 may be globally
strained or locally strained under the source/drain
regions. Gate electrode 32 is formed over strained Si
layer 3 1 with a gate dielectric layer 33
therebetween. A sidewall spacer comprising an oxide
liner 34, as at a thickness of about 6OA to about
6OqA, is formed on side surfaces of the gate electrode
32 and on a portion of the upper surface of strained
Si layer 31. It should be appreciated that liner 34
may be deposited by ALD and may also comprise silicon
nitride. Silicon oxide liner advantageously prevents
consumption of the gate electrode by silicidation on
the side surfaces thereof, and advantageously prevents
a subsequently formed thin layer of nickel silicide on
the silicon nitride sidewall spacers from contacting
the nickel silicide contact layer on the upper surface
of the gate electrodeand/or from contacting the nickel
suicide contact layers on the upper surface of the
strained Si layer 31, thereby preventing nickel
silicide bridging along the silicon nitride sidewall
spacers. Silicon nitride spacers 35 are then formed on
silicon oxide liner 34 as by employing PECVD followed
by etching. Subsequently, silicidation is implemented,
as by forming a layer of nickel silicide 40 



on the upper surface of gate electrode 32, as
illustrated in Fig. 4, and by forming a layer of
nickel silicide 4 1 on the source/drain region formed
in the strained Si layer 3 1 or strained portion of
silicon layer 31. As illustrated in Fig. 5, the liner
and sidewall spacers are then removed exposing a
portion of the upper surface of strained Si layer 31
between the silicide layers 4 1 and the side surfaces
of gate electrode 32, with a very thin oxide layer
thereon, e.g., less 5qA, serving as a buffer layer. A
highly stressed dielectric layer 50 is then deposited,
such as a silicon nitride layer exhibiting high
compressive stress, by PECVD, as shown in Fig. 6. The
highly stressed dielectric layer 50 serves to increase
channel hole mobility, thereby increasing the drive
current. Another embodiment of the present invention
is schematically illustrated in Figs. 7 through 14.
Adverting to Fig. 7, a CMOS device is schematically
illustrated comprising an NMOS transistor portion at
tlie left and a PMOS transistor portion on the right,
wherein similar features are denoted by similar
reference characters. Strained Si layer 7 1 is formed
over Si-Ge layer 70. As in previous discussed
embodiments, Si layer 7 1 may be globally strained or
locally strained in the source/drain regions. Gate
electrode 72 is formed over strained Si layer 71 with
a gate dielectric layer 73 therebetween. A sidewall
spacer comprising an oxide liner 74, as at a thickness
of about 6qA to about 600A, is formed on side surfaces
of gate electrode 72 and on a portion of the upper
surface of strained Si layer 71. Silicon oxide liner
74 can be formed in the same manner as discussed with
respect to silicon oxide liner 34 in Fig. 3. Silicon
nitride spacers 75 are then formed on silicon oxide
liner 74, as by employing PECVD followed by etching.
Subsequently, silicidation is implemented, as by
forming a layer of nickel silicide 76 on the upper
surface of gate electrodes 72 and by forming a layer
of nickel silicide 77 on the source/drain regions
formed on the strained Si layer 71. As illustrated in
Fig. 8, liner 74 and sidewall spacer 75 are removed
from each transistor exposing a portion of the upper
surface of strained Si layer 7 1 between silicide
layers 77 and the side surfaces of gate electrode 72.
A highly compressive stressed silicon nitride film 90,
having a compressive stressed greater than 1.5GPa, is
then deposited over both the NMOS and PMOS transistors
as illustrated in Fig. 9. Deposition of highly
compressive stressed silicon nitride film 90 may be
implemented at a temperature of about 400C to about
4800C, at a SiH4 flow rate of about 200 to about 300
seem, an NH3 flow rate of about 3,000 to about 4,000
seem, a N2 flow rate of about 3,500 to about 4,500
seem, a pressure of about 2 to about 6 TOIT, a shower
head spacing of about 400 to about 600 mils, a high
frequency RF power of about 60 to about 100 watts, a
low frequency RF power of about 40 watts to about 90
watts, followed by NH3/N2 plasma treatment with NH3 at
a flow rate of about 500 to about 1500 seem and with
N2 at a flow rate of about 2,000 to about 4,000 seem,
at a high frequency RF power of about 100 watts to
about 600 watts, and a low frequency RF power of about
20 watts to about 60 watts for about 20 to about 60
seconds. Multiple layer deposition and plasma
treatment further increases compressive stress.
Subsequently, a thin oxide or oxynitride film 100 is
deposited, as illustrated in Fig. 10, by a
conventional CVD process. Typically oxide or
oxynitride film 100 is deposited at a thickness of
about 3OA to about 6OA.Subsequently, a mask 110, e.g.,
photoresist or hard mask is applied over the PMOS
transistor, as illustrated in Fig. 11, and the oxide
or oxynitride film 100 and high compressive stress
silicon nitride film 90 removed from the NMOS
transistor. Adverting to Fig. 12, the mask 110 is
removed from the PMOS transistor, a highly tensile
stressed silicon nitride film 120, having a tensile
stress of greater than 1.5GPa, is then deposited over
both the PMOS and NMOS transistors. Deposition of
highly tensile stressed film 120 can be implemented at
a temperature of about 4000C to about 4800C, a SiH4
flow rate of about 40 to about 80 seem, and NH3 flow
rate of about 1,500 to about 2,500 seem, a N2 flow
rate-of about 20,000 to about 40,000 seem, a spacing
(between substrate and shower head) of about 400 to
about 600 mils, a pressure of about 2 to about 8 Torr,
a high frequency power of about 40 to about 80 watts,
and a low frequency power up to about 10 watts. A thin
oxide or oxynitride film is then deposited by a
conventional CVD process, as at a thickness of about
30A to about 6OA. Adverting to Fig. 13, a mask 131,
such as a photoresist or hard mask, is then applied
over the NMOS transistor, and the oxide or oxynitride
film 130 and the highly tensile stressed silicon
nitride film 120 are selectively removed from the PMOS
transistor stopping on the oxide or oxynitride film
100. The mask 131 is then removed, and the resulting
structure is illustrated in Fig. 14 which comprises an
oxide or oxynitride film 130 and a highly tensile
stressed silicon nitride film 120 over the NMOS
transistor and an oxide or oxynitride filmlOO and a
highly compressive stressed silicon nitride film 90
over the PMOS transistor. The resulting CMOS device
comprises both PMOS and NMOS transistors with
increased channel carrier mobility and, hence,
increased drive current. The present invention
provides methodology enabling the fabrication of high
quality, high operating speed, micro-miniaturized
semiconductor devices based upon strained lattice
technology, with maximized transistor drive currents.
The inventive methodology can be practiced utilizing
conventional processing techniques and
instrumentalities at rates consistent with the
throughput requirements of automated fabrication
techniques, and is fully compatible with conventional
process flow for the manufacture of high-density
integrated semiconductor devices. The present
invention enjoys industrial applicability in
fabricating various types of semiconductor devices.
The present invention enjoys particular industrial
applicability in fabricating micro-miniaturized
semiconductor devices with high operating speeds. In
the previous description, numerous specific details
are set forth, such as specific materials, structures,
reactants, processes, etc., in order to provide a
better understanding of the present invention.
However, the present invention can be practiced
without resorting to the details specifically set
forth. In other instances, well-known processing
materials and techniques have not been described in
detail in order not to unnecessarily obscure the
present invention. Only the preferred embodiment of
the present invention and but a few examples of its
versatility are shown and described in the present
disclosure. It is to be understood that the present
invention is capable of use in various other
combinations and environments and is susceptible of
changes or modifications within the scope of the
inventive concept as expressed herein.WHAT IS CLAIMED
IS: 1. A semiconductor device comprising: a substrate
comprising a layer of silicon (Si) (71) having a
strained lattice on a layer of silicongermanium
(Si-Ge) (70); 



a transistor comprising source/drain regions and a
gate electrode (72) over the substrate with a gate
dielectric layer (73) therebetween; and a stressed
dielectric liner (90, 120) over side surfaces of the
gate electrode and over the source/drain regions. 2.
The semiconductor device according to claim 1, wherein
the source/drain regions are formed in a relaxed layer
of Si grown on the strained Si layer, and the stressed
dielectric liner exhibits high compressive (90) or
tensile (120) stress. 3. The semiconductor device
according to claim 2, further comprising: dielectric
sidewall spacers on side surfaces of the gate
electrode; a layer of metal silicide on an upper
surface of the gate electrode, wherein the stressed
dielectric liner is on the sidewall spacers; the
sidewall spacers comprise an oxide liner on the side
surfaces of the gate electrode and on an upper surface
portion of the strained Si layer, and a nitride layer
on the oxide liner; and the stressed dielectric liner
is on the nitride layer and between a bottom portion
of the oxide liner and relaxed layer of Si. 4. The
semiconductor device according to claim 3, wherein:
the transistor is a P-channel transistor; and the
stressed dielectric liner (90) exhibits high
compressive stress. 5. The semiconductor device
according to claim 3, wherein: the transistor is an
N-channel transistor; and the stressed dielectric
liner (120) exhibits high tensile stress. 6. A method
of manufacturing a semiconductor device, the method
comprising: forming a substrate comprising a layer of
silicon (Si) (71) having a strained lattice on a layer
of silicon-germanium (Si-Ge) (70); forming a
transistor comprising source/drain regions and a gate
electrode (72), having an upper surface and side
surfaces, over the substrate with a gate dielectric
layer (73) therebetween; and forming a stressed
dielectric liner (90, 120) over the side surfaces of
the gate electrode and over the source/drain regions,
wherein the strained Si layer (71) is either globally
strained or locally strained in the source/drain
regions. 7. The method according to claim 6,
comprising: forming a sidewall spacer on the side
surfaces of the gate electrode; epitaxially growing a
relaxed layer of Si on the strained Si layer; forming
source/drain regions in the relaxed Si layer; and
depositing the stressed dielectric liner on the
sidewall spacers, on the relaxed source/drain regions
and on portions of the strained Si layer between the
sidewall spacers and relaxed source/drain regions,
whereinthe stressed dielectric liner comprises a layer
of silicon nitride, silicon carbide or silicon
oxynitride at a thickness of about 200A to about
100OA. 8. The method according to claim 7, comprising:
forming the source/drain regions in the strained Si
layer (71); forming a first metal suicide layer on the
upper surface of the gate electrode (76) and a second
metal suicide layer on the source/drain regions (71);
removing the dielectric sidewall spacers exposing a
portion of the strained Si layer adjacent the side
surfaces of the gate electrode; and forming the
stressed dielectric liner (90, 120) on the first metal
suicide layer (76), on the side surfaces of the gate
electrode (72) and on the adjacent exposed portions of
the strained Si layer (71). 9. The method according to
claim 8, wherein: the transistor is either: a
P-channel transistor, the method comprising forming
the stressed dielectrip layer (90) by depositing a
dielectric layer by plasma enhanced chemical vapor
deposition under conditions such that it exhibits high
compressive stress, or. the transistor is an N-channel
transistor, the method comprising forming the stress
dielectric liner (120) by plasma enhanced chemical
vapor deposition under such conditions that it
exhibits high tensile stress. 10. A method of
fabricating a semiconductor device, the method
comprising: forming a substrate comprising a layer of
silicon (Si) (71) having a strained lattice on a layer
of silicon-germanium (Si-Ge) (70); forming CMOS
transistors comprising an NMOS transistor and a PMOS
transistor, each transistor comprising source/drain
regions and a gate electrode (72), having an upper
surface and side surfaces, over the substrate with a
gate dielectric layer (73) therebetween; forming
sidewall spacers on the side surfaces of each gate
electrode; forming metal suicide layers (76, 77) on
the upper surface of each gate electrode (72) and on
the surface of the source/drain regions of each
transistor; removing the sidewall spacers from the
side surfaces of each of the gate electrodes (72);
depositing a layer of silicon nitride (90) exhibiting
high compressive stress over the NMOS and PMOS
transistors; depositing an oxide or oxynitride liner
(100) on the silicon nitride layer (90) exhibiting
high compressive stress; selectively removing the
oxide or oxynitride liner (100) and silicon nitride
layer (90) exhibiting high compressive stress from the
NMOS transistor; depositing a layer of silicon nitride
(120) exhibiting high tensile stress on the NMOS
transistor; and on the PMOS transistor; and depositing
an oxide or oxynitride liner (130) on the silicon
nitride layer exhibiting high tensile stress on the
NMOS transistor and PMOS transistor, and selectively
removing the oxide or oxynitride liner and the silicon
nitride layer exhibiting high tensile stress from the
PMOS transistor. 


