
COMPOUNDS FOR NONSENSE SUPPRESSION, AND METHODS FOR
THEIR USE RELATED APPLICATIONS This application claims
priority to and the benefit under 35 U.S.C. 119 of
U.S. Application Numbers 60/617,633, filed October 13,
2004, 60/617,634, filed October 13, 2004; 60/617,655,
filed October 13, 2004, 60/617,670, filed October 13,
2004, all of which applications are herein
incorporated by reference in their entireties. The
present application also claims priority to and the
benefit under 35 U.S.C. 119 of U.S. Application
Numbers 60/617,653, filed October 13, 2004, and
60/624,170, filed November 3, 2004. U.S. Application
Number 60/624,170, filed November 3, 2004, is herein
incorporated by reference in its entirety. The present
application also incorporates by reference herein in
their entireties International Patent Applications
entitled "Compounds for Nonsense Suppression, and
Methods for Their Use," filed on October 13, 2005 and
identified as Attorney Docket Numbers 19025.040,
19025.041, 19025.042, and 19025.044. FIELD OF THE
INVENTION The present invention relates to methods,
compounds, and compositions for treating or preventing
diseases associated with nonsense mutations in an mRNA
by administering the compounds or compositions of the
present invention. More particularly, the present
invention relates to methods, compounds, and
compositions for suppressing premature translation
termination associated with a nonsense mutation in an
mRNA. BACKGROUND OF THE INVENTION Gene expression in
cells depends upon the sequential processes of
transcription and translation. Together, these
processes produce a protein from the nucleotide
sequence of its corresponding gene.Transcription
involves the synthesis of niRNA from DNA by RNA
polymerase. Transcription begins at a promoter region
of the gene and continues until termination is
induced, such as by the formation of a stem-loop
structure in the nascent RNA or the binding of the rho
gene product. Protein is then produced from mRNA by
the process of translation, occurring on the ribosome
with the aid of tRNA, tRNA synthetases and various
other protein and RNA species. Translation comprises
the three phases of initiation, elongation and
termination. Translation is initiated by the formation
of an initiation complex consisting of protein
factors, mRNA, tRNA, cofactors and the ribosomal
subunits that recognize signals on the mRNA that
direct the translation machinery to begin translation
on the mRNA. Once the initiation complex is formed,
growth of the polypeptide chain occurs by the
repetitive addition of amino acids by the peptidyl
transferase activity of the ribosome as well as tRNA
and tRNA synthetases. The presence of one of the three
termination codons (UAA, UAG, UGA) in the A site of
the ribosome signals the polypeptide chain release
factors (RFs) to bind and recognize the termination
signal. Subsequently, the ester bond between the 3'
nucleotide of the tRNA located in the ribosome' s P
site and the nascent polypeptide chain is hydrolyzed,
the completed polypeptide chain is released, and the
ribosome subunits are recycled for another round of
translation. Mutations of the DNA sequence in which
the number of bases is altered are categorized as
insertion or deletion mutations (e.g., frameshift
mutations) and can result in major disruptions of the
genome. Mutations of the DNA that change one base into
another and result in an amino acid substitution are
labeled missense mutations. Base substitutions are
subdivided into the classes of transitions (one purine
to another purine, or one pyrimidine to another
pyrimidine) and transversions (a purine to a
pyrimidine, or a pyrimidine to a purine). Transition
and transversion mutations can result in a nonsense
mutation changing an amino acid codon into one of the
three stop codons. These premature stop codons can
produce aberrant proteins in cells as a result of
premature translation termination. A nonsense mutation
in an essential gene can be lethal and can also result
in a number ofhuman diseases, such as, cancers,
lysosomal storage disorders, the muscular dystrophies,
cystic fibrosis and hemophilia, to name a few. The
human p53 gene is the most commonly mutated gene in
human cancer (Zambetti, G.P. and Levine, A., FASEB
7:855-865 (1993)). Found in both genetic and
spontaneous cancers, over 50 different types of human
cancers contain p53 mutations and mutations of this
gene occur in 50-55% of all human cancers (Hollstein,
M., et ah, Nucleic Acids Res. 22:3551-55 (1994);
International Agency for Research on Cancer (IARC)
database). Approximately 70% of colorectal cancer, 50%
of lung cancer and 40% of breast cancers contain
mutant p53 (Koshland, D., Science 262:1953 (1993)).
Aberrant forms of p53 are associated with poor
prognosis, more aggressive tumors, metastasis, and
lower 5 year survival rates {Id.). p53's role in the
induction of cell growth arrest and/or apoptosis upon
DNA damage is believed to be essential for the
destruction of mutated cells that would have otherwise
gained a growth advantage. In addition, p53 sensitizes
rapidly dividing cells to apoptotic signals. Of
greater than 15,000 reported mutations in the p53
gene, approximately 7% are nonsense mutations.
Accordingly, there is a need for a safe and effective
treatment directed to p53 nonsense mutations. In
bacterial and eukaryotic strains with nonsense
mutations, suppression of the nonsense mutation can
arise as a result of a mutation in one of the tRNA
molecules so that the mutant tRNA can recognize the
nonsense codon, as a result of mutations in proteins
that are involved in the translation process, as a
result of mutations in the ribosome (either the
ribosomal RNA or ribosomal proteins), or by the
addition of 



compounds known to alter the translation process (for
example, cycloheximide or the aminoglycoside
antibiotics). The result is that an amino acid will be
incorporated into the polypeptide chain, at the site
of the nonsense mutation, and translation will not
prematurely terminate at the nonsense codon. The
inserted amino acid will not necessarily be identical
to the original amino acid of the wild-type protein,
however, many amino acid substitutions do not have a
gross effect on protein structure or function. Thus, a
protein produced by the suppression of a nonsense
mutation would be likely topossess activity close to
that of the wild-type protein. This scenario provides
an opportunity to treat diseases associated with
nonsense mutations by avoiding premature termination
of translation through suppression of the nonsense
mutation. The ability of aminoglycoside antibiotics to
promote read-through of eukaryotic stop codons has
attracted interest in these drugs as potential
therapeutic agents in human diseases caused by
nonsense mutations. One disease for which such a
therapeutic strategy may be viable is classical late
infantile neuronal ceroid lipofuscinosis (LINCL), a
fatal childhood neurodegenerative disease with
currently no effective treatment. Premature stop codon
mutations in the gene CLN2 encoding the lysosomal
tripeptidylpeptidase 1 (TPP-I) are associated with
disease in approximately half of children diagnosed
with LINCL. The ability of the aminoglycoside
gentamicin to restore TPP-I activity in LINCL cell
lines has been examined. In one patient-derived cell
line that was compound heterozygous for a commonly
seen nonsense mutation (Arg208Stop) and a different
rare nonsense mutation, approximately 7% of normal
levels of TPP-I were maximally restored with
gentamicin treatment. These results suggest that
pharmacological suppression of nonsense mutations by
aminoglycosides or functionally similar
pharmaceuticals may have therapeutic potential in
LINCL (Sleat et. al, Eur. J. Ped. Neurol. 5:Suppl A
57-62 (2001)). In cultured cells having premature stop
codons in the Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) gene, treatment with
aminoglycosides led to the production of full-length
CFTR (Bedwell et. al, Nat. Med. 3:1280-1284 (1997);
Howard et. al Nat. Med. 2 : 467-469 (1996)). In mouse
models for Duchenne muscular dystrophy, gentamicin
sulfate was observed to suppress translational
termination at premature stop codons resulting in
full-length dystrophin (Barton-Davis et. al, J. Clin.
Invest. 104:375-381 (1999)). A small increase in the
amount of full-length dystrophin provided protection
against contraction-induced damage in the mdx mice.
The amino acid inserted at the site of the nonsense
codon was not determined in these studies.
Accordingly, small molecule therapeutics or
prophylactics that suppress premature translation
termination by mediating the misreading of the
nonsense codonwould be useful for the treatment of a
number of diseases. The discovery of small molecule
drugs, particularly orally bioavailable drugs, can
lead to the introduction of a broad spectrum of
selective therapeutics or prophylactics to the public
which can be used against disease caused by nonsense
mutations is just beginning. Clitocine
(6-Amino-5-nitro-4-(b-D-ribo-furanosylamino)pyrimidine
) is a naturally occurring exocyclic amino nucleoside
that was first isolated from the mushroom Clitocybe
inversa (Kubo et al, Tet. Lett. 27: 4277 (1986)). The
total synthesis of clitocine has also been reported.
(Moss et al, J. Med. Chem. 31:786-790 (1988) and
Kamikawa et al, J. Chem. Soc. Chem. Commun. 195
(1988)). Clitocine has been reported to possess
insecticidal activity and cytostatic activity against
leukemia cell lines (Kubo et al, Tet. Lett. 27: 4277
(1986) and Moss et al, J. Med. Chem. 31:786-790
(1988)). However, the use of clitocine as a
therapeutic for diseases associated with a nonsense
mutation has not been disclosed until now. Nor has
anyone reported the development of an analogue or
derivative of clitocine that has utility as a
therapeutic for cancer or a disease associated with a
nonsense mutation. Thus, there remains a need to
develop characterize and optimize lead molecules for
the development of novel drugs for treating or
preventing diseases associated with nonsense mutations
of mRNA. Accordingly, it is an object of the present
invention to provide such compounds. All documents
referred to herein are incorporated by reference into
the present application as though fully set forth
herein. SUMMARY OF THE INVENTION In accordance with
the present invention, compounds that suppress
premature translation termination associated with a
nonsense mutation in mRNA have been identified, and
methods for their use provided. In one aspect of the
invention, compounds of Formula (1) are provided which
are useful for suppressing premature translation
termination associated with a nonsense mutation in
mRNA, and for treating diseases associated with
nonsense mutations in mRNA:wherein: A1 is C, CH or N;
V and X are independently selected from N or C; Wis
selected from N, C or CH; wherein at least one of V,
W, or X is N, and wherein if W is N, at least one of V
or X is also N; Y and Z are independently selected
from N, C, C-R0, C=O, C=S, wherein R is H, CH3, or
NH2; with the proviso that when one of Y or Z is C=O
or C=S, the other may also be selected from NH, S, or
O; R1 is carboxy, cyano, or a carbonyl group which is
optionally substituted with a C1-C alkoxy group, R2 is
absent or a nitro; Ar1 is a C1 to C4 alkyl which is
optionally substituted with an R group; aC6 to C1 



aryl which is optionally substituted with one, two or
three independently selected R groups; a five to ten
membered heterocycle which is optionally substituted
with one, two or three independently selected R
groups; together with Ar and the heterocycle to which
Ar1 and Ar are attached form a ring structure selected
from Ar1-2; or together with Ar3 and the heterocycle
to which Ar1 and Ar3 are attached form a ring
structure selected from Ar1-3; Ar2 is absent or
together with Ar1 and the heterocycle to which Ar1 and
Ar2 are attached form a ring structure selected from
Ar1-2 ; Ar3 is absent or together with Ar1 and the
heterocycle to which Ar1 and Ar3 are attached form a
ring structure selected from Ar1-3 ;Ar4 is absent; or
is a C1-C4 alkyl, a C1-C alkoxy, or a C1-C thioalkyl,
any of which together with A1 forms a four to seven
membered carbocycle or heterocycle; R is hydrogen; a
-Ra group; or two R groups, where R may also include
an oxy group, together with the phenyl or heterocycle
to which they are attached form a ring structure
selected from RR; wherein: Ar1-2 and Ar1-3 are
selected from an eleven to fourteen membered
hetero-tricycle ring structure optionally substituted
with one or more halogens, C1-C4 alkyl groups, C1- C4
haloalkyl groups, C1-C4 alkoxy groups optionally
substituted with a halogen or a C1- C4 alkoxy group,
C1-C4 haloalkoxy groups, or amino groups optionally
substituted with a carbonyl group which is substituted
with a C1-C4 alkyl group; RR is a nine to ten membered
bicyclic ring structure optionally substituted with
one or more halogens, C1-C4 alkyl groups, C1-C4
haloalkyl groups, C1-C4 alkoxy groups, oxo groups, or
C1-C4 haloalkoxy groups; Ra is selected from the group
consisting of: a hydroxy group; a halogen; a C1-C4
alkyl which is optionally substituted with one or more
independently selected halogen or hydroxy groups; a
C1-C4 alkoxy which is optionally substituted with one
or more independently selected halogen or phenyl
groups; a C4-C cycloalkyl which is optionally
substituted with one or more independently selected
C1-C alkyl groups; an -Rb group ; a -O-Rb group; a
four to six-membered heterocycle which is optionally
substituted with one or more independently selected
C1-C4 alkyl, oxo, or - Rb groups; a nine to ten
membered heterocycle having two ring structures; a
carbonyl which is optionally substituted with a
hydroxy, a C1-C4 alkyl, or a C1-C4 alkoxy group; a
carbamoyl which is optionally substituted with one or
two C1-C4 alkyl groups; a nitro group; a cyano group;
a thio which is optionally substituted with a hydroxy,
a C1-C4 alkyl, or - Rb group; a sulfonyl which is
optionally substituted with a hydroxy, a C1-C4 alkyl,
or - Rb group; or an amino which is optionally
substituted with one or two independently selected
C1-C4 alkyl, sulfonyl, or carbonyl groups, wherein the
aminosulfonyl group is optionally substituted with a
hydroxy, a C1-C4 alkyl, or -Rb group and wherein the
aminocarbonyl group isoptionally substituted with a
C1-C4 alkyl, a C1-C haloalkyl, a benzoxy, or an amino
group which is optionally substituted with an - Rb
group; wherein -Rb is a C6-Cg aryl which is optionally
substituted with one or more of the following: a
hydroxy, a halogen, a C1-C4 alkyl group, a C1-C4
haloalkyl group, a C1-C4 alkoxy group, or an amino
group which is optionally substituted with one or more
C1-C4 alkyl groups; or a pharmaceutically acceptable
salt, hydrate, solvate, clathrate, racemate,
stereoisomer, or polymorph of said compound of Formula
1. In another aspect of the invention, methods are
provided for the suppression of premature translation
termination associated with a nonsense mutation, and
for the prevention or treatment of diseases associated
with nonsense mutations of mRNA. Such diseases
include, but are not limited to, genetic diseases
caused by premature translation termination associated
with a nonsense mutation, such as a CNS disease, an
inflammatory disease, a neurodegenerative disease, an
autoimmune disease, a cardiovascular disease, or a
pulmonary disease; more preferably the disease is
cancer (or other proliferative diseases), amyloidosis,
Alzheimer's disease, atherosclerosis, giantism,
dwarfism, hypothyroidism, hyperthyroidism, cystic
fibrosis, aging, obesity, Parkinson's disease, Niemann
Pick's disease, familial hypercholesterolemia,
retinitis pigmentosa, Marfan syndrome, lysosomal
storage disorders, the muscular dystrophies, cystic
fibrosis, hemophilia, or classical late infantile
neuronal ceroid lipofuscinosis (LINCL). In one
embodiment, the invention is directed to methods for
suppressing premature translation termination
associated with a nonsense mutation in mRNA comprising
administering a nonsense-suppressing amount of at
least one compound of the invention to a subject in
need thereof. In yet another embodiment, methods for
treating cancer, lysosomal storage disorders, a
muscular dystrophy, cystic fibrosis, hemophilia, or
classical late infantile neuronal ceroid
lipofuscinosis are provided comprising administering a
therapeutically effective amount of at least one
compound of the invention to a subject in need
thereof. These and other aspects of the invention will
be more clearly understood with reference to the
following preferred embodiments and detailed
description.CERTAIN EMBODIMENTS 1. A method of
treating or preventing a disease resulting from a
somatic mutation comprising administering to a patient
in need thereof an effective amount of a compound of
Formula 1: (1) wherein: Ai is C, CH or N; V and X are
independently selected from N or C; W is selected from
N, C or CH; 



wherein at least one of V, W, or X is N, and wherein
if W is N, at least one of V or X is also N; Y and Z
are independently selected from N, C, C-R , C=O, C=S,
wherein R0 is H, CH3, or NH2; with the proviso that
when one of Y or Z is C=O or C=S, the other may also
be selected from NH, S, or O; Ri is carboxy, cyano, or
a carbonyl group which is optionally substituted with
a C1-C alkoxy group, R2 is absent or a nitro; Ar1 is a
C1 to C4 alkyl which is optionally substituted with an
R group; aC6 to C1 aryl which is optionally
substituted with one, two or three independently
selected R groups; a five to ten membered heterocycle
which is optionally substituted with one, two or three
independently selected R groups; together with Ar2 and
the heterocycle to which Ar1 and Ar2 are attached form
a ring structure selected from Ar1-2 ; or together
with Ar3 and the heterocycle to which Ar1 and Ar3 are
attached form a ring structure selected from Ar1-3;Ar2
is absent or together with Ar1 and the heterocycle to
which Ar1 and Ar2 are attached form a ring structure
selected from Ar1-2 Ar3 is absent or together with Ar1
and the heterocycle to which Ar1 and Ar3 are attached
form a ring structure selected from Ar1-3 ; Ar4 is
absent; or is a C1-C4 alkyl, a C1-C4 alkoxy, or a
C1-C4 thioalkyl, any of which together with A1 forms a
four to seven membered carbocycle or heterocycle; R is
hydrogen; a -Ra group; or two R groups, where R may
also include an oxy group, together with the phenyl or
heterocycle to which they are attached form a ring
structure selected from RR; wherein: Ar1-2 and Ar1-3
are selected from an eleven to fourteen membered
hetero-tricycle ring structure optionally substituted
with one or more halogens, C1-C alkyl groups, C1- C4
haloalkyl groups, C1-C4 alkoxy groups optionally
substituted with a halogen or a C1- C4 alkoxy group,
C1-C4 haloalkoxy groups, or amino groups optionally
substituted with a carbonyl group which is substituted
with a C1-C4 alkyl group; RR is a nine to ten membered
bicyclic ring structure optionally substituted with
one or more halogens, C1-C4 alkyl groups, C1-C4
haloalkyl groups, C1-C4 alkoxy groups, oxo groups, or
C1-C4 haloalkoxy groups; Ra is selected from the group
consisting of: a hydroxy group; a halogen; a C1-C
alkyl which is optionally substituted with one or more
independently selected halogen or hydroxy groups; a
C1-C4 alkoxy which is optionally substituted with one
or more independently selected halogen or phenyl
groups; a C4-C cycloalkyl which is optionally
substituted with one or more independently selected
C1-C4 alkyl groups; an -Rb group ; a -O-Rb group; a
four to six-membered heterocycle which is optionally
substituted with one or more independently selected
C1-C4 alkyl, oxo, or -Rb groups; a nine to ten
membered heterocycle having two ring structures; a
carbonyl which is optionally substituted with a
hydroxy, a C1-C4 alkyl, or a C1-C4 alkoxy group; a
carbamoyl which is optionally substituted with one or
two C1-C4 alkyl groups; a nitro group; a cyano group;
a thio which is optionally substituted with a hydroxy,
a C1-C4 alkyl, or - Rb group; a sulfonyl which is
optionally substituted with a hydroxy, a C1-C4 alkyl,
or - Rb group; or an aminowhich is optionally
substituted with one or two independently selected
C1-C4 alkyl, sulfonyl, or carbonyl groups, wherein the
aminosulfonyl group is optionally substituted with a
hydroxy, a C1-C4 alkyl, or - Rb group and wherein the
aminocarbonyl group is optionally substituted with a
C1-C4 alkyl, a C1-C4 haloalkyl, a benzoxy, or an amino
group which is optionally substituted with an - Rb
group; wherein -Rb is a C6-C8 aryl which is optionally
substituted with one or more of the following: a
hydroxy, a halogen, a C1-C4 alkyl group, a C1-C4
haloalkyl group, a C1-C4 alkoxy group, or an amino
group which is optionally substituted with one or more
C1-C alkyl groups; or a pharmaceutically acceptable
salt, hydrate, solvate, clathrate, racemate,
stereoisomer, or polymorph of said compound of Formula
1. 2. The method of embodiment 1, wherein the
compound, or a pharmaceutically acceptable salt,
hydrate, solvate, clathrate polymorph, racemate,
stereoisomer, or polymorph thereof, is administered as
a composition comprising the compound and a
pharmaceutically acceptable carrier or diluent. 3. The
method of embodiment 1, wherein the administration is
intravenous. 4. The method of embodiment 1, wherein
Ar1-2 is selected from the following:wherein the *
indicates the bond of attachment OfAr1-2 to the
6-membered ring of Formula 1. Ar1-3 is selected from
the following: wherein the indicates the bond of
attachment OfAr1-3 to the 6-membered ring of Formula
1. and RR is selected from the following: a quinoline
group; a napthyl group; a benzo[l,3]dioxole group; a
benzo[l,4]dioxole group; an indolyl group; or a
quinoxaline group;wherein the indicates the bond of
attachment of RR to the 5-membered ring of Formula 1.
5. The method of embodiment 1, wherein the compound of
Formula 1 is a 5 compound of Formula 1-A:1-A wherein
A1, A2, A3, A , and A5 are independently selected from
N, C and CH; Ar3 is absent or hydrogen and n is 0, 1,
or 2. 6. The method of embodiment 5, wherein R2 is
absent and A1, A2, A3, A4, and A5 are independently
selected from C and CH. 7. The method of embodiment 5,
wherein R1 is a carboxy group. 



8. The method embodiment 1, wherein the compound of
Formula 1 is a compound of Formula 1-B: 9. The method
of embodiment 8, wherein R1 is a carboxy group. 10.
The method of embodiment 1, wherein the compound of
Formula 1 is a compound of Formula 1-C:1-C. 11. The
method of embodiment 10, wherein Ar1 is a thienyl
group. 12. The method of embodiment 10, wherein R1 is
a carboxy group. 13. The method of embodiment 1,
wherein the compound of Formula 1 is a compound of
Formula 1-D: 1-D. 14. The method of embodiment 13,
wherein Ar2 is absent. 15. The method of embodiment
13, wherein Ar3 is hydrogen. 16. The method of
embodiment 13, wherein R1 is a carboxy group. 17. The
method of embodiment 1, wherein the compound of
Formula 1 is a compound of Formula 1-E:1-E. 18. The
method of embodiment 17, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 19.
The method of embodiment 18, wherein the one or two R
groups are independently selected from a C1-C4 alkyl
group and a halogen. 20. The method of embodiment 17,
wherein R1 is a carboxy group. 21. The method of
embodiment 1, wherein the compound of Formula 1 is a
compound of Formula 1-F: 1-F. 22. The method of
embodiment 21, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 23.
The method of embodiment 22, wherein the one or two R
groups are independently selected from a C1-C4 alkyl
group, a halogen, C1-C4 haloalkyl, and a
methanesulfonyl group, or two R groups together form a
quinoline group.24. The method of embodiment 21,
wherein R1 is a carboxy group. 25. The method of
embodiment 1, wherein the compound of Formula 1 is a
compound of Formula 1-G: 1-G. 26. The method of
embodiment 25, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 27.
The method of embodiment 26, wherein the one or two R
groups are independently selected from a C1-C4 alkyl
group and a cyano group. 28. The method of embodiment
25, wherein R1 is a carboxy group. 29. The method of
embodiment 1, wherein the compound of Formula 1 is a
compound of Formula 1-H: 1-H.2005/036761 30. The
method of embodiment 29, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 31.
The method of embodiment 30, wherein the one or two R
groups are C1-C4 alkyl groups. 32. The method of
embodiment 29, wherein R1 is a carboxy group. 33. The
method of embodiment 1, wherein the compound of
Formula 1 is a compound of Formula 1-1: 1-1. 34. The
method of embodiment 33, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 35.
The method of embodiment 34, wherein the one or two R
groups are C1-C4 alkyl groups. 36. The method of
embodiment 33, wherein R1 is a carboxy group. 37. The
method of embodiment 1, wherein the compound of
Formula 1 is a compound of Formula 1-J:1-J. 38. The
method of embodiment 37, wherein Ar1 is a phenyl group
optionally substituted with one or two R groups. 39.
The method of embodiment 38, wherein the one or two R
groups are C1-C4 alkyl groups. 40. The method of
embodiment 37, wherein R1 is a carboxy group. 41. A
method of treating or preventing an autoimmune
disease, a blood disease, a collagen disease,
diabetes, a neurodegenerative disease, a
cardiovascular disease, a pulmonary disease, or an
inflammatory disease or central nervous system disease
comprising administering to a patient in need thereof
an effective amount of a compound of Formula 1, or a
pharmaceutically acceptable salt, hydrate, solvate,
clathrate, racemate, stereoisomer, or polymorph
thereof. 42. The method of embodiment 41, wherein the
administration is intravenous. 43. The method of
embodiment 41, wherein the autoimmune disease is
rheumatoid arthritis or graft versus host disease. 44.
The method of embodiment 41, wherein the inflammatory
disease is arthritis.45. The method of embodiment 41,
wherein the central nervous system disease is multiple
sclerosis, muscular dystrophy, Duchenne muscular
dystrophy, Alzheimer's disease, a neurodegenerative
disease or Parkinson's disease. 46. The method of
embodiment 41, wherein the blood disorder is
hemophilia, Von Willebrand disease, or b-thalassemia.
47. The method of embodiment 41, wherein the collagen
disease is osteogenesis imperfecta or cirrhosis. 



48. A method of treating or preventing familial
polycythemia, immunodeficiency, kidney disease, cystic
fibrosis, familial hypercholesterolemia, retinitis
pigmentosa, amyloidosis, hemophilia, Alzheimer's
disease, Tay Sachs disease, Niemann Pick disease,
Parkinson's disease, atherosclerosis, giantism,
dwarfism, hyperthyroidism, aging, obesity, Duchenne
muscular dystrophy or Marfan syndrome comprising
administering to a patient in need thereof an
effective amount of a compound of Formula 1, or a
pharmaceutically acceptable salt, hydrate, solvate,
clathrate, racemate, stereoisomer, or polymorph
thereof. 49. The method of embodiment 48, wherein the
administration is intravenous. 50. A method of
treating or preventing cancer in a human comprising
administering to a human in need thereof an effective
amount of a compound of Formula 1, or a
pharmaceutically acceptable salt, hydrate, solvate,
clathrate, racemate, stereoisomer, or polymorph
thereof. 51. The method of embodiment 50, wherein the
administration is intravenous. 52. The method of
embodiment 50, wherein the cancer is of the head and
neck, eye, skin, mouth, throat, esophagus, chest,
bone, blood, lung, colon, sigmoid, rectum, stomach,
prostate, breast, ovaries, kidney, liver, pancreas,
brain, intestine, heart or adrenals.53. The method of
embodiment 50, wherein the compound, or a
pharmaceutically acceptable salt, hydrate, solvate,
clathrate or stereoisomer thereof, comprises a
pharmaceutically acceptable carrier or diluent. 54.
The method of embodiment 50, wherein the cancer is a
solid tumor. 55. The method of embodiment 50, wherein
the cancer is sarcoma, carcinoma, fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
Kaposi's sarcoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, menangioma,
melanoma, neuroblastoma, retinoblastoma, a blood-born
tumor or multiple myeloma. 56. The method of
embodiment 50, wherein the cancer is acute
lymphoblastic leukemia, acute lymphoblastic B-cell
leukemia, acute lymphoblastic T-cell leukemia, acute
myeloblastic leukemia, acute promyelocytic leukemia,
acute monoblastic leukemia, acute erythroleukemic
leukemia, acute megakaryoblastic leukemia, acute
myelomonocytic leukemia, acute nonlymphocyctic
leukemia, acute undifferentiated leukemia, chronic
myelocytic leukemia, chronic lymphocytic leukemia,
hairy cell leukemia, or multiple myeloma.57. A method
of treating or preventing a disease associated with a
mutation of the p53 gene comprising administering to a
patient in need thereof an effective amount of a
compound of Formula 1, or a pharmaceutically
acceptable salt, hydrate, solvate, clathrate,
racemate, stereoisomer, or polymorph thereof. 58. The
method of embodiment 57, wherein the administration is
intravenous. 59. The method of embodiment 57, wherein
the disease is sarcoma, carcinomas, fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
Kaposi's sarcoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, menangioma,
melanoma, neuroblastoma or retinoblastoma. 60. A
method of inhibiting the growth of a cancer cell
comprising contacting the cancer cell with an
effective amount of a compound of Formula 1, or a
pharmaceutically acceptable salt, hydrate, solvate,
clathrate, racemate, stereoisomer, or polymorph
thereof. 6 1. A method for selectively producing a
protein in a mammal comprising, transcribing a gene
containing a nonsense mutation in the mammal;
andproviding an effective amount of a compound of the
present invention to said mammal, wherein said protein
is produced from said gene containing a nonsense
mutation. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1
provides schematic representations of constructs for
luciferase based assays to evaluate the suppression of
a nonsense mutation. Figure 2 provides schematic
representations of the luciferase constructs
engineered to harbor one or more epitope tags in the
N-terminus of the luciferase protein. Figure 3
provides schematic representations of constructs for
luciferase based assays to evaluate readthrough
efficiency. DETAILED DESCRIPTION OF THE INVENTION
Premature translation termination can produce aberrant
proteins which can be lethal or can cause a number of
diseases, including as non-limiting examples, cancers,



lysosomal storage disorders, the muscular dystrophies,
cystic fibrosis and hemophilia. In accordance with the
present invention, compounds that suppress nonsense
mutations have been identified, and methods for their
use provided. A. Compounds of the Invention In one
aspect of the invention, compounds of the invention
are provided which are useful in suppression of a
nonsense mutation. In certain embodiments, the
compounds of the invention specifically suppresses a
nonsense mutation, while in other embodiments, the
compounds of the invention suppress a nonsense
mutation as well as treat a disease, including as
non-limiting examples, cancers, lysosomal storage
disorders, the muscular dystrophies, cystic fibrosis
and hemophilia. Preferred compounds of the present
invention useful in the suppression of a nonsense
mutation include those of Formula (1) as shown
below.wherein: A1 Is C5CH OrN; V and X are
independently selected from N or C; W is selected from
N, C or CH; wherein at least one of V, W, or X is N,
and wherein if W is N, at least one of V or X is also
N; Y and Z are independently selected from N, C, C-R0,
C=O, C=S, wherein R0 is H, CH3, or NH2; with the
proviso that when one of Y or Z is C=O or C=S, the
other may also be selected from NH, S, or O; Ri is
carboxy, cyano, or a carbonyl group which is
optionally substituted with a Ci-C4 alkoxy group, R2
is absent or a nitro; Ar1 is a C1 to C4 alkyl which is
optionally substituted with an R group; aC6 to C1O
aryl which is optionally substituted with one, two or
three independently selected R groups; a five to ten
membered heterocycle which is optionally substituted
with one, two or three independently selected R
groups; together with Ar2 and the heterocycle to which
Ar1 and Ar2 are attached form a ring structure
selected from Ar1-2; or together with Ar3 and the
heterocycle to which Ar1 and Ar3 are attached form a
ring structure selected from Ar1-3; Ar2 is absent or
together with Ari and the heterocycle to which Ar1 and
Ar2 are attached form a ring structure selected from
Ar1-2 Ar3 is absent or together with Ar1 and the
heterocycle to which Ari and Ar3 are attached form a
ring structure selected from Ar1- ;Ar4 is absent; or
is a C1-C4 alkyl, a C1-C4 alkoxy, or a C1-C4
thioalkyl, any of which together with A1 forms a four
to seven membered carbocycle or heterocycle; R is
hydrogen; a -Ra group; or two R groups, where R may
also include an oxy group, together with the phenyl or
heterocycle to which they are attached form a ring
structure selected from RR; wherein: Ar1-2 and Ar1-3
are selected from an eleven to fourteen membered
hetero-tricycle ring structure optionally substituted
with one or more halogens, C1-C4 alkyl groups, C1- C4
haloalkyl groups, C1-C alkoxy groups optionally
substituted with a halogen or a C1- C4 alkoxy group,
C1-C haloalkoxy groups, or amino groups optionally
substituted with a carbonyl group which is substituted
with a C1-C4 alkyl group; RR is a nine to ten membered
bicyclic ring structure optionally substituted with
one or more halogens, C1-C4 alkyl groups, C1-C4
haloalkyl groups, C1-C4 alkoxy groups, oxo groups, or
C1-C4 haloalkoxy groups; Ra is selected from the group
consisting of: a hydroxy group; a halogen; a C1-C4
alkyl which is optionally substituted with one or more
independently selected halogen or hydroxy groups; a
C1-C4 alkoxy which is optionally substituted with one
or more independently selected halogen or phenyl
groups; a C4-C8 cycloalkyl which is optionally
substituted with one or more independently selected
C1-C4 alkyl groups; an -Rb group ; a -O-Rb group; a
four to six-membered heterocycle which is optionally
substituted with one or more independently selected
C1-C4 alkyl, oxo, or - Rb groups; a nine to ten
membered heterocycle having two ring structures; a
carbonyl which is optionally substituted with a
hydroxy, a C1-C4 alkyl, or a C1-C4 alkoxy group; a
carbamoyl which is optionally substituted with one or
two C1-C4 alkyl groups; a nitro group; a cyano group;
a thio which is optionally substituted with a hydroxy,
a C1-C4 alkyl, or - Rb group; a sulfonyl which is
optionally substituted with a hydroxy, a C1-C4 alkyl,
or - Rb group; or an amino which is optionally
substituted with one or two independently selected
C1-C4 alkyl, sulfonyl, or carbonyl groups, wherein the
aminosulfonyl group is optionally substituted with a
hydroxy, a C1-C4 alkyl, or - Rb group and wherein the
aminocarbonyl group isoptionally substituted with a
C1-C4 alkyl, a C1-C4 haloalkyl, a benzoxy, or an amino
group which is optionally substituted with an - Rb
group; wherein -Rb is a C6-C aryl which is optionally
substituted with one or more of the following: a
hydroxy, a halogen, a C1-C alkyl group, a C1-C4
haloalkyl group, a C1-C4 alkoxy group, or an amino
group which is optionally substituted with one or more
C1-C4 alkyl groups; or a pharmaceutically acceptable
salt, hydrate, solvate, clathrate, racemate,
stereoisomer, or polymorph of said compound of Formula
1. In a preferred embodiment of Formula 1, Ar1-2 is
selected from the following, optionally substituted as
in Formula 1: wherein the * indicates the bond of
attachment of Ar1-2 to the 6-membered ring of Formula
1. In another preferred embodiment of Formula 1, Ar1-3
is selected from the following, optionally substituted
as in Formula 1:wherein the indicates the bond of
attachment OfAr1-3 to the 6-membered ring of 



Formula 1. In another preferred embodiment of Formula
1, Ar -A1 may, together with the A and V/W/X/Y/Z
containing rings to which Ar4-A1 is joined, form a
three, four or five membered fused ring structure. In
a preferred embodiment of Formula 1, Ar4 -A1, together
with the Ai and V/W/X/Y/Z containing rings to which it
is joined, form a heterotricycle which may be
optionally substituted as described herein. In yet
another preferred embodiment of Formula 1, Ar4 -A1,
together with the A1 and V/W/X/Y/Z containing rings to
which Ar4 -A1 is joined, may be selected from: wherein
the * indicates the bond of attachment to Ar1 of a
tricycle formed between Ar4 -A1, the A1 containing
ring and the V/W/X/Y/Z containing ring of Formula 1.
In yet another preferred embodiment of Formula 1, RR
is selected from the following: a quinoline group; a
napthyl group; a benzo[l,3]dioxole group; a
benzo[l,4]dioxole group; an indolyl group; or a
quinoxaline group;orwherein the indicates the bond of
attachment of RR to the 5-membered ring of Formula 1.
In yet another preferred embodiment of Formula 1,
Ar1-2 may be selected from:wherein the * indicates the
bond of attachment OfAr1-2 to the 6-membered ring of
Formula 1. In yet another preferred embodiment of
Formula 1, Ar1-3 may be selected from:wherein the *
indicates the bond of attachment of Ar1-3 to the
6-membered ring of Formula 1. In yet another preferred
embodiment of Formula 1, Ar4 -A1, together with the A1
and V/W/X/Y/Z containing rings to which Ar4 -A1 is
joined, may be selected from: wherein the * indicates
the bond of attachment to Ar1 of a tricycle formed
between Ar4 -A1, the A1 containing ring and the
V/W/X/Y/Z containing ring of Formula 1. In yet another
preferred embodiment of Formula 1, RR may be selected
from:A SEMICONDUCTOR DEVICE INCLUDING SEMICONDUCTOR
REGIONS HAVING DIFFERENTLY STRAINED CHANNEL REGIONS
AND A METHOD OF MANUFACTURING THE SAME BACKGROUND OF
THE INVENTION 1. TECHNICAL FIELD Generally, the
present invention relates to the formation of
integrated circuits, and, more particularly, to the
formation of semiconductor regions of increased charge
carrier mobility, such as a channel region of a field
effect transistor, by creating strain in the
semiconductor region. 2. BACKGROUND ART The
fabrication of integrated circuits requires the
formation of a large number of circuit elements on a
given chip area according to a specified circuit
layout. For this purpose, substantially crystalline
semiconductor regions with or without additional
dopant materials are defined at specified substrate
locations to act as "active" regions, that is, to act,
at least temporarily, as conductive areas. Generally,
a plurality of process technologies are currently
practiced, wherein for complex circuitry, such as
microprocessors, storage chips and the like, MOS
technology is currently the most promising approach,
due to the superior characteristics in view of
operating speed and/or power consumption and/or cost
efficiency. During the fabrication of complex
integrated circuits using MOS technology, millions of
transistors, i.e., N-channel transistors and/or
P-channel transistors, are formed on a substrate
including a crystalline semiconductor layer. A MOS
transistor, irrespective of whether an N-channel
transistor or a P-channel transistor is considered,
comprises so-called PN junctions that are formed by an
interface of highly doped drain and source regions
with a slightly doped or non-doped channel region
disposed between the drain region and the source
region. The conductivity of the channel region, i.e.,
the drive current capability of the conductive
channel, is controlled by a gate electrode formed
adjacent to the channel region and separated therefrom
by a thin insulating layer. The conductivity of the
channel region upon formation of a conductive channel
due to the application of an appropriate control
voltage to the gate electrode, depends on the dopant
concentration, the mobility of the charge carriers,
and, for a given extension of the channel region in
the transistor width direction, on the distance
between the source and drain regions, which is also
referred to as channel length. Hence, in combination
with the capability of rapidly creating a conductive
channel below the insulating layer upon application of
the control voltage to the gate electrode, the
conductivity of the channel region substantially
affects the performance of the MOS transistors. Thus,
as the speed of creating the channel, i.e., the
conductivity of the gate electrode, and the channel
resistivity substantially determine the transistor
characteristics, the reduction of the channel length,
and associated therewith the reduction of channel
resistivity and increase of gate resistivity, renders
the channel length a dominant design criterion for
accomplishing an increase in the operating speed of
the integrated circuits. The continuing shrinkage of
the transistor dimensions, however, entails a
plurality of issues associated therewith that have to
be addressed so as to not unduly offset the advantages
obtained by steadily decreasing the channel length of
MOS transistors. One major problem in this respect is
the development of enhanced photolithography and etch
strategies to reliably and reproducibly create circuit
elements of critical dimensions, such as the gate
electrode of the transistors, for a new device
generation. Moreover, highly sophisticated dopant
profiles, in the vertical direction as well as in the
lateral direction, are required in the drain and
source regions to provide low sheet and contact
resistivity in combination with a desired channel
controllability. In addition, the vertical location of
the PN junctions with respect to the gate insulation
layer also represents a critical designcniepon in view
ot leakage current control, as reducing the channel
length also requires reducing the depth of the drain
and source regions with respect to the interface
formed by the gate insulation layer and the channel
region, thereby requiring sophisticated implantation
techniques. According to other approaches, epitaxially
grown regions are formed with a specified offset to
the gate electrode, which are referred to as raised
drain and source regions, to provide increased
conductivity of the raised drain and source regions,
while at the same time maintaining a shallow
PNjunction with respect to the gate insulation layer.
In other conventional solutions, the problem of
increased resistivity of polysilicon gate electrodes
in extremely scaled devices is addressed by replacing
the currently used doped polysilicon by a metal as the
gate electrode material, while nevertheless
maintaining a self-aligned process sequence for the
formation of the drain and source regions and the gate
electrode. This may be accomplished by forming a dummy
gate which may, in combination with removable sidewall
spacers, act as an implantation mask during the
formation of the drain and 



source regions. After embedding the dummy gate in an
interlayer dielectric, the dummy gate may be replaced
by a highly conductive gate material, such as a metal.
With this approach of an "in-laid" gate electrode, the
transistor performance may significantly be improved.
The problem of restricted channel conductivity,
however, is not addressed by this approach.
Furthermore, since the continuous size reduction of
the critical dimensions, i.e., the gate length of the
transistors, necessitates the adaptation and possibly
the new development of highly complex process
techniques concerning the above-identified process
steps, it has been proposed to also enhance device
performance of the transistor elements by increasing
the charge carrier mobility in the channel region for
a given channel length, thereby offering the potential
for achieving a performance improvement that is
comparable with the advance to a future technology
node of down-sized devices while avoiding many of the
above process adaptations associated with device
scaling. In principle, at least two mechanisms may be
used, in combination or separately, to increase the
mobility of the charge carriers in the channel region.
First, the dopant concentration within the channel
region may be reduced, thereby reducing scattering
events for the charge carriers and thus increasing the
conductivity. However, reducing the dopant
concentration in the channel region significantly
affects the threshold voltage of the transistor
device, thereby presently making a reduction of the
dopant concentration a less attractive approach unless
other mechanisms are developed to adjust a desired
threshold voltage. Second, the lattice structure in
the channel region may be modified, for instance by
creating tensile or compressive stress to produce a
corresponding strain in the channel region, which
results in a modified mobility for electrons and
holes, respectively. For example, creating tensile
strain in the channel region increases the mobility of
electrons, wherein, depending on the magnitude and
direction of the tensile strain, an increase in
mobility of up to 120% or more may be obtained, which,
in turn, may directly translate into a corresponding
increase in the conductivity. On the other hand,
compressive strain in the channel region may increase
the mobility of holes, thereby providing the potential
for enhancing the performance of P-type transistors.
The introduction of stress or strain engineering into
integrated circuit fabrication is an extremely
promising approach for further device generations,
since, for example, strained silicon may be considered
as a "new" type of semiconductor, which may enable the
fabrication of fast powerful semiconductor devices
without requiring expensive semiconductor materials
and manufacturing techniques. Consequently, it has
been proposed to introduce, for instance, a
silicon/germanium layer or a silicon/carbon layer in
or below the channel region to create tensile or
compressive stress that may result in a corresponding
strain. Although the transistor performance may be
considerably enhanced by the introduction
ofstress-creating layers in or below the channel
region, significant efforts have to be made to
implement the formation of corresponding stress layers
into the conventional and well-approved MOS technique.
For instance, additional epitaxial growth techniques
have to be developed and implemented into the process
flow to form the germanium- or carbon-containing
stress layers at appropriate locations in or below the
channel region. Hence, process complexity is
significantly increased, thereby also increasing
production costs and the potential for a reduction in
production yield. In view of the above-described
situation, there exists a need for an alternative
technique that enables the creation of different
desired stress conditions in different semiconductor
regions, while providing the potential for the
formation of improved transistor architectures
including the introduction of highly conductive gate
electrodes. DISCLOSURE OF INVENTION The following
presents a simplified summary of the invention in
order to provide a basic understanding of some aspects
of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to
identify key or critical elements of the invention or
to delineate the scope of the invention. Its sole
purpose is to present some concepts in a simplified
form as a prelude to the more detailed description
that is discussed later. Generally, the present
invention is directed to a technique that enables the
combination of the process strategies having the
potential for forming enhanced transistor
architectures, such as transistor elements including
so-called "in-laid" gate electrodes, with enhanced
stress or strain engineering to provide at least two
different magnitudes or types of strain in two
different semiconductor regions. Consequently,
different regions within a die area or across the
entire substrate bearing a plurality of individual die
areas may receive differently strained semiconductor
regions to individually adapt the charge carrier
mobility and thus the conductivity thereof to
specified process and device requirements. In
particular, different types of transistors, such as
N-type or N-channel transistors and P-type or
P-channel transistors, may receive a different type or
a different magnitude of strain within the respective
channel regions while at the same time the gate
conductivity may be enhanced, if desired, due to the
possibility of forming in-laid gate electrode
structures on the basis of highly conductive
materials, such as metals. According to one
illustrative embodiment of the present invention, a
method comprises forming a first place holder
structure above a first semiconductor region formed in
a semiconductor layer that is located on a substrate.
A second place holder structure is formed above a
second semiconductor region which is formed in the
semiconductor layer, and a dielectric layer having a
specified intrinsic stress is deposited above the
semiconductor layer to enclose the first and second
place holder structures. Additionally, a portion of
the dielectric layer enclosing the second place holder
structure is modified to change the intrinsic stress
within the portion. Finally, the first and second
place holder structures are replaced by a conductive
material. According to another illustrative embodiment
of the present invention, a method comprises forming a
first place holder structure above a first channel
region of a first transistor and forming a second
place holder structure above a second channel region
of a second transistor. Moreover, first drain and
source regions are formed adjacent to the first
channel region and second drain and source regions are
formed adjacent to the second channel region.
Furthermore, above the first drain and source regions,
a first dielectric layer having a first intrinsic
stress is formed, and, above the second drain and
source regions, a second dielectric layer having a
second intrinsic stress that differs from the first
intrinsic stress is formed. Finally, the first place
holder structure is replaced with a first gate
electrode structure and the second place holder
structure is replaced with a second gate electrode
structure.According to yet another illustrative
embodiment of the present invention, a semiconductor
device comprises a first transistor element having a
first gate electrode with a first height and a second
transistor element having a second gate electrode with
a second height. The device further comprises a first
dielectric layer having a first intrinsic stress and
laterally enclosing the first gate electrode, wherein
the first intrinsic stress acts substantially
homogenously within the first dielectric layer up to
the first height. Moreover, the device comprises a
second dielectric layer having a second intrinsic
stress and laterally enclosing the second gate
electrode, 



wherein the second intrinsic stress differs from the
first intrinsic stress and acts substantially
homogenously within the second dielectric layer up to
the second height. BRIEF DESCRIPTION QF DRAWINGS The
invention may be understood by reference to the
following description taken in conjunction with the
accompanying drawings, in which like reference
numerals identify like elements, and in which: Figures
Ia-Ih schematically show cross-sectional views of a
semiconductor device during various manufacturing
stages, wherein different strain is created at
different semiconductor regions by means of respective
stress layers formed in the vicinity of the
semiconductor regions in accordance with a process
strategy that enables the formation of in-laid gate
electrode structures; Figure 2 schematically depicts a
semiconductor device in cross-sectional view during a
manufacturing stage in which an intrinsic stress of a
stress layer is locally modified in accordance with
further illustrative embodiments; and Figures 3a and
3b schematically show a semiconductor device in
cross-section in a manufacturing stage during which
ion species are deposited at certain locations to
enhance the stress transfer into respective
semiconductor regions in accordance with further
illustrative embodiments of the present invention.
While the invention is susceptible to various
modifications and alternative forms, specific
embodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It
should be understood, however, that the description
herein of specific embodiments is not intended to
limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the appended claims. MODE(S) FOR CARRYING
OUT THE INVENTION Illustrative embodiments of the
invention are described below. In the interest of
clarity, not all features of an actual implementation
are described in this specification. It will of course
be appreciated that in the development of any such
actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers'
specific goals, such as compliance with system-related
and business-related constraints, which will vary from
one implementation to another. Moreover, it will be
appreciated that such a development effort might be
complex and time-consuming, but would nevertheless be
a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure. The
present invention will now be described with reference
to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings
for purposes of explanation only and so as to not
obscure the present invention with details that are
well known to those skilled in the art. Nevertheless,
the attached drawings are included to describe and
explain illustrative examples of the present
invention. The words and phrases used herein should be
understood and interpreted to have a meaning
consistent with the under standing of those words and
phrases by those skilled in the relevant art. No
special definition of a term or phrase,<.c, a erinmon
mat is airrerem rrom me ordinary and customary meaning
as understood by those skilled in the art, is intended
to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase is
intended to have a special meaning, i.e., a meaning
other than that understood by skilled artisans, such a
special definition will be expressly set forth in the
specification in a definitional manner that directly
and unequivocally provides the special definition for
the term or phrase. The present invention is based on
the concept that strain in a semiconductor region,
such as a channel region of a transistor element, may
highly efficiently be generated by a material layer
having a specified intrinsic stress that is formed
close to the semiconductor region of interest. By
providing a process strategy that allows an effective
local adjustment of strain within a die area or within
different substrate areas including a plurality of die
areas and even at a very small scale, such as at
different channel regions of a complementary
transistor pair, an enhanced strain engineering may be
combined with an enhanced transistor architecture,
thereby providing high gate conductivity in
combination with high charge carrier mobility and thus
channel conductivity even for highly scaled transistor
devices. With reference to the accompanying drawings,
further illustrative embodiments of the present
invention will now be described in more detail. Figure
Ia schematically shows a cross-sectional view of a
semiconductor device 100 that comprises a substrate
101, which may represent any appropriate substrate for
forming thereon circuit elements of integrated
circuits such as microprocessors, storage chips and
the like. The substrate 101 may represent a bulk
semiconductor substrate, such as a silicon substrate,
or may represent, in particular embodiments, a
silicon-oninsulator (SOI) substrate, wherein a
semiconductor layer 102 may represent the crystalline
silicon layer formed on an insulating layer (not
shown) within the substrate 101. Since the vast
majority of advanced integrated circuits fabricated in
accordance with MOS techniques are fabricated on the
basis of silicon, in the following detailed
description it may frequently be referred to silicon
with respect to the semiconductor layer 102, wherein
it should be appreciated that any other suitable
semiconductor materials, such as gallium arsenide,
germanium, silicon/germanium, or any other III-V or
II-VI semiconductor materials, may also be used with
the present invention. Similarly, the semiconductor
layer 102 may represent an upper portion of a bulk
semiconductor substrate, although it is shown as a
separate layer. The semiconductor device 100 comprises
a first place holder structure 104a formed of any
appropriate material, such as silicon dioxide,
amorphous carbon, and the like. The first place holder
structure 104a is formed above a first semiconductor
region 107a, which may represent a first channel
region, if a transistor is to be formed by means of
the first place holder 104a. First doped regions 106a,
which may be arranged symmetrically or asymmetrically
with respect to the first semiconductor region 107a,
may be formed within the layer 102 and may be
provided, in the embodiment shown, in the form of
drain and source regions. That is, the vertical and
lateral dopant profile of the first doped regions 106a
may be designed in accordance with device requirements
of a specified transistor type. Hence, in particular
embodiments, the doped regions 106a represent first
drain and source regions having included therein a
dopant material that imparts a specified type of
conductivity to these regions. In this embodiment, the
regions 106a may be N-doped and the regions 106a in
combination with the first semiconductor region 107a
may have the characteristics of an N-channel
transistor. Moreover, sidewall spacers 105a are formed
on sidewalls of the first place holder 104a, wherein
the sidewall spacer 105a may differ in material
composition from the first place holder 104a to
exhibit, in particular embodiments, a desired high
etch selectivity in subsequent etch procedures. For
example, the sidewall spacer 105a may be comprised of
amorphous carbon, silicon nitride, silicon dioxide and
the like.Similarly, a second place holder structure
104b may be formed above a second semiconductor region
107b, which may, in some embodiments, represent the
channel region of a second transistor element.
Moreover, 



doped regions 106b may be formed adjacent to the
second semiconductor region 107b to define, in
particular embodiments, the drain and source regions
and the channel region of a specified transistor type.
For example, the second semiconductor region 107b
enclosed by the doped regions 106b may be located next
to the first semiconductor region 107a enclosed by the
respective doped regions 106a, but separated therefrom
by an isolation structure 103 which may be provided in
the form of a trench isolation structure as is
typically used in advanced semiconductor devices. When
representing a transistor configuration, the regions
107b, 106b may be of the same type as the regions
107a, 106a or may represent a different type of
transistor, such as a P-type or P-channel transistor.
It should be appreciated, however, that the first and
second semiconductor regions 107a, 107b may represent
circuit elements that are located at very different
positions within the same die area, but which require
to receive a different type or magnitude of strain to
provide different electrical characteristics.
Similarly, the regions 107a, 107b may represent
different circuit elements or even different die
portions located at different substrate regions, such
as a center region and a peripheral region, wherein
the strain engineering for the first and second
semiconductor regions 107a, 107b may provide more
uniform electrical behavior of semiconductor devices
fabricated on the central and peripheral regions of
the substrate 101. Regarding the material composition
of the second place holder 104b and a sidewall spacer
105b formed on sidewalls thereof, the same criteria
apply as are referred to with respect to the
corresponding components 104a and 105a. A typical
process flow for forming the semiconductor device 100
as shown in Figure Ia may comprise the following
processes. After forming the substrate 101 including
the semiconductor layer 102 or receiving the same from
substrate manufacturers, implantation sequences may be
performed to establish a specified vertical dopant
profile within the first and second semiconductor
regions 107a, 107b. Thereafter, the first and second
place holders 104a, 104b may be formed by
well-established deposition, photolithography and etch
techniques, wherein a length of the first and second
place holders 104a, 104b, that is, the horizontal
dimension (or gate length dimension) of these
components in Figure Ia, may be adapted to design
requirements and may be approximately 100 run and
significantly less for highly advanced integrated
circuits. Thereafter, dopant species may be introduced
to form the doped regions 106a, 106b therein.
Depending on device requirements, the device 100 may
correspondingly be masked, for instance by a
photoresist mask, to individually form the regions
106a, 106b with a desired type of dopant material.
During these implantations, the place holders 104a,
104b act as an implantation mask to substantially
avoid dopant penetration of the respective
semiconductor regions 107a, 107b. Thereafter, the
sidewall spacers 105a, 105b may be formed by
depositing a corresponding layer of material and
anisotropically etching the material layer. It should
be appreciated that, typically, a liner material may
be deposited prior to a spacer material so as to not
unduly damage the surface of the semiconductor layer
102 when exposed to the anisotropic etch atmosphere.
For convenience, a corresponding liner is not shown in
Figure 1a. Then, a further implantation process may be
performed, possibly on the basis of a further
photoresist mask, wherein also the first and second
place holders 104a, 104b in combination with the
respective sidewall spacers 105a, 105b act as an
implantation mask to obtain the desired lateral dopant
profile in the doped regions 106a, 106b, respectively.
Then, corresponding anneal cycles may be performed to
activate the dopants in the regions 106a, 106b and
re-crystallize damaged crystal portions.
Alternatively, corresponding anneal processes may be
performed after one or more of the above-described
implantations.It should be noted that in some examples
when a highly sophisticated lateral dopant profile is
required, additional sidewall spacers (not shown) may
be formed, followed by a further implantation step to
obtain a more complex dopant profile within the
regions 106a, 106b. Thereafter, in particular
embodiments, the sidewall spacers 105a, 105b may be
removed by a selective etch process on the basis of
well-established process recipes. For instance, the
spacers 105a, 105b, when comprised of silicon nitride,
may selectively be removed by hot phosphoric acid. In
other examples, the spacers 105a, 105b may be removed
by a plasma etch process, wherein, in some
embodiments, the liner (not shown), typically used as
an etch stop layer, may be maintained during the
implantation cycle and may now be used as an etch stop
layer during the removal of the spacers 105a, 105b. In
other embodiments, the spacers 105a, 105b may be
maintained during the further processing of the device
100. Figure Ib schematically shows the device 100 in
an advanced manufacturing stage. Here, the device 100
comprises a dielectric layer 108 having a specified
intrinsic stress, which is formed to enclose the first
and second place holders 104a, 104b. The term
"intrinsic stress" is to be understood as specifying a
certain type of stress, that is tensile or
compressive, or any variation thereof, i.e.,
orientation dependent tensile or compressive stress,
as well as the magnitude of the stress. Thus, in one
embodiment, the dielectric layer 108 may have an
intrinsic tensile stress with a magnitude of
approximately 0.1-1.0 GPa (Giga-Pascal). The
dielectric layer 108 may be comprised of any
appropriate material, such as silicon nitride. In one
illustrative embodiment, the device 100 further
comprises a conformal etch stop layer 109 having a
different material composition compared to the
dielectric layer 108 and having a significantly
smaller thickness compared to the dielectric layer
108. For example, the etch stop layer 109 may be
comprised of silicon dioxide. The etch stop layer 109,
if provided, may be formed by well-established plasma
enhanced chemical vapor deposition (PECVD) techniques
on the basis of precursor materials, such as TEOS or
silane. The dielectric layer 108 may be formed by
PECVD techniques on the basis of well-known process
recipes, wherein process parameters may be adjusted to
achieve the desired intrinsic stress. For example,
silicon nitride may be deposited with high compressive
or tensile stress, wherein the type and magnitude of
the stress may readily be adjusted by controlling
process parameters, such as deposition temperature,
deposition pressure, tool configuration, bias power
for adjusting an ion bombardment during the deposition
process, plasma power, and the like. For example,
increased ion bombardment, that is increased bias
power, during the deposition of silicon nitride
promotes the creation of compressive stress given that
the remaining parameters are the same. After the
deposition of the dielectric layer 108, in some
particular embodiments, the resulting topography may
be planarized, for instance by chemical mechanical
polishing (CMP) in accordance with well-established
process recipes. Thereby, excess material of the
dielectric layer 108 may be removed to a specified
degree to arrive at a substantially planar surface or,
in some illustrative embodiments, the material removal
may be continued until top surfaces of the first and
second place holders 104a, 104b are exposed. In other
embodiments, however, the further processing may be
performed without planarizing the layer 108. Figure Ic
schematically shows the device 100 in a further
advanced manufacturing stage, in which a portion of
the layer 108, which has surrounded the second place
holder 104b, is removed while the first place holder
104a is still embedded, at least laterally, by the
remaining dielectric layer 108, which is now referred
to as 108a. Furthermore, a resist mask 110 is formed
on the device 100 to expose the second place holder
104b and the 



associated portion of the layer 102 including the etch
stop layer 109, if provided. The resist mask 110 may
be formed in accordance with photolithography
techniques that may also be used in differently doping
P-type and N-type transistors and hence corresponding
processes are well established.i nereaiter, the
dielectric layer 108 may selectively be etched by an
anisotropic process recipe to finally obtain the
dielectric layer 108a having the specified intrinsic
stress. During the anisotropic etch process, the etch
stop layer 109, if provided, may prevent undue
material removal and/or damage of exposed portions of
the semiconductor layer 102. Figure Id schematically
shows the device 100 with a second dielectric layer
111 having a second specified intrinsic stress, which
covers the dielectric layer portion 108a and the
second place holder 104b and the exposed semiconductor
layer 102 or the etch stop layer 109. It should be
noted that the exposed portion of the etch stop layer
109 may be removed prior to the deposition of the
second dielectric layer 111, when the exposed portion
of the etch stop layer 109 is considered inappropriate
owing to any damage caused by the preceding
anisotropic etch process of the dielectric layer 108.
In this case, a further etch stop layer similar to the
layer 109 may be deposited, which may then also cover
the dielectric layer portion 108a (shown in dashed
lines) and may cover the exposed portions of the
semiconductor layer 102 and the second place holder
104b. For convenience, this portion of the etch stop
layer is still denoted as 109. Providing the etch stop
layer 109 on the semiconductor layer 102 may be
advantageous in forming contact openings in a later
manufacturing stage. In other embodiments, however,
the etch stop layer 109 may be omitted. The second
dielectric layer 111, which may be comprised of any
appropriate material, such as silicon nitride, may be
deposited by well-established deposition recipes,
wherein process parameters are controlled to provide
the desired intrinsic stress in accordance with device
requirements. As previously noted, silicon nitride may
readily be deposited on the basis of well-known
process recipes with a wide range of compressive and
tensile stress, for example reaching from 1.0 GPa
compressive stress to 1.0 GPa tensile stress. In one
particular embodiment, the intrinsic stress of the
second dielectric layer 111 is designed to impart a
compressive stress to the second semiconductor region
107b, when this region is to represent the channel
region of a P-type transistor. Thereafter, excess
material of the dielectric layer 111 and possibly of
the layer portion 108a, when the dielectric layer 108
has not been planarized or has been planarized to a
level well above the first place holder 104a, as shown
in Figures Ic and Id, may be removed by a CMP process,
thereby also planarizing the topography of the device
100. Figure Ie schematically shows the device 100
after the above-described process sequence. Hence, the
device 100 comprises a substantially planar topography
with the layer portion 108a laterally enclosing the
first place holder 104a and with a second layer
portion 111b laterally enclosing the second place
holder 104b. Consequently, a substantially
homogeneously acting intrinsic stress of the layer
portion 108a, herein shown as a tensile stress
indicated as 118a, creates a respective deformation
and thus strain in the first semiconductor region
107a, that is, in the present example a tensile
strain, which typically increases the mobility of
electrons in this region. Similarly, the layer portion
111b having the substantially homogeneously acting
second intrinsic stress, in this example illustrated
in the form of a compressive stress 121b,
correspondingly creates a deformation or strain within
the second semiconductor region 107b, which is in the
present example a compressive strain, thereby
increasing the mobility of holes. It should be
appreciated that other configurations may be
contemplated for creating different strain in the
semiconductor regions 107a, 107b. For example, the
intrinsic stress 118a may be compressive and the
intrinsic stress 121b may be tensile, or the intrinsic
stresses 118a and 121b may both be tensile or
compressive and may differ in their magnitudes. In
other examples, the intrinsic stress 118a or 121b may
be selected to yield a substantially zero strain in
the respective semiconductor region, whereas the other
semiconductor region receives a desired magnitude of
strain. This configuration may be advantageous
inproviding more uniform electrical characteristics of
P-type transistors and N-type transistors, wherein the
mobility of the P-type transistors is to be increased,
while the performance of the N-type transistors should
not be deteriorated. Figure If schematically shows the
device 100 with the place holders 104a, 104b removed.
Furthermore, respective gate insulation layers 113a,
113b are formed above the first and second
semiconductor regions 107a, 107b, respectively. The
removal of the place holders 104a, 104b may be
accomplished by a selective etch process, which may
include a plasma etch process and/or a wet chemical
etch process. For instance, the place holders 104a,
104b when comprised of silicon dioxide or amorphous
carbon, may readily be selectively etched with respect
to the layer portions 108a, 111b when for instance
comprised of silicon nitride, and with respect to the
material of the first and second semiconductor regions
107a, 107b on the basis of well-established process
recipes. For example, the removal process may include
a plasma etch process for selectively removing the
essential amount of the first and second place holders
104a, 104b, while the remaining portion of these place
holders may then be removed by a highly isotropic or
wet chemical etch process so as to not unduly damage
the regions 107a, 107b. In other embodiments,
additionally or alternatively, damaged surface
portions of the regions 107a, 107b may be oxidized,
for instance by thermal oxidation or wet chemical
oxidation, and the oxidized portion may be removed by
a highly selective wet chemical etch process, for
instance, on the basis of fluoric acid (HF) without
significantly damaging the regions 107a, 107b. After
removing the place holders 104a, 104b, the gate
insulation layers 113a, 113b may be formed by
oxidation and/or deposition in accordance with design
requirements. For example, the gate insulation layers
113a, 113b may be formed by thermal or wet chemical
oxidation in accordance with well-established recipes
to obtain a finely tuned layer thickness as required
for advanced transistor devices. Thereby, a thickness
of the gate insulation layer may range from 1.5 to
several nanometers. In other embodiments, an extremely
thin thermal oxide may be formed, followed by the
deposition of an appropriate dielectric material to
achieve the desired final thickness of the gate
insulation layers 113a, 113b. A corresponding
deposited layer is shown in dashed lines and is
indicated as 112. It should be appreciated that the
gate insulation layers 113a, 113b may also be formed
by means of the deposited layer 112 only. In some
illustrative embodiments, prior to the formation of
the gate insulation layers 113a, 113b, a dielectric
layer such as the layer 112 may be deposited in a
highly conformal fashion and with a precisely defined
layer thickness, when the initial length 112a of the
opening defined by the place holder 104a is considered
too great for a desired value of the gate electrode to
be formed. Thereafter, the material deposited at the
bottom of this opening, i.e., on the region 107a, may
be removed by an anisotropic etch process, similarly
as is used in typical sidewall spacer techniques. In
this way, the gate length of transistor structures may
be fine-tuned to compensate for fluctuations in the
photolithography or to extend the resolution of 



the photolithography. Thereafter, the respective gate
insulation layers may be formed as is described above.
Figure Ig schematically shows the semiconductor device
100 with a layer of conductive material 123 formed
above the structure of Figure If. The layer 123 may be
comprised of doped polysilicon or, in embodiments for
highly advanced semiconductor devices, may comprise a
metal or a metal compound. For example, the layer 123
may comprise tungsten, tungsten suicide, aluminum,
nickel, copper, or any compounds thereof, and the
like. Depending on the type of material used for the
layer 123, corresponding deposition techniques may be
used. For instance, polysilicon, aluminum, tungsten,
tungsten suicide, and the like may readily be
deposited on the basis of well-established chemical
vapor deposition (CVD) techniques. In othercases,
plating methods such as electroplating or electroless
plating may be used for reliably filling the
respective openings above the first and second
semiconductor regions 107a, 107b. Thereafter, any
excess material of the layer 123 may be removed by any
appropriate technique, such as etching, chemical
mechanical polishing, and any combination thereof.
Figure Ih schematically shows the semiconductor device
100 with the excess material of the layer 123 removed
and with a further interlayer dielectric 126 formed as
the uppermost layer of the resulting structure. Thus,
the device 100 comprises a gate electrode structure
124a above the first semiconductor region 107a and a
second gate electrode structure 124b above the second
semiconductor region 107b, thereby defining a first
transistor element 130a and a second transistor
element 130b. Moreover, as shown in Figure Ih, the
layer portion 108a provides the first intrinsic stress
118a acting substantially homogeneously on the gate
electrode structure 124a up to a height 125a, whereas
the second layer portion 111b provides the second
intrinsic stress 121b that acts substantially
homogeneously on the second gate electrode structure
124b up to a height 125b thereof. Consequently,
depending on the stresses 118a, 121b, respective
deformations or strains are achieved in the associated
semiconductor regions or channel regions 107a, 107b.
Hence, the charge carrier mobility in these channel
regions is individually adjustable by correspondingly
controlling the stress 118a, 121b. In particular, the
transistor configuration as shown in Figure Ih is
substantially planar and enables a self-aligned
formation of the doped regions 106a, 106b, i.e., the
respective drain and source regions, with respect to
the associated gate electrode structures 124a, 124b.
Moreover, the gate electrode structures 124a, 124b may
be formed of a highly conductive material, such as a
metal, metal compound, highly doped polysilicon, or
any combination thereof, and the like. In particular
embodiments, the gate electrode structures 124a, 124b
are substantially comprised of a metal. Figure 2
schematically shows a semiconductor device 200 in an
intermediate manufacturing stage in accordance with
further illustrative embodiments of the present
invention. In Figure 2, identical or similar
components as are shown in Figures 1d and 1e are
denoted by the same reference signs except for a
leading "2" instead of a "1." Hence, the device 200
comprises the substrate 201 with the semiconductor
layer 202 formed thereon including the first and
second semiconductor regions 207a, 207b with the
associated doped regions 206a, 206b. The place holders
204a, 204b are laterally embedded into the dielectric
layer 208 having a specified intrinsic stress.
Moreover, the resist mask 210 is formed above the
dielectric layer 208 to expose that portion of the
device 200 that is associated with the second
semiconductor region 207b. Regarding the formation of
the device 200 as shown in Figure 2, it is referred to
the description with reference to Figures Ia, Ib and
Ic. Moreover, the device 200 is subjected to an ion
bombardment 240 to modify the stress characteristics
of a layer portion 208b of the dielectric layer 208,
which is not covered by the resist mask 210. For
example, heavy inert ions, such as xenon, argon,
silicon, and the like, may be implanted into the
portion 208b, thereby relaxing, at least partially,
the specified intrinsic stress. Consequently, the
layer portion 208a maintains the specified intrinsic
stress, thereby creating a specified deformation
within the first semiconductor region 207a, while the
corresponding strain in the second semiconductor
region 207b may significantly differ therefrom,
depending on the degree of relaxation within the layer
portion 208b. For example, the dielectric layer 208
may have been deposited with a high compressive
stress, for instance when the regions 206a, 207a are
to represent a P-type transistor configuration, to
significantly improve the hole mobility in the first
semiconductor region 207a. By relaxing the initially
compressive stress in the layer portion 208b to a
specified degree, the amount of reduction of electron
mobility within the second semiconductor region 207b,
when designed as an N-type channel region, maytnen oe
adjusted in accordance with design requirements. As
already previously stated, the first and second
semiconductor regions 207a, 207b may not necessarily
need to represent different types of channel regions
but may also represent identical channel regions,
wherein for instance a different degree of operational
behavior or a desired degree for adjustment of device
uniformity may be achieved by the process technique as
shown in Figure 2. The further processing of the
device 200 may then be continued as is also described
with reference to the device 100 depicted in Figures
Ie-Ih. Figure 3a schematically shows a semiconductor
device 300 in accordance with further illustrative
embodiments of the present invention. The device 300
may represent a device similar to that shown in Figure
Ie so that similar or identical components are denoted
by the same reference numbers except for a leading "3"
instead of a "1." Thus, a detailed description of
these components is omitted here. Moreover, the device
300 is subjected to an ion implantation 350 for
inserting a light ion species, such as hydrogen,
helium or oxygen, into the semiconductor layer 302 or
the substrate 301. The ion implantation 350 is
performed with a high dose and an appropriate energy
to achieve a high impurity concentration at a desired
depth within the layer 302 and/or the substrate 301.
For example, initially implanted peak concentration
may be selected to achieve a concentration in the
range of approximately 102l-1023 atoms/cm3. Typical
implantation parameters for helium or hydrogen may be
approximately 3-15 keV, depending on the desired
penetration depth with a dose of approximately 5 x 10
15 to 2 x 10 16 ions per cm2. Thereafter, a heat
treatment may be performed, for instance at
temperatures of approximately 350-1,0000C and
typically at approximately 700-950C for a time period
of several minutes to create "bubbles" or "voids" 351
within the layer 302 and/or the substrate 301. Since
the ion implantation 350 is performed through the
layer portions 308a, 311b with the place holders 304a,
304b still being present, a substantially uniform
depth for the bubbles 351 is achieved. Since a light
inert species is introduced, the stop mechanism during
the implantation is mainly based on an interaction
with crystal electrons so that damage in the layers
308a, 3 1Ib and thus stress relaxation is negligible.
Due to the bubbles 351, a certain degree of mechanical
decoupling of the regions 306a, 307a, 306b, 307b from
the remaining layer 302 and/or the substrate 301 is
achieved, thereby significantly enhancing the transfer
of stress from the layer portions 308a, 311b into the
respective regions 307a, 307b. Thus, the strain
engineering of the regions 307a, 307b may
significantly be enhanced and thus the charge carrier
mobility and the channel conductivity may be improved
more efficiently. 



It should be appreciated that in other embodiments the
ion implantation 350 may be performed at an earlier
manufacturing stage, for instance prior to the
formation of the layer portions 308a, 311b and
possibly prior to the formation of the place holders
304a, 304b, thereby avoiding any relaxation effects,
even though they may be very small as explained above.
The bubbles 351 may then be created during any anneal
cycles for activating the dopants in the region 306a,
306b. Figure 3b schematically shows the semiconductor
device 300, in which the place holders 304a, 304b are
removed prior to the ion implantation 350. In this
case, the implantation energy may be selected to
position the light ion species within the
semiconductor layer 302 substantially without
affecting the regions 306a, 306b. Hence, the
semiconductor regions 307a, 307b may highly
efficiently be decoupled from the remaining
semiconductor layer 302 by means of the bubbles 351.
Thus, the stress transferred to the regions 307a, 307b
is also significantly increased. Moreover, the bubbles
351 themselves may act as a source of stress, thereby
also creating a corresponding strain within the
respective regions 307a, 307b. In this way, two
effective straininducing mechanisms may be combined.As
a result, the present invention provides a
semiconductor device and a technique for forming the
same wherein different semiconductor regions may
receive a different strain, while the formation
process allows the formation of planar transistor
architectures including highly conductive gate
electrodes. For this purpose, a dielectric layer
laterally enclosing the gate electrode structures of
various transistor elements is locally modified such
that at least two different strain components are
obtained in the respective channel regions. Thus,
complementary transistor pairs may be formed, each
transistor having a differently strained channel
region. The modification of the strain-inducing stress
layer may be accomplished by removing a specified
portion of the layer and replacing it with a layer
portion of a different intrinsic stress and/or by
relaxing the intrinsic stress to a desired degree.
Furthermore, due to the combination of the enhanced
stress or strain engineering technique with a process
for in-laid gate electrode structures, extremely
highly conductive gate electrode structures may be
attained, thereby providing enhanced gate and channel
conductivity even for extremely scaled devices having
a gate length of 100 nm and significantly less.
Additionally, the local stress modification may
advantageously be combined with mechanisms for
effectively decoupling the channel regions from the
surrounding material, thereby remarkably enhancing the
efficiency of stress transfer into the respective
channel regions. The particular embodiments disclosed
above are illustrative only, as the invention may be
modified and practiced in different but equivalent
manners apparent to those skilled in the art having
the benefit of the teachings herein. For example, the
process steps set forth above may be performed in a
different order. Furthermore, no limitations are
intended to the details of construction or design
herein shown, other than as described in the claims
below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified
and all such variations are considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the claims
below.CLAIMS WHAT IS CLAIMED: 1. A method, comprising:
forming a first place holder structure 104a above a
first semiconductor region 107a formed in a
semiconductor layer 102 located on a substrate 101;
forming a second place holder structure 104b above a
second semiconductor region 107b formed in said
semiconductor layer 102; depositing a dielectric layer
108 having a specified intrinsic stress above said
semiconductor layer 102 to enclose said first and
second place holder structures 104a, 104b; modifying a
portion of said dielectric layer 108 enclosing said
second place holder structure 104b to change said
intrinsic stress of said portion; and replacing said
first and second place holder structures 104a, 104b
with a conductive material. 2. The method of claim 1,
further comprising forming doped regions 106a, 106b in
said semiconductor layer 102 adjacent to said first
and second semiconductor regions 107a, 107b. 3. The
method of claim 2, wherein forming said doped regions
106a, 106b comprises introducing at least one dopant
species by an ion implantation process while using
said first and second place holder structures as an
implantation mask. 4. The method of claim 3, wherein
forming said doped regions 106a, 106b comprises
forming at least one sidewall spacer element on
sidewalls of each of said first and second place
holder structures and using said at least one sidewall
spacer as an implantation mask at least during one
step of said ion implantation process. 5. The method
of claim 5, further comprising removing said at least
one sidewall spacer prior to depositing said
dielectric layer 108. 6. The method of claim 1,
wherein modifying said portion surrounding said second
place holder structure 104b comprises removing said
portion. 7. The method of claim 7, further comprising
depositing a second dielectric layer 126 above said
semiconductor layer 102, said second dielectric layer
126 having a second intrinsic stress that differs from
the intrinsic stress of said dielectric layer 108. 8.
The method of claim 8, further comprising removing
material of said second dielectric layer 126 to expose
a top surface of said second place holder structure
104b. 9. The method of claim 7, further comprising
planarizing a surface of said second dielectric layer
126 prior to removing said portion surrounding said
second place holder structure 104b.10. The method of
claim 1, wherein modifying said portion surrounding
said second place holder structure 104b comprises
selectively relaxing said intrinsic stress in said
portion. 11. The method of claim 10, wherein said
intrinsic stress is selectively relaxed by ion
bombardment of said portion. 12. The method of claim
1, further comprising implanting an inert species into
an area adjacent to at least one of said first
semiconductor region 107a and said second
semiconductor region 107b and heat treating said
substrate to form voids caused by said inert species. 


