
BENZOFUROPYRIMIDINONES AS PROTEIN KINASE INHIBITORS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority to U.S. provisional
application 61/008,907, filed December 21, 2007, and
U.S. provisional application 61/070,971 filed on March
25, 2008. FIELD OF THE INVENTION [0002] This
disclosure relates to certain benzofuropyrimidinone
compounds. In particular, this disclosure relates to
certain benzofuropyrimidinone compounds useful as
inhibitors of protein kinases. BACKGROUND OF THE
INVENTION [0003] The PIM protein kinase family which
consists of the closely related PIM- 1, 2, and 3, have
been implicated in diverse biological processes such
as cell survival, proliferation, and differentiation.
PIM-I is involved in a number of signaling pathways
that are highly relevant to tumorigenesis [reviewed in
Bachmann & Moray, Internat. J . Biochem. Cell Biol,
37, 726-730 (2005)]. Many of these are involved in
cell cycle progression and apoptosis. It has been
shown that PIM-I acts as an antiapoptotic factor via
inactivation of the pro-apoptotic factor Bad. This
finding suggested a direct role of PIM-I in preventing
cell death since the inactivation of Bad can enhance
Bcl-2 activity and thereby promotes cell survival [Aho
et al., FEBS Letters, 571, 43-49 (2004)]. PIM-I has
also been recognized as a positive regulator of cell
cycle progression. PIM-I binds and phosphorylates
CDC25A, which leads to an increase in its phosphatase
activity and promotion of Gl /S transition [reviewed
in Losman et al., JBC, 278, 4800-4805 (1999)]. In
addition, the cyclin kinase inhibitor p21Waf which
inhibits Gl /S progression was found to be inactivated
by PIM-I [Wang et al., Biochim. Biophys. Act. 1593,
45-55 (2002)]. Furthermore, by means of
phosphorylation, Pim-1 inactivates C-TAKl and
activates Cdc25C which results in acceleration of G2/M
transition [Bachman et al., JBC, 279, 48319-48
(2004)]. [0004] PIM-I appears to be an essential
player in hematopoetic proliferation. Kinase active
PIM-I is required for the gpl30-mediated STAT3
proliferation signal [Hirano et al., Oncogene 19,
2548-2556, (2000)] [0005] PIM-I is overexpressed or
even mutated in a number of tumors and different types
of tumor cell lines and leads to genomic instability.
Examples for apossible involvement of PIM-I in human
tumors are prostate cancer, oral cancer, and Burkitt
lymphoma (Gaidano & Dalla Faver, 1993). All these
findings point to an important role of PIM-I in the
initiation and progression of human cancer, and it
appears that small molecule inhibition of PIM-I
activity is a promising therapeutic strategy. Finally,
PIM-2 and PIM-3 have overlapping functions with PIM-I
and inhibition of more than one isoform may provide
additional therapeutic benefits. [0006] CDC7, a
serine/threonine kinase, plays an essential role in
initiation of DNA replication in eukaryotic cells
(Jiang et al, EMBO J 18:5703 (1999)). After assembly
of the pre-replication complex to the replication
origin, the CDC7 kinase phosphorylates MCM
(minichromosome maintenance) proteins and allows for
recruitment of CDC45 and DNA polymerase thereby
initiating DNA replication (Kim et al., Mutation
Research 532:29(2003)). CDC7 requires association with
one of its cofactors, ASK (also known as DBF4) or
ASKLl (also known as Drfl), for kinase activation
(Ogino et al., J Biol Chem 276:31376 (2001); Sato et
al., Genes to Cells 8:451 (2003); Montagnoli et al.,
EMBO J 21:3171 (2002); Yoshizawa-Sugata et al., J Biol
Chem 280, 13062 (2005)). Mice deficient for CDC7 die
between day 3.5 and 6.5 indicating that CDC7 plays a
role for early embryonic development (Kim et al., EMBO
J 21:2168 (2002)). Conditional knock-down of CDC7 in
mouse ES cell lines (CDC7-/-tg) revealed immediate
inhibition of cell proliferation, rapid cessation of
DNA synthesis and arrest in S phase progression (Kim
et al. (2002)). CDC7 has been implicated in DNA damage
checkpoint signaling in response to Etoposide
treatment or DNA single strand breaks (Costanzo et
al., J MoI Cell 11:203 (2003)). A role for CDC7 in DNA
damage response is supported by the observation that
CDC7 depleted mouse ES cells accumulate RAD51 foci in
the nucleus (Kim et al. (2002)). Deletion of CDC7 in
yeast results in hypersensitivity to hydroxyurea
treatment (Weinreich et al., EMBO J 18:5334 (1999)).
[0007] The serine/threonine kinase CDC7 plays an
important role in the initiation of DNA replication
and recently has been implicated in S phase checkpoint
signaling(reviewed in Kim, Yamada and Masai,
"Functions of mammalian CDC7 kinase in
initiation/monitoring of DNA replication and
development" Mutat Res 532(l-2):29-40 (2003)). The
CDC7 kinase forms a complex with Dbf4, its regulatory 



subunit also known as ASK to generate an active
Ser/Thr kinase. CDC7/Dbf4 kinase activity is required
for initiation of DNA replication and subsequent
transition into Sphase of the cell cycle. A second
activator protein of CDC7 called Drfl or ASKLl has
been identified in human cells, and appears to be
involved in both S and M phase progression (Montagnoli
et al., "Drfl, a novel regulatory subunit for human
CDC7 kinase" EMBO J 21(12):3 171-81 (2002);
Yoshizawa-Sugata, "A second human Dbf4/ASK-related
protein, Drfl /ASKLl, is required for efficient
progression of S and M phases" Biol Chem 280(13):
13062-70 (2005)). CDC7 knock-out mice are embryonic
lethal between E3.5 and E6.5 (Kim et al.,
"Inactivation of CDC7 kinase in mouse ES cells results
in S-phase arrest and p53-dependent cell death" EMBO J
21(9):2 168-79 (2002)). However, the analysis of
conditional CDC7 as well as conditional Dbf4 knock-out
ES cell lines revealed the essential roles of both
proteins in mammalian cell proliferation and DNA
synthesis (Kim et al., "Hypomorphic mutation in an
essential cell-cycle kinase causes growth retardation
and impaired spermatogenesis" EMBO J 22(19):5260-72
(2003); Yamashita et al, "Functional analyses of mouse
ASK, an activation subunit for CDC7 kinase, using
conditional ASK knockout ES cells" Genes Cells
10(6):551-63 (2005)). [0008] Recently, CDC7 has
emerged as an attractive target for cancer therapy.
Depletion of CDC7 using siRNA oligonucleotides results
in induction of apoptosis in cancer cell lines while
normal dermal fibroblast cells are spared) Montagnoli
et al., Cancer Res 64, 7 110 (2004)). Further, CDC7
mediated phosphorylation sites on MCM2, MCM4 and MCM6
in tumor cells have been identified, but the
functional relevance of those sites remains to be
determined (Montagnoli et al., J of Biol Chem
281:10281 (2006); Tsuji et al., MoI Biol Cell
17:4459-4472 (2006); Masai et al., J Biol Chem
281:39249-39261 (2006); Sheu et al., MoI Cell 24:101-1
13 (2006)). There is evidence that the CDC7/Dbf4
complex is a target of the S checkpoint response to
genotoxic stress. In HU-treated S. cerevisiae, Rad53
phosphorylates Dbf4 resulting in a removal of the
kinase complex from chromatin and in inhibition of
CDC7/Dbf4 kinase activity. Deletion of CDC7 results in
HU hypersensitivity (Weinreich M and Stillman B,
1999). Further, Xenopus egg extracts treated with
Etoposide, a Topoisomerase II inhibitor used in the
clinic as anti-cancer agent, resulted in activation of
a DNA damage checkpoint that required ATR, blocking
CDC7/Dbf4 kinase activity (Costanzo 2003). This is
contrary to recent data indicating that the CDC7/Dbf4
kinase is active during replication stress and
contributes to hyperphosphorylation of MCM2 in
response to HU and Etoposide treatment (Tenca P et
al.,2007). Further depletion of CDC7 using siRNA in
the presence of those drugs increased cell death.
[0009] Accordingly, there is a need for potent and
specific inhibitors of PIM, CDC7 or CK2, or any
combination thereof. There is also a need for methods
of treating PIM, CDC7, or CK2 mediated diseases, such
as cancer, are also needed SUMMARY OF THE INVENTION
[0010] This disclosure relates to compounds and
pharmaceutical compositions of the compounds for
inhibiting protein kinases such as PIM (PIM-I, PIM-2
and/or PIM- 3), CDC7 or CK2. [0011] One aspect of this
dislcosure relates to compounds exemplified by Formula
I as described herein. [0012] Another aspect of this
dislcosure relates to a pharmaceutical composition,
comprising a compound according to Formula I and a
pharmaceutically acceptable carrier, excipient, or
diluent. [0013] Another aspect of this dislcosure
relates to a method of inhibiting PIM, CDC7 or CK2 in
a cell, comprising contacting the cell, in which
inhibition of PIM, CDC7 or CK2 is desired, with a
compound according to Formula I . [0014] Another
aspect of this dislcosure relates to a method of
inhibiting PIM, CDC7 or CK2 in a cell, comprising
contacting a cell in which inhibition of PIM is
desired with a pharmaceutical composition comprising a
compound according to Formula I and a pharmaceutically
acceptable carrier, excipient, or diluent. [0015]
Another aspect of this dislcosure relates to a method
of treating a disease or condition that involves PIM,
CDC7 or CK2, comprising administering to a patient, in
need of said treatment, a compound according to
Formula I . [0016] Another aspect of this dislcosure
relates to a method of treating a disease or condition
that involves PIM, CDC7 or CK2, comprising
administering to a patient, in need of said treatment,
a pharmaceutical composition comprising a compound
according to Formula I and a pharmaceutically
acceptable carrier, excipient, or diluent. 



The disease or condition that can be treated by the
compounds of Formula I, and the pharmaceutical
compositions thereof, include cancer. Non- limiting
examples of the types of cancer that can be treated
include ovarian cancer, pancreatic cancer, prostate
cancer, hepatocellular carcinoma, lymphomas,
leukemias, cervical cancer, breastcancer (including
breast carcinoma), colorectal cancer (including
colorectal carcinoma), malignant melanoma, non-small
cell lung cancer (NSCL) or glioblastomas. In another
embodiment, the disease or condition that can be
treated by the compound of formula I includes
pancreatic cancer, prostate cancer, hepatocellular
carcinoma, lymphomas, leukemias, colorectal cancer,
breast carcinoma, colorectal carcinoma, malignant
melanoma, and non-small cell lung cancer. In another
embodiment, the disease or condition that can be
treated by the compound of formula I includes breast
carcinoma, colorectal carcinoma, malignant melanoma,
and nonsmall cell lung cancer (NSCL). [0017] There are
many different aspects of the compounds,
pharmaceutical compositions thereof, and methods of
use thereof, as described hereinbelow, and each aspect
is non-limiting in regard to the scope of the
invention. The transitional term "comprising" as used
herein, which is synonymous with "including,"
"containing," or "characterized by," is inclusive or
open-ended and does not exclude additional, unrecited
elements or method steps. [0018] The foregoing only
summarizes certain aspects of this dislcosure and is
not intended to be limiting in nature. These aspects
and other aspects and embodiments are described more
fully below. DETAILED DESCRIPTION OF THE INVENTION
[0019] There are many different aspects of the
disclosure described hereinbelow, and each aspect is
non-limiting in regard to the scope of the disclosure.
The terms "aspects" and "embodiments" are meant to be
non-limiting regardless of where the terms "aspect" or
"embodiment" appears in this specification. The
transitional term "comprising" as used herein, which
is synonymous with "including," "containing," or
"characterized by," is inclusive or open-ended and
does not exclude additional, unrecited elements or
methods. [0020] Aspect (A) of this disclosure relates
to a compound according to formula I :or a
pharmaceutically acceptable salt thereof; wherein: R1
is hydrogen or alkyl; R2 is selected from
aminocarbonylalkylaminoalkyl, aminoalkylaminoalkyl,
dialkylaminoalkylaminoalkyl, carboxyalkylaminoalkyl,
cycloakylaminoalkyl, dialkylaminoarylalkylaminoalkyl,
heteroarylalkylaminoalkyl, arylalkyl optionally
substituted at any aryl or alkyl position with 1-3
groups selected from halo and -NH ,
heterocycloalkylarylalkylaminoalkyl optionally
substituted at the heterocycloalkyl portion with
alkyl, aminoalkyl optionally substituted with 1, 2 or
3 -OH, alkylamino optionally substituted with 1, 2 or
3 -OH, alkylaminoalkyl optionally substituted with 1,
2 or 3 -OH, alkoxyalkylaminoalkyl,
heterocycloalkylaminoalkyl optionally substituted with
alkyl at the heterocycloalkyl portion, hydroxyalkyl,
cycloalkylaminoalkyl, arylamino(alkyl)alkyl optionally
substituted at any ring position with 1, 2 or 3 halo,
heterocycloalkylalkylaminoalkyl optionally substituted
at any ring position with 1-2 alkyl,
arylalkylaminoalkyl optionally substituted at the aryl
position with dialkylamino, halo, alkoxy, heteroaryl,
or alkylheterocycloalkyl, dialkylaminoalkyl optionally
substituted with 1, 2 or 3 -OH, arylaminoalkyl
optionally substituted at the aryl portion with 1, 2
or 3 groups selected from halo, heterocycloalkyl,
alkylheterocycloalkyl and dialkylamino,
heteroarylaminoalkyl, arylamino, aryloxyalkyl,
unsubstituted heteroarylalkyl, heteroarylalkyl
substituted at any alkyl position with alkyl, aryl,
arylalkyl or amino, -(C4-Cy)cycloalkyl optionally
substituted with -NH2, -NHC(O)-O-(CH3)3, or
aminoalkyl, -N(H)C(O)-O-alkyl,
alkylpiperazinylcarbonyl,
alkylheterocycloarylalkoxyalkyl, heteroaryl optionally
substituted at any ring position with 1, 2 or 3
substituents selected from amino, alkyl, alkylamino,
halo, -O-heterocycloalkyl, alkoxy, aminoalkyl,
dialkylaminoalkylamino, heterocycloalkylalkylamino and
heterocycloalkyl, heterocycloalkylalkylamino,
heterocycloalkylalkyl optionally substituted with 1, 2
or 3 R4 groups at any ring position, aryl substituted
with 1, 2 or 3 R5 groups at any ring position,
-NHC(O)R7, aminoalkylamino, -CR1 1R12 ,
heterocycloalkyl optionally substituted with 1, 2 or 3
R10 groups, heteroarylalkyl substituted at any ring
position with 1, 2 or 3 alkyl, halo, aryl or arylalkyl
groups, heteroarylamino, heterocycloalkylalkoxyalkyl,
dialkylaminoalkylamino, heterocycloalkylamino,
carboxyalkyl, arylalkylamino optionally substituted
with heterocycloalkyl or heterocycloalkylalkyl, and
heterocycloalkyloxyalkyl;or R1 and R2, together with
the carbon atoms to which they are attached, join 



to form a five membered heterocycloalkyl ring; R3a is
selected from halo, alkyl, -NO , alkoxy, alkynyl
optionally substituted with R14, alkoxycarbonylalkyl,
arylalkoxy, -C(O)N(H)alkyl, -N(H)-C(O)-alkyl, -
C(O)-alkyl, -CN, phenyl, -OCF3, -N(H)R13 , -OH, -CF3,
-S-CH3 and hydroxymethylalkynyl; R3b, R3c and R3d are
each independently selected from H, -OH, -N+(O)OH,
alkoxyl, and halo; or R3a is hydrogen and R3b, R3c and
R3d are each independently selected from -CF3, -OH,
alkoxy, and halo; or R3a and R3d, together with the
carbons to which they are attached, join to form a 5
membered heteroaryl optionally substituted with methyl
or -NH2, or a 5-6 membered heterocycloalkyl; R4 is
selected from -OH, amino, aminoalkyl, halo, alkyl
optionally substituted with -OH, alkoxy,
alkylaminoalkyl, heteroarylalkyl, -C(O)OH,
-C(O)-O-alkyl, -C(O)- alkyl, oxo, aryl optionally
substituted with alkyl, arylalkyl or halo, heteroaryl,
-OH, dialkylamino, dialkylaminoalkyl, alkylamino,
spiro-heterocycloalkyl, -NHC(O)R8, -C(O)NHR9,
arylalkylaminocarbonyl optionally substituted with
halo at any ring position of the aryl,
heterocycloalkylalkylamino, dialkylaminoalkylcarbonyl,
dialkylaminocarbonylalkyl, heterocycloalkylalkyl
optionally substituted with -CF3, heterocycloalkyl
optionally substituted with alkyl, arylalkyl
optionally substituted with -CF3, alkoxyalkyl and
heterocycloalkylcarbonyl optionally substituted with
-OH or halo; R5 is selected from alkyl, -OH, amino,
aminoalkyl, -C(O)N(H)- heteroarylalkyl, halo, -NO2,
-C(O)-N(H)-heterocycloalkylalkyl, alkylaminoalkyl,
heteroaryl, cycloalkylaminoalkyl, alkylamino,
dialkylamino, -C(O)Oalkyl, -C(O)OH, heterocycloalkyl,
-N(H)-alkylheterocycloalkylC(O)-O-alkyl,
-O-alkyl-C(O)-N(H)- alkylcycloalkyl, -C(O)-N(H)-alkyl,
-C(O)N(H)alkylaryl, -C(O)N(H)-cycloalkyl, alkylthio,
alkylsulfonyl, -O-alkylheterocycloalkyl,
heteroarylalkylamino, -CF3, heterocycloalkylalkylamino
optionally substituted with alkyl at any ring
position, alkylsulfonyl, -NHC(O)R6,
alkoxycarbonylheterocycloalkylaminoalkyl,heterocycloal
kylaminoalkyl optionally substituted at the
heterocycloalkyl portion with alkoxycarbonyl,
dialkylaminoalkyl, dialkylaminoalkylamino, and alkoxy;
R6 is selected from dialkylaminoalkyl,
heteroarylamino, heterocycloalkyl,
heterocycloalkylalkyl optionally substituted with -OH,
cycloalkyl, heteroarylalkyl, alkoxyalkyl,
heterocycloalkyl, heteroaryl optionally substituted
with 1, 2 or 3 groups selected from halo, -NH ,
aminoalkylaminocarbonyl, heteroaryl, hydroxyalkyl,
alkoxy, alkyl, -C(O)-O-alkyl and -C(O)-O-H, alkyl,
alkoxy, and aryl optionally substituted 1, 2 or 3
halo, -N(H)C(O)CH3, alkyl or alkoxy; R7 is selected
from heterocycloalkylalkyl, arylalkyl optionally
substituted at any ring position with 1, 2 or 3 halo
groups, dialkylaminoalkyl, heterocycloalkyl,
heteroaryl optionally substituted at any ring position
with 1, 2 or 3 groups selected from halo and -COOH,
and alkoxyalkyl; R8 is selected from arylalkyl,
heterocycloalkyl and alkyl; R9 is selected from H,
alkyl, arylalkyl optionally substituted with halo at
any ring position of the aryl, heterocycloalkyl,
arylalkylaminocarbonyl optionally substituted with
halo and dialkylaminoalkyl; R10 is selected from
alkyl, oxo, heteroaryl, dialkylaminoalkylcarbonyl,
dialkylaminocarbonylalkyl, aminoalkyl, -OH, halo,
heteroarylcarbonyl, dialkylaminoalkyl,
heterocycloalkyl optionally substituted with alkyl,
-C(O)-O-alkyl, arylalkylcarbonyl, arylcarbonyl,
alkylcarbonyl, alkoxyalkylcarbonyl,
heterocycloalkylcarbonyl, heteroarylalkyl,
-O-heterocycloalkyl and arylalkyl optionally
substituted with alkoxy or arylalkoxy; R1 1 is
selected from aryl optionally substituted with halo,
heteroarylalkyl, cycloalkyl, spiro-cycloalkyl and
arylalkyl optionally substituted with alkoxy or
phenylmethylmethoxy; R12 is selected from -NH and
heterocycloalkyl optionally substituted with alkyl;
R13 is selected from arylalkyl wherein the aryl
portion of arylalkyl is optionally substituted with 1,
2 or 3 alkoxy, halo, methyl, methoxy, -CF , cycloalkyl
(such as cyclohexyl), and heteroarylalkyl (such as
pyridinealkyl); and R14 is selected from
hydroxylalkyl, H and TMS.[0021] In another embodiment
of formula I, R3a is selected from halo, alkyl, - 



NO , alkoxy, alkynyl optionally substituted with R14 ,
alkoxycarbonylalkyl, arylalkoxy, -C(O)N(H)alkyl,
-N(H)-C(O)-alkyl, -C(O)-alkyl, -CN, phenyl, -OCF3,
-N(H)R13 , - OH, -CF3, -S-CH3 and
hydroxymethylalkynyl; and R3b, R3c and R3d are each H.
[0022] In another embodiment of formula I, R3a is
halo, alkoxy or -OCF3; and R3b, R3c and R3d are each
H. Aspect (B) of this disclosure relates to a compound
of Formula I, or a pharmaceutically acceptable salt
thereof; wherein: R1 is hydrogen or alkyl; R2 is
selected from aminocarbonylalkylaminoalkyl,
aminoalkylaminoalkyl, dialkylaminoalkylaminoalkyl,
carboxyalkylaminoalkyl, cycloakylaminoalkyl,
dialkylaminoarylalkylaminoalkyl,
heteroarylalkylaminoalkyl, arylalkyl,
heterocycloalkylarylalkylaminoalkyl optionally
substituted at the heterocycloalkyl portion with
alkyl, alkoxyalkylaminoalkyl,
heterocycloalkylaminoalkyl optionally substituted with
alkyl at the heterocycloalkyl portion, hydroxyalkyl,
cycloalkylaminoalkyl, arylamino(alkyl)alkyl optionally
substituted at any ring position with 1, 2 or 3 halo,
heterocycloalkylalkylaminoalkyl optionally substituted
at any ring position with 1-2 alkyl,
arylalkylaminoalkyl optionally substituted at the aryl
position with dialkylamino, halo, alkoxy, heteroaryl,
or alkylheterocycloalkyl, arylamino alkyl optionally
substituted at the aryl portion with 1, 2 or 3 groups
selected from halo, alkylheterocycloalkyl and
dialkylamino, heteroarylaminoalkyl, arylamino,
aryloxyalkyl, heteroarylalkyl optionally substituted
with arylalkyl, alkyl or aryl, - N(H)C(O)-O-alkyl,
alkylpiperazinylcarbonyl,
alkylheterocycloarylalkoxyalkyl, heteroaryl optionally
substituted at any ring position with 1, 2 or 3
substituents selected from -O-heterocycloalkyl,
dialkylaminoalkylamino andheterocycloalkylalkylamino,
heterocycloalkylalkylamino, heterocycloalkylalkyl
optionally substituted with 1, 2 or 3 R4 groups at any
ring position, aryl substituted with 1, 2 or 3 R5
groups at any ring position, -NHC(O)R7,
aminoalkylamino, - CR11R12 , heterocycloalkyl
optionally substituted with 1, 2 or 3 R10 groups,
heteroarylalkyl optionally substituted at any ring
position with 1, 2 or 3 alkyl or aryl groups,
heteroarylamino, heterocycloalkylalkoxyalkyl,
dialkylaminoalkylamino, heterocycloalkylamino,
carboxyalkyl, and heterocycloalkyloxyalkyl; or R1 and
R2, together with the carbon atoms to which they are
attached, join to form a five membered
heterocycloalkyl ring; R3a is selected from halo,
alkyl, -NO , alkoxy, alkynyl optionally substituted
with R14, alkoxycarbonylalkyl, arylalkoxy,
-C(O)N(H)alkyl, -N(H)-C(O)-alkyl, - C(O)-alkyl, -CN,
phenyl, -OCF3, -N(H)R13 , -OH, -CF3, -S-CH3 and
hydroxymethylalkynyl; R3b, R3c and R3d are each
independently selected from H, -OH, -N+(O)OH, alkoxyl,
and halo; or R3a is hydrogen and R3b, R3c and R3d are
each independently selected from -CF3, -OH, alkoxy,
and halo; or R3a and R3d, together with the carbons to
which they are attached, join to form a 5 membered
heteroaryl optionally substituted with methyl or -NH ,
or a 5-6 membered heterocycloalkyl; R4 is selected
from -OH, amino, aminoalkyl, halo, alkyl optionally
substituted with -OH, alkoxy, alkylaminoalkyl,
heteroarylalkyl, -C(O)OH, -C(O)-O-alkyl, -C(O)- alkyl,
oxo, aryl optionally substituted with alkyl or halo,
heteroaryl, -OH, dialkylamino, dialkylaminoalkyl,
alkylamino, spiro-heterocycloalkyl, -NHC(O)R8,
-C(O)NHR9, arylalkylaminocarbonyl optionally
substituted with halo at any ring position of the
aryl, heterocycloalkylalkylamino,
dialkylaminoalkylcarbonyl, dialkylaminocarbonylalkyl,
heterocycloalkylalkyl optionally substituted with
-CF3, heterocycloalkyl optionally substituted with
alkyl, alkoxyalkyl, arylalkyl optionally substituted
with -CF3, and heterocycloalkylcarbonyl optionally
substituted with -OH or halo; R5 is selected from
-C(O)N(H)-heteroarylalkyl, -C(O)-N(H)-
heterocycloalkylalkyl, alkylaminoalkyl,
cycloalkylaminoalkyl,
-N(H)-alkylheterocycloalkylC(O)-O-alkyl,
-O-alkyl-C(O)-N(H)-alkylcycloalkyl,-C(O)N(H)alkylaryl,
-C(O)N(H)-cycloalkyl, -O-alkylheterocycloalkyl,
heteroarylalkylamino, heterocycloalkylalkylamino
optionally substituted with alkyl at any ring
position, alkoxycarbonylheterocycloalkylaminoalkyl,
heterocycloalkylaminoalkyl optionally substituted at
the heterocycloalkyl portion with 



alkoxycarbonyl, dialkylaminoalkyl and
dialkylaminoalkylamino; R6 is selected from
dialkylaminoalkyl, heteroarylamino, heterocycloalkyl,
heterocycloalkylalkyl optionally substituted with -OH,
cycloalkyl, heterocycloalkylalkyl, heteroarylalkyl,
alkoxyalkyl, heterocycloalkyl, heteroaryl optionally
substituted with 1, 2 or 3 groups selected from halo,
-NH2, aminoalkylaminocarbonyl, heteroaryl,
hydroxyalkyl, alkoxy, alkyl, -C(O)-O-alkyl and
-C(O)-O-H, alkyl, alkoxy, and aryl optionally
substituted 1, 2 or 3 halo, - N(H)C(O)CH3, alkyl or
alkoxy; R7 is selected from heterocycloalkylalkyl,
arylalkyl optionally substituted at any ring position
with 1, 2 or 3 halo groups, dialkylaminoalkyl,
heterocycloalkyl, heteroaryl optionally substituted at
any ring position with 1, 2 or 3 groups selected from
halo and -COOH, and alkoxyalkyl; R8 is selected from
arylalkyl, heterocycloalkyl and alkyl; R9 is selected
from H, alkyl, arylalkyl optionally substituted with
halo at any ring position of the aryl,
heterocycloalkyl, arylalkylaminocarbonyl optionally
substituted with halo and dialkylaminoalkyl; R10 is
selected from alkyl, oxo, heteroaryl,
dialkylaminoalkylcarbonyl, dialkylaminocarbonylalkyl,
aminoalkyl, -OH, halo, heteroarylcarbonyl,
dialkylaminoalkyl, heterocycloalkyl (piperidinyl)
optionally substituted with alkyl, - C(O)-O-alkyl,
arylalkylcarbonyl, arylcarbonyl, alkylcarbonyl,
alkoxyalkylcarbonyl, heterocycloalkylcarbonyl,
heteroarylalkyl, -O-heterocycloalkyl and arylalkyl; R1
1 is selected from aryl optionally substituted with
halo, heteroarylalkyl, cycloalkyl, spiro-cycloalkyl
and arylalkyl optionally substituted with alkoxy or
phenylmethylmethoxy; R12 is selected from -NH and
heterocycloalkyl optionally substituted with alkyl;R13
is selected from arylalkyl wherein the aryl portion of
arylalkyl is optionally substituted with 1, 2 or 3
alkoxy, halo, methyl, methoxy, -CF3, cycloalkyl (such
as cyclohexyl), and heteroarylalkyl (such as
pyridinealkyl); and R14 is selected from
hydroxylalkyl, H and TMS. [0024] All of the compounds
disclosed herein include either their free base form
or their pharmaceutically acceptable salts whether it
is stated in the specification that these compounds
can exist as their pharmaceutically acceptable salt or
not. So, for instance, for any given embodiment of the
compound of Formula I (including embodiments relating
to the compounds themselves or method of use thereof),
this embodiment includes either its free base form or
any of its pharmaceutically acceptable salts, whether
this is stated within this embodiment or not. [0025]
In another embodiment, R2 is -CH2-Ri , wherein Ri5 is
selected from aminocarbonylalkylamino,
dialkylaminoalkylamino, carboxyalkylamino,
cycloakylamino, dialkylaminoarylalkylamino,
heteroarylalkylamino, heterocycloalkylarylalkylaminol
optionally substituted at the heterocycloalkyl portion
with alkyl, amino, alkylamino optionally substituted
with 1, 2 or 3 -OH, alkoxyalkylamino,
heterocycloalkylamino optionally substituted with
alkyl at the heterocycloalkyl portion,
cycloalkylamino, arylamino(alkyl) optionally
substituted at any ring position with 1, 2 or 3 halo,
4-(4-methylpiperazine-lyl) phenyl] methyloxy,
heterocycloalkylalkylamino optionally substituted at
any ring position with alkyl, arylalkylamino
optionally substituted at the aryl position with
dialkylamino, halo, alkoxy, heteroaryl, or
alkylheterocycloalkyl, dialkylamino optionally
substituted with 1, 2 or 3 -OH, and arylamino
optionally substituted at the aryl portion with 1, 2
or 3 groups selected from halo, alkylheterocycloalkyl
and dialkylamino. [0026] In another embodiment of
formula I, R3a is halo, alkyl, -NO2, alkoxy, alkynyl
optionally substituted with R14, alkoxycarbonylalkyl,
arylalkoxy, - C(O)N(H)alkyl, -N(H)-C(O)-alkyl,
-C(O)-alkyl, -CN, phenyl, -OCF3, -N(H)R 13 , -OH,
-CF3, -S-CH3 and hydroxymethylalkynyl; and R3b, R3c
and R3d are each H. [0027] In another embodiment of
formula I, R3a is halo, alkoxy or -OCF3; and R3b, R3c
and R3d are each H.[0028] In other embodiments of
aspect (A) (and aspect (B) where it can apply)
described above, R2 in formula I is a heterocycloalkyl
selected from azetidinyl, pyrrolidinyl, piperazinyl
and piperidinyl optionally substituted with 1, 2 or 3
R10 . [0029] In other embodiments of aspect (A) (and
aspect (B) where it can apply) described above, R2 in
formula I is a heterocycloalkyl selected from
azetidinyl, 



pyrrolidinyl, piperazinyl and piperidinyl optionally
substituted with 1, 2 or 3 R10 . [0030] In other
embodiments of aspect (A) (and aspect (B) where it can
apply) described above, R2 in formula I is a
heterocycloalkyl selected from azetidinyl,
pyrrolidinyl, piperazinyl and piperidinyl optionally
substituted with 1, 2 or 3 R10 ; R3a is halo, alkoxy
or -OCF3; and R3b, R3c and R3d are each H. [0031] In
other embodiments of aspect (A) (and aspect (B) where
it can apply) described above, R2 in formula I is a
heteroaryl optionally substituted at any ring position
with 1, 2 or 3 substituents selected from amino,
alkylamino, halo, -O-heterocycloalkyl, alkoxy,
aminoalkyl, dialkylaminoalkylamino,
heterocycloalkylalkylamino and heterocycloalkyl.
[0032] In other embodiments of aspect (A) (and aspect
(B) where it can apply) described above, R2 in formula
I is a heteroaryl optionally substituted at any ring
position with 1, 2 or 3 substituents selected from
amino, alkylamino, halo, -O-heterocycloalkyl, alkoxy,
aminoalkyl, dialkylaminoalkylamino,
heterocycloalkylalkylamino and heterocycloalkyl; R3a
is halo, alkoxy or -OCF3; and R3b, R3c and R3d are
each H. [0033] In other embodiments of aspect (A) (and
aspect (B) where it can apply) described above, R2 in
formula I is a heterocycloalkylalkyl optionally
substituted with 1, 2 or 3 R4 groups at any ring
position. [0034] In other embodiments of aspect (A)
(and aspect (B) where it can apply) described above,
R1 in formula I is H. [0035] In other embodiments of
aspect (A) (and aspect (B) where it can apply)
described above, R2 in formula I is a
heterocycloalkylalkyl optionally substituted with 1, 2
or 3 R4 groups at any ring position; R3a is halo,
alkoxy or -OCF3; and R3b, R3c and R3d are each H.
[0036] In other embodiments of aspect (A) (and aspect
(B) where it can apply) described above, R2 in formula
I is an aryl substituted with 1, 2 or 3 R5 groups at
any ring position.[0037] In other embodiments of
aspect (A) (and aspect (B) where it can apply)
described above, R2 in formula I is an aryl
substituted with 1, 2 or 3 R5 groups at any ring
position; R3a is halo, alkoxy or -OCF3; and R3b , R3c
and R3d are each H. [0038] In other embodiments of
aspect (A) (and aspect (B) where it can apply)
described above, R2 in formula I is a heterocycloalkyl
optionally substituted with 1, 2 or 3 R10 groups.
[0039] In other embodiments of aspect (A) (and aspect
(B) where it can apply) described above, R2 in formula
I is a heterocycloalkyl optionally substituted with 1,
2 or 3 R10 groups; R3a is halo, alkoxy or -OCF3; and
R3b, R3c and R3d are each H. [0040] In other
embodiments of aspect (A) (and aspect (B) where it can
apply) described above, R2 in formula I is a
heteroarylalkyl optionally substituted at any ring
position with 1, 2 or 3 alkyl or aryl groups. [0041]
In other embodiments of aspect (A) (and aspect (B)
where it can apply) described above, R2 in formula I
is a heteroarylalkyl optionally substituted at any
ring position with 1 2 or 3 alkyl or aryl groups; R3a
is halo, alkoxy or -OCF ;and R3b, R3c and R3d are each
H. [0042] In other embodiments of aspect (A) (and
aspect (B) where it can apply) described above, R7 in
formula I is heteroaryl, such as pyridinyl or
imidazolyl, which can be optionally substituted as
described above in formula I . [0043] In other
embodiments of aspect (A) (and aspect (B) where it can
apply) described above, R2 in formula I is
heterocycloalkyl, such as morpholinyl, piperidinyl,
pyrrolidinyl, piperazinyl or tetrahydrofuan, which can
be optionally substituted as described above in
formula I . [0044] In other embodiments of aspect (A)
(and aspect (B) where it can apply) described above,
R2 in formula I is heterocycloalkylaminoalkyl, wherein
the heterocycloalkyl potion is piperidinyl,
piperazinyl, pyrrolidinyl or imidazolyl, which can be
optionally substituted as described above in formula I
. [0045] In other embodiments of aspect (A) (and
aspect (B) where it can apply) described above, R2 in
formula I is heterocycloalkylalkyl, wherein the
heterocycloalkyl potion is morpholinyl, piperidinyl,
pyrrolidinyl, piperazinyl or tetrahydrofuanyl, which
can be optionally substituted as described above in
formula I . [0046] In other embodiments of aspect (A)
(and aspect (B) where it can apply) described above,
R2 in formula I is alkylheterocycloalkyl, wherein
theheterocycloalkyl potion is piperizinyl, which can
be optionally substituted as described above in
formula I . [0047] In other embodiments of aspect (A)
(and aspect (B) where it can apply) 



described above, R2 in formula I is heteroaryl, such
as thienyl, furan, pyrazol, thiazol, isoxazol,
tetrahydroisoquinolinyl and imidazol, which can be
optionally substituted as described above in formula I
. [0048] In other embodiments of aspect (A) (and
aspect (B) where it can apply) described above, R2 in
formula I is phenyl which is substituted as described
above in formula I . [0049] In other embodiments of
aspect (A) (and aspect (B) where it can apply)
described above, R6 is heteroaryl, such as imidazol,
oxazole, pyridine, pyrimidine, isoxazole or furanyl,
which can be optionally substituted as described above
in formula I . [0050] In other embodiments of aspect
(A) (and aspect (B) where it can apply) described
above, R3a is Br, Cl or -OCH3, and R3b, R3c and R3d
are each H. [0051] In other embodiments of aspect (A)
(and aspect (B) where it can apply) described above,
R1 is H. [0052] In other embodiments of aspect (A)
(and aspect (B) where it can apply) described above,
R2 is heterocycloalkyl, such as piperidinyl,
piperazinyl, pyrrolidinyl and morpholinyl, which can
be optionally substituted as described above in
formula I . [0053] In other embodiments of aspect (A)
(and aspect (B) where it can apply), R2 is selected
from -(Ci-C 3)alkyl-phenyl optionally substituted with
1-3 halo, -NHphenyl, -NH-piperidinyl, -NH-pyridinyl,
-NH(Ci-C 3)alkylphenyl optionally substituted at any
phenyl position with piperazinyl or methylpiperazinyl,
-NH(Ci-C 3)alkyl-N(CH 3)2, -NH(Ci-C 3)alkyl-OH, phenyl
substituted with 1, 2 or 3 Xa, phenyl substituted with
0-2 Xb and 1Xc group,
methylpiperazinylphenylalkoxyalkyl
(methylpiperazinylphenylmethoxymethyl),
methylpiperazinylcarbonyl, 2-
chlorophenyl-4-methylpiperazinylmethyl,
(4-methylpiperazin- 1-yl)(phenyl)methyl, 1-
(4-methylpiperazin- 1-yl)-2-phenylethyl,
2-chlorophenyl(4-methylpiperazin- 1- yl)methyl,
4-oxo-3-phenyl-l,3,8-triazaspiro[4.5]dec-l-yl)methyl,
-(Ci- C3)alkylC(O)OH, hydroxyalkyl, -(Ci-C
3)alkyl-N(Rza)-aryl optionally substituted withchloro,
fluoro, piperazinyl, methylpiperazinyl and
dialkylamino, -(5-10)membered heteroaryl optionally
substituted with 1 or 2 groups selected from halo,
-(Ci-Ce)alkyl, -(Ci-Ce)alkoxy, piperidinylalkylamino,
piperdinylalkylamino, alkylamino, aminoalkyl,
dialkylaminoalkylamino, piperidinyloxy, piperidinyl,
and amino, -(Ci-C3)alkyl-O-phenyl,
-(Ci-C3)alkyl-O-(Ci-C 3)alkyl-(5-6
membered)heterocycloalkyl,
-(Ci-C3)alkyl-N(H)-heteroaryl, -(Ci-C3)alkyl-(5-
10)membered heteroaryl optionally substituted with
-(Ci-C3)alkyl, halo or phenyl, oxopyrrolidinyl
optionally substituted with OH or piperidinyl,
-(Ci-C4)alkyl-(3-9 membered)heterocycloalkyl
optionally substituted at the (3-9
membered)heterocycloalkyl with Xd,
-(Ci-C6)alkyl-NRzb-(Ci-C 4)alkyl wherein the -
(Ci-C4)alkyl portion is optionally substituted with
Xe, -(Ci-C3)alkyl-NH-(C3- C6)cycloalkyl,
-(CH2)-NH-(C3-C6)cyclohexyl, -(C r C3)alkyl-NH2,
wherein the -(C1- C3)alkyl- portion of
-(Ci-C3)alkyl-NH2 is optionally substituted with Xf,
-(3-9 membered)heterocycloalkyl optionally substituted
with Xg, -(C3-C6)-cycloalkyl (cyclohexyl) optionally
substituted with amino, -NHC(O)-O-(CH3)3, aminoalkyl
and dialkylaminoalkylamino; Xa is selected from halo,
phenyl substituted with a group selected from - COOH,
-COOCH3,NO2, -(Ci-C3)alkoxy, methylthio,
-(Ci-C3)alkyl, -NH2, -OH, -Nt(C 1- C3)alkyl]2, -CF3
and methylsulfonyl; Xb, when present, is independently
selected from alkyl, -NH2 and halo; Xc is selected
from -(5-6 membered)heteroaryl (imidazole), -(5-6
membered)heterocycloalkyl (piperazinyl),
alkylcarbonylamino, alkylaminocarbonyl,
cycloalkylaminoalkyl (cyclohexylaminoalkyl),
-NH(Ci-C3)alkyl-(3-6 membered)heterocycloalkyl,
dimethylamino-(Ci-C3)alkylcarbonylamino,
cycloalkylaminocarbonyl,
dialkylaminoalkylcarbonylamino,
cycloalkylmethylaminocarbonylmethyloxy,
phenylalkylaminocarbonyl, heterocycloalkylaminoalkyl
optionally substituted with alkoxycarbonyl,
dialkylaminoalkyl, morpholinylalkoxy, alkylaminoalkyl,
dialkylaminoalkylamino,
alkoxycarbonylheterocycloalkylalkylamino,
heterocycloalkylalkylamino optionally substituted with
methyl, heterocycloalkylalkylcarbonylamino optionally
substituted with -OH, , heterocycloalkylcarbonylamino
optionally substituted with 1 or 2 groups selected
from halo and methyl, heteroarylcarbonylamino
optionally substituted with 1or 2 groups selected from
amino, alkyl, halo, -C(O)OH, pyrazolyl, -OCH3 and -
C(O)OCH3, -N(H)C(O)phenyl optionally substituted with
1 or 2 groups selected from halo, 



methyl, methoxy and -NHC(O)CH3, -N(H)C(O)alkyl,
-N(H)C(O)(C1- C3)alkylpyridinyl,
-N(H)C(O)(Ci-C3)alkylpiperidinyl,
-N(H)C(O)-lH-pyrrolo[2,3-b]pyridinyl,
-N(H)C(O)cyclohexyl, N(H)C(O)cyclopentyl,
-N(H)C(O)(Ci-C3)alkylmorpholinyl,
-N(H)C(O)(Ci-C3)alkylpyridinyl,
-N(H)C(O)(Ci-C3)alkylimidazolyl, aminoalkyl, and
-N(H)C(O)N(H)pyrimidinyl; Xd is selected from alkyl,
1-3 halo, -COOH, phenyl optionally substituted with 1
or 2 groups selected from halo, methyl and
methylphenyl, phenylmethyl, spiropiperidine,
trifluoromethylphenylmethyl, -(Ci-C3)alkoxy,
pyridinyl, dimethylaminoalkyl, dimethylamino,
hydroxylalkyl, dimethylaminoalkylaminocarbonyl,
alkylamino, aminoalkyl, dimethylaminocarbonylalkyl,
diethylaminoalkylcarbonyl, -(Ci-C3)alkyl-(5-6
membered)heterocycloalkyl, (5-6
membered)heterocycloalkyl optionally substituted with
-(Ci-C3)alkyl, -NH , -OH, heterocycloalkylalkylamino,
alkoxyalkyl, -C(O)CH3, -C(O)NH(Ci-C3)alkylphenyl
optionally substituted with 1-3 halo at any phenyl
position, one -OH and one -C(O)NH(Ci-C3)alkylphenyl
optionally substituted with 1-3 halo at any phenyl
position, -C(O)-heterocycloalkyl optionally
substituted with -OH or halo, alkoxycarbonyl,
aminocarbonyl, one -OH and one methyl, one -OH and one
-C(O)OH, one -OH and one -NHC(O)piperidinyl, one -OH
and one alkyl; Xe is selected from dialkylamino,
amino, 1-3 -OH, alkoxy, 4- methylpiperazinylphenyl,
dimethylaminophenyl, phenyl optionally substituted
with 1- 3 groups selected from halo and methoxy,
heteroaryl, -(Ci-C3)alkylC(O)NH2, - C(O)NH2, -C(O)OH,
-(Ci-C3)alkylC(O)OH, heterocycloalkyl optionally
substituted with 1-2 alkyl; Xf is selected from
cycloalkyl, spirocycloalkyl, phenyl, phenylalkyl
optionally substituted with phenylmethyloxy or alkoxy
and thienylalkyl; Xg is selected from alkyl,
alkylcarbonyl, heterocycloalkylcarbonyl,
dialkylaminoalkylcarbonyl, 1-methylpiperidinyl,
dialkylaminoalkyl,heteroarylcarbonyl,
alkoxyalkylcarbonyl, phenylcarbonyl,
phenylalkylcarbonyl, oxo, phenylalkyl, -(5-6
membered)heteroarylalkyl, piperidinyloxy, -OH, oxo,
1-2 halo and 1-2 methyl; Rza is H or methyl; and Rzb
is H or alkyl optionally substituted with 1-3 -OH. In
another embodiment, R is selected -NH-phenyl,
-NH-piperidinyl, -NHpyridinyl, -NH(Ci-C3)alkylphenyl
optionally substituted at any phenyl position with
piperazinyl or methylpiperazinyl,
-NH(Ci-C3)alkyl-N(CH3)2, -NH(d-C 3)alkyl-OH, -
(Ci-C3)alkyl-O-phenyl,
-(Ci-C3)alkyl-O-(Ci-C3)alkyl-(5-6
membered)heterocycloalkyl,
-(Ci-C3)alkyl-N(H)-heteroaryl, -(Ci-C3)alkyl-(5-
10)membered heteroaryl optionally substituted with
-(Ci-C3)alkyl, halo or phenyl, oxopyrrolidinyl
optionally substituted with OH or piperidinyl, -(d-C
4)alkyl-(3-9 membered)heterocycloalkyl optionally
substituted at the (3-9 membered)heterocycloalkyl with
Xd, -(Ci-C6)alkyl-NRzb-(Ci-C4)alkyl wherein the -
(Ci-C4)alkyl portion is substituted with Xe,
-(Ci-C3)alkyl-NH-(C3-C6)cycloalkyl, -
(CH2)-NH-(C3-C6)cyclohexyl, -(d-C 3)alkyl-NH2, wherein
the -(Cr C3)alkyl- portion of -(Ci-C3)alkyl-NH2 is
substituted with Xf, and -(3-9
membered)heterocycloalkyl optionally substituted with
Xg; Xd is selected from alkyl, 1-3 halo, -COOH, phenyl
optionally substituted with 1 or 2 groups selected
from halo, methyl and methylphenyl, phenylmethyl,
spiropiperidine, trifluoromethylphenylmethyl,
-(Ci-C3)alkoxy, pyridinyl, dimethylaminoalkyl,
dimethylamino, hydroxylalkyl,
dimethylaminoalkylaminocarbonyl, alkylamino,
aminoalkyl, dimethylaminocarbonylalkyl,
diethylaminoalkylcarbonyl, -(Ci-C3)alkyl-(5-6
membered)heterocycloalkyl, (5-6
membered)heterocycloalkyl optionally substituted with
-(Ci-C3)alkyl, -NH2, -OH, heterocycloalkylalkylamino,
alkoxyalkyl, -C(O)CH3, -C(O)NH(Ci-C3)alkylphenyl
optionally substituted with 1-3 halo at any phenyl
position, one -OH and one -C(O)NH(Ci-C3)alkylphenyl
optionally substituted with 1-3 halo at any phenyl
position, -C(O)-heterocycloalkyl optionally
substituted with -OH or halo, alkoxycarbonyl,
aminocarbonyl, one -OH and one methyl, one -OH and one
-C(O)OH, one -OH and one -NHC(O)piperidinyl, one -OH
and one alkyl;Xe is selected from dialkylamino, amino,
1-3 -OH, alkoxy, Amethylpiperazinylphenyl,
dimethylaminophenyl, phenyl optionally substituted
with 1- 



3 groups selected from halo and methoxy, heteroaryl,
-(Ci-C3)alkylC(O)NH2, - C(O)NH2, -C(O)OH,
-(Ci-C3)alkylC(O)OH, heterocycloalkyl optionally
substituted with 1-2 alkyl; Xf is selected from
cycloalkyl, spirocycloalkyl, phenyl, phenylalkyl
optionally substituted with phenylmethyloxy or alkoxy
and thienylalkyl; Xg is selected from alkyl,
alkylcarbonyl, heterocycloalkylcarbonyl,
dialkylaminoalkylcarbonyl, 1-methylpiperidinyl,
dialkylaminoalkyl, heteroarylcarbonyl,
alkoxyalkylcarbonyl, phenylcarbonyl,
phenylalkylcarbonyl, oxo, phenylalkyl, -(5-6
membered)heteroarylalkyl, piperidinyloxy, -OH, oxo,
1-2 halo and 1-2 methyl; and Rzb is H or alkyl
optionally substituted with 1-3 -OH. [0054] In other
embodiments of Aspect A of this disclosure (and Aspect
B where it applies), R2 can be any one of the
following (22) embodiments for R2: [0055] In another
embodiment (1), R2 is -(Ci-C3)alkyl-phenyl optionally
substituted with 1-3 halo. [0056] In another
embodiment (2), R2 is selected from -NH-phenyl,
-NHpiperidinyl, -NH-pyridinyl, -NH(Ci-C 3)alkylphenyl
optionally substituted at any phenyl position with
piperazinyl or methylpiperazinyl, -NH(Ci-C
3)alkyl-N(CH 3)2 and -NH(Ci-C 3)alkyl- OH. [0057] In
another embodiment (3), R2 is phenyl substituted with
1-3 Xa groups, wherein Xa is selected from halo,
-COOH, -COOCH3, NO2, -(C r C3)alkoxy, methylthio,
-(Ci-C3)alkyl, -NH2, -OH, -N[(Ci-C 3)alkyl]2, -CF3 and
methylsulfonyl. [0058] In another embodiment (4), R2
is phenyl substituted with 0-2 Xb and 1Xc group,
wherein Xb, when present, is selected from alkyl, -NH2
and halo, and Xc is selected from -(5-6
membered)heteroaryl (such as, for example, imidazole),
-(5-6 membered)heterocycloalkyl (such as, for example,
piperazinyl), alkylcarbonylamino, alkylaminocarbonyl,
cycloalkylaminoalkyl (such as, for example,
cyclohexylaminoalkyl), -NH(Ci-C 3)alkyl-(3-6
membered)heterocycloalkyl, dimethylamino-(Ci-C
3)alkylcarbonylamino,
cycloalkylaminocarbonyl,dialkylaminoalkylcarbonylamino
, cycloalkylmethylaminocarbonylmethyloxy,
phenylalkylaminocarbonyl, heterocycloalkylaminoalkyl
optionally substituted with alkoxycarbonyl (such as,
for example, piperidinylaminomethyl or
methylpiperdinylaminomethyl),
heterocycloalkylalkylaminoalkyl (such as, for example,
piperidinylethylaminomethyl), dialkylaminoalkyl,
morpholinylalkoxy, alkylaminoalkyl,
dialkylaminoalkylamino (such as, for example,
dimethylamino(Ci- C5)alkylamino such as
3-(dimethylamino)-2,2-dimethylpropyl]amino),
alkoxycarbonylheterocycloalkylalkylamino,
heterocycloalkylalkylamino optionally substituted with
methyl (such as, for example, piperidinylmethylamino,
piperidinylethylamino, tetrahydrofuranmethylamino,
methylpiperidinylmethylamino or imidazolemethylamino),
heterocycloalkylcarbonylamino
(pyrrolidinylcarbonylamino),
heterocycloalkylalkylcarbonylamino optionally
substituted with -OH (such as, for example,
2-piperidin-4-ylacetamide or 3-
morpholinylpropanamide), heterocycloalkylcarbonylamino
optionally substituted with 1-2 groups selected from
halo and methyl (such as, for example,
-N(H)C(O)piperidinyl optionally substituted with 1 or
2 groups selected from halo and methyl,
-N(H)C(O)pyrrolidinyl, or
-N(H)C(O)tetrahydrofuranyl,), heteroarylcarbonylamino
optionally substituted with 1 or 2 groups selected
from amino, alkyl, halo, -C(O)OH, pyrazolyl, -OCH3 and
-C(O)OCH3 (such as, for example, -N(H)C(O)pyridinyl
optionally substituted with 1 or 2 groups selected
from -NH2, methyl, halo, -C(O)OH, pyrazolyl, -OCH3 and
-C(O)OCH3, -N(H)C(O)imidazolyl optionally substituted
with methyl, -N(H)C(O)quinoxalinyl,
-N(H)C(O)pyrimidinyl optionally substituted with
alkyl, -N(H)C(O)furanyl, -N(H)C(O)pyrazinyl,
-N(H)C(O)isoxazolyl optionally substituted with
methyl, -N(H)C(O)oxazolyl, or -N(H)C(O)indazolyl
optionally substituted with amino), -N(H)C(O)phenyl
optionally substituted with 1 or 2 groups selected
from halo, methyl, methoxy and -NHC(O)CH3,
-N(H)C(O)alkyl, -N(H)C(O)(C1- C3)alkylpyridinyl,
-N(H)C(O)(Ci-C 3)alkylpiperidinyl,
-N(H)C(O)-lH-pyrrolo[2,3-b]pyridinyl,
-N(H)C(O)cyclohexyl, N(H)C(O)cyclopentyl,
-N(H)C(O)(Ci-C3)alkylmorpholinyl, -N(H)C(O)(Ci-C
3)alkylpyridinyl, -N(H)C(O)(Ci-C 3)alkylimidazolyl,
aminoalkyl 



(such as, for example, aminomethyl,), and
-N(H)C(O)N(H)pyrimidinyl.[0059] In another embodiment
(5), R is methylpiperazinylphenylalkoxyalkyl
(methylpiperazinylphenylmethoxymethyl),
methylpiperazinylcarbonyl, 2-
chlorophenyl-4-methylpiperazinylmethyl,
(4-methylpiperazin- 1-yl)(phenyl)methyl, 1-
(4-methylpiperazin- 1-yl)-2-phenylethyl, or
2-chlorophenyl(4-methylpiperazin- 1- yl)methyl,
4-oxo-3-phenyl-l,3,8-triazaspiro[4.5]dec-l-yl)methyl.
In another embodiment (6), R2 is -(Ci-C 3)alkylC(O)OH.
In another embodiment (7), R2 is hydroxyalkyl. In
another embodiment (8), R2 is -(Ci-C
3)alkyl-N(Rz)-aryl (wherein aryl can be, for example,
phenyl or 2,3-dihydro-lH-indenyl) optionally
substituted with chloro, fluoro, piperazinyl,
methylpiperazinyl or dialkylamino(dimethylamino), and
Rz is H or methyl. [0060] In another embodiment (9),
R2 is -(5-10)membered heteroaryl (such as, for
example, thienyl, pyridinyl, indazolyl, imidazolyl,
thiazolyl, isoxazolyl, pyrazolyl, pyrimidinyl,
benzimidazoly, pyrazolo[l,5-a]pyrimidinyl,
tetrahydroisoquinolinyl, or
5,6,7,8-tetrahydroimidazo[l,2-a]pyrazinyl), optionally
substituted with 1 or 2 groups selected from halo,
-(Ci-Ce)alkyl, -(Ci-Ce)alkoxy, piperidinylalkylamino,
piperdinylalkylamino, alkylamino, aminoalkyl,
dialkylaminoalkylamino, piperidinyloxy, piperidinyl,
and amino. Non- limiting examples of this embodiment
include 5-chloro-2-thienyl, thienyl, 3-methyl-
lH-indazo IyI, 3-methyl- lH-indazo IyI, 3-
[(2-methylpropyl)oxy]pyridin-4-yl,
3-amino-lH-indazolyl, 3-amino-5 -chloro- IHindazolyl,
lH-benzimidazolyl, lH-imidazolyl, 1,3-thiazolyl,
2-amino-5- chloropyrimidin-4-yl,
3-[(piperidin-4-ylmethyl)amino]-lH-indazolyl, and
(2S)-2,3- dihydro- 1H-indol-2-yl. [0061] In another
embodiment(l q), R2 is -(C 1-C3)alkyl-O-phenyl. [0062]
In another embodiment ( 11), R2 is -(Ci-C
3)alkyl-O-(Ci-C 3)alkyl-(5-6
membered)heterocycloalkyl, wherein the
heterocycloalkyl can be, for example, pyrrolidinyl.
[0063] In another embodiment (12), R2 is -(Ci-C
3)alkyl-N(H)-heteroaryl wherein the heteroaryl can be,
for example, pyridinyl. [0064] In another embodiment
(13), R2 is -(Ci-C 3)alkyl-(5-10)membered heteroaryl
(wherein the heteroaryl can be, for example,
imidazolyl or pyrazolyl) optionally substituted with
-(Ci-C 3)alkyl, halo and phenyl.[0065] In another
embodiment (14), R is oxopyrrolidinyl optionally
substituted with OH and/or piperidinyl. [0066] In
another embodiment (15), R2 is -(Ci-C4)alkyl-(3-9
membered)heterocycloalkyl optionally substituted at
any position of the (3-9 membered)heterocycloalkyl
with Xd, wherein Xd is selected from alkyl( such as,
for example, methyl), 1-3 halo, -COOH, phenyl
optionally substituted with 1 or 2 groups selected
from halo, methyl and methylphenyl, phenylmethyl,
spiro-piperidine, trifluoromethylphenylmethyl, -(Ci-C
3)alkoxy, pyridinyl, dimethylaminoalkyl (such as, for
example, dimethylamino-(Ci-C 3)alkyl), dimethylamino,
hydroxylalkyl, dimethylaminoalkylaminocarbonyl (such
as, for example, dimethylamino(Ci-
C3)alkylaminocarbonyl), alkylamino, aminoalkyl (such
as, for example, aminomethyl or aminoethyl),
dimethylamino carbonylalkyl (such as, for example,
dimethylaminocarbonylmethyl),
diethylaminoalkylcarbonyl (such as, for example,
diethylaminomethylcarbonyl), -(Ci-C 3)alkyl-(5-6
membered)heterocycloalkyl, (5-6
membered)heterocycloalkyl (such as, for example,
piperidinyl or morpholinyl) optionally substituted
with -(Ci-C3)alkyl, -NH2, -OH,
heterocycloalkylalkylamino, alkoxyalkyl (such as for
example, methoxy ethyl), -C(O)CH3, -C(O)NH(Ci-
C3)alkylphenyl optionally substituted with 1-3 halo at
any phenyl position, one -OH and one -C(O)NH(C
i-C3)alkylphenyl optionally substituted with 1-3 halo
at any phenyl position,-C(O)-heterocycloalkyl ( such
as, for example, morpholinyl or piperidinyl)
optionally substituted with -OH or halo,
alkoxycarbonyl, aminocarbonyl, one hydroxyl and one
methyl, one -OH and one -C(O)OH, one -OH and one -
NHC(O)piperidinyl, and one -OH and one alkyl. In this
embodiment, the (3-9 membered)heterocycloalkyl can be,
for example, piperazinyl, piperidinyl, pyrrolidinyl,
azetidinyl, morpholinyl, 1,4-diazepanyl,
2,5-diazabicyclo[2.2.1]heptyl,
azabicyclo[2.2.1]heptane such as
anti-7-hydroxy-2-azabicyclo[2.2.1]heptane, 7-
hydroxy-2-azabicyclo[2.2.1]heptanyl and
(7S)-7-hydroxy-2- azabicyclo[2.2.1]heptanyl,
8-azabicylo[3.2.1]oct-8-yl such as 3-hydroxy-8-
azabicylo[3.2.1]oct-8-yl,
(lS,4S)-2,5-diazabicyclo[2.2.1]heptyl such as
(lS,4S)-5- methyl-2,5-diazabicyclo[2.2.1]heptyl and
(lS,4S)-5-ethyl-2,5- diazabicyclo[2.2.1]heptyl,
2,5-dihydro-lH-pyrrolyl, (lR,4R)-2,5- 



diazabicyclo[2.2.1]heptan-2-yl such as
(lR,4R)-5-methyl-2,5- diazabicyclo[2.2.1]heptan-2-yl,
(lR,5S)-8-azabicyclo[3.2.1]octyl such as
(lR,5S)-3-amino-8-azabicyclo[3.2.1]octyl,
(8aS)-hexahydropyrrolo[l,2-a]pyrazin-2(lH)-yl,
dimethylpiperazinyl such as
(2R,6S)-2,6-dimethylpiperazinyl or (3aR,6aS)-
hexahydropyrrolo[3,4-c]pyrrolyl. In another
embodiment, the -(Ci-C4)alkyl-(3-9
membered)heterocycloalkyl described above is -CH2-(5-7
membered)heterocycloalkyl, which can be optionally
substituted with any of the optional substituents
described above for -(Ci-C4)alkyl-(3-9
membered)heterocycloalkyl. In another embodiment, R is
-(CH2)-(5-6 membered)heterocycloalkyl optionally
substituted with any of the optional substituents
described above for -(Ci-C4)alkyl-(3-9
membered)heterocycloalkyl. In another embodiment, Xd
is bonded to the -(3-9 membered)heterocycloalkyl
portion of the -(Ci-C4)alkyl-(3-9
membered)heterocycloalkyl in the (S) stereochemical
configuration. In another embodiment, Xd is bonded to
the -(3-9 membered)heterocycloalkyl portion of the
-(Ci-C4)alkyl-(3-9 membered)heterocycloalkyl in the
(R) stereochemical configuration. [0067] In another
embodiment (16), R2 is -(C1-C6)alkyl-NRz-(C 1-C4)alkyl
wherein the -(Ci-C 4)alkyl portion is optionally
substituted with Xe, and Xe is selected from
dialkylamino (such as, for example, dimethylamino),
amino, 1-3 -OH, alkoxy, Amethylpiperazinylphenyl,
dimethylaminophenyl, phenyl optionally substituted
with 1- 3 groups selected from halo and methoxy,
heteroaryl (such as, for example, furanyl, pyridinyl
or imidizolyl), -(Ci-C 3)alkylC(O)NH 2, -C(O)NH2,
-C(O)OH, -(C1- C3)alkylC(O)OH, heterocycloalkyl (such
as, for example, morpholinyl, pyrrolidinyl piperidinyl
or piperazinyl) optionally substituted with 1-2 alkyl
(non-limiting examples include l,l-dimethyl-2
-pyrrolidinyl, l,l-dimethyl-2-piperidinyl, and 4-
methylpiperazinyl), wherein Rz is H or alkyl
optionally substituted with 1-3 -OH. In another
embodiment, the -(C1-C6)alkyl-NRz-(C 1-C4)alkyl above
is -(C 1-C3)alkyl- NRz-(C 1-C4)alkyl which can be
optionally substituted with any of the optional
substituents described above for
-(C1-C6)alkyl-NRz-(C1-C4)alkyl. [0068] In another
embodiment (17), R2 is -(Ci-C3)alkyl-NH-(C
3-C6)cycloalkyl such as, for example,
-(CH2)-NH-(C3-C6)cyclohexyl. [0069] In another
embodiment (18), R2 is -(Ci-C3)alkyl-NH2 , wherein the
-(C1- C3)alkyl- potion is optionally substituted with
Xf, and Xf is selected from cycloalkyl (such as, for
example, cyclohexyl), spirocycloalkyl, phenyl,
phenylalkyl optionally substituted with
phenylmethyloxy or alkoxy and thienylalkyl.
Non-limiting examplesof this embodiment include any
one or more of the following groups: -(CH )S-NH , -
CH2-NH2, -(CH2)2-NH2, -CH2-CH(CH3)-NH2, or
-C(CH3)2-NH2. [0070] In another embodiment (19), R2 is
(3-9 membered)heterocycloalkyl ( such as, for example,
piperazinyl, piperidinyl, pyrrolidinyl, isoxazolyl,
azetidinyl, morpholinyl, tetrahydrofuranyl,
thiazolidinyl or octahydro-lH-indolyl) optionally
substituted with Xg, and Xg is selected from alkyl
(such as, for example (C1- C )alkyl), alkylcarbonyl
(such as, for example, -C(O)CH3),
heterocycloalkylcarbonyl, dialkylaminoalkylcarbonyl
(such as, for example, 4- (dimethylamino)butanoyl,
4-(dimethylamino)propanoyl or 2-
(dimethylamino)ethanoyl) 1-methylpiperidinyl,
dialkylaminoalkyl (such as, for example,
-(dimethylamino)ethyl or 3-(dimethylamino)propyl),
heteroarylcarbonyl (such as, for example,
l-(lH-benzimidazol-5-ylcarbonyl)piperidinyl or
pyridinylcarbonyl), alkoxyalkylcarbonyl (such as, for
example, 3- (methyloxy)propanoyl), phenylcarbonyl,
phenylalkylcarbonyl, oxo, phenylalkyl, (5-6
membered)heteroarylalkyl (such as, for example,
pyridinylmethyl), piperidinyloxy, - OH, oxo, 1-2 halo
and 1-2 methyl. In another embodiment where R2 is (3-9
membered)heterocycloalkyl, R2 is bonded to the parent
moiety in the (S) stereochemical configuration. In
another embodiment where R2 is (3-9
membered)heterocycloalkyl, R2 is bonded to the parent
moiety in the (R) stereochemical configuration. In
another embodiment, R2 is (5 membered)heterocycloalkyl
optionally substituted with methyl. In another
embodiment, R2 is (5 membered)heterocycloalkyl
optionally substituted with halo. In another
embodiment, R2 is (5 membered)heterocycloalkyl
optionally substituted with-OH. In another embodiment,
R2 is (5 membered)heterocycloalkyl optionally
substituted with phenylmethyl. In another embodiment,
R2 is (5 membered)heterocycloalkyl optionally
substituted with -C(O)CH3. In another embodiment, R2
is (5 membered)heterocycloalkyl optionally substituted
with dialkylaminoalkylcarbonyl. In another embodiment,
R2 is (5 membered)heterocycloalkyl optionally
substituted with dialkylaminoalkyl 



heteroarylcarbonyl. In another embodiment, R2 is (6
membered)heterocycloalkyl optionally substituted with
methyl. In another embodiment, R2 is (6
membered)heterocycloalkyl optionally substituted with
halo. In another embodiment, R2 is (6
membered)heterocycloalkyl optionally substituted
with-OH. In anotherembodiment, R is (6
membered)heterocycloalkyl optionally substituted with
phenylmethyl. In another embodiment, R is (6
membered)heterocycloalkyl optionally substituted with
-C(O)CH 3. In another embodiment, R2 is (6
membered)heterocycloalkyl optionally substituted with
dialkylaminoalkylcarbonyl. In another embodiment, R2
is (6 membered)heterocycloalkyl optionally substituted
with dialkylaminoalkyl heteroarylcarbonyl. [0071] In
another embodiment (20), R2 is -(C3-C6)-cycloalkyl
(cyclohexyl) optionally substituted with amino,
-NHC(O)-O-(CH 3)3 or aminoalkyl (such as, for example,
aminomethyl). [0072] In another embodiment (21), R2 is
dialkylaminoalkylamino, such as, for example
3-(dimethylamino)propylamino. In another embodiment
(22), R2 is , wherein Ri5 is selected from H or -(Ci
-C6)alkyl, Ri6 is selected from H, phenyl and -(Ci-C
6)alkyl, and R is selected from H, -(Ci-C
3)alkylC(O)NH 2, -(Ci-C 3)alkylC(O)OH and
heterocycloalkylalkyl (such as, for example,
1,1-dimethyl- 2-pyrrolidin- 1-ylethyl or 1,1-dimethy
1-2-piperidin- 1-ylethyl) . [0073] All compounds of
formula I for each of Aspect A (and Aspect B as
applicable) disclosed above include any of the
disclosed alternative aspects or embodiments for each
of Ri, R2, R3a, R3b, R3C,or R3d, in combination with
any other of the disclosed alternative aspects or
embodiments of R1, R2, R3a, R3b, R3c, or R3d, as well
as any pharmaceutically acceptable salt and
stereoisomer of any such combination. [0074] Within
this disclosure, when a chemical moiety is said to
have one or more optional substituents on any ring
portion, this is meant to mean the same as when a
chemical moiety can have one or more optional
substituents on any ring position, which is meant to
be the same as when as when a chemical moiety can have
one or more optional substituents on a ring, wherein
each of the one or more optional substituents replaces
any hydrogen atom on any position of the ring, and if
there is more than one substituent, then the remaining
substituent(s) can replace any other of the remaining
hydrogens on this ring.[0075] In other embodiments,
any of the alkyl groups referred to in any of the
above embodiments, including alkyl portions attached
to other groups, can be a -(C 1- Ce)alkyl group.
[0076] In other embodiments, any of the alkyl groups
referred to in any of the above embodiments, including
alkyl portions attached to other groups, can be a -(C
1- C3)alkyl group. [0077] In other embodiments, any of
the alkoxy groups referred to in any of the above
embodiments, including alkoxy portions attached to
other groups, can be a - (Ci-Ce)alkoxy group. [0078]
In other embodiments, any of the alkoxy groups
referred to in any of the above embodiments, including
alkoxy portions attached to other groups, can be a -
(Ci-C3)alkoxy group. [0079] In other embodiments, any
of the heterocycloalkyl groups referred to in any of
the above embodiments, including heterocycloalkyl
portions attached to other groups, can be a (4-6
membered) heterocycloalkyl group. [0080] In other
embodiments, any of the cycloalkyl groups referred to
in any of the above embodiments, can be a
-(C3-Ce)cycloalkyl group. [0081] All of the compounds
disclosed herein include either their free base form
or their pharmaceutically acceptable salts whether it
is stated in the specification that these compounds
can exist as their pharmaceutically acceptable salt or
not. So, for instance, for any given embodiment of the
compound of Formula I (including embodiments relating
to the compounds themselves or method of use thereof),
this embodiment includes either its free base form or
any of its pharmaceutically acceptable salts, whether
this is stated within this embodiment or not. [0082]
Table 1 illustrates some examples of the compounds of
this disclosure that are encompassed within formula I,
and their pharmaceutically acceptable salts. The
examples in Table 1 are merely illustrative, and do
not limit the scope of the invention in any way.TABLE
1 , ,NANOTOPOGRAPHY CONTROL AND OPTIMIZATION USING
FEEDBACKFROM WARPDATA 



BACKGROUND OF THE INVENTION [0001] Aspects of the
invention relate generally to processing semiconductor
wafers and more particularly to controlling and
optimizing wafer nanotopography during processing.
[0002] Semiconductor wafers are commonly used as
substrates in the production of integrated circuit
(IC) chips. Chip manufacturers require wafers that
have extremely flat and parallel surfaces to ensure
that a maximum number of chips can be fabricated from
each wafer. After being sliced from an ingot, wafers
typically undergo grinding and polishing processes
designed to improve certain surface features, such as
flatness and parallelism.. [0003] Simultaneous double
side grinding operates on both sides of a wafer at the
same time and produces wafers with highly planarized
surfaces. Grinders that perform double side grinding
include, for example, those manufactured by Koyo
Machine Industries Co., Ltd. These grinders use a
wafer-clamping device to hold the semiconductor wafer
during grinding. The clamping device typically
comprises a pair of hydrostatic pads and a pair of
grinding wheels. The pads and wheels are oriented in
opposed relation to hold the wafer therebetween in a
vertical orientation. The hydrostatic pads
beneficially produce a fluid barrier between the
respective pad and wafer surface for holding the wafer
without the rigid pads physically contacting the wafer
during grinding. This reduces damage to the wafer that
may be caused by physical clamping and allows the
wafer to move (rotate) tangentially relative to the
pad surfaces with less friction. While this grinding
process can improve flatness and/or parallelism of the
ground wafer surfaces, it can cause degradation of the
topology of the wafer surfaces. Specifically,
misalignment of the hydrostatic pad and grinding wheel
clamping planes are known to cause such degradation.
Post-grinding polishingproduces a highly reflective,
mirrored wafer surface on the ground wafer but does
not address topology degradation. [0004] In order to
identify and address topology degradation concerns,
device and semiconductor material manufacturers
consider the nanotopography of the wafer surfaces. For
example, Semiconductor Equipment and Materials
International (SEMI), a global trade association for
the semiconductor industry (SEMI document 3089),
defines nanotopography as the deviation of a wafer
surface within a spatial wavelength of about 0.2 mm to
about 20 mm. This spatial wavelength corresponds very
closely to surface features on the nanometer scale for
processed semiconductor wafers. Nanotopography
measures elevational deviation of one surface of the
wafer and does not consider thickness variations of
the wafer, as with traditional flatness measurements.
Two techniques, light scattering and interferometry,
are generally used to measure nanotopography. These
techniques use light reflected from a surface of a
polished wafer to detect very small surface
variations. [0005] Although nanotopography (NT) is not
measured until after final polishing, double sided
grinding is one process that affects the NT of
finished wafers. In particular, NT defects like
C-Marks and B-Rings take form during grinding process
from misalignment of the hydrostatic pad and grinding
wheel clamping planes and may lead to substantial
yield losses. Current techniques designed to reduce NT
defects caused by misalignment of hydrostatic pad and
grinding wheel clamping planes include manually
re-aligning the clamping planes. Unfortunately, the
dynamics of the grinding operation and the effects of
differential wear on the grinding wheels cause the
planes to diverge from alignment after relatively few
operations. The alignment steps, which are highly time
consuming when performed by an operator, must be
repeated so often as to make it a commercially
impractical way of controlling operation of the
grinder. Additionally, current techniques do not
inform the operator of the particular adjustments that
should be made to the clamping planes. Instead, the
operator is merely provided with data describing the
surface of the wafer and then uses trial and error to
find an alignment that reduces the nanotopography
degradation. Accordingly, themanual alignments are
inconsistent among operators and often fail to improve
wafer nanotopography. [0006] Further, there is usually
some lag between the time that undesirable
nanotopography features are introduced into a wafer by
a double side grinder and the time they are
discovered. After double side grinding, the wafer
undergoes various downstream processes like edge
polishing, double sided polishing, and final polishing
as well as measurements for flatness and edge defects
before the NT is checked by a nanomapper or the like.
Thus, wafer nanotopography is not known near the time
that the wafer is removed from the grinder. Instead,
nanotopography is only determined by conventional
processes after the ground wafer has been polished in 



a polishing apparatus. As such, undesirable
nanotopography features introduced into the wafer by
the double side grinder cannot be identified until
post-polishing. Moreover, the wafer is not measured
until the cassette of wafers is machined. If
suboptimal settings of the grinder cause an NT defect,
then, it is likely that all the wafers in the cassette
will have this defect leading to larger yield loss. In
addition to this unavoidable delay in conventional
wafer processes, the operator must wait for each
cassette to be processed before getting feedback from
the measurements. This leads to a considerable amount
of down-time. If the next cassette is already ground
before receiving the feedback, there is a risk of even
more yield loss in the next cassette due to improper
grinder settings. SUMMARY OF THE INVENTION [0007]
Aspects of the invention permit nanotopography
feedback in less time, allowing adjustments that can
be made to improve nanotopography to be recognized and
implemented with less lag time for improved quality
control and/or wafer yield. According to one aspect of
the invention, data indicative of a profile of a wafer
ground using a double side grinder is used to predict
a nanotopography of the ground wafer. A grinding
parameter for improving the nanotopography of
subsequently ground wafers is determined based on the
predicted nanotopography. The operation of the double
side grinder is adjusted in accordance with the
determinedgrinding parameters. As such, aspects of the
present invention provide improved nanotopgraphy for
wafers subsequently ground by the double side grinder.
In another aspect, the present invention utilizes warp
data to provide the nanotopography feedback. For
example, the present invention may use warp data
obtained from a warp measurement device generally used
in wafer processing. As such, the present invention
advantageously provides a cost-effective and
convenient method for improving nanotopgraphy. [0008]
A method of processing a wafer embodying aspects of
the invention uses a double side grinder having at
least a pair of grinding wheels. The method includes
receiving data obtained by a warp measurement device
for measuring warp of a wafer as ground by the double
side grinder. The received warp data is indicative of
the measured warp. The method also includes predicting
a nanotopography of the wafer based on the received
warp data and determining a grinding parameter based
on the predicted nanotopography of the wafer.
According to the method, operation of the double side
grinder is adjusted based on the determined grinding
parameter. [0009] In another aspect, a
computer-implemented method improves nanotopography of
a wafer ground by a double side grinder. The method
includes receiving data indicative of a profile of a
wafer as ground by the double side grinder and
executing a fuzzy logic algorithm to determine a
grinding parameter as a function of the received data.
The method also includes providing feedback to the
double side grinder. The feedback includes the
determined grinding parameter to adjust operation of
the grinder. [0010] A system for processing a
semiconductor wafer also embodies aspects of the
invention. The system includes a double side grinder
having a pair of wheels for grinding a wafer, a
measurement device for measuring data indicative of a
profile of the ground wafer, and a processor
configured for determining a grinding parameter as a
function of the measured data and a fuzzy logic
algorithm. In the system, at least one of the wheels
of the double side grinder is adjusted based on the
determined grinding parameter.[0011] Other objects and
features will be in part apparent and in part pointed
out hereinafter. BRIEF DESCRIPTION OF THE DRAWINGS
[0012 ] FIG. 1 is a block diagram illustrating a
system for processing a semiconductor wafer according
to an embodiment of the present invention. [0013] FIG.
2 is a schematic side elevation of a grinder having a
waferclamping device and hydrostatic pads according to
an embodiment of the present invention. [0014] FIG. 3
is a wafer-side elevation of a hydrostatic pad which
may be used in accordance with an embodiment of the
invention. [0015] FIG. 4 is a schematic side elevation
similar to FIG. 2, but showing exemplary lateral
shifting and vertical tilting of the grinding wheels.
[0016] FIG. 5 is a schematic front elevation thereof
illustrating horizontal tilt and vertical tilt of a
grinding wheel. [0017 ] FIG. 6 is a diagram
illustrating an exemplary line scanning process 



executed by a measurement device according to an
embodiment of the invention. [0018] FIGS. 7A, and 7B
are diagrams further illustrating an exemplary line
scanning process executed by a measurement device
according to an embodiment of the invention. [0019]
FIG. 8A is a side diagram of a wafer illustrating a
warp parameter and a bow parameter for the wafer.
[0020] FIG. 8B is a side diagram of a wafer
illustrating a thickness parameter for the wafer.
[0021 ] FIGS. 9A and 9B are exemplary flow diagrams
illustrating a method for processing a wafer according
to an embodiment of the invention. [0022] FIG. 10 is
top side view of a wafer illustrating scan lines
obtained for the wafer according to an embodiment of
the invention. [0023] FIG. 11 is an exemplary graph
comparing an average predicted post-grinding radial
nanotopography profile obtained from warp data to
ananotopography post-polishing profile obtained by a
nanotopography measurement device according to an
embodiment of the invention. [0024 ] FIG. 12 is an
exemplary graph illustrating an algorithm for
determining a shift parameter based on a B-Ring region
a predicted nanotopography profile according to an
embodiment of the invention. [0025] FIG. 13 is an
exemplary graph comparing an average predicted
nanotopography profile to a nanotopography profile
actually measured for the B-Ring of a wafer according
to an embodiment of the invention. [0026] FIG. 14 is
an exemplary graph comparing an average predicted
nanotopography profile to a nanotopography profile
actually measured for a C-Mark region of a wafer
according to an embodiment of the invention. [0027]
FIG. 15 is an exemplary topography map of a surface of
a wafer illustrating a B-Ring and a C-Mark region.
[0028] Corresponding reference characters indicate
corresponding parts throughout the several views of
the drawings. DETAILED DESCRIPTION OF THE INVENTION
[0029] Referring now to the drawings, aspects of the
invention permit nanotopography feedback in less time,
allowing adjustments that can be made to improve
nanotopography to be recognized and implemented with
less lag time for improved quality control and/or
wafer yield. In FIG. 1, a block diagram illustrates a
system for processing a semiconductor wafer according
to an embodiment of the present invention. For
purposes of illustration and not limitation, the
system includes a grinder 101, a measurement device
103, and a processor 105 having a storage memory 107
associated therewith. The grinder 101 grinds a wafer
and the measurement device 103 measures data
indicative of a profile of the ground wafer. The
ground wafer at this point is unetched and unpolished.
The processor 105 is configured to provide feedback
for adjusting a grinding parameter based on the
measured data. For example, one or more of the
grinding wheels of grinder 101 may be moved in order
to improve the nanotopography of a wafer subsequently
ground by the grinder.[0030 ] In an alternative
embodiment, the system includes a plurality of
grinders 101, each grinding a wafer for further
processing according to the system of FIG. 1. The
measurement device 103 measures data indicative of
profiles of the wafers ground by each of the plurality
of grinders 101. The processor 105 is configured to
provide feedback for each of the plurality of grinders
101 based on the measured data respectively
corresponding to each of the plurality of grinders
101. [0031] In the illustrated embodiment of FIG. 1,
the system further includes one or more of the
following post-grinding devices: an etching device 109
for etching the ground wafer, a surface measurement
device 111 (e.g., a surface flatness measurement tool)
for measuring the surface of the etched wafer, a
polishing device 113 for polishing the etched wafer,
and a nanotopography measurement device 115 for
measuring the nanotopography of the polished wafer.
For example, a suitable etching device 109 is the
XS300-0100 rev C available from Atlas Corporation. A
suitable surface measurement device 111 is the
Wafercom 300 available from Lapmaster SFT Corporation.
A suitable polishing device 113 is the MICROLINE(r) AC
2000-P2 from Peter Wolters GmbH of Germany. A suitable
nanotopography measurement device 115 is the
NANOMAPPER (r) available from ADE Phase Shift. The
grinder 101 may be further adjusted based on the
measured nanotopography of the polished wafer. [0032]
In one embodiment, the grinder 101 is a double side
grinder. FIG. 2 illustrates a wafer-clamping device
201 of such a double side grinder. The clamping device
201 includes a pair of hydrostatic pads 2 11 and a
pair of grinding wheels 209. 



The two grinding wheels 209 are substantially
identical, and each wheel 209 is generally flat. The
grinding wheels 209 and hydrostatic pads 2 11 hold a
semiconductor wafer W (broadly a "workpiece")
independently of one another, respectively defining
clamping planes 271 and 273. A clamping pressure of
the grinding wheels 209 on the wafer W is centered at
a rotational axis 267 of the wheels, while a clamping
pressure of the hydrostatic pads 2 11 on the wafer is
centered near a center WC of the wafer. [0033] The
hydrostatic pads 2 11 remain stationary during
operation while a drive ring, designated generally by
reference numeral 241, moves the wafer W in rotation
relative to the pads and grinding wheels 209. FIG. 3
illustrates an exemplaryhydrostatic pad 2 11. The
hydrostatic pad 2 11 includes hydrostatic pockets 221,
223, 225, 227, 229, and 231 each having a fluid
injection port 261 for introducing fluid into the
pockets. Channels 263 (illustrated by hidden lines)
within the pad body 217 interconnect the fluid
injection ports 261a and supply the fluid from an
external fluid source (not shown) to the pockets. The
fluid is forced into the pockets 221, 223, 225 227,
229, and 23 Ia under relatively constant pressure
during operation such that the fluid, and not the pad
face 229, contacts the wafer W during grinding. In
this manner, the fluid at pockets 221, 223, 225, 227,
229, and 231 holds the wafer W vertically within pad
clamping plane 273 but still provides a lubricated
bearing area, or sliding barrier, that allows the
wafer W to rotate relative to the pad 2 11 during
grinding with very low factional resistance. Clamping
force of the pad 2 11 is provided primarily at pockets
221, 223, 225, 227, 229, and 231. [0034 ] Referring
again to FIG. 2, as is known in the art, a detent, or
coupon 215, of the drive ring 214 engages the wafer W
generally at a notch N (illustrated by broken lines in
FIG. 2) formed in a periphery of the wafer to move the
wafer in rotation about its central axis WC. At the
same time, the grinding wheels 209 engage the wafer W
and rotate in opposite directions to one another. One
of the wheels 209 rotates in the same direction as the
wafer W and the other rotates in an opposite direction
to the wafer. As long as clamping planes 271 and 273
are held coincident during grinding, the wafer remains
in plane (i.e., does not bend) and is uniformly ground
by wheels 209. [0035] Misalignment of clamping planes
271 and 273 may occur during the double side grinding
operation and is generally caused by movement of the
grinding wheels 209 relative to the hydrostatic pads 2
11. Referring to FIGS. 4 and 5, three modes of
misalignment or a combination thereof are used to
characterize the misalignment of the clamping planes
271 and 273. In the first mode, there is a lateral
shift S of the grinding wheels 209 relative to the
hydrostatic pads 2 11 in translation along an axis of
rotation 267 of the grinding wheels (FIG. 4). A second
mode is characterized by a vertical tilt VT of the
wheels 209 about a horizontal axis X through the
center of the respective grinding wheel (FIGS. 4 and
5). FIG. 4 illustrates acombination of the first mode
and second mode. In a third mode, there is a
horizontal tilt HT of the wheels 209 about a vertical
axis Y through the center of the respective grinding
wheel (FIG. 5) 209. These modes are exaggerated in the
drawings to illustrate the concept; it is understood
that actual misalignment may be relatively small. In
addition, each of the wheels 209 is capable of moving
independently of the other so that horizontal tilt HT
of the left wheel can be different from that of the
right wheel, and the same is true for the vertical
tilts VT of the two wheels 209. [0036] As previously
described, misalignment of the clamping planes 271 and
273 causes undesirable nanotopography features as
measured by nanotopography measurement device 115. The
undesirable nanotopography features may develop due to
uneven grinding of the wafers and/or bending of the
wafers. Additionally, misalignment of clamping planes
271 and 273 can cause the grinding wheels 209 to wear
unevenly, which can further contribute to development
of undesirable nanotopography features caused during
the grinding of the wafer W. In some instances, wafers
can develop undesirable features that cannot be
removed by subsequent processing (e.g., polishing).
Advantageously, the present invention minimizes the
misalignment of the clamping planes. In particular,
the grinding wheels 209 are adjusted by the processor
105 based on data obtained from ground wafers by the
measurement device 103 rather than waiting until
undesirable nanotopography features are detected by
nanotopography measurement device 115. [0037 ] In one
embodiment, the measurement device 103 is a warp
measurement device 103 configured to interface with
the processor 105. As used by semiconductor wafer
manufacturers, the warp measurement device 103 obtains
(e.g., detects) warp data for a wafer and measures the
warp of the wafer based on the warp data. In one
embodiment, the warp measurement device 103 includes
one or more 



capacitive sensors for obtaining the warp data. The
obtained warp data is indicative of a profile (e.g.,
wafer shape) of the supported wafer. [0038 ] For
example, the warp measurement device 103 may execute a
line scanning process as illustrated by FIG. 6.
According to the line scanning process, the wafer W is
supported by one or more support pins 603 in contact
with a first surface605 of the wafer. As illustrated
by a comparison between a shape of the wafer in a
gravity-free state (indicated with reference number
607) to a shape of the wafer in the supported state
(indicated with reference number 609), the shape of
the supported wafer 609 is deflected as a function of
gravity and a mass of the wafer W. The warp
measurement device 103 includes a first electrostatic
capacitive sensor 62 IA for measuring a plurality of
distances (e.g., "Distance-B") between the first
sensor 621A and a first surface 605 (e.g., front
surface) along a diameter of the supported wafer 609.
Similarly, the warp measurement device 103 includes a
second electrostatic capacitive sensor 62 IB for
measuring a plurality of distances (e.g.,
"Distance-F") between the second sensor 62 IB and a
second surface 605B (e.g., back surface) along a
diameter of the supported wafer 609. The obtained warp
data includes a line scan data set corresponding to
the diameter. The line scan data set comprises the
plurality of distances measured by the first sensor 62
IA along the diameter of the supported wafer 609 and
the plurality of distances measured by the second
sensor 62 IB along the diameter of the supported wafer
609. The line scan data set is indicative of the wafer
profile along the diameter. [0039] FIGS. 7A and 7B
illustrate a line scanning process executed by a warp
measurement device 103 for obtaining a plurality of
line scan data sets, each indicative of a wafer
profile along a particular diameter. As illustrated by
FIG. 7A, a first line scan (indicated by arrow 701) is
executed along a first diameter of the wafer. In
particular, the first sensor 62 IA is moved in a plane
above the first surface 605A in a first direction
along the first diameter of the wafer. The first
sensor 62 IA measures the distance between the first
sensor 62 IA and the first surface 605A of the wafer
at pre defined intervals (i.e., pitch R, measurement
frequency). The pre-defined intervals are illustrated
as has marks on the surface of wafer W in FIG. 7A. For
instance, the first sensor 62 IA may measure the
distance at 1 or 2mm intervals along the first
diameter of the wafer. The second sensor 62 IB is
similarly moved in a plane below the second surface
605B in the first direction to measure the distance
between the second sensor 62 IB and the second surface
605B along the first diameter of the wafer. The first
diameter of the wafer may be defined as a function of
a reference point. For example,in the illustrated
process, the first diameter passes through the notch N
located on the perimeter of the wafer. [0040] As
illustrated by FIG. 7B, after completing the first
line scan 701, the wafer W is rotated (indicated by
arrow 709). In particular, a rotation stage 705,
positioned below the support pins 603, is raised to
lift the wafer Wto a position (indicated by reference
number 707) above the support pins 603. While
supporting the wafer in the lifted position 707, the
rotation stage rotates. As a result, the wafer is
rotated a number of degrees (q) . The rotation stage
705 is lowered and the rotated wafer is re-positioned
on the support pins 603. The positions of the support
pins 603 with respect to the second surface of the
wafer are indicated with hidden lines in FIGS. 7A and
7B. In turn, a line scan (indicated by arrow 715)
along a second diameter of the wafer is executed.
According to the illustrated process, the first and
second sensors 62 IA and 62 IB are moved in planes
respectively corresponding to the first and second
surfaces 605A and 605B in a second direction (e.g.,
opposite to the first direction) along the second
diameter of the wafer. As explained above in
connection with the first line scan 701, the first and
second sensors 62 IA and 62 IB respectively measure
the distances between the sensors 62 IA and 62 IB and
the first and second surfaces 605A and 605B of the
wafer at the pre-defined intervals along the second
diameter of the wafer. The rotation 709 and line
scanning operations 701 and 705 are repeated in order
to obtain each of the plurality of line scan data
sets. [0041] In one embodiment, the warp measurement
device 103 uses a self mass compensation algorithm to
determine the wafer shape for a gravity free state
607. The self mass compensation determines the shape
of the wafer as a function of the line scan data sets,
wafer density, an elastic constant, the diameter of
the wafer, and the positions of the support pins 603.
In one embodiment, warp measurement device 103
measures one or more wafer parameters based on the
wafer shape. The wafer parameters may include one or
more of the following: warp, bow, TTV (total thickness
variation), and/or GBIR (global back surface ideal
range). Referring to FIG. 8A, warp and bow are
generally determined with respect to a reference
plane. The reference 



plane is defined as a function the contact points
between the support pins 603 and thesurface of the
wafer 605A. Specifically, warp is defined as the
absolute value of the difference between maximum
deviation and minimum deviation of the median area
from the reference plane. The median area is a locus
of points which are equidistant from the front surface
605B of the wafer and the back surface of the wafer
605A. Bow is defined as the amount of deviation from
the reference plane at the wafer center. Referring to
FIG. 8B, GBIR and TTV reflect the linear thickness
variation of the wafer and can be computed based on a
difference between a maximum and a minimum distance
from the back surface of the wafer to the reference
plane. [0042] Referring again to the system
illustrated in FIG. 1, the data obtained by the warp
measurement device 103 for measuring warp of the wafer
as ground by the grinder 101 is transmitted to the
processor 105. For example, the line scan data sets
and/or the determined wafer shape may be transmitted
to the processor 105. The processor 105 receives the
warp data and executes computer-executable
instructions for performing a plurality of operations
for processing the received warp data. In particular,
the processor 105 predicts a nanotopography of the
wafer based on the received warp data and determines a
grinding parameter based on the predicted
nanotopography of the wafer. The operation of the
grinder 101 is adjusted accordingly. In one example,
the processor 105 may execute computer-executable
instructions embodied in one or more software
applications, components within an application or
software, executable library files, executable
applets, or the like. The storage memory 107
associated with the processor 105 stores information
and data for accessing by the processor 105. For
example, the storage memory 107 may store data used by
or accessed by the processor 105, such as software,
applications, data, or the like. [0043] In one
embodiment, the storage memory 107 may be volatile or
nonvolatile media, removable and non-removable media,
and/or any available medium that may be accessed by a
computer or a collection of computers (not shown). By
way of example and not limitation, computer readable
media include computer storage media. The computer
storage media in any method or technology for storage
of information such as computer readable instructions,
data structures, program modules or other data. For
example, computer storage media include RAM, ROM,
EEPROM,flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical
disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage
devices, or any other medium that may be used to store
the desired information and that may be accessed by
the computer. [0044] In one embodiment, the processor
105 and the storage memory 107 may be incorporated
into one or more computing devices. As known to those
skilled in the art, computing devices include a
combination of the following: a processor 105, one or
more computer-readable media, an internal bus system
coupling to various components within the computing
devices, Input/Output devices, a networking device,
and other devices. Exemplary computing devices include
one or a combination of the following: a personal
computer (PC), a workstation, a digital media player,
and any other digital devices. In another embodiment,
the processor 105 accesses data stored by storage
memory 107 via a network. [0045] In one embodiment,
the processor 105 accesses a feedback program for
processing the received warp data. The received warp
data may include the line scan data sets and/or the
determined wafer shape for the ground wafer. In
particular, the processor 105 predicts a
nanotopography of the wafer based on the received warp
data. The nanotopography of the wafer is predicted,
rather than actually measured, since when the
measurement device 103 measures the wafer, the wafer
has not yet undergone polishing. As previously
discussed, current nanotopography measuring devices
utilize technology which relies on the wafer being
measured to be in a polished state. The processor 105
determines one or more grinding parameters based on
the predicted nanotopography of the wafer. In one
embodiment, the processor 105 determines a shift
parameter. The shift parameter is indicative of a
magnitude and a direction for moving the pair of
grinding wheels 209 in order to reduce nanotopography
degradation caused by misalignment of the grinding
wheels 209. In another embodiment, the processor 105
additionally or alternatively determines a tilt
parameter. The tilt parameter is indicative of an
angle for positioning the pair of grinding wheels with
respect to a wafer in order to reduce nanotopography
degradation caused by misalignment of the grinding
wheels 209.[0046] The operation of the grinder 101 is
adjusted based on the determined grinding parameters.
For example, the grinding wheels may be adjusted as
specified by the determined shift and/or tilt
parameters. In one embodiment, the grinding wheels 209
are adjusted as a function of the determined shift
and/or tilt 



parameters and of a previously defined compensation
amount. In one embodiment, the grinder 101 is
configured to receive the determined grinding
parameters and adjust one or more components of the
grinder 101 as a function of the determined grinding
parameters. In another embodiment, the determined
grinding parameters are provided to an operator and
the operator configures the grinder 101 to adjust one
or more components of the grinder 101 as a function of
the determined grinding parameters. [0047] FIGS. 9A
and 9B illustrate an exemplary method of processing a
wafer in accordance with an embodiment of the
invention. At 903, a grinder 101 grinds a wafer. At
905, a determination is made whether the ground wafer
is the first wafer. If the ground wafer is determined
to be the first wafer, at 907 the measurement device
103 obtains data for measuring the warp and/or
thickness of the first wafer. For example, the
measurement device 103 may obtain four line scan data
sets as illustrated by FIG. 10. Each line scan data
set is indicative of a diametric profile of the wafer.
[0048] Referring to 909-915 as shown in FIG. 9A,
processor 105 carries out operations for computing a
predicted nanotopography profile for the first wafer.
In particular, at 909, the processor 105 levels the
warp data (e.g., a line scan data set) measured by the
measurement device 103. In one embodiment, the
measured warp data is leveled using a least square fit
in a defined moving window. At 9 11, processor 105 is
configured for computing a first profile as a function
of the leveled data. Specifically, the leveled data is
smoothed using a first filter (e.g., low pass filter)
with a defined window size. At 913, a second profile
is computed as a function of the leveled data.
Specifically, the leveled data is filtered using a
second filter with a defined window size. The second
filter operates to substantially remove
non-nanotopography wavelengths. At 915, a predicted
nanotopography profile for the wafer is computed as a
function of the computed first and second profiles. In
one embodiment, the predicted NT profile is computed
by subtracting the second profile from the first
profile.[0049] According to aspects of the invention,
processor 105 repeats operations at 909-915 to compute
a predicted diametric nanotopography profile for each
line scan data set obtained by the measurement device
103. According to the example illustrated by FIG. 10,
four predicted diametric NT profiles are computed.
Each of the four predicted diametric NT profiles are
computed from one of the four line scan data sets.
Eight predicted radial NT profiles are determined from
the four predicted diametric NT profiles. Each of the
eight predicted radial profiles represent predicted NT
height data at a plurality of locations along a radius
(e.g., ranging from 0- 150mm) of the wafer. An average
predicted radial NT profile is computed by averaging
the predicted NT height data for each of the eight
predicted radial profiles as a function of the radius.
FIG. 11 is a graph comparing an average predicted
postgrinding radial NT profile obtained from warp data
to an NT post-polishing profile obtained by a
nanotopography measurement device. [0050 ] FIG. 9B
illustrates operations carried out by the processor
105 to determine the grinding parameters based on the
predicted NT profile (e.g., average predicted radial
NT profile). Specifically, the illustrated operations
represent a fuzzy logic algorithm applied to the
predicted NT profile to determine a shift parameter.
The shift parameter has a direction component and a
magnitude component for indicating a shift for the
grinding wheels 209. According to the operations
discussed in further detail below, the grinding
parameters are determined based on the B-Ring region
of the predicted NT profile. The B-Ring region refers
to a region of the wafer where the radius is between
100 mm and 150 mm. The B-Ring value refers to a
maximum peakto- valley value in the B-Ring region for
the average predicted radial NT profile. Generally,
lower B-Ring values (e.g., less than 5 nm) correspond
to more desirable nanotopography. FIG. 12 illustrates
an exemplary algorithm which used to determine the
shift parameter based on the B-Ring region of the
average predicted NT profile. FIG. 13 is a graph
comparing an average predicted NT profile to the NT
profile actually measured for the B-Ring of the wafer.
In another embodiment, a similar method (not
illustrated) is carried to optimize the E-Mark. Like
the B-Ring region, the E-Mark region refers to a
region of the wafer where the radius is between 100 mm
and 150 mm.The E-Mark value refers to a maximum peak
to valley value determined from each of the predicted
NT profiles (rather than the average predicted radial
NT profile). In yet another embodiment, a similar
method (not illustrated) is carried to optimize the
CMark. The C-Mark region refers to a region of the
wafer where the radius is between 0 mm and 50 mm. The
C-Mark value refers to a maximum peak-to-valley value
in the C-Mark region for the average predicted radial
NT profile. FIG. 14 is a graph comparing an average
predicted NT profile to the NT profile actually
measured for the C-Mark region. FIG. 15 is an
exemplary topography map of a surface of the wafer 



illustrating the B-Ring and the C-Mark regions. [0051]
Referring again to FIG. 9B, at 921, the processor 105
determines the B-Ring value for the predicted NT
profile. At 923, the processor 105 determines whether
the B-Ring value is less than a B-Ring value defined
to be low (i.e., 5 nm). If the B-Ring value is low,
the processor 105 determines at 925 that no adjustment
is necessary (i.e., value of grinding parameters is
zero). Alternatively, if the B-Ring value is not low
(i.e., greater than or equal to 5nm), an optimization
cycle is initiated, and the present wafer is the first
wafer in the optimization cycle. The optimization
cycle carries out the remaining operations discussed
below of the illustrated method for the present wafer
and repeats the operations discussed above for a
subsequent wafer. The optimization cycle is repeated
until a subsequent wafer is ground by the grinder
according to the grinding parameters has a B-Ring
value determined to be less the defined low value
(i.e., 5 nm). [0052 ] According to the optimization
cycle, the processor 105 determines a preliminary
shift direction based on the predicted NT profile in
the B-Ring region. Referring to 931, the processor 105
determines whether the predicted NT profile in the
B-Ring region has a valley followed by a peak
(referred to as a "VP profile"). If the predicted NT
profile is determined to have a valley followed by a
peak in the B-Ring region, the preliminary shift
direction of the grinding wheels 209 is right.
Referring to 933, the processor 105 similarly
determines whether the predicted NT profile in the
BRing region has a peak followed by a valley (referred
to as a "PV profile"). If thepredicted NT profile is
determined to have a peak followed by a valley in the
B-Ring region, the preliminary shift direction of the
grinding wheels 209 is left. [0053] After determining
the preliminary shift direction, the processor 105
determines the shift magnitude based on the B-Ring
value. At 941, the processor 105 determines whether
the wafer is the first wafer in the optimization
cycle. If the wafer is determined to be the first
wafer in an optimization cycle, the processor 105
determines the shift magnitude used for grinding the
next wafer ground by the grinder (i.e., the second
wafer) based on predefined guidelines. In one
embodiment, the pre-defined guidelines include a
plurality of B-Ring value ranges, each of which are
associated with a particular shift magnitude value.
The particular shift magnitude value is selected to
improve the nanotopograhy of wafers subsequently
ground by the grinder 101. According to the
illustrated method, at 943 the processor 105
determines whether the B-Ring value is greater than 18
nm. If the B-Ring value is determined to be greater
than 18 nm, the shift magnitude is 15 mm and the shift
direction is the determined preliminary shift
direction. At 944 the processor 105 determines whether
the B-Ring value is greater than 8 nm but less than or
equal to 18 nm. If the B-Ring value is determined to
be greater than 8 nm but less than or equal to 18 nm,
the shift magnitude is 10 mm and the shift direction
is the determined preliminary shift direction. At 944
the processor 105 determines whether the B-Ring value
is greater than 8 nm but less than or equal to 18 nm.
If the B-Ring value is determined to be greater than
or equal to 5 nm but less than or equal to 8 nm, the
shift magnitude is 1 mm and the shift direction is the
determined preliminary shift direction. [0054 ] If the
processor 105 determines at 941 that the wafer is not
the first wafer in the optimization cycle, the
processor 105 executes at 951 an optimization program
to determine the shift parameter used for grinding the
next wafer. In particular, the number (n) of the wafer
in the optimization cycle is identified and the shift
parameter for the next wafer (n+1) is determined as a
function of the B-Ring values and corresponding shift
parameter values for n wafers. In one embodiment, the
B-ring values and corresponding shift parameters for
the n wafers are fitted using apolynomial fit of
degree (n-1). The shift parameter determined using the
nth wafer corresponds to a value of the polynomial
when the B-Ring value is equal to zero. [0055] As
illustrated, processing according to an exemplary
method embodying aspects of the invention returns to
903 after the shift parameter is determined at 943,
945, 947, or 951. Likewise, the optimization cycle
ends and the method returns to 903 if the processor
105 determines that no adjustment to the grinder 101
is necessary at 925. At 903, the grinder 101 grinds
the next wafer according to the determined grinding
parameters (e.g., determined shift parameter). At 905,
the processor 105 determines whether the next wafer is
the first wafer. Since the next wafer is not the first
wafer, the processor 105 determines at 961 whether one
or more the of follow conditions is true: the B-Ring
of the previous wafer is greater than a pre determined
value (e.g., 8 nm); the cassette number is two more
than the cassette for which wafers were last measured
by the measurement device 103. If one or more of the
conditions are true the measurement device 103 obtains
warp data for the wafer at 



907 at the method proceeds as discussed above. If
neither of the conditions is true, the wafer
subsequent steps of the illustrated method are not
performed for the wafer and the method returns to step
903 for grinding a subsequent wafer. [0100] When
introducing elements of the present invention or the
preferred embodiment(s) thereof, the articles "a",
"an", "the" and "said" are intended to mean that there
are one or more of the elements. The terms
"comprising", "including" and "having" are intended to
be inclusive and mean that there may be additional
elements other than the listed elements. [0101] As
various changes could be made in the above without
departing from the scope of the invention, it is
intended that all matter contained in the above
description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a
limiting sense.What is claimed is: 1. A method of
processing a wafer using a double side grinder, said
double side grinder having at least a pair of grinding
wheels, said method comprising: receiving data
obtained by a warp measurement device for measuring
warp of a wafer as ground by the double side grinder,
said received warp data being indicative of the
measured warp; predicting a nanotopography of the
wafer based on the received warp data; determining a
grinding parameter based on the predicted
nanotopography of the wafer; adjusting operation of
the double side grinder based on the determined
grinding parameter. 2. The computer method of claim 1,
wherein adjusting operation of the double side grinder
comprises providing feedback to the double side
grinder, said feedback including the determined
grinding parameter. 3. The method of claim 1 wherein
said determining includes determining a shift
parameter based on the predicted nanotopography of the
wafer, said shift parameter indicative of a magnitude
for moving the pair of grinding wheels to improve
nanotopography of a wafer subsequently ground by the
double side grinder. 4. The method of claim 1 wherein
said determining includes determining a shift
parameter based on the predicted nanotopography of the
wafer, said shift parameter indicative of a direction
for moving the pair of grinding wheels to improve
nanotopography of a wafer subsequently ground by the
double side grinder. 5. The method of claim 1 further
comprising filtering the received warp data and
wherein said predicting includes predicting a
nanotopography of the wafer based on the filtered warp
data.6. The method of claim 1 wherein said determining
includes applying a fuzzy logic algorithm to the
predicted nanotopography of the wafer. 7. The method
of claim 1 wherein said predicting includes computing
a profile for a surface of the wafer and wherein said
determining includes determining a grinding parameter
based on a B-Ring region of the computed profile. 8.
The method of claim 1, wherein said wafer as ground by
the double side grinder is unetched and unpolished. 9.
The method of claim 1, further comprising polishing
the wafer and measuring a nanotopgraphy of the
polished wafer. 10. The method of claim 9, further
comprising further adjusting operation of the double
side grinder based on the measured nanotopgraphy of
the polished wafer. 11. A computer-implemented method
of improving nanotopography of a wafer ground by a
double side grinder, said double side grinder having
at least a pair of grinding wheels, said method
comprising: receiving data indicative of a profile of
a wafer as ground by the double side grinder;
executing a fuzzy logic algorithm to determine a
grinding parameter as a function of the received data;
and providing feedback including the determined
grinding parameter to the double side grinder to
adjust the operation thereof. 12. The
computer-implemented method of claim 11 wherein said
determining includes determining a shift parameter
based on the predicted nanotopography of the wafer,
said shift parameter indicative of a magnitude for
moving the pair of grindingwheels to improve
nanotopography of a wafer subsequently ground by the
double side grinder. 13. The computer-implemented
method of claim 11 wherein said determining includes
determining a shift parameter based on the predicted
nanotopography of the wafer, said shift parameter
indicative of a direction for moving the pair of
grinding 



wheels to improve nanotopography of a wafer
subsequently ground by the double side grinder. 14.
The computer-implemented method of claim 11 wherein
said receiving includes receiving data obtained by a
warp measurement device for measuring warp of a wafer
ground by the double side grinder, said wafer being
unetched and unpolished. 15. The computer-implemented
method of claim 11 wherein said receiving includes
receiving data obtained by a measurement device for
measuring thickness of a wafer ground by the double
side grinder, said wafer being unetched and
unpolished. 17. The method of claim 11, wherein said
wafer as ground by the double side grinder is unetched
and unpolished. 18. A system for processing a
semiconductor wafer, said system comprising: a double
side grinder having a pair of wheels for grinding a
wafer; a measurement device for measuring data
indicative of a profile of the ground wafer; and a
processor configured for determining a grinding
parameter as a function of the measured data and a
fuzzy logic algorithm; wherein at least one of the
wheels of the double side grinder is adjusted based on
the determined grinding parameter.19. The system of
claim 18 wherein said measurement device is a warp
measurement device for obtaining warp data from the
ground wafer, said ground wafer being unetched and
unpolished, and wherein said processor is a processor
configured for determining a grinding parameter as a
function of the measured warp data and a fuzzy logic
algorithm. 20. The system of claim 18 wherein said
measurement device includes a capacitive sensor for
measuring data indicative of a profile of the ground
wafer, said ground wafer being unetched and
unpolished. 21. The system of claim 18 wherein the
double side grinder having the at least one wheel
adjusted based on the determined grinding parameter
grinds another wafer. 22. The system of claim 18
further comprising: an etching device for etching the
ground wafer; a polishing device for polishing the
etched wafer; and a nanotopography measurement device
for measuring the nanotopography of the polished
wafer. 23. The system of claim 18 wherein said
processor is a processor configured for determining a
shift parameter as a function of a the measured data
and a fuzzy logic algorithm, said shift parameter
indicative of a magnitude for moving the pair of
grinding wheels to improve nanotopography of a wafer
subsequently ground by the double side grinder. 24.
The system of claim 18 wherein said processor is a
processor configured for determining a shift parameter
as a function of a the measured data and a fuzzy logic
algorithm, said shift parameter indicative of a
direction for moving the pair of grinding wheels to
improve nanotopography of a wafer subsequently ground
by the double side grinder.25. The system of claim 18
further comprising a second double grinder having a
pair of wheels for grinding another wafer, and wherein
said measurement device is a single measurement device
for measuring data indicative of a first profile of
the ground wafer and for measuring data indicative of
another profile of the another ground wafer, and
wherein said processor is configured for determining a
grinding parameter as a function of the measured data
indicative of the first profile and a fuzzy logic
algorithm and for determining the grinding parameter
as a function of the measured data indicative of the
another profile and the fuzzy logic algorithm. 


