
SUBSTITUTED TRICYCLIC ACID DERIVATIVES AS S1P1 RECEPTOR AGONISTS USEFUL IN
THE TREATMENT OF AUTOIM MUNE AND INFLAM MATORY DISORDERS FIELD OF THE
INVENTION The present invention relates to certain substituted tricyclic
acid derivatives of Formula (I) and pharmaceutically acceptable salts
thereof, which exhibit useful pharmacological properties, for example, as
agonists of the SlPl receptor. Also provided by the present invention are
pharmaceutical compositions containing compounds of the invention, and
methods of using the compounds and compositions of the invention in the
treatment of SIPl -associated disorders, for example, psoriasis, rheumatoid
arthritis, Crohn's disease, transplant rejection, multiple sclerosis,
systemic lupus erythematosus, ulcerative colitis, type I diabetes, acne,
myocardial ischemia-reperfusion injury injury, hypertensive nephropathy,
glomerulosclerosis, gastritis, polymyositis, thyroiditis, vitiligo,
hepatitis, biliary cirrhosis, microbial infections and associated diseases,
viral infections and associated diseases, diseases and disorders mediated
by lymphocytes, auto immune diseases, inflammatory diseases, and cancer.
BACKGROUND OF THE INVENTION The present invention relates to compounds that
are SlPl receptor agonists having at least immunosuppressive,
anti-inflammatory, and/or hemostatic activities, e.g. by virtue of
modulating leukocyte trafficking, sequestering lymphocytes in secondary
lymphoid tissues, and/or enhancing vascular integrity. The present
application is in part focused on addressing an unmet need for
immunosuppressive agents such as may be orally available which have
therapeutic efficacy for at least autoimmune diseases and disorders,
inflammatory diseases and disorders (e.g., acute and chronic inflammatory
conditions), transplant rejection, cancer, and/or conditions that have an
underlying defect in vascular integrity or that are associated with
angiogenesis such as may be pathologic (e.g., as may occur in inflammation,
tumor development, and atherosclerosis) with fewer side effects such as the
impairment of immune responses to systemic infection. The sphingosine-1
-phosphate (SlP) receptors 1-5 constitute a family of G proteincoupled
receptors with a seven-transmembrane domain. These receptors, referred to
as SlPl to S1P5 (formerly termed endothelial differentiation gene (EDG)
receptor- 1, -5, -3, -6, and -8, respectively; Chun et al., Pharmacological
Reviews, 54:265-269, 2002), are activated via binding by sphingosine-1
-phosphate, which is produced by the sphingosine kinase-catalyzed
phosphorylation of sphingosine. SlPl, S1P4, and S1P5 receptors activate Gi
but not Gq, whereas S1P2 and S1P3 receptors activate both Gi and Gq. The
S1P3 receptor, but not the SlPl receptor, responds to an agonist with an
increase in intracellular calcium.SlP receptor agonists having agonist
activity on the SlPl receptor have been shown to rapidly and reversibly
induce lymphopenia (also referred to as peripheral lymphocyte lowering
(PLL); Hale et al, Bioorg. Med. Chem. Lett., 14:3351-3355, 2004). This is
attended by clinically useful immunosuppression by virtue of sequestering
T- and B-cells in secondary lymphoid tissue (lymph nodes and Peyer's
patches) and thus apart from sites of inflammation and organ grafts (Rosen
et al, Immunol. Rev., 195:160-177, 2003; Schwab et al, Nature Immunol.,
8:1295-1301, 2007). This lymphocyte sequestration, for example in lymph
nodes, is thought to be a consequence of concurrent agonist-driven
functional antagonism of the SlPl receptor on T-cells (whereby the ability
of SlP to mobilize T-cell egress from lymph nodes is reduced) and
persistent agonism of the SlPl receptor on lymph node endothelium (such
that barrier function opposing transmigration of lymphocytes is increased)
(Matloubian et al, Nature, 427:355-360, 2004; Baumruker et al, Expert Opin.
Investig. Drugs, 16:283-289, 2007). It has been reported that agonism of
the SlPl receptor alone is sufficient to achieve lymphocyte sequestration
(Sanna et al, J Biol Chem., 279:13839-13848, 2004) and that this occurs
without impairment of immune responses to systemic infection (Brinkmann et
al, Transplantation, 72:764-769, 2001; Brinkmann et al, Transplant Proc,
33:530-531, 2001). That agonism of endothelial SlPl receptors has a broader
role in promoting vascular integrity is supported by work implicating the
SlPl receptor in capillary integrity in mouse skin and lung (Sanna et al,
Nat Chem Biol, 2:434-441, 2006). Vascular integrity can be compromised by
inflammatory processes, for example as may derive from sepsis, major trauma
and surgery so as to lead to acute lung injury or respiratory distress
syndrome (Johan Groeneveld, Vascul Pharmacol, 39:247-256, 2003). An
exemplary SlP receptor agonist having agonist activity on the SlPl receptor
is FTY720 (fingolimod), an immunosuppressive agent currently in clinical
trials (Martini et al, Expert Opin. Investig. Drugs, 16:505-5 18, 2007).
FTY720 acts as a prodrug which is phosphorylated in vivo; the
phosphorylated derivative is an agonist for SlPl, S1P3, S1P4, and S1P5
receptors (but not the S1P2 receptor) (Chiba, Pharmacology & Therapeutics,
108:308- 319, 2005). FTY720 has been shown to rapidly and reversibly induce
lymphopenia (also referred to as peripheral lymphocyte lowering (PLL); Hale
et al, Bioorg. Med. Chem. Lett., 14:3351-3355, 2004). This is attended by
clinically useful immunosuppression by virtue of sequestering T- and
B-cells in secondary lymphoid tissue (lymph nodes and Peyer's patches) and
thus apart from sites of inflammation and organ grafts (Rosen et al,
Immunol Rev., 195:160-177, 2003; Schwab et al, Nature Immunol, 8:1295-1301,
2007). 



In clinical trials, FTY720 elicited an adverse event {i.e., transient
asymptomatic bradycardia) due to its agonism of the S1P3 receptor (Budde et
al, J. Am. Soc. Nephrol, 13:1073-1083, 2002; Sanna et al, J. Biol Chem.,
279:13839-13848, 2004; Ogawa et al, BBRC, 361:621-628, 2007).FTY720 has
been reported to have therapeutic efficacy in at least: a rat model for
autoimmune myocarditis and a mouse model for acute viral myocarditis
(Kiyabayashi et al, J. Cardiovasc. Pharmacol, 35:410-416, 2000; Miyamoto et
al, J. Am. Coll. Cardiol., 37:1713- 1718, 2001); mouse models for
inflammatory bowel disease including colitis (Mizushima et al., Inflamm.
Bowel Dis., 10:182-192, 2004; Deguchi et al., Oncology Reports, 16:699-703,
2006; Fujii et al., Am. J. Physiol. Gastrointest. Liver Physiol,
291:G267-G274, 2006; Daniel et al, J. Immunol, 178:2458-2468, 2007); a rat
model for progressive mesangioproliferative glomerulonephritis (Martini et
al, Am. J. Physiol. Renal Physiol, 292:F1761-F1770, 2007); a mouse model
for asthma, suggested to be primarily through the SlPl receptor on the
basis of work using the the SlPl receptor agonist SEW2871 (Idzko et al, J.
Clin. Invest., 116:2935- 2944, 2006); a mouse model for airway inflammation
and induction of bronchial hyperresponsiveness (Sawicka et al, J. Immunol,
171;6206-6214, 2003); a mouse model for atopic dermatitis (Kohno et al,
Biol. Pharm. Bull, 27:1392-1396, 2004); a mouse model for
ischemia-reperfusion injury (Kaudel et al, Transplant. Proc, 39:499-502,
2007); a mouse model for systemic lupus erythematosus (SLE) (Okazaki et al,
J. Rheumatol, 29:707-716, 2002; Herzinger et al, Am. J. Clin. Dermatol.,
8:329-336, 2007); rat models for rheumatoid arthritis (Matsuura et al, Int.
J. Immunopharmacol, 22:323-331, 2000; Matsuura et al, Inflamm. Res.,
49:404-410, 2000); a rat model for autoimmune uveitis (Kurose et al, Exp.
Eye Res., 70:7-15, 2000); mouse models for type I diabetes (Fu et al,
Transplantation, 73:1425-1430, 2002; Maki et al, Transplantation,
74:1684-1686, 2002; Yang et al, Clinical Immunology, 107:30-35, 2003; Maki
et al, Transplantation, 79:1051-1055, 2005); mouse models for
atherosclerosis (Nofer et al, Circulation, 115:501-508, 2007; Keul et al,
Arterioscler. Thromb. Vase. Biol, 27:607-613, 2007); a rat model for brain
inflammatory reaction following traumatic brain injury (TBI) (Zhang et al,
J. Cell MoI Med., 11:307-314, 2007); and mouse models for graft coronary
artery disease and graft-versus-host disease (GVHD) (Hwang et al,
Circulation, 100:1322- 1329, 1999; Taylor et al, Blood, 110:3480-3488,
2007). In vitro results suggest that FTY720 may have therapeutic efficacy
for /3-amyloid-related inflammatory diseases including Alzheimer's disease
(Kaneider et al, FASEB J., 18:309-31 1, 2004). KRP-203, an SlP receptor
agonist having agonist activity on the SlPl receptor, has been reported to
have therapeutic efficacy in a rat model for autoimmune myocarditis (Ogawa
et al, BBRC, 361:621-628, 2007). Using the SlPl receptor agonist SEW2871,
it has been shown that agonism of endothelial SlPl receptors prevents
proinflammatory monocyte/endothelial interactions in type I diabetic
vascular endothelium (Whetzel et al, Circ. Res., 99:731-739, 2006) and
protects the vasculature against TNF -mediated monocyte/endothelial
interactions (Bolick et al, Arterioscler. Thromb. Vase. Biol, 25:976-981,
2005). Additionally, FTY720 has been reported to have therapeutic efficacy
in experimental autoimmune encephalomyelitis (EAE) in rats and mice, a
model for human multiple sclerosis(Brinkmann et al, J. Biol. Chem.,
277:21453-21457, 2002; Fujino et al, J. Pharmacol. Exp. Ther., 305:70-77,
2003; Webb et al., J. Neuroimmunol., 153:108-121, 2004; Rausch et al., J.
Magn. Reson. Imaging, 20:16-24, 2004; Kataoka et al, Cellular &Molecular
Immunology, 2:439-448, 2005; Brinkmann et al, Pharmacology & Therapeutics,
115:84-105, 2007; Baumruker et al, Expert Opin. Investig. Drugs,
16:283-289, 2007; Balatoni et al, Brain Research Bulletin, 74:307-316,
2007). Furthermore, FTY720 has been found to have therapeutic efficacy for
multiple sclerosis in clinical trials. In Phase II clinical trials for
relapsing-remitting multiple sclerosis, FTY720 was found to reduce the
number of lesions detected by magnetic resonance imaging (MRI) and clinical
disease activity in patients with multiple sclerosis (Kappos et al, N. Engl
J. Med., 355:1 124-1 140, 2006; Martini et al, Expert Opin. Investig.
Drugs, 16:505-518, 2007; Zhang et al, Mini-Reviews in Medicinal Chemistry,
7:845-850, 2007; Brinkmann, Pharmacology & Therapeutics, 115:84-105, 2007).
FTY720 is currently in Phase III studies of remitting-relapsing multiple
sclerosis (Brinkmann, Pharmacology & Therapeutics, 115:84-105, 2007;
Baumruker et al, Expert. Opin. Investig. Drugs, 16:283-289, 2007; Dev et
al, Pharmacology and Therapeutics, 117:77-93, 2008). Recently, FTY720 has
been reported to have anti-viral activity. Specific data has been presented
in the lymphocytic choriomeningitis virus (LCMV) mouse model, wherein the
micewere infected with either the Armstrong or the clone 13 strain of LCMV
(Premenko-Lanier et al., Nature, 454, 894, 2008). FTY720 has been reported
to impair migration of dendritic cells infected with Francisella tularensis
to the mediastinal lymph node, thereby reducing the bacterial colonization
of it. Francisella tularensis is associated with tularemia, ulceroglandular
infection, respiratory infection and a typhoidal disease (E. Bar-Haim et
al, PLoS Pathogens, 4(1 1): e l 00021 1. doi:10.1371/journal.ppat.l000211,
2008). It has also been recently reported that a short-term high dose of
FTY720 rapidly reduced ocular infiltrates in experimental autoimmune
uveoretinitis. When given in the early stages of ocular inflammation,
FTY720 rapidly prevented retinal damage. It was reported to not only
prevent infiltration of target organs, but also reduce existing
infiltration (Raveney et al., Arch. 



Ophthalmol. 126(10), 1390, 2008). It has been reported that treatment with
FTY720 relieved ovariectomy-induced osteoporosis in mice by reducing the
number of mature osteoclasts attached to the bone surface. The data
provided evidence that SlP controled the migratory behaviour of osteoclast
precursors, dynamically regulating bone mineral homeostasis (Ishii et al.,
Nature, advance online publication, 8 February 2009,
doi:10.1038/nature07713). Agonism of the SlPl receptor has been implicated
in enhancement of survival of oligodendrocyte progenitor cells. Survival of
oligodendrocyte progenitor cells is a required component of the
remyelination process. Remyelination of multiple sclerosis lesions
isconsidered to promote recovery from clinical relapses. (Miron et al, Ann.
Neurol., 63:61-71, 2008; Coelho et al, J. Pharmacol. Exp. Ther.,
323:626-635, 2007; Dev et al, Pharmacology and Therapeutics, 117:77-93,
2008). It also has been shown that the SlPl receptor plays a role in
platelet-derived growth factor (PDGF)-induced oligodendrocyte progenitor
cell mitogenesis (Jung et al, GHa, 55:1656-1667, 2007). Agonism of the SlPl
receptor has also been reported to mediate migration of neural stem cells
toward injured areas of the central nervous system (CNS), including in a
rat model of spinal cord injury (Kimura et al, Stem Cells, 25: 115-124,
2007). Agonism of the SlPl receptor has been implicated in the inhibition
of keratinocyte proliferation (Sauer et al, J. Biol. Chem.,
279:38471-38479, 2004), consistent with reports that SlP inhibits
keratinocyte proliferation (Kim et al, Cell Signal, 16:89-95, 2004). The
hyperproliferation of keratinocytes at the entrance to the hair follicle,
which can then become blocked, and an associated inflammation are
significant pathogenetic factors of acne (Koreck et al, Dermatology,
206:96-105, 2003; Webster, Cutis, 76:4-7, 2005). FTY720 has been reported
to have therapeutic efficacy in inhibiting pathologic angiogenesis, such as
that as may occur in tumor development. Inhibition of angiogenesis by
FTY720 is thought to involve agonism of the SlPl receptor (Oo et al, J.
Biol. Chem., 282;9082-9089, 2007; Schmid et al, J. Cell Biochem.,
101:259-270, 2007). FTY720 has been reported to have therapeutic efficacy
for inhibiting primary and metastatic tumor growth in a mouse model of
melanoma (LaMontagne et al, Cancer Res., 66:221-231, 2006). FTY720 has been
reported to have therapeutic efficacy in a mouse model for metastatic
hepatocellular carcinoma (Lee et al, Clin. Cancer Res., 11:84588466, 2005).
It has been reported that oral administration of FTY720 to mice potently
blocked VEGF-induced vascular permeability, an important process associated
with angiogenesis, inflammation, and pathological conditions such as
sepsis, hypoxia, and solid tumor growth (T Sanchez et al, J. Biol. Chem.,
278(47), 47281-47290, 2003). Cyclosporin A and FK506 (calcineurin
inhibitors) are drugs used to prevent rejection of transplanted organs.
Although they are effective in delaying or suppressing transplant
rejection, classical immunosuppressants such as cyclosporin A and FK506 are
known to cause several undesirable side effects including nephrotoxicity,
neurotoxicity, /3-cell toxicity and gastrointestinal discomfort. There is
an unmet need in organ transplantation for an immunosuppressant without
these side effects which is effective as a monotherapy or in combination
with a classical immunosuppressant for inhibiting migration of, e.g. ,
alloantigenreactive T-cells to the grafted tissue, thereby prolonging graft
survival. FTY720 has been shown to have therapeutic efficacy in transplant
rejection both as a monotherapy and in synergistic combination with a
classical immunosuppressant, including cyclosporin A, FK506 and RAD (an
mTOR inhibitor). It has been shown that, unlike theclassical
immunosuppressants cyclosporin A, FK506 and RAD, FTY720 has efficacy for
prolonging graft survival without inducing general immunosuppression, and
this difference in drug action is believed to be relevant to the synergism
observed for the combination (Brinkmann et al, Transplant Proc, 33:530-531,
2001; Brinkmann et al, Transplantation, 72:764-769, 2001). Agonism of the
SlPl receptor has been reported to have therapeutic efficacy for prolonging
allograft survival in mouse and rat skin allograft models (Lima et al.,
Transplant Proc, 36:1015-1017, 2004; Yan et al, Bioorg. &Med. Chem. Lett.,
16:3679-3683, 2006). FTY720 has been reported to have therapeutic efficacy
for prolonging allograft survival in a rat cardiac allograft model (Suzuki
et al, Transpl. Immunol, 4:252-255, 1996). FTY720 has been reported to act
synergistically with cyclosporin A to prolong rat skin allograft survival
(Yanagawa et al, J. Immunol, 160:5493-5499, 1998), to act synergistically
with cyclosporin A and with FK506 to prolong rat cardiac allograft
survival, and to act synergistically with cyclosporin A to prolong canine
renal allograft survival and monkey renal allograft survival (Chiba e /.,
Cell MoI Biol, 3:11-19, 2006). KRP-203, an SlP receptor agonist has been
reported to have therapeutic efficacy for prolonging allograft survival in
a rat skin allograft model and both as monotherapy and in synergistic
combination with cyclosporin A in a rat cardiac allograft model (Shimizu et
al, Circulation, 111:222-229, 2005). KRP-203 also has been reported to have
therapeutic efficacy in combination with mycophenolate mofetil (MMF; a
prodrug for which the active metabolite is mycophenolic acid, an inhibitor
of purine biosynthesis) for prolonging allograft survival both in a rat
renal allograft model and in a rat cardiac allograft model (Suzuki et al,
J. Heart Lung Transplant, 25:302-209, 2006; Fujishiro et al, J. Heart Lung
Transplant, 25:825-833, 2006). It has been reported that an agonist of the 



SlPl receptor, AUY954, in combination with a subtherapeutic dose of RADOOl
(Certican/Everolimus, an mTOR inhibitor) can prolong rat cardiac allograft
survival (Pan et al, Chemistry &Biology, 13:1227-1234, 2006). In a rat
small bowel allograft model, FTY720 has been reported to act
synergistically with cyclosporin A to prolong small bowel allograft
survival (Sakagawa et al, Transpl Immunol, 13:161-168, 2004). FTY720 has
been reported to have therapeutic efficacy in a mouse islet graft model (Fu
et al, Transplantation, 73: 1425-1430, 2002; Liu et al, Microsurgery,
27:300-304; 2007) and in a study using human islet cells to evidence no
detrimental effects on human islet function (Truong et al, American Journal
of Transplantation, 7:2031-2038, 2007). FTY720 has been reported to reduce
the nociceptive behavior in the spared nerve injury model for neuropathic
pain which does not depend on prostaglandin synthesis (O. Costu et al,
Journal of Cellular and Molecular Medicine 12(3), 995-1004, 2008). FTY720
has been reported to impair initiation of murine contact hypersensitivity
(CHS). Adoptive transfer of immunized lymph node cells from mice treated
with FTY720during the sensitization phase was virtually incapable of
inducing CHS response in recipients (D. Nakashima et al., J. Investigative
Dermatology (128(12), 2833-2841, 2008). It has been reported that
prophylactic oral administration of FTY720 ( 1 mg/kg, three times a week),
completely prevented the development of experimental autoimmune myasthenia
gravis (EAMG) in C57BL/6 mice (T. Kohono et al, Biological & Pharmaceutical
Bulletin, 28(4), 736-739, 2005). In one embodiment, the present invention
encompasses compounds which are agonists of the SlPl receptor having
selectivity over the S1P3 receptor. The S1P3 receptor, and not the SlPl
receptor, has been directly implicated in bradycardia (Sanna et al., J.
Biol. Chem., 279: 13839-13848, 2004). An SlPl receptor agonist selective
over at least the S1P3 receptor has advantages over current therapies by
virtue of an enhanced therapeutic window, allowing better tolerability with
higher dosing and thus improving efficacy as therapy. The present invention
encompasses compounds which are agonists of the SlPl receptor and which
exhibit no or substantially no activity for bradycardia. SlPl receptor
agonists are useful to treat or prevent conditions where suppression of the
immune system or agonism of the SlPl receptor is in order, such as diseases
and disorders mediated by lymphocytes, transplant rejection, autoimmune
diseases and disorders, inflammatory diseases and disorders, and conditions
that have an underlying defect in vascular integrity or that relate to
angiogenesis such as may be pathologic. In one embodiment, the present
invention encompasses compounds which are agonists of the SlPl receptor
having good overall physical properties and biological activities and
having an effectiveness that is substantially at least that of prior
compounds with activity at the SlPl receptor. Citation of any reference
throughout this application is not to be construed as an admission that
such reference is prior art to the present application. SUMMARY OF THE
INVENTION The present invention encompasses compounds of Formula (I) and
pharmaceutically acceptable salts, solvates, and hydrates thereof: wherein:
m is 1 or 2; n is 1 or 2; Y is N or CR1;Z is N or CR4; W is N or CR5; Ra is
H or C,-C6 alkyl; R1, R2, R3, and R4 are each independently selected from
the group consisting of H, Q - C6 alkoxy, Ci-C6 alkyl, C1-C6 alkylamino, C
-C6 alkylsulfonyl, Ci-C6 alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy,
C3-C7 cycloalkyl, Ci-C6 haloalkoxy, Ci-C6 haloalkyl, halogen, heteroaryl,
and heterocyclyl, wherein the C -C6 alkyl and Q-C 6 alkoxy are each
optionally substituted with one C3-C7 cycloalkyl group; and R5 is selected
from the group consisting of H, Ci-C6 alkyl, Ci-C6 alkylsulfonyl, cyano,
C3-C7 cycloalkyl, Q-C 6 haloalkyl, halogen, heteroaryl, and heterocyclyl.
One aspect of the present invention pertains to compounds of Formula (Ia)
and pharmaceutically acceptable salts, solvates, and hydrates thereof:
wherein: m is 1 or 2; n is 1 or 2; Y is N or CR1; Z is N or CR4; W is N or
CR5; R1, R2, R3, and R4 are each independently selected from the group
consisting of H, Q - C6 alkoxy, Q-C 6 alkyl, Q-C 6 alkylamino, Q-C 6
alkylsulfonyl, Q-C 6 alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy,
C3-C7 cycloalkyl, C -C6 haloalkoxy, Ci-C6 haloalkyl, halogen, heteroaryl,
and heterocyclyl, wherein the Q-C 6 alkyl and Ci-C6 alkoxy are each
optionally substituted with one C3-C7 cycloalkyl group; and 



R5 is selected from the group consisting of H, Ci-C6 alkyl, cyano, C3-C7
cycloalkyl, Q - C6 haloalkyl, halogen, and heterocyclyl. The present
invention encompasses compounds which are SlPl receptor agonists having at
least immunosuppressive, anti-inflammatory and/or hemostatic activities,
e.g. by virtue of modulating leukocyte trafficking, sequestering
lymphocytes in secondary lymphoid tissues, and/or enhancing vascular
integrity. SlPl receptor agonists are useful to treat or prevent conditions
where suppression of the immune system or agonism of the SlPl receptor is
in order, such as diseases and disorders mediated by lymphocytes,
transplant rejection, autoimmune diseases and disorders,inflammatory
diseases and disorders (e.g., acute and chronic inflammatory conditions),
cancer, and conditions that have an underlying defect in vascular integrity
or that are associated with angiogenesis such as may be pathologic (e.g.,
as may occur in inflammation, tumor development and atherosclerosis). Such
conditions where suppression of the immune system or agonism of the SlPl
receptor is in order include diseases and disorders mediated by
lymphocytes, conditions that have an underlying defect in vascular
integrity, autoimmune diseases and disorders, inflammatory diseases and
disorders (e.g., acute and chronic inflammatory conditions), acute or
chronic rejection of cells, tissue or solid organ grafts, arthritis
including psoriatic arthritis and rheumatoid arthritis, diabetes including
type I diabetes, demyelinating disease including multiple sclerosis,
ischemia-reperfusion injury including renal and cardiac
ischemia-reperfusion injury, inflammatory skin disease including psoriasis,
atopic dermatitis and acne, hyperproliferative skin disease including acne,
inflammatory bowel disease including Crohn's disease and ulcerative
colitis, systemic lupus erythematosis, asthma, uveitis, myocarditis,
allergy, atherosclerosis, brain inflammation including Alzheimer's disease
and brain inflammatory reaction following traumatic brain injury, central
nervous system disease including spinal cord injury or cerebral infarction,
pathologic angiogenesis including as may occur in primary and metastatic
tumor growth, rheumatoid arthritis, diabetic retinopathy and
atherosclerosis, cancer, chronic pulmonary disease, acute lung injury,
acute respiratory disease syndrome, sepsis, and the like. One aspect of the
present invention pertains to pharmaceutical compositions comprising a
compound of the present invention and a pharmaceutically acceptable
carrier. One aspect of the present invention pertains to methods for
treating a disorder associated with the SlPl receptor in an individual
comprising administering to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating an SlPl receptorassociated disorder in an
individual comprising administering to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating a disease or disorder mediated by
lymphocytes in an individual comprising administering to the individual in
need thereof a therapeutically effective amount of a compound of the
present invention or a pharmaceutical composition thereof. One aspect of
the present invention pertains to methods for treating an autoimmune
disease or disorder in an individual comprising administering to the
individual in need thereof a therapeutically effective amount of a compound
of the present invention or a pharmaceutical composition thereof.One aspect
of the present invention pertains to methods for treating an inflammatory
disease or disorder in an-individual comprising administering to the
individual in need thereof a therapeutically effective amount of a compound
of the present invention or a pharmaceutical composition thereof. One
aspect of the present invention pertains to methods for treating a
microbial or viral infection or disease in an individual comprising
administering to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating cancer in an individual comprising administering to
the individual in need thereof a therapeutically effective amount of a
compound of the present invention or a pharmaceutical composition thereof.
One aspect of the present invention pertains to methods for treating an
SlPl receptorassociated disorder in an individual comprising administering
to the individual in need thereof a therapeutically effective amount of a
compound of the present invention or a pharmaceutical composition thereof,
wherein the disorder is selected from the group consisting of psoriasis,
rheumatoid arthritis, Crohn's disease, transplant rejection, multiple
sclerosis, systemic lupus erythematosus, ulcerative colitis, type I
diabetes, hypertensive nephropathy, glomerulosclerosis, myocardial
ischemia-reperfusion injury, and acne. One aspect of the present invention
pertains to methods for treating a disorder in an individual comprising
administering to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof, wherein the disorder is selected from the group
consisting of psoriasis, rheumatoid arthritis, Crohn's disease, transplant
rejection, multiple sclerosis, systemic lupus erythematosus, 



ulcerative colitis, type I diabetes, and acne. One aspect of the present
invention pertains to methods for treating psoriasis in an individual
comprising administering to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating rheumatoid arthritis in an individual
comprising administering to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating Crohn's disease in an individual
comprising administering to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating transplant rejection in an individual
comprising administering to the individual in need thereof a
therapeuticallyeffective amount of a compound of the present invention or a
pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating multiple sclerosis in an individual
comppsing administering to the individual in need thereof a therapeutically
effective amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating systemic lupus erythematosus in an individual
comppsing administering to the individual in need thereof a therapeutically
effective amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating ulcerative colitis in an individual comppsing
admmistepng to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating type I diabetes in an individual comppsing
administepng to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating hypertensive nephropathy in an individual comppsmg
administepng to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating glomerulosclerosis in an individual comppsing
administepng to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to
methods for treating myocardial lschemia-reperfusion injury in an
individual comppsing administepng to the individual in need thereof a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition thereof. One aspect of the present invention
pertains to methods for treating acne in an individual comppsing
administepng to the individual in need thereof a therapeutically effective
amount of a compound of the present invention or a pharmaceutical
composition thereof. One aspect of the present invention pertains to the
use of compounds of the present invention in the manufacture of a
medicament for the treatment of an SlPl receptor-associated disorder. One
aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
an SlPl receptor-associateddisorder selected from the group consisting of
psopasis, rheumatoid arthritis, Crohn's disease, transplant rejection,
multiple sclerosis, systemic lupus erythematosus, ulcerative colitis, type
I diabetes, hypertensive nephropathy, glomerulosclerosis, myocardial
lschemia-reperfusion injury, and acne. One aspect of the present invention
pertains to the use of compounds of the present invention in the
manufacture of a medicament for the treatment of a disease or disorder
mediated by lymphocytes. One aspect of the present invention pertains to
the use of compounds of the present invention in the manufacture of a
medicament for the treatment of an autoimmune disease or disorder. One
aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
an inflammatory disease or disorder. One aspect of the present invention
pertains to the use of compounds of the present invention in the
manufacture of a medicament for the treatment of a microbial or viral
infection or disease. One aspect of the present invention pertains to the
use of compounds of the present invention in the manufacture of a
medicament for the treatment of cancer. 



One aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
an SIPl receptor-associated disorder selected from the group consisting of
psopasis, rheumatoid arthritis, Crohn's disease, transplant rejection,
multiple sclerosis, systemic lupus erythematosus, ulcerative colitis, type
I diabetes, and acne. One aspect of the present invention pertains to the
use of compounds of the present invention in the manufacture of a
medicament for the treatment of psopasis. One aspect of the present
invention pertains to the use of compounds of the present invention in the
manufacture of a medicament for the treatment of rheumatoid arthptis. One
aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
Crohn's disease. One aspect of the present invention pertains to the use of
compounds of the present invention in the manufacture of a medicament for
the treatment of transplant rejection. One aspect of the present invention
pertains to the use of compounds of the present invention in the
manufacture of a medicament for the treatment of multiple sclerosis. One
aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
systemic lupus erythematosus.One aspect of the present invention pertains
to the use of compounds of the present invention in the manufacture of a
medicament for the treatment of ulcerative colitis. One aspect of the
present invention pertains to the use of compounds of the present invention
in the manufacture of a medicament for the treatment of type I diabetes.
One aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a medicament for the treatment of
hypertensive nephropathy. One aspect of the present invention pertains to
the use of compounds of the present invention in the manufacture of a
medicament for the treatment of glomerulosclerosis. One aspect of the
present invention pertains to the use of compounds of the present invention
in the manufacture of a medicament for the treatment of myocardial
ischemiareperfusion injury. One aspect of the present invention pertains to
the use of compounds of the present invention in the manufacture of a
medicament for the treatment of acne. One aspect of the present invention
pertains to compounds of the present invention for use in a method for the
treatment of the human or animal body by therapy. One aspect of the present
invention pertains to compounds of the present invention for use in a
method for the treatment of an SlPl receptor-associated disorder selected
from the group consisting of psoriasis, rheumatoid arthritis, Crohn's
disease, transplant rejection, multiple sclerosis, systemic lupus
erythematosus, ulcerative colitis, type I diabetes, hypertensive
nephropathy, glomerulosclerosis, myocardial ischemia-reperfusion injury,
and acne. One aspect of the present invention pertains to compounds of the
present invention for use in a method for the treatment of an SlPl
receptor-associated disorder. One aspect of the present invention pertains
to compounds of the present invention for use in a method for the treatment
of a disease or disorder mediated by lymphocytes. One aspect of the present
invention pertains to compounds of the present invention for use in a
method for the treatment of an autoimmune disease or disorder. One aspect
of the present invention pertains to compounds of the present invention for
use in a method for the treatment of an inflammatory disease or disorder.
One aspect of the present invention pertains to compounds of the present
invention for use in a method for the treatment of a microbial or viral
infection or disease. One aspect of the present invention pertains to
compounds of the present invention for use in a method for the treatment of
cancer. One aspect of the present invention pertains to compounds of the
present invention for use in a method for the treatment of an SlPl
receptor-associated disorder selected from the group consisting of
psoriasis, rheumatoid arthritis, Crohn's disease, transplant rejection,
multiple sclerosis, systemic lupus erythematosus, ulcerative colitis, type
I diabetes, and acne.One aspect of the present invention pertains to
compounds of the present invention for use in a method for the treatment of
psoriasis. One aspect of the present invention pertains to compounds of the
present invention for use in a method for the treatment of rheumatoid
arthritis. One aspect of the present invention pertains to compounds of the
present invention for use in a method for the treatment of Crohn's disease.
One aspect of the present invention pertains to compounds of the present
invention for use in a method for the treatment of transplant rejection.
One aspect of the present invention pertains to compounds of the present
invention for use in a method for the treatment of multiple sclerosis. One
aspect of the present invention pertains to compounds of the present
invention for use in a method for the treatment of systemic lupus
erythematosus. One aspect of the present invention pertains to compounds of
the present invention for use in a method for the treatment of ulcerative
colitis. One aspect of the present invention pertains to compounds of the
present invention for 



use in a method for the treatment of type I diabetes. One aspect of the
present invention pertains to compounds of the present invention for use in
a method for the treatment of hypertensive nephropathy. One aspect of the
present invention pertains to compounds of the present invention for use in
a method for the treatment of glomerulosclerosis. One aspect of the present
invention pertains to compounds of the present invention for use in a
method for the treatment of myocardial ischemia-reperfusion injury. One
aspect of the present invention pertains to compounds of the present
invention for use in a method for the treatment of acne. One aspect of the
present invention pertains to processes for preparing a composition
comprising admixing a compound of the present invention and a
pharmaceutically acceptable carrier. These and other aspects of the
invention disclosed herein will be set forth in greater detail as the
patent disclosure proceeds. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1
shows a general synthetic scheme for the preparation of 2-(7-hydroxy-2,3-
dihydro-l H-pyrrolo[l,2-a]indol-l-yl)acetate derivatives, as intermediates
useful in the preparation of compounds of Formula (I), by treatment of
ethyl 5-bromo-l H-indole-2- carboxylate with butyl acrylate and subsequent
decarboxylation, followed by olefination, conversion of the bromo group to
a hydroxyl group and reduction of the double bond.Figure 2 shows a general
synthetic scheme for the preparation of 2-(7-hydroxy-2,3-
dihydro-lH-pyrrolo[l,2-a]indol-l-yl)acetate derivatives, as intermediates
useful in the preparation of compounds of Formula (I), by treatment of
ethyl 5-(benzyloxy)-l H-indole-2- carboxylate with butyl acrylate and
subsequent decarboxylation, followed by olefination and reduction /
deprotection. Figure 3 shows a general synthetic scheme for the preparation
of 2-(6-hydroxy-2,3- dihydro-lH-benzo[d]pyrrolo[l,2-a]imidazol-3-yl)acetate
derivatives, as intermediates useful in the preparation of compounds of
Formula (I), by alkylation of tert-buty\ 2-oxopyrrolidine-lcarboxylate,
followed by N-arylation, reduction / deprotection and cyclization. Figure 4
shows a general synthetic scheme for the preparation of tricyclic acid
derivatives, via coupling of the aryl methyl halides or alcohols with
2,3-dihydro-l H-pyrrolo acetate derivatives. Subsequent deprotection and/or
halogenation afford compounds of Formula (I). Figure 5 shows a general
synthetic scheme for the preparation of tricyclic acid derivatives, via
iodination of tricyclic ester derivatives. Subsequent metal-catalyzed
coupling reaction and deprotection afford compounds of Formula (I). Figure
6 shows a general synthetic scheme for the preparation of 2-(7-hydroxy-2,3-
dihydro-lH-pyrrolo[l,2-a]indol-l-yl)acetate derivatives, as intermediates
useful in the preparation of compounds of Formula (Ia), by treatment of
ethyl 5-bromo-l H-indole-2- carboxylate with butyl acrylate and subsequent
decarboxylation, followed by olefination, conversion of the bromo group to
a hydroxyl group and reduction of the double bond. Figure 7 shows a general
synthetic scheme for the preparation of 2-(7-hydroxy-2,3-
dihydro-lH-pyrrolo[l,2-a]indol-l-yl)acetate derivatives, as intermediates
useful in the preparation of compounds of Formula (Ia), by treatment of
ethyl 5-(benzyloxy)-l H-indole-2- carboxylate with butyl acrylate and
subsequent decarboxylation, followed by olefination and reduction /
deprotection. Figure 8 shows a general synthetic scheme for the preparation
of 2-(6-hydroxy-2,3- dihydro-lH-benzo[d]pyrrolo[l,2-a]imidazol-3-yl)acetate
derivatives, as intermediates useful in the preparation of compounds of
Formula (Ia), by alkylation of tert-butyl 2-oxopyrrolidine-lcarboxylate,
followed by N-arylation, reduction / deprotection and cyclization. Figure 9
shows a general synthetic scheme for the preparation of tricyclic acid
derivatives, via coupling of the aryl methyl halides or alcohols with
2,3-dihydro-l H-pyrrolo acetate derivatives. Subsequent deprotection and/or
halogenation afford compounds of Formula (Ia). Figure 10 shows a general
synthetic scheme for the preparation of tricyclic acid derivatives, via
iodination of tricyclic ester derivatives. Subsequent metal-catalyzed
coupling reaction and deprotection afford compounds of Formula (Ia).Figure
11 shows the results of an experiment which measured the ability of
Compound 2 to lower the absolute count of peripheral lymphocytes in mice
compared to vehicle. Figure 12 shows the results of an experiment which
measured the ability of the 1st enantiomer of Compound 12 (isolated after
resolution of compound 12 by HPLC, with a retention time of 15 min per the
conditions reported in Example 1.3) to lower the absolute count of
peripheral lymphocytes in rats compared to vehicle. Figure 13 shows the
results of an experiment which measured the ability of the 2nd enantiomer
of Compound 12 (isolated after resolution of compound 12 by HPLC, with a
retention time of 18 m per the conditions reported in Example 1.3) to lower
the absolute count of peripheral lymphocytes in rats compared to vehicle.
Figure 14 shows the results of an experiment which measured the ability of
three different doses of the 2nd enantiomer of Compound 12 (isolated after
resolution of compound 12 



by HPLC, with a retention time of 18 mm per the conditions reported in
Example 1.3) to reduce the mean ankle diameter in rats compared to vehicle.
DETAILED DESCRIPTION OF THE INVENTION DEFINITIONS For clarity and
consistency, the following definitions will be used throughout this patent
document. The term "agonist" is intended to mean a moiety that interacts
with and activates a Gprotein- coupled receptor, such as the SlPl receptor,
such as can thereby initiate a physiological or pharmacological response
characteristic of that receptor. For example, an agonist activites an
intracellular response upon binding to the receptor, or enhances GTP
binding to a membrane. In certain embodiments, an agonist of the invention
is an SlPl receptor agonist that is capable of facilitating sustained SlPl
receptor internalization (see e.g., Matloubian et al, Nature, 427, 355,
2004). The term "antagonist" is intended to mean a moietiy that
competitively binds to the receptor at the same site as an agonist (for
example, the endogenous ligand), but which does not activate the
intracellular response initiated by the active form of the receptor and can
thereby inhibit the intracellular responses by an agonist or partial
agonist. An antagonist does not diminish the baseline intracellular
response in the absence of an agonist or partial agonist. The term
"hydrate" as used herein means a compound of the invention or a salt
thereof, that further includes a stoichiometric or non-stoichiometric
amount of water bound by noncovalent intermolecular forces. The term
"solvate" as used herein means a compound of the invention or a salt,
thereof, that further includes a stoichiometric or non-stoichiometric
amount of a solvent bound by noncovalent intermolecular forces. Preferred
solvents are volatile, non-toxic, and/or acceptable for administration to
humans in trace amounts. The term "in need of treatment" and the term "in
need thereof when referring to treatment are used interchangeably to mean
ajudgment made by a caregiver (e.g. physician, nurse, nurse practitioner,
etc. in the case of humans; veterinarian in the case of animals, including
non-human mammals) that an individual or animal requires or will benefit
from treatment. This judgment is made based on a variety of factors that
are in the realm of a caregiver's expertise, but that includes the
knowledge that the individual or animal is ill, or will become ill, as the
result of a disease, condition or disorder that is treatable by the
compounds of the invention. Accordingly, the compounds of the invention can
be used in a protective or preventive manner; or compounds of the invention
can be used to alleviate, inhibit or ameliorate the disease, condition or
disorder. The term "individual" is intended to mean any animal, including
mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates and most preferably humans. The term
"inverse agonist" is intended to mean a moiety that binds to the endogenous
form of the receptor or to the constitutively activated form of the
receptor and which inhibits the baseline intracellular response initiated
by the active form of the receptor below the normal base level of activity
which is observed in the absence of an agonist or partial agonist, or
decreases GTP binding to a membrane. In some embodiments, the baseline
intracellular response is inhibited in the presence of the inverse agonist
by at least 30%. In some embodiments, the baseline intracellular response
is inhibited in the presence of the inverse agonist by at least 50%. In
some embodiments, the baseline intracellular response is inhibited in the
presence of the inverse agonist by at least 75%, as compared with the
baseline response in the absence of the inverse agonist. The term "modulate
or modulating" is intended to mean an increase or decrease in the amount,
quality, response or effect of a particular activity, function or molecule.
The term "pharmaceutical composition" is intended to mean a composition
comprising at least one active ingredient; including but not limited to,
salts, solvates, and hydrates of compounds of the present invention,
whereby the composition is amenable to investigation for a specified,
efficacious outcome in a mammal (for example, without limitation, a human).
Those of ordinary skill in the art will understand and appreciate the
techniques appropriate for determining whether an active ingredient has a
desired efficacious outcome based upon the needs of the artisan. The term
"therapeutically effective amount" is intended to mean the amount of active
compound or pharmaceutical agent that elicits the biological or medicinal
response in a tissue, system, animal, individual or human that is being
sought by a researcher, veterinarian, medical doctor or other clinician,
caregiver or by an individual, which includes one or more of the
following:(1) Preventing the disease, for example, preventing a disease,
condition or disorder in an individual that may be predisposed to the
disease, condition or disorder but does not yet expepence or display the
pathology or symptomatology of the disease; (2) Inhibiting the disease, for
example, inhibiting a disease, condition or disorder in an individual that
is experiencing or displaying the pathology or symptomatology of the
disease, condition or disorder (i.e , arresting further development of the
pathology and/or symptomatology); and (3) Ameliorating the disease, for
example, ameliorating a disease, condition or disorder in an individual
that is experiencing or displaying the pathology or symptomatology of the 



disease, condition or disorder (i.e., reversing the pathology and/or
symptomatology). CHEMICAL GROUP, MOIETY OR RADICAL The term "C -C alkoxy"
is intended to mean a Ci-C6 alkyl radical, as defined herein, attached
directly to an oxygen atom. Some embodiments are 1 to 5 carbons, some
embodiments are 1 to 4 carbons, some embodiments are 1 to 3 carbons and
some embodiments are 1 or 2 carbons. Examples include methoxy, ethoxy,
/z-propoxy, isopropoxy, /i-butoxy, tert-butoxy, isobutoxy, sec-butoxy, and
the like. The term "Ci-C 6 alkyl" is intended to mean a straight or
branched carbon radical containing 1 to 6 carbons. Some embodiments are 1
to 5 carbons, some embodiments are 1 to 4 carbons, some embodiments are 1
to 3 carbons and some embodiments are 1 or 2 carbons. Examples of an alkyl
include, but are not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, isobutyl, ter/-butyl, pentyl, lsopentyl, -pentyl,
neo-pentyl, 1-methylbutyl [i e , -CH(CH3)CH2CH2CH3], 2-methylbutyl [i e ,
-CH2CH(CH3)CH2CH3], n-hexyl, and the like. The term "Ci-C 6 alkylamino" is
intended to mean one alkyl radical attached to an -NHradical wherein the
alkyl radical has the same meaning as descpbed herein. Some examples
include, but are not limited to, methylammo, ethylamino, M-propylammo,
isopropylamino, nbutylamino, sec-butylammo, lsobutylammo, tert-butylamino,
and the like. The term "Ci-C 6 alkylsulfonyl" is intended to mean a Ci-C6
alkyl radical attached to the sulfur of a sulfone radical having the
formula: -S(O)2- wherein the alkyl radical has the same definition as
descpbed herein. Examples include, but are not limited to, methylsulfonyl,
ethylsulfonyl, w-propylsulfonyl, isopropylsulfonyl, -butylsulfonyl,
sec-butylsulfonyl, lsobutylsulfonyl, tert-butylsulfonyl, and the like. The
term "C -C6 alkylthio" is intended to mean a Ci-C6 alkyl radical attached
to a sulfur atom (i.e., -S-) wherein the alkyl radical has the same
definition as descpbed herein. Examples include, but are not limited to,
methylsulfanyl (i.e., CH3S-), ethylsulfanyl, npropylsulfanyl,
isopropylsulfanyl, / -butylsulfanyl, seobutylsulfanyl, lsobutylsulfanyl,
tbutylsulfanyl, and the like.The term "carboxamide" is intended to mean the
group -CONH2. The term "cyano" is intended to mean the group -CN. The term
"C3-C7 cycloalkoxy" is intended to mean a saturated ring radical containing
3 to 7 carbons directly bonded to an oxygen atom. Some examples include
cyclopropyl-O-, cyclobutyl-O-, cyclopentyl-O-, cyclohexyl-O-, and the like.
The term "C3-C7 cycloalkyl" is intended to mean a saturated ring radical
containing 3 to 7 carbons. Some embodiments contain 3 to 6 carbons. Some
embodiments contain 3 to 5 carbons. Some embodiments contain 5 to 7
carbons. Some embodiments contain 3 to 4 carbons. Examples include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
like. The term "Ci-C 6 haloalkoxy" is intended to mean a C1-C6 haloalkyl,
as defined herein, which is directly attached to an oxygen atom. Examples
include, but are not limited to, difluoromethoxy, trifluoromethoxy,
2,2,2-trifluoroethoxy, pentafluoroethoxy, and the like. The term "Ci-C 6
haloalkyl" is intended to mean an Ci-C6 alkyl group, defined herein,
wherein the alkyl is substituted with between one halogen up to fully
substituted wherein a fully substituted Ci-C6 haloalkyl can be represented
by the formula CzL2z+ i wherein L is a halogen and "z" is 1, 2, 3, 4, 5 or
6. When more than one halogen is present, the halogens may be the same or
different and selected from the group consisting of fluoro, chloro, bromo
or iodo, preferably fluoro. Some embodiments are 1 to 5 carbons, some
embodiments are 1 to 4 carbons, some embodiments are 1 to 3 carbons and
some embodiments are 1 or 2 carbons. Examples of haloalkyl groups include,
but are not limited to, fluoromethyl, difluoromethyl, trifluoromethyl,
chlorodifluoromethyl, 2,2,2-trifluoroethyl, pentafluoroethyl, and the like.
The term "halogen" or "halo" is intended to mean a fluoro, chloro, bromo or
iodo group. The term "heteroaryl" is intended to mean an aromatic ring
system containing 5 to 14 aromatic ring atoms that may be a single ring,
two fused rings or three fused rings, wherein at least one aromatic ring
atom is a heteroatom selected from, for example, but not limited to, the
group consisting of O, S, and N wherein the N can be optionally substituted
with H, C -C4 acyl or C -C4 alkyl. Some embodiments contain 5 to 6 ring
atoms, for example, furanyl, thienyl, pyrrolyl, imidazolyl, oxazolyl,
thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl,
and the like. Some embodiments contain 8 to 14 ring atoms, for example,
quinolizinyl, quinolinyl, isoquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, triazinyl, indolyl, isoindolyl, indazolyl,
indolizinyl, purinyl, naphthyridinyl, pteridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, benzoxazolyl, benzothiazolyl,
lH-benzimidazolyl, imidazopyridinyl, benzothienyl, benzofuranyl,
isobenzofuran, and the like. The term "heterocyclic" or "heterocyclyl" is
intended to mean a non-aromatic ring containing 3 to 8 ring atoms wherein
one, two or three ring atoms are heteroatoms selectedfrom, for example, the
group consisting of O, S, S(=O), S(=O)2, and NH, wherein the N is
optionally substituted as described herein. In some embodiments, the
nitrogen is optionally substituted with Q-C 4 acyl or Q-C 4 alkyl. In some
embodiments, ring carbon atoms are optionally substituted with oxo thus
forming a carbonyl group. In some embodiments, ring sulfur atoms are
optionally substituted with oxo atoms thus forming a thiocarbonyl group.
The 



heterocyclic group can be attached/bonded to any available ring atom, for
example, ring carbon, ring nitrogen, and the like. In some embodiments the
heterocyclic group is a 3-, 4-, 5-, 6- or 7- membered ring. Examples of a
heterocyclic group include, but are not limited to, aziridin-1-yl,
aziridin-2-yl, azetidin-1-yl, azetidin-2-yl, azetidin-3-yl, piperidin-1-yl,
piperidin-2-yl, piperidin- 3-yl, piperidin-4-yl, morpholin-2-yl,
morpholin-3-yl, morpholin-4-yl, piperzin-1-yl, piperzin-2- yl,
piperzin-3-yl, piperzin-4-yl, pyrrolidin-1-yl, pyrrolidin-2-yl,
pyrrolidin-3-yl, [l,3]-dioxolan- 2-yl, thiomorpholin-4-yl,
[l,4]oxazepan-4-yl, l,l-dioxothiomorpholin-4-yl, azepan-1-yl, azepan-2-yl,
azepan-3-yl, azepan-4-yl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, and
the like. COMPOUNDS OF THE INVENTION: One aspect of the present invention
pertains to certain compounds of Formula (I) and pharmaceutically
acceptable salts, solvates, and hydrates thereof: wherein: m, n, Ra, R , R
, W, Y, and Z have the same definitions as described herein, supra and
infra. One aspect of the present invention pertains to compounds of Formula
(Ia) and pharmaceutically acceptable salts, solvates, and hydrates thereof:
wherein: m is 1 or 2; n is 1 or 2; Y is N or CR1; Z is N or CR4; W is N or
CR5;R1, R2, R3, and R4 are each independently selected from the group
consisting of H, C1- C6 alkoxy, Q-C 6 alkyl, Ci-C6 alkylammo, C1-C6
alkylsulfonyl, C1-C6 alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy,
C3-C7 cycloalkyl, C -C6 haloalkoxy, Ci-C6 haloalkyl, halogen, heteroaryl,
and heterocyclyl, wherein the C1-C6 alkyl and Ci-C6 alkoxy are each
optionally substituted with one C3-C7 cycloalkyl group; and R5 is selected
from the group consisting of H, Ci-C6 alkyl, cyano, C3-C7 cycloalkyl, Ci-
C6 haloalkyl, halogen, and heterocyclyl. It is understood that the present
invention embraces compounds, solvates and/or hydrates of compounds,
pharmaceutically acceptable salts of compounds, and solvates and/or
hydrates of pharmaceutically acceptable salts of compounds, wherein the
compounds are as descpbed herein. It is appreciated that certain features
of the invention, which are, for clarity, descpbed in the context of
separate embodiments, may also be provided in combination in a single
embodiment. Conversely, vapous features of the invention, which are, for
brevity, descpbed in the context of a single embodiment, may also be
provided separately or in any suitable subcombination. All combinations of
the embodiments pertaining to the chemical groups represented by the
vapables (e g m, n, Ra, R1, R2, R3, R4, R5, R6,W, Y, Z, etc.) contained
within the genepc chemical formulae descpbed herein, for example, (e g I ,
Ia, Ic, Ie, Ig, Ii, Ij, Ik, Im, Ha, lib, lie, Ed, lie, Hf, Ilg, Ilh, Hi,
etc.) are specifically embraced by the present invention just as if each
and every combination was individually explicitly recited, to the extent
that such combinations embrace stable compounds (i e , compounds that can
be isolated, characterized and tested for biological activity). In
addition, all subcombmations of the chemical groups listed in the
embodiments descnbing such vapables, as well as all subcombmations of uses
and medical indications descpbed herein, are also specifically embraced by
the present invention just as if each and every subcombination of chemical
groups and subcombination of uses and medical indications was individually
and explicitly recited herein. As used herein, "substituted" indicates that
at least one hydrogen atom of the chemical group is replaced by a
non-hydrogen substituent or group. The non-hydrogen substituent or group
can be monovalent or divalent. When the substituent or group is divalent,
then it is understood that this group is further substituted with another
substituent or group. When a chemical group herein is "substituted" it may
have up to the full valence of substitution, for example, a methyl group
can be substituted by 1, 2, or 3 substituents, a methylene group can be
substituted by 1 or 2 substituents, a phenyl group can be substituted by 1,
2, 3, 4, or 5 substituents, a naphthyl group can be substituted by 1, 2, 3,
4, 5, 6, or 7 substituents and the like. Likewise, "substituted with one or
more substituents" refers to the substitution of a group with one
substituent up to the total number of substituents physically allowed by
the group. Further,when a group is substituted with more than one
substituent, the substituents can be identical or they can be different.
Compounds of the invention also include tautomeric forms, such as keto-enol
tautomers and the like. Tautomeric forms can be in equilibrium or
sterically locked into one form by appropriate substitution. It is
understood that the various tautomeric forms are within the scope of the
compounds of the present invention. Compounds of the invention also include
all isotopes of atoms occurring in the intermediates and/or final
compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. For example, isotopes of hydrogen include deuterium
and tritium. It is understood and appreciated that compounds of Formula (I)
and (Ia), and formulae 



related thereto, may have one or more chiral centers and therefore can
exist as enantiomers and/or diastereomers. The invention is understood to
extend to and embrace all such enantiomers, diastereomers and mixtures
thereof, including but not limited to racemates. It is understood that
Formula (I) and (Ia), and formulae used throughout this disclosure, are
intended to represent all individual enantiomers and mixtures thereof,
unless stated or shown otherwise. The Variable "n" In some embodiments, n
is 1. In some embodiments, compounds of the present invention are
represented by Formula (Ic) as illustrated below: wherein each variable in
Formula (Ic) has the same meaning as described herein, supra and infra. In
some embodiments, n is 2. In some embodiments, compounds of the present
invention are represented by Formula (Ie) as illustrated below: wherein
each variable in Formula (Ie) has the same meaning as described herein,
supra and infra.The Variable "m" In some embodiments, m is 1. In some
embodiments, compounds of the present invention are represented by Formula
(Ig) as illustrated below: (Ig) wherein each variable in Formula (Ig) has
the same meaning as described herein, supra and infra. In some embodiments,
m is 2. In some embodiments, compounds of the present invention are
represented by Formula (Ii) as illustrated below: wherein each variable in
Formula (Ii) has the same meaning as described herein, supra and infra. The
VariablesY. Z and W In some embodiments, Y is N or CR1, Z is N or CR4, and
W is N or CR5. In some embodiments, Y is N, Z is N, and W is N. In some
embodiments, Y is N, Z is N, and W is CR5. In some embodiments, Y is N, Z
is CR4, and W is N. In some embodiments, Y is CR1, Z is N, and W is N. In
some embodiments, Y is N, Z is CR4, and W is CR5. In some embodiments, Y is
CR1, Z is N, and W is CR5. In some embodiments, Y is CR1, Z is CR4, and W
is N. In some embodiments, Y is CR1, Z is CR4, and W is CR5. In some
embodiments, Y is N. In some embodiments, Y is CR1. In some embodiments, Z
is N. In some embodiments, Z is CR4. In some embodiments, W is N.In some
embodiments, W is CR5. The Group Ra In some embodiments, Ra is H or Cr C6
alkyl. In some embodiments, Ra is H or methyl. In some embodiments, Ra is
H. The Group R1 In some embodiments, R1 is selected from the group
consisting of H, Ci-C6 alkoxy, - C6 alkyl, Ci-C6 alkylammo, Ci-C6
alkylsulfonyl, Ci-C6 alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy,
C3-C7 cycloalkyl, Ci-C6 haloalkoxy, Ci-C6 haloalkyl, halogen, heteroaryl,
and heterocyclyl, wherein the Ci-C6 alkyl and C -C6 alkoxy are each
optionally substituted with one C3-C7 cycloalkyl group. In some
embodiments, R1 is H or C -C6 haloalkyl. In some embodiments, R1 is H or
tpfluoromethyl. In some embodiments, R1 is H. In some embodiments, R1 is
tpfluoromethyl. The Group R2 In some embodiments, R2 is selected from the
group consisting of H, Q-C 6 alkoxy, Ci- C6 alkyl, Ci-C6 alkylammo, C -C6
alkylsulfonyl, Ci-C6 alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy,
C3-C7 cycloalkyl, Ci-C6 haloalkoxy, C C6 haloalkyl, halogen, heteroaryl,
and heterocyclyl, wherein the Ci-C6 alkyl and Ci-C6 alkoxy are each
optionally substituted with one C3-C7 cycloalkyl group. In some
embodiments, R2 is selected from the group consisting of H, Ci-C6 alkoxy,
cyano, Ci-C6 haloalkoxy, Cr C6 haloalkyl, Ci-C6 haloalkyl, and halogen. In
some embodiments, R2 is selected from the group consisting of cyano, Ci-C6
haloalkoxy, and Ci-C6 haloalkyl. In some embodiments, R2 is selected from
the group consisting of H, chloro, cyano, 



ethoxy, tpfluoromethoxy, and tpfluoromethyl. In some embodiments, R2 is
selected from the group consisting of cyano, tpfluoromethoxy, and
tpfluoromethyl. In some embodiments, R2 is cyano. In some embodiments, R2
is tpfluoromethoxy. hi some embodiments, R2 is tpfluoromethyl. In some
embodiments, R2 is chloro. In some embodiments, R2 is ethoxy.The Group R3
In some embodiments, R is selected from the group consisting of H, C1-C6
alkoxy, Q - C6 alkyl, Cr C6 alkylamino, Ci-C6 alkylsulfonyl, Q-C 6
alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy, C3-C7 cycloalkyl, Ci-C6
haloalkoxy, Ci-C6 haloalkyl, halogen, heteroaryl, and heterocyclyl, wherein
the C -C6 alkyl and Q-C 6 alkoxy are each optionally substituted with one
C3-C7 cycloalkyl group. In some embodiments, R3 is selected from the group
consisting of H, Q-C 6 alkoxy, Q - C6 alkyl, Q-C 6 alkylsulfonyl,
carboxamide, cyano, C3-C7 cycloalkoxy, C3-C7 cycloalkyl, Q-C 6 haloalkoxy,
Ci-C6 haloalkyl, halogen, and heteroaryl, wherein the Ci-C6 alkyl and Ci-C6
alkoxy are each optionally substituted with one C3-C7 cycloalkyl group. In
some embodiments, R3 is selected from the group consisting of H, Ci-C6
alkoxy, Q - C6 alkyl, Ci-C6 alkylsulfonyl, carboxamide, cyano, C3-C7
cycloalkoxy, C3-C7 cycloalkyl, C -C6 haloalkoxy, and halogen, wherein the
Ci-C6 alkyl and Q-C 6 alkoxy are each optionally substituted with one C3-C7
cycloalkyl group. In some embodiments, R3 is selected from the group
consisting of H, C -C6 alkoxy, Q - C6 alkyl, and C3-C7 cycloalkyl. In some
embodiments, R3 is selected from the group consisting of H, chloro,
carboxamide, cyano, cyclohexyl, cyclohexylmethyl, cyclopentyloxy,
cyclopentyl, cyclopropylmethoxy, l,3-difluoropropan-2-yloxy, ethoxy,
fluoromethoxy, isobutyl, isopropoxy, methoxy, methylsulfonyl, pyrazolyl,
and trifluoromethyl. In some embodiments, R3 is selected from the group
consisting of H, chloro, carboxamide, cyano, cyclohexyl, cyclohexylmethyl,
cyclopentyloxy, cyclopentyl, cyclopropylmethoxy,
l,3-difluoropropan-2-yloxy, ethoxy, fluoromethoxy, isobutyl, isopropoxy,
methoxy, and methylsulfonyl. In some embodiments, R3 is selected from the
group consisting of H, cyclohexyl, cyclopentyl, isobutyl, and isopropoxy.
In some embodiments, R3 is H. In some embodiments, R3 is chloro. In some
embodiments, R3 is carboxamide. In some embodiments, R3 is cyano. In some
embodiments, R3 is cyclohexyl. In some embodiments, R3 is cyclohexylmethyl.
In some embodiments, R3 is cyclopentyloxy. In some embodiments, R3 is
cyclopentyl. In some embodiments, R3 is cyclopropylmethoxy. In some
embodiments, R3 is l,3-difluoropropan-2-yloxy.In some embodiments, R is
ethoxy. In some embodiments, R3 is fluoromethoxy. In some embodiments, R3
is isobutyl. In some embodiments, R is isopropoxy. In some embodiments, R3
is methoxy. In some embodiments, R3 is methylsulfonyl. In some embodiments,
R3 is trifluoromethyl. In some embodiments, R3 is pyrazolyl. The Group R4
In some embodiments, R4 is selected from the group consisting of H, C1-Ce
alkoxy, C1- C alkyl, C1-C6 alkylamino, C1-C6 alkylsulfonyl, C1-C6
alkylthio, carboxamide, cyano, C3-C7 cycloalkoxy, C3-C7 cycloalkyl, C1-C6
haloalkoxy, C1-C6 haloalkyl, halogen, heteroaryl, and heterocyclyl, wherein
the C1-C6 alkyl and C1-C6 alkoxy are each optionally substituted with one
C3-C7 cycloalkyl group. In some embodiments, R4 is selected from the group
consisting of H, cyano, C1-C6 haloalkyl, and C1-C6 haloalkoxy. In some
embodiments, R4 is selected from the group consisting of H, cyano,
trifluoromethoxy, and trifluoromethyl. In some embodiments, R4 is H or
cyano. In some embodiments, R4 is H. In some embodiments, R4 is cyano. The
Group R5 In some embodiments, R5 is selected from the group consisting of
H, C1-C6 alkyl, cyano, C3-C7 cycloalkyl, C1-C6 haloalkyl, halogen,
heteroaryl, and heterocyclyl. In some embodiments, R5 is selected from the
group consisting of H, C1-C6 alkyl, 



cyano, C3-C7 cycloalkyl, C1-C6 haloalkyl, halogen, heteroaryl, and
heterocyclyl. In some embodiments, R5 is selected from the group consisting
of H, C1-C6 alkyl, C1-C6 alkylsulfonyl, C3-C7 cycloalkyl, halogen, and
heteroaryl. In some embodiments, R5 is selected from the group consisting
of H, Ci-C6 alkyl, C3-C7 cycloalkyl, and halogen. In some embodiments, R5
is selected from the group consisting of H, bromo, chloro, cyclobutyl,
cyclopropyl, ethyl, fluoro, iodo, methyl, methylsulfonyl, and pyridin-2-yl.
In some embodiments, R5 is selected from the group consisting of H, bromo,
chloro, cyclobutyl, cyclopropyl, fluoro, iodo, and methyl. In some
embodiments, R5 is H. >In some embodiments, R5 is bromo. In some
embodiments, R5 is chloro. In some embodiments, R5 is cyclobutyl. In some
embodiments, R5 is cyclopropyl. In some embodiments, R5 is ethyl. In some
embodiments, R5 is fluoro. In some embodiments, R5 is iodo. In some
embodiments, R5 is methyl. In some embodiments, R5 is methylsulfonyl. In
some embodiments, R5 is pyridin-2-yl. Certain Combinations Some embodiments
of the present invention pertain to compounds selected from compounds of
Formula (Ia) and pharmaceutically acceptable salts, solvates, and hydrates
thereof, wherein: m is 1 or 2; n is 1 or 2; Y is N or CR1; Z is N or CR4; W
is N or CR5; R1 is H; R2 is selected from the group consisting of cyano,
Ci-Ce haloalkoxy, and C -C6 haloalkyl; R3 is selected from the group
consisting of H, Ci-C alkoxy, C1-C6 alkyl, and C3-C7 cycloalkyl; R4 is H or
cyano; and R5 is selected from the group consisting of H, Ci-C6 alkyl,
C3-C7 cycloalkyl, and halogen. Some embodiments of the present invention
pertain to compounds selected from compounds of Formula (Ia) and
pharmaceutically acceptable salts, solvates, and hydrates thereof, wherein:
m is 1 or 2; n is 1 or 2; Y is N or CR1; Z is N or CR4; W is N or CR5;R1 is
H; R2 is selected from the group consisting of cyano, trifluoromethoxy, and
trifluoromethyl; R3 is selected from the group consisting of H, cyclohexyl,
cyclopentyl, isobutyl, and isopropoxy; R4 is H or cyano; and R5 is selected
from the group consisting of H, bromo, chloro, cyclobutyl, cyclopropyl,
fluoro, iodo, and methyl. Some embodiments of the present invention pertain
to compounds selected from compounds of Formula (Ij) and pharmaceutically
acceptable salts, solvates, and hydrates thereof: wherein: m is 1 or 2; R1
is H or C1-C6 haloalkyl; R2 is selected from the group consisting of H, Cr
C6 alkoxy, cyano, Ci-C6 haloalkoxy, Ci-C6 haloalkyl, C1-C6 haloalkyl, and
halogen; R3 is selected from the group consisting of H, C -C6 alkoxy, C1-C6
alkyl, C1-C6 alkylsulfonyl, carboxamide, cyano, C3-C7 cycloalkoxy, C3-C7
cycloalkyl, C1-C6 haloalkoxy, and halogen, wherein the C -C6 alkyl and
C1-C6 alkoxy are each optionally substituted with one C3- C7 cycloalkyl
group; R4 is selected from the group consisting of H, cyano, C -C6
haloalkyl, and C1-C6 haloalkoxy; and R5 is selected from the group
consisting of H, C1-C6 alkyl, C1-C6 alkylsulfonyl, C3-C7 



cycloalkyl, halogen, and heteroaryl. Some embodiments of the present
invention pertain to compounds selected from compounds of Formula (Ij) and
pharmaceutically acceptable salts, solvates, and hydrates thereof:wherein:
m is 1 or 2; R1 is H or trifluoromethyl; R2 is selected from the group
consisting of H, chloro, cyano, ethoxy, trifiuoromethoxy, and
trifluoromethyl; R3 is selected from the group consisting of H, chloro,
carboxamide, cyano, cyclohexyl, cyclohexylmethyl, cyclopentyloxy,
cyclopentyl, cyclopropylmethoxy, l,3-difluoropropan-2- yloxy, ethoxy,
fluoromethoxy, isobutyl, isopropoxy, methoxy, and methylsulfonyl; R4 is
selected from the group consisting of H, cyano, trifiuoromethoxy, and
trifluoromethyl; and R5 is selected from the group consisting of H, bromo,
chloro, cyclobutyl, cyclopropyl, ethyl, fluoro, iodo, methyl,
methylsulfonyl, and pyridin-2-yl. Some embodiments of the present invention
pertain to compounds selected from compounds of Formula (Ik) and
pharmaceutically acceptable salts, solvates, and hydrates thereof: wherein:
Y is N or CR1; Z is N or CR4; R1 is H; R2 is selected from the group
consisting of cyano, Ci-C6 haloalkoxy, and Ci-C haloalkyl; R3 is selected
from the group consisting of H, C -C6 alkoxy, Ci-C6 alkyl, and C3-C7
cycloalkyl; R4 is H or cyano; and R5 is selected from the group consisting
of H, C -C6 alkyl, C3-C7 cycloalkyl, and halogen.Some embodiments of the
present invention pertain to compounds selected from compounds of Formula
(Ik) and pharmaceutically acceptable salts, solvates, and hydrates thereof,
wherein: Y is N or CR1; Z is N or CR4; R1 is H; R2 is selected from the
group consisting of cyano, trifluoromethoxy, and trifiuoromethyl; R3 is
selected from the group consisting of H, cyclohexyl, cyclopentyl, isobutyl,
and isopropoxy; R4 is H or cyano; and R5 is selected from the group
consisting of H, bromo, chloro, cyclobutyl, cyclopropyl, fluoro, iodo, and
methyl. Some embodiments of the present invention pertain to compounds
selected from compounds of Formula (Im) and pharmaceutically acceptable
salts, solvates, and hydrates thereof: (Im) wherein: R2 is selected from
the group consisting of cyano, C -C6 haloalkoxy, and Ci-C6 haloalkyl; R3 is
selected from the group consisting of H, Ci-C6 alkoxy, C -C6 alkyl, and
C3-C7 cycloalkyl; and R5 is selected from the group consisting of H, C -C6
alkyl, C3-C7 cycloalkyl, and halogen. Some embodiments of the present
invention pertain to compounds selected from compounds of Formula (Im) and
pharmaceutically acceptable salts, solvates, and hydrates thereof, wherein:
R2 is selected from the group consisting of cyano, trifluoromethoxy, and
trifiuoromethyl; R3 is selected from the group consisting of H, cyclohexyl,
cyclopentyl, isobutyl, and isopropoxy; andR5 is selected from the group
consisting of H, bromo, chloro, cyclobutyl, cyclopropyl, fluoro, iodo, and
methyl. Esters and Prodrugs One aspect of the present invention pertains to
compounds of Formula (II) as synthetic intermediates useful in the
preparation of compounds of Formula (I) and/or prodrugs useful for the
delivery of compounds of Formula (I): wherein: m, n, Ra, R2, R3, Y, Z, and
W have the same definitions as described herein, supra and infra, and R6 is
Cr C6 alkyl. 



One aspect of the present invention pertains to compounds of Formula (Ila)
as synthetic intermediates useful in the preparation of compounds of
Formula (Ia) and/or prodrugs useful for the delivery of compounds of
Formula (Ia): wherein: m, n, R2, R3, Y, Z, and W have the same definitions
as described herein, supra and infra, and R6 is C1-C6 alkyl. It is
appreciated that all of the embodiments described herein, supra and infra,
that relate to the common variables shared between Compounds of Formula (I)
and (H) namely, m, n, Ra, R2, R3, Y, Z, and W, apply to Compounds of
Formula (II) just as if they were each individually disclosed herewith with
specific reference to Formula (H). One aspect of the present invention
pertains to compounds of Formula (II). One aspect of the present invention
pertains to compounds of Formula (Ila). In some embodiments, R6 is ethyl.
In some embodiments, R6 is tert-butyl. It is appreciated that all of the
embodiments described herein, supra and infra, that relate to the common
variables shared between Compounds of Formula (Ia) and (Qa) namely, m, n,
R2, R3, Y, Z, and W, apply to Compounds of Formula (Ila) just as if they
were each individually disclosed herewith with specific reference to
Formula (Ila).One aspect of the present invention pertains to compounds of
Formula (II) as synthetic intermediates useful m the preparation of
compounds of Formula (I). One aspect of the present invention pertains to
compounds of Formula (Ha) as synthetic intermediates useful in the
preparation of compounds of Formula (Ia). One aspect of the present
invention pertains to compounds of Formula (II) as esters of compounds,
descpbed and shown herein, such as compounds in Table A, where R6 is ethyl.
One aspect of the present invention pertains to compounds of Formula (Ila)
as esters of compounds, descpbed and shown herein, such as compounds in
Table A, where R6 is ethyl. One aspect of the present invention pertains to
compounds of Formula (H) as prodrugs useful for the delivery of compounds
of Formula (I). One aspect of the present invention pertains to compounds
of Formula (Ila) as prodrugs useful for the delivery of compounds of
Formula (Ia). One aspect of the present invention pertains to compounds of
Formula (II) useful as prodrugs of compounds of Formula (I). One aspect of
the present invention pertains to compounds of Formula (Ha) useful as
prodrugs of compounds of Formula (Ia). Some embodiments of the present
invention include every combination of one or more compounds selected from
the following group shown in Table A. TableA--- - -- -WAFER CARRIER WITH
VARYING THERMAL RESISTANCE CROSS-REFERENCE TO RELATED APPLICATIONS [0001]
The present application claims the benefit of the filing date of U.S.
Provisional Patent Application No. 61/190,494, filed August 29, 2008, the
disclosure of which is hereby incorporated by reference herein. BACKGROUND
OF THE INVENTION [0002] The present invention relates to wafer processing
apparatus, to wafer carriers for use in such processing apparatus, and to
methods of wafer processing. [0003] Many semiconductor devices are formed
by epitaxial growth of a semiconductor material on a substrate. The
substrate typically is a crystalline material in the form of a disc,
commonly referred to as a "wafer." For example, devices formed from
compound semiconductors such as III -V semiconductors typically are formed
by growing successive layers of the compound semiconductor using metal
organic chemical vapor deposition or "MOCVD." In this process, the wafers
are exposed to a combination of gases, typically including a metal organic
compound and a source of a group V element which flow over the surface of
the wafer while the wafer is maintained at an elevated temperature. One
example of a III -V semiconductor is gallium nitride, which can be formed
by reaction of an organo gallium compound and ammonia on a substrate having
a suitable crystal lattice spacing, as for example, a sapphire wafer.
Typically, the wafer is maintained at a temperature on the order of
500-1100 0C during deposition of gallium nitride and related compounds.
[0004] Composite devices can be fabricated by depositing 



numerous layers in succession on the surface of the wafer under slightly
different reaction conditions, as for example, additions of other group III
or group V elements to vary the crystal structure and bandgap of the
semiconductor. For example, in a gallium nitride based semiconductor,
indium, aluminum or both can be used in varying proportion to vary the
bandgap of the semiconductor. Also, p-type or n-type dopantscan be added to
control the conductivity of each layer. After all of the semiconductor
layers have been formed and, typically, after appropriate electric contacts
have been applied, the wafer is cut into individual devices. Devices such
as light-emitting diodes ("LEDs"), lasers, and other electronic and
optoelectronic devices can be fabricated in this way. [0005] In a typical
chemical vapor deposition process, numerous wafers are held on a device
commonly referred to as a wafer carrier so that a top surface of each wafer
is exposed at the top surface of the wafer carrier. The wafer carrier is
then placed into a reaction chamber and maintained at the desired
temperature while the gas mixture flows over the surface of the wafer
carrier. It is important to maintain uniform conditions at all points on
the top surfaces of the various wafers on the carrier during the process.
Minor variations in composition of the reactive gases and in the
temperature of the wafer surfaces cause undesired variations in the
properties of the resulting semiconductor device. For example, if a gallium
and indium nitride layer is deposited, variations in wafer surface
temperature will cause variations in the composition and bandgap of the
deposited layer. Because indium has a relatively high vapor pressure, the
deposited layer will have a lower proportion of indium and a greater
bandgap in those regions of the wafer where the surface temperature is
higher. If the deposited layer is an active, light-emitting layer of an LED
structure, the emission wavelength of the LEDs formed from the wafer will
also vary. Thus, considerable effort has been devoted in the art heretofore
towards maintaining uniform conditions. [0006] One type of CVD apparatus
which has been widely accepted in the industry uses a wafer carrier in the
form of a large disc with numerous wafer-holding regions, each adapted to
hold one wafer. The wafer carrier is supported on a spindle within the
reaction chamber so that the top surface of the wafer carrier having the
exposed surfaces of the wafersfaces upwardly toward a gas distribution
element. While the spindle is rotated, the gas is directed downwardly onto
the top surface of the wafer carrier and flows across the top surface
toward the periphery of the wafer carrier. The used gas is evacuated from
the reaction chamber through ports disposed below the wafer carrier. The
wafer carrier is maintained at the desired elevated temperature by heating
elements, typically electrical resistive heating elements disposed below
the bottom surface of the wafer carrier. These heating elements are
maintained at a temperature above the desired temperature of the wafer
surfaces, whereas the gas distribution element typically is maintained at a
temperature well below the desired reaction temperature so as to prevent
premature reaction of the gases. Therefore, heat is transferred from the
resistive heating element to the bottom surface of the wafer carrier and
flows upwardly through the wafer carrier to the individual wafers. [0007]
Although considerable effort has been devoted in the art heretofore to
design an optimization of such systems, still further improvement would be
desirable. In particular, it would be desirable to provide better
uniformity of temperature across the surface of each wafer, and better
temperature uniformity across the entire wafer carrier. BRIEF SUMMARY OF
THE INVENTION [0008] One aspect of the invention provides chemical vapor
deposition apparatus. Apparatus according to this aspect of 



the invention desirably includes a reaction chamber, a gas inlet structure
communicating with the reaction chamber, and a heating element mounted
within the reaction chamber. The apparatus according to this aspect of the
invention desirably also includes a wafer carrier comprising a body having
oppositely- facing top and bottom surfaces. The wafer carrier preferably is
mounted in the reaction chamber so that heat evolved in the heating element
will be transferred principally by radiant heat transfer from the heating
element to the bottom surface of the wafer carrier. For example, the
wafercarrier may be mounted above the heating element with the bottom
surface of the body directly confronting the heating element. The body of
the wafer carrier desirably has a plurality of wafer-holding regions and a
wafer support in each wafer-holding region. Each wafer support is adapted
to hold a wafer with a top surface of the wafer exposed at the top surface
of the body. Most preferably, the bottom surface of the body is non-planar
so that the body varies in thickness. As further explained below, the
differences in thickness cause differences in resistance to heat conduction
in the vertical direction through the wafer carrier. Desirably, an
aggregate thermal resistance between the heating element and an arbitrary
location on the top surface of the wafer carrier varies directly with the
thickness of the body at that location. [0009] A s further discussed below,
these differences in thermal resistance can be used to compensate for
factors such as bowing of the wafers which cause non-uniformity in heat
transfer between the wafer carrier and the wafer. The non-planar bottom
surface and related difference in thermal resistance can also be used to
counteract other causes of non-uniform temperature distribution in the
wafers and in the top surface of the wafer carrier. [0010] A further aspect
of the invention provides methods of processing wafers. A method according
to this aspect of the invention desirably includes the steps of mounting
one or more wafers on a wafer carrier so that each wafer is disposed within
a wafer-holding region of the carrier and exposed at a top surface of the
carrier, the carrier having varying thermal conductance within each
wafer-holding region. The method desirably also includes the step of
heating a bottom surface of the wafer carrier so that heat transmitted
through the wafer carrier maintains the wafers at an elevated temperature.
While the wafers are at the elevated temperature, reactive gasses may be
applied to affect the exposed surfaces of the wafers as, for example, by
forming a deposit on the exposedsurfaces. In the method according to this
aspect of the invention, the wafers may be bowed during the step of
applying reactive gasses. The bowing causes non-uniformity in heat transfer
from the wafer carrier to the wafer within each wafer. Most preferably, the
varying thermal conductance of the wafer carrier at least partially
compensates for the non-uniformity in heat transfer caused by the bowing.
[0011] Yet another aspect of the invention provides a wafer carrier. A
wafer carrier according to this aspect of the invention desirably includes
a body having oppositelyfacing top and bottom surfaces and a central axis
extending between the top and bottom surfaces . The top surface of the body
typically has a plurality of pockets, each such pocket having a peripheral
wall. The peripheral wall of each pocket most preferably has a plurality of
spaced-apart projections in a region of the peripheral wall remote from the
central axis of the wafer carrier, the projections being adapted to engage
spaced-apart portions of an edge of a wafer disposed in the pocket. A s
further explained below, such projections help to minimize contact between
the edge of the wafer and the peripheral wall, and help to hold the wafer
centered in the pocket. These effects in turn tend to promote better
temperature uniformity across the top surface of each wafer. 



[0012] These and other features and advantages will be more readily
apparent from the detailed description set forth below, taken in
conjunction with the drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0013]
FIG. 1 is a simplified, schematic sectional view depicting chemical vapor
deposition apparatus in accordance with one embodiment of the invention.
[0014] FIG. 2 is a diagrammatic top plan view of a wafer carrier used in
the apparatus of FIG. 1 . [0015] FIG. 3 is a fragmentary, diagrammatic
sectional view taken along line 3-3 in FIG. 2 , depicting the wafer carrier
in conjunction with a wafer.[0016] FIGS. 4-7 are views similar to FIG. 3
but depicting wafer carriers according to further embodiments of the
invention. [0017] FIG. 8 is fragmentary, diagrammatic top plan view
depicting a portion of a wafer carrier in accordance with yet another
embodiment of the invention. [0018] FIG. 9 is a fragmentary sectional view
taken along line 9-9 in FIG. 8 . [0019] FIGS. 10, 11 and 12 are
fragmentary, diagrammatic sectional views depicting wafer carriers
according to additional embodiments of the invention. [0020] FIG. 13 is a
fragmentary, diagrammatic top plan view of the wafer carrier shown in FIG.
12. [0021] FIG. 14 is a fragmentary, diagrammatic top plan view on an
enlarged scale, depicting the area indicated in FIG. 13. [0022] FIG. 15 is
a fragmentary, diagrammatic sectional views depicting a wafer carriers
according to a still further embodiment of the invention. DETAILED
DESCRIPTION [0023] Chemical vapor deposition apparatus in accordance with
one embodiment of the invention includes a reaction chamber 10 having a gas
distribution element 12 arranged at one end of the chamber. The end having
the gas distribution element 12 is referred to herein as the "top" end of
the chamber 10. This end of the chamber typically, but not necessarily, is
disposed at the top of the chamber in the normal gravitational frame of
reference. Thus, the downward direction as used herein refers to the
direction away from the gas distribution element 12; whereas the upward
direction refers to the direction within the chamber, toward the gas
distribution element 12, regardless of whether these directions are aligned
with the gravitational upward and downward directions. Similarly, the "top"
and "bottom" surfaces of elements are described herein with reference to
the frame of reference of chamber 10 and element 12. Gas distribution
element 12 is connected to sources 14 of gases tobe used in the CVD
process, such as a carrier gas and reactant gases such as a source of a
group III metal, typically a metalorganic compound, and a source of a group
V element as, for example, ammonia or other group V hydride. The gas
distribution element is arranged to receive the various gases and direct a
flow of gasses generally in the downward direction. The gas distribution
element 12 desirably is also connected to a coolant system 16 arranged to
circulate a liquid through the gas distribution element so as to maintain
the temperature of the element at a desired temperature during operation.
Chamber 10 is also equipped with an exhaust system 18 arranged to remove
spent gases from the interior of the chamber through ports (not shown) at
or near the bottom of the chamber so as to permit continuous flow of gas in
the downward direction from the gas distribution element. [0024] A spindle
20 is arranged within the chamber so that the central axis 22 of the
spindle extends in the upward and downward directions. The spindle has a
fitting 24 at its top end, i.e., at the end of the spindle closest to the
gas distribution element 12 . In the particular embodiment depicted, the
fitting 24 is a generally conical element. 



Spindle 20 is connected to a rotary drive mechanism 26 such as an electric
motor drive, which is arranged to rotate the spindle about axis 22. A
heating element 28 is mounted within the chamber and surrounds spindle 20
below fitting 24. The chamber is also provided with an openable port 30 for
insertion and removal of wafer carriers . The foregoing elements may be of
conventional construction. For example, suitable reaction chambers are sold
commercially under the registered trademark TURBODISC by the Veeco
Instruments, Inc. of Plainview, New York, USA, assignee of the present
application. [0025] In the operative condition depicted in FIG. 1 , a wafer
carrier 32 is mounted on the fitting 24 of the spindle. The wafer carrier
has a structure which includes a body generally in the form of a circular
disc. The body desirablyis formed as a monolithic slab of a non-metallic
refractorymaterial as, for example, a material selected from the group
consisting of silicon carbide, boron nitride, boron carbide, aluminum
nitride, alumina, sapphire, quartz, graphite, and combinations thereof,
with or without a refractory coating as, for example, a carbide, nitride or
oxide. The body of the wafer carrier has a first major surface, referred to
herein as the "top" surface 34, and a second major surface, referred to
herein as the "bottom" surface 36. The structure of the wafer carrier also
has a fitting 38 arranged to engage the fitting 24 of the spindle and to
hold the body of the wafer carrier on the spindle with the top surface 34
facing upwardly toward the gas distribution element 12, and with the bottom
surface 36 facing downwardly toward heating element 28 and away from the
gas distribution element. Merely by way of example, the wafer carrier body
may be about 465 mm in diameter, and the thickness of the carrier between
top surface 34 and bottom surface 32 may be on the order of 15.9 mm. In the
particular embodiment illustrated, the fitting 38 is formed as a
frustoconical depression in the bottom surface of the body 32. However, as
described in copending, commonly assigned U.S. Patent Publication No.
2009-0155028 Al, the disclosure of which is hereby incorporated by
reference herein, the structure may include a hub formed separately from
the body and the fitting may be incorporated in such a hub. Also, the
configuration of the fitting will depend on the configuration of the
spindle. [0026] Wafer carrier 32 has numerous individual wafer-holding
regions 40 denoted by broken lines in FIGS. 1-3. Although the wafer-holding
regions are demarcated by broken lines in FIGS. 1-3 for clarity of
illustration, there typically is no discernable physical boundary between
adjacent wafer holding regions. The top surface 34 of the wafer carrier
includes a continuous main portion 35 extending into the various
wafer-holding regions. Main portion 35 may be generally planar. Each
wafer-holding region includes a wafersupport adapted to hold an individual
wafer 42 . In the particular embodiment depicted in FIGS. 1-3, the wafer
support in each wafer-holding region includes a circular pocket 44
extending into the body of the wafer carrier from the main portion 35 of
top surface 34, each such pocket having a floor surface 46 recessed below
the general level of top surface 34 defined by the main portion 35. In this
embodiment, floor surface 46 is nominally a flat surface, and ideally would
be exactly flat. However, practical manufacturing tolerances typically
limit its flatness to about 0.0005 inches (13 mm ) maximum deviation from a
perfectly flat plane, with any such deviation being such as to make the
floor surface concave. As used in this disclosure, the term "substantially
flat" should be understood as referring to a surface which is flat to
within about 30 mm or less. Floor surface 46 is in the form of a circle
having a central axis 48 substantially perpendicular to the general plane
of top surface 34 . A support ledge 50 surrounds floor surface 46, the
support ledge 



50 having an upwardly facing surface which is elevated slightly above floor
surface 46. The support ledge 50 is in the form of a loop encircling the
floor surface and concentric with the central axis 48 . In the embodiment
shown, each pocket is arranged to receive a wafer about 2 inches (50.8 mm)
in diameter. For a nominal 2-inch (5cm) wafer diameter, the upwardly facing
surface of support ledge 50 is at a distance D46 on the order of about 20
mm to about 100 mm , and desirably about 20-50 mm above floor surface 46
and the width W50 of the ledge may be about 0.5-0.7 mm. For larger pockets
intended to hold larger wafers, these dimensions typically would be
greater. The surface of the support ledge 50 desirably is disposed in a
plane parallel to the plane of floor surface 46. Support ledge 50 is also
recessed below the main portion 35 of the wafer carrier top surface 34.
Desirably, the distance D50 from the top surface 34 to the upwardly facing
surface of the support ledge is about 75-175 mm more than the thickness of
awafer to be processed. For example, in a wafer carrier arranged to process
sapphire wafers of 2 inch nominal diameter and 430 nm nominal thickness,
D50 may be about 500-600 mm . [0027] A wall 52 extends upwardly from the
support ledge 50 to the top surface 34 of the wafer carrier around the
entire periphery of the support ledge, and hence around the entire
periphery of pocket 44. Wall 52 is inclined inwardly toward the central
axis 48 at an angle A , typically about 10 degrees. Thus, wall 52 is in the
form of a frustum of a cone. [0028] The bottom surface 36 of the wafer
carrier body 32 is generally planar, except that within each wafer-holding
region 40, the bottom surface has a nonplanarity which, in this embodiment,
is a generally conical depression 54 extending into the wafer carrier body
32 from the bottom surface. In this embodiment, each depression has an
included angle a of about 120 and is on the order of 3-6 mm deep, more
typically about 4-5 mm deep. The depression 54 in each wafer-holding region
40 is coaxial with the central axis 48 of the floor surface 46 in that
region, so that the depression 54 is aligned with the center of the floor
surface. Thus, the thickness t of the wafer carrier body 32 varies within
the region aligned with floor 46. The thickness is at a minimum tm n t the
center of the floor, at axis 48, and increases progressively to a maximum
tmac outside of depression 54, near the periphery of the floor. As
mentioned above, the wafer carrier body 32 desirably is a monolithic
element of substantially uniform composition. Thus, the material
constituting the wafer carrier body has substantially uniform thermal
conductivity. The thermal conductance of the wafer carrier body in the
vertical direction is inversely proportional to the thickness of the wafer
carrier body at any location. The thermal resistivity of the wafer carrier
body with respect to heat flowing in the vertical direction varies directly
with the thickness t of the wafer carrier body. Thus, at the central axis,
the thermal resistivity is relatively low; whereas, at the periphery of the
floorsurface, the thermal resistivity of the wafer carrier body is
relatively high. [0029] In operation, the wafer carrier is loaded with
wafers 42 and placed on the spindle 20 (FIG. 1 ) in the operative position
shown. As best seen in FIG. 3 , the periphery of each wafer 42 rests on the
support ledge 50 . Preferably, the overlap between the wafer and the
support ledge is at a minimum, as for example, about 1 mm or less. The top
surface 43 of each wafer is nearly coplanar with the main portion 35 of the
wafer carrier top surface 34 surrounding each pocket. The bottom surface 45
of each wafer faces downwardly toward the floor surface 46, but is spaced
above the floor surface. The gas supply apparatus 14 and gas supply element
12 are operated to supply the reaction gasses, and spindle 20 is rotated so
as to rotate the wafer carrier about the axis 22 of the spindle. 



[0030] A s the spindle and wafer carrier rotate, heating element 20 heats
the bottom surface 36 of the wafer carrier principally by radiant heat
transfer, with some convection and conduction through the gas intervening
between the heating element and the bottom surface of the wafer carrier.
The radiant heat is symbolically shown at 56 in FIG. 3 . The heat
transferred to the bottom surface of the wafer carrier flows upwardly
toward the top surface 34 and towards the wafers 42 disposed in the pockets
44 on the top surface. Heat is continually transferred from the top surface
of the wafer carrier and from the exposed upwardly facing or top surface 43
of each wafer 42 to the surroundings, and particularly to the relatively
cool gas inlet structure 12. [0031] In the operative position shown in
FIGS. 1 and 3 , the bottom surface 36 of the wafer carrier directly
confronts the heating element 28. A s used in this disclosure, the term
"directly confronts" means that there is a direct line of sight between the
heating element and the bottom surface of the wafer carrier, which is
unobstructed by any solid element intervening between the heating element
and the wafer carrier.The bottom surface 36 o f the wafer carrier desirably
is disposed at a distance H above the heating element 28. This distance is
greater within depressions 54; it is at a maximum Hmax at the deepest point
of each depression 54, and at a minimum Hmin outside of the depressions.
Distance H varies oppositely to thickness t . [0032] Unless otherwise
specified, as used in this disclosure the term "vertical thermal
resistance" refers to the resistance to heat flow in the upward direction
per unit of area in a horizontal plane. A "horizontal" plane is a plane
perpendicular to the upward direction. The vertical thermal resistance
R36-34 of the wafer carrier body to heat flow through the body, between
bottom surface 36 and top surface 34, varies directly with the thickness t
of the wafer carrier body. In theory, because the distance H is smaller
where the wafer carrier is thicker, the resistance to radiant heat transfer
between the heating element 28 and the bottom surface of the wafer carrier
body is slightly less at those locations where the wafer carrier is
thicker. In practice, this difference is negligible. Also, the resistance
to convective and conductive heat transfer from the heating element 28 to
the wafer carrier bottom surface via the gas in the reaction chamber may be
less where the wafer carrier is thicker and H is smaller. However,
convective and conductive heat transfer at all o f the locations is small
in comparison to radiant heat transfer. Thus, the variation in vertical
thermal resistance R28-36 between heating element 28 and bottom surface 36
is small in comparison to the variation in vertical thermal resistance
between the bottom surface o f the body and top surface o f the body. The
vertical thermal resistance R28-34 to heat flow between the heating element
28 and a particular location on the top surface 34 o f the wafer carrier
varies directly with the thickness of the wafer carrier beneath that
location. For example, for a location on the floor 46 of the pocket (FIG. 3
) near the central axis 48 and aligned with depression 54 in the bottom
surface, the thickness t o f the wafer carrier body isequal to tmin and
therefore R28-34 is also small . A t locations on the floor 46 near the
periphery, the thickness t=t max and therefore R28-34 is greater. [0033]
The deposition process builds up the compound semiconductor on the exposed
top surface 43 o f each wafer 42. Typically, the first semiconductor layers
deposited are in the nature of a base or buffer layer which may be on the
order of 1-10 mm thick, followed by very thin active layers which form the
active layers of the device. For example, in an LED which incorporates a
multiple quantum well ("MQW") structure, the light -emitting layers of the
MQW structure may be on the order of 20-30 Angstroms (2-3 nm) thick. The
active layers may, in turn, be followed by additional layers for purposes
such as 



carrier confinement, electrical injection, current distribution and
physical protection. During the deposition process, wafers 42 tend to bow
in a relatively predictable manner. The bowing typically arises from the
difference in lattice constants between the deposited semiconductor
material and the wafer, and from the thermal gradient imposed across the
wafer. In the example shown, the bowing makes the wafer convex in the
upward direction, i.e., makes the top surface 43 of the wafer convex . The
degree of bowing is greatly exaggerated in FIG. 3 for clarity of
illustration. Typically, for wafers of about 50 mm diameter, such bowing Dw
typically is on the order of about 5 mm , although greater bowing, on the
order of a few tens of mm may occur in some processes with wafers of this
diameter. For a given process, the bowing Dw tends to vary with the square
of the wafer diameter. Thus, if all other factors are equal, a wafer o f 6
inch nominal diameter will exhibit 9 times as much bowing as a wafer of 2
inch nominal diameter. [0034] The temperature prevailing at the top surface
43 of each wafer depends upon the total thermal resistance between the
heating element 28 (FIG. 1 ) and the top surface 43 of the wafer. A t any
point on the wafer aligned with the floor 46,the total thermal resistance
is the sum of the resistance to radiant heat transfer between the heating
element 28 and the bottom surface of the wafer carrier; the thermal
resistance associated with conduction between the bottom surface and the
floor surface 46; the resistance to heat conduction across the gap 60
between the bottom surface 45 of the wafer and the floor surface 46; and
the resistance to conduction through the wafer itself. A s discussed above,
the resistance to radiant heat transfer between the heating element 28 and
the bottom surface 36 is substantially uniform across the entire wafer
carrier. In theory, because the surface of depression 54 is at a slightly
greater distance from the heating element than the surrounding portions of
bottom surface 36, there is a slight increase in resistance to radiant heat
transfer associated with the depressions. In practice, this difference is
negligible. The resistance to conduction through the wafer 42 is also
substantially uniform across the entire wafer. However, the resistance to
heat transfer from floor surface 46 to the bottom surface 45 of the wafer,
across gap 60, varies because of the bowing in the wafer. Gap 60 typically
is filled with a stagnant layer of process gas. This gas has relatively low
thermal conductivity, and hence, the resistance to heat transfer across the
gap provides an appreciable portion of the total resistance to heat
transfer between the heating element and the wafer top surface. The thermal
resistance of gap 60 is directly related to the height of the gap. For
those portions of the wafer close to the periphery of the wafer, the height
of the gap is simply the height of the support ledge 50 above the floor
surface, i.e., D46. However, adjacent the central axis 48, the height of
gap 60 is increased by the bowing distance Dw of the wafer. Thus, the
thermal resistance of the gap is at a maximum near the central axis 48 .
[0035] The varying thickness, and hence varying thermal resistance of the
wafer carrier body 32 provided by depressions 54, counteracts the effect of
the varying thermalresistance to gap 60. Thus, adjacent the central axis
48, the wafer carrier body has minimum thermal resistance; whereas, remote
from the central axis 48, the wafer carrier body has greater thermal
resistance. Stated another way, the total thermal resistance from the
heating element to the top surface o f the wafer is R28-34 (the thermal
resistance between the heating element and a point on the wafer top surface
34 within floor 46) , the resistance o f the gap 60 and the resistance
through the wafer itself. Where the thermal resistance o f gap 60 is
larger, R28-34 is smaller. [0036] The difference in thickness of the wafer
carrier in 



the regions aligned with the floor 46 o f each wafer-holding region is
selected to optimize the counter-balancing effect o f the differing thermal
conductivity in the wafer carrier at that stage of the process where the
most critical layers of the device are formed. Thus, the bowing distance Dw
progressively increases during deposition o f the first layers, such as
buffer layers, on the wafer top surface. The predicted bowing Dw used to
select the difference in thickness between tmin and tmax should be selected
to correspond to the value of Dw prevailing after deposition of the buffer
layers, and during deposition o f the most critical layers in the device to
be fabricated. [0037] The thermal conductivity o f the solid material in
wafer carrier 32 is many times greater than the thermal conductivity of the
stagnant gas in gap 60. Therefore, the difference in thickness (tmax -tra
in) required to counteract the effect o f a given bowing Dw is many times
Dw . For example, to counteract expected bowing o f about 5-7 mm , the
difference in thickness (tmax -tmin ) desirably is about 3 to about 6 mm.
The exact difference (tmax -tmin ) required for a given application can be
derived by heat transfer calculations. More preferably, however, the
optimum value o f (tmax -tra in) and hence the optimum depth for
depressions 54 can be determined by actual testing using a test wafer
carrier having depressions of different depth and observing the effects o f
these onuniformity of the deposition. For example, in one process for
forming o f GaN-based LEDs, wafers processed on a first carrier without any
depressions 54 show a "bullseye" pattern. LED's formed from the center o f
the wafer have a relatively long emission wavelength, whereas LED's formed
from the periphery of the wafer have a relatively short emission
wavelength, indicating that the wafer top surface 43 in the center was
appreciably cooler than the wafer top surface at the periphery o f the
wafer during deposition of the layers which control the emission
wavelength. The distribution o f emission wavelengths is relatively broad,
with more than 5% of the wafers having emission wavelengths more than 3nm
from the mean emission wavelength. A second wafer carrier having relatively
deep conical depressions 54 yields a reversed bullseye pattern, with LEDs
from the center o f each wafer having substantially shorter emission
wavelengths than LEDs from the periphery, and with a similarly broad
wavelength distribution. This indicates that the depressions 54 are
overcompensating for the bowing. A third carrier with conical depressions
about of lesser depth yields a narrower wavelength distribution than either
the first or the second carrier. Thus, depressions as used in the second
carrier, are used for further carriers in production operations. [0038]
Providing differing thermal conductance by varying the thickness o f the
solid material having relatively high thermal conductivity provides a
fundamental advantage, in that minor deviations from the ideal difference
in thickness (tmax-tmin) have only trivial effects on the heat transfer.
For example, the tolerance on the depth of recess 54 can be on the order of
about  10 mm ( 0.0005 inches), which provides a practical machining
tolerance. It would be possible to achieve the same compensation for bowing
o f the wafer by making floor surface 46 convex in an amount equal to the
expected value o f Dw . However, such an arrangement would require
tolerances considerably less than 1 mm , and wouldrequire a complex
machining process to form the floor surface in a deliberately convex shape
. [0039] A wafer carrier 132 in accordance with a further embodiment of the
invention (FIG. 4 ) has pockets 144 with a floor surface 146 and a support
ledge 150 similar to the features discussed above with respect to FIGS.
1-3. The bottom surface 140 of the wafer carrier according to this
embodiment has nonplanarities in the form of depressions 154 aligned with
the central axis 148 of each floor surface. 



These features operate in substantially the same manner as discussed above
with respect to FIGS. 1-3. Additionally, the wafer carrier 132 of FIG. 4
has further nonplanarity in the form of projections or increased thickness
areas 170 aligned with the support ledge 146 of each wafer-holding area.
Thus, each area of increased thickness 170 is in the form of a loop
concentric with the central axis 14 8 of the floor surface, and hence,
concentric with the support ledge 150. In operation, the periphery of the
wafer 142 within each pocket 144 rests on the support ledge 150. This
provides a more direct path for heat transfer to the periphery of the
wafer. Stated another way, the direct contact between the support ledge 150
and the periphery of the wafer provides thermal resistance less than that
provided by heat transfer through the gap 160 between the floor surface 146
and the bottom surface of the wafer. The increased thickness provided by
the projection 170 increases the thermal resistance of the wafer carrier
body 132 in the areas aligned with the support ledge, and thus counteracts
this difference. This helps to minimize differences in surface temperature
between the periphery of the wafer and the adjacent areas. [0040]
Additionally, the bottom surface of wafer carrier 132 has further
projections 172 aligned with those regions 134a of the carrier top surface
between pockets 144 . This provides still higher thermal resistance in
these areas of the wafer carrier. The interface between the wafer carrier
and the wafer 142 introduces appreciable thermal resistance. Thistends to
reduce the temperature of wafer top surface 143 below the temperature of
the surrounding areas defined by the main portion 135 of the wafer carrier
top surface 134. It is desirable to minimize differences between these
temperatures. The increased thermal resistivity provided by projections 172
counteracts the effect of the additional interfaces, and thus maintains the
temperatures of the main portion 135 close to the temperature of the wafer
top surface 143 . In this regard, the emissivity of the main portion 135 of
the wafer carrier typically will differ from the emissivity of the wafer
top surfaces 143 . The difference in emissivity will influence the
temperature difference between the main portion 135 and the wafer top
surfaces. Where the emissivity of the main portion is significantly higher
than the emissivity of the wafer, the main portion may tend to run at a
lower temperature than the wafer top surfaces. In this case, the wafer
carrier may have depressions, rather than projections, in those portions of
the bottom surface aligned with the main portion of the top surface. In
this case (not shown) the portions of the wafer carrier aligned with the
main portion of the wafer carrier top surface will be thinner, and have
lower thermal resistance, than the portions of the wafer carrier aligned
with the pockets and wafers. [0041] The wafer carrier 232 depicted in FIG.
5 is similar to the wafer carrier 32 of FIGS. 1-3. However, the depressions
254 in the bottom surface 240 have a generally dome-like shape rather than
the conical shape discussed above. [0042] In the wafer carrier 332 of FIG.
6 , each depression 354 is in the shape of a frustum of a cone and has a
flat surface 355 extending across the central axis 348 of the pocket 344.
[0043] The wafer carrier 432 of FIG. 7 is arranged for use in processes
where the bowing is in reverse of that discussed above, and hence, makes
the wafer 442 convex downwardly, i.e., such that the bottom surface 445 of
the wafer curves downwardly toward the floor surface 446 adjacent the
centralaxis 448 of the pocket. In this situation, the gap 460 between the
carrier and the wafer has minimum thickness and hence minimum thermal
resistivity adjacent the central axis 448. Thus, the nonplanarities in the
wafer carrier bottom surface 440 are arranged to provide a relatively large
thickness traax adjacent the central axis, and a relativelysmall 



thickness tmin near the periphery of the wafer. [0044] A wafer carrier 532
according to a further embodiment of the invention has a pocket 544 formed
in the top surface 532 of the carrier within each wafer-holding area in
substantially the same way as discussed above. Each pocket 544 has a flat
floor surface 546. Here again, each pocket is provided with a support ledge
to engage the periphery of a wafer and hold the wafer above the floor
surface 546. However, in this embodiment, the support ledge for each pocket
is provided as a plurality of ledge regions 550 spaced apart from one
another around the periphery of the floor, and hence around the central
axis 548 of the pocket. This minimizes contact between the periphery of the
wafer and the support ledge, and hence minimizes inequality in heat
transfer between the wafer carrier and the wafer resulting from such
contact. [0045] In this embodiment as well, each pocket is bounded by a
wall 552 extending upwardly from the interior of the pocket to the top
surface 534 of the wafer carrier. Here again, the peripheral wall 552 is
inclined inwardly as shown in FIG. 9 , so that the peripheral surface
slopes inwardly toward the central axis 548 of the pocket in the upward
direction toward the top surface 534 of the wafer carrier. In this
embodiment, however, the peripheral wall 552 is interrupted by a recess 570
along a portion of the pocket furthest from the central axis 522 of the
wafer carrier, i.e., furthest from the fitting 538 which holds the wafer
carrier on the spindle and furthest from the axis of rotation of the wafer
carrier as a whole. Thus, the peripheral wall and recess defines a
non-circular shape as seen from above, as in FIG. 8 . The non- circular
shape includes a pair of projections553 at the intersection of the circular
peripheral wall and recess. These projections are spaced apart from one
another and disposed on opposite sides of a radial line 555 extending from
the central axis 522 of the wafer carrier through the central axis 548 of
the pocket. During operation, the acceleration due to rotation or
"centrifugal force" acting on the wafer will tend to force the wafer toward
the peripheral wall in the regions furthest from the central axis 522 . The
recess 570 tends to maximize the force of contact between the periphery of
the wafer and the inwardly sloping peripheral wall and thus maximizes the
downward forces exerted on the wafer, tending to hold the wafer in
engagement with the support ledge 550 . A circular wafer disposed in the
pocket will engage the wafer carrier at the projections 553, and remain
slightly spaced from the peripheral wall at other locations. Because the
wafer engages the peripheral wall only at the projections, heat transfer
through the edge of the wafer will be minimized. This tends to minimize
temperature variations within the wafer. [0046] A wafer carrier having the
pocket configuration discussed above with reference to FIGS. 8 and 9 may be
made with or without non-planar features on its bottom surface as discussed
herein. [0047] In the wafer carriers discussed above with reference to
FIGS. 1-7, the floor surfaces are substantially flat. However, this is not
essential as the invention can be practiced using curved floor surfaces.
For example, a wafer carrier body 732 depicted in FIG. 10 is generally
similar to the wafer carrier body 32 discussed above with reference to
FIGS. 1-3. However, the carrier body 632 has floor surfaces 646 which are
deliberately made concave. The central portion of each floor surface at the
central axis 648 of the pocket is depressed by a distance Cf below the
peripheral portion of the floor surface, remote from axis 648. The concave
floor surface makes the gap 660 between the wafer and the floor surface
larger at the central axis 648 than at the peripheryof the wafer. This
increases the thermal resistance of the gap 660 near axis 648, in the same
manner as the upward bowing Dw of the wafer. Stated another way, the
effects of the floor 



surface curvature Cf and the upward bowing Dw are additive. The combined
effects of floor surface curvature and bowing of the wafer are counteracted
by a nonplanarity in the form of a depression 654. Depression 654 provides
the carrier body with minimum thickness and hence minimum thermal
resistance near the central axis 648, where the gap 660 has maximum thermal
resistance . [0048] In the embodiment of FIG. 11, the floor surface 746 is
convex. Thus, the curvature C f of the floor surface reduces the size of
the gap 760 near the central axis 748 of the pocket. In the embodiment
depicted, the wafer has upward bowing, which tends to increase the size of
gap 760 near the central axis 748. However, the convex curvature Cf is
greater than the bowing Dw , so that the size of gap 760 is at a minimum
near the central axis 748, and the thermal resistance of the gap is also at
a minimum near the central axis. To counteract the combined effects of
bowing and floor surface curvature, the wafer carrier body has
nonplanarities 754 arranged so that the thickness and hence thermal
resistance of the body is greater near axis 748 than remote from the axis.
[0049] A wafer carrier shown in FIGS. 12-14 has a top surface 834 including
a main portion 835 and pockets 844 similar to those discussed above with
reference to FIGS. 1-3. Here again, each pocket includes a floor 846,
support ledged 850 and a peripheral wall 852 projecting upwardly from the
support ledge to the main portion 835 of the top surface. Here again, the
wafer carrier has a central axis 822 and the wafer carrier is adapted for
mounting to a spindle so that the wafer carrier will rotate about such axis
during operation. Each pocket also 'has a central axis 848 at the geometric
center of the pocket. The peripheral wall 852 includes an arcuate portion
extending almost entirely around the pocket central axis 848. However, the
region of the peripheral wallfurthest from the central axis 822 of the
wafer carrier has a non-circular shape. This region of the peripheral wall
has a pair of projections 853 projecting inwardly from the arcuate portion
of the peripheral wall. One such projection is shown in detail in FIG. 14.
Projections 853 are spaced apart from one another on opposite sides of a
radial line 855 extending from the wafer carrier central axis through the
central axis 848 of the pocket. A s best seen in FIG. 12, each projection
853 has an abutment surface 857 facing inwardly, toward the pocket central
axis 848 . Each abutment surface 857 slopes inwardly, toward the pocket
central axis, in the upward direction from ledge 850 to main portion 835.
[0050] In operation, circular wafers 842 are disposed in the pockets and
with the bottom surfaces of each wafer in engagement with the ledge 850 of
the corresponding pocket. The centrifugal force arising from rotation of
the wafer carrier about central axis 822 tends to force each wafer
outwardly away from the central axis. Each wafer will rest against the
abutment surfaces 857 of the two projections 853 in the pocket. The
projections are dimensioned so that when the edge of a wafer rests against
the projections, the wafer is concentric with the axis 848 of the pocket.
Thus, the wafer overlaps the ledge 850 equally around the entire periphery
of the wafer. Stated another way, the overlap distance D0 (FIGS. 12 and 13)
between the inner edge of ledge 850 and the edge of the wafer is constant.
This tends to equalize heat transfer between the bottom of the wafer and
the ledge around the periphery of the wafer. Moreover, because the edge of
the wafer contacts only the small, spaced-apart projections 853, heat
transfer between the edge of the wafer and the peripheral- wall 852 is
minimized. [0051] A wafer carrier according to yet another embodiment of
the invention (FIG. 15) has a configuration generally similar to the wafer
carrier discussed above with reference to FIGS. 1-3. However, in the wafer
carrier of FIG. 15, each 



depression 954 in the bottom surface is offset in a horizontaldirection
from the center 948 of the pocket. Thus, the thinnest portion of the wafer
carrier, with the highest heat conductance and lowest thermal resistance,
underlies a portion 946a of the pocket floor 946 offset from the center of
the floor. This configuration can be used to counteract the effects of
unequal heat transfer from the wafer caused by process conditions such as
process gas flow patterns. For example, in a reactor with a rotating wafer
carrier, the portion of each wafer closest to the axis of rotation of the
wafer carrier may be cooled to a greater degree than the portion furthest
from the axis of rotation as the process gasses flow over the wafers with a
component of motion in the away from the axis of rotation. Also, the
process gasses flowing across different wafers or different portions of the
same wafer may be at different temperatures. For example, where the main
surface of the wafer carrier is cooler than the surfaces of the wafer, the
temperature of the process gas will depend on the path which the gas takes
before reaching a wafer at the periphery of the wafer carrier. If a large
part of the path extends over wafer surfaces and only a small portion of
path extends over the wafer carrier main surface, the gas will be at one
temperature. If a large part of the path extends over the wafer carrier
main surface, the gas will be at a lower temperature. The techniques
discussed herein can be used to compensate for these effects and maintain
the top surfaces of the various wafers at uniform temperatures. In a
further variant, these techniques can be applied to deliberately create
non-uniform wafer surface temperatures. Such non-uniform temperatures can
be used, for example, to counteract the effects of non-uniform reactant
concentrations in the process gasses flowing along different paths. [0052]
The wafer carrier of FIG. 15 also includes thermal barriers 970. The
thermal barriers inhibit heat conduction within the body of the wafer
carrier in horizontal directions. Such barriers provide thermal isolation
between portions of the wafer carrier having different thermal conductance
in thevertical direction. Such isolation reinforces the effect of different
thermal conductance. The thermal barriers mayinclude thin, vertically-
extending layers of material having lower thermal conductivity than the
surrounding material of the wafer carrier. Alternatively, the thermal
barriers may be formed by fabricating the wafer carrier as separate pieces
and providing interfaces between the pieces at surfaces which extend
vertically within the wafer carrier. For example, the carrier of FIG. 15
includes a major portion 901 defining the main portion of the top surface
and part of pocket floor 946, as well as a minor portion 902 defining part
946 of the floor of each pocket. The interface or barrier 970 may be in the
form of a cylindrical surface surrounding the minor portion. In a further
variant, the minor portion may define the entire floor of each pocket.
[0053] Numerous variations and combinations of the features discussed above
can be utilized without departing from the present invention. Merely by way
of example, although the invention has been described with reference to
processing of gallium nitride-based semiconductors, the invention can be
applied to processing of essentially any semiconductor. Thus, III -V
semiconductors containing one or more of gallium, indium, and aluminum in
combination with one or more of nitrogen, phosphorous, antimony and arsenic
can be formed. Also, II-VI semiconductors and group IV semiconductors such
as silicon and diamond- like carbon can be processed in similar ways.
Further, the invention can be applied in processing operations other than
deposition. [0054] Numerous other variations and combinations of the
features discussed above can be utilized. For example, instead of varying
the thickness of the wafer carrier body, the composition of the body can
vary within the area occupied 



by each wafer so as to provide differing thermal resistance. Merely by way
of example, a wafer carrier may have depressions in its bottom surface
which are filled with a metal or other material having substantially higher
or lower thermalconductivity than the surrounding material of the carrier
body. However, such an embodiment can have additional thermal resistance at
the interfaces between materials, and such interfaces will influence the
thermal resistance. [0055] The embodiment discussed above with reference to
FIG. 1 is a "susceptorless" treatment apparatus, in which heat is
transferred from the heating element 28 directly to the bottom surface 36
of the carrier. Similar principles can be applied in apparatus where the
heat is transferred from the heating element to an intermediate element,
commonly referred to as a "susceptor, " and transferred from the susceptor
to the carrier. However, such heat transfer desirably does not include
transfer through a space filled with stagnant process gas between the
susceptor and the bottom surface of the wafer carrier. [0056] Although the
invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the present invention.
It is therefore to be understood that numerous modifications may be made to
the illustrative embodiments and that other arrangements may be devised
without departing from the spirit and scope of the present invention as
defined by the appended claims .CLAIMS : 1 . A chemical vapor deposition
apparatus comprising: (a) a reaction chamber,- (b) a gas inlet structure
communicating with the reaction chamber,- (c) a heating element mounted
within the reaction chamber; and (d) a wafer carrier comprising a body
having oppositely- facing top and bottom surfaces, the wafer carrier being
mounted in the reaction chamber so that heat evolved in the heating element
will be transferred from the heating element to the bottom surface of the
body principally by radiation, the body having a plurality of wafer-holding
regions, the body defining a wafer support in each waferholding region,
each such wafer support being adapted to hold a wafer with a top surface of
the wafer exposed at the top surface of the body, the bottom surface of the
body being nonplanar so that the body varies in thickness, an aggregate
thermal resistance between the heating element and an arbitrary location on
the top surface of the wafer carrier varying directly with the thickness of
the body at that location. 2 . Apparatus as claimed in claim 1 wherein the
body of the wafer carrier is disposed above the heating element with the
bottom surface of the body directly confronting the heating element, 3 .
Apparatus as claimed in claim 1 wherein the gas inlet structure is disposed
above the wafer carrier and arranged to direct gas downwardly towards the
wafer carrier. 4 . Apparatus as claimed in claim 3 further comprising a
spindle mounted in the reaction chamber for rotation about a vertical axis,
the wafer carrier being mounted the spindle for rotation therewith.5 .
Apparatus as recited in claim 1 wherein each wafer support is arranged to
engage a peripheral portion of a wafer and to hold the wafer so that a main
portion of the wafer is spaced from the body of the carrier. 6 . Apparatus
as recited in claim 1 wherein each wafer support includes a floor and a
support ledge disposed above the floor at the periphery of the floor. 7 .
Apparatus as recited in claim 6 wherein the nonplanarities in the bottom
surface are arranged so that 



within each wafer-holding region the body has a non-uniform thickness
within a region aligned with the floor. 8 . Apparatus as recited in claim 7
wherein within each wafer-holding region, the thickness of the body is at a
local minimum at a location aligned with the center of the floor. 9 .
Apparatus as recited in claim 7 wherein within each wafer-holding region,
the thickness of the body is at a local minimum at a location offset from
the center of the floor. 10 . Apparatus as recited in claim 7 wherein
within each wafer-holding region, the thickness of the body is at a local
maximum at a location aligned with the center of the floor. 11. Apparatus
as recited in claim 7 wherein each said floor is substantially planar. 12 .
Apparatus as recited in claim 6 wherein the top surface of the body
includes a main portion extending between the wafer-holding regions and
each wafer support includes a pocket, the floor and support ledge of each
wafer support being recessed from the main portion of the top surface
within the pocket so that the floor forms a bottom surface of the pocket .
13 . Apparatus as recited in claim 12 wherein the thickness of the body
beneath at least a part of the mainportion of the top surface is greater
than the thickness of the body beneath the floors of the wafer supports .
14. Apparatus as recited in any one of claims 6-13 wherein each support
ledge is substantially continuous and encircles the floor. 15. Apparatus as
recited in any one of claims 6-13 wherein each support ledge includes a
plurality of ledge regions spaced apart from one another around the
periphery of the floor. 16. Apparatus as recited in any one of claims 6-13
wherein, within each wafer-holding region, the body has a greater thickness
in a region aligned with the support ledge than in an immediately adjacent
region aligned with the floor. 17. Apparatus as recited in any one of
claims 1-13 in which the body consists of a substantially monolithic slab
of a refractory material with or without a coating on the slab. 18 . A
method of processing wafers comprising the steps of: (a) mounting one or
more wafers on a wafer carrier so that each wafer is disposed within a
wafer-holding region of the carrier and exposed at a top surface of the
carrier, the carrier having varying thermal conductance within each
wafer-holding region,- (b) heating a bottom surface of the wafer carrier so
that heat transmitted through the wafer carrier maintains the wafers at an
elevated temperature,- (c) while the wafers are at the elevated
temperature, applying reactive gasses to affect the exposed surfaces of the
wafers,- wherein the wafers are bowed during the step of applying reactive
gasses and the bowing causes nonuniformity in heat transfer from the wafer
carrier within each wafer, the varying thermal conductance of the wafer
carrier at leastpartially compensating for the nonuniformity in heat
transfer caused by the bowing. 19. A method as recited in claim 18 wherein
the step of applying reactive gasses includes applying the reactive gasses
to form a deposit on an exposed surface of each wafer. 20. A method as
recited in claim 18 or claim 19 wherein the step of mounting the wafers is
performed so as to position each wafer on or above a substantially flat,
upwardly- facing floor surface of the wafer carrier. 21. A method as
recited in claim 20 wherein the step of mounting the wafers is performed so
as to position each wafer above the floor surface. 22 . A method as recited
in claim 18 wherein a bottom surface of the wafer carrier has one or more
nonplanarities in 



the bottom surface within each wafer-holding region so that the thickness
of the wafer carrier varies within each waferholding region, and wherein
the step of heating the bottom surface includes operating a heating element
while maintaining the heating element directly confronting the bottom
surface of the wafer carrier. 23 . A method as recited in claim 22 further
comprising the step of moving the wafer carrier during the heating and
applying steps. 24 . A method as recited in claim 18 wherein the step of
mounting each wafer on the wafer carrier includes engaging a peripheral
region of the wafer with a support ledge on the wafer carrier so that the
support ledge holds a main portion of the wafer elevated above a floor
surface of the carrier. 25. A method as recited in claim 24 wherein in each
wafer-holding region the wafer carrier has a nonplanarity in its bottom
surface such that the wafer carrier has greater thickness and lesser
thermal conductivity in a region alignedwith the support ledge than in an
immediately adjacent region aligned with the floor surface. 26. A method as
recited in claim 25 wherein the step of mounting each wafer on the wafer
carrier includes engaging the peripheral portion of the wafer with
spaced-apart elements of the wafer carrier cooperatively constituting the
support ledge . 27. A wafer carrier comprising a body having
oppositelyfacing top and bottom surfaces extending in horizontal
directions, the body having a plurality of wafer-holding regions, the body
defining a wafer support in each waferholding region, each such wafer
support being adapted to hold a wafer with a top surface of the wafer
exposed at the top surface of the body, the body having one or more thermal
barriers inhibiting conduction of heat in horizontal directions . 28. A
wafer carrier as claimed in claim 27 wherein the wafer carrier has regions
of different thermal conductance in the vertical direction and the thermal
barriers are disposed between the regions of different conductance. 29. A
wafer carrier comprising a body having oppositelyfacing top and bottom
surfaces and a central axis extending between the top and bottom surfaces,
the top surface of the body having a plurality of pockets, each such pocket
having a peripheral wall, the peripheral wall of each pocket having a
plurality of spaced-apart projections in a region of the peripheral wall
remote from the central axis of the wafer carrier, the projections being
adapted to engage spaced-apart portions of an edge of a wafer disposed in
the pocket. 30. A wafer carrier as claimed in claim 29 wherein each pocket
has a central axis and the projections of the peripheral wall of each
pocket include two projections spaced apart from one another and disposed
on opposite sides of aradial line extending from the central axis of the
wafer carrier through the central axis of the pocket. 


