
METHODS FOR PRODUCTION OF RECEPTOR AND LIGAND ISOFORMS
Related Applications Benefit of priority is claimed to
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filed November 10, 2005, entitled "METHODS FOR
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Jin, H. Michael Shepard, Cornelia Gorman and Juan
Zhang. This application is related to U.S. Application
Serial No. (Attorney Docket No. 17118-041001/2822),
filed the same day herewith, entitled "METHODS FOR
PRODUCTION OF RECEPTOR AND LIGAND ISOFORMS," to Pei
Jin, H. Michael Shepard, Cornelia Gorman and Juan
Zhang , which also claims priority to U.S. Provisional
Application Serial No. 60/736,134. This application is
related to U.S. application Serial No. 10/846,1 13,
filed May 14, 2004, and to corresponding International
PCT application No. WO 05/016966, published February
24, 2005, entitled "INTRON FUSION PROTEINS, AND
METHODS OF IDENTIFYINGAND USING SAME This application
also is related to U.S. application Serial No.
11/129,740, filed May 13, 2005, and to corresponding
International PCT application No. US2005/17051, filed
May 13, 2005, entitled "CELL SURFACE RECEPTOR
ISOFORMSAND METHODS OF IDENTIFYING AND USING THE
SAME." The application also is related to U.S.
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"ISOFORMS OF RECEPTOR FOR ADVANCED GLYCATION END
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entitled "HEPATOCYTE GROWTH FACTOR INTRON FUSION
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60/735,609 filed November 10, 2005. Where permitted,
the subject matter of each of the above-noted
applications, provisional applications and
international applications as well as any applications
noted throughout the disclosure herein is incorporated
herein by reference thereto.FIELD OF THE INVENTION
Provided are methods for production of cell surface
receptor (CSR) and ligand isoforms. In particular,
isoform fusions that contain a precursor sequence for
secretion, processing and intracellular trafficking
are provided. Nucleic acid molecules encoding the
fusions are expressed in a host cell and the encoded
and partially or completely processed CSR or ligand
isoform is produced in the cell culture medium. The
resulting polypeptide optionally includes an epitope
tag for the detection and/or purification thereof.
BACKGROUND Cell signaling pathways involve a network
of molecules including polypeptides and small
molecules that interact to transmit extracellular,
intercellular and intracellular signals. Such pathways
interact like a relay, handing off signals from one
member of the pathway to the next. Modulation of the
activity of one member of the pathway can be
transmitted through the signal transduction pathway,
resulting in modulation of activities of other pathway
members and modulation of the outcomes of such signal
transduction, such as affecting phenotypes and
responses of a cell or organism to a signal. Diseases
and disorders can involve misregulation, or changes in
modulation, of signal transduction pathways. A goal of
drug development is to target such misregulated
pathways to restore more normal regulation in the
signal transduction pathway. Receptor tyrosine kinases
(RTKs) are among the polypeptides involved in many
signal transduction pathways. RTKs play a role in a
variety of cellular processes, including cell
division, proliferation, differentiation, migration
and metabolism. RTKs can be activated by ligands. Such
activation in turn activates events in a signal
transduction pathway, such as by triggering autocrine
or paracrine cellular signaling pathways, for example,
activation of second messengers, which results in
specific biological effects. Ligands for RTKs
specifically bind to the cognate receptors. RTKs have
been implicated in a number of diseases including
cancers such as breast and colorectal cancers, gastric
carcinoma, gliomas and mesodermal-derived tumors.
Disregulation of RTKs has been noted in several
cancers. For example, breastcancer can be associated
with amplified expression of pl85-HER2. RTKs also have
been associated with diseases of the eye, including
diabetic retinopathies and macular degeneration. RTKs
also are associated with regulating pathways involved
in angiogenesis, including physiologic and tumor blood
vessel formation. RTKs also are implicated in the
regulation of cell proliferation, migration and
survival. The human epidermal growth factor receptor 2
gene (HER-2; also referred to as ErbB2) encodes a
receptor tyrosine kinase that has been implicated as
an oncogene. HER-2 has a major mRNA transcript of 4.5
Kb that encodes a polypeptide of about 185 kDa
(pl85HER2). P185HER2 contains an extracellular domain,
a transmembrane domain and an intracellular domain
with tyrosine kinase activity. Several polypeptide 



forms are produced from the HER-2 gene and include
polypeptides generated by proteolytic processing and
forms generated from alternatively spliced RNAs.
Herstatins and fragments thereof are HER-2 binding
proteins, encoded by the HER-2 gene. Herstatins (also
referred to as p68HER-2) are encoded by alternatively
spliced variants of the gene encoding thepl
85-HER2receptor. For example, one herstatin occurs in
fetal kidney and liver, and includes a 79 amino acid
intron-encoded insert, relative to the
membrane-localized receptor, at the C terminus (see
U.S. Patent No. 6,414,130 and U.S. Published
Application No. 20040022785). Several herstatin
variants have been identified (see, e.g., U.S. Patent
No. 6,414,130; U.S. Published Application No.
20040022785, U.S. appln. Serial No. 09/234,208; U.S.
appln. Serial No.09/506,079; published international
application Nos. WO0044403 and WO0161356). Herstatins
lack an epidermal growth factor (EGF) homology domain
and contain part of the extracellular domain,
typically the first 340 amino acids, of pl85-HER2.
Herstatins contain subdomains I and II of the human
epidermal growth factor receptor, the HER-2
extracellular domain and a C-terminal domain encoded
by an intron. The resulting herstatin polypeptides
typically contain 419 amino acids (340 amino acids
from subdomains I and II, plus 79 amino acids from
intron 8). The herstatin proteins lack extracellular
domain IV, as well as the transmembrane domain and
kinase domain.In contrast, positive acting EGFR
ligands, such as the epidermal growth factor and
transforming growth factor-alpha, possess such
domains. Additionally, binding of a herstatin does not
activate the receptor. Herstatins can inhibit members
of the EGFfamily of receptor tyrosine kinases as well
as the insulin-like growth factor-1 (IGF-I) receptor
and other receptors. Herstatins prevent the formation
of productive receptor dimers (homodimers and
heterodimers) required for transphosphorylation and
receptor activation. Alternatively or additionally,
herstatin can compete with a ligand for binding to the
receptor terminus (see, U.S. Patent No. 6,414,130;
U.S. Published Application No. 20040022785, U.S.
appln. Serial No. 09/234,208; U.S. appln. Serial
No.09/506,079; published international application
Nos. WO0044403 and WO0161356). The tumor necrosis
factor family of receptors (TNFRs) is another example
of a family of receptors involved in signal
transduction and regulation. The TNF ligand and
receptor family regulate a variety of signal
transduction pathways including those involved in cell
differentiation, activation, and viability. TNFRs
contain an extracellular domain, including a ligand
binding domain, a transmembrane domain and an
intracellular domain that participates in signal
transduction. Additionally, TNFRs are typically
trimeric proteins that trimerize at the cell surface.
TNFRs play a role in inflammatory diseases, central
nervous system diseases, autoimmune diseases, airway
hyperresponsiveness conditions such as asthma,
rheumatoid arthritis and inflammatory bowel disease.
TNFRs also play a role in infectious diseases, such as
viral infection. The TNF family of receptors (TNFR)
exhibit homology among the extracellular domains. Some
of these receptors initiate apoptosis, some initiate
cell proliferation and some initiate both activities.
Signaling by this family requires clustering of the
receptors by a trimeric ligand and subsequent
association of proteins with the cytoplasmic region of
the receptors. The TNFR family contains a sub family
with homologous 80-amino-acid cytoplasmic domains.
This domain is referred to as a death domain (DD), so
named because proteins that contain this domain are
involved in apoptosis. The distinction between members
of the TNFR family is exemplified by two TNFRs coded
by distinct genes. TNFRl (55 kDa) signals the
initiation of apoptosis and the activation of
thetranscription factor NFKB. TNFR2 (75 IcDa)
functions also to induce signal activation of NFKB but
not the initiation of apoptosis. TNFRl contains a DD;
TNFR2 does not. In some cases, accumulations of
altered molecules can be causative of pathological
conditions and disease. In other cases, a disease or
condition can result in altered molecule metabolism
and lead to the accumulations of particular molecules
in altered form and/or amount. One example is the
accumulation of proteins and lipids as glycated
products. The products, referred to as advanced
glycation end products (AGEs), are the result of
nonenzymatic glycation and oxidation of proteins and
lipids in the presence of aldose sugars. Initial early
products are formed as reversible Schiff bases and
Amadori products. Molecular rearrangements result in
irreversible modifications to form AGEs. AGEs
accumulate during the normal aging process in humans.
AGE accumulation can be accelerated in particular
diseases and conditions. The accumulation of AGEs
impact cell and tissue metabolism and signal
transduction through their interactions with cellular
binding proteins. One such binding protein is the
receptor for advanced glycation end products (RAGE).
RAGE interaction with AGEs is implicated in induction
of cellular oxidant stress responses, including the
RAS-MAP kinase pathway and NF-kB activation. RAGE also
binds to other molecules, including small molecules
and proteins. SlOOAl2 (also known as EN-RAGE, p6 and
calgranulin C) is a calcium binding protein that can
act as a ligand for RAGE. RAGE also can interact with
b-sheet fibrilar materials including amyloid
b-peptides, Ab, amylin, serum amyloid A and
prion-derived peptides. 



Amphoterin, a heparin-binding neurite outgrowth
promoting protein also is a ligand for RAGE. Each of
these ligand interactions can affect signal
transduction pathways. Binding of these ligands to
RAGE leads to cellular activation mediated by
receptordependent signaling to thereby mediate or
participate in a variety of disease processes. These
include diabetic complications, amyloidoses,
inflammatory/immune disorders and tumors. Because of
their involvement in a variety of diseases and
conditions, cell surface receptors (CSRs) such as
RTKs, RAGE and TNFRs and their ligands are targets
fortherapeutic intervention. Among therapeutic
proteins of interest are isoforms of cell surface
receptors (CSR), and isoforms of ligands of CSRs, that
modulate an activity of a CSR involved in a variety of
diseases and conditions, including cancers,
angiogenesis, and other diseases involving undesirable
cell proliferation and inflammatory reactions (see,
e.g., copending U.S. application Serial No. 10/846,1
13 and corresponding International PCT published
application No. WO 05/016966; U.S. application Serial
No. 11/129,740 and corresponding International PCT
published application No. WO 05/1 13596; U.S.
Provisional application No. 60/678,076 and
corresponding U.S. application No. 11/429,090 and
International application No. PCTUS2006/17786; and
U.S. Provisional application No. 60/735,609 and
corresponding U.S. application No. (Attorney Docket
No. 171 18-045001/2824) and International application
No. (Attorney Dockety No. 171 18-045WO1/2824PC). These
therapeutic proteins target diseases and disorders
that involve disregulation of and/or changes in the
modulation of signal transduction pathways To permit
effective use of such therapeutic molecules, it is
important to optimize methods for production. While
such molecules are known and available, a need exists
to produce large quantities for widespread
dissemination and use thereof . Accordingly, among the
objects herein, it is an object to provide methods for
production of such therapeutic isoforms as well as
nucleic acid molecules that encode fusions of the
therapeutic molecules with polypeptides that improve
the secretion, expression, and/or purification
thereof. SUMMARY Provided are methods and products for
production of therapeutic isoforms of CSRs and ligands
and nucleic acid molecules that encode fusions of the
therapeutic isoforms, that improve the secretion,
expression, and/or purification. The isoforms can
additionally can include additional functional
moieties, such as multimerization domains, including
Fc domains. Provided herein are polypeptides of
receptor tyrosine kinase (RTK) isoforms, including
intron fusion proteins, operatively linked to a
heterologous precursor sequencesufficient to effect
secretion and/or trafficking of the RTK isoform. The
RTK isoforms provided herein for operative linkage
include those that contain an endogenous signal
sequence and those that do not contain an endogenous
signal sequence. Provided herein are RTK isoform
polypeptides operatively linked to a tissue
plasminogen activator (tPA) precursor sequence (tPA
pre/prosequence), or a sufficient portion of a tPA
pre/prosequence to effect secretion of the RTK
isoform. Included are RTK isoform polypeptides
operatively linked to a tPA pre/prosequence having a
sequence of amino acids set forth in SEQ ID NO:2, or
allelic variants thereof. Provided herein are RTK
isoform polypeptides including any one of RTK that is
an isoform of a VEGFR, FGFR, PDGFR, MET, EPH, TIE,
DDR, or HER polypeptide including isoforms of a DDRl,
EphAl, EphA2, EphBl, EphB4, EGFR, HER2, ErbB3, FGFR-I,
FGFR-2, FGFR-4, MET, RON, CSFlR, IGT, PDGFR-A,
PDGFR-B, TEK, Tie- 1, VEGFR-I, VEGFR-2, or VEGFR-3
operatively linked to a tPA pre/prosequence. Provided
herein are RTK isoforms having a sequence of amino
acids set forth in any one of SEQ ID NOS: 140, 142,
143, 145, 147, 149, 150, 152, 153, 155, 157, 159,
161-168, 170, 172, 174, 176, 178, 180, 181, 183, 185,
186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206,
208, 210, 212, 214, 216, 217, 219, 221, 223, 225, 227,
229-231, 233, 245, 247-251, 253, 255, 257, 259, 261,
263-270, 274-280, 282, 284, 286, 288, 289-303, or an
active portion thereof operatively linked to all or a
portion of a tPA pre/prosequence sufficient to effect
secretion of the isoform. Provided herein are RTK
isoforms, including intron fusion proteins,
operatively linked to a tPA pre/prosequence by a
linker, including a restriction enzyme linker.
Included are polypeptides of RTK isoforms wherein the
restriction enzyme linker is joined between the
isoform and all or a portion of a tPA pre/prosequence
to effect secretion of the isoform. Also included are
polypeptides of RTK isoforms optionally including a
tag that facilitates polypeptide purification and/or
detection. The tag can be joined between the
restriction enzyme linker and all or a portion of a
tPA pre/prosequence to effect secretion of the
polypeptide. Alternatively, the tag can bejoined
between the restriction enzyme linker and the isoform.
The tag can be a myc tag or a Poly His tag. Provided
herein are isoform polypeptides of a VEGFR-I, FGFR-2,
FGFR-4, TEK, RON, or MET operatively linked to all or
a portion of a tPA pre/prosequence 



containing a restriction enzyme linker and also
optionally a myc tag. The tPA-isoform fusions,
including tPA-intron fusion protein fusions, have a
sequence of amino acids set forth in any one of SEQ ID
NOS: 32, 34, 36, 40, 42, 46, or 48. Provided herein
are isoform polypeptides of a HER2, including intron
fusion proteins, operatively linked to all or a
portion of a tPA pre/prosequence containing a
restriction enzyme linker and also optionally a
Poly-His tag. The tPA-HER2 isoform has a sequence of
amino acids set forth in SEQ ID NO:38. Provided herein
are polypeptides of receptor for advanced glycation
endproducts (RAGE) isoforms, including intron fusion
proteins, operatively linked to a heterologous
precursor sequence sufficient to effect secretion
and/or trafficking of the RAGE isoform. The RAGE
isoforms provided herein for operative linkage include
those that contain an endogenous signal sequence and
those that do not contain an endogenous signal
sequence. Provided herein are RAGE isoform
polypeptides operatively linked to a tissue
plasminogen activator (tPA) precursor sequence (tPA
pre/prosequence), or a sufficient portion of a tPA
pre/prosequence to effect secretion of the RAGE
isoform. Included are RAGE isoform polypeptides
operatively linked to a tPA pre/prosequence having a
sequence of amino acids set forth in SEQ ID NO:2, or
allelic variants thereof. Provided herein are a RAGE
isoforms having a sequence of amino acids set forth in
any one of SEQ ID NOS: 235, 237, 239, 241, 243 or an
active portion thereof operatively linked to all or a
portion of a tPA pre/prosequence sufficient to effect
secretion of the isoform. Provided herein are RAGE
isoforms, including intron fusion proteins,
operatively linked to a tPA pre/prosequence by a
linker, including a restriction enzyme linker.
Included are polypeptides of RAGE isoform intron
fusion proteins wherein the restrictionenzyme linker
is joined between the isoform and all or a portion of
a tPA pre/prosequence to effect secretion of the
isoform. Also included are polypeptides of RTK
isoforms optionally including a tag that facilitates
polypeptide purification and/or detection. The tag can
be joined between the restriction enzyme linker and
all or a portion of a tPA pre/prosequence to effect
secretion of the polypeptide. The tag can be a myc
tag. Provided herein are isoform polypeptides of a
RAGE operatively linked to all or a portion of a tPA
pre/prosequence containing a restriction enzyme linker
and also optionally a myc tag. The tPA-RAGE isoform
has a sequence of amino acids set forth in SEQ ID NO:
44. Provided herein are polypeptides of tumor necrosis
factor receptor (TNFR) isoforms, including intron
fusion proteins, operatively linked to a heterologous
precursor sequence sufficient to effect secretion
and/or trafficking of the TNFR isoform. The TNFR
isoforms provided herein for operative linkage include
those that contain an endogenous signal sequence and
those that do not contain an endogenous signal
sequence. Provided herein are TNFR isoform
polypeptides operatively linked to a tissue
plasminogen activator (tPA) precursor sequence (tPA
pre/prosequence), or a sufficient portion of a tPA
pre/prosequence to effect secretion of the TNFR
isoform. Included are TNFR isoform polypeptides
operatively linked to a tPA pre/prosequence having a
sequence of amino acids set forth in SEQ ID NO:2, or
allelic variants thereof. Provided herein are TNFR
isoform polypeptides including an isoform of a TNFRl
or TNFR2 operatively linked to a tPA pre/prosequence.
Provided herein are a TNFR2 isoforms having a sequence
of amino acids set forth in any one of SEQ ID NO: 272,
or an active portion thereof operatively linked to all
or a portion of a tPA pre/prosequence sufficient to
effect secretion of the isoform. Provided herein are
TNFR isoform polypeptides, including intron fusion
proteins, operatively linked to a tPA pre/prosequence
by a linker, including a restriction enzyme linker.
Included are polypeptides of TNFR isoforms wherein the
restriction enzymelinlcer is joined between the
isoforai and all or a portion of a tPA pre/prosequence
to effect secretion of the isoform. Also included are
polypeptides of TNFR isoforms optionally including a
tag that facilitates polypeptide purification and/or
detection. The tag can be joined between the
restriction enzyme linker and all or a portion of a
tPA pre/prosequence to effect secretion of the
polypeptide. The tag can be a myc tag. Provided herein
are polypeptides of hepatocyte growth factor (HGF)
isoforms, including intron fusion proteins,
operatively linked to a heterologous precursor
sequence sufficient to effect secretion and/or
trafficking of the HGF isoforms. The HGF isoforms
provided herein for operative linkage include those
that contain an endogenous signal sequence and those
that do not contain an endogenous signal sequence.
Provided herein are HGF isoform polypeptides
operatively linked to a tissue plasminogen activator
(tPA) precursor sequence (tPA pre/prosequence), or a
sufficient portion of a tPA pre/prosequence to effect
secretion of the HGF isoform. Included are HGF isoform
polypeptides operatively linked to a tPA
pre/prosequence having a 



sequence of amino acids set forth in SEQ ID NO:2, or
allelic variants thereof. Provided herein are HGF
isoforms having a sequence of amino acids set forth in
any one of SEQ ID NO: 350, 352, or 354, or an active
portion thereof operatively linked to all or a portion
of a tPA pre/prosequence sufficient to effect
secretion of the isoform. Provided herein are HGF
isoform polypeptides, including intron fusion
proteins, operatively linked to a tPA pre/prosequence
by a linker, including a restriction enzyme linker.
Included are polypeptides of HGF isoforms wherein the
restriction enzyme linker is joined between the
isoform and all or a portion of a tPA pre/prosequence
to effect secretion of the isoform. Also included are
polypeptides of HGF isoforms optionally including a
tag that facilitates polypeptide purification and/or
detection. The tag can be joined between the
restriction enzyme linker and all or a portion of a
tPA pre/prosequence to effect secretion of the
polypeptide. The tag can be a myc tag. Also
encompassed are polypeptides that are allelic
variants, species variants, or variants having at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
sequenceidentity to any of the polypeptide isoforms
provided herein and that retain an activity as
compared to an isoform of a polypeptide provided
herein. Provided herein are DNA constructs containing
nucleic acid molecules encoding CSR isoforms,
including isoforms of RTK, TNFR, or RAGE operatively
linked to a heterologous precursor sequence. Included
among these are nucleic acids of the tPA
pre/prosequence isoform polypeptide fusions. Provided
herein are nucleic acid molecules having a sequence of
nucleic acids set forth in SEQ ID NOS. 31, 33, 35, 37,
39, 41, 43, 45, or 47, and allelic variants thereof.
Provided herein are vectors containing the nucleic
acid molecules. Vectors include mammalian vectors.
Included among mammalian vectors are a pDrive vector,
pCI vector, or pcDNA 3.1 vector. Vectors also can
include an adenovirus vector, an adeno-associated
virus vector, EBV, SV40, cytomegalovirus vector,
vaccinia virus vector, herpesvirus vector, a
retrovirus vector, a lentivirus vector, or an
artificial chromosome. Vectors can be those that
remain episomal or integrate into the chromosome of a
cell into which they are introduced. Also provided are
cells containing a vector as described herein. Cells
include mammalian cells. Included among mammalian
cells are mouse, rat, human, monkey, chicken, or
hamster cells, including CHO, Balb/3T3, HeLa, MT2,
mouse NSO and other myeloma cell lines, hybridoma and
heterohybridoma cell lines, lymphocytes, fibroblasts,
Sp2/0, COS, NIH3T3, HEK293, 293T, S93S, 2B8, HKB, or
EBNA-I cells. Provided herein are methods of producing
an isoform by culturing any of the cells described
herein to effect the secretion of an isoform. The
secreted isoform can be further purified from the cell
culture. An epitope tag expressed by the secreted
isoform can facilitate protein purification. Also
provided herein are methods by which the secreted
isoform is treated with an exoprotease, including a
plasmin-like exoprotease. Provided herein are methods
of producing an isoform by introducing a cell with a
DNA construct to effect the secretion of the isoform
from the cells. Exemplary DNA constructs include any
described herein encoding a polypeptide of an isoform
operatively linked to a heterologous precursor
sequence such as a tPA pre/prosequence. The
DNAconstruct can be introduced into a mammalian cell
including mouse, rat, human, monkey, chicken, or
hamster cells, including CHO, Balb/3T3, HeLa, MT2,
mouse NSO and other myeloma cell lines, hybridoma and
heterohybridoma cell lines, lymphocytes, fibroblasts,
Sp2/0, COS, NIH3T3, HEK293, 293T, S93S, 2B8, HKB, or
EBNA-I cells. Introduction of a DNA construct can be
by transfection, electroporation, or nuclear
microinjection. Exemplary methods of introducing a DNA
construct into a cell include using calcium phosphate,
a cationic lipid reagent, or a polycation. Examples of
cationic lipid compounds include, but are not limited
to: Lipofectin (Life Technologies, Inc., Burlington,
Ont.)(l:l (w/w) formulation of the cationic lipid N-[I
-(2,3- dioleyloxy)propyl]-N,N,N-trimethylammonium
chloride (DOTMA) and
dioleoyl-phosphatidyl-ethanol-amine (DOPE));
LipofectAMINE (Life Technologies, Burlington, Ont, see
U.S. Patent No. 5,334,761) (3:1 (w/w) formulation of
polycationic lipid
2,3-dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-di
methyl-lpropanaminiumtrifluoroacetate (DOSPA) and
dioleoyl phosphatidyl-ethanolamine (DOPE)),
LipofectAMINE PLUS (Life Technologies, Burlington,
Ont. see U.S. Patent Nos. 5,334,761 and 5,736,392;
see, also U.S. Patent No. 6,051,429) (LipofectAmine
and Plus reagent), LipofectAMINE 2000 (Life
Technologies, Burlington, Ont.; see also International
PCT application No. WO 00/27795). Further provided
herein, are methods of purifying the isoform from the
cell culture. Purification can be facilitated by
expression of an epitope tag by the isoform. Also
provided herein are methods by which the secreted
isoform is treated with an exoprotease, including a
plasmin-like exoprotease. Provided herein are
polypeptides of cell surface receptor or ligand
isoforms, including intron fusion protein isoforms,
that lack an endogenous precursor sequence and further
contain additional amino acids at its N-terminus. The
endogenous precursor sequence that the polypeptide
lacks can be a signal sequence or can be a signal
sequence 



and one additional amino acid. Exemplary isoforms
include isoforms of CSRs including isoforms of an RTK,
TNFR, or RAGE receptor. Isoforms also can include
ligand isoforms such as an HGF isoform. The isoforms
provided herein as polypeptides lacking a precursor
sequence have a sequence of amino acids set forth in
any one of SEQ IDNOS: 140, 142, 143, 145, 147, 149,
150, 152, 153, 155, 157, 159, 161-168, 170, 172, 174,
176, 178, 180, 181, 183, 185, 186, 188, 190, 192, 194,
196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216,
217, 219, 221, 223, 225, 227, 229-231, 233, 235, 237,
239, 241, 243, 245, 247-251, 253, 255, 257, 259, 261,
263-270, 272, 274-280, 282, 284, 286, 288, 289-303,
350, 352, or 354, or an active portion thereof. The
one or more additional amino acids included at the
N-terminus of a polypeptide of an isoform provided
herein can include a restriction enzyme linker
sequence, a portion of a prosequence of tPA, or an
epitope tag. Included among sequences that can be
included at the N-terminus of an isoform polypeptide
include GAR, SR, LE, or combinations thereof including
GARSR or GARLE. Also provided are pharmaceutical
compositions containing the polypeptide isoforms that
contain one or more additional amino acids at their
N-terminus. Provided herein are methods of treating a
disease or condition by administering any of the
pharmaceutical compositions, described herein.
Diseases or conditions treated include inflammatory
diseases, cancer, angiogenesis-mediated diseases, or
hyperproliferative diseases. Exemplary diseases
include, but are not limited to, ocular disease,
atherosclerosis, diabetes, rheumatoid arthritis,
hemangioma, wound healing, Alzheimer's disease,
Creutzfeldt- Jakob disease, Huntington's disease,
smooth muscle proliferative-related disease, multiple
sclerosis, cardiovascular disease, and kidney disease.
Exemplary of cancers are carcinoma, lymphoma,
blastoma, sarcoma, leukemia, lymphoid malignancies,
squamous cell cancer, lung cancer including small-cell
lung cancer, non-small-cell lung cancer,
adenocarcinoma of the lung and squamous carcinoma of
the lung, cancer of the peritoneum, hepatocellular
cancer, gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, colorectal cancer,
endometrial/uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, and head and neck cancer.
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AND OTHER ENCAPSULATED FORMS AND ADMINISTRATION OF
CELLS CONTAINING THE NUCLEIC ACIDS 2. IN VITRO AND EX
VIVO DELIVERY 3. SYSTEMIC, LOCAL AND TOPICAL DELIVERY
I. EXEMPLARY TREATMENTS AND STUDIES WITH CSR ISOFORMS
1. ANGIOGENESIS-RELATED CONDITIONS 2.
ANGIOGENESIS-RELATED ATHEROSCLEROSIS 3.
ANGIOGENESIS-RELATED DIABETES a. VASCULARDISEASE b.
PERIODONTALDISEASE 4. ADDITIONAL ANGIOGENESIS-RELATED
TREATMENTS 5. CANCERS 6. ALZHEIMER'S DISEASE 7. SMOOTH
MUSCLE PROLIFERATIVE-RELATED DISEASES AND CONDITIONS
8. INFLAMMATORYDISEASES 9. CARDIOVASCULARDISEASE 10.
KIDNEY DISEASE J . COMBINATIONTHERAPEES K. EXAMPLES A.
DEFINITIONS Unless defined otherwise, all technical
and scientific terms used herein have the same meaning
as is commonly understood by one of skill in the art
to which the invention(s) belong. All patents, patent
applications, published applications and publications,
GENBANK sequences, websites and other published
materials referred to throughout the entire disclosure
herein, unless noted otherwise, are incorporated by
reference in their entirety. In the event that there
is a plurality of definitions for terms herein, those
in this section prevail. Where reference is made to a
URL or other such identifier or address, it is
understood that such identifiers can change and
particular information on the internet can come and
go, but equivalent information is known andcan be
readily accessed, such as by searching the internet
and/or appropriate databases. Reference thereto
evidences the availability and public dissemination of
such information. As used herein, a cell surface
receptor (CSR) is a protein that is expressed on the
surface of a cell and typically includes a
transmembrane domain or other moiety that anchors it
to the surface of a cell. As a receptor it binds to
ligands that mediate or participate in an activity of
the cell surface receptor, such as signal transduction
or ligand internalization. Cell surface receptors
include, but are not limited to, single transmembrane
receptors and G-protein coupled receptors. Receptor
tyrosine kinases, 



such as growth factor receptors, also are among such
cell surface receptors. As used herein, a receptor
tyrosine kinase (RTK) refers to a protein, typically a
glycoprotein, that is a member of the growth factor
receptor family of proteins. Growth factor receptors
are typically involved in cellular processes including
cell growth, cell division, differentiation,
metabolism and cell migration. RTKs also are known to
be involved in cell proliferation, differentiation and
determination of cell fate as well as tumor growth.
RTKs have a conserved domain structure including an
extracellular domain, a membrane-spanning
(transmembrane) domain and an intracellular tyrosine
kinase domain. Typically, the extracellular domain
binds to a polypeptide growth factor or a cell
membrane-associated molecule or other ligand. The
tyrosine kinase domain is involved in positive and
negative regulation of the receptor. Receptor tyrosine
kinases are grouped into families based on, for
example, structural arrangements of sequence motifs in
their extracellular domains. Structural motifs
include, but are not limited to, repeats of regions
of: immunoglobulin, fbronectin, cadherin, epidermal
growth factor and kringle repeats. Classification by
structural motifs has identified greater than 16
families of RTKs, each with a conserved tyrosine
kinase domain. Examples of RTKs include, but are not
limited to, erythropoietin-producing hepatocellular
(EPH) receptors, epidermal growth factor (EGF)
receptors, fibroblast growth factor (FGF) receptors,
platelet-derived growth factor (PDGF) receptors,
vascular endothelial growth factor (VEGF) receptor,
cell adhesionRTKs (CAKs) , Tie/Tek receptors,
insulin-like growth factor (IGF) receptors, and
insulin receptor related (IRR) receptors. Exemplary
genes encoding RTKs include, but are not limited to,
ErbB2, ErbB3, DDRl, DDR2, EGFR, EphAl, EphA8, FGFR-2,
FGFR-4, Fltl (fins-related tyrosine kinase 1 receptor;
also known as VEGFR-I), FLKl (also known as VEGFR-2)
MET, PDGFRA, PDGFRB, and TEK (also known as TIE-2).
Dimerization of RTKs activates the catalytic tyrosine
kinase domain of the receptor and tyrosine
autophosphorylation. Autophosphorylation in the kinase
domain maintains the tyrosine kinase domain in an
activated state. Autophosphorylation in other regions
of the protein influences interactions of the receptor
with other cellular proteins. In some RTKs, ligand
binding to the extracellular domain leads to
dimerization of the receptor. In some RTKs, the
receptor can dimerize in the absence of ligand.
Dimerization also can be increased by receptor
overexpression. As used herein, a tumor necrosis
factor receptor (TNFR) refers to a member of a family
of receptors that have a characteristic repeating
extracellular cysteine-rich motif such as found in
TNFRl and TNFR2. TNFRs also have a variable
intracellular domain that differs between members of
the TNFR family. The TNFR family of receptors
includes, but is not limited to, TNFRl, TNFR2, TNFRrp,
the low-affinity nerve growth factor receptor, Fas
antigen, CD40, CD27, CD30, 4-IBB, OX40, DR3, DR4, DR5,
and herpesvirus entry mediator (HVEM). Ligands for
TNFRs include TNF- a, lymphotoxin, nerve growth
factor, Fas ligand, CD40 ligand, CD27 ligand, CD30
ligand, 4-IBB ligand, OX40 ligand, APO3 ligand, TRAIL,
LIGHT, and BTLA. TNFRs include an extracellular
domain, including a ligand binding domain, a
transmembrane domain and an intracellular domain that
participates in signal transduction. TNFRs are
typically trimeric proteins that trimerize at the cell
surface. As used herein, a ligand is an extracellular
substance, generally a polypeptide, that binds to one
or more receptors. A ligand can be soluble or can be a
transmembrane protein. For purposes herein, a ligand
binds to a receptor and induces signal transduction by
the receptor.As used herein, signal transduction
refers to a series of sequential events, such as
protein phosphorylations, consequent upon binding of a
ligand by a transmembrane receptor, that transfers a
signal through a series of intermediate molecules
until final regulatory molecules, such as
transcription factors, are modified in response to the
signal. Responses triggered by signal transduction
include the activation of specific genes. Gene
activation leads to further effects, since genes are
expressed as proteins many of which are enzymes,
transcription factors, or other regulators of
metabolic activity that mediate any one or more
biological activities of a ligand-receptor
interaction. As used herein, an isoform refers to a
protein that has an altered polypeptide structure
compared to a full-length wildtype (predominant) form
of the cognate protein due to a differences in the
nucleic acid sequence and encoded polypeptide of the
isoform compared to the corresponding protein. For
purposes herein, isoforms include isoforms of a cell
surface receptor (CSR) and isoforms of a ligand of a
CSR. Generally an isoform provided herein lacks a
domain or portion thereof (or includes insertions or
both) sufficient to alter an activity, such as an
enzymatic activity of a predominant form of the
protein, or the structure of the protein. Reference
herein to an isoform with altered activity refers to
the alteration in an activity by virtue of the
different structure or sequence of the isoform
compared to a full-length or predominant form of the
protein. With reference to an isoform, alteration of
activity refers to a difference in activity between
the particular isoforms and the predominant or
wildtype form. Alteration of an 



activity includes an enhancement or a reduction of
activity. In one embodiment, an alteration of an
activity is a reduction in an activity; the reduction
can be at least 0.1, 0.5, 1, 2, 3, 4, 5, or 10 fold
compared to a wildtype and/or predominant form of the
receptor. Typically, an activity is reduced 5, 10, 20,
50, 100 or 1000 fold or more. For example, a ligand
can bind to a receptor and initiate or participate in
signal transduction. As used herein, a ligand isoform
refers to a ligand that lacks a domain or portion of a
domain or that has a disruption in a domain such as by
the insertion of one or more amino acids compared to
polypeptides of a wildtype or predominant form of the
ligand. Typically such isoforms are encoded by
alternatively spliced variants of the geneencoding the
cognate ligand. Among the ligand isoforms provided
herein are those that can bind to receptors but do not
initiate signal transduction or initiate a reduced
level of signal transduction. Such ligand isoforms act
as ligand antagonists, and also process reduced
activity as agonists compared to the wildtype ligand.
A ligand isoform generally lacks a domain or portion
thereof sufficient to alter an activity of a wildtype
full-length and/or predominant form of the ligand,
and/or modulates an activity of its receptor, or lacks
a structural feature such as a domain. Such ligand
isoforms, also include insertions and rearrangements.
A ligand isoform includes those that exhibit
activities that are altered from the corresponding
wild-type ligand; for example, an isoform can include
an alteration in a domain of the ligand so that it is
unable to induce the dimerization of a receptor. In
such an example, an isoform can compete for binding
with a full-length wildtype ligand for its receptor,
but reduce or inhibit signaling by the receptor.
Generally, an activity is altered in an isoform at
least 0.1, 0.5, 1, 2, 3, 4, 5, or 10 fold compared to
a wildtype and/or predominant form of a ligand.
Typically, an activity is altered by at least 2, 5,
10, 20, 50, 100, or 1000 fold or more. In one
embodiment, alteration of an activity by a ligand
isoform is a reduction in the activity compared to the
predominant form of the ligand. As used herein, a cell
surface receptor (CSR) isoform, such as an isoform of
a receptor tyrosine kinase, refers to a receptor that
lacks a domain or portion thereof sufficient to alter
or modulate an activity compared to a wildtype and/or
predominant form of the receptor, or lacks a
structural feature, such as a domain. A CSR isoform
can include an isoform that has one or more biological
activities that are altered from the receptor; for
example, an isoform can include an alteration of the
extracellular domain of pl85-HER2, altering the
isoform from a positively acting regulatory
polypeptide of the receptor to a negatively acting
regulatory polypeptide of the receptor, e.g. from a
receptor domain into a ligand. Generally, an activity
is altered in an isoform at least 0.1, 0.5, 1, 2, 3,
4, 5, or 10 fold compared to a wildtype and/or
predominant form of the receptor. Typically, an
activity is altered by at least 2, 5, 10, 20, 50, 100
or 1000 fold or more. In one embodiment, alteration of
an activity is a reduction in the activity.As used
herein, reference to modulating the activity of a cell
surface receptor means that a CSR or ligand isoform
interacts in some manner with the receptor, whereby an
activity, such as, but not limited to, ligand binding,
dimerization and/or other signaltransduction- related
activity, is altered. As used herein, reference to a
CSR isoform or ligand isoform with altered activity
refers to an alteration in an activity by virtue of
the different structure or sequence of the CSR or
ligand isoform compared to a cognate receptor or
ligand. As used herein, an intron fusion protein
refers to an isoform that lacks one or more domain(s)
or portion of one or more domain(s). In addition, an
intron fusion protein is encoded by nucleic acid
molecules that contain one or more codons (with
reference to the predominant or wildtype form of a
protein), including stop codons, operatively linked to
exon codons. The intron portion can be a stop codon,
resulting in an intron fusion protein that ends at the
exon intron junction. The activity of an intron fusion
protein typically is different from the predominant
form, generally by virtue of truncation(s), deletions
and/or insertion of intron(s) amino acid residues.
Such activities include changes in interaction with a
receptor, or indirect changes that occur virtue of
differences in interaction with a co-stimulating
receptor or ligand, a receptor ligand or cofactor or
other modulator of receptor activity. Intron fusion
proteins isolated from cells or tissues or that have
the sequence of such polypeptides isolated from cells
or tissues, are "natural." Those that do not occur
naturally but that are synthesized or prepared by
linking a molecule to an intron are referred to as
"synthetic" or "recombinant" or "combinatorial".
Included among intron fusion proteins are CSR isoforms
or ligand isoforms that lack one or more domain(s) or
portion of one or more domain(s) resulting in an
alteration of an activity of a cognate receptor or
ligand by virtue of a change in the interaction
between the intron fusion protein and its receptor or
ligand or other interaction. Generally such isoforms
are shortened compared to a wildtype or predominant
form encoded by a CSR or ligand gene. They, however,
can include insertions or other modifications in the
exon portion and, thus, be of the same size or larger
than the predominant form. Each, however, is encoded
by a nucleic acid moleculethat includes at least one
codon (including stop codons) from an intron-encoded
portion resulting either in truncation of the CSR or
ligand isoform at the end of the exon or in the 



addition of one 2, 3, 4, 5, 8, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75 and more amino acids
encoded by an intron. An intron fusion protein can be
encoded by an alternatively spliced RNA and/or can be
synthetically produced such as from RNA molecules
identified in silico by identifying potential splice
sites and then producing such molecules by recombinant
methods. Typically, an intron fusion protein is
shortened by the presence of one or more stop codons
in an intron fusion protein-encoding RNA that are not
present in the corresponding sequence of an RNA
encoding a wildtype or predominant form of a
corresponding polypeptide. If an intron includes an
open reading frame in-frame with the exon portion, the
intron encoded portion can be inserted in the
polypeptide. Addition of amino acids and/or a stop
codon results in an intron fusion protein that differs
in size and sequence from a wildtype or predominant
form of a polypeptide. Intron fusion proteins for
purposes herein include natural, combinatorial and
synthetic intron fusion proteins. A natural intron
fusion protein refers to a polypeptide that is encoded
by an alternatively spliced RNA molecule that contains
one or more amino acids encoded by an intron linked to
one or more portions of the polypeptide encoded by one
or more exons of a gene. Alternatively spliced mRNA is
isolated or can be prepared synthetically by joining
splice donor and acceptor sites in a gene. A natural
intron fusion protein contains one or more amino acids
or is truncated at the exon-intron junction because
the intron contains a stop codon as the first codon.
The natural intron fusion proteins generally occur in
cells and/or tissues. Intron fusion proteins can be
produced synthetically, for example based upon the
sequence encoded by a gene by identifying splice donor
and acceptor sites and identifying possible encoded
spliced variants. A combinatorial intron fusion
protein refers to a polypeptide that is shortened
compared to a wildtype or predominant form of a
polypeptide. Typically, the shortening removes one or
more domains or a portion thereof from a polypeptide
such that an activity is altered. Combinatorial intron
fusion proteins often mimic a natural intronfusion
protein in that one or more domains or a portion
thereof is/are deleted in a natural intron fusion
protein derived from the same gene or derived from a
gene in a related gene family. Those that do not occur
naturally but that are synthesized or prepared by
linking a molecule to an intron such that the
resulting construct modulates the activity of a CSR
are "synthetic." As used herein, natural with
reference to intron fusion protein or a CSR or ligand
isoform, refers to any protein, polypeptide or peptide
or fragment thereof (by virtue of the presence of the
appropriate splice acceptor/donor sites) that is
encoded within the genome of an animal and/or is
produced or generated in an animal or that could be
produced from a gene. Natural intron fusion proteins
include allelic variants and species variants. Intron
fusion proteins can be modified post-translationally.
As used herein, an exon refers to a nucleic acid
molecule containing a sequence of nucleotides that is
transcribed into RNA and is represented in a mature
form of RNA, such as mRNA (messenger RNA), after
splicing and other RNA processing. An mRNA contains
one or more exons operatively linked. Exons can encode
polypeptides or a portion of a polypeptide. Exons also
can contain non-translated sequences for example,
translational regulatory sequences. Exon sequences are
often conserved and exhibit homology among gene family
members. As used herein, an intron refers to a
sequence of nucleotides that is transcribed into RNA
and is then typically removed from the RNA by splicing
to create a mature form of an RNA, for example, an
mRNA. Typically, nucleotide sequences of introns are
not incorporated into mature RNAs, nor are intron
sequences or a portion thereof typically translated
and incorporated into a polypeptide. Splice signal
sequences such as splice donors and acceptors are used
by the splicing machinery of a cell to remove introns
from RNA. It is noteworthy that an intron in one
splice variant can be an exon (i.e., present in the
spliced transcript) in another variant. Hence, spliced
mRNA encoding an intron fusion protein can include an
exon(s) and introns.As used herein, splicing refers to
a process of RNA maturation where introns in the mRNA
are removed and exons are operatively linked to create
a messenger RNA (mRNA). As used herein, alternative
splicing refers to the process of producing multiple
mRNAs from a gene. Alternate splicing can include
operatively linking less than all the exons of a gene,
and/or operatively linking one or more alternate exons
that are not present in all transcripts derived from a
gene. As used herein, exon deletion refers to an event
of alternative RNA splicing that produces a nucleic
acid molecule that lacks at least one exon compared to
an RNA molecule encoding a wildtype or predominant
form of a polypeptide. An RNA molecule that has a
deleted exon can be produced by such alternative
splicing or by any other method, such as an in vitro
method to delete the exon. As used herein, exon
insertion, refers to an event of alternative RNA
splicing that produces a nucleic acid molecule that
contains at least one exon not typically present in 



an RNA molecule encoding a wildtype or predominant
form of a polypeptide. An RNA molecule that has an
inserted exon can be produced by such alternative
splicing or by any other method, such as an in vitro
method to add or insert the exon. As used herein, exon
extension refers to an event of alternative RNA
splicing that produces a nucleic acid molecule that
contains at least one exon that is greater in length
(number of nucleotides contained in the exon) than the
corresponding exon in an RNA encoding a wildtype or
predominant form of a polypeptide. An RNA molecule
that has an extended exon can be produced by such
alternative splicing or by any other method, such as
an in vitro method to extend the exon. In some
instances, as described herein, an mRNA produced by
exon extension encodes an intron fusion protein. As
used herein, exon truncation refers to an event of
alternative RNA splicing that produces a nucleic acid
molecule that contains a truncation or shortening of
one or more exons such that the one or more exons are
shorter in length (number of nucleotides) compared to
a corresponding exon in an RNA molecule encoding a
wildtype or predominant form of a polypeptide. An RNA
molecule that has a truncated exon can beproduced by
such alternative splicing or by any other method, such
as an in vitro method to truncate the exon. As used
herein intron retention refers to an event of
alternative RNA splicing that produces a nucleic acid
molecule that contains an intron or a portion thereof
operatively linked to one or more exons. An RNA
molecule that retains an intron or portion thereof can
be produced by such alternative splicing or by any
other method, such as an in vitro method to produce an
RNA molecule with a retained exon. hi some cases, as
described herein, an mRNA molecule produced by intron
retention encodes an intron fusion protein. As used
herein, a gene, also referred to as a gene sequence,
refers to a sequence of nucleotides transcribed into
RNA (introns and exons), including a nucleotide
sequence that encodes at least one polypeptide. A gene
includes sequences of nucleotides that regulate
transcription and processing of RNA. A gene also
includes regulatory sequences of nucleotides such as
promoters and enhancers, and translation regulation
sequences. As used herein, a splice site refers to one
or more nucleotides within the gene that participate
in the removal of an intron and/or the joining of an
exon. Splice sites include splice acceptor sites and
splice donor sites. As used herein, an open reading
frame refers to a sequence of nucleotides that encodes
a functional polypeptide or a portion thereof,
typically at least about fifty amino acids. An open
reading frame can encode a full-length polypeptide or
a portion thereof. An open reading frame can be
generated by operatively linking one or more exons or
an exon and intron, when the stop codon is in the
intron and all or a portion of the intron is in a
transcribed mRNA. As used herein, a polypeptide refers
to two or more amino acids covalently joined. The
terms "polypeptide" and "protein" are used
interchangeably herein. As used herein, truncation or
shortening with reference to the shortening of a
nucleic acid molecule or protein, refers to a sequence
of nucleotides or amino acids that is less than
full-length compared to a wildtype or predominant form
of the protein or nucleic acid molecule.As used
herein, a reference gene refers to a gene that can be
used to map introns and exons within a gene. A
reference gene can be genomic DNA or a portion
thereof, that can be compared with, for example, an
expressed gene sequence, to map introns and exons in
the gene. A reference gene also can be a gene encoding
a wildtype or predominant form of a polypeptide. As
used herein, a family or related family of proteins or
genes refers to a group of proteins or genes,
respectively that have homology and/or structural
similarity and/or functional similarity with each
other. As used herein, a premature stop codon is a
stop codon occurring in the open reading frame of a
sequence before the stop codon used to produce or
create a full-length form of a protein, such as a
wildtype or predominant form of a polypeptide. The
occurrence of a premature stop codon can be the result
of, for example, alternative splicing and mutation. As
used herein, an expressed gene sequence refers to any
sequence of nucleotides transcribed or predicted to be
transcribed from a gene. Expressed gene sequences
include, but are not limited to, cDNAs, ESTs, and in
silico predictions of expressed sequences, for
example, based on splice site predictions and in
silico generation of spliced sequences. As used
herein, an expressed sequence tag (EST) is a sequence
of nucleotides generated from an expressed gene
sequence. ESTs are generated by using a population of
mRNA to produce cDNA. The cDNA molecules can be
produced for example, by priming from the polyA tail
present on mRNAs. cDNA molecules also can be produced
by random priming using one or more oligonucleotides
which prime cDNA synthesis internally in mRNAs. The
generated cDNA molecules are sequenced and the
sequences 



are typically stored in a database. An example of an
EST database is dbEST found online at
ncbi.nlm.nih.gov/dbEST. Each EST sequence is typically
assigned a unique identifier and information such as
the nucleotide sequence, length, tissue type where
expressed, and other associated data is associated
with the identifier.As used herein, cognate receptor
with reference to the isoforms provided herein refers
to the receptor that is encoded by the same gene as
the particular isoform. Generally, the cognate
receptor also is a predominant form in a particular
cell or tissue. For example, herstatin is encoded by a
splice variant of the pre-mRNA which encodes p i
85-HER2 (ErbB2 receptor). Thus, rl 85-HER2 is the
cognate receptor for herstatin. As used herein, a
cognate ligand with reference to the isoforms provided
herein refers to the ligand that is encoded by the
same gene as the particular isoform. Generally, the
cognate ligand also is a predominant form in a
particular cell or tissue. As used herein, a wildtype
form, for example, a wildtype form of a polypeptide,
refers to a polypeptide that is encoded by a gene.
Typically a wildtype form refers to a gene (or RNA or
protein derived therefrom) without mutations or other
modifications that alter function or structure;
wildtype forms include allelic variation among and
between species. As used herein, a predominant form,
for example, a predominant form of a polypeptide,
refers to a polypeptide that is the major polypeptide
produced from a gene. A "predominant form" varies from
source to source. For example, different cells or
tissue types can produce different forms of
polypeptides, for example, by alternative splicing
and/or by alternative protein processing. In each cell
or tissue type, a different polypeptide can be a
"predominant form". As used herein, a domain refers to
a portion (typically a sequence of three or more,
generally 5 or 7 or more amino acids) of a polypeptide
chain that can form an independently folded structure
within a protein made up of one or more structural
motifs (e.g. combinations of alpha helices and/or beta
strands connected by loop regions) and/or that is
recognized by virtue of a functional activity, such as
kinase activity. A protein can have one, or more than
one, distinct domain. For example, a domain can be
identified, defined or distinguished by homology of
the sequence therein to related family members, such
as homology of motifs that define an extracellular
domain. In another example, a domain can be
distinguished by its function, such as by enzymatic
activity, e.g. kinase activity, or an ability to
interact with a biomolecule, such as DNA binding,
ligandbinding, and dimerization. A domain
independently can exhibit a biological function or
activity such that the domain independently or fused
to another molecule can perform an activity, such as,
for example proteolytic activity or ligand binding. A
domain can be a linear sequence of amino acids or a
non-linear sequence of amino acids from the
polypeptide. Many polypeptides contain a plurality of
domains. For example, receptor tyrosine kinases
typically include, an extracellular domain, a
membrane-spanning (transmembrane) domain and an
intracellular tyrosine kinase domain. As used herein,
a polypeptide lacking all or a portion of a domain
refers a polypeptide that has a deletion of one or
more amino acids or all of the amino acids of a domain
compared to a cognate polypeptide. Amino acids deleted
in a polypeptide lacking all or part of a domain need
not be contiguous amino acids within the domain of the
cognate polypeptide. Polypeptides that lack all or a
part of a domain can exhibit a loss or reduction of an
activity of the polypeptide compared to the activity
of a cognate polypeptide or loss of a structure in the
polypeptide. For example, if a cognate protein has a
transmembrane domain, then an isoform polypeptide
lacking all or a part of the transmembrane domain can
have a deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18 , 19, 20 or more amino
acids of the amino acids corresponding to the same
amino acid positions in the cognate polypeptide. As
used herein, a polypeptide that contains a domain
refers to a polypeptide that contains a complete
domain with reference to the corresponding domain of a
cognate protein. A complete domain is determined with
reference to the definition of that particular domain
within a cognate polypeptide. For example, an isoform
comprising a domain refers to an isoform that contains
a domain corresponding to the complete domain as found
in the cognate protein. If a cognate protein, for
example, contains a transmembrane domain of 2 1 amino
acids between amino acid positions 400-420, then a
receptor isoform that comprises such a transmembrane
domain, contains a 2 1 amino acid domain that has
substantial identity with the 2 1 amino acid domain of
the cognate protein. Substantial identity refers to a
domain that can contain allelic variation and
conservative substitutions compared to the domain of
the cognate protein. Domains thatare substantially
identical do not have deletions, non-conservative
substitutions or insertions of amino acids compared to
the domain of the cognate protein. Such domains are
known to those of skill in the art who can identify
such. Domains (i.e., a furin domain, an Ig-like
domain) often are identified by virtue of structural
and/or sequence homology to domains in particular
proteins. For exemplification herein, definitions are
provided, but it is understood that it is well within
the skill in the art to recognize particular domains
by name. If needed appropriate 



software can be employed to identify domains. Further,
reference to the amino acids positions of a domain
herein are for exemplification purposes only. Since
interactions are dynamic, amino acid positions noted
are for reference and exemplification. The noted
positions reflects a range of loci that vary by 2, 3,
4, 5 or more amino acids. Variations also exist among
allelic variants and species variants. Those of skill
in the art can identify corresponding sequences by
visual comparison or other comparisons including
readily available algorithms and software. As used
herein, an extracellular domain is a portion of a cell
surface receptor that occurs on the surface of the
receptor and includes the ligand binding site(s). In
one example, a receptor L domain (RLD) (also called an
EGFR-like domain), such as for example in HER2, is an
example of a domain that includes a ligand binding
site. Each L domain contains a single-stranded right
hand beta-helix that can associate with a second L
domain to form a three-dimensional bilobal structure
surrounding a central space of sufficient size to
accommodate a ligand molecule. As used herein, a furin
domain is a domain recognized as such by those of
skill in the art and is a cysteine rich region. Furin
is a type 1 transmembrane serine protease. A furin
domain can function as a cleavage site for a furin
protease. As used herein a Sema domain is a domain
recognized as such by those of skill in the art and is
a receptor recognition and binding module. The Sema
domain is characterized by a conserved set of cysteine
residues, which form four disulfide bonds to stabilize
the structure. The Sema domain fold is a variation of
a bpropeller topology, with seven blades radially
arranged around a central axis. Each blade contains a
fourstranded antiparallel b sheet. The Seraa domain
uses a 'loop and hook1system to close the circle
between the first and the last blades. The blades are
constructed sequentially with an N-terminal b-strand
closing the circle by providing the outermost strand
of the seventh (C-terminal) blade. The b-propeller is
further stabilized by an extension of the Nterminus,
providing an additional, fifth b-strand on the outer
edge of blade 6. As used herein, a plexin domain is a
domain recognized as such by those of skill in the art
and contains a cysteine rich repeat. Plexins are
receptors that as a complex interact with
membrane-bound semaphorins. The plexins contain three
domains with homology to c-met, the receptor for
scatter factor-induced motility, but they lack the
intrinsic tyrosine kinase activity of c-met.
Intracellullarly, invariant arginines identify a
plexin domain with homology to guanosine
triphosphatase-activating proteins. A protein can
contain one, or more than one, plexin domain. As
described herein, the MET receptor contains a single
plexin domain. As used herein an Ig-like domain is a
domain recognized as such by those of skill in the art
and is a domain containing folds of beta strands
forming a compact folded structure of two beta sheets
stabilized by hydrophobic interactions and sandwiched
together by an intra-chain disulfide bond. Ig domains
differ in the number of strands in the beta sheets and
are typically grouped into four types, Ig-like V-type,
Ig-like Cl -type, Ig-like C2-type, and I-set. In one
example, an Ig-like C-type domain contains seven beta
strands arranged as four-strand plus three-strand so
that four beta strands form one beta sheet and three
beta strands form the second beta sheet. In another
example, an Ig-like V-type domain contains nine beta
strands arranged as four beta strands plus five beta
strands (Janeway CA. et al. (eds): Immunobiology-the
immune system in health and disease, 5th edn. New
York, Garland Publishing, 2001.). In addition, some
Ig-like domains cannot be classified into one of the
above groups and are sometimes simply called Ig-like.
As used herein, the immunoglobulin superfamily is a
heterogenic group of proteins containing
immunoglobulin-like domains. Proteins of the
immunoglobulin superfamily include proteins involved
in the immune system such as immunoglobulinsand the T
cell receptors, proteins involved in cell-cell
recognition in the nervous system and other tissues,
and other proteins. As used herein, a fibronectin
type-III (FN3) domain is a domain recognized as such
by those of skill in the art and contains a conserved
b sandwich fold with one b sheet containing four
strands and the other sheet containing three strands.
The folded structure of an FN3 domain and an Ig-like
domain are topologically very similar except the FN3
domain lacks a conserved disulfide bond. The portion
of the polypeptide encoding an FN3 domain also is
characterized by a short stretch of amino acids
containing an Arg-Gly-Asp (RGD) that mediates
interactions with cell adhesion molecules to modulate
thrombosis, inflammation, and tumor metastasis. As
used herein, an IPT/TIG domain is a domain recognized
as such by those of skill in the art has an
immunoglobulin fold-like domain. Proteins contain one,
or more than one, IPT/TIG domain. IPT/TIG domains are
found in plexins, transcription factors, and
extracellular regions of receptor proteins, such as
for example the cell surface receptors MET and RON as
described herein, that appear to regulate cell
proliferation and cellular adhesion (Johnson CA et al,
Journal of Medical Genetics, 40:31 1-319, (2003)). 



As used herein, an EGF domain is a domain recognized
as such by those of skill in the art and contains a
repeat pattern involving a number of conserved
cysteine residues which is important to the
three-dimensional structure of the protein, and hence
its recognition by receptors and other molecules. The
EGF domain as described herein contains six cysteine
residues which are involved in forming disulfide
bonds. An EGF domain forms a two-stranded b sheet
followed by a loop to a C-terminal short twostranded
sheet. Subdomains between the conserved cysteines vary
in length. Repeats of EGF domains are typically found
in the extracellular domain of membrane-bound
proteins, such as for example in TEK as described
herein. A variation of the EGF domain is the laminin
(Lam) EGF domain which, as described herein, has eight
instead of six conserved cysteines and therefore is
longer than the average EGF module and contains a
further disulfide bond C-terminal of the EGF-like
region.As used herein, a transmembrane domain spans
the plasma membrane anchoring the receptor and
generally includes hydrophobic residues. As used
herein, a cytoplasmic domain is a domain that
participates in signal transduction and occurs in the
cytoplasmic portion of a transmembrane cell surface
receptor. In one example, the cytoplasmic domain can
include a protein kinase (PK) domain. A PK domain is
recognized as such by those of skill in the art and is
a domain that contains a conserved catalytic core. The
conserved catalytic core is recognized to have a
glycine-rich stretch of residues in the vicinity of a
lysine residue in the N-terminal extremity of the
domain, which has been shown to be involved in ATP
binding, and an aspartic acid residue in the central
part of the catalytic domain, which is important for
the catalytic activity of the enzyme. Typically, the
PK domain can be a serine/threonine protein kinase or
a tyrosine protein kinase domain depending on the
substrate specificity of the receptor domain such
that, for example, a protein containing a tyrosine
kinase domain phosphorylates substrate proteins on
tyrosine residues whereas, for example, a protein
containing a serine/threonine protein kinase domain
phosphorylates substrate proteins on serine or
threonine residues. As used herein, a kinase is a
protein that is able to phosphorylate a molecule,
typically a biomolecule, including macromolecules and
small molecules. For example, the molecule can be a
small molecule, or a protein. Phosphorylation includes
autophosphorylation. Some kinases have constitutive
kinase activity. Other kinases require activation. For
example, many kinases that participate in signal
transduction are phosphorylated. Phosphorylation
activates their kinase activity on another biomolecule
in a pathway. Some kinases are modulated by a change
in protein structure and/or interaction with another
molecule. For example, complexation of a protein or
binding of a molecule to a kinase can activate or
inhibit kinase activity. As used herein, designated
refers to the selection of a molecule or portion
thereof as a point of reference or comparison. For
example, a domain can be selected as a designated
domain for the purpose of constructing polypeptides
that are modified withinthe selected domain. In
another example, an intron can be selected as a
designated intron for the purpose of identifying RNA
transcripts that include or exclude the selected
intron. As used herein, production with reference to a
polypeptide refers to expression and recovery of an
expressed protein (or recoverable or isolatable
expressed protein). Factors that can influence the
production of a protein include the expression system
and host cell chosen, the cell culture conditions, the
secretion of the protein by the host cell, and ability
to detect a protein for purification purposes.
Production of a protein can be monitored by assessing
the secretion of a protein, such as for example, into
cell culture medium. As used herein, "improved
production" refers to an increase in the production of
a polypeptide compared to the production of a control
polypeptide. For example, production of an isoform
fusion protein is compared to a corresponding isoform
that is not a fusion protein or that contains a
different fusion. For example, the production of an
isoform containing a tPA pre/prosequence can be
compared to an isoform containing its endogenous
signal sequence. Generally, production of a protein
can be improved more than, about or at least 1, 1.5,
2, 3, 4, 5, 6, 7, 8, 9 10 fold and more. Typically,
production of a protein can be improved by 5, 10, 20,
30, 40, 50 fold or more compared to a corresponding
isoform that is not an isoform fusion or does not
contain the same fusion. As used herein, secretion
refers to the process by which a protein is
transported into the external cellular environment or,
in the case of gram-negative bacteria, into the
periplasmic space. Generally, secretion occurs through
a secretory pathway in a cell, for example, in
eukaryotic cells this involves the endoplasmic
reticulum and golgi apparatus. As used herein, a
"precursor sequence" or "precursor peptide" or
"precursor polypeptide" refers to a sequence of amino
acids, that is processed, and that occurs at a
terminus, typically at the amino terminus, of a
polypeptide prior to processing or cleavage. The
precursor sequence includes sequences of amino acids
that effect secretion and/or trafficking of the linked
polypeptide. The precursor sequence can include one or
more functional portions. For example, it can include
a presequence (a signal 



polypeptide) and/or a prosequence. Processing of a
polypeptide into a maturepolypeptide results in the
cleavage of a precursor sequence from a polypeptide.
The precursor sequence, when it includes a presequence
and a prosequence also can be referred to as a
pre/prosequence. As used herein, a "presequence",
"signal sequence", "signal peptide", "leader sequence"
or "leader peptide" refers to a sequence of amino
acids at the amino terminus of nascent polypeptides,
which target proteins to the secretory pathway and are
cleaved from the nascent chain once translocated in
the endoplasmic reticulum membrane. As used herein, a
prosequence refers to a sequence encoding a propeptide
which when it is linked to a polypeptide can exhibit
diverse regulatory functions including, but not
limited to, contributing to the correct folding and
formation of disulfide bonds of a mature polypeptide,
contributing to the activation of a polypeptide upon
cleavage of the pro-peptide, and/or contributing as
recognition sites. Generally, a pro-sequence is
cleaved off within the cell before secretion, although
it can also be cleaved extracellularly by
exoproteases. In some examples, a pro-sequence is
autocatalytically cleaved while in other examples
another polypeptide protease cleaves a pro-sequence.
As used herein, homologous refers to a molecule, such
as a nucleic acid molecule or polypeptide, from
different species that correspond to each other and
that are identical or very similar to each other
(i.e., are homologs). As used herein, heterologous
refers to a molecule, such as a nucleic acid or
polypeptide, that is unique in activity or sequence. A
heterologous molecule can be derived from a separate
genetic source or species. For purposes herein, a
heterologous molecule is a protein or polypeptide,
regardless of origin, other than a CSR or ligand
isoform, or allelic variants thereof. Thus, molecules
heterologous to a CSR or ligand isoform include any
molecule containing a sequence that is not derived
from, endogenous to, or homologous to the sequence of
a CSR or ligand isoform. Examples of heterologous
molecules of interest herein include secretion signals
from a different polypeptide of the same or different
species, a tag such as a fusion tag or label, or all
or part of any other molecule that is not homologous
to and whose sequence is not the same as that of a CSR
isoform or ligand. A heterologous molecule can be
fused to a nucleicacid or polypeptide sequence of
interest for the generation of a fusion or chimeric
molecule. As used herein, a heterologous secretion
signal refers to the a signal sequence from a
polypeptide, from the same or different species, that
is different in sequence from the signal sequence of a
CSR or ligand isoform. A heterologous secretion signal
can be used in a host cell from which it is derived or
it can be used host cells that differ from the cells
from which the signal sequence is derived. As used
herein, an endogenous precursor sequence or endogenous
signal sequence refers to the naturally occurring
signal sequence associated with all or part of a
polypeptide. The approximate location of exemplary
signal sequence of various CSR and ligand isoforms,
based on their corresponding cognate receptor or
ligand signal sequence, are provided such as in Table
3 and 4. The C-terminal boundary of a signal peptide
may vary, however, typically by no more than about 5
amino acids on either side of the signal peptide
C-terminal boundary. Algorithms are available and
known to one of skill in the art to identify signal
sequences and predict their cleavage site (see e.g.,
Chou et al., (2001), Proteins 42:136; McGeoch et al,
(1985) Virus Res. 3:271; von Heijne et al, (1986)
Nucleic Acids Res. 14:4683). As used herein, tissue
plasminogen activator (tPA) refers to an extrinsic
(tissuetype) plasminogen activator having fibrinolytic
activity and typically having a structure with five
domains (finger, growth factor, kringle-1, kringle-2,
and protease domains). Mammalian t-PA includes t-PA
from any animal, including humans. Other species
include, but are not limited to, rabbit, rat, porcine,
non human primate, equine, murine, dog, cat, bovine
and ovine tPA. Nucleic acid encoding tPA including the
precursor polypeptide(s) from human and non-human
species is known in the art. As used herein, a tPA
precursor sequence refers to a sequence of amino
residues that includes the presequence and prosequence
from tPA {i.e., is a pre/prosequence, see e.g., U.S.
Patent 6,693,181 and U.S. Patent 4,766,075). This
polypeptide is naturally associated with tPA and acts
to direct the secretion of a tPA from a cell. An
exemplary precursor sequence for tPA is set forth in
SEQ ID NO:2 and encoded by a nucleic acidsequence set
forth in SEQ ID NO:1. The precursor sequence includes
the signal sequence (amino acids 1-23) and a
prosequence (amino acids 24-35). The prosequence
includes two protease cleavage sites: one after
residue 32 and another after residue 35. Exemplary
species variants of precursor sequences are forth in
any one of SEQ ID NOS: 52-59; exemplary nucleotide and
amino acid allelic variants are set forth in SEQ ID
NOS:5 and 6. As used herein, all or a portion of a tPA
precursor sequence refers to any contiguous portion of
amino acids of a tPA precursor sequence sufficient to
direct processing and/or secretion of tPA from a cell.
All or a portion of a precursor sequence can include
all or a portion of a wildtype or predominant tPA
precursor sequence such as 



set forth in SEQ ID NO:2 and encoded by SEQ ID NO: 1,
allelic variants thereof set forth in SEQ ID NO: 6, or
species variants set forth in SEQ ID NOS:52-59. For
example, for the exemplary tPA precursor sequence set
forth in SEQ ID NO:2, a portion of a tPA precursor
sequence can include amino acids 1-23, or amino acids
24-35, 24-32, or amino acids 33-35, or any other
contiguous sequence of amino acids 1-35 set forth in
SEQ ID NO:2. As used herein, an active portion of a
polypeptide, such as with reference to an active
portion of an isoform, refers to a portion of
polypeptide that has an activity. As used herein,
purification of a protein refers to the process of
isolating a protein, such as from a homogenate, which
can contain cell and tissue components, including DNA,
cell membrane and other proteins. Proteins can be
purified in any of a variety of ways known to those of
skill in the art, such as for example, according to
their isoelectric points by running them through a pH
graded gel or an ion exchange column, according to
their size or molecular weight via size exclusion
chromatography or by SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) analysis,
or according to their hydrophobicity. Other
purification techniques include, but are not limited
to, precipitation or affinity chromatography,
including immuno-affinity chromatography, and other
techniques and methods that include a combination of
any of these methods. Furthermore, purification can be
facilitated by including a tag on themolecule, such as
a his tag for affinity purification or a detectable
marker for identification. As used herein, detection
includes methods that permit visualization (by eye or
equipment) of a protein. A protein can be visualized
using an antibody specific to the protein. Detection
of a protein can also be facilitated by fusion of a
protein with a tag including an epitope tag or label.
As used herein, a "tag" refers to a sequence of amino
acids, typically added to the N- or C- terminus of a
polypeptide. The inclusion of tags fused to a
polypeptide can facilitate polypeptide purification
and/or detection. As used herein, an epitope tag
includes a sequence of amino acids that has enough
residues to provide an epitope against which an
antibody can be made, yet short enough so that it does
not interfere with an activity of the polypeptide to
which it is fused. Suitable tag polypeptides generally
have at least 6 amino acid residues and usually
between about 8 and 50 amino acid residues. As used
herein, a label refers to a detectable compound or
composition which is conjugated directly or indirectly
to an isoform so as to generate a labeled isoform. The
label can be detectable by itself (e.g., radioisotope
labels or fluorescent labels) or, in the case of an
enzymatic label, can catalyze chemical alteration of a
substrate compound composition which is then
detectable. Non-limiting examples of labels included
fluorogenic moieties, green fluorescent protein, or
luciferase. As used herein, a fusion tagged
polypeptide refers to a chimeric polypeptide
containing an isoform polypeptide fused to a tag
polypeptide. As used herein, expression refers to the
process by which a gene's coded information is
converted into the structures present and operating in
the cell. Expressed genes include those that are
transcribed into mRNA and then translated into protein
and those that are transcribed into RNA but not
translated into protein (e.g., transfer and ribosomal
RNA). For purposes herein, a protein that is expressed
can be retained inside the cells, such as in the
cytoplasm, or can be secreted from the cell.As used
herein, a fusion construct refers to a nucleic acid
sequence containing a coding sequence from one nucleic
acid molecule and the coding sequence from another
nucleic acid molecule in which the coding sequences
are in the same reading frame such that when the
fusion construct is transcribed and translated in a
host cell, the protein is produced containing the two
proteins. The two molecules can be adjacent in the
construct or separated by a linker polypeptide that
contains, 1, 2, 3, or more, but typically fewer than
10, 9, 8, 7, 6 amino acids. The protein product
encoded by a fusion construct is referred to as a
fusion polypeptide. As used herein, a restriction
enzyme linker is a linker that is encoded by a
sequence of nucleotides recognized by one or more
restriction enzymes. As used herein, an isoform fusion
protein or an isoform fusion polypeptide refers to a
polypeptide encoded by a nucleic acid molecule that
contains a coding sequence from an isoform, with or
without an intron sequence, and a coding sequence that
encodes another polypeptide, such as a precursor
sequence or an epitope tag. The nucleic acids are
operatively linked such that when the isoform fusion
construct is transcribed and translated, an isoform
fusion polypeptide is produced in which the isoform
polypeptide is joined directly or via a linker to
another peptide. An isoform polypeptide, typically is
linked at the N-, or C- terminus, or both, to one or
more other peptides. As used herein, an allelic
variant or allelic variation references to a
polypeptide encoded by a gene that differs from a
reference form of a gene (i.e. is encoded by an
allele) among a population. Typically the reference
form of the gene encodes a wildtype 



form and/or predominant form of a polypeptide from a
population or single reference member of a species.
Typically, allelic variants, have at least 80%, 90%,
95% or greater amino acid identity with a wildtype
and/or predominant form from the same species. As used
herein, species variants refers to variants of the
same polypeptide between and among species. Generally,
interpecies allelic variants have at least about 60%,
70%, 80%, 85%, 90% or 95% identity or greater with a
wildtype and/or predominant form of another species,
including 96%, 97%, 98%, 99% or greater identity with
a wildtype and/or predominant form of a polypeptide.As
used herein, modification refers to modification of a
sequence of amino acids of a polypeptide or a sequence
of nucleotides in a nucleic acid molecule and includes
deletions, insertions, and replacements of amino acids
and nucleotides, respectively. As used herein,
modulate and modulation refer to a change of an
activity of a molecule, such as a protein. Exemplary
activities include, but are not limited to, activities
such as signal transduction and protein
phosphorylation. Modulation can include an increase in
the activity (i.e., up-regulation of an activity) a
decrease in activity (i.e., down-regulation or
inhibition) or any other alteration in an activity
(such as in the periodicity, frequency, duration and
kinetics). Modulation can be context dependent and
typically modulation is compared to a designated
state, for example, the wildtype protein, the protein
in a constitutive state, or the protein as expressed
in a designated cell type or condition. As used
herein, inhibit and inhibition refer to a reduction in
an activity, such as a biological activity, relative
to the uninhibited activity. As used herein, a
therapeutic protein refers to a protein used for the
treatment of a condition, disease, or disorder. As
used herein, treatment means any manner in which the
symptoms of a condition, disorder or disease or other
indication, are ameliorated or otherwise beneficially
altered. As used herein, a disease or disorder
mediated by a cognate receptor, such as a CSR, or
ligand therefor, refers to any disease in which an
cognate receptor or ligand plays a role, whereby
modulation of its activity would effect treatment of
the disease or symptom of the disease. Exemplary of
cognate receptors of ligands are any provided herein
including any CSR, such as RTK, a RAGE, or a TNF
receptor, or a ligand such as HGF. Exemplary diseases
or disorders for which a cognate receptor or ligand
plays a role, such as a cognate receptor or ligand for
any isoform provided herein, include but are not
limited to angiogenesis-related diseases and
conditions including ocular diseases, atherosclerosis,
cancer and vascular injuries; neurodegenerative
diseases, including Alzheimer's disease; inflammatory
diseases and conditions, including atherosclerosis
andRhematoid Arthritis; diseases and conditions
associated with cell proliferation including cancers,
and smooth muscle cell-associated conditions; and
various autoimmune diseases. As used herein
therapeutic effect means an effect resulting from
treatment of a subject that alters, typically improves
or ameliorates, the symptoms of a disease or condition
or that cures a disease or condition. A
therapeutically effective amount refers to the amount
of a composition, molecule or compound which results
in a therapeutic effect following administration to a
subject. As used herein, the term "subject" refers to
animals, including mammals, such as human beings. As
used herein, a patient refers to a human subject. As
used herein, an activity refers to a function or
functioning or changes in or interactions of a
biomolecule, such as polypeptide. Exemplary, but not
limiting of such activities are: complexation,
dimerization, multimerization, receptor-associated
kinase activity or other enzymatic or catalytic
activity, receptor-associated protease activity,
phosphorylation, dephosphorylation,
autophosphorylation, ability to fopn complexes with
other molecules, ligand binding, catalytic or
enzymatic activity, activation including
auto-activation and activation of other polypeptides,
inhibition or modulation of another molecule's
function, stimulation or inhibition of signal
transduction and/or cellular responses such as cell
proliferation, migration, differentiation, and growth,
degradation, membrane localization, membrane binding,
and oncogenesis. An activity can be assessed by assays
described herein and by any suitable assays known to
those of skill in the art, including, but not limited
to, in vitro assays, including cell-based assays, in
vivo assays, including assays in animal models for
particular diseases. Biological activities refer to
activities exhibited in vivo. For purposes herein,
biological activity refers to any of the activities
exhibited by a polypeptide provided herein. As used
herein, angiogenic diseases (or angiogenesis-related
diseases) are diseases in which the balance of
angiogenesis is altered or the timing thereof is
altered. Angiogenic diseases include those in which an
alteration of angiogenesis, such as undesirable
vascularization, occurs. Such diseases include, but
are not limited to cellproliferative disorders,
including cancers, diabetic retinopathies and other
diabetic complications, inflammatory diseases,
endometriosis and other diseases in which excessive
vascularization is part of the disease process,
including those noted above. 



As used herein, complexation refers to the interaction
of two or more molecules such as two molecules of a
protein to form a complex. The interaction can be by
noncovalent and/or covalent bonds and includes, but is
not limited to, hydrophobic and electrostatic
interactions, Van der Waals forces and hydrogen bonds.
Generally, proteinprotein interactions involve
hydrophobic interactions and hydrogen bonds.
Complexation can be influenced by environmental
conditions such as temperature, pH, ionic strength and
pressure, as well as protein concentrations. As used
herein, dimerization refers to the interaction of two
molecules of the same type, such as two molecules of a
receptor. Dimerization includes homodimerization where
two identical molecules interact. Dimerization also
includes heterodimerization of two different
molecules, such as two subunits of a receptor and
dimerization of two different receptor molecules.
Typically, dimerization involves two molecules that
interact with each other through interaction of a
dimerization domain contained in each molecule. As
used herein, a ligand antagonist refers to the
activity of a CSR or ligand isoform that antagonizes
an activity that results from ligand interaction with
a CSR. As used herein, in silico refers to research
and experiments performed using a computer. In silico
methods include, but are not limited to, molecular
modeling studies, biomolecular docking experiments,
and virtual representations of molecular structures
and/or processes, such as molecular interactions. As
used herein, biological sample refers to any sample
obtained from a living or viral source or other source
of macromolecules and biomolecules, and includes any
cell type or tissue of a subject from which nucleic
acid or protein or other macromolecule can be
obtained. The biological sample can be a sample
obtained directly from a biological source or a sample
that is processed For example, isolated nucleic acids
that are amplified constitute a biological sample.
Biological samples include, but are not limitedto,
body fluids, such as blood, plasma, serum,
cerebrospinal fluid, synovial fluid, urine and sweat,
tissue and organ samples from animals and plants and
processed samples derived therefrom. Also included are
soil and water samples and other environmental
samples, viruses, bacteria, fungi, algae, protozoa and
components thereof. As used herein, the term "nucleic
acid" refers to single-stranded and/or doublestranded
polynucleotides such as deoxyribonucleic acid (DNA),
and ribonucleic acid (RNA) as well as analogs or
derivatives of either RNA or DNA. Also included in the
term "nucleic acid" are analogs of nucleic acids such
as peptide nucleic acid (PNA), phosphorothioate DNA,
and other such analogs and derivatives or combinations
thereof. Nucleic acid can refer to polynucleotides
such as deoxyribonucleic acid (DNA) and ribonucleic
acid (RNA). The term also includes, as equivalents,
derivatives, variants and analogs of either RNA or DNA
made from nucleotide analogs, single (sense or
antisense) and double-stranded polynucleotides.
Deoxyribonucleotides include deoxyadenosine,
deoxycytidine, deoxyguanosine and deoxythymidine. For
RNA, the uracil base is uridine. As used herein,
"nucleic acid molecule encoding" refers to a nucleic
acid molecule which directs the expression of a
specific protein or peptide. The nucleic acid
sequences include both the DNA strand sequence that is
transcribed into RNA and the RNA sequence that is
translated into protein or peptide. The nucleic acid
molecule includes both the full length nucleic acid
sequences as well as non-full length sequences derived
from the full length mature polypeptide, such as for
example a full length polypeptide lacking a precursor
sequence. For purposes herein, a nucleic acid sequence
also includes the degenerate codons of the native
sequence or sequences which may be introduced to
provide codon preference in a specific host. As used
herein, the term "polynucleotide" refers to an
oligomer or polymer containing at least two linked
nucleotides or nucleotide derivatives, including a
deoxyribonucleic acid (DNA), a ribonucleic acid (RNA),
and a DNA or RNA derivative containing, for example, a
nucleotide analog or a "backbone" bond other than a
phosphodiester bond, for example, a phosphotriester
bond, a phosphoramidate bond, aphophorothioate bond, a
thioester bond, or a peptide bond (peptide nucleic
acid). The term "oligonucleotide" also is used herein
essentially synonymously with "polynucleotide,"
although those in the art recognize that
oligonucleotides, for example, PCR primers, generally
are less than about fifty to one hundred nucleotides
in length. Polynucleotides can include nucleotide
analogs, including, for example, mass modified
nucleotides, which allow for mass differentiation of
polynucleotides; nucleotides containing a detectable
label such as a fluorescent, radioactive, luminescent
or chemiluminescent label, which allow for detection
of a polynucleotide; or nucleotides containing a
reactive group such as biotin or a thiol group, which
facilitates immobilization of a polynucleotide to a
solid support. A polynucleotide also can contain one
or more backbone bonds that are selectively cleavable,
for example, chemically, enzymatically or
photolytically. For example, a polynucleotide can
include one or more deoxyribonucleotides, followed by
one or more ribonucleotides, which can be followed 



by one or more deoxyribonucleotides, such a sequence
being cleavable at the ribonucleotide sequence by base
hydrolysis. A polynucleotide also can contain one or
more bonds that are relatively resistant to cleavage,
for example, a chimeric oligonucleotide primer, which
can include nucleotides linked by peptide nucleic acid
bonds and at least one nucleotide at the 3! end, which
is linked by a phosphodiester bond or other suitable
bond, and is capable of being extended by a
polymerase. Peptide nucleic acid sequences can be
prepared using well-known methods (see, for example,
Weiler etal. Nucleic acids Res. 25: 2792-2799 (1997)).
As used herein, synthetic, in the context of a
synthetic sequence and synthetic gene refers to a
nucleic acid molecule that is produced by recombinant
methods and/or by chemical synthesis methods. As used
herein, oligonucleotides refer to polymers that
include DNA, RNA, nucleic acid analogues, such as PNA,
and combinations thereof. For purposes herein, primers
and probes are single-stranded oligonucleotides or are
partially single-stranded oligonucleotides.As used
herein, primer refers to an oligonucleotide containing
two or more deoxyribonucleotides or ribonucleotides,
generally more than three, from which synthesis of a
primer extension product can be initiated.
Experimental conditions conducive to synthesis include
the presence of nucleoside triphosphates and an agent
for polymerization and extension, such as DNA
polymerase, and a suitable buffer, temperature and pH.
As used herein, production by recombinant means by
using recombinant DNA methods, refers to the use of
the well-known methods of molecular biology for
expressing proteins encoded by cloned DNA. As used
herein, "isolated," with reference to a molecule, such
as a nucleic acid molecule, oligonucleotide,
polypeptide or antibody, indicates that the molecule
has been altered by the hand of man from how it is
found in its natural environment. For example, a
molecule produced by and/or contained within a
recombinant host cell is considered "isolated".
Likewise, a molecule that has been purified, partially
or substantially, from a native source or recombinant
host cell, or produced by synthetic methods, is
considered "isolated." Depending on the intended
application, an isolated molecule can be present in
any form, such as in an animal, cell or extract
thereof; dehydrated, in vapor, solution or suspension;
or immobilized on a solid support. As used herein, the
term "vector" refers to a nucleic acid molecule
capable of transporting another nucleic acid to which
it has been linked. For example, a vector refers to
viral expression systems, autonomous self-replicating
circular DNA (plasmids), and includes expression and
nonexpression plasmids. One type of vector also can be
an episome, i.e., a nucleic acid capable of extra
chromosomal replication. Vectors include those capable
of autonomous replication and/or expression of nucleic
acids to which they are linked. Vectors capable of
directing the expression of genes to which they are
operatively linked are referred to herein as
"expression vectors". In general, expression vectors
are often in the form of "plasmids", which are
generally circular double stranded DNA loops that, in
their vector form, are not bound to the chromosome.
"Plasmid" and "vector" are used interchangeably as the
plasmid is the most commonly used form ofvector. Other
forms of expression vectors include those that serve
equivalent functions and that become known in the art
subsequently hereto. Where a recombinant microorganism
or cell is described as hosting an "expression
vector", this includes both extrachromosomal circular
DNA and DNA that has been incorporated into the host
chromosome(s). Where a vector is being maintained by a
host cell, the vector may either be stably replicated
by the cells during mitosis as an autonomous
structure, or the vector may be incorporated within
the host's genome. As used herein, a reporter gene
construct is a nucleic acid molecule that includes a
nucleic acid encoding a reporter operatively linked to
transcriptional control sequences. Transcription of
the reporter gene is controlled by these sequences.
The activity of at least one or more of these control
sequences is directly or indirectly regulated by
another molecule such as a cell surface protein, a
protein or small molecule involved in signal
transduction within the cell. The transcriptional
control sequences include the promoter and other
regulatory regions, such as enhancer sequences, that
modulate the activity of the promoter, or control
sequences that modulate the activity or efficiency of
the RNA polymerase. Such sequences are herein
collectively referred to as transcriptional control
elements or sequences. In addition, the construct can
include sequences of nucleotides that alter
translation of the resulting mRNA, thereby altering
the amount of reporter gene product. As used herein,
"reporter" or "reporter moiety" refers to any moiety
that allows for the detection of a molecule of
interest, such as a protein expressed by a cell, or a
biological particle. Typical reporter moieties
include, for example, fluorescent proteins, such as
red, blue and green fluorescent proteins (see, e.g.,
U.S. Patent No. 6,232,107, which provides GFPs from
Renilla species and other species), the lacZ gene from
E. coli, 



alkaline phosphatase, chloramphenicol acetyl
transferase (CAT) and other such wellknown genes. For
expression in cells, nucleic acid encoding the
reporter moiety, referred to herein as a "reporter
gene", can be expressed as a fusion protein with a
protein of interest or under to the control of a
promoter of interest.As used herein, the phrase
"operatively linked" with reference to sequences of
nucleic acids means the nucleic acid molecules or
segments thereof are covalently joined into one piece
of nucleic acid such as DNA or RNA, whether in single
or double stranded form. The segments are not
necessarily contiguous, rather two or more components
are juxtaposed so that the components are in a
relationship permitting them to function in their
intended manner. For example, segments of RNA (exons)
can be operatively linked such as by splicing, to form
a single RNA molecule. In another example, DNA
segments can be operatively linked, whereby control or
regulatory sequences on one segment permit expression
or replication or other such control of other
segments. Thus, in the case of a regulatory region
operatively linked to a reporter or any other
polynucleotide, or a reporter or any polynucleotide
operatively linked to a regulatory region, expression
of the polynucleotide/reporter is influenced or
controlled (e.g. , modulated or altered, such as
increased or decreased) by the regulatory region. For
gene expression, a sequence of nucleotides and a
regulatory sequence(s) are connected in such a way to
control or permit gene expression when the appropriate
molecular signal, such as transcriptional activator
proteins, are bound to the regulatory sequence(s).
Operative linkage of heterologous nucleic acid, such
as DNA, to regulatory and effector sequences of
nucleotides, such as promoters, enhancers,
transcriptional and translational stop sites, and
other signal sequences, refers to the relationship
between such DNA and such sequences of nucleotides.
For example, operative linkage of heterologous DNA to
a promoter refers to the physical relationship between
the DNA and the promoter such that the transcription
of such DNA is initiated from the promoter by an RNA
polymerase that specifically recognizes, binds to and
transcribes the DNA in reading frame. As used herein,
the term "operatively linked" with reference to amino
acids in polypeptides refers to covalent linkage
(direct or indirect) of the amino acids. For example,
when used in the context of the phrase "at least one
domain of a cell surface receptor operatively linked
to at least one amino acid encoded by an intron of a
gene encoding a cell surface receptor", means that the
amino acids of a domain from a cell surface receptor
are covalentlyjoined to amino acids encoded by an
intron from a cellsurface receptor gene. Such
linlcage, typically direct via peptide bonds, also can
be effected indirectly, such as via a linker or via
non-peptidic linkage. Hence, a polypeptide that
contains at least one domain of a cell surface
receptor operatively linked to at least one amino acid
encoded by an intron of a gene encoding a cell surface
receptor can be an intron fusion protein. It contains
one or more amino acids that are not found in a
predominant form of the receptor, but rather, contains
a portion that is encoded by an intron of the gene
that encodes the predominant form. These one or more
amino acids are encoded by an intron sequence of the
gene encoding the cell surface receptor. Nucleic acids
encoding such polypeptides can be produced when an
intron sequence is spliced or otherwise covalently
joined in-frame to an exon sequence that encodes a
domain of a cell surface receptor. Translation of the
nucleic acid molecule produces a polypeptide where the
amino acid(s) of the intron sequence are covalently
joined to a domain of the cell surface receptor. They
also can be produced synthetically by linking a
portion containing an exon to a portion containing an
intron, including chimeric intron fusion proteins in
which the exon is encoded by a gene for a different
cell surface receptor isoform from the intron portion.
As used herein, the phrase "generated from a nucleic
acid" in reference to the generating of a polypeptide,
such as an isoform and intron fusion protein, includes
the literal generation of a polypeptide molecule and
the generation of an amino acid sequence of a
polypeptide from translation of the nucleic acid
sequence into a sequence of amino acids. As used
herein, a promoter region refers to the portion of DNA
of a gene that controls transcription of the DNA to
which it is operatively linked. The promoter region
includes specific sequences of DNA that are sufficient
for RNA polymerase recognition, binding and
transcription initiation. This portion of the promoter
region is referred to as the promoter. In addition,
the promoter region includes sequences that modulate
this recognition, binding and transcription initiation
activity of the RNA polymerase. These sequences can be
cis acting or can be responsive to trans acting
factors. Promoters, depending upon the nature of the
regulation, can be constitutive or regulated.As used
herein, regulatory region means a cis-acting
nucleotide sequence that influences expression,
positively or negatively, of an operatively linked
gene. Regulatory regions include sequences of
nucleotides that confer inducible (i.e., require a
substance or stimulus for increased transcription)
expression of a gene. When an inducer is present or at
increased concentration, gene expression can be
increased. Regulatory regions also include sequences
that confer repression of gene expression (i.e., a
substance or stimulus decreases transcription). When a
repressor is present or at increased concentration
gene 



expression can be decreased. Regulatory regions are
known to influence, modulate or control many in vivo
biological activities including cell proliferation,
cell growth and death, cell differentiation and immune
modulation. Regulatory regions typically bind to one
or more trans-acting proteins, which results in either
increased or decreased transcription of the gene.
Particular examples of gene regulatory regions are
promoters and enhancers. Promoters are sequences
located around the transcription or translation start
site, typically positioned 5' of the translation start
site. Promoters usually are located within 1Kb of the
translation start site, but can be located further
away, for example, 2 Kb, 3 Kb, 4 Kb, 5 Kb or more, up
to and including 10 Kb. Enhancers are known to
influence gene expression when positioned 5' or 3' of
the gene, or when positioned in or apart of an exon or
an intron. Enhancers also can function at a
significant distance from the gene, for example, at a
distance from about 3 Kb, 5 Kb, 7 Kb, 10 Kb, 15 Kb or
more. Regulatory regions also include, in addition to
promoter regions, sequences that facilitate
translation, splicing signals for introns, maintenance
of the correct reading frame of the gene to permit
in-frame translation of mRNA and, stop codons, leader
sequences and fusion partner sequences, internal
ribosome binding site (IRES) elements for the creation
of multigene, or polycistronic, messages,
polyadenylation signals to provide proper
polyadenylation of the transcript of a gene of
interest and stop codons, and can be optionally
included in an expression vector. As used herein, the
"amino acids," which occur in the various amino acid
sequences appearing herein, are identified according
to their well-known, three-letter orone-letter
abbreviations (see Table 1). The nucleotides, which
occur in the various DNA fragments, are designated
with the standard single-letter designations used
routinely in the art. As used herein, "amino acid
residue" refers to an amino acid formed upon chemical
digestion (hydrolysis) of a polypeptide at its peptide
linkages. The amino acid residues described herein are
generally in the "L" isomeric form. Residues in the
"D" isomeric form can be substituted for any L-amino
acid residue, as long as the desired functional
property is retained by the polypeptide. NH2 refers to
the free amino group present at the amino terminus of
a polypeptide. COOH refers to the free carboxy group
present at the carboxyl terminus of a polypeptide. In
keeping with standard polypeptide nomenclature
described in J. Biol. Chem., 243:3552-59 (1969) and
adopted at 37 C.F.R. . 1.821 - 1.822, abbreviations
for amino acid residues are shown in Table 1: Table 1
- Table of CorrespondenceAIl sequences of amino acid
residues represented herein by a formula have a left
to right orientation in the conventional direction of
amino-terminus to carboxyl-terminus. In addition, the
phrase "amino acid residue" is defined to include the
amino acids listed in the Table of Correspondence
modified, non-natural and unusual amino acids.
Furthermore, it should be noted that a dash at the
beginning or end of an amino acid residue sequence
indicates a peptide bond to a further sequence of one
or more amino acid residues or to an amino-terminal
group such as NH2 or to a carboxyl-terminal group such
as COOH. In a peptide or protein, suitable
conservative substitutions of amino acids are known to
those of skill in this art and generally can be made
without altering a biological activity of a resulting
molecule. Those of skill in this art recognize that,
in general, single amino acid substitutions in
non-essential regions of a polypeptide do not
substantially alter biological activity (see, e.g.,
Watson et al. Molecular Biology of the Gene, 4th
Edition, 1987, The Benjamin/Cummings Pub. co., p.224).
Such substitutions may be made in accordance with
those set forth in TABLE 2 as follows: TABLE 2:Other
substitutions also are permissible and can be
determined empirically or in accord with other known
conservative or non-conservative substitutions. As
used herein, "similarity" between two proteins or
nucleic acids refers to the relatedness between the
sequence of amino acids of the proteins or the
nucleotide sequences of the nucleic acids. Similarity
can be based on the degree of identity and/or homology
of sequences of residues and the residues contained
therein. Methods for assessing the degree of
similarity between proteins or nucleic acids are known
to those of skill in the art. For example, in one
method of assessing sequence similarity, two amino
acid or nucleotide sequences are aligned in a manner
that yields a maximal level of identity between the
sequences. "Identity" refers to the extent to which
the amino acid or nucleotide sequences are invariant.
Alignment of amino acid sequences, and to some extent
nucleotide sequences, also can take into account
conservative differences and/or frequent substitutions
in amino acids (or nucleotides). Conservative
differences are those that preserve the
physico-chemical properties of the residues involved.
Alignments can be global (alignment of the compared
sequences over the entire length of the sequences and
including all residues) or local (the alignment of a
portion of the sequences that includes only the most
similar region or regions). 



As used herein, the terms "homology" and "identity"
are used interchangeably, but homology for proteins
can include conservative amino acid changes. In
general, to identify corresponding positions the
sequences of amino acids are aligned so that the
highest order match is obtained (see, e.g.
Computational Molecular Biology, Lesk, A.M., ed.,
Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects , Smith, D.W., ed.,
Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part I, Griffin, A.M., and Griffin,
H.G., eds., Humana Press, New Jersey, 1994; Sequence
Analysis in Molecular Biology von Heinje, G., Academic
Press, 1987; and Sequence Analysis Primer, Gribskov,
M. and Devereux, J., eds., M Stockton Press, New York,
1991; Carrillo et al. (1988) SIAM J Applied Math
48:1073). As use herein, "sequence identity" refers to
the number of identical amino acids (or nucleotide
bases) in a comparison between a test and a reference
polypeptide orpolynucleotide. Homologous polypeptides
refer to a pre-determined number of identical or
homologous amino acid residues. Homology includes
conservative amino acid substitutions as well
identical residues. Sequence identity can be
determined by standard alignment algorithm programs
used with default gap penalties established by each
supplier. Homologous nucleic acid molecules refer to a
pre-determined number of identical or homologous
nucleotides. Homology includes substitutions that do
not change the encoded amino acid (i.e., "silent
substitutions") as well identical residues.
Substantially homologous nucleic acid molecules
hybridize typically at moderate stringency or at high
stringency all along the length of the nucleic acid or
along at least about 70%, 80% or 90% of the
full-length nucleic acid molecule of interest. Also
contemplated are nucleic acid molecules that contain
degenerate codons in place of codons in the
hybridizing nucleic acid molecule. (For determination
of homology of proteins, conservative amino acids can
be aligned as well as identical amino acids; in this
case, percentage of identity and percentage homology
vary). Whether any two nucleic acid molecules have
nucleotide sequences (or any two polypeptides have
amino acid sequences) that are at least 60%, 70%, 80%,
85%, 90%, 95%, 96%, 97%, 98% or 99% "identical" can be
determined using known computer algorithms such as the
"FAST A" program, using for example, the default
parameters as in Pearson et al Proc. Natl. Acad. ScL
USA 85: 2444 (1988) (other programs include the GCG
program package (Devereux, J., et al, Nucleic Acids
Research 12(1): 387 (1984)), BLASTP, BLASTN, FASTA
(Altschul, S.F., et al, J. Molec. Biol. 215:403
(1990); Guide to Huge Computers Martin J. Bishop, ed.,
Academic Press, San Diego (1994), and Carrillo et al
SIAM J Applied Math 48: 1073 (1988)). For example, the
BLAST function of the National Center for
Biotechnology Information database can be used to
determine identity. Other commercially or publicly
available programs include, DNAStar "MegAlign" program
(Madison, WI) and the University of Wisconsin Genetics
Computer Group (UWG) "Gap" program (Madison WI)).
Percent homology or identity of proteins and/or
nucleic acid molecules can be determined, for example,
by comparing sequence information using a GAP computer
program (e.g., Needleman et al J. MoI. Biol 48: 443
(1970), as revisedby Smith and Waterman (Adv. Appl.
Math. 2: 482 (1981)). Briefly, a GAP program defines
similarity as the number of aligned symbols (i.e.,
nucleotides or amino acids) which are similar, divided
by the total number of symbols in the shorter of the
two sequences. Default parameters for the GAP program
can include: (1) a unary comparison matrix (containing
a value of 1 for identities and 0 for non identities)
and the weighted comparison matrix of Gribskov et al.
Nucl. Acids Res. 14: 6745 (1986), as described by
Schwartz and Dayhoff, eds., Atlas of Protein Sequence
and Structure. National Biomedical Research
Foundation, pp. 353-358 (1979); (2) a penalty of 3.0
for each gap and an additional 0.10 penalty for each
symbol in each gap; and (3) no penalty for end gaps.
Therefore, as used herein, the term "identity"
represents a comparison between a test and a reference
polypeptide or polynucleotide, hi one non-limiting
example, "at least 90% identical to" refers to percent
identities from 90 to 100% relative to the reference
polypeptides. Identity at a level of 90% or more is
indicative of the fact that, assuming for
exemplification purposes a test and reference
polynucleotide length of 100 amino acids are compared,
no more than 10% (i.e., 10 out of 100) of amino acids
in the test polypeptide differs from that of the
reference polypeptides. Similar comparisons can be
made between a test and reference polynucleotides.
Such differences can be represented as point mutations
randomly distributed over the entire length of an
amino acid sequence or they can be clustered in one or
more locations of varying length up to the maximum
allowable, e.g., 10/100 amino acid difference
(approximately 90% identity). Differences are defined
as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or
identities above about 85-90%, the result should be
independent of the program and gap parameters set;
such high levels of identity can be assessed readily,
often without relying on software. As used herein, an
aligned sequence refers to the use of homology
(similarity and/or identity) to align corresponding
positions in a sequence of nucleotides or amino acids.
Typically, two or more sequences that are related by
50% or more identity are 



aligned. An aligned set of sequences refers to 2 or
more sequences that are aligned atcorresponding
positions and can include aligning sequences derived
from RNAs, such as ESTs and other cDNAs, aligned with
genomic DNA sequence. As used herein, "primer" refers
to a nucleic acid molecule that can act as a point of
initiation of template-directed DNA synthesis under
appropriate conditions (e.g., in the presence of four
different nucleoside triphosphates and a
polymerization agent, such as DNA polymerase, RNA
polymerase or reverse transcriptase) in an appropriate
buffer and at a suitable temperature. It will be
appreciated that certain nucleic acid molecules can
serve as a "probe" and as a "primer." A primer,
however, has a 3' hydroxyl group for extension. A
primer can be used in a variety of methods, including,
for example, polymerase chain reaction (PCR),
reverse-transcriptase (RT)-PCR, RNA PCR, LCR,
multiplex PCR, panhandle PCR, capture PCR, expression
PCR, 3' and 5' RACE, in situ PCR, ligation-mediated
PCR and other amplification protocols. As used herein,
"primer pair" refers to a set of primers that includes
a 5' (upstream) primer that hybridizes with the 5' end
of a sequence to be amplified (e.g. by PCR) and a 3'
(downstream) primer that hybridizes with the
complement of the 3' end of the sequence to be
amplified. As used herein, "specifically hybridizes"
refers to annealing, by complementary base-pairing, of
a nucleic acid molecule (e.g. an oligonucleotide) to a
target nucleic acid molecule. Those of skill in the
art are familiar with in vitro and in vivo parameters
that affect specific hybridization, such as length and
composition of the particular molecule. Parameters
particularly relevant to in vitro hybridization
further include annealing and washing temperature,
buffer composition and salt concentration. Exemplary
washing conditions for removing non-specifically bound
nucleic acid molecules at high stringency are 0.1 x
SSPE, 0.1% SDS, 65C, and at medium stringency are 0.2
x SSPE, 0.1% SDS, 5O0C. Equivalent stringency
conditions are known in the art. The skilled person
can readily adjust these parameters to achieve
specific hybridization of a nucleic acid molecule to a
target nucleic acid molecule appropriate for a
particular application. B. CELL SURFACE RECEPTOR AND
LIGAND ISOFORMSProvided herein are nucleic acids
encoding cell surface receptor (CSR) isoforms or
ligand isoforms fused to another nucleic acid that
alters the production of a CSR isoform, such as by
altering secretion, expression, and/or purification of
a CSR or ligand isoform. The isoform fusion results in
a polypeptide that has improved secretion and
expression compared to an isoform that is not a fusion
with another nucleic acid sequence. Also provided
herein are expression vectors containing nucleic acid
encoding an isoform as provided herein, and cells
containing such vectors. The isoforms exemplified
herein represent variants of a predominant or wildtype
gene that can be generated by alternate splicing or by
recombinant or synthetic (e.g., in silico and/or
chemical synthesis) methods. The isoforms are
described in related applications (copending U.S.
application Serial No. 10/846,1 13 and corresponding
International PCT application No. WO 05/016966, U.S.
application Serial No. 11/129,740, U.S. Provisional
application No. 60/678,076, and U.S. application No.
(Attorney Docket No. 171 18-045P01/P2824), which, as
all such documents, are incorporated by reference in
their entirety). Typically, an isoform produced from
an alternatively spliced RNA is not a predominant form
of a polypeptide encoded by a gene. In some instances,
an isoform can be a tissue-specific or developmental
stage-specific polypeptide or disease-specific (i.e.,
can be expressed at a different level from
tissue-totissue or stage-to-stage or in a diseased
state compared to a non-diseased state or only can be
expressed in the tissue, at the stage or during the
disease process or progress). Alternatively spliced
RNA forms that can encode isoforms include, but are
not limited to, exon deletion, exon retention, exon
extension, exon truncation, and intron retention
alternatively spliced RNAs. Generally, an isoform
provided herein is generated by intron modification.
Isoforms generated by alternative splicing of encoding
nucleic molecules include intron fusion proteins,
whereby one or more codons (including stop codons)
from one or more introns is/are retained compared to
an mRNA transcript encoding a wildtype or predominant
form of an isoform. The retention of one or more
intron codons can generate transcripts encoding
isoforms that are shortened compared to a wildtype
orpredominant form of an isoform. A retained intron
sequence can introduce a stop codon in the transcript
and thus prematurely terminate the encoded
polypeptide. A retained intron sequence also can
introduce additional amino acids into an isoform
polypeptide, such as the insertion of one or more
codons into a transcript such that one or more amino
acids are inserted into a domain of an isoform. Intron
retention includes the inclusion of a full or partial
intron sequence into a transcript encoding an isoform.
The retained intron sequence can introduce nucleotide
sequence with codons in-frame to the surrounding exons
or it can introduce a frame shift into the transcript.
1. Cell Surface Receptor Isoforms . Isoforms that are
cell surface receptor isoforms can be linked to a
signal sequence or to a precursor sequence as
described herein or can be produced by expression of a



nucleic acid construct that encodes an isoform
operatively linked to a prescursor or signal sequence.
CSR isoforms can contain a new domain and/or exhibit a
new or different biological function compared to a
wildtype and/or predominant form of the receptor. For
example, intron-encoded amino acids can introduce a
new domain or portion thereof into an isoform.
Biological activities that can be altered include, but
are not limited to, protein-protein interactions such
as dimerization, multimerization and complex
formation, specificity and/or affinity for ligand,
cellular localization and relocalization, membrane
anchoring, enzymatic activity such as kinase activity,
response to regulatory molecules including regulatory
proteins, cofactors, and other signaling molecules,
such as in a signal transduction pathway. Generally, a
biological activity is altered in an isoform at least
0.1, 0.5, 1, 2, 3, 4, 5, or 10 fold compared to a
wildtype and/or predominant form of the receptor.
Typically, a biological activity is altered 10, 20,
50, 100 or 1000 fold or more. For example, an isoform
can be reduced in a biological activity. CSR isoforms
also can modulate an activity of a wildtype and/or
predominant form of the receptor. For example, a CSR
isoform can interact directly or indirectly with a CSR
isoform and modulate a biological activity of the
receptor. Biological activities that can be altered
include, but are not limited to, protein-protein
interactions such as dimerization, multimerization and
complex formation, specificity and/or affinity
forligand, cellular localization and relocalization,
membrane anchoring, enzymatic activity such as kinase
activity, response to regulatory molecules including
regulatory proteins, cofactors, and other signaling
molecules, such as in a signal transduction pathway. A
CSR isoform can interact directly or indirectly with a
cell surface receptor to cause or participate in a
biological effect, such as by modulating a biological
activity of the cell surface receptor. A CSR isoform
also can interact independently of a cell surface
receptor to cause a biological effect, such as by
initiating or inhibiting a signal transduction
pathway. For example, a CSR isoform can initiate a
signal transduction pathway and enhance or promote
cell growth. In another example, a CSR isoform can
interact with the cell surface receptor as a ligand
causing a biological effect, for example by inhibiting
a signal transduction pathway that can impede or
inhibit cell growth. Hence, the isoforms provided
herein can function as cell surface receptor ligands
in that they interact with the targeted receptor in
the same manner that a cognate ligand interacts with
and alters receptor activity. The isoforms can bind as
a ligand, but not necessarily, to a ligand binding
site and serve to block receptor dimerization. They
act as ligands in that they interact with the
receptor. The CSR isoforms also can act by binding to
ligands for the receptor and/or by preventing receptor
activities, such as dimerization. For example, a CSR
isoform can compete with a CSR for ligand binding. A
CSR isoform, when it binds to a receptor, can be a
negative effector ligand, which results in inhibition
of receptor function. It also is possible that some
CSR isoforms bind a cognate receptor, resulting in
activation of the receptor. A CSR isoform can act as a
competitive inhibitor of a CSR, for example, by
complexing with a CSR isoform and altering the ability
of the CSR to multimerize (e.g. dimerize or trimerize)
with other CSRs. A CSR isoform can compete with a CSR
for interactions with other polypeptides and cofactors
in a signal transduction pathway. The cell surface
isoforms and families of isoforms provided herein
include, but are not limited to, isoforms of receptor
tyrosine kinases (also referred to herein as RTK
isoforms) and isoforms of other families of CSRs, such
as TNFs and other G-protein-coupled receptors. In one
example, a CSR isoform is a soluble polypeptide. For
example, a CSR isoform lacks at least part or all of a
transmembranedomain. Soluble isoforms can modulate a
biological activity of a wildtype or predominant form
of a receptor (see for example, Kendall et al (1993)
PNAS 90: 10705, Werner et al (1992) Molec. Cell Biol.
12: 82, Heaney et al (1995) PNAS 92: 2365, Fukunaga et
al (1990) PNAS 87:8702, Wypych et al (1995) Blood 85:
66-73, Barron et al (1994) Gene 147:263, Cheng et al
(1994) Science 263: 1759, Dastot et al (1996) PNAS
93:10723, Abramovich et al (1994) FEBS Lett 338:295,
Diamant etal. (1997) FEBS Lett 412:379, Ku et al
(1996) Blood 88:4124, Heaney ML and Golde DW (1998), J
Leukocyte Biol. 64:135-146). Exemplary CSR isoforms,
including receptor tyrosine kinases (RTKs) or tumor
necrosis factor receptors (TNFRs) or RAGE isoforms,
include CSR intron fusion proteins provided herein and
known to those of skill in the art including any
described in copending U.S. application Serial No.
10/846,1 13 and corresponding International PCT
application No. WO 05/016966, U.S. application Serial
No. 11/129,740, U.S. Provisional application No.
60/678,076, and U.S. application No. (Attorney Docket
No. 171 18- 045P01/P2824). Generally, CSR intron
fusion proteins are encoded by nucleic acid molecules
that are generated by alternative splicing of a gene
encoding a cognate cell surface receptor. Typically, a
CSR isoform polypeptide contains at least one domain
of a cell surface receptor either truncated at the end
of an exon or linked to at least one amino acid
encoded by an intron of a gene encoding a cognate cell
surface receptor. CSRs include all cell surface
receptors, such as receptor tyrosine kinases (RTKs),
TNFRs, and RAGE 



receptors. Examples of RTKs include, but are not
limited to, erythropoietin-producing hepatocellular
(EPH) receptors (also referred to as ephrin
receptors), epidermal growth factor (EGF) receptors,
fibroblast growth factor (FGF) receptors,
platelet-derived growth factor (PDGF) receptors,
vascular endothelial growth factor (VEGF) receptors,
cell adhesion RTKs (CAKs), TIE/Tek receptors,
hepatocyte growth factor (HGF) receptors (termed MET),
discoidin domain receptors (DDR), insulin growth
factor (IGF) receptors, insulin receptor-related (IRR)
receptors and others, such as Tyro3/Axl. Examples
ofTNFRs include, but are not limited to TNFRl, TNFR2,
TNFRrp, the low-affinity nerve growth factor receptor,
Fas antigen, CD40, CD27, CD30, 4-1BB, OX40, DR3, DR4,
DR5, and herpesvirus entry mediator (HVEM). Exemplary
genes encoding RTKs or TNFRs include any listed in
Table 3 including, but are not limited to, ErbB2,
ErbB3, DDRl, DDR2, EGFR, EphAl, EphA2, EphA3, EphA 4,
EphA 5, EphA 6, EphA 7, EphA8, EphBl, EphB2, EphB3,
EphB4, EphB5, EphB, FGFR-I, FGFR-2, FGFR-3, FGFR-4,
Fltl (also known as VEGFR-I), VEGFR-2, VEGFR-3 (also
known as VEGFRC), MET, RON, PDGFR-A, PDGFR-B, CSFlR,
Flt3, KIT, TIE-I, TEK (also known as TIE-2), HER-2,
RAGE, TNFR2, and genes encoding the RTKs and TNFRs
noted above and not set forth. Table 3 provides
non-limiting examples of exemplary CSR intron fusion
proteins, including SEQ ID NOS for exemplary
polypeptide sequences and the encoding nucleic acid
sequences. Typically, one of skill in the art can
determine the presence or absence of structural motifs
of an isoform, including a precursor or signal
sequence or other protein domain(s), compared to a
cognate full-length receptor of an isoform. For
example, alignment of an isoform with a full-length
cognate receptor can be made to determine the presence
or absence of a signal sequence and/or other domains
known to exist for a cognate receptor. Using such
alignments, amino acid residues contained in a signal
sequence of exemplary CSR isoforms are listed in Table
3. In another example, an isoform can be tested for an
activity, such as for example secretion or ligand
binding, to determine if an activity of a domain is
reduced or eliminated and/or a structure is altered
compared to a full-length cognate receptor. CSR
isoforms, such as those described below in Table 3,
can be used in a fusion protein to improve the
production, such as by secretion, of a CSR isoform.
Table 3: Exemplary CSR Intron Fusion ProteinsRECLAMING
SUBSTRATES HAVING DEFECTS AND CONTAMINANTS BACKGROUND
[0001] Embodiments of the present invention relate to
reclaiming substrates in semiconductor fabrication.
[0002] In fabricating electronic devices, various
materials may be deposited onto a substrate, such as a
semiconductor substrate or display, or subsequently
etched from the substrate to form features such as
interconnect lines. These materials may include
metal-containing materials, such as for example,
aluminum, copper, tantalum, tungsten, as well as their
compounds. Other materials deposited onto substrates
include silicon and various oxides and other
nonmetallic materials. These materials may be
deposited using a variety of techniques including
sputtering (also referred to as physical vapor
deposition or PVD), chemical vapor deposition (CVD)
and thermal growth. In addition to depositing
materials, other fabrication processes may be
performed including doping semiconductor layers with
impurities, diffusion, ion implantation, etching,
chemical and mechanical polishing (CMP), cleaning and
heat treatments. [0003] In such fabrication processes,
test substrates are often used to test whether a
fabrication process is operating to specification. For
example, to test a copper sputtering process, a test
substrate may be placed into a copper sputtering tool
and copper sputter deposited onto the test substrate.
The test substrate may then be inspected to verify
whether or not the resultant deposited copper layer is
within specification. If not, the controls to the
copper sputtering tool may be adjusted and the tool
retested with the same or another test substrate until
the desired copper deposition layer is reliably
achieved. [0004] With the constant pressure for
driving costs down, reclaiming substrates which have
been used for testing or monitoring processes,
rejected for failing deposition or etch process
criteria, or for other reasons, is a good alternative
to buying new substrates. It is more cost effective to
reclaim the used test substrates rather than simply
discard the substrates. The reclamation process
typically includes removing all the deposited layers
and materials andremoving some of the underlying
silicon material so that the remaining silicon
material of the test substrate is clean and
substantially free of added materials or other
contaminants. As a consequence, the reclamation
process is intended to restore the test substrate to
meet the same specifications as a new test substrate
except for its thickness. For example, it is often
desirable to reclaim test substrates that have
contaminants. The reclamation process often has unique



requirements when the contaminant comprises metallic
species, such as elemental metal or metal compounds.
To avoid contamination, it is often preferred that
test substrates upon which metallic species have been
deposited be reclaimed separately from other test
substrates having no metallic deposits or only
nonmetal depositions. [0005] With the advancement in
technology, more devices are manufactured using copper
interconnects and lines, and substrates contaminated
with copper- containing species, such as elemental
copper or copper compounds, often need to be reclaimed
separately from other substrates. The copper from
copper-containing substrates can easily contaminate
other substrates when they are reclaimed in the same
bath used for reclaiming other substrates or even
through use of re-circulated polishing slurry.
Furthermore, tests for contamination of the substrate
surface using ICP-MS (inductively coupled plasma mass
spectroscopy) methods do not detect copper which has
diffused from the surface into the bulk of the silicon
substrate. This can result in shipping to customers,
substrates with high levels of copper contamination in
the bulk of the substrate. Subsequently, long storage
periods or elevated temperatures during transport and
warehouse conditions can cause the copper to diffuse
from the bulk to the surface where it negatively
affects the devices formed on the substrate. [0006]
One process of removing metallic contaminants, such as
copper, is described in U.S. patent no. 6,054,373,
Entitled "Methods of and Apparatus for Removing
Metallic Impurities Defused in a Semiconductor
Substrate", issued on April 25, 2005, which is
incorporated herein by reference in its entirety. This
patent describes a process in which a substrate is
heated in-situ in an acidic bath of sulfuric acid.
However, after removing copper contaminants from a
batch of substrates, the resultant chemical bath
contains high levels ofcopper contaminants, which may
diffuse into substrates subsequently dipped into the
bath. Cross-contamination is a particular problem when
a second substrate comprising a low level of surface
contamination is treated after a first substrate
having a high level of surface contamination, in which
case, copper from the first substrate often further
contaminates the second substrate. [0007] To segregate
the substrates prior to reclamation, used test
substrates destined for reclamation are often sorted
into one of a few reclamation categories and then
stored in cassettes. Notes may be jotted onto each
cassette label indicating the particular category
(such as "lattice defect type", "copper", "metal" or
"nonmetal") to which the test substrates in the
cassette is believed to belong. The test substrates
may then be transferred to an in-house reclamation
service operator or shipped to an outside service
provider. The test substrates are often shipped or
transferred in bulk, that is, hundreds or thousands at
a time. The reclamation service operator, upon receipt
of the test substrates, takes note of any notices
written on the cassette labels, removes the test
substrates from the cassettes, visually inspects the
test substrates and sorts them by reclamation
category, again, typically the "copper", "metal" or
"nonmetal" categories. The test substrates of each
category are then processed using a reclamation
process appropriate for that particular category.
[0008] One system in which test substrates are
reclaimed by reading from a database the process steps
performed on each of a plurality of test substrates
and selecting a particular reclamation process for
each test substrate, is described in U.S. Patent no.
6,954,722, entitled "TEST SUBSTRATE RECLAMATION METHOD
AND APPARATUS", issued on October 11, 2005, assigned
to the assignee of the present application and
incorporated by reference in its entirety. For
example, where the process steps performed on the test
substrates include material deposition; the data read
from the database can include data representing the
type of material deposited and the thickness of the
deposited material in a process step. A reclamation
process may then be selected for each test substrate,
which is appropriate for that test substrate depending
upon the types of materials deposited on the test
substrate and the thickness of each deposition.
Reclamation processes may be selected based upon other
processes performed on the test substrates including
ion implantation,CMP, cleaning, thermal treatments and
etching and the details concerning those processes.
The information identifier for each test substrate,
the processes performed on that test substrate and the
reclamation process selected for that test substrate,
may be stored in a test substrate history database.
[0009] In addition, each test substrate for which a
reclamation process has been selected may be sorted
and placed into a group of test substrates having a
common reclamation process assigned to the test
substrates of the group. For example, the test
substrates may be sorted in an automated system 



in which an identification code is read from each test
substrate by a scanner or other suitable reader, the
reclamation process assigned to that test substrate is
read from a database and the test substrate is placed
by a robot or other automated substrate handlers in a
cassette or other bin containing additional test
substrates assigned with the same or similar
reclamation process. [00010] Also, the bins in which
the sorted test substrates are stored may each be
labeled with identifying information including basic
or detailed information on the reclamation process
selected for the test substrates stored in the bin.
The information may also include a list of the test
substrates stored in each bin. The information
identifier for each bin, the test substrates stored in
the bin and the reclamation process selected for those
test substrates may also be stored in a database for
those bins. [00011] The sorted test substrates may be
removed from the bins by a reclamation operator in an
automated system in which an identification code is
read from each test substrate by a suitable reader.
The reclamation process assigned to that test
substrate can be read from a database supplied to the
operator to verify which reclamation process was
assigned to each test substrate prior to reclaiming
the test substrate. SUMMARY [00012] Test substrates
used to test semiconductor fabrication tools are
sorted for reclaiming the substrates. In one method a
plurality of test substrate identification data is
read from a plurality of test substrates. For each
read test substrate, stored test substrate data
describing the read test substrate isobtained from a
database. Each read test substrate is assigned a
crystal lattice defect reduction treatment associated
with the stored test substrate data for the read test
substrate. [00013] A system to reclaim test substrates
each bearing an identification code. The system
comprises a reader to read an identification code from
a test substrate and a controller. The controller has
a memory to store a database comprising data
representative of the identification code for each
test substrate and associated data representative of a
crystal lattice defect reduction treatment. The
controller also has program code to obtain from the
database, for each read test substrate, stored test
substrate data describing each read test substrate and
to assign to each read test substrate, a crystal
lattice defect reduction treatment associated with the
stored test substrate data for the read test
substrate. [00014] An article of manufacture for
reclaiming test substrates used to test semiconductor
fabrication tools. The article of manufacture
comprises program code implemented in a computer
readable medium capable of causing a controller to (a)
store in a database, a plurality of test substrate
identification data, each test substrate
identification data identifying a particular test
substrate of a plurality of test substrates; (b)
select a crystal lattice defect reduction treatment
from a plurality of crystal lattice defect reduction
treatments, for reclaiming each of said plurality of
test substrates identified by said plurality of test
substrate identification data; and (c) store into the
database, a plurality of test substrate crystal
lattice defect reduction treatment identification data
associated with a stored test substrate identification
data to identify the reclamation process selected to
reclaim the test substrate. [00015] A computer
readable medium including a computer database of data,
for reclaiming test substrates used to test
semiconductor fabrication tool. The computer readable
medium comprises a plurality of test substrate
identification data, each test substrate
identification data identifying a particular test
substrate of a plurality of test substrates. A
plurality of crystal lattice defect reduction
treatment data, each crystal lattice defect reduction
treatment data being associated with a test substrate
identification data.[00016] A method of reclaiming
test substrates used to test semiconductor fabrication
tools comprises reading a plurality of test substrate
identification data from a plurality of test
substrates; obtaining from a database, for each read
test substrate, stored test substrate data describing
each read test substrate; and assigning each read test
substrate a metallic contaminant reduction treatment
associated with the stored test substrate data for
each read test substrate. [00017] A method of
reclaiming test substrates used to test semiconductor
fabrication tools, comprising: (a) reading a plurality
of test substrate identification data from a plurality
of test substrates; (b) obtaining from a database, for
each read test substrate, stored test substrate data
describing each read test substrate; and 



(c) assigning each read test substrate a copper
contaminant reduction treatment as a function of the
stored test substrate data for each read test
substrate. [00018] A method of reclaiming substrates
comprises providing a substrate comprising a metallic
contaminant at a first surface concentration level.
The substrate is heated to cause metallic contaminant
in the bulk of the substrate to diffuse to the surface
of the substrate. Thereafter, the substrate is
quenched at a quench rate that is sufficiently high to
obtain a second surface concentration level of the
metallic contaminant, after quenching, that is at
least about 20% higher than the first surface
concentration level. The substrate can be heated, for
example, in a electrical resistance heated furnace or
by applying microwave radiation to the substrate. The
method can also be used to inspect and detect
increased surface concentration levels of the metallic
contaminant in the substrate. DRAWINGS [00019] These
features, aspects, and advantages of the present
invention will become better understood with regard to
the following description, appended claims, and
accompanying drawings, which illustrate examples of
theinvention. However, it is to be understood that
each of the features can be used in the invention in
general, not merely in the context of particular
drawings, and the invention includes any combination
of these features, where: Fig. 1 is a schematic
diagram of an exemplary example of a reclaiming and
sorting system; Fig. 2 is a flow chart representing an
example of a reclaiming preparation process; Fig. 3 is
a schematic diagram of an example of a recycle
cassette database; Fig. 4 is a schematic diagram of an
example of a test substrate history and inspection
database; Fig. 5 is a schematic diagram of an example
of a test substrate sorting apparatus; Fig. 6
illustrates examples of recycle cassettes with a
printed label attached; Fig. 7 is a flow chart
representing an example of operations used to map test
substrates and cassettes and inspect test substrates;
Fig. 8 is an example of a report for test substrates
and cassettes; Fig. 9 is a flowchart representing an
example of operations to create a test substrate
history and inspection database; Fig. 10 is a
flowchart representing an example of operations of a
reclaim algorithm engine; Fig. 11 is a flowchart
representing an example of operations of a process of
sorting test substrates by reclaim category; Fig. 12
is an example of a recycle cassette label; Fig. 13 is
a flow chart representing an example of a reclaim
process; Fig. 14 is a schematic diagram of an example
of a database; Fig. 15 is a flow chart representing an
example of operations by a reclaim supplier to verify
test substrate ID's, cassette ID's and reclaim
categories;Fig. 16 depicts an example of
identification codes placed on a test substrate; Fig.
17 illustrates an example of an identification code
for a test substrate which reflects the processing
history of the test substrate; and Fig. 18 is a block
diagram of a controller suitable for the present
system. DESCRIPTION [00020] FIG. 1 illustrates one
example of a computerized system 100 which is believed
capable of significantly enhancing reclamation of
substrates, such as used test substrates and other
substrates used in the fabrication of semiconductor
devices and displays. The system 100 is used in a
reclamation preparation process, an example of which
is summarized in FIG. 2. For example, the system 100
can be used to facilitate reclamation of test
substrates having crystal lattice defects or metallic
contaminants; particularly those defects and
contaminants occurring near the substrate surface. In
one aspect, test substrates may be identified and
sorted into groups deemed likely to have one or more
types of defects or contaminants, or minimum levels of
defects or contaminants. For example, test substrates
which are identified as coming from the same ingot
section may be considered likely to have crystal
lattice defects where other test substrates fabricated
from the same ingot section have been determined to
have crystal lattice defects. Also, test substrates
may be sorted in groups considered likely to have
crystal lattice defects as a result of having 



undergone a common processing step, such as a high
temperature anneal treatment, which has been
determined likely to induce or exacerbate crystal
lattice defects. Similarly, substrates subjected to
metal deposition processes can be subject to higher
levels of metal contaminants. [00021] In another
aspect, incoming test substrates may be inspected by
an in-line sensor comprising automated or
semi-automated inspection equipment which can detect
the likely presence of crystal lattice defects, metal
contaminants, or their levels. Those test substrates
determined likely to have crystal lattice defects may
be sorted into groups where each group is assigned
acommon crystal lattice defect reduction treatment
suitable for the identified crystal lattice defects of
the group, and the same for metal contaminants.
[00022] In the example of the reclamation preparation
process 110, the test substrates to be reclaimed are
identified (block 112) by the system 100 and stored
into cassettes 118, each of which is preferably
assigned a unique identification code which may
include alphanumeric or other symbols. Although the
illustrated system is described in connection with
silicon test substrates and cassettes, it is
appreciated that certain embodiments may be directed
to other types of test semiconductor and
non-semiconductor substrates including silicon on
insulator (SOI), gallium arsenide, germanium, silicon
germanium, glass and other test substrates. Also, it
is appreciated that storage containers or bins other
than cassettes may be used. One example is a FOUP used
to transport 300 mm substrates. [00023] FIG. 3 is a
schematic representation of one example of a computer
database 120 in which the system 100 stores the
identification code of each test substrate to be
reclaimed and the identification code of the
particular cassette 118 in which each such test
substrate is stored. The system 100 includes a
controller 300 comprising a suitable computer or
computer network 124 (FIG. 1), which maintains the
cassette database 120. A reader 126 reads the
identification code from each test substrate 130 to be
reclaimed, for storage in the database 120. [00024] In
accordance with another aspect of the illustrated
reclamation process 110, the system 100 may also
extract (block 132, FIG. 2) substrate source history
data, including the ingot and the section of the ingot
from which the test substrate was fabricated. The
extracted substrate data may also include the
processing history of each test substrate to be
reclaimed. This processing history may include data
describing the various layers, if any, deposited onto
the test substrate and other processes performed on
the test substrates including, anneals, etching,
cleaning, polishing etc. Silicon ingot fabricators
frequently maintain databases, which track each
substrate from the source ingot and the section of the
ingot producing the substrate.[00025] Also tracked are
processes performed on each substrate passing through
a fabrication system such as an integrated circuit
fabrication plant. Accordingly, this source and
processing history data may be extracted from
preexisting databases by the system 100 and stored
(block 132) in a test substrate history and inspection
database created (block 140, FIG. 2) by the system 100
for each test substrate identified as being prepared
for reclamation. FIG. 4 shows an example of such a
test history and inspection database 150 in which the
source of each test substrate and each of the
processing steps performed on a test substrate is
stored in association with the identification code of
the particular test substrate. [00026] In another
aspect, each test substrate to be reclaimed may also
be inspected (block 142) for crystal lattice defects.
Such an inspection may be performed manually or may be
performed by suitable automated inspection equipment
such as an in-line optical or X-ray sensor 136 (FIG.1)
of the system 100. The inspection results may be
stored (block 144) in the test substrate history and
inspection database created (block 140, FIG. 2) by the
system 100 for each test substrate identified as being
prepared for reclamation. [00027] Using the test
substrate history database 150, the system 100 can
examine (block 154, FIG. 2) the source data of each
test substrate, the processing steps performed on a
particular test substrate, and the inspection results
for each test substrate, and determine which of a
plurality of methods for reclaiming that particular
test substrate would be suitable including a suitable
crystal lattice defect or metallic contaminant
reduction treatment. For example, if a test substrate
was obtained from a particular section of a particular
ingot which has produced substrates having crystal
lattice defects, it may be determined that the test
substrate has a high likelihood of also having similar
crystal lattice defects. Accordingly, a suitable
crystal lattice defect reduction treatment may be
assigned that test substrate. 



[00028] As another example, the test substrate
processing history may indicate that the test
substrate has undergone a high temperature anneal in
the fabrication facility. Moreover, the anneal process
may be of a type which induces or exacerbates crystal
lattice defects. Again, a suitable crystal lattice
defect reduction treatment may be assigned that test
substrate.[00029] As yet another example, the
inspection results may indicate a high likelihood of
crystal lattice defects in that particular test
substrate. It is appreciated that some inspection
machines may not readily distinguish between surface
particles and crystal lattice defects. Also, some
prior processing operations such as film depositions
may obscure the defects, particularly for optical
sensors. Accordingly, in some applications, the
inspection may be performed after deposition removal,
cleaning, or polishing has already occurred in the
overall reclamation process to facilitate the
inspection process. Other inspection sensors such as
X-ray devices may be appropriate to detect crystal
lattice defects before substantial reclamation
processing has begun such as prior to removal of
deposition films, cleaning, polishing, etc. However,
in some applications it may be appropriate to remove
metal depositions prior to x-raying the test
substrate. [00030] As yet another example, the
inspection results may indicate a high likelihood of
metallic contaminants in a particular test substrate.
For example, if the test substrate processing history
may indicate that the test substrate has undergone a
metallic material deposition process, and/or a high
temperature anneal after deposition. A suitable metal
contaminant defect reduction treatment may be assigned
that test substrate, for example, a copper defect
reduction treatment for a copper contaminated
substrate. [00031] It is appreciated that the test
substrates may be more efficiently reclaimed by
utilizing a database such as the test substrate
history and inspection database 150 to select a
reclamation method particularly suited for that
particular test substrate. In the illustrated
embodiment, the system 100 includes a reclaim
algorithm engine which identifies a method for
reclaiming each test substrate based upon the detailed
source and processing history and inspection results
of that test substrate, and stores data identifying
that selected method in one or more of the databases
120 and 150 of the system 100. [00032] Once the
appropriate reclaiming methods have been identified
for one or more test substrates, that information may
be used by the system 100 to sort (block 160, FIG. 2)
test substrates into various categories, on the basis
of the method selected for each test substrate. FIG. 5
shows an example of a robotic system 170 of the system
100, which includes a robot 172 capable ofremoving a
test substrate 130 from any of a plurality of storage
cassettes or other storage bins 118a, 118b, 118c ...
118n and storing the test substrate into any of the
other storage cassettes 118a , 118b, 118c ... 118n. In
the illustrated embodiment, positioned adjacent one or
more bins is a reader 126a, 126b ... 126n, such as an
optical scanner or other type, which permits the test
substrate to be scanned as it is withdrawn from or
inserted into the associated cassette to verify the
test substrate identification code of the test
substrate being handled by the robot 172. [00033] In
addition, the system 170 may include an in-line sensor
136 to perform inspections of the substrates 130 for
crystal lattice defects or metal contaminants as the
test substrate is handled by the robot 172. These
inspections may be performed as test substrates are
being identified for reclamation, during the
reclamation process or after all reclamation steps
have been performed except any defect or contaminant
reduction treatment, which may subsequently be
assigned. [00034] In one example, all the test
substrates, which have been assigned one particular
reclamation method or category may be stored in one
cassette up to the capacity of that cassette. The
system 100 includes a printer 180 (FIG. 1) to print a
label 182a ... 182n (FIG. 6) for each cassette 118a,
118n, respectively. Each label may be attached (block
184, FIG. 2) to the associated cassette and may
identify by identification codes, each test substrate
stored in the cassette by the robotic sorting system
170 and the particular reclamation method selected by
the reclamation algorithm engine for each of the test
substrates in the cassette, as well as other
information as described below. The test substrates of
each cassette are then ready (block 190, FIG. 2) to
proceed to be reclaimed using the reclamation process
identified by the label attached to the cassette
storing the test substrates. The reclamation process
may include or constitute one or more suitable crystal
lattice defect or metallic contaminant reduction
treatments. [00035] FIG. 7 shows in greater detail an
example of operations 19, 



which may be performed to identify (block 112, FIG. 2)
and inspect (block 142) the test substrates to be
reclaimed and the cassettes in which the test
substrates are stored. If (block 200) a new cassette
of test substrates is to be identified, thecassette is
assigned (block 202) a unique cassette identification
code and a new record is created (block 204) in the
cassette database 120. As shown in FIG. 3 , the
cassette database 120 has a record 210a ... 21On for
each cassette 118a ... 118n, respectively. Each record
has a field 212 in which the cassette identification
code is stored (block 220, FIG. 7). In the illustrated
embodiment, the cassette identification code may be a
series of symbols including alphanumeric characters
and other arbitrary symbols, which uniquely identify a
particular cassette. [00036] Once a record has been
created in the cassette database 120 for the cassette
being processed and the identification code of the
cassette has been stored in the appropriate field 212,
or if (block 200) the cassette already has an
associated record in the cassette database 120, the
robot 172 removes (block 230) a test substrate from
the cassette, a scanner 126 scans (block 232) the test
substrate to read the test substrate identification
code. Like the cassette identification code, the
substrate identification code may be a series of
symbols including alphanumeric characters and other
symbols, which uniquely identify a particular test
substrate. These test substrate identification codes
are often inscribed directly onto the front or back
surfaces of the test substrate, often using lasers.
[00037] FIG. 16 shows an example of a test substrate
identification code 240 laser scribed near the edge
242 of a test substrate 130. Test substrates often
have a notch 244, or flattened edge (not shown) or
other orientation features which facilitate robotic
handling. The test substrate identification code 240
is preferably of a type readily discernible by readers
126 such as optical scanners or other reading devices
to facilitate automated handling of the substrates.
[00038] In addition, the test substrate may be
inspected (block 246) for crystal lattice defects,
metallic contaminants, or their levels. Once the
identification code of the substrate has been read,
(and the substrate inspected, if appropriate) the test
substrate may be replaced (block 250, FIG. 7) into the
same or a different cassette. In addition, the test
substrate identification code read from the test
substrate is stored (block 260) into the cassette
database 120 in a field 262 (FIG. 3) of the record
associated with the particular cassette into whichthe
test substrate is placed. Many cassettes or other
storage bins often have slots, which support each
individual substrate. These slots are often uniquely
identified by individual slot numbers. In this
example, each cassette has a plurality of slots,
numbered slot 1, slot 2 ... slot n. Accordingly, the
slot number slot 1, slot 2 ... slot n of the slot in
which the test substrate is stored may be recorded
(block 260) into a field 264 associated with the
identification code of the test substrate stored in
that slot. [00039] Once all (block 270) of the test
substrates of the cassette being processed have been
scanned and inspected, a preliminary cassette label
may be printed (block 272) by the printer 180 of the
system 100 and attached to the cassette. This
preliminary label may include information such as the
cassette identification code and may also include a
list by substrate identification codes, of the test
substrates stored in the cassette for reclamation. The
cassette and test substrate identification process of
FIG. 7 may be repeated for all the cassettes of test
substrates destined to be reclaimed or in the process
of being reclaimed. [00040] The identification
information for all these cassettes and test
substrates may also be printed in a report an example
of which is shown in FIG. 8. This report 280 could
include a list of the cassettes containing test
substrates to be reclaimed in which each cassette is
identified by its unique cassette identification code
and a list of the test substrates stored in each
cassette. The information for each test substrate may
include the test substrate's identification code and
the cassette slot number in which the test substrate
is stored. [00041] FIG. 9 shows in greater detail an
example of operations 290 which may be performed to
create (block 140, FIG. 2) a test substrate history
and inspection database such as the database 150
illustrated in FIG. 4. The operations of FIG. 9 are
preferably performed after one or more test substrates
have been identified and inspected in a manner similar
to that described above in connection with FIG. 7.
Thus, test substrate history data may be stored in the
test substrate history and inspection database 150
after each test substrate is identified by a reader
and inspected by an inspection device or
alternatively, data may be stored in the test
substrate history data base for a batch of test
substrates after that batch of test substrates has
been identified by the operations 



of FIG. 7 for example.[00042] To add test substrate
history data to the test substrate database 150, a
record such as record 300a (FIG. 4) is created (block
302, FIG. 9) for an individual test substrate and the
identification code for that particular test substrate
is stored (block 304) in a field 306. If history data
and/or inspection result data is available (block 310)
for that test substrate, substrate data is stored
(block 312) in the record 300 describing the source of
the substrate and/or one or more processes performed
on the test substrate. In the example of FIGs. 4 and
9, data is preferably stored for each
fabrication-processing step performed on the test
substrate. This data may include a step number for
each processing step, which is stored in a field 314
to indicate the chronological order in which the
various processing steps were performed on the test
substrate. In addition, data identifying the type of
process performed in each step may be stored in a
field 316, for example. The various processes
identified for a particular processing step may
include, for example, anneal, CVD, PVD, thermal
growth, doping, diffusion, ion implantation, etching,
CMP, cleaning, defect inspections, etc. In addition,
for each processing type, additional data may be
stored in various fields. For example, for an anneal
step, the temperature ramp rate may be stored in a
field 320, the maximum temperature may be stored in a
field 322, the cool rate may be stored in a field 324,
the total duration of anneal may be stored in a field
326 etc. For film deposition, the type of material
(such as copper, aluminum, nitride, oxide, etc.) being
deposited may be stored in a field and the thickness
of the film (such as 0 (if none), or 500 Angstroms,
1000 Angstroms etc.) may be stored in another field.
For ion implantation, the ion type could be stored in
a field, and the implantation depth (such as 0 (if
none), or 250 Angstroms, 1500 Angstroms etc.) could be
stored in a field. For diffusion processes, the
diffusion depth could be stored in a field. [00043]
The source data for the test substrate, including the
ingot identification and the ingot section
identification data may be stored in a field 370. The
results of the crystal lattice defect or metallic
contaminant inspection may be stored in a field 371 .
[00044] It is believed these types of information for
the test substrates can be used by the system 100 to
facilitate selection of an appropriate reclamation
method such as a crystal lattice defect reduction
treatment for eachtest substrate in the database 150
as a function of the substrate source, the substrate
inspection results, and/or the details of the
processes performed on the particular test substrate,
including high temperature anneal processes. There is
of course additional information, which may be stored
in additional fields such as field 327 for these and
other types of processes, inspections and substrate
history for use in selecting the appropriate
reclamation process including a crystal lattice defect
or metallic contaminant reduction treatment. [00045]
As previously mentioned, in the example of FIGs. 4 and
9), data is preferably stored for each
fabrication-processing step performed on the test
substrate. Hence, the history and inspection data
storage (block 312) is continued until all history and
inspection steps (block 330) have been stored in the
database 150. The substrate data may be "date stamped"
by storing (block 332) the date the substrate
processing history and inspection data was stored into
the database 150 in a field 334. It is appreciated
that processing history or inspection data may not be
available for every test substrate to be reclaimed. If
the substrate data is unavailable (block 310), the
system 100 can proceed to store (block 333) a suitable
indication such as "UNAVAILABLE" into an appropriate
field of the record for that test substrate and
proceed to the date stamp operation (block 332).
[00046] If the source and processing history and
inspection data have been stored into the database 150
for the test substrates (block 334) identified as
being destined for reclamation, the system 100 can end
(block 336) the test substrate history and inspection
database storage operations and begin to determine the
appropriate reclamation method for each test substrate
of the database 150 as described below. If not, the
operations of FIG. 9 may be repeated, creating (block
302) a record for each remaining test substrate and
storing the test substrate processing history data for
each remaining test substrate as described above.
[00047] FIG. 10 shows in greater detail an example of
operations 350 which may be performed to process
(block 154, FIG. 2) a test substrate history and
inspection database such as the database 150
illustrated in FIG. 4, using a reclaim algorithm
engine to identify the appropriate reclamation method,
in this example, a crystal lattice defect or metallic
contaminant reduction treatment, foreach test
substrate of the database 150, as appropriate. The
operations of FIG. 10 are preferably performed after
one or more test substrates have been 



identified in a manner similar to that described above
in connection with FIG. 7 and the processing history,
source history and inspection data has been stored in
the database 150 for those test substrates. Thus, a
reclamation method may be selected and stored in the
test substrate history database 150 after an
individual test substrate is identified by a reader or
alternatively, reclamation methods may be selected and
stored in the test substrate history data base for a
batch of test substrates on an individual basis after
the test substrates of the batch have been identified
by the operations of FIG. 7 for example and the
substrate data has been stored for each of the test
substrates of the batch of test substrates by the
operations of FIG. 9, for example. [00048] To
determine whether a crystal lattice defect reduction
treatment is appropriate and if so, to select the
appropriate crystal lattice defect or metallic
contaminant reduction treatment for a test substrate,
a record 300a, 300b ... 30On in the test substrate
history and inspection database 150 is read (block
360) for a particular test substrate. The records
300a, 300b ... 30On may be processed in order or a
particular record 300a, 300b ... 30On selected for a
particular test substrate. The record 300a, 300b ...
30On which is read is examined (block 362) to
determine whether the inspection results for the test
substrate associated with that database record
indicate a likelihood of crystal lattice defect or
metallic contamination. If so, a crystal lattice
defect or metallic contaminant reduction treatment is
assigned (block 364) based upon the inspection
results, and if appropriate, the substrate processing
history, and is stored in a field 392 of the record
for that test substrate. [00049] The system 100
preferably includes a database such as the database
380 of FIG. 14 in which detailed instructions may be
stored for a large number of different reclamation
processes including crystal lattice defect or metallic
contaminant reduction treatments. Thus, the database
380 may include for example, a record 382a ... 382n
for each reclamation process in which each record
includes a title or other brief description of the
reclamation process in a field 384, an identification
code in a field 386, and a plurality of fields 390
which detail the various steps of the reclamation
process. In this example, thereclamation processes
could include a collection of the methods for
reclaiming a particular type of test substrate having
particular types of crystal lattice defects. It is
further appreciated that the detailed processing
history stored for each test substrate to be reclaimed
readily permits the reclamation methods to be modified
to increase the efficiency of the reclamation
processes. [00050] Once a preferred defect or
contaminant reduction reclamation process has been
selected from the reclamation process database 380 for
a particular test substrate, based upon the inspection
history and if appropriate, the processing history
stored in the database 150 for that test substrate,
the identification code for the selected reclamation
process is stored (block 364) in a field 392 of the
record 300a ... 30On of the database 150 associated
with that particular test substrate. [00051] If the
inspection results do not indicate likely crystal
lattice defects or metallic contaminants, the record
300a, 300b ... 30On, which is read, may also be
examined (block 400) to determine whether the source
data including the source ingot section from which the
substrate was fabricated, indicate a likelihood of
lattice defects or contaminants. If so, a lattice
defect or metallic contaminant reduction treatment is
assigned (block 402) based upon the substrate source
data, and the substrate processing history if
appropriate, and is stored in a field 392 of the
record for that test substrate. [00052] If the
substrate source data does not indicate likely lattice
defects or metallic contaminants, the record 300a,
300b ... 30On, which is read may also be examined
(block 410) to determine whether the substrate
processing history indicates a likelihood of lattice
defects or metallic contaminants. If so, a crystal
lattice defect or metallic contaminant reduction
treatment is assigned (block 412) based upon the
substrate processing history, and is stored in a field
392 of the record for that test substrate. [00053] The
reclaim algorithm engine of FIG. 10 continues
examining each record of the test substrates
identified for reclamation and selecting an
appropriate reclamation process for each such test
substrate and storing the reclamation process
identification code into the associated record for
that testsubstrate until all (blocks 420, 422) the
test substrate history records have been processed.
[00054] FIG. 11 shows in greater detail an example of
operations 430 which may be performed to physically
sort (block 160, FIG. 2) and segregate test substrates
into categories using the reclamation methods
identified and stored into the test history database
150 illustrated in FIG. 4. The operations of FIG. 11 



are preferably performed after one or more test
substrates have been identified and inspected in a
manner similar to that described above in connection
with FIG. 7 , the test substrate processing history
and inspection database examined and the appropriate
reclamation process has been stored in the database
150 for those test substrates in a manner similar to
that described "above in connection with FIG. 10. A
test substrate may be identified, inspected and a
reclamation process selected for that test substrate
and the test substrate may be sorted and segregated
before processing the next test substrate.
Alternatively, test substrates may be identified and
inspected a batch at a time, reclamation processes may
be selected for each test substrate of the batch a
batch at a time and the test substrates subsequently
sorted and segregated a batch at a time. [00055] To
sort the test substrates for reclamation, a test
substrate may be withdrawn from a cassette or other
storage bin 118a, 118b ... 118n by an appropriate
robot 172 (FIG. 5) and the identification code on that
test substrate may be read (block 450, FlG. 11) by a
suitable reader 126. In some applications, the test
substrate may also be inspected for crystal lattice
defects at this time. Using the read identification
code, the record 300a, 300b ... 30On (FIG. 4) of the
test substrate history database 150 is read (block
452) and the test substrate is sorted by the robot 172
by placing (block 470) the test substrate into the
appropriate reclaim cassette 118a ... 118n or other
storage bin. In one embodiment, each cassette 118a ...
118n may be associated with one particular type of
reclamation process including one particular type of
crystal lattice defect or metallic contaminant
reduction treatment. [00056] Thus, for example, one
cassette may be used for storing test substrates
having COP defects and which will undergo a suitable
anneal treatment for such COP defects. Another
cassette may be used for storing test substrates
having OISF defects and which will undergo a suitable
annealtreatment for such OISF defects. Another
cassette may container test substrates, which require
a defect treatment for substrates having a combination
of defects and so on. In the illustrated embodiment,
the identification code of the reclamation process
intended for each cassette is stored in a field 464
(FIG. 3) of the cassette database record 210a ... 21On
associated with that particular cassette. [00057] To
identify the appropriate destination cassettel 18a ...
118n for a test substrate being handled by the robot
172, the identification code of the reclamation
process selected for that test substrate is read from
the field 392 of the test history database record for
that test substrate and the identification code for
the cassette which has been selected for that
reclamation process is read from the cassette database
120. The robot 172 places the test substrate into an
open slot of the cassette identified for that
reclamation process. The identification code of the
destination cassette into which the test substrate was
placed may also be stored (block 470) in a field 472
of the test history database record 300a ... 30On for
that particular test substrate. Similarly, data
identifying which cassette and which slot number of
that cassette that the test substrate was placed may
be stored into the cassette database 120. For example,
the identification code of that test substrate may be
stored in the appropriate record of the cassette
database 120 for the destination cassette, in the
appropriate test substrate identification code field
262 for the slot number field 264 of the slot of the
destination cassette into which the test substrate was
stored. [00058] After placing the test substrate into
the destination cassette 118a ... 118n, an inquiry
(block 476) may be made to determine if all of the
test substrates destined for reclamation have been
sorted. If not, an inquiry (block 478) may be made as
to whether the last destination cassette is full of
sorted test substrates. If so, the data in the
database 120 for that cassette may be "date stamped"
by storing the date the test substrate and reclamation
data was stored into the database 120 for that
cassette in a field 479. [00059] In addition, a label
may be printed (block 480) and attached to that
cassette. FIG. 12 shows an example of such a cassette
label 500. The cassette label 500 is preferably
computer generated but may be generated in any
suitable manner. The system 100 can print the label
500 such that the label 500can include a variety of
useful information. For example, the label 500 of FIG.
12 identifies the cassette identification code in a
portion 502 and the reclamation process selected for
each of the test substrates stored in the cassette is
identified in a portion 504. The reclamation process
may be identified by a description title or an
identification code or both and could also include a
description of the steps of the reclamation process.
Other information which may be printed on the label
500 in a portion generally at 506 includes the date
the test substrates were placed into the cassette, an
identification of the owner of the test substrates or 



other customer information, an identification of the
company which sorted the test substrates and an
identification of the supplier intended to perform the
reclamation process on the test substrates in the
cassette. Still further, a list of all of the test
substrates stored in the cassette may be listed on the
face of the label 500 in another portion 508. This
list may include the identification code of each test
substrate and the slot number in which the test
substrate is stored. [00060] If all the test
substrates have not been sorted, the robotic handling
system can identify (block 450) another test
substrate, sort it by reclamation process and place
(blocks 452-470) it into the appropriate cassette for
its reclamation process. Once all of the test
substrates have been sorted (block 476), cassette
labels may be printed (block 510) for all the
remaining cassettes, which have not yet been labeled
in a manner similar to that described in FIG. 12
above. The cassettes containing the sorted test
substrates and bearing the cassette labels are ready
(block 512) to be processed in accordance with the
reclamation process identified on each cassette label.
[00061] FIG. 13 illustrates generally at 590 an
example of operations, which may be performed by the
reclamation operator. In accordance with additional
aspects, prior to actually performing the reclamation
processes on the test substrates, a verification
process (block 600) may be performed on the test
substrates by the reclamation operator as indicated in
FIG. 13. This verification may include verifying the
test substrate identification codes, cassette
identification codes and reclamation process
identification codes as explained in greater detail in
FIG. 15 discussed below. [00062] Following
verification, an additional identification code may be
optionally inscribed (block 602) on each test
substrate using some or all of thetest history
database 150. The information from the database 150
may be transmitted to the reclamation operator by a
network connection, portable or removable media such
as floppy disks or optical media or the Internet, for
example. FIG. 16 shows an example of a test substrate
130 having a first identification code 240, which is
typically inscribed by the substrate manufacturer.
Using the test substrate history database, a second
identification code 610 may be inscribed on the test
substrate by the reclamation operator, for example.
The second identification code, an example of which is
illustrated in FIG. 17 could include a variety of
alphanumeric characters and other symbols which are
visible to the human eye or readable by machine vision
or both. For example, the additional identification
code could include identification symbols 612 of the
reclamation process to which the test substrate is to
be subjected such as a COP treatment, a BMD treatment,
a combination COP/OISF treatment, etc. [00063] The
second identification code 610 could also include a
field 614 of symbols identifying the reclamation
processor, a field 616 of symbols identifying the date
the second identification code 610 was added or the
date the reclamation process was performed, and a
field 618 of symbols uniquely identifying the test
substrate. The field 618 may be the same as the code
240 inscribed by the substrate manufacturer or a new
test substrate identification code generated by the
reclamation processor. [00064] Following verification
(block 600) of the substrate identity and the
reclamation process and following inscribing (block
602) a second identification code, the test substrate
may be reclaimed (block 630) in accordance with the
reclamation process identified for that particular
test substrate. As previously mentioned, the
reclamation process may be selected in a manner, based
upon the recorded processing history of the particular
test substrate, which not only can increase the
efficiency of the reclamation process but also reduce
unnecessary thinning of the reclaimed test substrates.
[00065] FIG. 15 shows examples of operations 640 which
may be performed by the reclamation operator to verify
the identity of each test substrate prior to
reclaiming the test substrate. As previously
mentioned, the test substrates may be stored in
cassettes such as the cassettes 118a ... 118n in which
the test substrates have been sorted by reclamation
process type. Thereclamation operator may have a
computerized system similar to the system 100
illustrated in FIG. 1. To verify that the test
substrates have been properly sorted and assigned to
the proper reclamation process, the robot 172 removes
(block 650) a test substrate from the cassette 118a
... 118n, a scanner 126 scans (block 652) the test
substrate to read the test substrate identification
codes inscribed or otherwise placed on the test
substrate. Using the test substrate identification
code, relevant portions of the test history database
150 transmitted to the reclamation operator may be
looked up for that test substrate identification code
(field 306, FIG. 4) to obtain the reclamation process
(field 392) and cassette (field 472) assigned to that
test substrate. The test substrate identification
code, 



reclamation process and cassette identification code
of the test substrate may be compared (block 654) to
the corresponding information printed on the label
182a ... 182n attached to the cassette from which the
test substrate is withdrawn to confirm that the test
substrate was sent to the reclamation operator in the
proper cassette with the proper reclamation process
identified for that cassette and test substrate. In
addition, this information may be compared to that
contained in any printed reports such as the substrate
ID report (FIG. 8) which may have accompanied the
cassettes of test substrates to the reclamation
operator. [00066] In some embodiments, it may be
desirable to record (block 656) in a database such as
the test history database 150 or the cassette database
120 FIG. 3 transmitted to the reclamation processor
that it was confirmed that the test substrate was sent
to the reclamation operator in the proper cassette
with the proper reclamation process identified for
that cassette and test substrate. After replacing
(block 660) the test substrate, another test substrate
may be removed from the cassette and verified as
discussed above. Once all (block 662) the test
substrates in a cassette have been verified, another
label may be printed (block 664) and attached to the
cassette indicating that the identifies of the test
substrates and the intended reclamation process type
have been verified for each test substrate in the
cassette. Alternatively, the label such as the label
500 attached to the cassette as shipped to the
reclamation operator may be marked to indicate the
verification. The remaining cassettes may be verified
as described above in connection with FIG. 15.[00067]
Following verification, additional identification
codes may be inscribed on the cassettes as described
above. The test substrates of each verified cassette
may then be reclaimed in a manner specified by the
label 500 of the cassette or a report accompanying the
test substrates. Various reclamation steps are well
known to those skilled in the art. In addition, tools
for performing reclamation steps are well know those
skilled in the art. For example, polishing steps may
be performed by an Applied Materials Reflexion tool
and cleaning steps may be performed by an Applied
Materials Oasis tool. Other tools by Applied
Materials, Inc. and other manufacturers for other
reclamation processes are known to those skilled in
the art as well. [00068] The described techniques for
reclaiming test substrates and preparing test
substrates for reclamation may be implemented as a
method, apparatus or article of manufacture using
standard programming and/or engineering to produce
software, firmware, hardware, or any combination
thereof. An exemplary embodiment of a controller 300
capable of controlling the sorting, reclaiming, and
inspecting processes is shown in Fig. 18. The
controller 300 includes a computer comprising a
central processor unit (CPU) 306, such as for example
a Pentium Processor from Intel Corporation, Santa
Clara, California, that is coupled to a memory 308 and
peripheral computer components. The memory 308 may
include a removable storage media 310, such as a CD or
floppy drive, a non-removable storage media 312, such
as hard drive, and random access memory 314. The
controller 300 may further comprise a plurality of
interface cards including analog and digital input and
output boards, interface boards, and motor controller
boards. The interface between an operator and the
controller 300 can be via a display 316 and a light
pen 318. The light pen 318 detects light emitted by
the monitor display 316 with a light sensor in the tip
of the light pen 318. To select a particular screen or
function, the operator touches a designated area of a
screen on the monitor 316 and pushes the button on the
light pen 318. Typically, the area touched changes
color, or a new menu is displayed, confirming
communication between the user and the controller 300.
[00069] In one version, the controller 300 comprises a
computerreadable code 320 and associated databases
stored in the memory 308, for example on the
non-removable storage media 312 or on the removable
storagemedia 310. The computer readable code 320
generally comprises process control code to operate
the robot 322 to transfer substrates from a furnace or
microwave chamber to cassettes, a heater 324 which is
used to heat the substrates and can be an electrical
resistance heater or a microwave heater, a sensor 326
to detect or inspect the substrates to determine
defect and metallic contaminant types and surface
concentration levels, gas flow controls 328 to
maintain a pressure of gas in the substrate treatment
chamber, and a reader 330 to read or place
identification information on the substrates and
cassettes. The computer-readable code 320 may be
written in any conventional computerreadable
programming language, such as for example, assembly
language, C++, or Fortran. Suitable program code is
entered into a single file, or multiple files, using a
conventional text editor and stored or embodied in
computer-usable medium of the memory 308. If the
entered code text is in a high level language, 



the code is compiled, and the resultant compiler code
is then linked with an object code of precompiled
library routines. To execute the linked/ compiled
object code, the user invokes the object code, causing
the CPU 306 to read and execute the code to perform
the tasks identified in the program. [00070] The
computer-readable code stored in the controller 300
includes, for example, program code to obtain from the
database, for each read test substrate, stored test
substrate data describing each read test substrate and
to assign to each read test substrate, a crystal
lattice defect reduction treatment associated with the
stored test substrate data for the read test
substrate. In addition, program code can also be
provided to obtain from the database, for each read
test substrate, stored test substrate data describing
each read test substrate and to assign to each read
test substrate, an associated metalcontaminant
reduction treatment, or even an associated copper
reduction treatment. [00071] The term "article of
manufacture" as used herein refers to code or logic
implemented in hardware logic (e.g., an integrated
circuit chip, Programmable Gate Array (PGA),
Application Specific Integrated Circuit (ASIC), etc.)
or a computer readable medium, such as magnetic
storage medium (e.g., hard disk drives, floppy disks,,
tape, etc.), optical storage (CD-ROMs, optical disks,
etc.), volatile and non-volatile memory devices (e.g.,
EEPROMs, ROMs,PROMs, RAMs, DRAMs, SRAMs, firmware,
programmable logic, etc.). Code in the computer
readable medium is accessed and executed by the
controller 300. The program code in which preferred
embodiments are implemented may further be accessible
through a transmission media or from a file server
over a network. In such cases, the article of
manufacture in which the code is implemented may
comprise a transmission media, such as a network
transmission line, wireless transmission media,
signals propagating through space, radio waves,
infrared signals, etc. Thus, the "article of
manufacture" may comprise the medium in which the code
is embodied. Additionally, the "article of
manufacture" may comprise a combination of hardware
and software components in which the code is embodied,
processed, and executed. Of course, those skilled in
the art will recognize that many modifications may be
made to this configuration without departing from the
scope of the present invention, and that the article
of manufacture may comprise any information bearing
medium known in the art. [00072] In the described
implementations, certain aspects of the reclamation
preparation and processing are included in a computer
to direct handling of the test substrates. In
alternative implementations, the reclamation
preparation and processing implementations may be
implemented using any type of electronic device
communicating with other devices, such as a hand held
computer, a palm top computer, a laptop computer, a
network switch or router, a telephony device, a
network appliance, a wireless device, etc. [00073]
FIGs. 3, 4, 8 , and14 illustrate certain information
maintained in databases stored in computer memory. In
alternative implementations, additional or different
types of information may be maintained. The
illustrated operations of FIGs 2 , 7 , 9, 10, 11, 13,
and 15 show certain events occurring in a certain
order. In alternative embodiments, certain operations
may be performed in a different order, modified or
removed. Moreover, steps may be added to the above
described logic and still conform to the described
embodiments. Further, operations described herein may
occur sequentially or certain operations may be
processed in parallel. Yet further, operations may be
performed by a single processing unit or by
distributed processing units. Operations described as
being performed by a fabricator may also be performed
by a reclamation operator.Conversely, operations
described as being performed by a reclamation operator
may be performed by a fabricator. [00074] There are
various known crystal lattice defects, which may
appear at the surface of a substrate. These defects
include crystal-originated particles (COP) at the
substrate surface, bulk micro-defect (BMD) density at
the substrate surface, and oxidation-induced stacking
faults (OISF). These defects may appear in various
patterns including ring shaped patterns often referred
to as "ring mark", disk shaped patterns often referred
to as "red sun" or a COP pattern. It is believed that
ring-like and disk-like distributed defect patterns
originate from silicon crystal ingot growth and may be
enhanced from a high temperature anneal process
undergone in the fabrication facility. [00075] Table I
below sets forth several examples of crystal lattice
defect reduction treatments which are believed to
reduce or shrink the defects, as a function of the
type or combinations of types of defects and defect
patterns believed present adjacent the substrate
surface. These treatments include a basic anneal heat
treatment which may or may not include one or more
assist 



gasses to facilitate removal of the defects. The
anneal temperature may be substantially constant or
may be ramped up in a controlled fashion. Moreover,
the cooling may be controlled so that the temperature
ramps downward in a controlled fashion. A maximum
duration of the treatment may also be provided.
Substrates may also be treated in batches. The spacing
of the substrates, either vertical or horizontal
spacing, may also be provided. Parameters may be
selected to minimize or reduce slip band generation.
Table I[00076] In another aspect of the present
invention, the substrate identification process is
used to substrates contaminated with metallic
contaminants are segregated from other substrates.
Each read test substrate is then assigned a metallic
contaminant reduction treatment as a function of the
stored test substrate data for each read test
substrate. The read plurality of test substrates can
also be sorted into a plurality of groups, wherein
each test substrate of a group has a common assigned
metallic contaminant reduction treatment. These
processes are conducted in the same way as for the
lattice defect identification processes described
above. [00077] Each read test substrate of a group has
a common identified metallic contaminant and/or
contaminant level, for example, the common identified
metallic contaminant can be copper, or can be
specified as copper with a detectable surface
contamination level of greater than 10 ppb. The stored
test substrate data can also include data identifying
fabrication-processing steps undergone by a read test
substrate including deposition and anneal treatments.
Accordingly, the read plurality of test substrates is
sorted into a plurality of groups, each group of test
substrates having associated therewith (i) a common
identified processing step, and (ii) a common assigned
metallic contaminant or minimum metal contamination
level. Each group of read test substrate having common
levels or types of contaminants can be stored in a
cassette and the cassette labeled with indicia
representing the metallic contaminant reduction
treatment associated with the group. [00078] The read
test substrates can also be inspected to identify a
metallic contaminant level of the test substrate and
test substrate data describing the results of the
defect inspection for the substrate are stored in the
database. [00079] In the inspection process,
pluralities of substrates are tested to detect the
type or concentration level of the metallic
contaminants on the surface. For example, substrates
with particular metallic contaminant levels, for
example, greater than 10 parts per billion (ppb) can
be determined to high levels of contamination and
separated from the other substrates to remove the
metallic contaminants. Advantageously, substrates with
these high-levels of metalliccontaminants are
reclaimed separately from other substrates to prevent
contamination of other lower level or uncontaminated
substrates with the metallic contaminants extracted
from the highly contaminated substrates. [00080] The
metallic contaminant levels of selected substrates can
be detected by conventional measurement techniques,
such as by scanning electron microscope methods or
Auger spectroscopy. The metallic contaminant level on
each substrate can also be detected using elemental
analytical techniques used for the measurement of
trace components, such as ICP-MS (inductively coupled
plasma mass spectrometry), ICP-OES (inductively
coupled plasma optical emission spectrometry), and
GFAAS (graphite furnace atomic absorption
spectroscopy). [00081] ICP-MS is a preferred testing
method because of its sensitivity and multi-element
capability. In the ICP-MS method, a plasma or gas
consisting of ions, electrons and neutral particles is
formed from argon. The plasma is used to atomize and
ionize the elements found in the surface of a
substrate. The resulting ions are then passed through
a series of aperture cones into the high vacuum mass
analyzer, which identifies the isotopes of the
elements, by their mass-to-charge ratio (m/e) and the
intensity of a specific peak in the mass spectrum,
which is proportional to the amount of that isotope
(element) in the original sample. A suitable ICP-MS
apparatus is the 7500 Series from Agilent Tech. Inc.,
Palo Alto, California. [00082] The substrates
determined to contain sufficiently high levels of
metallic contaminants are separated from the other
substrates for processing in apparatuses, which are
dedicated or specially marked for processing metallic
contaminants. Each metallic contaminant can have its
own reclaiming processing apparatus line, or a number
of different metallic contaminants may be reclaimed in
the same apparatus line when cross-contamination of
metallic contaminants does not affect subsequent
removal steps. The segregation of particular metallic
contaminant reclaiming lines, such as, for example,
copper and 



non-copper reclaiming lines, is used to avoid cross
contamination. Even with the segregation of the
copper-containing substrates, care must be observed to
avoid substrate-to-substrate contact to reduce the
likelihood of the cross-contamination of substrates in
a batch.[00083] The substrates suspected of containing
metallic contaminants but which are undetectable can
also be heated and quenched to aid detection of the
metallic contaminants. Metallic contaminants such as
copper impurities, which are typically deposited or
fall on the surface of the substrate often end up
penetrating deep into the bulk of the substrate during
subsequent processing steps or cleaning steps
performed on the substrate. When the substrate is a
silicon substrate, the bulk silicon often contains
unacceptably high levels of copper when the surface
contains only trace levels of copper, which are
virtually undetectable. Copper has a particularly low
diffusion coefficient in silicon of 1 x 10~4 cm2/sec,
and diffuses quickly in silicon even at low
temperatures, resulting in device failures. The copper
diffusion can even occur at room temperatures, thus,
after a few months in storage the copper in the bulk
silicon diffuses out to the surface to contaminate the
manufactured devices. [00084] Furthermore, even if the
surface metallic contaminant levels are detectable,
the substrates can be heated to diffuse metal species
to the surface from the bulk substrate underlying the
surface to further increase the surface concentration
of the species to facilitate their removal. For
example, the copper contamination in the bulk of the
silicon substrate can be detected and increased by
heating prior to shipping a lot of substrates for
reclaiming or even in the substrate fabrication line.
[00085] In one embodiment of a reclaiming process,
substrates comprising metallic contaminants, such as
copper-containing materials, are detected and removed
from the batch of other substrates for copper removal.
The copper-containing impurities can include elemental
copper or copper compounds. The copper impurity
containing substrates are heated to provide energy to
the copper species in the substrate to causing the
copper species to diffuse from the bulk to the surface
of the substrate. In one method, the substrate is
heated in a furnace, which can be an electrical
resistance heated furnace or an induction heated
furnace. In the furnace, a large number of substrates
can be processed at the same time to increase
efficiency, and handling and environmental conditions
should be selected to avoid further contaminating the
substrates. The substrate is heated to a temperature
for a time that is sufficiently high to cause the
metallic contaminant, such as copper-containing
species, insurface of the substrate. In one version,
the substrate is heated to a temperature of at least
about 1600C, and more typically from about 240 to
about 4400C. The temperature is maintained for a time
period of at least about 50 seconds, and more
typically from about 60 to about 220 seconds. After
the heating step, the contaminants which are diffused
to the surface of the substrate can now be detected
using ICP-MS or other techniques, and the surface
region with high levels of contamination can also be
easily removed. [00086] The heated substrate
environment can also be controlled to provide the
desired composition of the surface layer of the
substrate. For example, when a silicon substrate is
heated in an oxygen-containing environment, the
surface layer of the silicon substrate converts to a
silicon dioxide layer, which is more easily removed by
chemical stripping processes. Thus, in one version,
the substrate is heated in an oxygen-containing
environment, such as air or oxygen gas. However, the
silicon substrate can also be heated in and in that
atmosphere, such as in argon atmosphere, so that the
surface level remains a silicon layer. The metallic
contaminants diffused to the surface become entrapped
in the surface layer wherever its composition. [00087]
After the heating, the substrate is quenched, that is
rapidly cooled, at a quench rate that is sufficiently
high to obtain a higher surface concentration level of
metallic contaminant than the original surface
concentration level. It should be noted that both the
time/temperature for which the substrates are heated,
and the rate at which they are cooled are important to
control the diffusivity of the metallic contaminants.
Heating to a temperature, which is too low will result
in little or no diffusion of metallic contaminants.
Furthermore, if the substrate is not rapidly quenched
or cooled, the metallic contaminant diffuses back from
the surface into the bulk of the substrate. Thus, for
example, the substrate is heated and rapidly quenched
to achieve a second surface concentration level of the
metallic contaminant that is higher than the first
(original) surface concentration level. For example, a
second surface concentration level can be achieved
which is at least about 20% higher than the first
surface concentration level, or even at least about
50% higher than the first 



surface concentration level. In one version, for
example, which can be used when the detectable surface
concentration is very low, the substrate is heated toa
temperature and for a time, then rapidly quenched, to
obtain a surface concentration level which is at least
about 3 times higher than the original surface
concentration level of the metallic contaminant.
Typically, the first or original surface concentration
level of the metallic contaminant such as copper in
the surface is less than about 10 ppb. The substrate
is heated and quenched to increase the surface copper
concentration to at least about 50 ppb. [00088] The
substrate is rapidly quenched at an average quench
rate that is the quench rate obtained over the cooling
time period. For example, the average quench rate can
be determined by the temperature to which, the
substrate is heated minus the final cooled
temperature, divided by the time in seconds. Since
cooling rates are often non-linear, the average quench
rate is a more accurate measure. In one version, the
substrate is cooled from the temperature described
above down to room temperature. For example, an
average quench rate of at least about 3C/sec is
suitable, or preferably, at least about 5C/sec. For
example, when heating the substrate to a temperature
of at least about 2400C, the substrate can be quenched
from the temperature to room temperature in about 1
minute. In one method, the substrate is quenched by
exposing the substrate to liquid nitrogen vapor.
[00089] In another version, the substrate is heated by
applying microwave radiation to the substrate. The
microwave radiation ... The microwave heat generator
is generally cheaper to operate and set-up, and does
not require special electrical power lines like the
furnace. Also, because the microwave power is absorbed
directly by the copper-containing impurity species, it
can heat up the substrate in a shorter time and more
efficiently use electrical power. The copper species
are directly excited by the microwave energy rather
than through conductive heat transfer. The microwave
power is preferably applied at a power level of at
least about 500 Watts, and more typically from about
1000 to about 2000 Watts, or even about 1500 Watts.
The microwave power is applied for a time period of at
least about 40 seconds, and more typically from about
95 to about 135 seconds. [00090] The effect of heating
by microwave power on the copper surface concentration
of two substrates, as measured by ICP-MS methods, is
shown in Table II. In this experiment, a copper
contaminated substrate an 8" diametersilicon substrate
was contaminated with copper in the bulk of the
silicon substrate. The second substrate was a 6"
diameter silicon substrate, which was not contaminated
with copper. Initially, after 30 seconds of heat
treatment with microwave energy, both substrates had a
low surface concentration of copper as measured by
ICP-MS. The contaminated substrate had about 1. 1
parts per billion of copper at the surface and the
un-contaminated substrate had about 0.123 parts per
billion of copper at its surface. However, after 60
seconds of heat treatment with microwave energy at
1550 Watts, the contaminated substrate had a high
surface concentration of copper at about 233 parts per
billion of copper at the surface, and the
un-contaminated substrate was not significantly
changed at 0.095 parts per billion of copper at its
surface. Thus, inthe contaminated substrate, the
surface concentration of copper increased 200 times
after 60 seconds of heat treatment with microwave
energy. This significant increase in surface
concentration, allowed the contaminant copper to be
easily removed from the substrate by removal of the
surface layer with a high copper concentration. It
also allowed much easier detection of the copper
contamination within the substrate using the ICP-MS
method. [00091] After the heating and quenching
process steps which result in metallic contaminant
species entrapped in the substrate surface, to rise to
the substrate surface the metallic contaminants are
removed from the substrate surface using one or more
different removal methods. In one removal process, the
surface of the substrate can be ground and polished
off by convention of chemical mechanical polishing
(CMP). A typical CMP apparatus comprises a polishing
head that oscillates and presses a substrate against a
polishing pad while an abrasive particle slurry is
supplied therebetween according to a selected slurry
recipe. The polishing pad typically has multiple
layers made of polymers, such as polyurethane, and may
include a filler for added dimensional stability, and
an outer resilient layer. Polishing pads for oxide
polishing are typically relatively hard and
incompressible pads, and have surface grooves to
facilitate distribution of the slurry solution and
entrap particles. The polishing pad is usually sized
to be at least several times larger than the diameter
of the substrate, and the substrate is kept off-center
on the polishing pad to prevent polishing a non-planar
surface onto the substrate. The polishing slurry can
include, for example, deionized water with suspended
abrasive particles such as 



colloidal silica, aluminum oxide, silicon carbide, or
even diamond particles. Both the pad and substrate can
be programmed to rotate at different rotational speeds
and directions according to a process recipe, and are
typically simultaneously rotated with their axes of
rotation being parallel to one another, but not
collinear, to prevent polishing a taper into the
substrate. [00092] The CMP process removes a surface
layer of the substrate in a thickness that depends on
the grinding slurry, polishing pad composition,
polishing time, polishing pressure, and other such
variables. It is believed that CMP polishing occurs as
a result of both chemical and mechanical effects, for
example,- a chemically altered layer is repeatedly
formed at the surface of thematerial being polished
and then polished away. In the polishing of the
silicon substrate heated in an oxygen-containing
environment, the surface layer of silicon oxide
contaminated with a metallic contaminant, such as
copper, is removed by the CMP process. Typically, the
thickness of about 2 to about 20 microns, and more
typically about 10 microns, of the substrate is
removed. [00093] Another surface removal process uses
a chemical stripping solution to remove the surface
layer of the substrate having the higher concentration
of metallic contaminant. The chemical stripping
solution can be composed of acids or bases, which are
selected to dissolve the surface layer. Typically,
when a substrate comprising a silicon substrate is
heated in an oxygencontaining environment, such as
air, the surface layer transforms to a silicon dioxide
layer. The metallic contaminants defused to the
surface are thus entrapped within the surface silicon
dioxide layer. For such layers, a suitable chemical
stripping solution comprises HF (hydrofluoric acid)
solution, comprising HF diluted in water, for example,
a 30 to 40% concentration of HF. However, if the
silicon substrate is heated in an inert atmosphere,
the surface layer comprises in the elemental silicon
with entrapped metallic contaminant, and such a layer
can be removed by suitable acidic solutions. [00094]
In yet another version, a hydrogen-halogen gas is
provided in the substrate environment while the
substrate is still being heated. The hydrogen-halogen
gas comprises hydrogen and halogen elements, in
elemental or compound form, and is selected to
chemically erode away the surface layer of the
substrate containing the contaminants. For example, if
the substrate surface comprises silicon contaminated
with metallic contaminants such as copper, a hydrogen
fluoride gas can be used to chemically react with the
silicon to form silicon fluoride and metallic
contaminant fluoride vapor, which can be removed from
the substrate environment. The hydrogen-halogen gas is
provided at a flow rate, and for a time, to
effectively remove substantially the entire surface
level comprising the metallic contaminants. [00095] In
one example, a hydrogen-halogen gas comprising HCI
gas, for example, anyhydrous HCI gas is maintained at
atmospheric pressure about the substrate. The
anhydrous HCI gas reacts with silicon dioxide on the
substrate surface to erode the surface to the desired
depth. In one example, thehydrogen-halogen gas can be
provided at a flow rate of from about 500 to about
5000 sccm/min, or for example, at about 3000 sccm/min.
In this version, the substrate is maintained at a
higher temperature, for example from about 200 to
5000C, and supported in a quartz furnace (SiO2) , for
example, a tubular furnace which does not react with
HCI. [00096] The heating and subsequent removal of
diffused out impurities from the surface of the
substrate can also be repeated for a number of cycles
until the metallic contaminants are no longer detected
on the substrate surface. When this happens, the
metallic contaminant concentration in the bulk of the
substrate, for example the copper species
concentration, has been lowered to a level
sufficiently low that the residual contaminants do not
affect subsequent device performance. The number of
cycles depends on the concentration and penetration
depth of copper species into the substrate and the
heat treatment provided to the substrate. Typically,
the number of operation cycles is sufficiently high to
reduce the concentration of the substrate to less than
about 1 x 1010 atoms/cm 2. In one example, sequential
heat treatment, quenching, and surface layer removal
processes that make up a single process cycle, can be
repeated for about 2 to about 10 cycles, or even for
about 2 to about 5 cycles. [00097] Although exemplary
embodiments of the present invention are shown and
described, those of ordinary skill in the art may
devise other embodiments which incorporate the present
invention, and which are also within the scope of the
present invention. For example, other defect or
contaminants can be isolated, inspected, or removed
from substrates using the present methods. Also,
substrates other than test substrates can be reclaimed
by the present methods and apparatus, as would be
apparent to those of ordinary skill in 



the art. Furthermore, the terms below, above, bottom,
top, up, down, first and second and other relative or
positional terms are shown with respect to the
exemplary embodiments in the figures and are
interchangeable. Therefore, the appended claims should
not be limited to the descriptions of the preferred
versions, materials, or spatial arrangements described
herein to illustrate the invention.What is claimed is:
1. A method of reclaiming test substrates used to test
semiconductor fabrication tools, comprising: (a)
reading a plurality of test substrate identification
data from a plurality of test substrates; (b)
obtaining from a database, for each read test
substrate, stored test substrate data describing the
read test substrate; and (c) assigning each read test
substrate a crystal lattice defect reduction treatment
associated with the stored test substrate data for the
read test substrate. 2. A method according to claim 1
further comprising at least one of the following: (a)
inspecting each read test substrate to identify
crystal lattice defects and storing in the database,
test substrate data describing the results of the
defect inspection for an inspected test substrate; and
(b) sorting the read plurality of test substrates into
a plurality of groups, wherein each test substrate of
a group has a common assigned crystal lattice defect
reduction treatment. 3. A method according to claim 2
wherein each read test substrate of a group has a
common identified crystal lattice defect. 4. A method
according to claim 2 further comprising reclaiming
each read test substrate of each group using the
common assigned crystal lattice defect reduction
treatment. 5. A method according to claim 1 further
wherein the stored test substrate data includes data
identifying the section of an ingot from which the
read test substrate was fabricated.6. A method
according to claim 5 wherein the crystal lattice
defect reduction treatment assigned to each read test
substrate depends upon the identified ingot section
from which the read test substrate was fabricated. 7.
A method according to claim 5 further comprising
sorting the read plurality of test substrates into a
plurality of groups, each group of test substrates
having associated therewith a common identified ingot
section and a common assigned crystal lattice defect
reduction treatment. 8. A method according to claim11
wherein the stored test substrate data includes data
identifying fabrication processing steps undergone by
a read test substrate including film deposition and
anneal treatments. 9. A method according to claim 8
further comprising at least one of: (a) sorting the
read plurality of test substrates into a plurality of
groups, each group of test substrates having an
associated common identified processing step and a
common assigned crystal lattice defect reduction
treatment; and (b) storing each group of read test
substrate in a cassette and labeling the cassette of
each group with indicia representing the common
crystal lattice defect reduction treatment associated
with the group. 10. A method according to claim 9
further comprising labeling the cassette of each group
with indicia representing the test substrate
identification data of each test substrate stored in
the cassette of the group. 11. A system to reclaim
test substrates used to test semiconductor fabrication
tools, the test substrates each bearing an
identification code, the system comprising: (a) a
reader to read an identification code from a test
substrate; and(b) a controller having a memory to
store a database comprising data representative of the
identification code for each test substrate and
associated data representative of a crystal lattice
defect reduction treatment, and wherein the controller
comprises program code to obtain from the database,
for each read test substrate, stored test substrate
data describing each read test substrate, and to
assign to each read test substrate a crystal lattice
defect reduction treatment associated with the stored
test substrate data for the read test substrate. 12. A
system according to claim 11 further comprising a
robot to transfer a test substrate, and wherein the
controller controls the robot to transfer a test
substrate to a substrate storage container, which has
an associated crystal 



lattice defect reduction treatment. 13. A system
according to claim 11 further comprising an in-line
sensor to inspect each read test substrate to identify
crystal lattice defects, and to store in the database,
test substrate data describing the results of the
defect inspection for an inspected test substrate. 14.
An article of manufacture for reclaiming test
substrates used to test semiconductor fabrication
tools, the article of manufacture comprising program
code implemented in a computer readable medium capable
of causing a controller to: (a) store in a database, a
plurality of test substrate identification data, each
test substrate identification data identifying a
particular test substrate of a plurality of test
substrates; (b) select a crystal lattice defect
reduction treatment from a plurality of crystal
lattice defect reduction treatments, for reclaiming
each of said plurality of test substrates identified
by said plurality of test substrate identification
data; and (c) store into the database, a plurality of
test substrate crystal lattice defect reduction
treatment identification data associated with astored
test substrate identification data to identify the
reclamation process selected to reclaim the test
substrate. 15. A computer readable medium including a
computer database of data for reclaiming test
substrates used to test semiconductor fabrication
tool, the computer readable medium comprising: (a) a
plurality of test substrate identification data, each
test substrate identification data identifying a
particular test substrate of a plurality of test
substrates; and (b) a plurality of crystal lattice
defect reduction treatment data, each crystal lattice
defect reduction treatment data associated with a test
substrate identification data. 16. A method of
reclaiming test substrates used to test semiconductor
fabrication tools, comprising: (a) reading a plurality
of test substrate identification data from a plurality
of test substrates; (b) obtaining from a database, for
each read test substrate, stored test substrate data
describing each read test substrate; and (c) assigning
each read test substrate a metallic contaminant
reduction treatment associated with the stored test
substrate data for each read test substrate. 17. A
method according to claim 16 further comprising at
least one of: (1) inspecting each read test substrate
to identify a metallic contaminant level of the test
substrate and storing in the database, test substrate
data describing the results of the inspection for the
substrate; and (2) sorting the read plurality of test
substrates into a plurality of groups, wherein each
test substrate of a group has a common assigned
metallic contaminant reduction treatment.18. A method
according to claim 17 wherein each read test substrate
of a group has a common identified metallic
contaminant. 19. A method according to claim 18
wherein the common identified metallic contaminant is
copper. 20. A method according to claim 17 wherein the
stored test substrate data includes data identifying
fabrication processing steps undergone by a read test
substrate including deposition and anneal treatments.
2 1. A method according to claim 17 further comprising
sorting the read plurality of test substrates into a
plurality of groups, each group of test substrates
having associated therewith (i) a common identified
processing step, and (ii) a common assigned metallic
contaminant or minimum contamination level. 22. A
method according to claim 2 1 further comprising at
least one of: (1) storing each group of read test
substrate in a cassette and labeling the cassette of
each group with indicia representing the metallic
contaminant reduction treatment associated with the
group; and (2) reclaiming each read test substrate of
each group using the assigned metallic contaminant
reduction treatment to reclaim each read test
substrate of the group. 23. A method of reclaiming
test substrates used to test copper fabrication tools,
comprising: (a) reading a plurality of test substrate
identification data from a plurality of test
substrates; (b) obtaining from a database, for each
read test 



substrate, stored test substrate data describing each
read test substrate; and(C) assigning each read test
substrate, a copper contaminant reduction treatment
associated with the stored test substrate data for
each read test substrate. 24. A method according to
claim 23 further comprising: (1) inspecting each read
test substrate to identify the copper contaminant
level of the test substrate and storing in the
database, test substrate data describing the results
of the inspection for the substrate; and (2) sorting
the read plurality of test substrates into a plurality
of groups, wherein each test substrate of a group has
a common assigned copper contaminant reduction
treatment. 25. A method of reclaiming substrates used
in semiconductor fabrication, the method comprising:
(a) providing a substrate comprising a metallic
contaminant at a first surface concentration level;
(b) heating the substrate to cause metallic
contaminant in the bulk of the substrate to diffuse to
the surface of the substrate; (c) quenching the
substrate at a quench rate that is sufficiently high
to obtain a second surface concentration level of
metallic contaminant that is at least about 20% higher
than the first surface concentration level; and (d)
removing the metallic contaminant from the surface of
the substrate. 26. A method according to claim 25
wherein (c) is characterized by at least one of the
following: (a) quenching the substrate at a quench
rate that is sufficiently high to obtain a second
surface concentration level which is at least about
50% higher than the first surface concentration level;
(b) quenching the substrate at an average quench rate
of at least about 3C/sec; and(C) quenching the
substrate by exposing the substrate to liquid nitrogen
vapor. 27. A method according to claim 26 wherein the
first surface concentration is less than about 10 ppb,
and the second surface concentration level is at least
about 50 ppb. 28. A method according to claim 25
wherein (b) is characterized by at least one of the
following: (a) heating the substrate to a temperature
of at least about 1600C; and (b) heating the substrate
in an oxygen-containing environment or
hydrogen-halogen gas environment. 29. A method of
reclaiming substrates in semiconductor fabrication,
the method comprising: (a) providing a substrate
comprising a metallic contaminant at a first surface
concentration level; (b) applying microwave radiation
to the substrate to heat substrate causing metallic
contaminant in the bulk of the substrate to diffuse to
the surface of the substrate; (c) quenching the
substrate at a quench rate that is sufficiently high
to obtain a second surface concentration level that is
at least about 20% higher than the first surface
concentration level; and (d) removing the metallic
contaminant from the surface of the substrate. 30. A
method according to claim 29 wherein (b) is
characterized by at least one of the following: (1)
applying the microwave radiation at a power level of
at least about 500 Watts;(2) applying the microwave
radiation for a time period of at least about 40
seconds; and (3) applying the microwave radiation for
a time period of from about 95 to about 135 seconds. 


