
c-Met Antibodies The present invention relates to antibodies that bind
c-Met and their use in treating conditions and disorders in which
pathogenesis is mediated by this receptor. c-Met, a member of the tyrosine
kinase superfamily, is the receptor for Hepatocyte Growth Factor (HGF).
Binding of HGF to c-Met leads to receptor dimerization or multimerization,
phosphorylation of multiple tyrosine residues in the intracellular region,
catalytic activation, and downstream signaling. c-Met is also activated via
ligandindependent mechanisms, including receptor over-expression,
amplification, and mutation. c-Met activation enhances cellular
proliferation, migration, morphogenesis, survival (including protection
from apoptosis), and protease synthesis, characteristics that are
associated with invasive cell phenotype and poor clinical outcomes and drug
resistance in cancer patients. The c-Met signaling pathway is one of the
most frequently dysregulated pathways in human cancers, and occurs in
virtually all types of solid tumors. PCT International Publication WO
09/007427 discloses murine and CDR-grafted, humanized c-Met antibodies.
Murine antibody 224Gl 1 disclosed therein did not bind the c-Met Sema
domain. Further functional properties of the humanized IgGl derivative of
this murine antibody, denoted h224Gl 1 Mab, are reported in Abstracts nos.
835 (in vitro data) and 2792 (in vivo data) and their accompanying posters
presented at the meeting of the American Association for Cancer Research
(Denver, CO) in April, 2009. These abstracts and posters disclose that
bivalent h224Gl 1Mab is devoid of intrinsic agonistic properties, behaves
as a full antagonist of c-Met, and potently decreases c-Met dimerization.
Murine 224Gl 1 is reported to down-regulate c-Met and block c-Met
phosphorylation in vivo. In the case of other receptors, dimerization is a
prerequisite for receptor internalization and degradation. These abstracts
and posters disclose no data relating to c-Met internalization.
Furthermore, the epitope to which the humanized antibody binds within c-Met
is not identified. PCT International Publication WO 05/016382 also
discloses c-Met antibodies but does not identify the epitope(s) to which
the antibodies bind. An epitope mapping example is provided, however, the
reported results merely indicate that six c-Met antibodies bind to a common
epitope while a seventh c-Met antibody binds a distinct epitope. The
particular epitopes to which these c-Met antibodies bind is not
provided.There exists a need for antagonist antibodies to human c-Met,
binding of which to the a-chain of human c-Met facilitates internalization
of the receptor from the cell surface, in the presence and/or absence of
HGF. There is also a need for antagonist antibodies to human c-Met, which
binding to the a-chain of human c-Met facilitates internalization of the
receptor from the cell surface in cells comprising c-Met variants
containing gain of function mutations. There is also a need for antagonist
antibodies to human c-Met which induce c-Met degradation and reduction of
phosphorylated c-Met. Such antagonist activities could decrease the number
of available binding sites for HGF on tumor cell surfaces, and terminate
the pathway activation caused by overexpression, amplification, or mutation
of c-Met. At the same time, such antagonist antibodies should inhibit HGF
binding to c-Met and HGF-induced c-Met activation, and induce little or no
agonist activity themselves. Antibody compounds of the present invention
meet these needs. They bind to epitopes in the a-chain of the human c-Met
Sema domain, inhibiting HGF-binding to c- Met and receptor activation,
while inducing little or no agonist activity. The antibodies of the present
invention also induce internalization of the receptor in the presence or
absence of HGF and also in cells comprising c-Met variants containing gain
of function mutations. They induce degradation of c-Met and induce
reduction of phosphorylated human c-Met, and inhibit HGF-dependent and
HGF-independent proliferation of tumor cells that express this receptor. In
view of these properties, these antibody compounds should be 



therapeutically useful in treating cancers mediated by c-Met via a variety
of different mechanisms. In addition, the present antibody compounds
possess a number of other desirable properties. They exhibit high affinity
(KQ) to c-Met, block HGF-mediated c-Met phosphorylation and downstream
signaling, cellular proliferation, and cellular migration; and induce only
weak phosphorylation of c-Met while inducing little or no HGF-like
biological agonist activities such as induction of tumor cell
proliferation, motility, invasion, tubulogenesis, angiogenesis, or
anti-apoptotic effects. They inhibit both ligand (HGF)-dependent and
ligand-independent c-Met pathway activation. Additionally, antibody
compounds of the present invention preferentially bind human c-Met
extracellular domain (ECD) compared to the ECDs of the closely related
receptors RON and PlexinA2, and do not cause "shedding" of the c-Met
ECD.Accordingly, the present invention provides: A monoclonal antibody, or
antigen-binding fragment thereof, that: a) binds an epitope within the
a-chain of human c-Met, and b) induces internalization of cell surface
human c-Met. Any one of the foregoing antibodies or antigen-binding
fragment thereof wherein the antibody or antigen-binding fragment thereof
induces hepatocyte-growth factorindependent internalization of cell surface
human c-Met. In a preferred embodiment, the monoclonal antibody or
antigen-binding fragment thereof comprises a light chain and a heavy chain,
wherein the light chain comprises the amino acid sequence of SEQ ID NO: 28
and the heavy chain comprises the amino acid sequence of SEQ ID NO: 40. In
another preferred embodiment, the monoclonal antibody or antigen-binding
fragment thereof comprises a light chain and a heavy chain, wherein the
light chain comprises the amino acid sequence of SEQ ID NO: 29 and the
heavy chain comprises the amino acid sequence ofSEQ ID NO: 41. Any one of
the foregoing monoclonal antibodies or antigen-binding fragments thereof
that induces internalization of human c-Met in cells comprising a human
c-Met variant containing a gain of function mutation. The gain of function
mutation can be c- Met kinase domain mutation Ml 149T or juxtamembrane
domain mutation R988C. Any of the foregoing antibodies or antigen-binding
fragments thereof wherein the antibody or antigen-binding fragment thereof
induces at least 40% internalization of cell surface human c-Met in cells.
Any of the foregoing antibodies or antigen-binding fragments thereof
wherein the antibody or antigen-binding fragment thereof induces at least
45% internalization of cell surface human c-Met in cells. Any of the
foregoing antibodies or antigen-binding fragments thereof wherein the
antibody or antigen-binding fragment thereof induces at least 50%
internalization of cell surface human c-Met in cells. Any of the foregoing
antibodies or antigen-binding fragments thereof wherein the antibody or
antigen-binding fragment thereof induces at least 55% internalization of
cell surface human c-Met in cells. Any of the foregoing antibodies or
antigen-binding fragments thereof wherein the antibody or antigen-binding
fragment thereof induces at least 60% internalization of cell surface human
c-Met in cells. Any of the foregoing antibodies or antigen-binding
fragments thereof wherein the antibody or antigen-binding fragment thereof
induces at least 65% internalization of human c-Met in cells. Any ofthe
foregoing antibodies or antigen-binding fragments thereof wherein the
antibody or antigen-binding fragment thereof induces at least 70%
internalization of cell surface human c-Met in cells. Any one of the
foregoing monoclonal antibodies or antigen-binding fragments thereof, which
induces reduction of total c-Met in hepatocyte growth factor-independent
tumor cells. In a preferred embodiment, the monoclonal antibody or
antigen-binding fragment thereof which induces reduction of total c-Met in
hepatocyte growth factorindependent tumor cells comprises a light chain and
a heavy chain, wherein the light 



chain comprises the amino acid sequence of SEQ ID NO: 28 and the heavy
chain comprises the amino acid sequence of SEQ ID NO: 40. In another
preferred embodiment, the monoclonal antibody or antigen-binding fragment
thereof which induces reduction of total c-Met in hepatocyte growth
factor-independent tumor cells comprises a light chain and a heavy chain,
wherein the light chain comprises the amino acid sequence of SEQ ID NO: 29
and the heavy chain comprises the amino acid sequence of SEQ ID NO: 41. Any
one of the foregoing monoclonal antibodies or antigen-binding fragments
thereof, which induces reduction of phosphorylated c-Met in hepatocyte
growth factorindependent tumor cells. Any one of the foregoing monoclonal
antibodies or antigen-binding fragments thereof, which binds the a-chain of
human c-Met at substantially the same epitope as an antibody comprising a
light chain having the amino acid sequence shown in SEQ ID NO:28 and a
heavy chain having the amino sequence shown in SEQ ID NO:40, or which binds
the a-chain of human c-Met at substantially the same epitope as an antibody
comprising a light chain having the amino acid sequence shown in SEQ ID
NO:29 and a heavy chain having the amino sequence shown in SEQ ID NO:41.
Any one of the foregoing monoclonal antibodies or antigen-binding fragments
thereof, excluding those comprising a light chain having the amino acid
sequence shown in SEQ ID NO:26 and a heavy chain having the amino sequence
shown in SEQ ID NO:38, wherein the epitope comprises one or more amino acid
residues within 144HVFPHNHTADIQS 156 (SEQ ID NO: 82) inclusive.Any one of
the foregoing antibodies or antigen-binding fragments, wherein the epitope
further comprises one or more amino acid residues within 123DTYYDD128 (SEQ
ID NO:81) inclusive. Any one of the foregoing antibodies or antigen-binding
fragments, wherein the epitope further comprises one or more amino acid
residues within 192FINF195 (SEQ ID NO:83) inclusive. Any one of the
foregoing antibodies or antigen-binding fragments, wherein the epitope
further comprises one or more amino acid residues within 22OKETKDGFM 7 (SEQ
ID NO:84) inclusive. Any one of the foregoing antibodies or antigen-binding
fragments thereof, wherein the antibody binds within an amino acid sequence
selected from the group consisting of: a) 121VVDTYYDDQL 130 (SEQ ID NO:77),
b) 13 !ISCGSVNRGTCQRHVFPHNHTADIQS 156 (SEQ ID NO:78), c)
I79ALGAKVLSSVKDRFINF 195 (SEQ ID NO:79), and d) 216VRRLKETKDGFM227 (SEQ ID
NO:80), inclusive. Any one of the foregoing antibodies or antigen-binding
fragments thereof, wherein the antibody binds within an amino acid sequence
selected from the group consisting of: a) 123DTYYDD128 (SEQ ID NO:81), b)
144HVFPHNHTADIQS 156 (SEQ ID NO: 82), c) 192FINF 195 (SEQ ID NO:83), and d)
220KETKDGFM227 (SEQ ID NO:84), inclusive. Any one of the foregoing
monoclonal antibodies or antigen-binding fragments thereof which bind to an
amino acid sequence within the epitope characterized by 121VVDTYYDDQL 130
(SEQ ID NO:77), 131ISCGSVNRGTCQRHVFPHNHTADIQS 156 (SEQ ID NO:78),
179ALGAKVLSSVKDRFINF 195 (SEQ ID NO:79), and 216VRRLKETKDGFM227 (SEQ ID
NO:80), inclusive.Any one of the foregoing monoclonal antibodies or
antigen-binding fragments 



thereof which bind to an amino acid sequence within the epitope
characterized by !23DTYYDD128 (SEQ ID NO:81), 144HVFPHNHTADIQS 156 (SEQ ID
NO: 82), !92FINF195 (SEQ ID NO:83), and 220KETKDGFM227 (SEQ ID NO:84)
inclusive. Any one of the foregoing antibodies or antigen-binding fragments
thereof, wherein the antibody binds within an amino acid sequence Of 9
CFPCQDCSSKA1O5 (SEQ ID NO: 86) inclusive. Any one of the foregoing
monoclonal antibodies or antigen-binding fragments thereof, excluding those
comprising a light chain having the amino acid sequence shown in SEQ ID
NO:29 and a heavy chain having the amino sequence shown in SEQ ID NO:41,
wherein the epitope comprises one or more amino acid residues within (SEQ
ID NO: 86) inclusive. Any one of the foregoing monoclonal antibodies, or
antigen-binding fragments thereof, that binds human c-Met, which comprises
three light chain complementarity determining regions (LCDRs) and three
heavy chain complementarity determining regions (HCDRs), wherein said three
LCDRs and said three HCDRs are selected from the group consisting of: a)
LCDRl comprising the amino acid sequence SVSSSISSTNLH (SEQ ID NO:49); LCDR2
comprising the amino acid sequence GTSXiLX2S (SEQ ID NO:87), wherein X1 is
Y or R, and X2 is A or R; LCDR3 comprising the amino acid sequence
QQWSSYPYS (SEQ ID NO:51); HCDRl comprising the amino acid sequence
GYTFTSRYIH (SEQ ID NO:59); HCDR2 comprising the amino acid sequence
WIYPVTGDTYYX 7EX8FKG (SEQ ID NO:90), wherein X7 is N, I, or R, and X8 is K
or P; and HCDR3 comprising the amino acid sequence GYGAFX9Y (SEQ ID NO:91),
wherein X9 is Y or F; andb) LCDRl comprising the amino acid sequence
SVSSSVX3SIYLH (SEQ ID NO:88), wherein X3 is S or R; LCDR2 comprising the
amino acid sequence STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid
sequence X4X5YX6GYPLT (SEQ ID NO:89), wherein X4 is I or Q, X5 is Q or V,
and X6 is S or R; HCDRl comprising the amino acid sequence GYTFTDYYMH (SEQ
ID NO:65); HCDR2 comprising the amino acid sequence RVNPX10RX11X12TTYNQKFEG
(SEQ ID NO:92), wherein X10 is N or Y, X11 is G or R, and X12 is G or S;
and HCDR3 comprising the amino acid sequence X13NX1 LDY (SEQ ID NO:93),
wherein X13 is T or A, and X14 is W or I; wherein said monoclonal antibody
or antigen-binding fragment thereof binds an epitope within the a-chain of
said human c-Met and induces internalization of cell surface human c-Met.
Any one of the foregoing monoclonal antibodies, or antigen-binding
fragments thereof, that binds human c-Met, which comprises three light
chain complementarity determining regions (LCDRs) and three heavy chain
complementarity determining regions (HCDRs), wherein the antibody comprises
three light chain complementarity determining regions (LCDRs) and three
heavy chain complementarity determining 



regions (HCDRs), wherein LCDRl comprises the amino acid sequence
SVSSSISSTNLH (SEQ ID NO:49); LCDR2 comprises the amino acid sequence
GTSX1LX2S (SEQ ID NO:87), wherein X1 is Y or R, and X2 is A or R; LCDR3
comprises the amino acid sequence QQWSSYPYS (SEQ ID NO:51); HCDRl comprises
the amino acid sequence GYTFTSRYIH (SEQ ID NO:59); HCDR2 comprises the
amino acid sequence WIYPVTGDTYYX 7EX8FKG (SEQ ID NO:90), wherein X7 is N,
I, or R, and X8 is K or P; and HCDR3 comprises the amino acid sequence
GYGAFX9Y (SEQ ID NO:91), wherein X9 is Y or F.Any one of the foregoing
monoclonal antibodies, or antigen-binding fragments thereof, that binds
human c-Met, which comprises three light chain complementarity determining
regions (LCDRs) and three heavy chain complementarity determining regions
(HCDRs), wherein LCDRl comprises the amino acid sequence SVSSSVX3SIYLH (SEQ
ID NO:88); wherein X3 is S or R; LCDR2 comprises the amino acid sequence
STSNLAS (SEQ ID NO:54); LCDR3 comprises the amino acid sequence
X4X5YX6GYPLT (SEQ ID NO:89), wherein X is I or Q, X5 is Q or V, and X is S
or R; HCDRl comprises the amino acid sequence GYTFTDYYMH (SEQ ID NO:65);
HCDR2 comprises the amino acid sequence RVNPX10RX11X12TTYNQKFEG (SEQ ID
NO:92), wherein Xi0 is N or Y, Xn is G or R, and X12 is G or S; and HCDR3
comprises the amino acid sequence Xi3NXi4LDY (SEQ ID NO:93), wherein Xi3 is
T or A, and Xi4 is W or I . Any one of the foregoing monoclonal antibodies,
or antigen-binding fragments thereof, that binds human c-Met, which
comprises three light chain complementarity determining regions (LCDRs) and
three heavy chain complementarity determining regions (HCDRs), and wherein
said three LCDRs and said three HCDRs are selected from the group
consisting of: a) LCDRl comprising the amino acid sequence SVSSSISSTNLH
(SEQ ID NO:49); LCDR2 comprising the amino acid sequence GTSYLAS (SEQ ID
NO:50); LCDR3 comprising the amino acid sequence QQWSSYPYS (SEQ ID NO:51);
HCDRl comprising the amino acid sequence GYTFTSRYIH (SEQ ID NO:59); HCDR2
comprising the amino acid sequence WIYPVTGDTYYNEKFKG (SEQ ID NO:60); and
HCDR3 comprising the amino acid sequence GYGAFYY (SEQ ID NO:61);b) LCDRl
comprising the amino acid sequence SVSSSISSTNLH (SEQ ID NO:49); LCDR2
comprising the amino acid sequence GTSYLAS (SEQ ID NO:50); LCDR3 comprising
the amino acid sequence QQWSSYPYS (SEQ ID N0:51); HCDRl comprising the
amino acid sequence GYTFTSRYIH (SEQ ID NO:59); HCDR2 comprising the amino
acid sequence WIYPVTGDTYYIEKFKG (SEQ ID NO:62); and 



HCDR3 comprising the amino acid sequence GYGAFFY (SEQ ID NO:63); c) LCDRl
comprising the amino acid sequence SVSSSISSTNLH (SEQ ID NO:49); LCDR2
comprising the amino acid sequence GTSRLRS (SEQ ID NO:52); LCDR3 comprising
the amino acid sequence QQWSSYPYS (SEQ ID N0:51); HCDRl comprising the
amino acid sequence GYTFTSRYIH (SEQ ID NO:59); HCDR2 comprising the amino
acid sequence WIYPVTGDTYYREPFKG (SEQ ID NO:64), and HCDR3 comprising the
amino acid sequence GYGAFYY (SEQ ID N0:61); d) LCDRl comprising the amino
acid sequence SVSSSVSSIYLH (SEQ ID NO:53); LCDR2 comprising the amino acid
sequence STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid sequence
IQYSGYPLT (SEQ ID NO:55);HCDRl comprising the amino acid sequence
GYTFTDYYMH (SEQ ID NO:65); HCDR2 comprising the amino acid sequence
RVNPNRGGTTYNQKFEG (SEQ ID NO:66), and HCDR3 comprising the amino acid
sequence TNWLDY (SEQ ID NO:67); e) LCDRl comprising the amino acid sequence
SVSSSVSSIYLH (SEQ ID NO:53); LCDR2 comprising the amino acid sequence
STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid sequence QVYSGYPLT
(SEQ ID NO:56); HCDRl comprising the amino acid sequence GYTFTDYYMH (SEQ ID
NO:65); HCDR2 comprising the amino acid sequence RVNPNRRGTTYNQKFEG (SEQ ID
NO:68); and HCDR3 comprising the amino acid sequence ANWLDY (SEQ ID NO:69);
and f) LCDRl comprising the amino acid sequence SVSSSVRSIYLH (SEQ ID
NO:57); LCDR2 comprising the amino acid sequence STSNLAS (SEQ ID NO:54);
LCDR3 comprising the amino acid sequence QVYRGYPLT (SEQ ID NO:58); HCDRl
comprising the amino acid sequence GYTFTDYYMH (SEQ ID NO:65); HCDR2
comprising the amino acid sequence RVNPYRGSTTYNQKFEG (SEQ ID NO:70); and
HCDR3 comprising the amino acid sequence ANILDY (SEQ ID NO:71); andwherein
said monoclonal antibody or antigen-binding fragment thereof binds an
epitope within the a-chain of said human c-Met and induces internalization
of 



cell surface human c-Met. Any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof comprising three light chain
complementarity determining regions (LCDRs) and three heavy chain
complementarity determining regions (HCDRs), wherein said three LCDRs and
said three HCDRs are selected from the group consisting of: a) LCDRl
comprising the amino acid sequence SVSSSISSTNLH (SEQ ID NO:49); LCDR2
comprising the amino acid sequence GTSYLAS (SEQ ID NO:50); LCDR3 comprising
the amino acid sequence QQWSSYPYS (SEQ ID NO:51); HCDRl comprising the
amino acid sequence GYTFTSRYIH (SEQ ID NO:59); HCDR2 comprising the amino
acid sequence WIYPVTGDTYYNEKFKG (SEQ ID NO:60); and HCDR3 comprising the
amino acid sequence GYGAFYY (SEQ ID NO:61); b) LCDRl comprising the amino
acid sequence SVSSSISSTNLH (SEQ ID NO:49); LCDR2 comprising the amino acid
sequence GTSYLAS (SEQ ID NO:50); LCDR3 comprising the amino acid sequence
QQWSSYPYS (SEQ ID NO:51); HCDRl comprising the amino acid sequence
GYTFTSRYIH (SEQ ID NO:59; HCDR2 comprising the amino acid sequence
WIYPVTGDTYYIEKFKG (SEQ ID NO:62); and HCDR3 comprising the amino acid
sequence GYGAFFY (SEQ ID NO:63);c) LCDRl comprising the amino acid sequence
SVSSSISSTNLH (SEQ ID NO:49); LCDR2 comprising the amino acid sequence
GTSRLRS (SEQ ID NO:52); LCDR3 comprising the amino acid sequence QQWSSYPYS
(SEQ ID N0:51); HCDRl comprising the amino acid sequence GYTFTSRYIH (SEQ ID
NO:59); HCDR2 comprising the amino acid sequence WIYPVTGDTYYREPFKG (SEQ ID
NO:64); and HCDR3 comprising the amino acid sequence GYGAFYY (SEQ ID
N0:61). Any one of the foregoing monoclonal antibodies or antigen-binding
fragments thereof comprising three light chain complementarity determining
regions (LCDRs) and three heavy chain complementarity determining regions
(HCDRs), wherein said three LCDRs and said three HCDRs are selected from
the group consisting of: a) LCDRl comprising the amino acid sequence
SVSSSVSSIYLH (SEQ ID NO:53); LCDR2 comprising the amino acid sequence
STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid sequence IQYSGYPLT
(SEQ ID NO:55); 



HCDRl comprising the amino acid sequence GYTFTDYYMH (SEQ ID NO:65); HCDR2
comprising the amino acid sequence RVNPNRGGTTYNQKFEG (SEQ ID NO:66); and
HCDR3 comprising the amino acid sequence TNWLDY (SEQ ID NO:67); b) LCDRl
comprising the amino acid sequence SVSSSVSSIYLH (SEQ IDNO:53);LCDR2
comprising the amino acid sequence STSNLAS (SEQ ID NO:54); LCDR3 comprising
the amino acid sequence QVYSGYPLT (SEQ ID NO:56); HCDRl comprising the
amino acid sequence GYTFTDYYMH (SEQ ID NO:65); HCDR2 comprising the amino
acid sequence RVNPNRRGTTYNQKFEG (SEQ ID NO:68); and HCDR3 comprising the
amino acid sequence ANWLDY (SEQ ID NO:69); and c) LCDRl comprising the
amino acid sequence SVSSSVRSIYLH (SEQ ID NO:57); LCDR2 comprising the amino
acid sequence STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid
sequence QVYRGYPLT (SEQ ID NO:58); HCDRl comprising the amino acid sequence
GYTFTDYYMH (SEQ ID NO:65); HCDR2 comprising the amino acid sequence
RVNPYRGSTTYNQKFEG (SEQ ID NO:70); and HCDR3 comprising the amino acid
sequence ANILDY (SEQ ID N0:71). Any one of the foregoing monoclonal
antibodies, or antigen-binding fragments thereof comprising three light
chain complementarity determining regions (LCDRs) and three heavy chain
complementarity determining regions (HCDRs), wherein: LCDRl comprising the
amino acid sequence SVSSSVSSIYLH (SEQ ID NO:53); LCDR2 comprising the amino
acid sequence STSNLAS (SEQ ID NO:54); LCDR3 comprising the amino acid
sequence IQYSGYPLT (SEQ ID NO:55);HCDRl comprising the amino acid sequence
GYTFTDYYMH (SEQ ID NO:65); HCDR2 comprising the amino acid sequence
RVNPNRGGTTYNQKFEG (SEQ ID NO:66); and HCDR3 comprising the amino acid
sequence TNWLDY (SEQ ID NO:67); Any one of the foregoing monoclonal
antibodies, or antigen-binding fragments thereof comprising three light
chain complementarity determining regions (LCDRs) and three heavy chain
complementarity determining regions (HCDRs), wherein: LCDRl comprises the
amino acid sequence SVSSSVSSIYLH (SEQ ID NO:53); LCDR2 comprises the amino
acid sequence STSNLAS (SEQ ID NO:54); LCDR3 comprises the amino acid
sequence QVYSGYPLT (SEQ ID 



NO:56); HCDRl comprises the amino acid sequence GYTFTDYYMH (SEQ ID NO:65);
HCDR2 comprises the amino acid sequence RVNPNRRGTTYNQKFEG (SEQ ID NO:68);
and HCDR3 comprises the amino acid sequence ANWLDY (SEQ ID NO:69). Any one
of the foregoing monoclonal antibodies, or antigen-binding fragments
thereof, comprising a light chain variable region (LCVR) and a heavy chain
variable region (HCVR), wherein said LCVR and said HCVR, respectively,
comprise amino acid sequences selected from the group consisting of: a) SEQ
ID NO:94 and SEQ ID NO:96; and b) SEQ ID NO:95 and SEQ ID NO:97, wherein
said monoclonal antibody or antigen-binding fragment thereof binds an
epitope within the a-chain of said human c-Met and induces internalization
of cell surface human c-Met. Any one of the foregoing monoclonal
antibodies, or antigen-binding fragments thereof comprising a light chain
variable region (LCVR) and a heavy chain variableregion (HCVR), wherein
said LCVR comprises SEQ ID NO:94 and said HCVR comprises SEQ ID NO:96. Any
one of the foregoing monoclonal antibodies, or antigen-binding fragments
thereof comprising a light chain variable region (LCVR) and a heavy chain
variable region (HCVR), wherein said LCVR comprises SEQ ID NO:95 and said
HCVR comprises SEQ ID NO:97. Any one of the foregoing monoclonal antibodies
or antigen-binding fragments thereof, wherein said LCVR and said HCVR
comprise amino acid sequences which are selected from the group consisting
of: a) LCVR is SEQ ID NO:1 and HCVR is SEQ ID NO:13; b) LCVR is SEQ ID NO:2
and HCVR is SEQ ID NO: 14; c) LCVR is SEQ ID NO:3 and HCVR is SEQ ID NO:
15; d) LCVR is SEQ ID NO:4 and HCVR is SEQ ID NO: 16; e) LCVR is SEQ ID
NO:5 and HCVR is SEQ ID NO: 17; and f) LCVR is SEQ ID NO:6 and HCVR is SEQ
ID NO: 18. Any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof, wherein said LCVR and said HCVR,
respectively, comprise amino acid sequences selected from the group
consisting of: a) LCVR is SEQ ID NO: 1 and HCVR is SEQ ID NO: 13; b) LCVR
is SEQ ID NO:2 and HCVR is SEQ ID NO: 14; and c) LCVR is SEQ ID NO:3 and
HCVR is SEQ ID NO: 15. Any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof, wherein said LCVR and said HCVR,
respectively, comprise amino acid sequences selected from the group
consisting of: a) LCVR is SEQ ID NO:4 and HCVR is SEQ ID NO: 16; b) LCVR is
SEQ ID NO:5 and HCVR is SEQ ID NO: 17; and c) LCVR is SEQ ID NO:6 and HCVR
is SEQ ID NO: 18. Any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof, wherein said LCVR comprises the amino
acid sequence of SEQ ID NO: 4 and said HCVR comprises the amino acid
sequence of SEQ ID NO: 16.Any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof, wherein said LCVR comprises the amino
acid sequence of SEQ ID NO: 5 and said HCVR comprises the amino acid
sequence of SEQ ID NO: 17. Any one of the foregoing monoclonal antibodies
wherein said antibody comprises 



a light chain and a heavy chain wherein the light chain and the heavy chain
comprise amino acid sequences which are selected from the group consisting
of: a) light chain is SEQ ID NO:25 and heavy chain is SEQ ID NO:37; b)
light chain is SEQ ID NO:26 and heavy chain is SEQ ID NO:38; c) light chain
is SEQ ID NO:27 and heavy chain is SEQ ID NO:39; d) light chain is SEQ ID
NO:28 and heavy chain is SEQ ID NO:40; e) light chain is SEQ ID NO:29 and
heavy chain is SEQ ID NO:41; and f) light chain is SEQ ID NO:30 and heavy
chain is SEQ ID NO:42. Any one of the foregoing monoclonal antibodies
wherein said antibody comprises a light chain and a heavy chain wherein the
light chain and the heavy chain comprise amino acid sequences which are
selected from the group consisting of a) light chain is SEQ ID NO:25 and
heavy chain is SEQ ID NO:37; b) light chain is SEQ ID NO:26 and heavy chain
is SEQ ID NO:38; and c) light chain is SEQ ID NO:27 and heavy chain is SEQ
ID NO:39. Any one of the foregoing monoclonal antibodies wherein said
antibody comprises a light chain and a heavy chain wherein the light chain
and the heavy chain comprise amino acid sequences which are selected from
the group consisting of: a) light chain is SEQ ID NO:28 and heavy chain is
SEQ ID NO:40; b) light chain is SEQ ID NO:29 and heavy chain is SEQ ID
NO:41; and c) light chain is SEQ ID NO:30 and heavy chain is SEQ ID NO:42.
Any one of the foregoing monoclonal antibodies wherein said light chain
comprises the amino acid sequence of SEQ ID NO: 28 and said heavy chain
comprises the amino acid sequence of SEQ ID NO: 40. Any one of the
foregoing monoclonal antibodies wherein said light chain comprises the
amino acid sequence of SEQ ID NO: 29 and said heavy chain comprises the
amino acid sequence of SEQ ID NO: 41. Any one of the foregoing monoclonal
antibodies wherein said antibody comprises two light chains and two heavy
chains, wherein each light chain comprises the amino acidsequence of SEQ ID
NO: 28 and each heavy chain comprises the amino acid sequence of SEQ ID NO:
40. Any one of the foregoing monoclonal antibodies wherein said antibody
comprises two light chains and two heavy chains, wherein each light chain
comprises the amino acid sequence of SEQ ID NO: 29 and each heavy chain
comprises the amino acid sequence of SEQ ID NO: 41. A monoclonal antibody
or antigen-binding fragment thereof that competes with any of the foregoing
c-Met monoclonal antibodies or antigen-binding fragments thereof for
binding to c-Met. Such competing monoclonal antibody or antigen-binding
fragment thereof can bind to the same epitope of c-Met as any one of the
foregoing c-Met monoclonal antibodies or antigen-binding fragments thereof.
In a preferred embodiment, the monoclonal antibody or antigen-binding
fragment thereof competes with an antibody which comprises a light chain
and a heavy chain, wherein the light chain comprises the amino acid
sequence of SEQ ID NO: 28 and the heavy chain comprises the amino acid
sequence of SEQ ID NO: 40. In another preferred embodiment, the monoclonal
antibody or antigen-binding fragment thereof competes with an antibody
which comprises a light chain and a heavy chain, wherein the light chain
comprises the amino acid sequence of SEQ ID NO: 29 and the heavy chain
comprises the amino acid sequence of SEQ ID NO: 41. Any one of the
foregoing monoclonal antibodies or antigen-binding fragments thereof, which
induces reduction of total human c-Met and phosphorylated human c-Met in
hepatocyte growth factor-independent tumor cells that constitutively
overexpress said human c-Met. In a preferred embodiment, the monoclonal
antibody or antigen-binding 



fragment thereof which induces reduction of total human c-Met and
phosphorylated human c-Met in hepatocyte growth factor-independent tumor
cells that constitutively overexpress said human c-Met, comprises a light
chain and a heavy chain, wherein the light chain comprises the amino acid
sequence of SEQ ID NO: 28 and the heavy chain comprises the amino acid
sequence of SEQ ID NO: 40. In another preferred embodiment, the monoclonal
antibody or antigen-binding fragment thereof which induces reduction of
total human c-Met and phosphorylated human c-Met in hepatocyte growth
factorindependent tumor cells that constitutively overexpress said human
c-Met, comprises a light chain and a heavy chain, wherein the light chain
comprises the amino acid sequenceof SEQ ID NO: 29 and the heavy chain
comprises the amino acid sequence of SEQ ID NO: 41. Any one of the
foregoing monoclonal antibodies or antigen-binding fragments thereof, which
induces reduction of total human c-Met and phosphorylated human c-Met in
hepatocyte growth factor-independent tumor cells that constitutively
phosphorylate said human c-Met. In a preferred embodiment, the monoclonal
antibody or antigenbinding fragment thereof which induces reduction of
total human c-Met and phosphorylated human c-Met in hepatocyte growth
factor-independent tumor cells that constitutively phosphorylate said human
c-Met, comprises a light chain and a heavy chain, wherein the light chain
comprises the amino acid sequence of SEQ ID NO: 28 and the heavy chain
comprises the amino acid sequence of SEQ ID NO: 40. In another preferred
embodiment, the monoclonal antibody or antigen-binding fragment thereof
which induces reduction of total human c-Met and phosphorylated human c-Met
in hepatocyte growth factor-independent tumor cells that constitutively
phosphorylate said human c-Met, comprises a light chain and a heavy chain,
wherein the light chain comprises the amino acid sequence of SEQ ID NO: 29
and the heavy chain comprises the amino acid sequence of SEQ ID NO: 41. Any
one of the foregoing monoclonal antibodies or antigen-binding fragments
thereof, which induces reduction of total human c-Met and phosphorylated
human c-Met in hepatocyte growth factor-independent tumor cells that are
hepatocyte growth factorresponsive. Any one of the foregoing monoclonal
antibodies or antigen-binding fragments thereof, which preferentially binds
human c-Met extracellular domain compared to human RON extracellular domain
or human PlexinA2 extracellular domain. Any one of the foregoing monoclonal
antibodies or antigen-binding fragments thereof, which does not induce
shedding of human c-Met extracellular domain. In a preferred embodiment,
the monoclonal antibody or antigen-binding fragment thereof which does not
induce shedding of human c-Met extracellular domain, comprises a light
chain and a heavy chain, wherein the light chain comprises the amino acid
sequence of SEQ ID NO: 28 and the heavy chain comprises the amino acid
sequence of SEQ ID NO: 40. In another preferred embodiment, the monoclonal
antibody or antigen-binding fragment thereof which does not induce shedding
of human c-Met extracellular domain,comprises a light chain and a heavy
chain, wherein the light chain comprises the amino acid sequence of SEQ ID
NO: 29 and the heavy chain comprises the amino acid sequence ofSEQ ID NO:
41. Any one of the foregoing monoclonal antibodies or antigen-binding
fragments thereof, which does not protect tumor cells expressing human
c-Met from staurosporineinduced apoptosis. In a preferred embodiment, the
monoclonal antibody or antigenbinding fragment thereof which does not
protect tumor cells expressing human c-Met from staurosporine-induced
apoptosis, comprises a light chain and a heavy chain, wherein the light
chain comprises the amino acid sequence of SEQ ID NO: 28 and the heavy
chain comprises the amino acid sequence of SEQ ID NO: 40. In another
preferred embodiment, the monoclonal antibody or antigen-binding fragment
thereof which does not protect tumor cells expressing human c-Met from
staurosporine-induced apoptosis, comprises a 



light chain and a heavy chain, wherein the light chain comprises the amino
acid sequence of SEQ ID NO: 29 and the heavy chain comprises the amino acid
sequence of SEQ ID NO: 41. Any one of the foregoing monoclonal antibodies
or antigen-binding fragments thereof, which inhibits hepatocyte growth
factor-dependent and hepatocyte growth factorindependent proliferation of
tumor cells that express human c-Met. Any one of the foregoing monoclonal
antibodies or antigen-binding fragments thereof, which inhibits binding of
human hepatocyte growth factor to human c-Met. Any one of the foregoing
monoclonal antibodies or antigen-binding fragments thereof which does not
induce HGF-like biological agonist activities. HGF-like biological agonist
activities include tumor cell proliferation, tumor cell motility, tumor
cell invasion, tubulogenesis, angiogenesis, and anti-apoptotic effects. In
a preferred embodiment, the monoclonal antibody or antigen-binding fragment
thereof which does not induce HGF-like biological agonist activities,
comprises a light chain and a heavy chain, wherein the light chain
comprises the amino acid sequence of SEQ ID NO: 29 and the heavy chain
comprises the amino acid sequence of SEQ ID NO: 41.A pharmaceutical
composition, comprising any one of the foregoing monoclonal antibodies or
antigen-binding fragments thereof, and a pharmaceutically acceptable
carrier, diluent, or excipient. Any one of the foregoing monoclonal
antibodies or antigen-binding fragments thereof for use in therapy. In a
preferred embodiment, the monoclonal antibody or antigen-binding fragment
thereof for use in therapy comprises a light chain and a heavy chain,
wherein the light chain comprises the amino acid sequence of SEQ ID NO: 28
and the heavy chain comprises the amino acid sequence of SEQ ID NO: 40. In
another preferred embodiment, the monoclonal antibody or antigen-binding
fragment thereof for use in therapy comprises a light chain and a heavy
chain, wherein the light chain comprises the amino acid sequence of SEQ ID
NO: 29 and the heavy chain comprises the amino acid sequence of SEQ ID NO:
41. Any one of the foregoing monoclonal antibodies or antigen-binding
fragments thereof for use in treating a cancer in a human. In a preferred
embodiment, the monoclonal antibody or antigen-binding fragment thereof for
use in treating a cancer in a human comprises a light chain and a heavy
chain, wherein the light chain comprises the amino acid sequence of SEQ ID
NO: 28 and the heavy chain comprises the amino acid sequence of SEQ ID NO:
40. In another preferred embodiment, the monoclonal antibody or
antigen-binding fragment thereof for use in treating a cancer in a human
comprises a light chain and a heavy chain, wherein the light chain
comprises the amino acid sequence of SEQ ID NO: 29 and the heavy chain
comprises the amino acid sequence of SEQ ID NO: 41. Any one of the
foregoing monoclonal antibodies or antigen-binding fragments thereof for
use in treating a cancer in a human in combination with another therapeutic
agent. In a preferred embodiment, the monoclonal antibody or
antigen-binding fragment thereof for use in treating a cancer in a human in
combination with another therapeutic comprises a light chain and a heavy
chain, wherein the light chain comprises the amino acid sequence of SEQ ID
NO: 28 and the heavy chain comprises the amino acid sequence of SEQ ID NO:
40. In another preferred embodiment, the monoclonal antibody or
antigen-binding fragment thereof for use in treating a cancer in a human in
combination with another therapeutic comprises a light chain and a heavy
chain, wherein the lightchain comprises the amino acid sequence of SEQ ID
NO: 29 and the heavy chain comprises the amino acid sequence of SEQ ID NO:
41. A pharmaceutical composition comprising any one of the foregoing
monoclonal antibodies or antigen-binding fragments thereof and a
pharmaceutically acceptable carrier, diluent, or excipient. 



Use of any one of the foregoing monoclonal antibodies or antigen-binding
fragments thereof for the manufacture of a medicament for treating a cancer
in a human. A method of treating a cancer, comprising administering to a
human patient in need thereof an effective amount of any one of the
foregoing monoclonal antibodies or antigen-binding fragments thereof.
Definitions A full-length antibody as it exists naturally is an
immunoglobulin molecule comprising 2 heavy (H) chains and 2 light (L)
chains interconnected by disulfide bonds. The amino terminal portion of
each chain includes a variable region of about 100-1 10 or more amino acids
primarily responsible for antigen recognition via the complementarity
determining regions (CDRs) contained therein. The carboxy -terminal portion
of each chain defines a constant region primarily responsible for effector
function. The CDRs are interspersed with regions that are more conserved,
termed framework regions ("FR"). Each light chain variable region (LCVR)
and heavy chain variable region (HCVR) is composed of 3 CDRs and 4 FRs,
arranged from aminoterminus to carboxy-terminus in the following order:
FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4. The 3 CDRs of the light chain are
referred to as "LCDRl, LCDR2, and LCDR3" and the 3 CDRs of the heavy chain
are referred to as "HCDRl, HCDR2, and HCDR3." The CDRs contain most of the
residues which form specific interactions with the antigen. The numbering
and positioning of CDR amino acid residues within the LCVR and HCVR regions
are in accordance with the well-known Kabat numbering convention. Light
chains are classified as kappa or lambda, and are characterized by a
particular constant region as known in the art. Heavy chains are classified
as gamma, mu, alpha, delta, or epsilon, and define the isotope of an
antibody as IgG, IgM, IgA, IgD, or IgE, respectively. IgG antibodies can be
further divided into subclasses, e.g., IgGl, IgG2,IgG3, IgG4. Each heavy
chain type is characterized by a particular constant region with a sequence
well known in the art. As used herein, the term "monoclonal antibody" (Mab)
as applied to the present antibody compounds refers to an antibody that is
derived from a single copy or clone including, for example, any eukaryotic,
prokaryotic, or phage clone, and not the method by which it is produced.
Mabs of the present invention preferably exist in a homogeneous or
substantially homogeneous population. Complete Mabs contain 2 heavy chains
and 2 light chains. "Antigen-binding fragments" of such monoclonal
antibodies include, for example, Fab fragments, Fab' fragments, F(ab') 2
fragments, single chain Fv fragments, and one-armed antibodies comprising a
light chain and a heavy chain. Monoclonal antibodies and antigen-binding
fragments thereof of the present invention can be produced, for example, by
recombinant technologies, phage display technologies, synthetic
technologies, e.g., CDR-grafting, or combinations of such technologies, or
other technologies known in the art. "Antibody compounds" refers to Mabs
and Fabs disclosed herein. Additional antibody compounds exhibiting similar
functional properties according to the present invention can be generated
by conventional methods. For example, mice can be immunized with human
c-Met or fragments thereof, the resulting antibodies can be recovered and
purified, and determination of whether they possess binding and functional
properties similar to or the same as the antibody compounds disclosed
herein can be assessed by the methods disclosed in Examples 2-19, below.
Antigen-binding fragments can also be prepared by conventional methods.
Methods for producing and purifying antibodies and antigen-binding
fragments are well known in the art and can be found, for example, in
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, chapters 5-8 and 15, ISBN
0- 



87969-314-2. The phrase "human engineered antibodies" refers to monoclonal
antibodies and antigen-binding fragments in addition to the antibody
compounds disclosed herein that have binding and functional properties
according to the invention similar to those disclosed herein, and that have
framework regions that are substantially human or fully human surrounding
CDRs derived from a non-human antibody. "Framework region" or "framework
sequence" refers to any one of framework regions 1 to 4. Human
engineeredantibodies and antigen-binding fragments encompassed by the
present invention include molecules wherein any one or more of framework
regions 1 to 4 is substantially or fully human, i.e., wherein any of the
possible combinations of individual substantially or fully human framework
regions 1 to 4, is present. For example, this includes molecules in which
framework region 1 and framework region 2, framework region 1 and framework
region 3, framework region 1, 2, and 3, etc., are substantially or fully
human. Substantially human frameworks are those that have at least about
80% sequence identity to a known human germline framework sequence.
Preferably, the substantially human frameworks have at least about 85%,
about 90%, about 95%, or about 99% sequence identity to a known human
germline framework sequence. Fully human frameworks are those that are
identical to a known human germline framework sequence. Human framework
germline sequences can be obtained from ImMunoGeneTics (IMGT) via their
website http://imgt.cines.fr, or from The Immunoglobulin FactsBook by
Marie-Paule Lefranc and Gerard Lefranc, Academic Press, 2001, ISBN
012441351. For example, germline light chain frameworks can be selected
from the group consisting of: All, A17, A18, A19, A20, A27, A30, LI, LlI,
L12, L2, L5, L15, L6, L8, 012, 02, and 08, and germline heavy chain
framework regions can be selected from the group consisting of: VH2-5,
VH2-26, VH2-70, VH3-20, VH3-72, VHI-46, VH3-9, VH3-66, VH3-74, VH4-31,
VHI-1 8, VHI-69, VI- 13-7, VH3-11, VH3- 15, VH3-21, VH3-23, VH3-3O, VH3-48,
VH4-39, VH4-59, and VH5-5I. Human engineered antibodies in addition to
those disclosed herein exhibiting similar functional properties according
to the present invention can be generated using several different methods.
In one approach, the parent antibody compound CDRs are grafted into a human
framework that has a high sequence identity with the parent antibody
compound framework. The sequence identity of the new framework will
generally be at least about 80%, at least about 85%, at least about 90%, at
least about 95%, or at least about 99% identical to the sequence of the
corresponding framework in the parent antibody compound. In the case of
frameworks having fewer than 100 amino acid residues, one, two, or three
amino acid residues can be changed. This grafting may result in a reduction
in binding affinity compared to that of the parent antibody. If this is the
case, the framework can be back-mutated to the parent framework at certain
positions based on specific criteria disclosed by Queen et al. (1991) Proc.
Natl. Acad. ScL USA88:2869. Additional references describing methods useful
in humanizing mouse antibodies include U.S. Patent Nos. 4,816,397;
5,225,539, and 5,693,761; computer programs ABMOD and ENCAD as described in
Levitt (1983) J. MoI. Biol. 168:595-620; and the method of Winter and
co-workers (Jones et al. (1986) Nature 321:522-525; Riechmann et al. (1988)
Nature 332:323-327; and Verhoeyen et al. (1988) Science 239:1534-1536. The
identification of residues to consider for back-mutation can be carried out
as follows. When an amino acid falls under the following category, the
framework amino acid of the human germ-line sequence that is being used
(the "acceptor framework") is replaced by a framework amino acid from a
framework of the parent antibody compound (the "donor framework"): (a) the
amino acid in the human framework region of the acceptor 



framework is unusual for human frameworks at that position, whereas the
corresponding amino acid in the donor immunoglobulin is typical for human
frameworks at that position; (b) the position of the amino acid is
immediately adjacent to one of the CDRs; or (c) any side chain atom of a
framework amino acid is within about 5-6 angstroms (center-to-center) of
any atom of a CDR amino acid in a three dimensional immunoglobulin model.
When each of the amino acids in the human framework region of the acceptor
framework and a corresponding amino acid in the donor framework is
generally unusual for human frameworks at that position, such amino acid
can be replaced by an amino acid typical for human frameworks at that
position. This back-mutation criterion enables one to recover the activity
of the parent antibody compound. Another approach to generating human
engineered antibodies exhibiting similar functional properties to the
antibody compounds disclosed herein involves randomly mutating amino acids
within the grafted CDRs without changing the framework, and screening the
resultant molecules for binding affinity and other functional properties
that are as good as or better than those of the parent antibody compounds.
Single mutations can also be introduced at each amino acid position within
each CDR, followed byassessing the effects of such mutations on binding
affinity and other functional properties. Single mutations producing
improved properties can be combined to assess their effects in combination
with one another. Further, a combination of both of the foregoing
approaches is possible. After CDR grafting, one can back-mutate specific
framework regions in addition to introducing amino acid changes in the
CDRs. This methodology is described in Wu et al. (1999) J. MoL Biol.
294:151-162. Applying the teachings of the present invention, a person
skilled in the art can use common techniques, e.g., site-directed
mutagenesis, to substitute amino acids within the presently disclosed CDR
and framework sequences and thereby generate further variable region amino
acid sequences derived from the present sequences. Up to all naturally
occurring amino acids can be introduced at a specific substitution site.
The methods disclosed herein can then be used to screen these additional
variable region amino acid sequences to identify sequences having the
indicated in vivo functions. In this way, further sequences suitable for
preparing human engineered antibodies and antigenbinding portions thereof
in accordance with the present invention can be identified. Preferably,
amino acid substitution within the frameworks is restricted to one, two, or
three positions within any one or more of the 4 light chain and/or heavy
chain framework regions disclosed herein. Preferably, amino acid
substitution within the CDRs is restricted to one, two, or three positions
within any one or more of the 3 light chain and/or heavy chain CDRs.
Combinations of the various changes within these framework regions and CDRs
described above are also possible. That the functional properties of the
antibody compounds generated by introducing the amino acid modifications
discussed above conform to those exhibited by the specific molecules
disclosed herein can be confirmed by the methods disclosed below in
Examples 2-19. The term "epitope" refers to a specific arrangement of amino
acids located on a peptide or protein to which an antibody or antibody
fragment binds. Epitopes often consist of a chemically active surface
grouping of molecules such as amino acids or sugar side chains, and have
specific three dimensional structural characteristics as well as specific
charge characteristics. Epitopes can be linear, i.e., involving binding to
a single sequence of amino acids, or conformational, i.e., involving
binding to two or moresequences of amino acids in various regions of the
antigen that may not necessarily be 



contiguous. The epitopes disclosed herein can consist of, consist
essentially of, or comprise the amino acid sequences disclosed in Example
3. Monoclonal antibodies or antigen-binding fragments thereof that
"compete" with the molecules disclosed herein are those that bind human
c-Met at site(s) that are identical to, or overlapping with, the site(s) at
which the present molecules bind. Competing monoclonal antibodies or
antigen-binding fragments thereof can be identified, for example, via an
antibody competition assay. For example, a sample of purified or partially
purified human c-Met can be bound to a solid support. Then, an antibody
compound or antigen binding fragment thereof of the present invention and a
monoclonal antibody or antigen-binding fragment thereof suspected of being
able to compete with such invention antibody compound are added. One of the
two molecules is labeled. If the labeled compound and the unlabeled
compound bind to separate and discrete sites on c-Met, the labeled compound
will bind to the same level whether or not the suspected competing compound
is present. However, if the sites of interaction are identical or
overlapping, the unlabeled compound will compete, and the amount of labeled
compound bound to the antigen will be lowered. If the unlabeled compound is
present in excess, very little, if any, labeled compound will bind. For
purposes of the present invention, competing monoclonal antibodies or
antigen-binding fragments thereof are those that decrease the binding of
the present antibody compounds to c-Met by about 50%, about 60%, about 70%,
about 80%, about 85%, about 90%, about 95%, or about 99%. Details of
procedures for carrying out such competition assays are well known in the
art and can be found, for example, in Harlow and Lane (1988) Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York, pages 567-569, ISBN 0-87969-3 14-2. Such assays can be made
quantitative by using purified antibodies. A standard curve is established
by titrating one antibody against itself, i.e., the same antibody is used
for both the label and the competitor. The capacity of an unlabeled
competing monoclonal antibody or antigen-binding fragment thereof to
inhibit the binding of the labeled molecule to the plate is titrated. The
results are plotted, and the concentrations necessary to achieve the
desired degree of binding inhibition are compared. Whether monoclonal
antibodies or antigen-binding fragments thereof that compete with antibody
compounds of the present invention in such competition assayspossess the
same or similar functional properties of the present antibody compounds can
be determined via the methods disclosed in Examples 2-19 herein. Monoclonal
antibodies or antigen-binding fragments thereof that bind substantially the
same epitope(s) of c-Met as the monoclonal antibodies or antigenbinding
fragments disclosed herein are those that bind human c-Met at site(s) that
are overlapping with the site(s) at which the present molecules bind.
Methods that facilitate identification of monoclonal antibodies or
antigen-binding fragments thereof that bind substantially the same epitope
of c-Met as the c-Met monoclonal antibodies or antigenbinding fragments
disclosed herein are well known in the art and are described, for example,
in PCT International Publication WO 00/64946. Whether such monoclonal
antibodies or antigen-binding fragments thereof that bind substantially the
same c-Met epitope(s) as those disclosed herein possess the same or similar
functional properties of the present antibody compounds can be determined
via the methods disclosed in Examples 2-19 herein. "c-Met" or "human c-Met"
refers to any human c-Met, as well as functionally active, mutated forms
thereof. The structure of the c-Met is depicted schematically as:
Extracellular Domain (ECD) Intracellular Domain A L SEMA - PSI - 4 IPT - TM
- JM - KD - intracellular tail SEMA: Sema domain 



PSI: Plexin, Semaphorins, and Integrins domain IPT: 4 Immunoglobulins,
Plexins, and Transcription factor domains TM: Transmembrane region JM:
Juxtamembrane domain KD: Kinase domain In the human c-Met ECD (SEQ ID
NO:75), amino acids 1-24 comprise the signal sequence. The mature protein
begins at amino acid 25 (E). The Sema domain consists of approximately 500
amino acid residues at the N-terminus of c-Met, and contains the a- chain
(amino acid residues 25-307) and part of the b-chain (amino acid residues
308-519).The term "inhibit" means the ability to substantially antagonize,
prohibit, prevent, restrain, slow, disrupt, eliminate, stop, reduce, or
reverse the biological effects of c-Met. The term "treating" (or "treat" or
"treatment") means slowing, interrupting, arresting, controlling, stopping,
reducing, or reversing the progression or severity of a symptom, disorder,
condition, or disease, but does not necessarily involve a total elimination
of all disease-related symptoms, conditions, or disorders. Acute events and
chronic conditions may be treated. In an acute event, an antibody or
antigen-binding fragment thereof is administered at the onset of a symptom,
disorder, condition, or disease, and is discontinued when the acute event
ends. In contrast, a chronic symptom, disorder, condition, or disease is
treated over a more protracted time frame. The term "effective amount"
refers to the amount or dose of an antibody compound of the present
invention which, upon single or multiple dose administration to a patient,
provides the desired treatment or prevention. Therapeutically effective
amounts of the present antibody compounds can comprise an amount in the
range of from about 0.1 mg/kg to about 20 mg/kg per single dose. A
therapeutically effective amount for any individual patient can be
determined by the health care provider by monitoring the effect of the
antibody compounds on a biomarker, such as cell surface c-Met in tumor or
nontumor tissues, tumor regression, etc. Analysis of the data obtained by
these methods permits modification of the treatment regimen during therapy
so that optimal amounts of antibody compounds, whether employed alone or in
combination with one another therapeutic agent, are administered, and so
that the duration of treatment can be determined as well. In this way, the
dosing/treatment regimen can be modified over the course of therapy so that
the lowest amounts of antibody compounds used alone or in combination that
exhibit satisfactory tumor reducing effectiveness are administered, and so
that administration of such compounds is continued only so long as is
necessary to successfully treat the patient. The antibody compounds of the
present invention can be used as medicaments in human medicine,
administered by a variety of routes. Most preferably, such compositions are
for parenteral administration. Such pharmaceutical compositions can be
prepared by methods well known in the art. See, e.g., Remington: The
Science and Practice of Pharmacy, 19th ed. (1995), A. Gennaro et al, Mack
Publishing Co., andcomprise one or more antibody compounds disclosed
herein, and a pharmaceutically acceptable carrier, diluent, or excipient.
The term "tumor" refers to all neoplastic cell growth and proliferation,
whether malignant or benign, and all pre-cancerous and cancerous cells and
tissues. The terms "cancer", "cancerous", and "tumor" are not mutually
exclusive as used herein. The terms "cancer" and "cancerous" refer to or
describe the physiological condition in mammals that is typically
characterized by aberrant cell growth/proliferation. Examples of cancers
include, but are not limited to, carcinomas, lymphomas, blastomas,
sarcomas, and leukemias. c-Met and Cancer Deregulated c-Met pathways can be
induced by transcriptional up regulation, 



c-Met gene amplification, specific genetic alterations, or ligand-dependent
autocrine or paracrine mechanisms. The most frequent cause of constitutive
c-Met activation in human tumors is increased protein expression as a
consequence of transcriptional upregulation, in the absence of gene
amplification. In addition, amplification of the MET gene, with consequent
protein overexpression and constitutive kinase activation, has been
reported in a number of human primary tumors, including gastric and
oesophageal carcinomas, non-small-cell lung (NSCL) carcinomas, and
medulloblastomas. Tumors of mesenchymal origin, such as osteosarcomas and
rhabdomyosarcomas, often utilize autocrine mechanisms by producing HGF.
Elevated HGF levels and overexpression of c-Met are often associated with
poor clinical outcomes that include more aggressive disease, increased
tumor metastasis, and shortened patient survival. Further, high levels of
HGF and/or c-Met proteins in tumors confer resistance to chemotherapy and
radiotherapy. In addition to abnormal HGF and c-Met expression, the c-Met
pathway can be activated through genetic alternations such as c-Met
mutations, gene amplification, and gene rearrangement. Missense c-MET
mutations are found in all individuals with well-characterized hereditary
papillary renal cell carcinomas (PRCC) and in a small subset (13%) of
sporadic PRCC samples. Some of the mutations possess oncogenic potential
due to increased kinase activity. Trisomy of chromosome 7, where both HGF
and c-MET genes reside, occurs frequently in PRCC, and results in
non-random duplication of the mutant c-MET allele. In addition, somatic
c-MET mutations have beenidentified in other human cancers, including
gastric, head and neck, liver, ovarian, nonsmall cell lung and thyroid
cancers, as well as in metastases of some of these cancers. Unlike PRCC,
where mutations are typically confined to the kinase domain, these
mutations are often located in other regions of the receptor, for example,
the juxtamembrane domain. In addition to mutation, the c-MET gene is often
amplified in breast, liver, brain, colorectal, gastric, lung and stomach
cancers, which is correlated to disease progression in some patients.
Therapeutic indications Aberrant HGF/c-MET signaling has been documented in
a wide range of human malignancies, including bladder, breast, cervical,
colorectal, endometrial, esophageal, gastric, head and neck, kidney, liver,
lung, nasopharyngeal, ovarian, pancreatic, prostate and thyroid cancers, as
well as cholangiocarcinoma, osteosarcoma, rhabdomyosarcoma, synovial
sarcoma, Kaposi's sarcoma, leiomyosarcomas, and MFH/fibrosarcoma. In
addition, abnormal HGF and/or c-Met expression has also been reported in
hematological malignancies such as acute myelogenous leukemia, adult T-cell
leukemia, chronic myeloid leukemia, lymphomas and multiple myeloma, as well
as other tumors such as melanoma, mesothelioma, Wilms' tumor,
glioblastomata, and astrocytomas (summarized in Liu et al. (2008) Expert
Opin. Investig. Drugs 17(7):997-101 1). The c-Met antibodies of the present
invention can inhibit both HGF-dependent and HGF-independent tumors. The
following non-limiting examples illustrate various aspects of the present
invention. In the examples below, the humanized IgG2 and IgG4 and murine
IgG (also sometimes referred to as mlgGl) control antibodies are isotype
control antibodies unrelated to the present c-Met antibodies. Antibodies
C8, DIl, and optDl 1 are murine antibodies. In all cases, human HGF is
obtained from R&D Systems (#294).Example 1 c-Met Antibodies The amino acid
sequences of the light chain and heavy chain variable regions, the complete
light and heavy chains, and the respective encoding nucleotide sequences of
the foregoing, of the present human engineered antibodies are listed below
in the section entitled "Amino Acid and Nucleotide Sequences." The light
chain and heavy chain CDR amino acid sequences are shown in Tables 1 and 2,
respectively. 



Tabl e 1. Li ht Chain CDRs Xi is Y or R, and X is A or R; X3 is S or R; X4
is I or Q, X5 is Q or V, and X6 is S or R;Table 2. Heavy Chain CDRs X7 is
N, I, or R, and X8 is K or P; X9 is Y or F; Xio is N or Y, Xn is G or R,
and Xi2 is G or S; Xi3 is T or A, and X14 is W or I; Consensus sequences
for Dl 1- and C8- antibody light and heavy chain variable regions are: DIl-
Antibody Light ChainVariable Region Consensus Sequence (SEQ ID NO:94)
EIVLTQSPGTLSLSPGERATLSCSVSSSISSTNLHWYQQKPGQAPRLLIY GTSX
ILX2SGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQWSSYPYSFG QGTKLEIK wherein Xi is Y
or R, and X2 is A or R;C8- Antibody Light Chain Variable Region Consensus
Sequence (SEQ ID NO:95) DIQMTQSPSSLSASVGDRVTITCSVSSSVX
3SIYLHWYQQKPGKAPKLLIY STSNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCX
4X5YX6GYPLTFG GGTKVEIK wherein X3 is S or R, X4 is I or Q, X5 is Q, or V,
and X is S or R; DIl- Antibody Heavy Chain Variable Region Consensus
Sequence (SEQ ID NO:96) QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSRYIHWVRQAPGQGLEWMGW
IYPVTGDTYYX 7EX8FKGRVTITADKSTSTAYMELSSLRSEDTAVYYCARGY GAFX 9YWGQGTLVTVS
wherein X is N, I, or R, X is K or P, and X is Y or F; C8- Antibody Heavy
Chain Variable Region Consensus Sequence (SEQ ID NO:97)
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYYMHWVRQAPGQGLEWMGR VNPX IORXI IX I
2TTYNQKFEGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARX 13 NX I4LDYWGQGTTVTVS wherein
X1Ois Y or N, Xn is G or R, X12 is S or G, X13 is A or T, and X14 is I or
W. Antibodies are transiently expressed in HEK293 EBNA cells (Edge
BioSystems, #90500130) using standard transfection procedures. Transfected
cells are cultured in standard serum-free medium containing geneticin
(G418) and tobramycin for 48 to 120 hours at 37C after transfection.
Antibodies are purified on a 60 mL rProtein A Sepharose column (Amersham
Biosciences, #17-1279-04) by following the manufacturer's instructions, and
further concentrated and purified by size exclusion chromatography (XK50/60
Superdex200, Pharmacia) with phosphate buffered saline (PBS), pH 7.4, as
the mobile phase. Antibodies are then filtered using Millev-GV, PVDF
membranes, 0.22 mm, 33mm, (Millipore, # SLGVO33RS), and stored at 4 to 8C.
Murine IgGl c-Met antibody 5D5 (U.S. Patent No. 5,686,292), discussed in
many of the examples below, is isolated and purified from hybridoma HB-1
1895 obtained from the American Type Culture Collection, Manassas, VA, as
described above.Example 2 Binding Kinetics of c-Met Antibodies to Various
c-Met Extracellular Domains The extracellular domains (ECDs) of human,
cynomolgus monkey, and rat c-Met sequences are expressed as Fc fusion
proteins with a flag- and His-tag (Flis-tag) at the C-terminus of the Fc
(SEQ ID NOs:72-74). These c-Met ECD Fc fusion proteins are separately
transiently expressed in HEK293 EBNA cells and purified as described in
Example 1. A Biacore(r) 2000 instrument is used to measure the binding
kinetics of c-Met antibodies to human, cynomolgus monkey, and rat c-Met
ECDs. Measurements are performed at 25C. Samples are dissolved in HBS-EP
buffer (150 mM sodium chloride, 



3 mM EDTA, 0.005% (w/v) surfactant P-20, and 10 mM
N-2-hydroxyethylpiperazine- N'-2-ethanesulfonic acid (HEPES) at pH 7.4;
#BR-1001-88). F(ab') 2 fragment of goat anti human IgG, F(ab') 2 fragment
specific (Jackson Immunoresearch Inc, #109-006-097) is immobilized on flow
cells 1 to 4 of a CM5 sensor chip at a level of 4000 response units (RUs)
using amine coupling chemistry to capture anti-c-Met antibodies. Binding is
evaluated using multiple cycles. Each cycle is performed at a flow rate of
50 mL/min., and consists of the following steps: injection of about 10 mL
of a c-Met antibody at 10 mg/mL aiming at a capture of 40-100 RUs,
injection of 250 mL of human, cynomolgus, or rat c-Met-Flis-Fc ECD
(starting at 100 nM and using two-fold serial dilutions for each cycle)
followed by 20 min. for dissociation, and regeneration using about 30 mL of
10 mM glycine hydrochloride, pH 1.5. Association and dissociation rates for
each cycle are evaluated using a " 1:1 (Langmuir) binding" model in the
BIAevaluation software, version 4. 1. For binding of antibody Dl 1-S17Y to
rat c-Met- Flis-Fc ECD, a heterogeneous ligand model is used to fit the
data adequately; therefore, two binding affinities are obtained. The
results are shown in Tables 3-5 below.Table 3 Binding Kinetics and Affinity
of c-Met Antibodies to Human c-Met-Flis-Fc ECD Table 4 Binding Kinetics and
Affinity of c-Met Antibodies to Cynomolgus Monkey c-Met-Flis-Fc ECD Table 5
Binding Kinetics and Affinity of c-Met Antibodies to Rat c-Met-Flis-Fc
ECDThese data demonstrate that antibodies C8-H241, C8-6, and C8-col6 bind
both human and cynomolgus monkey c-Met ECDs with similar affinity, but not
rat c-Met ECD. Additional data (not shown) indicate that these antibodies
do not bind mouse c-Met ECD at up to 100 nM of antibody with 1 mg/mL ECD
coated on ELISA plates. Antibodies Dl 1-8B8, Dl 1-C27G3, and Dl 1-S17Y,
however, bind human, cynomolgus monkey, and rat c-Met ECDs. Example 3
Epitope Mapping The epitopes of the present c-Met antibodies are mapped by
a combination of hydrogen-deuterium exchange mass spectrometry (HDXMS)
(Yamada et al. (2002) Rapid Commun. Mass Spectrom. 16(4):293-299) and
diethyl pyrocarbonate (DEPC) labeling (Mendoza et al. (2008) Analy. Chem.
80(8):2895-2904). Hydrogen-deuterium exchange reaction of human c-Met Sema
domain is carried out in the presence or absence of c-Met antibodies. Sema
domain regions that gain less deuterium in the presence of an antibody than
in its absence are identified as the epitope(s) for the antibody. DEPC can
react with amino groups of surface-exposed lysine or histidine residues in
the Sema domain, forming ethyl carbamate lysine or histidine. If these
amino acids are located in the epitope region, they will be protected, and
will not react with DEPC upon antibody binding. This helps to further
localize and/or confirm the epitope regions determined by HDXMS. Expression
and Purification of c-Met Sema Domain. The Sema domain of human c-Met is
expressed with a FHs tag at the C-terminus (SEQ ID NO:76) in HEK293 EBNA
cells and purified as described in Examples 1 and 2. The purified protein
is then stored at 40C in PBS at pH 7.4. This domain binds to the c-Met
antibodies of the present invention with affinity similar to that of full
length human c-Met ECD, indicating that the epitopes for these antibodies
are located in this region of human c-Met. Deglycosylation and
Desialylation of the c-Met Sema Domain. 100 mL of 1.2 mg/mL human c-Met
Sema domain solution are treated with 1 mL of PNGase F solution (Prozyme,
GKE-5006B) at 370C overnight for de-N-glycosylation. LC/MS
analysisdemonstrates that most of the protein is deglycosylated after this
treatment. Separately, 



100 mL of 1.2 mg/mL human c-Met Sema domain solution are treated with 2 mL
of 10 U/mL neuraminidase solution (Roche, Cat. # 10 269 6 11 001) at 370C
for 1 hour to desialylate the Sema domain. Formation of c-Met Sema
Domain/Antibody Complexes. 10 mL of deglycosylated c-Met Sema domain
solution (1.2 mg/mL) are mixed with an aliquot containing 29 mg protein of
antibody solution (2.07 mL of C8-H241, 2.01 mL of D11-8B8, or 3.87 mL of an
unrelated control Mab), and then diluted with IX PBS solution to a final
volume of 40 mL. Separately, 5 mL of desialylated human c-Met Sema domain
solution (1.2 mg/mL) are mixed with an aliquot containing 14 mg protein of
antibody solution (1.04 mL of C8-H241, 1.01 mL of D11-8B8, or 1.94 mL of
the unrelated control Mab), and then diluted with IX PBS solution to a
final volume of 15 ml. Each of the mixed solutions of each antibody is then
subjected to HDXMS analysis. HDXMS Assays. 4 mL of deglycosylated or
desialylated c-Met Sema domain/antibody mixture are mixed with 16 mL of
100% D2O (Acros, Code 1663 10500; 80% D during exchange), and incubated at
ambient temperature for 90 seconds. The exchange is then quenched with 50
mL of 0.5% (v/v) formic acid in water at O0C. The quenched solution is
immediately treated with 2 mL of 5 mg/mL (v/v) pepsin solution (Sigma, Cat.
# P6887) at O0C for 3.5 or 4 min. The digested solution is immediately
manually injected onto an RP-HPLC column (Polymer Laboratories, Part
#1912-1802; 2.1x50mm, 1000 A pore size, 8 mM particle size). The HPLC
buffer stream from the HPLC pump (Waters, 2795 HPLC) passes through a metal
tube (approximately 1 mL) to a manual injector. The column eluate is then
passed to a Micromass LCT Premier or SYNAPT mass spectrometer. The metal
tube, injector loop, and column are submerged in an ice water bath. The
column is equilibrated with 99% A (0.05% (v/v) aqueous TFA (trifluoroacetic
acid) and 1% B (0.04% (v/v) TFA in acetonitrile) at a flow rate of 0.2
mL/min. An isocratic gradient elution is performed for 1 min., from 1 to
10% B over 1 min., to 40% B over 12 min., to 90% B over 4 min. with a 3
min. hold, and then rapidly returned to the initial conditions. The mass
spectrometry is performed on a Micromass LCT Premier Mass Spectrometer with
a positive spray, W mode, and the following settings: a capillaryvoltage of
1.5 kV, a cone voltage of 100 V, Aperture 1 of 25 V, a mass range of 200 to
2000, a desolvation temperature of 1500C, and a desolvation gas flow of 500
L/h. The mass spectrum of each peptic peptide of c-Met is obtained after
D/H exchange with or without c-Met antibody. The average mass of each
peptide is calculated according to the isotopic distribution of the most
intense ion peak. DEPC Labeling of c-Met/Antibody Complexes. 8.3 mL of 1.2
mg/mL human c-Met Sema domain solution are mixed with an antibody solution
(24 mg protein: 1.71 mL of C8-H241, 1.67 mL of Dl 1-8B8, or 3.2 mL of
unrelated control Mab), and IX PBS solution to a final volume of 76 mL.
Each c-Met/antibody mixture is treated with 4 mL of 10 mg/mL (w/v) DEPC in
isopropanol at ambient temperature for 5 min. and then quenched with 10 mL
of 20 mg/mL histidine in 0.1 M Tris-HCl buffer, pH 8, and 10 mL of 0.2
mg/mL lysine in 0.1M Tris-HCl buffer, pH 8. Each solution is mixed with 5
mL of 0.2 mg/mL (w/v) porcine trypsin solution (Promega, Cat. # V528A), and
half of the mixture is mixed with 0.5 mL of 50 mg/mL (w/v) dithiothreitol
solution. Each sample solution is incubated at 370C for 5 hours and then
treated with 0.5 mL of PNGase F solution for an additional hour. Each
digested solution is acidified with 2 mL of 10% (v/v) acetic acid solution.
2 mL of 100 mg/mL TCEP (tris(2-carboxyethyl) phosphine hydrochloride
(Sigma, Cat. # C4702-2G) solution are added to the unreduced digest without
added dithiothreitol. Each of the solutions is subjected to LC/MS analysis
using a Waters Acquity UPLC and Waters SYNAPT Mass spectrometer. The HPLC
uses a Waters Acquity UPLC BEH C8 column (2.1x50mm, 1.7mm, Waters, part
#186002877) at 



60 0C, and peptides are eluted with an acetonitrile gradient in a
water/acetonitrile/TFA HPLC mobile phase system. A 45 min. run time is used
for the digests. The column is equilibrated with 99% A (0.05% (v/v) TFA
aqueous solution) and 1% B (0.04% (v/v) TFA in acetonitrile) at a flow rate
of 0.2 mL/min. A gradient elution is performed in isocratic state for 2
min., from 1 to 25% B over 25 min., to 45% B over 10 min., to 90% B over 1
min., with 1.5 min. hold (at the same period of time, flow rate of 0.3
mL/min.), and then rapidly returned to 1% B. Results. Mab C8-H24 1 appears
to bind a conformational epitope comprising four regions of the c-Met Sema
domain, located in the a-chain of the human c-Met extracellular domain
(amino acid residues 25-307 of SEQ ID NO:75):12iVVDTYYDDQL 13o (SEQ ID
NO:77), 131ISCGSVNRGTCQRHVFPHNHTADIQSI 56 (SEQ ID NO:78),
I79ALGAKVLSSVKDRFINFF I9 6 (SEQ ID NO:79), and 2I6VRRLKETKDGFM 227 (SEQ ID
NO:80). More particularly, Mab C8-H241 binds c-Met by interacting with one
or more amino acid residues within: I23DTYYDDi 28 (SEQ ID NO:81) inclusive,
I44HVFPHNHTADIQSI 56 (SEQ ID NO: 82) inclusive, I92FINFi 95 (SEQ ID NO:83)
inclusive, and 220KETKDGFM227 (SEQ ID NO:84) inclusive. Binding of Mab
C8-H241 to the region I44HVFPHNHTADIQS I56 (SEQ ID NO: 82) renders it
capable of binding both human (SEQ ID NO:75) and cynomolgus monkey (amino
acids 25 to 932 of SEQ ID NO:73) c-Met extracellular domain with comparable
affinity, but not rat or mouse c-Met, up to 100 nM of antibody in binding
assays. Mab Dl 1-8B8 binding to the a-chain of the c-Met Sema domain
appears to be localized to one region, i.e., amino acid residues within a
linear epitope within the amino acid sequence 4YKTGPVLEHPDCFPCQDCSSKANLIO 7
(SEQ ID NO:85) inclusive, more particularly the region 95CFPCQDCSSKAi 05
(SEQ ID NO:86) inclusive. The epitope for Mab Dl 1-8B8 is further confirmed
by epitope extraction experiments (Dhungana et al. (2009) Methods MoI Biol.
524:87-101). c-Met Sema domain is digested with porcine trypsin (Promega)
and the digest is then mixed with biotinylated Mab DIl- 8B8, using the
EZ-Link(tm) Sulfo-NHS-LC-Biotin kit (Pierce, Prod. #1754210), to bind the
c-Met peptides. Biotinylated Dl 1-8B8 with or without bound c-Met peptides
is captured by high capacity Streptavidin agarose resin (Thermo Scientific,
Prod. # 20359). The bound peptides are released by 0.15% formic acid (v/v)
in H2O, and then identified by LC/MS.Example 4 Preferential Binding of
Antibodies to c-Met vs. RON and PlexinA2 ECDs The human proteins with the
greatest sequence identity to c-Met are RON and Plexin A2. This experiment
compares the specificity of c-Met antibody binding to c-Met, RON, and
PlexinA2 ECDs. Wells of 96-well EIA/RIA high binding plates (Costar, #2592)
are coated with 100 mL of 1 mg/mL human c-Met extracellular domain
(ECD)-Fc-Flis fusion (SEQ ID NO:72), RON-ECD-Fc (R&D Systems, #1947-MS), or
PlexinA2-ECD-Fc (Abnova, Taipei, Taiwan #H00005362-P01) in coating buffer
(BioFX Labs, # COAT-1000-01) overnight at 4C. The wells are aspirated and
non-specific binding sites are blocked by adding 200 mL of blocking buffer
(Tris-buffered saline, pH 8.0, with 0.05% (v/v) polysorbate 20 (Tween-20)
(TBS-T) (BioFX Labs, # WSHW-1000-01) plus 1% (w/v) bovine serum albumin
(BSA) (Jackson Immuno, #001-000-162) and incubating for 1 hour at room
temperature. After the plates are washed three times with wash buffer
(TBS-T), 100 mL/well of 1:6 serial dilutions of c-Met antibodies in
blocking buffer (starting from 100 mg/mL) are added and incubated at room
temperature for 2 hours. The plates are 



washed and incubated with 100 mL/well of HRP-conjugated goat anti-human
F(ab)2 IgG (Jackson ImmunoResearch Labs #109-036-097) in blocking buffer
for 90 min. After the plates are washed, 100 mL/well of substrate solution
(BioFx, #TMBW-1000-01) are added and the plates are incubated for 10 min.
at room temperature. 100 mL/well of stop solution (BioFx, # LSTP-1000-01)
are added to stop the reaction. The colorimetric signals are developed and
read at 450 nm using a SpectraMax 190 plate reader (Molecular Devices,
Sunnyvale, CA). c-Met antibody binding to c-Met, RON and PlexinA2 ECDs is
proportional to color signal production. As shown in Table 6, both C8 and
Dl 1 c-Met antibodies of the present invention preferentially bind to human
c-Met ECD compared to RON ECD or PlexinA2 ECDs.Table 6 Preferential Binding
of c-Met Antibodies to Human c-Met ECD vs. RON and PlexinA2 ECDsCOLOR
COMBINER Background Projection systems used for projecting an image on a
screen can use multiple color light sources, such as light emitting diodes
(LED's), with different colors to generate the illumination light. Several
optical elements are disposed between the LED's and the image display unit
to combine and transfer the light from the LED's to the image display unit.
The image display unit can use various methods to impose an image on the
light. For example, the image display unit may use polarization, as with
transmissive or reflective liquid crystal displays. Still other projection
systems used for projecting an image on a screen can use white light
configured to imagewise reflect from a digital micro-mirror array, such as
the (r) (r) array used in Texas Instruments' Digital Light Processor (DLP )
displays. In the DLP display, individual mirrors within the digital
micro-mirror array represent individual pixels of the projected image. A
display pixel is illuminated when the corresponding mirror is tilted so
that incident light is directed into the projected optical path. A rotating
color wheel placed within the optical path is timed to the reflection of
light from the digital micro-mirror array, so that the reflected white
light is filtered to project the color corresponding to the pixel. The
digital micro-mirror array is then switched to the next desired pixel
color, and the process is continued at such a rapid rate that the entire
projected display appears to be continuously illuminated. The digital
micro-mirror projection system requires fewer pixelated array components,
which can result in a smaller size projector. Image brightness is an
important parameter of a projection system. The brightness of color light
sources and the efficiencies of collecting, combining, homogenizing and
delivering the light to the image display unit all affect brightness. As
the size of modern projector systems decreases, there is a need to maintain
an adequate level of output brightness while at the same time keeping heat
produced by the color light sources at a low level that can be dissipated
in a small projector system. There is a need for a light combining system
that combines multiple color lights with increased efficiency to provide a
light output with an adequate level of brightness without excessive power
consumption by light sources.Summary Generally, the present description
relates to optical elements, color combiners using the optical elements,
and image projectors using the color combiners. In one aspect, the present
disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a
second color-selective dichroic filter having a second input surface
disposed to transmit a second light beam perpendicular to the second input
surface. The optical element further includes a reflective polarizer
laminate 



having a reflective polarizer disposed between a first retarder and a
second retarder, wherein the reflective polarizer is disposed to intercept
the first light beam and the second light beam at an angle of approximately
45 degrees so that the first and the second light beam are combined into a
combined elliptical polarized light. In yet another aspect, the present
disclosure provides a color combiner including the optical element. In yet
another aspect, the present disclosure provides a display system including
an imaging panel and the color combiner. In another aspect, the present
disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a
second color-selective dichroic filter having a second input surface
disposed to transmit a second light beam perpendicular to the second input
surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed between a first
retarder and a second retarder, wherein the first reflective polarizer is
disposed to intercept the first light beam and the second light beam at an
angle of approximately 45 degrees; and a second reflective polarizer
laminate having a second reflective polarizer disposed between a third
retarder and a fourth retarder, wherein the second reflective polarizer is
disposed to intercept a reflected first and second light beam from the
first reflective polarizer laminate at an angle of approximately 45
degrees. The optical element still further includes a first reflector
disposed so that a line normal to the first reflector intercepts the first
reflective polarizer at an angle of approximately 45 degrees, and a second
reflector disposed so that a line normal to the second reflector intercepts
the second reflective polarizer at an angle of approximately 45 degrees,
wherein the first and second reflective polarizer laminates andthe first
and second reflectors cooperate so that the first and the second light beam
are combined into a combined elliptical polarized light. In yet another
aspect, the present disclosure provides a color combiner including the
optical element. In yet another aspect, the present disclosure provides a
display system including an imaging panel and the color combiner. In yet
another aspect, the present disclosure provides an optical element that
includes a first color-selective dichroic filter having a first input
surface disposed to transmit a first light beam perpendicular to the first
input surface, and a second colorselective dichroic filter having a second
input surface disposed to transmit a second light beam perpendicular to the
second input surface. The optical element further includes a first
reflective polarizer laminate having a first reflective polarizer disposed
between a first retarder and a second retarder, wherein the first
reflective polarizer is disposed to intercept the first light beam at an
angle of approximately 45 degrees; and a second reflective polarizer
laminate having a second reflective polarizer disposed between a third
retarder and a fourth retarder, wherein the second reflective polarizer is
disposed to intercept the second light beam from the first reflective
polarizer laminate at an angle of approximately 45 degrees. The optical
element still further includes a first reflector disposed so that a line
normal to the first reflector intercepts the first reflective polarizer at
an angle of approximately 45 degrees, and a second reflector disposed so
that a line normal to the second reflector intercepts the second reflective
polarizer at an angle of approximately 45 degrees, wherein the first and
second reflective polarizer laminates and the first and second reflectors
cooperate so that the first and the second light beam are combined into a
combined elliptical polarized light. In yet another aspect, the present
disclosure provides a color combiner including the optical element. In yet
another aspect, the present disclosure provides a display system including
an imaging panel and the color combiner. In yet another aspect, the present
disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a
second colorselective 



dichroic filter having a second input surface disposed to transmit a second
light beam perpendicular to the second input surface. The optical element
further includes a first reflective polarizer laminate having a first
reflective polarizer disposed adjacent to a first retarder, wherein the
first retarder is disposed to intercept the first light beam and thesecond
light beam at an angle of approximately 45 degrees, and a second reflective
polarizer laminate having a second reflective polarizer disposed adjacent
to a second retarder, wherein the second retarder is disposed to intercept
a reflected first and second light beam from the first reflective polarizer
laminate at an angle of approximately 45 degrees. The optical element still
further includes a half-wave retarder disposed between the first retarder
and the second retarder, wherein the first and second reflective polarizer
laminates and the half-wave retarder cooperate so that the first and the
second light beam are combined into a combined linear polarized light
having a first polarization state. In yet another aspect, the present
disclosure provides a color combiner including the optical element. In yet
another aspect, the present disclosure provides a display system including
an imaging panel and the color combiner. In yet another aspect, the present
disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a
second colorselective dichroic filter having a second input surface
disposed to transmit a second light beam perpendicular to the second input
surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed adjacent to a first
retarder, wherein the first retarder is disposed to intercept the first
light beam at an angle of approximately 45 degrees; and a second reflective
polarizer laminate having a second reflective polarizer disposed adjacent
to a second retarder, wherein the second retarder is disposed to intercept
the second light beam at an angle of approximately 45 degrees. The optical
element still further includes a half-wave retarder disposed between the
first retarder and the second retarder, wherein the first and second
reflective polarizer laminates and the half-wave retarder cooperate so that
the first and the second light beam are combined into a combined linear
polarized light having a first polarization state. In yet another aspect,
the present disclosure provides a color combiner including the optical
element. In yet another aspect, the present disclosure provides a display
system including an imaging panel and the color combiner. In yet another
aspect, the present disclosure provides an optical element that includes a
first color-selective dichroic filter having a first input surface disposed
to transmit a first light beam perpendicular to the first input surface,
and a second colorselective dichroic filter having a second input surface
disposed to transmit a second lightbeam perpendicular to the second input
surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed adjacent a first
retarder, wherein the first retarder is disposed to intercept the first
light beam and the second light beam at an angle of approximately 45
degrees; and a second reflective polarizer laminate having a second
reflective polarizer disposed adjacent to a second retarder, wherein the
second retarder is disposed to intercept a transmitted first light beam and
second light beam from the first reflective polarizer laminate at an angle
of approximately 45 degrees. The optical element still further includes a
reflector disposed so that a line normal to the reflector intercepts the
second reflective polarizer at an angle of approximately 45 degrees,
wherein the first and second reflective polarizer laminates and the
reflector cooperate so that the first and the second light beam are
combined into a combined linear polarized light having a first polarization
state. In yet another aspect, the present disclosure provides a color
combiner including the optical element. In yet another aspect, the present
disclosure provides a display system including an imaging panel and the
color combiner. In yet another aspect, the present disclosure provides an
optical element that 



includes a first color-selective dichroic filter having a first input
surface disposed to transmit a first light beam perpendicular to the first
input surface, and a second colorselective dichroic filter having a second
input surface disposed to transmit a second light beam perpendicular to the
second input surface. The optical element further includes a first
reflective polarizer laminate having a first reflective polarizer disposed
adjacent a first retarder, wherein the first retarder is disposed to
intercept the first light beam and the second light beam at an angle of
approximately 45 degrees; and a second reflective polarizer laminate having
a second reflective polarizer disposed adjacent to a second retarder,
wherein the second retarder is disposed to intercept a second light beam at
an angle of approximately 45 degrees. The optical element still further
includes a reflector disposed so that a line normal to the reflector
intercepts the second reflective polarizer at an angle of approximately 45
degrees, wherein the first and second reflective polarizer laminates and
the reflector cooperate so that the first and the second light beam are
combined into a combined linear polarized light having a first polarization
state. In yet another aspect, the present disclosure provides a color
combiner including the opticalelement. In yet another aspect, the present
disclosure provides a display system including an imaging panel and the
color combiner. In yet another aspect, the present disclosure provides an
optical element that includes a first color-selective dichroic filter
having a first input surface disposed to transmit a first light beam
perpendicular to the first input surface, and a second colorselective
dichroic filter having a second input surface disposed to transmit a second
light beam perpendicular to the second input surface. The optical element
further includes a first reflective polarizer laminate having a first
reflective polarizer disposed adjacent to a first retarder, wherein the
first retarder is disposed to intercept the first light beam and the second
light beam at an angle of approximately 45 degrees; and a second reflective
polarizer laminate having a second reflective polarizer disposed adjacent a
second retarder, wherein the second reflective polarizer is disposed to
intercept a transmitted first linear polarization state of the first and
the second third light beams at an angle of approximately 45 degrees. The
optical element still further includes a first reflector disposed so that a
line normal to the first reflector intercepts the second reflective
polarizer laminate at an angle of approximately 45 degrees, and a second
reflector disposed so that a line normal to the second reflector intercepts
the second reflective polarizer laminate at an angle of approximately 45
degrees, wherein the first and second reflective polarizer laminates and
the first and second reflectors cooperate so that the first and the second
light beams are combined into a combined linear polarized light having the
first polarization state. In yet another aspect, the present disclosure
provides a color combiner including the optical element. In yet another
aspect, the present disclosure provides a display system including an
imaging panel and the color combiner. In yet another aspect, the present
disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a
second color-selective dichroic filter having a second input surface
disposed to transmit a second light beam perpendicular to the second input
surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed adjacent to a first
retarder, wherein the first retarder is disposed to intercept the first
light beam and the second light beam at an angle of approximately 45
degrees; and a second reflective polarizer laminate having a second
reflective polarizer disposed adjacent a second retarder, wherein the
secondreflective polarizer is disposed to intercept a transmitted first
linear polarization state of the first beam at an angle of approximately 45
degrees. The optical element still further includes a first reflector
disposed so that a line normal to the first reflector intercepts the second
reflective polarizer laminate at an angle of approximately 45 degrees, and
a second reflector disposed so that a line normal to the second reflector
intercepts the second 



reflective polarizer laminate at an angle of approximately 45 degrees,
wherein the first and second reflective polarizer laminates and the first
and second reflectors cooperate so that the first and the second light
beams are combined into a combined linear polarized light having the first
polarization state. In yet another aspect, the present disclosure provides
a color combiner including the optical element. In yet another aspect, the
present disclosure provides a display system including an imaging panel and
the color combiner. These and other aspects of the present application will
be apparent from the detailed description below. In no event, however,
should the above summaries be construed as limitations on the claimed
subject matter, which subject matter is defined solely by the attached
claims, as may be amended during prosecution. Brief Description of the
Drawings Throughout the specification reference is made to the appended
drawings, where like reference numerals designate like elements, and
wherein: FIG. 1 is a perspective view of a polarizing beam splitter; FIG. 2
is a perspective view of a polarizing beam splitter with a quarter-wave
retarder; FIG. 3 is a top schematic view of a polarizing beam splitter with
polished faces; FIG. 4 is a perspective view of a polarizing beam splitter;
FIG. 5 is a cross-sectional schematic of a reflective polarizer laminate;
FIG. 6 is a top schematic view of a color combiner; FIG. 7 is a top
schematic view of a color combiner; FIG. 8 is a top schematic view of a
color combiner; FIG. 9 is a top schematic view of a color combiner; FIG. 10
is a top schematic view of a color combiner; FIG. 11 is a top schematic
view of a color combiner; FIGS. 12A-12H are schematic views of a process;
andFIG. 13 is a schematic view of a projector. The figures are not
necessarily to scale. Like numbers used in the figures refer to like
components. However, it will be understood that the use of a number to
refer to a component in a given figure is not intended to limit the
component in another figure labeled with the same number. Detailed
Description Typical color combiners include a quarter-wave retarder film
that is sandwiched between a prism surface and a dichroic coating, for each
individual color input to the color combiner. The quarter-wave retarder is
separately prepared from birefringent materials, and can be unsuitable for
direct coating of a high precision dichroic layer. As a result, each of the
dichroic coatings has to be prepared on a separate substrate, and the
dichroic coated substrate is mounted to the prism face by lamination. These
additional components and processing steps can add considerable costs to
the color combiner assembly. In one aspect, the present disclosure reduces
the number of components needed to fabricate a color combiner (CC). The
quarter-wave films are removed from the surfaces of the CC cube into the
diagonal plane. This allows for the dichroic coatings to be directly
applied to the prism substrates, making up the CC cube. Further, the three
separate quarter films have been reduced to two films, by lamination on
both sides of the reflective polarizer located at the diagonal plane. The
output polarization of the CC system is also circularized, rendering more
brightness uniformity as the subsequent optics does not deal with
individual s-polarization and p-polarization; instead, both s-polarization
and ppolarizations are present to a similar degree, i.e. either as
elliptical or circular polarization states. In one particular embodiment,
the combined color combiner described herein can significantly reduce
fabrication costs, for example, due to reduced number of components 



needed and a simplified assembly procedure. In some cases, an automation
machine could perform steps such as pick and place of the reflective
polarizers and quarter-wave retarders onto prisms, and dispensing of an
optical adhesive between the layers. In some cases, the quarter-wave
retarder/polarizing/quarter-wave retarder stack could be laminated together
first, before it is disposed between the CC prisms with optical
adhesives.The optical elements described herein can be configured as color
combiners that receive different wavelength spectrum lights and produce a
combined light output that includes the different wavelength spectrum
lights. In one aspect, the received light inputs are unpolarized, and the
combined light output is polarized in a desired state. In one embodiment,
received lights with the undesired polarization state are recycled and
rotated to the desired polarization state, improving the light utilization
efficiency. The combined light can be a polychromatic combined light that
comprises more than one wavelength spectrum of light. The combined light
can be a time sequenced output of each of the received lights. In one
aspect, each of the different wavelength spectra of light corresponds to a
different color light (e.g. red, green and blue), and the combined light
output is white light, or a time sequenced red, green and blue light. For
purposes of the description provided herein, "color light" and "wavelength
spectrum light" are both intended to mean light having a wavelength
spectrum range which may be correlated to a specific color if visible to
the human eye. The more general term "wavelength spectrum light" refers to
both visible and other wavelength spectrums of light including, for
example, infrared light. Also for the purposes of the description provided
herein, the term "aligned to a desired polarization state" is intended to
associate the alignment of the pass axis of an optical element to a desired
polarization state of light that passes through the optical element, i.e.,
a desired polarization state such as s-polarization, p-polarization,
rightcircular polarization, left-circular polarization, or the like. In one
embodiment described herein with reference to the Figures, an optical
element such as a polarizer aligned to the first polarization state means
the orientation of the polarizer that passes the p-polarization state of
light, and reflects or absorbs the second polarization state (in this case
the spolarization state) of light. It is to be understood that the
polarizer can instead be aligned to pass the s-polarization state of light,
and reflect or absorb the p-polarization state of light, if desired. Also
for the purposes of the description provided herein, the term "facing"
refers to one element disposed so that a perpendicular line from the
surface of the element follows an optical path that is also perpendicular
to the other element. One element facing another element can include the
elements disposed adjacent each other. One element facinganother element
further includes the elements separated by optics so that a light ray
perpendicular to one element is also perpendicular to the other element.
When two or more unpolarized color lights are directed to the optical
element, each may be split according to polarization by one or more
reflective polarizers. According to one embodiment described below, a color
light combining system receives unpolarized light from different color
unpolarized light sources, and produces a combined light output that is
polarized in one desired state. In one aspect, two, three, four, or more
received color lights are each split according to polarization (e.g. s-
polarization and ppolarization, or right and left circular polarization) by
a reflective polarizer in the optical element. The received light of one
polarization state is recycled to become the desired polarization state.
According to one aspect, the optical element comprises a reflective
polarizer positioned so that light from each of the three color lights
intercept the reflective polarizer at approximately a 45 degree angle. The
reflective polarizer can be any known reflective polarizer such as a
MacNeille polarizer, a wire grid polarizer, a multilayer optical film
polarizer, or a circular polarizer such as a cholesteric liquid crystal
polarizer. According 



to one embodiment, a multilayer optical film polarizer can be a preferred
reflective polarizer. Multilayer optical film polarizers can include
different "packets" of layers that serve to interact with different
wavelength ranges of light. For example, a unitary multilayer optical film
polarizer can include several packets of layers through the film thickness,
each packet interacting with a different wavelength range (e.g. color) of
light to reflect one polarization state and transmit the other polarization
state. In one aspect, a multilayer optical film can have a first packet of
layers adjacent a first surface of the film that interacts with, for
example, blue colored light (i.e., a "blue layers"), a second packet of
layers that interacts with, for example, green colored light (i.e., a
"green layers"), and a third packet of layers adjacent a second surface of
the film that interacts with, for example, red colored light (i.e. a "red
layers"). Typically, the separation between layers in the "blue layers" is
much smaller than the separation between layers in the "red layers", in
order to interact with the shorter (and higher energy) blue wavelengths of
light. Polymeric multilayer optical film polarizers can be particularly
preferred reflective polarizers that can include packets of film layers as
described above. Often, the higherenergy wavelengths of light, such as blue
light, can adversely affect the aging stability of the film, and at least
for this reason it is preferable to minimize the number of interactions of
blue light with the reflective polarizer. In addition, the nature of the
interaction of blue light with the film affects the severity of the adverse
aging. Transmission of blue light through the film is generally less
detrimental to the film than reflection of blue light entering from the
"blue layers" (i.e. thin layers) side. Also, reflection of blue light
entering the film from the "blue layers" side is less detrimental to the
film than reflection of blue light entering from the "red layers" (i.e.,
thick layers) side. The reflective polarizer can be disposed between the
diagonal faces of two prisms, or it can be a free-standing film such as a
pellicle. In some embodiments, the optical element light utilization
efficiency is improved when the reflective polarizer is disposed between
two prisms, e.g. a polarizing beam splitter (PBS). In this embodiment, some
of the light traveling through the PBS that would otherwise be lost from
the optical path can undergo Total Internal Reflection (TIR) from the prism
faces and rejoin the optical path. For at least this reason, the following
description is directed to optical elements where reflective polarizers are
disposed between the diagonal faces of two prisms; however, it is to be
understood that the PBS can function in the same manner when used as a
pellicle. In one aspect, all of the external faces of the PBS prisms are
highly polished so that light entering the PBS undergoes TIR. In this
manner, light is contained within the PBS and the light is partially
homogenized. According to one aspect, wavelength selective filters such as
color-selective dichroic filters are placed in the path of input light from
each of the different colored light sources. Each of the color-selective
dichroic filters is positioned so that an input light beam intercepts the
filter at near-normal incidence to minimize splitting of s- and ppolarized
light, and also to minimize color shifting. Each of the color-selective
dichroic filters is selected to transmit light having a wavelength spectrum
of the adjacent input light source, and reflect light having a wavelength
spectrum of at least one of the other input light sources. In some
embodiments, each of the color-selective dichroic filters is selected to
transmit light having a wavelength spectrum of the adjacent input light
source, and reflect light having a wavelength spectrum of all of the other
input light sources. In one aspect, each of the color-selective dichroic
filters is positioned relative to the reflective polarizer so that the
near-normal input light beam to the surface of each color-selectivedichroic
filter intersects the reflective polarizer at an intercept angle of
approximately 45 degrees. By normal to the surface of a color-selective
dichroic filter is meant a line passing perpendicular to the surface the
color-selective dichroic filter; by near-normal is meant varying less than
about 20 degrees from normal, or preferably less than about 10 



degrees from normal. In one embodiment, the intercept angle with the
reflective polarizer ranges from about 25 to 65 degrees; from 35 to 55
degrees; from 40 to 50 degrees; from 43 to 47 degrees; or from 44.5 to 45.5
degrees. In one aspect, input light of an undesired polarization state is
converted to the desired polarization state by being directed toward a
retarder and a color-selective dichroic filter where it reflects and
changes polarization state by passing through the retarder twice. In one
embodiment, a retarder is disposed within the light path from each input
light to the prism face, so that light from one light source passes through
a color-selective dichroic filter and a retarder before entering the PBS
prism face. Light having an undesired polarization state is converted by
passing through at least a second retarder twice, before and after
reflection from at least a second color-selective dichroic filter, changing
to the desired polarization state. In one embodiment, the retarder is
placed between the color-selective dichroic filter and the reflective
polarizer. The particular combination of color-selective dichroic filters,
retarders, and source orientation all cooperate to enable a smaller, more
compact, optical element that, when configured as a color combiner,
efficiently produces combined light of a single polarization state.
According to one aspect, the retarder is a quarter-wave retarder aligned at
approximately 45 degrees to a polarization state of the reflective
polarizer. In one embodiment, the alignment can be from 30 to 60 degrees;
from 40 to 50 degrees; from 43 to 47 degrees; or from 44.5 to 45.5 degrees
to a polarization state of the reflective polarizer. In one aspect, the
first color light comprises an unpolarized blue light, the second color
light comprises an unpolarized green light and the third color light
comprises an unpolarized red light, and the color light combiner combines
the red light, blue light and green light to produce polarized white light.
In one aspect, the first color light comprises an unpolarized blue light,
the second color light comprises an unpolarized green light and the third
color light comprises an unpolarized red light, and the color light
combiner combines the red, green and blue light to produce a time sequenced
polarized red, greenand blue light. In one aspect, each of the first,
second and third color lights are disposed in separate light sources. In
another aspect, more than one of the three color lights is combined into
one of the sources. In yet another aspect, more than three color lights are
combined in the optical element to produce a combined light. According to
one aspect, the reflective polarizing film comprises a multi-layer optical
film. In one embodiment, the PBS produces a first combined light output
that includes p-polarized second color light, and s-polarized first and
third color light. In another embodiment, the PBS produces a p-polarized
first and third color light, and an spolarized second color light. The
first combined light output can be passed through a color-selective stacked
retardation filter that selectively changes the polarization of the second
color light as the second color light passes through the filter. Such
color-selective stacked retardation filters are available from, for
example, ColorLink Inc, Boulder, CO. The filter produces a second combined
light output that includes the first, second and third color lights
combined to have the same polarization (e.g. s-polarization). The second
combined output is useful for illumination of transmissive or reflective
display mechanisms that modulate polarized light to produce an image. The
light beam includes light rays that can be collimated, convergent, or
divergent when it enters the PBS. Convergent or divergent light entering
the PBS can be lost through one of the faces or ends of the PBS. To avoid
such losses, all of the exterior faces of a prism based PBS can be polished
to enable total internal reflection (TIR) within the PBS. Enabling TIR
improves the utilization of light entering the PBS, so that substantially
all of the light entering the PBS within a range of angles is redirected to
exit the PBS through the desired face. 



A polarization component of each color light can pass through to a
polarization rotating reflector. The polarization rotating reflector
deflects the propagation direction of the light and alters the magnitude of
the polarization components, depending of the type and orientation of a
retarder disposed in the polarization rotating reflector. The polarization
rotating reflector can include a wavelength-selective mirror, such as a
colorselective dichroic filter, and a retarder. The retarder can provide
any desired retardation, such as an eighth-wave retarder, a quarter-wave
retarder, and the like. In embodiments described herein, there is an
advantage to using a quarter-wave retarder and an associated dichroic
reflector. Linearly polarized light is changed to circularly polarized
light as itpasses through a quarter-wave retarder aligned at an angle of 45
to the axis of light polarization. Subsequent reflections from the
reflective polarizer and quarter-wave retarder/reflectors in the color
combiner result in efficient combined light output from the color combiner.
In contrast, linearly polarized light is changed to a polarization state
partway between s-polarization and p-polarization (either elliptical or
linear) as it passes through other retarders and orientations, and can
result in a lower efficiency of the combiner. Generally, variations in
retardation and orientation can result in elliptically polarized light;
however, for brevity the descriptions contained herein refer to circular
polarized light, which is understood to be an idealized case of elliptical
polarized light. Polarization rotating reflectors generally comprise a
color-selective dichroic filter and retarder. The position of the retarder
and color-selective dichroic filter relative to the adjacent light source
is dependent on the desired path of each of the polarization components,
and are described elsewhere with reference to the Figures. In one aspect,
the reflective polarizer can be a circular polarizer such as a cholesteric
liquid crystal polarizer. According to this aspect, polarization rotating
reflectors can comprise color-selective dichroic filters without any
associated retarders. The components of the optical element including
prisms, reflective polarizers, quarter-wave retarders, mirrors, filters or
other components can be bonded together by a suitable optical adhesive. The
optical adhesive used to bond the components together has an index of
refraction less than or equal to the index of refraction of the prisms used
in the optical element. An optical element that is fully bonded together
offers advantages including alignment stability during assembly, handling
and use. In some embodiments, two adjacent prisms can be bonded together
using an optical adhesive. In some embodiments, a unitary optical component
can incorporate the optics of the two adjacent prisms; e.g., such as a
single triangular prism which incorporates the optics of two adjacent
triangular prisms, as described elsewhere. The embodiments described above
can be more readily understood by reference to the Figures and their
accompanying description, which follows. FIG 1 is a perspective view of a
PBS. PBS 100 includes a reflective polarizer 190 disposed between the
diagonal faces of prisms 110 and 120. Prism 110 includes two end faces 175,
185, and a first and second prism face 130, 140 having a 90 angle between
them. Prism 120 includes two end faces 170, 180, and a third and fourth
prism face 150,160 having a 90 angle between them. The first prism face 130
is parallel to the third prism face 150, and the second prism face 140 is
parallel to the fourth prism face 160. The identification of the four prism
faces shown in FIG 1 with a "first", "second", "third" and "fourth" serves
only to clarify the description of PBS 100 in the discussion that follows.
First reflective polarizer 190 can be a Cartesian reflective polarizer or a
non- Cartesian reflective polarizer. A non-Cartesian reflective polarizer
can include multilayer inorganic films such as those produced by sequential
deposition of inorganic dielectrics, such as a MacNeille polarizer. A
Cartesian reflective polarizer has a polarization axis state, and includes
both wire-grid polarizers and polymeric multilayer optical films such as
can be produced by extrusion and subsequent stretching of a multilayer
polymeric laminate. In one embodiment, reflective polarizer 190 is aligned
so that one polarization 



axis is parallel to a first polarization state 195, and perpendicular to a
second polarization state 196. In one embodiment, the first polarization
state 195 can be the s-polarization state, and the second polarization
state 196 can be the p-polarization state. In another embodiment, the first
polarization state 195 can be the p-polarization state, and the second
polarization state 196 can be the s-polarization state. As shown in FIG 1,
the first polarization state 195 is perpendicular to each of the end faces
170, 175, 180, 185. A Cartesian reflective polarizer film provides the
polarizing beam splitter with an ability to pass input light rays that are
not fully collimated, and that are divergent or skewed from a central light
beam axis, with high efficiency. The Cartesian reflective polarizer film
can comprise a polymeric multilayer optical film that comprises multiple
layers of dielectric or polymeric material. Use of dielectric films can
have the advantage of low attenuation of light and high efficiency in
passing light. The multilayer optical film can comprise polymeric
multilayer optical films such as those described in U.S. Patent 5,962,1 14
(Jonza et al.) or U.S. Patent 6,721,096 (Bruzzone et al). FIG 2 is a
perspective view of the alignment of a quarter-wave retarder to a PBS, as
used in some embodiments. Quarter-wave retarders can be used to change the
polarization state of incident light. PBS retarder system 200 includes PBS
100 having first and second prisms 110 and 120. A quarter-wave retarder 220
is disposed adjacent the first prism face 130. Reflective polarizer 190 is,
for example, a Cartesian reflective polarizer film aligned to first
polarization state 195. Quarter-wave retarder 220 includes a quarterwave
polarization state 295 that can be aligned at 45 to first polarization
state 195.Although FIG 2 shows polarization state 295 aligned at 45 to
first polarization state 195 in a clockwise direction, polarization state
295 can instead be aligned at 45 to first polarization state 195 in a
counterclockwise direction. In some embodiments, quarterwave polarization
state 295 can be aligned at any degree orientation to first polarization
state 195, for example from 90 in a counter-clockwise direction to 90 in a
clockwise direction. It can be advantageous to orient the retarder at
approximately +/- 45 as described, since circularly polarized light results
when linearly polarized light passes through a quarter-wave retarder so
aligned to the polarization state. Other orientations of quarter-wave
retarders can result in s-polarized light not being fully transformed to
ppolarized light, and p-polarized light not being fully transformed to
s-polarized light upon reflection from the mirrors, resulting in reduced
efficiency of the optical elements described elsewhere in this description.
FIG 3 shows a top view of a path of light rays within a polished PBS 300.
According to one embodiment, the first, second, third and fourth prism
faces 130, 140, 150, 160 of prisms 110 and 120 are polished external
surfaces. According to another embodiment, all of the external faces of the
PBS 100 (including end faces, not shown) are polished faces that provide
TIR of oblique light rays within polished PBS 300. The polished external
surfaces are in contact with a material having an index of refraction "n "
that is less than the index of refraction "n 2" of prisms 110 and 120. TIR
improves light utilization in polished PBS 300, particularly when the light
directed into polished PBS 300 is not collimated along a central axis, i.e.
the incoming light is either convergent or divergent. At least some light
is trapped in polished PBS 300 by total internal reflections until it
leaves through third prism face 150. In some cases, substantially all of
the light is trapped in polished PBS 300 by total internal reflections
until it leaves through third prism face 150. As shown in FIG 3, light rays
L0 enter first prism face 130 within a range of angles 1. Light rays L1
within polished PBS 300 propagate within a range of angles q2 such that the
TIR condition is satisfied at prism faces 140, 160 and the end faces (not
shown). Light rays "AB", "AC" and "AD" represent three of the many paths of
light through polished PBS 300, that intersect reflective polarizer 190 at
different angles of incidence 



before exiting through third prism face 150. Light rays "AB" and "AD" also
both undergo TIR at prism faces 160 and 140, respectively, before exiting.
It is to be understood thatranges of angles 1 and q2 can be a cone of
angles so that reflections can also occur at the end faces of polished PBS
300. In one embodiment, reflective polarizer 190 is selected to efficiently
split light of different polarizations over a wide range of angles of
incidence. A polymeric multilayer optical film is particularly well suited
for splitting light over a wide range of angles of incidence. Other
reflective polarizers including MacNeille polarizers and wire-grid
polarizers can be used, but are less efficient at splitting the polarized
light. A MacNeille polarizer does not efficiently transmit light at angles
of incidence that differ substantially from the design angle, which is
typically 45 degrees to the polarization selective surface, or normal to
the input face of the PBS. Efficient splitting of polarized light using a
MacNeille polarizer can be limited to incidence angles below about 6 or 7
degrees from the normal, since significant reflection of the p-polarization
state can occur at some larger angles, and significant transmission of
s-polarization state can also occur at some larger angles. Both effects can
reduce the splitting efficiency of a MacNeille polarizer. Efficient
splitting of polarized light using a wire-grid polarizer typically requires
an air gap adjacent one side of the wires, and efficiency drops when a
wire-grid polarizer is immersed in a higher index medium. A wire-grid
polarizer used for splitting polarized light is shown, for example, in PCT
publication WO 2008/1002541. In one aspect, FIG. 4 is a perspective view of
a PBS 400 that includes a first prism 110 and a second prism 120 as
described elsewhere, and a reflective polarizer laminate 490 disposed on
the diagonal between them. In one particular embodiment, reflective
polarizer laminate 490 includes a reflective polarizer 190 disposed between
a first quarterwave retarder 220 and a second quarter-wave retarder 220'.
In one aspect, FIG. 4 is a perspective view of a PBS 400 that includes a
first prism 110 and a second prism 120 as described elsewhere, and a
reflective polarizer laminate 390 disposed on the diagonal between them. In
one particular embodiment, reflective polarizer laminate 390 includes a
first quarter-wave retarder 220 disposed between a reflective polarizer 190
and the diagonal surface of first prism 110, and the second quarterwave
retarder 220' is omitted. Reflective polarizer 190 can be aligned to a
first polarization direction 195, and first and second quarter-wave
retarders can be aligned at an angle "q" to the first polarization
direction 195. In one particular embodiment, each of the quarter-wave
retarders are aligned at an angle q = +/- 45 degrees to the first
polarization direction 195,as described elsewhere. In some cases, the
retarder film (typically a quarter-wave plate, or QWP) retardation and
orientation relative to the reflective polarizer slow-axis (polarization
direction) can be varied to account for the 45 degree immersed incidence in
glass. Optimal QWP parameters can be calculated for 45-deg. immersed
incidence, and compare the efficiency gain of the optimal design vs.
operating the conventional normal incidence QWP design at 45 degree
immersed incidence. The CC efficiency using QWP at 45 degree immersed glass
incidence can be modeled using conventional optical modeling software. In
some cases, the quarter-wave retarder can be aligned at approximately 45
degrees to a polarization state of the reflective polarizer. In one
embodiment, the alignment can be from 30 to 60 degrees; from 40 to 50
degrees; from 43 to 47 degrees; or from 44.5 to 45.5 degrees to a
polarization state of the reflective polarizer. In one particular
embodiment, a shift of about 11 degrees orientation offset from q=+/-45
degrees can result in an improved efficiency for the QWP/Polarizer/QWP
laminate. In this embodiment, the alignment of the QWP to the reflective
polarizer can be about q=+/-34 degrees. In some cases, the QWP film can
also be made thicker, to increase the retardation from quarter-wave (90
degree retardance) to greater than 90 degrees retardance, for example, to
account for the variation due to 45 degree immersion incidence. In some
cases, the retardance can yield approximately 



quarter-wave (i.e., 90 degree retardance), for example, 90 degrees +/- 10%
retardance. In some cases, the retarder can provide between approximately
90 degrees and approximately 120 degrees retardance. In one particular
embodiment, FIG. 5 is a cross-sectional schematic of a light path 500
through a reflective polarizer laminate 490 showing the interaction with an
unpolarized light 541 . The detail shown in light path 500 can be used to
better understand FIGS. 6-1 1 that follow, which are directed to color
combining. Light path 500 includes a first and a second broadband mirror
(550, 560), a third quarter-wave retarder 570, and the reflective polarizer
laminate 490. The reflective polarizer laminate 490 includes a reflective
polarizer 190 disposed between a first and a second quarter-wave retarder
(220, 220'), disposed relative to first polarization direction 195, as
described elsewhere. The path of unpolarized light 541 is described with
reference to FIG. 5. Unpolarized light 541 becomes a combined p-polarized
light 548 and s-polarized light 549 after leaving third quarter-wave
retarder 570. Depending on the nature and orientation ofthe components
within the reflective polarizer laminate 490, as described elsewere, the
combined p-polarized light 548 and s-polarized light 549 may be considered
to be "unpolarized", or may retain some degree of polarization (elliptical
or linear). Unpolarized light 541 intersects reflective polarizer laminate
490 at an angle of approximately 45 degrees, and passes through second
quarter-wave retarder 220', intersecting reflective polarizer 190 at
position 541 ' where it is split into an s-polarized component at position
541' and a p-polarized component at position 541'. The s-polarized
component at position 541 ' reflects from reflective polarizer 190, changes
to s-circular polarized light 543 as it passes through second quarter-wave
retarder 220', and becomes p-polarized light 548 as it passes through third
quarter-wave retarder 570. The p-polarized component at position 541 '
passes through reflective polarizer 190 and changes to p-circular polarized
light 542 after passing through first quarter-wave retarder 220. P-circular
polarized light 542 reflects from second broadband mirror 560, changing the
direction of circular polarization, and becomes s-polarized light at
position 544'. S-polarized light at position 544' reflects from reflective
polarizer 190, becomes scircularly polarized light 545 as it passes through
first quarter-wave retarder 220, reflects from first broadband mirror 550
changing the direction of circular polarization, and becomes p-polarized
light at position 546' after passing through first quarter wave retarder
220. P-polarized light at position 546' passes through reflective polarizer
190 and becomes p-circularly polarized light 547 after passing through
second quarter-wave retarder 220'. P-circularly polarized light 547 passes
through third quarter-wave retarder 570 and becomes s-polarized light 549.
In one aspect, FIG. 6 is a top schematic view of an optical element
configured as a color combiner 600 that includes a PBS 400. Color combiner
600 can be used with a variety of light sources as described elsewhere. The
paths of light rays of each polarization state emitted from a first, a
second, and a third light source (640, 650, 660) are shown in FIG. 6, to
more clearly illustrate the function of the various components of color
combiner 600. PBS 400 includes a reflective polarizer laminate 490 aligned
to the first polarization state 195, disposed between the diagonal faces of
first and second prisms 110, 120, as described elsewhere.A first, a second,
and a third wavelength-selective filter (610, 620, 630) are disposed facing
the third, the second and the first prism faces (150, 140, 130)
respectively. Each of the first, second, and third wavelength-selective
filters (610, 620, 630) can be a color-selective dichroic filter selected
to transmit a first, a second, and a third wavelength spectrum of light,
respectively, and reflect other wavelength spectrums of light. In one
particular embodiment, each of the color-selective dichroic filters can be
immediately adjacent the respective prism face, such as coated directly on
the prism face. In one 



aspect, the reflective polarizer laminate 490 can comprise a polymeric
multilayer optical film. The color-selective dichroic filters (610, 620,
630), and reflective polarizer laminate 490 cooperate to transmit combined
light through the fourth prism face 160. Each unpolarized light input is
split into a p-circularly polarized and an s-circularly polarized component
that are recombined through the fourth prism face 160. In some cases, the
nature, alignment, and efficiency of the components in the reflective
polarizer laminate may result in some polarization (i.e., elliptical or
circular) of the combined light, as described elsewhere. In one embodiment
described below, each retarder 220 in color combiner 600 is a quarter-wave
retarder orientated at approximately 45 degrees to the first polarization
state 195. According to another aspect, an optional light tunnel 430 or
assemblies of lenses (not shown) can be provided for each of the first,
second, and third light sources (640, 650, 660), to provide spacing that
separates the light sources from the polarizing beam splitter, as well as
provide for some collimation of light. Light tunnels could have straight or
curved sides, or they could be replaced by a lens system. Different
approaches may be preferred depending on specific details of each
application, and those with skill in the art will face no difficulty in
selecting the optimal approach for a specific application. An optional
integrator (not shown) can be provided at the output of color combiner 600
to increase uniformity of combined light outputs. According to one aspect,
each light source (640, 650, 660) comprises one or more light emitting
diodes (LED's). Various light sources can be used such as lasers, laser
diodes, organic LED's (OLED's), and non solid state light sources such as
ultra high pressure (UHP), halogen or xenon lamps with appropriate
collectors or reflectors. Light sources, light tunnels, lenses, and light
integrators useful in the present invention are further described, for
example, in PublishedU.S. Patent Application No. US 2008/0285129, the
disclosure of which is herein included in its entirety. The path of a first
color light 641 will now be described with reference to FIG. 6, where
unpolarized first color light 641 exits fourth prism face 160 as p-circular
polarized first color light 645 and s-circular polarized first color light
643. First light source 640 injects unpolarized first color light 641
through first colorselective dichroic filter 610, enters PBS 400 through
third prism face 150, intercepts reflective polarizer laminate 490, and is
split into reflected s-circular polarized first color light 643 and
transmitted p-circular polarized first color light 642. Reflected
s-circular polarized first color light 643 exits fourth prism face 160 as
s-circular polarized first color light 643. Transmitted p-circular
polarized first color light 642 exits reflective polarizer laminate 490,
and reflects from third color-selective dichroic filter 630 changing the
direction of circular polarization, and intercepts reflective polarizer
laminate 490. Pcircular polarized first color light 642 exits reflective
polarizer laminate 490 as reflected scircular polarized first light 644.
S-circular polarized first light 644 reflects from second color-selective
dichroic filter 620 changing the direction of circular polarization, and
intercepts reflective polarizer laminate 490. S-circular polarized first
color light 644 exits reflective polarizer laminate 490 as transmitted
p-circular polarized first color light 645, and passes through fourth prism
face 160 as p-circular polarized first color light 645. The path of a
second color light 65 1 will now be described with reference to FIG. 6,
where unpolarized second color light 651 exits fourth prism face 160 as
p-circular polarized second color light 652 and s-circular polarized first
color light 655. Second light source 650 injects unpolarized second color
light 651 through second color-selective dichroic filter 620, enters PBS
400 through second prism face 140, intercepts reflective polarizer laminate
490, and is split into reflected s-circular polarized 



second color light 653 and transmitted p-circular polarized second color
light 652. Transmitted p-circular polarized second color light 652 exits
fourth prism face 160 as pcircular polarized second color light 652.
Reflected s-circular polarized second color light 653 reflects from third
colorselective dichroic filter 630 changing the direction of circular
polarization, and intercepts reflective polarizer laminate 490. S-circular
polarized second color light 653 exitsreflective polarizer laminate 490 as
transmitted p-circular polarized second color light 654, reflects from
first color-selective dichroic filter 610 changing the direction of
circular polarization, and intercepts reflective polarizer laminate 490.
P-circular polarized second color light 654 exits reflective polarizer
laminate 490 as reflected s-circular polarized second color light 655, and
passes through fourth prism face 160 as s-circular polarized second color
light 655. The path of a third color light 661 will now be described with
reference to FIG. 6, where unpolarized third color light 661 exits fourth
prism face 160 as p-circular polarized third color light 665 and s-circular
polarized third color light 664. Third light source 660 injects unpolarized
third color light 661 through third colorselective dichroic filter 630,
enters PBS 400 through first prism face 130, intercepts reflective
polarizer laminate 490, and is split into reflected s-circular polarized
third color light 663 and transmitted p-circular polarized third color
light 662. Reflected s-circular polarized third color light 663 reflects
from second colorselective dichroic filter 620 changing the direction of
circular polarization, and intercepts reflective polarizer laminate 490.
S-circular polarized third color light 663 exits reflective polarizer
laminate 490 as transmitted p-circular polarized third color light 665, and
passes through fourth prism face 160 as p-circular polarized third color
light 665. Transmitted p-circular polarized third color light 662 reflects
from first colorselective dichroic filter 610 changing the direction of
circular polarization, and intercepts reflective polarizer laminate 490.
P-circular polarized third color light 662 exits reflective polarizer
laminate 490 as reflected s-circular polarized third color light 664, and
passes through fourth prism face 160 as s-circular polarized second color
light 664. In one embodiment, first color light 641 is green light, second
color light 651 is red light, and third color light 661 is blue light.
According to this embodiment, first colorselective dichroic filter 610 is a
red and blue (i.e., magenta) light reflecting and green light transmitting
dichroic filter; second color-selective dichroic filter 620 is a green and
blue light reflecting and red light transmitting dichroic filter; and third
color-selective dichroic filter 630 is a green and red light reflecting and
blue light transmitting dichroic filter. In one aspect, FIG. 7 is a top
schematic view of an optical element configured as a color combiner 700
that includes a PBS 400. Color combiner 700 can be used with a variety of
light sources as described elsewhere. The paths of light rays of
eachpolarization state emitted from a first, a second, and a third light
source (740, 750, 760) are shown in FIG. 7, to more clearly illustrate the
function of the various components of color combiner 700. PBS 400 includes
a reflective polarizer laminate 490 aligned to the first polarization state
195, disposed between the diagonal faces of first and second prisms 110,
120, as described elsewhere. A first and a second wavelength-selective
filter (710, 720) are disposed facing the first prism face 130, and a third
wavelength-selective filter 730 is disposed facing the second prism face
140. A broadband mirror 770 is disposed facing the third prism face 150.
Each of the first, second, and third wavelength-selective filters (710,
720, 730) can be a color-selective dichroic filter selected to transmit a
first, a second, and a third wavelength spectrum of light, respectively,
and reflect other wavelength spectrums of light. In one particular
embodiment, each of the color-selective dichroic filters and the broadband
mirror can be immediately adjacent the respective prism face, such as
coated directly on the prism face. In one aspect, the reflective polarizer
laminate 490 can 



comprise a polymeric multilayer optical film. The color-selective dichroic
filters (710, 720, 730), and reflective polarizer laminate 490 cooperate to
transmit combined light through the fourth prism face 160. Each unpolarized
light input is split into a p-circularly polarized and an s-circularly
polarized component that are recombined through the fourth prism face 160.
In some cases, the nature, alignment, and efficiency of the components in
the reflective polarizer laminate may result in some polarization (i.e.,
elliptical or circular) of the combined light, as described elsewhere. In
one embodiment described below, each retarder 220 in color combiner 700 is
a quarter-wave retarder orientated at approximately 45 degrees to the first
polarization state 195. According to another aspect, an optional light
tunnel 430 or assemblies of lenses (not shown) can be provided for each of
the first, second, and third light sources (740, 750, 760), as described
elsewhere. According to another aspect, an optional integrator can be
provided at the output of color combiner 700, as described elsewhere.
According to one aspect, each light source can be any of the light sources
described elsewhere, for example, with reference to FIG. 6.The path of a
first color light 741 will now be described with reference to FIG. 7, where
unpolarized first color light 741 exits fourth prism face 160 as p-circular
polarized first color light 744 and s-circular polarized first color light
745. First light source 740 injects unpolarized first color light 741
through first colorselective dichroic filter 710, enters PBS 400 through
first prism face 130, intercepts reflective polarizer laminate 490, and is
split into reflected s-circular polarized first color light 743 and
transmitted p-circular polarized first color light 742. Reflected
s-circular polarized first color light 743 reflects from third
colorselective dichroic filter 730 changing the direction of circular
polarization, and intercepts reflective polarizer laminate 490. S-circular
polarized first color light 743 exits reflective polarizer laminate 490 as
transmitted p-circular polarized first color light 744, and exits fourth
prism face 160 as p-circular polarized first color light 744. Transmitted
p-circular polarized first color light 742 exits reflective polarizer
laminate 490, reflects from broadband mirror 770 changing the direction of
circular polarization, and intercepts reflective polarizer laminate 490.
P-circular polarized first color light 742 exits reflective polarizer
laminate 490 as reflected s-circular polarized first light 745, and passes
through fourth prism face 160 as s-circular polarized first color light
745. The path of a second color light 75 1 will now be described with
reference to FIG. 7, where unpolarized second color light 75 1 exits fourth
prism face 160 as p-circular polarized second color light 754 and
s-circular polarized second color light 755. Second light source 750
injects unpolarized second color light 751 through first color-selective
dichroic filter 710, enters PBS 400 through first prism face 130,
intercepts reflective polarizer laminate 490, and is split into reflected
s-circular polarized second color light 753 and transmitted p-circular
polarized second color light 752. Reflected s-circular polarized second
color light 753 reflects from third colorselective dichroic filter 730
changing the direction of circular polarization, and intercepts reflective
polarizer laminate 490. S-circular polarized second color light 753 exits
reflective polarizer laminate 490 as transmitted p-circular polarized
second color light 754, and exits fourth prism face 160 as p-circular
polarized second color light 754. Transmitted p-circular polarized second
color light 742 exits reflective polarizer laminate 490, reflects from
broadband mirror 770 changing the direction of circularpolarization, and
intercepts reflective polarizer laminate 490. P-circular polarized second
color light 752 exits reflective polarizer laminate 490 as reflected
s-circular polarized second light 755, and passes through fourth prism face
160 as s-circular polarized second color light 755. 



The path of a third color light 761 will now be described with reference to
FIG. 7, where unpolarized third color light 761 exits fourth prism face 160
as p-circular polarized third color light 762 and s-circular polarized
first color light 765. Third light source 760 injects unpolarized third
color light 761 through third colorselective dichroic filter 730, enters
PBS 400 through second prism face 140, intercepts reflective polarizer
laminate 490, and is split into reflected s-circular polarized third color
light 763 and transmitted p-circular polarized third color light 762.
Transmitted p-circular polarized third color light 762 exits fourth prism
face 160 as p-circular polarized third color light 762. Reflected
s-circular polarized third color light 763 reflects from either first or
second color-selective dichroic filter (710, 720) changing the direction of
circular polarization, and intercepts reflective polarizer laminate 490.
S-circular polarized third color light 763 exits reflective polarizer
laminate 490 as transmitted p-circular polarized third color light 764,
reflects from broadband mirror 770 changing the direction of circular
polarization, and intercepts reflective polarizer laminate 490. P-circular
polarized third color light 764 exits reflective polarizer laminate 490 as
reflected s-circular polarized third color light 765, and passes through
fourth prism face 160 as s-circular polarized third color light 765. In one
embodiment, first color light 741 is blue light, second color light 751 is
red light, and third color light 761 is green light. According to this
embodiment, first colorselective dichroic filter 710 is a red and green
light reflecting and blue light transmitting dichroic filter; second
color-selective dichroic filter 720 is a green and blue light reflecting
and red light transmitting dichroic filter; and third color-selective
dichroic filter 730 is a blue and red light reflecting and green light
transmitting dichroic filter. In one aspect, FIG. 8 is a top view schematic
of an optical element configured as a color combiner 800 that includes a
first PBS 400 and a second PBS 400'. Color combiner 800 can be used with a
variety of light sources as described elsewhere. The paths of light rays of
each polarization state emitted from a first, a second, and a third light
source (840,850, 860) are shown in FIG. 8, to more clearly illustrate the
function of the various components of color combiner 800. First PBS 400
includes a first reflective polarizer laminate 490 aligned to the first
polarization state 195, disposed between the diagonal faces of first and
second prisms 110, 120, as described elsewhere. Second PBS 400' includes a
second reflective polarizer laminate 490' aligned to the first polarization
state 195, disposed between the diagonal faces of first and second prisms
110', 120', as described elsewhere. A first broadband reflector 870 is
disposed adjacent third prism face 150' of second PBS 400', and a second
broadband reflector 880 is disposed adjacent third prism face 150 of first
PBS 400. A first and a second wavelength-selective filter (810, 820) are
disposed facing the second prism face 140 of the first PBS 400. A third
wavelength-selective filter 830 is disposed facing the second prism face
140' of the second PBS 400'. Each of the first, second, and third
wavelength-selective filters (810, 820, 830) can be a color-selective
dichroic filter selected to transmit a first, a second, and a third
wavelength spectrum of light, respectively, and reflect other wavelength
spectrums of light. In one particular embodiment, each of the
color-selective dichroic filters and the broadband mirrors can be
immediately adjacent the respective prism face, such as coated directly on
the prism face. In one aspect, the reflective polarizer 190 can comprise a
polymeric multilayer optical film. The color-selective dichroic filters
(810, 820, 830), and reflective polarizer laminates 490, 490' cooperate to
transmit combined light through the fourth prism faces (160, 160'). Each
unpolarized light input is split into a p-circularly polarized and an
scircularly polarized component that are recombined through the fourth
prism faces (160, 



160'). In some cases, the nature, alignment, and efficiency of the
components in the reflective polarizer laminate may result in some
polarization (i.e., elliptical or circular) of the combined light, as
described elsewhere. In one embodiment described below, each retarder 220
in color combiner 800 is a quarter-wave retarder orientated at
approximately 45 degrees to the first polarization state 195. An optional
retarder 225 can be disposed facing the fourth prism faces (160, 160'). The
optional retarder 225, color-selective dichroic filters (810, 820, 830),
reflective polarizer laminates (490, 490'), and broadband reflectors (870,
880) cooperate to transmit orthogonal linear polarization states of each
color light through the fourth prism faces(160, 160') of the first and
second PBS (400, 400'), respectively. In one embodiment described below,
retarder 225 is a quarter-wave retarder orientated at approximately 45
degrees to the first polarization state 195. According to another aspect,
an optional light tunnel 430 or assemblies of lenses (not shown) can be
provided for each of the first, second, and third light sources (840, 850,
860), as described elsewhere. According to another aspect, an optional
integrator can be provided at the output of color combiner 800, as
described elsewhere. According to one aspect, each light source can be any
of the light sources described elsewhere, for example, with reference to
FIG. 6. The path of a first color light 841 will now be described with
reference to FIG. 8, where unpolarized first color light 841 exits fourth
prism face 160 of first PBS 400 as pcircular polarized first color light
842 and fourth prism face 160' of second PBS 400' as scircular polarized
first color light 845. The optional quarter-wave retarder 225 changes the
circular polarized lights to s-polarized first color light 846 and
p-polarized first color light 847, respectively. First light source 840
injects unpolarized first color light 841 through first colorselective
dichroic filter 810, enters first PBS 400 through second prism face 140,
intercepts first reflective polarizer laminate 490, and is split into
transmitted p-circular polarized first color light 842 and reflected
s-circular polarized first color light 843. Transmitted p-circular
polarized first color light 842 exits first PBS 400 through fourth prism
face 160, and changes to s-polarized first color light 846 as it passes
through optional quarter-wave retarder 225. Reflected s-circular polarized
first color light 843 exits first PBS 400 through first prism face 130,
enters second PBS 400' through first prism face 130', and intercepts second
reflective polarizer laminate 490'. S-circular polarized first color light
843 exits second reflective polarizer laminate 490' as transmitted
p-circular polarized first color light 844, reflects from first broadband
mirror 870 changing the direction of circular polarization, and intercepts
second reflective polarizer laminate 490'. P-circular polarized first color
light 844 exits second reflective polarizer laminate 490' as reflected
s-circular polarized first color light 845, exits second PBS 400' through
fourth prism face 160', and changes to p-polarized first color light 847 as
it passes through optional quarter-wave retarder 225.The path of a second
color light 85 1 will now be described with reference to FIG. 8, where
unpolarized second color light 851 exits fourth prism face 160 of first PBS
400 as p-circular polarized second color light 852 and fourth prism face
160' of second PBS 400' as s-circular polarized second color light 855. The
optional quarter-wave retarder 225 changes the circular polarized lights to
s-polarized second color light 856 and p-polarized second color light 857,
respectively. Second light source 850 injects unpolarized second color
light 851 through second color-selective dichroic filter 820, enters first
PBS 400 through second prism face 140, intercepts first reflective
polarizer laminate 490, and is split into transmitted p-circular polarized
second color light 852 and reflected s-circular polarized second color
light 853. Transmitted p-circular polarized second color light 852 exits
first PBS 400 through fourth 



prism face 160, and changes to s-polarized second color light 856 as it
passes through optional quarter-wave retarder 225. Reflected s-circular
polarized second color light 853 exits first PBS 400 through first prism
face 130, enters second PBS 400' through first prism face 130', and
intercepts second reflective polarizer laminate 490'. S-circular polarized
second color light 853 exits second reflective polarizer laminate 490' as
transmitted p-circular polarized second color light 854, reflects from
first broadband mirror 870 changing the direction of circular polarization,
and intercepts second reflective polarizer laminate 490'. P-circular
polarized second color light 854 exits second reflective polarizer laminate
490' as reflected scircular polarized second color light 855, exits second
PBS 400' through fourth prism face 160', and changes to p-polarized second
color light 857 as it passes through optional quarter-wave retarder 225.
The path of a third color light 861 will now be described with reference to
FIG. 8, where unpolarized third color light 861 exits fourth prism face 160
of first PBS 400 as scircular polarized third color light 865 and fourth
prism face 160' of second PBS 400' as p-circular polarized third color
light 862. The optional quarter-wave retarder 225 changes the circular
polarized lights to p-polarized third color light 867 and s-polarized third
color light 866, respectively. Third light source 860 injects unpolarized
third color light 861 through third colorselective dichroic filter 830,
enters second PBS 400' through second prism face 140', intercepts second
reflective polarizer laminate 490', and is split into transmitted
p-circularpolarized third color light 862 and reflected s-circular
polarized third color light 863. Transmitted p-circular polarized third
color light 862 exits second PBS 400' through fourth prism face 160', and
changes to p-polarized third color light 866 as it passes through optional
quarter-wave retarder 225. Reflected s-circular polarized third color light
863 exits second PBS 400' through first prism face 130', enters first PBS
400 through first prism face 130, and intercepts first reflective polarizer
laminate 490. S-circular polarized third color light 863 exits first
reflective polarizer laminate 490 as transmitted p-circular polarized third
color light 864, reflects from second broadband mirror 880 changing the
direction of circular polarization, and intercepts first reflective
polarizer laminate 490. P-circular polarized third color light 864 exits
first reflective polarizer laminate 490 as reflected s-circular polarized
third color light 865, exits first PBS 400 through fourth prism face 160,
and changes to p-polarized third color light 867 as it passes through
optional quarter-wave retarder 225. In one embodiment, first color light
841 is red light, second color light 851 is blue light, and third color
light 861 is green light. According to this embodiment, first
colorselective dichroic filter 810 is a blue and green light reflecting and
red light transmitting dichroic filter; second color-selective dichroic
filter 820 is a green and red light reflecting and blue light transmitting
dichroic filter; and third color-selective dichroic filter 830 is a blue
and red light reflecting and green light transmitting dichroic filter. In
one aspect, FIG. 9 is a top view schematic of an optical element configured
as a color combiner 900 that includes a first PBS 400 and a second PBS
400'. Color combiner 900 can be used with a variety of light sources as
described elsewhere. The paths of light rays of each polarization state
emitted from a first, a second, and a third light source (940, 950, 960)
are shown in FIG. 9, to more clearly illustrate the function of the various
components of color combiner 900. First PBS 400 includes a first reflective
polarizer laminate 390 aligned to the first polarization state 195,
disposed between the diagonal faces of first and second prisms 110, 120, as
described elsewhere. Second PBS 400' includes a second reflective polarizer
laminate 390' aligned to the first polarization state 195, disposed between
the diagonal faces of first and second prisms 110', 120', as described
elsewhere. The first and second 



reflective polarizer laminate (390, 390') each include only one retarder
disposed betweenthe reflective polarizer 190 and respective first prism (
110, 110') of PBS (400, 400'), as shown in FIG. 4. A first and a second
wavelength-selective filter (910, 920) are disposed facing the second prism
face 140 of the first PBS 400. A third wavelength-selective filter 930 is
disposed facing the second prism face 140' of the second PBS 400'. Each of
the first, second, and third wavelength-selective filters (910, 920, 930)
can be a color-selective dichroic filter selected to transmit a first, a
second, and a third wavelength spectrum of light, respectively, and reflect
other wavelength spectrums of light. In one particular embodiment, each of
the color-selective dichroic filters can be immediately adjacent the
respective prism face, such as coated directly on the prism face. In one
aspect, the reflective polarizer 190 can comprise a polymeric multilayer
optical film. The color-selective dichroic filters (910, 920, 930), and
reflective polarizer laminates 390, 390' cooperate to transmit combined
light through the fourth prism faces (160, 160'). Each unpolarized light
input is split into a p-polarized and an s-circularly polarized component.
The s-circularly polarized component is converted to a p-polarized
component resulting in a p-polarized combined output through the fourth
prism faces (160, 160'). In some cases, the nature, alignment, and
efficiency of the components in the reflective polarizer laminate may
result in some polarization (i.e., elliptical or circular) of the combined
light, as described elsewhere. In one embodiment described below, each
retarder 220 in color combiner 900 is a quarter-wave retarder orientated at
approximately 45 degrees to the first polarization state 195. A half-wave
retarder 225 is disposed between the first prism faces (130, 130') of first
and second PBS (400, 400'), respectively, as shown in FIG. 9. The half-wave
retarder 225, color-selective dichroic filters (910, 920, 930), and
reflective polarizer laminates (390, 390') cooperate to convert circular
polarization states of each color light to the corresponding orthogonal
circular polarization state. In one embodiment described below, half-wave
retarder 225 is orientated at approximately 45 degrees to the first
polarization state 195. According to another aspect, an optional light
tunnel 430 or assemblies of lenses (not shown) can be provided for each of
the first, second, and third light sources (940, 950, 960), as described
elsewhere. According to another aspect, an optional integrator can be
provided at the output of color combiner 900, as described elsewhere.
According to oneaspect, each light source can be any of the light sources
described elsewhere, for example, with reference to FIG. 6. The path of a
first color light 941 will now be described with reference to FIG. 9, where
unpolarized first color light 941 exits fourth prism face 160 of first PBS
400 as ppolarized first color light 942 and fourth prism face 160' of
second PBS 400' as ppolarized first color light 946. First light source 940
injects unpolarized first color light 941 through first colorselective
dichroic filter 910, enters first PBS 400 through second prism face 140,
intercepts first reflective polarizer laminate 390, and is split into
transmitted p-polarized first color light 942 and reflected s-circular
polarized first color light 943. Transmitted ppolarized first color light
842 exits first PBS 400 through fourth prism face 160. Reflected s-circular
polarized first color light 943 exits first PBS 400 through first prism
face 130, changes to p-circular polarized first color light 944 as it
passes through half-wave retarder 225, enters second PBS 400' through first
prism face 130', and intercepts second reflective polarizer laminate 390'.
P-circular polarized first color light 944 exits second reflective
polarizer laminate 390' as reflected s-circular polarized first color light
945, reflects from third color-selective dichroic filter 930 changing the
direction of circular polarization, and intercepts second reflective
polarizer laminate 390'. S-circular polarized first color light 945 exits
second reflective polarizer laminate 390' as 



transmitted p-polarized first color light 946, and exits second PBS 400'
through fourth prism face 160'. The path of a second color light 95 1 will
now be described with reference to FIG. 9, where unpolarized second color
light 951 exits fourth prism face 160 of first PBS 400 as p- polarized
second color light 952 and fourth prism face 160' of second PBS 400' as
ppolarized second color light 956. Second light source 950 injects
unpolarized second color light 951 through second color-selective dichroic
filter 920, enters first PBS 400 through second prism face 140, intercepts
first reflective polarizer laminate 390, and is split into transmitted p-
polarized second color light 952 and reflected s-circular polarized second
color light 953. Transmitted p- polarized second color light 952 exits
first PBS 400 through fourth prism face 160.Reflected s-circular polarized
second color light 953 exits first PBS 400 through first prism face 130,
changes to p-circular polarized second color light 954 as it passes through
half-wave retarder 225, enters second PBS 400' through first prism face
130', and intercepts second reflective polarizer laminate 390'. P-circular
polarized second color light 954 exits second reflective polarizer laminate
390' as reflected s-circular polarized second color light 955, reflects
from third color-selective dichroic filter 930 changing the direction of
circular polarization, and intercepts second reflective polarizer laminate
390'. S-circular polarized second color light 955 exits second reflective
polarizer laminate 390' as transmitted p- polarized second color light 956,
and exits second PBS 400' through fourth prism face 160' as p-polarized
second color light 956. The path of a third color light 961 will now be
described with reference to FIG. 9, where unpolarized third color light 961
exits fourth prism face 160' of second PBS 400' as p- polarized third color
light 962 and fourth prism face 160 of first PBS 400 as ppolarized third
color light 966. Third light source 960 injects unpolarized third color
light 961 through third colorselective dichroic filter 930, enters second
PBS 400' through second prism face 140', intercepts second reflective
polarizer laminate 390', and is split into transmitted ppolarized third
color light 962 and reflected s-circular polarized third color light 963.
Transmitted p- polarized third color light 962 exits second PBS 400'
through fourth prism face 160'. Reflected s-circular polarized third color
light 963 exits second PBS 400' through first prism face 130', changes to
p-circular polarized third color light 964 as it passes through half-wave
retarder 225, enters first PBS 400 through first prism face 130, and
intercepts first reflective polarizer laminate 390. P-circular polarized
third color light 964 exits first reflective polarizer laminate 390 as
reflected s-circular polarized third color light 965, reflects from either
first or second color-selective dichroic filter (910, 920) changing the
direction of circular polarization, and intercepts first reflective
polarizer laminate 390. S-circular polarized third color light 965 exits
first reflective polarizer laminate 390 as transmitted p- polarized third
color light 966, and exits first PBS 400 through fourth prism face 160 as
p-polarized third color light 966. In one embodiment, first color light 941
is red light, second color light 951 is blue light, and third color light
961 is green light. According to this embodiment, first colorselective
dichroic filter 910 is a blue and green light reflecting and red light
transmitting dichroic filter; second color-selective dichroic filter 920 is
a green and red light reflecting and blue light transmitting dichroic
filter; and third color-selective dichroic filter 930 is a blue and red
light reflecting and green light transmitting dichroic filter. In one
aspect, FIG. 10 is a top view schematic of an optical element configured as
a color combiner 1000 that includes a first PBS 400 and a second PBS 400'.
Color combiner 1000 can be used with a variety of light sources as
described elsewhere. The paths of light rays of each polarization state
emitted from a first, a second, and a third light 



source (1040, 1050, 1060) are shown in FIG. 10, to more clearly illustrate
the function of the various components of color combiner 1000. First PBS
400 includes a first reflective polarizer laminate 390 aligned to the first
polarization state 195, disposed between the diagonal faces of first and
second prisms 110, 120, as described elsewhere. Second PBS 400' includes a
second reflective polarizer laminate 390' aligned to the first polarization
state 195, disposed between the diagonal faces of first and second prisms
110', 120', as described elsewhere. The first and second reflective
polarizer laminate (390, 390') each include only one retarder disposed
between the reflective polarizer 190 and respective first prism ( 110,
110') of PBS (400, 400'), as shown in FIG. 4. A broadband reflector 1070 is
disposed adjacent first prism face 130' of second PBS 400'. A first
wavelength-selective filter 1010 is disposed facing the first prism face
130 of the first PBS 400. A second wavelength-selective filter 1020 is
disposed facing the second prism face 140 of the first PBS 400. A third
wavelength-selective filter 1030 is disposed facing the second prism face
140' of the second PBS 400. Each of the first, second, and third
wavelength-selective filters (1010, 1020, 1030) can be a color-selective
dichroic filter selected to transmit a first, a second, and a third
wavelength spectrum of light, respectively, and reflect other wavelength
spectrums of light. In one particular embodiment, each of the
color-selective dichroic filters and the broadband mirror can be
immediately adjacent the respective prism face, such as coated directly on
the prism face. In one aspect, the reflective polarizer 190 can comprise a
polymeric multilayer optical film. The color-selective dichroic filters
(1010, 1020, 1030), broadband mirror 1070, and reflective polarizer
laminates 390, 390' cooperate to transmit combined light throughthe fourth
prism faces (160, 160'). Each unpolarized light input is split into a
p-polarized and an s-circularly polarized component. The s-circularly
polarized component is converted to a p-polarized component resulting in a
p-polarized combined output through the fourth prism faces (160, 160'). In
some cases, the nature, alignment, and efficiency of the components in the
reflective polarizer laminate may result in some polarization (i.e.,
elliptical or circular) of the combined light, as described elsewhere. In
one embodiment described below, each retarder 220 in color combiner 1000 is
a quarter-wave retarder orientated at approximately 45 degrees to the first
polarization state 195. According to another aspect, an optional light
tunnel 430 or assemblies of lenses (not shown) can be provided for each of
the first, second, and third light sources (1040, 1050, 1060), as described
elsewhere. According to another aspect, an optional integrator can be
provided at the output of color combiner 1000, as described elsewhere.
According to one aspect, each light source can be any of the light sources
described elsewhere, for example, with reference to FIG. 6. The path of a
first color light 1041 will now be described with reference to FIG. 10,
where unpolarized first color light 1041 exits fourth prism face 160 of
first PBS 400 as p-polarized first color light 1044 and fourth prism face
160' of second PBS 400' as ppolarized first color light 1047. First light
source 1040 injects unpolarized first color light 1041 through first
colorselective dichroic filter 1010, enters first PBS 400 through first
prism face 130, intercepts first reflective polarizer laminate 390, and is
split into transmitted p-polarized first color light 1042 and reflected
s-circular polarized first color light 1043. Transmitted p-polarized first
color light 1042 exits first PBS 400 through third prism face 150, enters
second PBS 400' through third prism face 150', intercepts second reflective
polarizer laminate 390', and is transmitted as p-circular polarized first
color light 1045. P-circular polarized first color light 1045 reflects from
broadband mirror 1070 changing the direction of circular polarization,
intercepts second reflective polarizer 



laminate 390' and is reflected as s-circular polarized first color light
1046. S-circular polarized first color light 1046 reflects from third
color-selective dichroic filter 1030 changing direction of circular
polarization, intercepts second reflective polarizer laminate 390', is
transmitted as p-polarized first color light 1047 which exits second PBS
400' through fourth prism face 160'.Reflected s-circular polarized first
color light 1043 reflects from second colorselective dichroic filter 1020
changing the direction of circular polarization, and intercepts first
reflective polarizer laminate 390. S-circular polarized first color light
1043 exits first reflective polarizer laminate 390 as transmitted
p-polarized first color light 1044, which leaves first PBS 400 through
fourth prism face 160. The path of a second color light 1051 will now be
described with reference to FIG. 10, where unpolarized second color light
1051 exits fourth prism face 160 of first PBS 400 as p- polarized second
color light 1052 and fourth prism face 160' of second PBS 400' as p-
polarized second color light 1057. Second light source 1050 injects
unpolarized second color light 1051 through second color-selective dichroic
filter 1020, enters first PBS 400 through second prism face 140, intercepts
first reflective polarizer laminate 390, and is split into transmitted
ppolarized second color light 1052 and reflected s-circular polarized
second color light 1053. Transmitted p-polarized second color light 1052
exits first PBS 400 through fourth prism face 160. Reflected s-circular
polarized second color light 1053 reflects from first colorselective
dichroic filter 1010 changing direction of circular polarization, and
intercepts first reflective polarizer laminate 390. S-circular polarized
second color light 1053 exits first reflective polarizer laminate 390 as
transmitted p-polarized second color light 1054, exits first PBS 400
through third prism face 150, enters second PBS 400' through third prism
face 150', and intercepts second reflective polarizer laminate 390'. P-
polarized second color light 1054 exits second reflective polarizer
laminate 390' as transmitted pcircular polarized second color light 1055,
reflects from broadband mirror 1070 changing the direction of circular
polarization, and intercepts second reflective polarizer laminate 390'.
P-circular polarized second color light 1055 exits second reflective
polarizer laminate 390' as reflected s-circular polarized second color
light 1056, reflects from third color-selective dichroic filter 1030
changing the direction of circular polarization, intercepts second
reflective polarizer laminate 390', exits second reflective polarizer
laminate 390' as transmitted as p-polarized second color light 1057, and
exits second PBS 400' through fourth prism face 160' as p-polarized second
color light 1057. The path of a third color light 1061 will now be
described with reference to FIG. 10, where unpolarized third color light
1061 exits fourth prism face 160 of first PBS 400as p- polarized third
color light 1067 and fourth prism face 160' of second PBS 400' as
ppolarized third color light 1062. Third light source 1060 injects
unpolarized third color light 1061 through third color-selective dichroic
filter 1030, enters second PBS 400' through second prism face 140',
intercepts second reflective polarizer laminate 390', and is split into
transmitted ppolarized third color light 1062 and reflected s-circular
polarized third color light 1063. Transmitted p-polarized third color light
1062 exits second PBS 400' through fourth prism face 160'. Reflected
s-circular polarized third color light 1063 reflects from broadband mirror
1070 changing direction of circular polarization, and intercepts second
reflective polarizer laminate 390'. S-circular polarized third color light
1063 exits second reflective polarizer laminate 390' as transmitted
p-polarized third color light 1064, exits second PBS 400' through third
prism face 150', enters first PBS 400 through third prism face 150, and
intercepts first reflective polarizer laminate 390. P- polarized third
color light 1064 exits first reflective polarizer laminate 390 as
transmitted p-circular polarized third color light 



1065, reflects from first color-selective dichroic filter 1010 changing the
direction of circular polarization, and intercepts first reflective
polarizer laminate 390. P-circular polarized third color light 1065 exits
first reflective polarizer laminate 390 as reflected scircular polarized
third color light 1066, reflects from second color-selective dichroic
filter 1020 changing the direction of circular polarization, intercepts
first reflective polarizer laminate 390, exits first reflective polarizer
laminate 390 as transmitted as p-polarized third color light 1067, and
exits first PBS 400 through fourth prism face 160 as p-polarized third
color light 1067. In one embodiment, first color light 1041 is blue light,
second color light 1051 is red light, and third color light 1061 is green
light. According to this embodiment, first color-selective dichroic filter
1010 is a red and green light reflecting and blue light transmitting
dichroic filter; second color-selective dichroic filter 1020 is a green and
blue light reflecting and red light transmitting dichroic filter; and third
color-selective dichroic filter 1030 is a blue and red light reflecting and
green light transmitting dichroic filter. In one aspect, FIG. 11 is a top
view schematic of an optical element configured as a color combiner 1100
that includes a first PBS 400 and a second PBS 400'. Color combiner 1100
can be used with a variety of light sources as described elsewhere.
Thepaths of light rays of each polarization state emitted from a first, a
second, and a third light source ( 1140, 1150, 1160) are shown in FIG. 11,
to more clearly illustrate the function of the various components of color
combiner 1100. First PBS 400 includes a first reflective polarizer laminate
390 aligned to the first polarization state 195, disposed between the
diagonal faces of first and second prisms 110, 120, as described elsewhere.
Second PBS 400' includes a second reflective polarizer laminate 390'
aligned to the first polarization state 195, disposed between the diagonal
faces of first and second prisms 110', 120', as described elsewhere. The
first and second reflective polarizer laminate (390, 390') each include
only one retarder disposed between the reflective polarizer 190 and
respective first prism ( 110, 110') of PBS (400, 400'), as shown in FIG. 4.
A first broadband reflector 1170 is disposed adjacent second prism face
140' of second PBS 400', and a second broadband reflector 1180 is disposed
adjacent first prism face 130' of second PBS 400'. A first and a second
wavelength-selective filter ( 1110, 1120) is disposed facing the first
prism face 130 of the first PBS 400. A third wavelength-selective filter
1130 is disposed facing the second prism face 140 of the first PBS 400.
Each of the first, second, and third wavelength-selective filters ( 1110,
1120, 1130) can be a color-selective dichroic filter selected to transmit a
first, a second, and a third wavelength spectrum of light, respectively,
and reflect other wavelength spectrums of light. In one particular
embodiment, each of the color-selective dichroic filters and the broadband
mirrors can be immediately adjacent the respective prism face, such as
coated directly on the prism face. In one aspect, the reflective polarizer
190 can comprise a polymeric multilayer optical film. The color-selective
dichroic filters ( 1110, 1120, 1130), broadband mirrors ( 1170, 1180), and
reflective polarizer laminates 390, 390' cooperate to transmit combined
light through the fourth prism faces (160, 160'). Each unpolarized light
input is split into a ppolarized and an s-circularly polarized component.
The s-circularly polarized component is converted to a p-polarized
component resulting in a p-polarized combined output through the fourth
prism faces (160, 160'). In some cases, the nature, alignment, and
efficiency of the components in the reflective polarizer laminate may
result in some polarization (i.e., elliptical or circular) of the combined
light, as described elsewhere. Inone embodiment described below, each
retarder 220 in color combiner 1100 is a quarterwave retarder orientated at
approximately 45 degrees to the first polarization state 195. According to
another aspect, an optional light tunnel 430 or assemblies of lenses (not
shown) can be provided for each of the first, second, and third light
sources ( 1140, 



1150, 1160), as described elsewhere. According to another aspect, an
optional integrator can be provided at the output of color combiner 1100,
as described elsewhere. According to one aspect, each light source can be
any of the light sources described elsewhere, for example, with reference
to FIG. 6. The path of a first color light 1141 will now be described with
reference to FIG. 11, where unpolarized first color light 1141 exits fourth
prism face 160 of first PBS 400 as p-polarized first color light 1144 and
fourth prism face 160' of second PBS 400' as ppolarized first color light
1147. First light source 1140 injects unpolarized first color light 1141
through first colorselective dichroic filter 1110, enters first PBS 400
through first prism face 130, intercepts first reflective polarizer
laminate 390, and is split into transmitted p-polarized first color light
1142 and reflected s-circular polarized first color light 1143. Transmitted
p-polarized first color light 1142 exits first PBS 400 through third prism
face 150, enters second PBS 400' through third prism face 150', intercepts
second reflective polarizer laminate 390', and is transmitted as p-circular
polarized first color light 1145. P-circular polarized first color light
1145 reflects from second broadband mirror 1180 changing the direction of
circular polarization, intercepts second reflective polarizer laminate 390'
and is reflected as s-circular polarized first color light 1146. S-circular
polarized first color light 1146 reflects from first broadband mirror 1170
changing direction of circular polarization, intercepts second reflective
polarizer laminate 390', is transmitted as p-polarized first color light
1147 which exits second PBS 400' through fourth prism face 160'. Reflected
s-circular polarized first color light 1143 reflects from third
colorselective dichroic filter 1130 changing the direction of circular
polarization, and intercepts first reflective polarizer laminate 390.
S-circular polarized first color light 1143 exits first reflective
polarizer laminate 390 as transmitted p-polarized first color light 1144,
which leaves first PBS 400 through fourth prism face 160.The path of a
second color light 1151 will now be described with reference to FIG. 11,
where unpolarized second color light 1151 exits fourth prism face 160 of
first PBS 400 as p-polarized second color light 1154 and fourth prism face
160' of second PBS 400' as p-polarized second color light 1157. Second
light source 1150 injects unpolarized second color light 1151 through
second color-selective dichroic filter 1120, enters first PBS 400 through
first prism face 130, intercepts first reflective polarizer laminate 390,
and is split into transmitted ppolarized second color light 1152 and
reflected s-circular polarized second color light 1153. Transmitted
p-polarized second color light 1152 exits first PBS 400 through third prism
face 150, enters second PBS 400' through third prism face 150', intercepts
second reflective polarizer laminate 390', and is transmitted as p-circular
polarized second color light 1155. P-circular polarized second color light
1155 reflects from second broadband mirror 1180 changing the direction of
circular polarization, intercepts second reflective polarizer laminate 390'
and is reflected as s-circular polarized second color light 1156. Scircular
polarized second color light 1156 reflects from first broadband mirror 1170
changing direction of circular polarization, intercepts second reflective
polarizer laminate 390', is transmitted as p-polarized second color light
1157 which exits second PBS 400' through fourth prism face 160'. Reflected
s-circular polarized second color light 1153 reflects from third
colorselective dichroic filter 1130 changing the direction of circular
polarization, and intercepts first reflective polarizer laminate 390.
S-circular polarized second color light 1153 exits first reflective
polarizer laminate 390 as transmitted p-polarized second color light 1154,
which leaves first PBS 400 through fourth prism face 160. 



The path of a third color light 1161 will now be described with reference
to FIG. 11, where unpolarized third color light 1161 exits fourth prism
face 160 of first PBS 400 as p- polarized third color light 1162 and fourth
prism face 160' of second PBS 400' as ppolarized third color light 1167.
Third light source 1160 injects unpolarized third color light 1161 through
third color-selective dichroic filter 1130, enters first PBS 400 through
second prism face 140, intercepts first reflective polarizer laminate 390,
and is split into transmitted p-polarizedthird color light 1162 and
reflected s-circular polarized third color light 1163. Transmitted
p-polarized third color light 1162 exits first PBS 400 through fourth prism
face 160. Reflected s-circular polarized third color light 1163 reflects
from either first or second color-selective dichroic filter ( 1110, 1120)
changing direction of circular polarization, and intercepts first
reflective polarizer laminate 390. S-circular polarized third color light
1163 exits first reflective polarizer laminate 390 as transmitted
ppolarized third color light 1164, exits first PBS 400 through third prism
face 150, enters second PBS 400' through third prism face 150', and
intercepts second reflective polarizer laminate 390'. P- polarized third
color light 1164 exits second reflective polarizer laminate 390' as
transmitted p-circular polarized third color light 1165, reflects from
second broadband mirror 1180 changing the direction of circular
polarization, and intercepts second reflective polarizer laminate 390'.
P-circular polarized third color light 1165 exits second reflective
polarizer laminate 390' as reflected s-circular polarized third color light
1166, reflects from first broadband mirror 1170 changing the direction of
circular polarization, intercepts second reflective polarizer laminate
390', exits second reflective polarizer laminate 390' as transmitted as
p-polarized third color light 1167, and exits second PBS 400' through
fourth prism face 160' as p-polarized third color light 1167. In one
embodiment, first color light 1141 is blue light, second color light 1151
is red light, and third color light 1161 is green light. According to this
embodiment, first color-selective dichroic filter 1110 is a red and green
light reflecting and blue light transmitting dichroic filter; second
color-selective dichroic filter 1120 is a green and blue light reflecting
and red light transmitting dichroic filter; and third color-selective
dichroic filter 1130 is a blue and red light reflecting and green light
transmitting dichroic filter. In some cases, less than three colors can be
combined in any of the above embodiments. In this embodiment, a broadband
mirror can be substituted for the colorselective dichroic filter, optional
light tunnel, and light source that is removed. In some cases, a fourth
color light (not shown) can also be injected into the color combiners
described above. In this embodiment, a fourth color-selective dichroic
filter replaces the broadband mirror (if present), an optional light
tunnel, and a fourth light source can be arranged in a manner similar to
the other light sources, optional light tunnels, and colorselective
dichroic filters. Fourth color-selective dichroic filter reflects first,
second and third color lights, and transmits fourth color light. In one
aspect, FIGS. 12A-12H are schematic views of a process for fabricating a
PBS 1200 that includes a reflective polarizer laminate 490. FIG. 12A shows
a first prism 110 supported in a fixture 105. First prism 110 includes a
first prism face 130, a second prism face 140, and a first diagonal face
135 between them. A third color-selective dichroic filter 630 is coated on
the first prism face 130, and a second color-selective dichroic filter 620
is coated on the second prism face 140. The second and third color
selective dichroic filters 620, 630, can be coated on the respective prism
faces by any means known in the art, including, for example, vacuum
deposition, sputtering, solution coating, film lamination, and the like. An
optical adhesive layer 330 is deposited on first diagonal face 135. The
optical adhesive layer 330 can be any known optical adhesive, particularly
useful optical adhesives can be those which are curable optical adhesives,
such as radiation or thermally cured adhesives. 



FIG. 12B shows a first retarder 220 disposed on the optical adhesive
coating 330. The first retarder 220 can be any of the retarders described
elsewhere, such as a quarterwave retarder, and the slow-axis of the
retarder is positioned as desired relative to the first and second prism
faces 130, 140. FIG. 12C shows an optical adhesive coating 330 disposed on
the first retarder 220. FIG. 12D shows a reflective polarizer 190 disposed
on the optical adhesive coating 330. The reflective polarizer 190 can be
any of the reflective polarizers described elsewhere, and the slow-axis is
positioned as desired relative to the retarder 220. FIG. 12E shows an
optical adhesive coating 330 disposed on the reflective polarizer 190. FIG.
12F shows a second retarder 220' disposed on the optical adhesive coating.
The second retarder 220' can be any of the retarders described elsewhere,
such as a quarter-wave retarder, and the slow-axis of the retarder is
positioned as desired relative to the reflective polarizer 190. FIG. 12G
shows an optical adhesive 330 disposed on the second retarder 220'. FIG.
12H shows a second prism 120 having a third prism face 150 and a fourth
prism face 160, and a second diagonal face 155 between them. A first
color-selective dichroic filter 610 is coated on the third prism face 150,
and the second diagonal face 155is disposed on the optical adhesive layer
330. The first color selective dichroic filters 610 can be coated on the
third prism face 150 by any means known in the art, including, for example,
vacuum deposition, sputtering, solution coating, film lamination, and the
like. The alternating layers of optical adhesive 330, reflective polarizer
190, and retarders (220, 220') are cured to form a PBS 1200 including a
reflective polarizer laminate 490, as described elsewhere. Light sources in
a color light combining system can be energized sequentially, as described
in co-pending Published U.S. Patent Application No. US 2008/0285129.
According to one aspect, the time sequence is synchronized with a
transmissive or reflective imaging device in a projection system that
receives a combined light output from the color light combining system.
According to one aspect, the time sequence is repeated at rate that is fast
enough so that an appearance of flickering of projected image is avoided,
and appearances of motion artifacts such as color break up in a projected
video image are avoided. FIG. 13 illustrates a projector 1300 that includes
a three color light combining system 1302. The three color light combining
system 1302 provides a combined light output at output region 1304. In one
embodiment, combined light output at output region 1304 is polarized. The
combined light output at output region 1304 passes through light engine
optics 1306 to projector optics 1308. The light engine optics 1306 comprise
lenses 1322, 1324 and a reflector 1326. The projector optics 1308 comprise
a lens 1328, a PBS 1330 and projection lenses 1332. One or more of the
projection lenses 1332 can be movable relative to the PBS 1330 to provide
focus adjustment for a projected image 1312. A reflective imaging device
1310 modulates the polarization state of the light in the projector optics,
so that the intensity of the light passing through the PBS 1330 and into
the projection lens will be modulated to produce the projected image 1312.
A control circuit 1314 is coupled to the reflective imaging device 1310 and
to light sources 1316, 1318 and 1320 to synchronize the operation of the
reflective imaging device 1310 with sequencing of the light sources 1316,
1318 and 1320. In one aspect, a first portion of the combined light at
output region 1304 is directed through the projector optics 1308, and a
second portion of the combined light output can be recycled back into color
combiner 1302 through output region 1304. The second portion of the
combined light can be recycled back into color combiner by reflection
from,for example: a mirror, a reflective polarizer, a reflective LCD and
the like. The arrangement illustrated in FIG. 13 is exemplary, and the
light combining systems 



disclosed can be used with other projection systems as well. According to
one alternative aspect, a transmissive imaging device can be used.
According to one aspect, a color light combining system as described above
produces a three color (white) output. The system has high efficiency
because polarization properties (reflection for S-polarized light and
transmission for P-polarized light) of a polarizing beam splitter with
reflective polarizer film have low sensitivity for a wide range of angles
of incidence of source light. Additional collimation components can be used
to improve collimation of the light from light sources in the color
combiner. Without a certain degree of collimation, there will be
significant light losses associated with variation of dichroic reflectivity
as a function of angle of incidence (AOI), loss of TIR or increased
evanescent coupling to frustrate the TIR, and/or degraded polarization
discrimination and function in the PBS. In the present disclosure,
polarizing beam splitters function as light pipes to keep light contained
by total internal reflection, and released only through desired surfaces.
Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that
changes may be made in form and detail without departing from the spirit
and scope of the invention. Unless otherwise indicated, all numbers
expressing feature sizes, amounts, and physical properties used in the
specification and claims are to be understood as being modified by the term
"about." Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought
to be obtained by those skilled in the art utilizing the teachings
disclosed herein. All references and publications cited herein are
expressly incorporated herein by reference in their entirety into this
disclosure, except to the extent they may directly contradict this
disclosure. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the
art that a variety of alternate and/or equivalent implementations can be
substituted for the specific embodiments shown and described without
departing from the scope of the present disclosure. This application is
intended to cover any adaptations or variations of thespecific embodiments
discussed herein. Therefore, it is intended that this disclosure be limited
only by the claims and the equivalents thereof.What is claimed is: 1. An
optical element, comprising: a first color-selective dichroic filter having
a first input surface, disposed to transmit a first light beam
perpendicular to the first input surface; a second color-selective dichroic
filter having a second input surface, disposed to transmit a second light
beam perpendicular to the second input surface; and a reflective polarizer
laminate, comprising a reflective polarizer disposed between a first
retarder and a second retarder, wherein the reflective polarizer is
disposed to intercept the first light beam and the second light beam at an
angle of approximately 45 degrees so that the first and the second light
beam are combined into a combined elliptical polarized light. 2. The
optical element of claim 1, further comprising a third color-selective
dichroic filter having a third input surface, disposed to transmit a third
light beam perpendicular to the third input surface, wherein the reflective
polarizer is disposed to intercept the first light beam, the second light
beam, and the third light beam at an angle of approximately 45 degrees so
that the first, the second, and the third light beam are combined into a
combined elliptical polarized light. 3. The optical element of claim 1,
wherein the reflective polarizer is aligned to a first 



polarization state and each retarder comprises approximately quarter-wave
retardance aligned at an approximately 45 degree angle to the first
polarization state. 4. The optical element of claim 1 or claim 2, further
comprising a reflector disposed so that a line normal to the reflector
intercepts the reflective polarizer at an angle of approximately 45
degrees. 5. The optical element of claim 4, wherein the first elliptical
polarization state of the first light beam and the second light beam
reflects from the reflector.6. The optical element of claim 1, wherein the
first light beam and the second light beam each comprise convergent or
divergent light rays. 7. The optical element of claim 1, wherein each of
the first light beam and the second light beam comprise a different color
unpolarized light. 8. The optical element of claim 1, further comprising a
first and second prism forming a polarizing beam splitter (PBS), and
wherein the reflective polarizer laminate is disposed on a first diagonal
of the PBS. 9. The optical element of claim 1, wherein the reflective
polarizer comprises a polymeric multilayer optical film. 10. The optical
element of claim 4, wherein the reflector comprises a broadband mirror. 11.
An optical element, comprising: a first color-selective dichroic filter
having a first input surface, disposed to transmit a first light beam
perpendicular to the first input surface; a second color-selective dichroic
filter having a second input surface, disposed to transmit a second light
beam perpendicular to the second input surface; a first reflective
polarizer laminate, comprising a first reflective polarizer disposed
between a first retarder and a second retarder, wherein the first
reflective polarizer is disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees; a second
reflective polarizer laminate, comprising a second reflective polarizer
disposed between a third retarder and a fourth retarder, wherein the second
reflective polarizer is disposed to intercept a reflected first and second
light beam from the first reflective polarizer laminate at an angle of
approximately 45 degrees;a first reflector disposed so that a line normal
to the first reflector intercepts the first reflective polarizer at an
angle of approximately 45 degrees; and a second reflector disposed so that
a line normal to the second reflector intercepts the second reflective
polarizer at an angle of approximately 45 degrees, wherein the first and
second reflective polarizer laminates and the first and second reflectors
cooperate so that the first and the second light beam are combined into a
combined elliptical polarized light. 12. An optical element, comprising: a
first color-selective dichroic filter having a first input surface,
disposed to transmit a first light beam perpendicular to the first input
surface; a second color-selective dichroic filter having a second input
surface, disposed to transmit a second light beam perpendicular to the
second input surface; a first reflective polarizer laminate, comprising a
first reflective polarizer disposed between a first retarder and a second
retarder, wherein the first reflective polarizer is disposed to intercept
the first light beam at an angle of approximately 45 degrees; 



a second reflective polarizer laminate, comprising a second reflective
polarizer disposed between a third retarder and a fourth retarder, wherein
the second reflective polarizer is disposed to intercept the second light
beam from the first reflective polarizer laminate at an angle of
approximately 45 degrees; a first reflector disposed so that a line normal
to the first reflector intercepts the first reflective polarizer at an
angle of approximately 45 degrees; and a second reflector disposed so that
a line normal to the second reflector intercepts the second reflective
polarizer at an angle of approximately 45 degrees,wherein the first and
second reflective polarizer laminates and the first and second reflectors
cooperate so that the first and the second light beam are combined into a
combined elliptical polarized light. 13. The optical element of claim 11 or
claim 12, further comprising a third colorselective dichroic filter having
a third input surface, disposed to transmit a third light beam
perpendicular to the third input surface, wherein the first and second
reflective polarizer laminates and the first and second reflectors
cooperate so that the first, the second, and the third light beam are
combined into a combined elliptical polarized light. 14. The optical
element of claim 11 or claim 12, further comprising a fifth retarder
capable of converting the combined elliptical polarized light into a
combined linear polarized light. 15. The optical element of claim 14,
wherein the fifth retarder is a quarter-wave retarder aligned at an
approximately 45 degree angle to a first polarization state. 16. An optical
element, comprising: a first color-selective dichroic filter having a first
input surface, disposed to transmit a first light beam perpendicular to the
first input surface; a second color-selective dichroic filter having a
second input surface, disposed to transmit a second light beam
perpendicular to the second input surface; a first reflective polarizer
laminate, comprising a first reflective polarizer disposed adjacent to a
first retarder, wherein the first retarder is disposed to intercept the
first light beam and the second light beam at an angle of approximately 45
degrees; a second reflective polarizer laminate, comprising a second
reflective polarizer disposed adjacent to a second retarder, wherein the
second retarder is disposed to intercept a reflected first and second light
beam from the first reflective polarizer laminate at an angle of
approximately 45 degrees; anda half-wave retarder disposed between the
first retarder and the second retarder, wherein the first and second
reflective polarizer laminates and the halfwave retarder cooperate so that
the first and the second light beam are combined into a combined linear
polarized light having a first polarization state. 17. An optical element,
comprising: a first color-selective dichroic filter having a first input
surface, disposed to transmit a first light beam perpendicular to the first
input surface; a second color-selective dichroic filter having a second
input surface, disposed to transmit a second light beam perpendicular to
the second input surface; a first reflective polarizer laminate, comprising
a first reflective polarizer 



disposed adjacent to a first retarder, wherein the first retarder is
disposed to intercept the first light beam at an angle of approximately 45
degrees; a second reflective polarizer laminate, comprising a second
reflective polarizer disposed adjacent to a second retarder, wherein the
second retarder is disposed to intercept the second light beam at an angle
of approximately 45 degrees; and a half-wave retarder disposed between the
first retarder and the second retarder, wherein the first and second
reflective polarizer laminates and the halfwave retarder cooperate so that
the first and the second light beam are combined into a combined linear
polarized light having a first polarization state. 18. The optical element
of claim 16 or claim 17, further comprising a third colorselective dichroic
filter having a third input surface, disposed to transmit a third light
beam perpendicular to the third input surface, wherein the first and second
reflective polarizer laminates and the half-wave retarder cooperate so that
the first, the second, and the thirdlight beam are combined into a combined
linear polarized light having a first polarization state. 19. An optical
element, comprising: a first color-selective dichroic filter having a first
input surface, disposed to transmit a first light beam perpendicular to the
first input surface; a second color-selective dichroic filter having a
second input surface, disposed to transmit a second light beam
perpendicular to the second input surface; a first reflective polarizer
laminate, comprising a first reflective polarizer disposed adjacent a first
retarder, wherein the first retarder is disposed to intercept the first
light beam and the second light beam at an angle of approximately 45
degrees; a second reflective polarizer laminate, comprising a second
reflective polarizer disposed adjacent to a second retarder, wherein the
second retarder is disposed to intercept a transmitted first light beam and
second light beam from the first reflective polarizer laminate at an angle
of approximately 45 degrees; and a reflector disposed so that a line normal
to the reflector intercepts the second reflective polarizer at an angle of
approximately 45 degrees, wherein the first and second reflective polarizer
laminates and the reflector cooperate so that the first and the second
light beam are combined into a combined linear polarized light having a
first polarization state. 20. An optical element, comprising: a first
color-selective dichroic filter having a first input surface, disposed to
transmit a first light beam perpendicular to the first input surface; a
second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the second input
surface;a first reflective polarizer laminate, comprising a first
reflective polarizer disposed adjacent a first retarder, wherein the first
retarder is disposed to intercept the first light beam and the second light
beam at an angle of approximately 45 degrees; a second reflective polarizer
laminate, comprising a second reflective polarizer disposed adjacent to a
second retarder, wherein the second 



retarder is disposed to intercept a second light beam at an angle of
approximately 45 degrees; and a reflector disposed so that a line normal to
the reflector intercepts the second reflective polarizer at an angle of
approximately 45 degrees, wherein the first and second reflective polarizer
laminates and the reflector cooperate so that the first and the second
light beam are combined into a combined linear polarized light having a
first polarization state. 21. The optical element of claim 19 or claim 20,
further comprising a third colorselective dichroic filter having a third
input surface, disposed to transmit a third light beam perpendicular to the
third input surface, wherein the first and second reflective polarizer
laminates and the reflector cooperate so that the first, the second, and
the third light beam are combined into a combined linear polarized light
having a first polarization state. 22. An optical element, comprising: a
first color-selective dichroic filter having a first input surface,
disposed to transmit a first light beam perpendicular to the first input
surface; a second color-selective dichroic filter having a second input
surface, disposed to transmit a second light beam perpendicular to the
second input surface; a first reflective polarizer laminate, comprising a
first reflective polarizer disposed adjacent to a first retarder, wherein
the first retarder is disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees;a second
reflective polarizer laminate, comprising a second reflective polarizer
disposed adjacent a second retarder, wherein the second reflective
polarizer is disposed to intercept a transmitted first linear polarization
state of the first and the second third light beams at an angle of
approximately 45 degrees; a first reflector disposed so that a line normal
to the first reflector intercepts the second reflective polarizer laminate
at an angle of approximately 45 degrees; and a second reflector disposed so
that a line normal to the second reflector intercepts the second reflective
polarizer laminate at an angle of approximately 45 degrees, wherein the
first and second reflective polarizer laminates and the first and second
reflectors cooperate so that the first and the second light beams are
combined into a combined linear polarized light having the first
polarization state. 23. An optical element, comprising: a first
color-selective dichroic filter having a first input surface, disposed to
transmit a first light beam perpendicular to the first input surface; a
second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the second input
surface; a first reflective polarizer laminate, comprising a first
reflective polarizer disposed adjacent to a first retarder, wherein the
first retarder is disposed to intercept the first light beam and the second
light beam at an angle of approximately 45 degrees; a second reflective
polarizer laminate, comprising a second reflective polarizer disposed
adjacent a second retarder, wherein the second reflective polarizer is
disposed to intercept a transmitted first linear 



polarization state of the first light beam at an angle of approximately 45
degrees;a first reflector disposed so that a line normal to the first
reflector intercepts the second reflective polarizer laminate at an angle
of approximately 45 degrees; and a second reflector disposed so that a line
normal to the second reflector intercepts the second reflective polarizer
laminate at an angle of approximately 45 degrees, wherein the first and
second reflective polarizer laminates and the first and second reflectors
cooperate so that the first and the second light beams are combined into a
combined linear polarized light having the first polarization state. 24.
The optical element of claim 22 or claim 23, further comprising a third
colorselective dichroic filter having a third input surface, disposed to
transmit a third light beam perpendicular to the third input surface,
wherein the first and second reflective polarizer laminates and the first
and second reflectors cooperate so that the first, the second, and the
third light beams are combined into a combined linear polarized light
having the first polarization state. 25. The optical element of any of
claims 11, 12, 16, 17, 19, 20, 22, or 23, wherein each reflective polarizer
is aligned to a first polarization state and each retarder comprises
approximately quarter-wave retardance aligned at an approximately 45 degree
angle to the first polarization state. 26. The optical element of any of
claims 1, 11, 12, 16, 17, 19, 20, 22, or 23, wherein each reflective
polarizer is aligned to a first polarization state and each retarder
comprises approximately quarter-wave retardance aligned at an angle between
about 30 degrees and about 45 degrees to the first polarization state. 27.
The optical element of any of claims 1, 11, 12, 16, 17, 19, 20, 22, or 23,
wherein each reflective polarizer is aligned to a first polarization state
and each retarder comprises approximately quarter-wave retardance aligned
at an angle of approximately 34 degrees to the first polarization state.28.
The optical element of any of claims 1, 11, 12, 16, 17, 19, 20, 22, or 23,
wherein each reflective polarizer is aligned to a first polarization state,
each retarder provides for between 90 degrees and 120 degrees of
retardance, and each retarder further is aligned at an angle of
approximately 34 degrees to the first polarization state. 29. The optical
element of any of claims 11, 12, 16, 17, 19, 20, 22, or 23, wherein each
light beam comprises convergent or divergent light rays. 30. The optical
element of any of claims 11, 12, 16, 17, 19, 20, 22, or 23, wherein each
light beam comprises a different color unpolarized light. 31. The optical
element of any of claims 11, 12, 16, 17, 19, 20, 22, or 23, further
comprising: a first and a second prism forming a first polarizing beam
splitter (PBS), wherein the first reflective polarizer laminate is disposed
on a first diagonal of the first PBS; and a third and a fourth prism
forming a second PBS, wherein the second reflective polarizer laminate is
disposed on a second diagonal of the second PBS. 32. The optical element of
any of claims 11, 12, 16, 17, 19, 20, 22, or 23, wherein the first
reflective polarizer and the second reflective polarizer each comprise a
polymeric multilayer optical film. 33. The optical element of any of claims
11, 12, 16, 17, 19, 20, 22, or 23, wherein each reflector comprises a
broadband mirror. 34. A color combiner comprising the optical element of
any of claims 1, 11, 12, 16, 17, 



19, 20, 22, or 23.35. A display system comprising an imaging panel, and the
color combiner of claim 34. 


