
Single nucleotide polymorphism within an intronic p53 binding motif of the
PRKAG2 gene P53 is best known as a tumor suppressor gene that is also
mechanistically involved in DNA repair (Vousden and Lu 2002). When
activated in response to stress signals, p53 can trigger multiple cellular
processes including cell-cycle arrest, senescence and apoptosis. Recent
data have shown that p53 plays a broader role as the tumor suppressor gene
and might be involved in other biological processes such as metabolism but
the molecular mechanisms of this involvement are not well understood
(Vousden and Lane 2007). p53-mediated cellular responses are mainly
achieved through the transcriptional regulation of p53 downstream target
genes where p53 functions as a nuclear transcription factor, although
transcriptionally independent mechanisms have also been demonstrated for
p53 (Chipuk, Maurer et al. 2003; Chipuk, Kuwana et al. 2004; Tan, Zhuang et
al. 2005). Given the important and broad role of p53 protein, it has been
of great interest to identify the target genes of p53's transcriptional
regulation. Earlier efforts using gene expression profiling analyses (Yu,
Zhang et al. 1999; Zhao, Gish et al. 2000; Kannan, Kaminski et al. 2001;
Kho, Wang et al. 2004) have identified many genes to be putatively
downstream of the p53 protein, but these studies could not distinguish
between the direct target genes and the secondary targets of p53 or
identified genomic sequences that mediate p53's transcriptional regulation.
The DNA binding sites of p53 on a genome-wide scale have been assessed
using technologies like chromatin immunoprecipitation (ChIP) followed by
hybridization to an array chip (ChlP-Chip) or by shotgun sequencing of ChIP
pull-down DNA fragments (ChlP-seq or ChIP-PET for Pair-End diTag reads)
(Cawley, Bekiranov et al. 2004; Wei, Wu et al. 2006). With these
approaches, putative p53 direct target genes could be computationally
imputed by proximity of regulated genes near bona fide binding sites, and
the likely regulatory sites can be identified in a genome wide basis. Of
particular importance is the observation that these bona fide binding sites
are distributed widely around and within genes (+/-100kb from the
transcription start site, TSS, or the polyadenylation signal sequence). Any
pure computation means of predicting functional p53 binding sites
classically by a 5 kb proximity to the TSS would have had a 95% error rate.
We showed that these experimentally determined p53 binding sites were
likely to be involved in direct transcriptional regulation since expression
profiles of genes thusidentified could distinguish tumors that are mutant
in p53 from those that were wild-type 



(Wei, Wu et al. 2006). By mining the public dbSNP database, a number of
these binding sites harbor sequence polymof hisms have been observed either
in close proximity to or directly within the p53 binding motifs which could
potentially lead to altered p53 DNA binding. Some of these allelic variants
will be associated with differential p53 binding and even differential gene
expression of p53 target genes. To date, the genetic and molecular analyses
of p53- related regulatory sequence variants in populations have been
limited (Pietsch, Humbey et al. 2006), largely due to the lack of
experimental means to identify true (rather than computationally predicted)
p53-related regulatory sequences. The most intensively studied regulatory
variant within the p53 pathway is the T/G polymorphism within the intronic
promoter of MDM2, a strong negative regulator of p53 protein activity. The
polymorphism was shown to increase the binding affinity of the
transcription activator Sp1 and thus the levels of MDM2 RNA and protein,
which further results in decreased level of p53 protein and accelerated
tumor formation in humans (Bond, Hu et al. 2004). A series of the
subsequent genetic analyses of this polymorphism, however, failed to
provide consistent evidence. Recently, a meta-analysis of 2 1 case-control
studies showed that the homozygous genotype of the minor allele variant is
associated with an increased risk for cancer development, especially of
lung cancer and smoking-related cancers (Hu, Jin et al. 2007), but no such
evidence has been shown for breast cancer although very low risk effect may
not be excluded (Schmidt, Reincke et al. 2007). Similarly, Mendendez et al
identified a C-to-T polymorphism within the proximal promoter region of the
flt-igene, where the minor allele of T created a half-binding site for p53.
This brought the system under the control of p53 network (Menendez, lnga et
al. 2007). Interestingly, a recent effort by the same group has further
demonstrated that the presence of this polymorphism also created a partial
responsible element for estrogen receptor upstream the previous identified
half-binding site for p53, which introduces a mechanism for synergistic
simulation of transcription at this fit-promoter site through the combined
action of p53 and ER (Menendez, lnga et al. 2007). The genome-wide
identification of p53 binding sequences by ChIP-ChIP and ChIP-PET analyses
expands the possibilities for directly investigating the molecular and
physiological functions of genetic variation within these binding
sequences. Known SNPs within a group of the p53 binding sites identified by
a genome-wide ChIPPET mapping analysis of p53 have been searched (Wei, Wu
et al. 2006). A commonSNP within an intronic p53 binding motif in the third
intron of PRKAG2 has been 



identified. By performing a series of genetic and functional analyses, it
is demonstrated that the homozygous genotypes of the minor allele at this
SNP locus can significantly reduce the binding affinity of p53 protein to
this binding site and the down-regulation of the target gene PRAKG2 mRNA
expression and the AMPK protein complex. By genotyping this SNP in three
samples of breast and endometrial cancers, it is further demonstrated that
the genotype of the SNP can significantly influence the susceptibility to
cancer development. It is currently believed that the p53 binding motif is
within the third intron of the PRKAG2 gene. In accordance with a first
aspect of the invention, there is provided an isolated nucleic acid
molecule of less than 100, 50 or 30 nucleotides or base pairs comprising
the sequence 51RRRCWWGYYYRRRCWvlr rUYY-31or its complement. By "isolated",
it is meant that the nucleic acid is not located in a cell, i . e. in situ,
but is suitable for in vitro use in the methods of the invention.
Preferably, the isolated nucleic acid molecule of claim 1 that is capable
of hybridising to or having at least 50, 60, 70, 80, 90 or 95% identity
with, the region encompassing the p53 binding motif within the third intron
of the PRKAG2 gene or its complement that can be amplified from human
genomic DNA using the PCR primers 51- TAGGAGACCTGGGGGACTTT-S 1and
51-CAGGCATCTCGAAGAGATCA-3 1. Preferably, the sequence of this region
fragment (142 bp) is: CCATCCTGCCTGAGCATGTCTGAAC
atQttcttaaqtcaaqactaqaqttcqaqatttcaqaaat atcattc
taaccttqatctcttcgaqatqcctqtttataacacaqcatcqttcatq
CCAATTGTCTGGCAAAGCCGGAnalysis of sequence loci can be by methods such as
Southern blot analysis, conventional PCR amplification. See, e.g., lnnis et
al., PCR Strategies (Academic Press, Inc.: NY., 1995); Dieffenbach et al.,
PCR Primer. A Laboratory Manual (New York: Cold Spring Harbor Press, 1995),
denaturing gradient gel-electrophoresis (Myers, et al., 1987. Meth.
Enzymol. 155: 501), single-strand conformational analysis (Hayashi, 1992.
Genet Anal Biomol E 9: 73), ligase-chain reaction (Barany. 1991. Proc Natl
Acad Sci 88: 189), isothermal amplification (Fahy et al. 1991. PCR Methods
Appl 1: 25), branched chain analysis (Urdea. 1993. Clin Chem 39: 725), and
signal amplification techniques such as Third Wave's linear amplification.
DNA sequence analysis may also be achieved by detecting alteration in
electrophoretic mobility of DNA fragments in gels with or without
denaturing agents. Samples containing sequence insertions can also be
visualized by high resolution gel electrophoresis or distinguished
according to 



differences in DNA sequence melting points. See, e.g., Myers et al.,
Science, 230: 1242 (1982). Methods for detecting presence of specific
sequences include detection techniques such as fluorescence-based detection
methods, immune-based assays such as RIA antibody staining such as Western
blot analysis or in situ hybridization, using appropriately labeled probe.
Sequences useful for constructing probes suitable for use in detecting
presence of a sequence of interest include any nucleic acid sequence having
at least about 80% or greater sequence identity or homology with the
sequence by a Blast search. "Percent (%) sequence identity" or "percent (%)
sequence homology" is defined as the percentage of nucleic acid residues in
a candidate sequence that are identical with the nucleic acid residues of
the sequence of interest, after aligning the sequences and introducing
gaps, if necessary to achieve maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence
identity. Methods for performing sequence alignment and determining
sequence identity are known in the art, may be performed without undue
experimentation, and calculations of % identity values may be obtained for
example, using available computer programs such as WU-BLAST-2 (Altschul ef
al., Methods in Enzymology 266:460-480 (1996). One may optionally perform
the alignment using set default parameters in the computer software program
(Blast search,MacVector and Vector NTI). Based upon the restriction map of
a particular locus, a banding pattern can be predicted when the Southern
blot is hybridized with a probe which recognizes the sequence ofinterest.
The level of stringency of hybridization used can vary depending upon the
level of sensitivity desired, a particular probe characteristic, such as
probe length and/or annealing temperature, or degree of homology between
probe sequence and sequence of interest. Therefore, considerations of
sensitivity and specificity will determine stringency of hybridization
required for a particular assay. "Stringency" of hybridization reactions is
readily determinable by one of ordinary skill in the art, and generally is
an empirical calculation dependent upon probe length, washing temperature,
and salt concentration. In general, longer probes require higher
temperatures for proper annealing, while shorter probes need lower
temperatures. Hybridization generally depends on the ability of denatured
DNA to re-anneal when complementary strands are present in an environment
below their melting temperatures. The higher the degree of desired homology
between the probe and hybridizable sequence, the higher the relative
temperature that can be used. For additional details 



and explanation of stringency of hybridization reactions, see Ausubel et
al. Current Protocols in Molecular Biology (Wiley lnterscience Publishers,
1995) or Protocols Online URL: www.protocol-online.net/molbio/index.htm).
DNA-DNA, DNA-RNA and RNA-RNA hybridisation may be performed in aqueous
solution containing between 0.1 X SSC and 6 X SSC and at temperatures of
between 55C and 700C. It is well known in the art that the higher the
temperature or the lower the SSC concentration the more stringent the
hybridisation conditions. By "high stringency", it means 2 X SSC and 65C. 1
X SSC is 0.1 5M NaCI/0.015M sodium citrate. Polynucleotides which hybridise
at high stringency are included within the scope of the claimed invention.
It is meant that the nucleic acid has sufficient nucleotide sequence
similarity with the said p53 binding motif within the third intron of the
PRKAG2 gene or its complement that it can hybridise under moderately or
highly stringent conditions. As is well known in the art, the stringency of
nucleic acid hybridization depends on factors such as length of nucleic
acid over which hybridisation occurs, degree of identity of the hybridizing
sequences and on factors such as temperature, ionic strength and CG or AT
content of the sequence. Thus, any nucleic acid which is capable of
hybridising as said is useful in the practice of the invention.Nucleic
acids which can selectively hybridise to the said p53 binding motif include
nucleic acids which have 50% sequence identity, preferably those with 60%,
more preferably those with 70% sequence identity, still more preferably
those with 80% sequence identity, still more preferably those with 90%
sequence identity, still more preferably those with 95% sequence identity,
over at least a portion of the nucleic acid with the said nucleic acid.
Typical moderately or highly stringent hybridisation conditions which lead
to selective hybridisation are known in the art, for example those
described in Molecular Cloning, a laboratory manual, 2nd edition, Sambrook
et al (eds), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
USA, incorporated herein by reference. An example of a typical
hybridisation solution when a nucleic acid is immobilised on a nylon
membrane and the probe nucleic acid is z 500 bases or base pairs is: 6 x
SSC (saline sodium citrate) 0.5% sodium dodecyl sulphate (SDS) 100 g/ml
denatured, fragmented salmon sperm DNA The hybridisation is performed at
68C. The nylon membrane, with the nucleic acid immobilised, may be washed
at 68C in 1 x SSC or, for high stringency, 0.1 x SSC. 



20 x SSC may be prepared in the following way. Dissolve 175.3 g of NaCI and
88.2 g of sodium citrate in 800 ml of H20. Adjust the pH to 7.0 with a few
drops of a 10 N solution of NaOH. Adjust the volume to 1 litre with H20.
Dispense into aliquots. Sterilize by autoclaving. Suitable conditions for
PCR amplification include amplification in a suitable 1 x amplification
buffer. 10 x amplification buffer is 500 mM KCI; 100 mM Tris. Cl (pH 8.3 at
room temperature); 15 mM MgCI2; 0. 1 % gelatin. A suitable denaturing agent
or procedure (such as heating to 95C) is used in order to separate the
strands of doublestranded DNA. Suitably, the annealing part of the
amplification is between 37C and 600C, preferably 5O0C. Although the
nucleic acid which is useful in the methods of the invention may be RNA or
DNA, DNA is preferred. Although the nucleic acid which is useful in the
methods of the invention may be double-stranded or single-stranded,
single-stranded nucleic acid is preferred under some circumstances such as
in nucleic acid amplification reactions.Single-stranded DNA primers,
suitable for use in a polymerase chain reaction, are particularly
preferred. The nucleic acid for use in the methods of the invention is a
nucleic acid which hybridises to p53 binding motiff. cDNAs derivable from
the p53 binding motiff are preferred nucleic acids for use in the methods
of the invention. Primers which are suitable for use in a polymerase chain
reaction (PCR; Saiki et al (1988) Science 239,487-491) are preferred.
Suitable PCR primers may have the following properties: It is well known
that the sequence at the 5'end of the oligonucleotide need not match the
target sequence to be amplified. It is usual that the PCR primers do not
contain any complementary structures with each other longer than 2 bases,
especially at their 3'ends, as this feature may promote the formation of an
artifactual product called "primer dimer". When the 3'ends of the two
primers hybridize, they form a "primed template" complex, and primer
extension results in a short duplex product called "primer dimer". Internal
secondary structure should be avoided in primers. For symmetric PCR, a 40-
60% G+C content is often recommended for both primers, with no long
stretches of any one base. The classical melting temperature calculations
used in conjunction with DNA probe hybridization studies often predict that
a given primer should anneal at a specific temperature or that the 72C
extension temperature will dissociate the primer/template hybrid
prematurely. In practice, the hybrids are more effective in the PCR process
than generally predicted by simple Tm calculations. 



Optimum annealing temperatures may be determined empirically and may be
higher than predicted. Taq DNA polymerase does have activity in the 37-55C
region, so primer extension will occur during the annealing step and the
hybrid will be stabilized. The concentrations of the primers are equal in
conventional (symmetric) PCR and, typically, within 0.1- to 1- .range. Any
of the nucleic acid amplification protocols can be used in the method of
the invention including the polymerase chain reaction, QB replicase and
ligase chain reaction. Also, NASBA (nucleic acid sequence based
amplification), also called 3SR, can be used as described in Compton (1991)
Nature 350,91-92 and AIDS (1993), VoI 7 (Suppl 2), S108 or SDA (strand
displacement amplification) can be used as described inWalker et al (1992)
Nucl. Acids Res. 20,1691-1696. The polymerase chain reaction is
particularly preferred because of its simplicity. When a pair of suitable
nucleic acids of the invention is used in a PCR it is convenient to detect
the product by gel electrophoresis and ethidium bromide staining. As an
alternative to detecting the product of DNA amplification using agarose gel
electrophoresis and ethidium bromide staining of the DNA, it is convenient
to use a labelled oligonucleotide capable of hybridising to the amplified
DNA as a probe. When the amplification is by a PCR the oligonucleotide
probe hybridises to the interprimer sequence as defined by the two primers.
The oligonucleotide probe is preferably between 10 and 50 nucleotides long,
more preferably between 15 and 30 nucleotides long. The probe may be
labelled with a radionuclide such as 32P, 33P and 35S using standard
techniques, or may be labelled with a fluorescent dye. When the
oligonucleotide probe is fluorescently labelled, the amplified DNA product
may be detected in solution (see for example Balaguer et al (1991)
"Quantification of DNA sequences obtained by polymerase chain reaction
using a bioluminescence adsorbent" Anal. Biochem. 195,105-1 10 and DiCesare
et al (1993) "A high-sensitivity electrochemiluminescence-based detection
system for automated PCR product quantitation "BioTechniques 15,152-157.
Amplification products can also be detected using a probe which may have a
fluorophore-quencher pair or may be attached to a solid support or may have
a biotin tag or they may be detected using a combination of a capture probe
and a detector probe. Fluorophore-quencher pairs are particularly suited to
quantitative measurements of PCR reactions (eg RT-PCR). Fluorescence
polarisation using a suitable probe may also be 



used to detect PCR products. In accordance with a second aspect of the
invention, there is provided an isolated nucleic acid molecule of between
25, 50 or 100 and 300 nucleotides or base pairs comprising the sequence 51
RRRCWWGYYYRRRCWWTYYY-S 1 or 5' RRRCWWGYYYRRRCWWGYYY-S" and capable of
hybridising to or having at least 50, 60, 70, 80, 90 or 95% identity with,
the region encompassing the p53 binding motif within the third intron of
the PRKAG2 gene or its complement that can be amplified from human genomic
DNA using the PCR primers 5'-TAGGAGACCTGGGGGACTTT-3 1
and51-CAGGCATCTCGAAGAGATCA-3 l. Preferably, the sequence of this region
fragment (226 bp) is: TAGGAGACCTGGGGGACTTT
catactctcaqctgatqccaqqqtgcccagtgagcaggqqaaaqqcttcc
tggccdggcggcaggatggggccagaatattcctgggcaggagcccccccaggtggcccatcctgcctgagcatg
tct gaacatgttcttaggtcaggactagagttcgagatttcagaaatgtcattctaacc
tTGATCTCTTCGAGATGCC I In accordance with a third aspect of the invention,
there is provided an isolated nucleic acid having the sequence
5-TAGGAGACCTGGGGGACTTT-3 1; 5'- CAGGCATCTCGAAGAGATCA-S 1;
S'-CCATCCTGCCTGAGCATGTCTGAAC; or CCGGCTTTGCCAGACAATTGG. In accordance with
a fourth aspect of the invention, there is provided a vector comprising a
nucleic acid according to the first, second and third aspects of the
invention. It would be understood by someone skilled in the art of
molecular biology that many vectors and packaging cell lines are available
for delivering the nucleic acids that could be used for treatment. Typical
prokaryotic vector plasmids are: pUC18, pUC19, pBR322 and pBR329 available
from Biorad Laboratories (Richmond, CA, USA); p7rc99A, pKK223-3, pKK233-3,
pDR540 and pRIT5 available from Pharmacia (Piscataway, NJ, USA); pBS
vectors, Phagescript vectors, Bluescript vectors, pNH8A, pNH16A, pNH18A,
pNH46A available from Stratagene Cloning Systems (La JoIIa, CA 92037, USA).
A typical mammalian cell vector plasmid is pSVL available from Pharmacia
(Piscataway, NJ, USA). This vector uses the SV40 late promoter to drive
expression of cloned genes, the highest level of expression being found in
T antigen-producing cells, such as COS-1 cells. An example of an inducible
mammalian expression vector is pMSG, also available from Pharmacia
(Piscataway, NJ, USA). This vector uses the glucocorticoid-inducible 



promoter of the mouse mammary tumour virus long terminal repeat to drive
expression of the cloned gene. Useful yeast plasmid vectors are pRS403-406
and pRS413-416 and are generally available from Stratagene Cloning Systems
(La JoIIa, CA 92037, USA). Plasmids pRS403,pRS404, pRS405 and pRS406 are
Yeast Integrating plasmids (Yips) and incorporate the yeast selectable
markers HIS3, TRP1, LEU2 and URA3. Plasmids pRS413-416 are Yeast Centromere
plasmids (YCps). Methods well known to those skilled in the art can be used
to construct expression vectors containing the coding sequence and, for
example appropriate transcriptional or translational controls. One such
method involves ligation via homopolymer tails. Homopolymer polydA (or
polydC) tails are added to exposed 3' OH groups on the DIMA fragment to be
cloned by terminal deoxynucleotidyl transferases. The fragment is then
capable of annealing to the polydT (or polydG) tails added to the ends of a
linearised plasmid vector. Gaps left following annealing can be filled by
DNA polymerase and the free ends joined by DNA ligase. Another method
involves ligation via cohesive ends. Compatible cohesive ends can be
generated on the DNA fragment and vector by the action of suitable
restriction enzymes. These ends will rapidly anneal through complementary
base pairing and remaining nicks can be closed by the action of DNA ligase.
A further method uses synthetic molecules called linkers and adaptors. DNA
fragments with blunt ends are generated by bacteriophage T4 DNA polymerase
or E.coli DNA polymerase I which remove protruding 3' termini and fill in
recessed 3' ends. Synthetic linkers, pieces of blunt-ended double-stranded
DNA which contain recognition sequences for defined restriction enzymes,
can be ligated to blunt-ended DNA fragments by T4 DNA ligase. They are
subsequently digested with appropriate restriction enzymes to create
cohesive ends and ligated to an expression vector with compatible termini.
Adaptors are also chemically synthesised DNA fragments which contain one
blunt end used for ligation but which also possess one preformed cohesive
end. Synthetic linkers containing a variety of restriction endonuclease
sites are commercially available from a number of sources including
International Biotechnologies Inc. New Haven, CN, USA. A desirable way to
modify the DNA encoding the polypeptide of the invention is to use the
polymerase chain reaction as disclosed by Saiki et al (1988) Science 239,
487-491. In this method the DNA to be enzymatically amplified is flanked by
two specific oligonucleotide 



primers which themselves become incorporated into the amplified DNA. The
said specificprimers may contain restriction endonuclease recognition sites
which can be used for cloning into expression vectors using methods known
in the art In accordance with a fifth aspect of the invention, there is
provided a molecule comprising a nucleic acid molecule according to the
first, second, third and fourth aspects of the invention, and a detectable
moiety. For example, they may be labelled in such a way that they may be
directly or indirectly detected. Preferably, the detectable moiety is a
fluorophore or a radioisotope. Conveniently, the polynucleotides are
labelled with a radioactive moiety or a coloured moiety or a fluorescent
moiety or some other suitable detectable moiety such as digoxygenin and
luminescent or chemiluminescent moieties. The polynucleotides may be linked
to an enzyme, or they may be linked to biotin (or streptavidin) and
detected in a similar way as described for antibodies of the invention.
Also preferably the polynucleotides of the invention may be bound to a
solid support (including arrays, beads, magnetic beads, sample containers
and the like). The nucleic acids of the invention may also incorporate a
"tag" nucleotide sequence which tag sequence can subsequently be recognised
by a further nucleic acid probe. Suitable labels or tags may also be used
for the selective capture of the hybridised (or non-hybridised)
polynucleotide using methods well known in the art. Preferably, the nucleic
acid may be used in diagnosis. In accordance with a sixth aspect of the
invention, there is provided a method for aiding assessment of a patient's
risk of developing cancer, or likely severity or likelihood of progression
of cancer, or aiding in selection of a cancer treatment regime for the
patient, or aiding in assessment of a cancer treatment regime, the method
comprising determining the patient's genotype for a p53 binding motif
within the PRKAG2 gene. Preferably, the p53 binding motif is within the
third intron of the PRKAG2 gene. Preferably, the method comprises
determining the presence or absence of a single nucleotide polymorphism
relative to the wild-type p53 binding motif within the third intron of the
PRKAG2 gene.Preferably, the wild-type p53 binding motif within the third
intron of the PRKAG2 gene comprises the sequence d'-RRRCWWGYYYRRRCWWGYYY-S'
and can be amplified from human genomic DNA using the PCR primers
5'-TAGGAGACCTGGGGGACTTT-3 1 and 5-CAGGCATCTCGAAGAGATCA-3 1. Preferably, the
single nucleotide polymorphism is the substitution of the G residue marked
with a * within the sequence 51 RRRCWWGYYYRRRCWWG*YYY-3\ for 



example by a T residue. Preferably, the single nucleotide polymorphism is
at locus rs1 860746 of the dbSNP public database. Preferably, sequencing,
primer extension, allele-specific PCR or TaqMan assay is used in
determining the patient's genotype for a p53 binding motif within the
PRKAG2 gene. In accordance with a seventh aspect of the invention, there is
provided a method for aiding assessment of a patient's risk of developing
cancer, or likely severity or likelihood of progression of cancer, or
aiding in selection of a cancer treatment regime for the patient, or aiding
in assessment of a cancer treatment regime, the method comprising
determining the patient's AMPK protein levels, phosphorylation levels,
catalytic activity or mRNA levels. It will be appreciated that detecting
the presence of a decreased level of AMPK protein levels in a cell compared
to the level present in a normal (non-cancerous) cell may aid in the
assessment of a patient's risk of developing cancer. The RNA levels of AMPK
may be determined by using specific oligonucleotide primers and a nucleic
acid amplification technique such as the polymerase chain reaction (PCR).
Oligonucleotide primers can be synthesised using methods well known in the
art, for example using solid-phase phosphoramidite chemistry. Preferably,
the oligonucleotide primers are at least 20 nucleotides in length, more
preferably at least 25 nucleotides in length and still more preferably at
least 29 nucleotides in length. Suitable conditions for PCR amplification
include amplification in a suitable 1 x amplification buffer. 10 x
amplification buffer is 500 mM KCI; 100 mM Tris. Cl (pH 8.3 atroom
temperature); 15 mM MgCI2; 0. 1 % gelatin, single-stranded DNA primers,
suitable for use in a polymerase chain reaction, are particularly
preferred. It will be appreciated that AMPK mRNA may be identified by
reverse- transcriptase polymerase chain reaction (RT-PCR) using methods
well known in the art. Other methods of detecting mRNA levels are included.
Methods for determining the relative amount of AMPK mRNA include: in situ
hybridisation (In Situ Hybridization Protocols. Methods in Molecular
Biology Volume 33. Edited by K H A Choo. 1994, Humana Press lnc (Totowa,
NJ, USA) pp 48Op and In Situ Hybridization: A Practical Approach. Edited by
D G Wilkinson. 1992, Oxford University Press, Oxford, pp 163), in situ
amplification, northerns, nuclease protection, probe arrays, and
amplification based systems; The mRNA may be amplified prior to or during
detection and quantitation. 'Real time' amplification methods wherein the
product is 



measured for each amplification cycle may be particularly useful (eg Real
time PCR Hid et al (1996) Genome Research 6,986-994, Gibson et al (1996)
Genome Research 6,995-1001; Real time NASBA Oehlenschlager et al (1996 Nov
12) PNAS (USA) 93 (23), 1281 1-6. Primers should be designed to
preferentially amplify from an mRNA template rather than from the DNA, or
be designed to create a product where the mRNA or DNA template origin can
be distinguished by size or by probing. NASBA may be particularly useful as
the process can be arranged such that only RNA is recognised as an initial
substrate. Detecting mRNA includes detecting mRNA in any context, or
detecting that there are cells present which contain mRNA (for example, by
in situ hybridisation, or in samples obtained from lysed cells). It is
useful to detect the presence of mRNA or that certain cells are present
(either generally or in a specific location) which can be detected by
virtue of their expression of AMPK mRNA. As noted, the presence versus
absence of AMPK mRNA may be a useful marker, or low levels versus high
levels of AMPK mRNA may be a useful marker, or specific quantified levels
may be associated with a specific disease state. It will be appreciated
that similar possibilities exist in relation to using the AMPK polypeptide
as a marker. Alternatively, the method further comprises determining the
protein levels of AMPK in the sample.The methods of the invention also
include the measurement and detection of the AMPK polypeptide in test
samples and their comparison in a reference sample. The sample containing
RNA and/or protein derived from the patient is conveniently a sample of the
tissue in which cancer is suspected or in which cancer may be or has been
found. These methods may be used for any cancer, but they are particularly
suitable in respect of breast or endometrial cancers. The sample may also
be blood, serum or lymph nodes which may be particularly useful in
determining whether a cancer has spread. Alternatively, the sample may be
tissue sample obtained surgically from a patient. The methods of the
invention involving detection of the AMPK polypeptide are particularly
useful in relation to historical samples such as those containing
paraffinembedded sections of tumour samples. The amount of the AMPK
polypeptide may be determined in any suitable way. It is preferred if the
amount of the AMPK polypeptide is determined using a molecule which
selectively binds to AMPK polypeptide. Suitably, the molecule which
selectively 



binds to AMPK may be an antibody. The antibody may also bind to a natural
variant or fragment of AMPK polypeptide. By "variants" of the polypeptide
we include insertions, deletions and substitutions, either conservative or
non-conservative, where such changes do not substantially alter the
activity of the said AMPK. Variants and variations of the polynucleotide
and polypeptide include natural variants, including allelic variants and
naturally-occurring mutant forms. By "fragment of AMPK " , we include any
fragment which retains activity or which is useful in some other way, for
example, for use in raising antibodies or in a binding assay. The
antibodies for use in the methods of the in invention may be monoclonal or
polyclonal.The protein levels of AMPK may be determined using any suitable
protein quantitation method. In particular, it is preferred if antibodies
are used and that the amount of AMPK is determined using methods which
include quantititative western blotting, enzymelinked immunosorbent assays
(ELISA) or quantitative immunohistochemistry. In a preferred embodiment of
the invention, antibodies will immunoprecipitate AMPK proteins from
solution as well as react with AMPK protein on western or immunoblots of
polyacrylamide gels. In another preferred embodiment, antibodies will
detect AMPK proteins in paraffin or frozen tissue sections, using
immunocytochemical techniques. Preferred embodiments relating to methods
for detecting AMPK include enzyme linked immunosorbent assays (ELISA),
radioimmunoassay (RIA), immunoradiometric assays (IRMA) and immunoenzymatic
assays (IEMA), including sandwich assays using monoclonal and/or polyclonal
antibodies. Exemplary sandwich assays are described by David et al in US
Patent Nos. 4,376,1 10 and 4,486,530, hereby incorporated by reference.
Methods for detection also include immuno-fluoresence. Automated and
semiautomated image analysis systems may be of use. Several formats for
quantitative immunoassays are known. Such systems may incorporate: more
than one antibody which binds the antigen; labelled or unlabelled antigen
(in addition to any contained in the sample); and a variety of detection
systems including radioisotope, colourimetric, fluorimetric,
chemiluminescent, and enhanced chemiluminescent; enzyme catalysis may or
may not be involved. Immunoassays may be homogenous systems, where no
separation of bound and unbound reagents takes place, or heterogeneous
systems 



involving a separation step. Such assays are commonly referred to as eg
enzyme-linked luminescent immunoassays (ELLIA), fluorescence enzyme
immunoassay (FEIA), fluorescence immunoassay (FIA), enzyme immunoassay
(EIA), luminescent immunoassay (LIA), latex photometrix immunoassay (LPIA).
Methods of cultivating the biological sample (e.g. sample cells) and
isolating proteins are well known in the art. Cells can be harvested and
lysed and the presence of theprotein in the supernatant can be detected
using antibodies. Such antibodies are useful in cancer diagnosis. Suitably,
the antibodies of the invention are detectably labelled, for example they
may be labelled in such a way that they may be directly or indirectly
detected. Conveniently, the antibodies may be labelled with a radioactive
moiety or a coloured moiety or a fluorescent moiety, or they may be linked
to an enzyme. Typically, the enzyme is one which can convert a non-coloured
(or non-fluorescent) substrate to a coloured (or fluorescent) product. The
antibody may be labelled by biotin (or streptavidin) and then detected
indirectly using streptavidin (or biotin) which has been labelled with a
radioactive moiety or a coloured moiety or a fluorescent moiety, or the
like or they may be linked to an enzyme of the type described above. As
mentioned previously, preferably the cancer is breast cancer or endometrial
cancer. In accordance with an ninth aspect of the invention, there is
provided a kit for aiding assessment of a patient's risk of developing
cancer, or likely severity or likelihood of progression of cancer, or
aiding in selection of a cancer treatment regime for the patient, or aiding
in assessment of a cancer treatment regime, the kit comprising a nucleic
acid molecule according to the first, second, third and fourth aspects of
the invention or molecule according to the fifth aspect of the invention
and a package insert containing instructions using the kit. In accordance
with a tenth aspect of the invention, there is provided the use of cells of
a lymphoblastoid cell line for studying p53 signalling or in performing a
screen for identifying modulators of p53 signalling. By "modulators", it is
meant to refer to any moiety that modulates the activation, inhibition,
delay, repression or interference of one or more of; the activity of p53
signalling. In accordance with a eleventh aspect of the invention, there is
provided a method for studying p53 signalling or for performing a screen
for identifying modulators of p53 signalling comprising the step of
assessing cells of a lymphoblastoid cell line. 



The invention will now be described with reference to the following none
limiting figures and examples.All references herein mentioned are hereby
incorporated by reference. Figure 1 Figure 1. The results from ChIP and
real-time PCR analyses, showing that the wild-type allele (G) is associated
with stronger p53 binding activity than the mutant allele (T) in LCLs. A:
the differential enrichment of the binding site sequence at the baseline
and after 5FU treatment in the cell lines carrying either only wild-type
allele (G/G) (two cell lines), or mutant (JfT) allele (three cell lines),
or both alleles (GfT) (three cell lines). B: the enrichment of the
wild-type G allele over the mutant T allele in the ChIP pull-down DNAs from
the three heterozygous cell lines (GfT) after 5FU treatment for 8 and 32
hours. Figure 2. The results of the real-time gene expression analysis,
showing the downregulation of PRKAG2 expression after 5FU treatment in 13
cell lines carrying either only wild-type allele (G/G) (five cell lines),
or mutant (JfT) allele (three cell lines), or both alleles (GfT) (five cell
lines). Figure 3. Functional analysis of the binding site sequence (226 bp
fragment) and its polymorphism (rs1 84672) by reporter gene assay in
wild-type and p53-null HCT1 16 cells with or without 5FU treatment.
Control: TATA-luciferase pGL4 vector; G_TATA: TATA-luciferase pGL4 vector
with a insert of the 226 bp binding site sequence of G allele; T_TATA:
TATA-luciferase pGL4 vector with a insert of the 226 bp binding site
sequence of T allele. Figure 4. The results from the western blot analysis,
showing the differential downregulation effect of p53 activation by 5FU on
AMPK protein complex (AMPKO, total andphosphorylated- AMPKO proteins) in
cells carrying either wild-type (G/G) or mutant (TTT) binding motif. Figure
5. The results from the ChIP and real-time PCR analysis, showing the
significant enrichment of the p53 binding motif sequence of the p21
promoter in the ChIP pull-down DNA from lymphoblastoid cells without or
with 5FU treatment for 6 or 10 hrs. Figure 6. The results from ChIP and
real-time PCR analyses from two cell lines carrying either wild-type (G) or
mutant allele (T), showing that the wild-type allele (G) is associated with
stronger p53 binding activity than the mutant allele (T) at the baseline
(cont) as well as after 5FU treatment for 6 and 10 hrsTable 1. The results
of the association analysis in various sample sets under a recessive model
of inheritance Sample Set Sample Size Genotype Freq (%) OR (95% CI) P value
GG or GT TT 



Finnish_breast cases 2244 96.03 3.97 1.26 (0.85, 1.88) 0.24 controls 1256
96.82 3.18 Swedish_breast cases 1297 96.14 3.86 1.45 (0.93, 2.27) 0.08
controls 1484 97.3 2.7 Swedish_endo cases 579 96.03 3.97 1.47 (0.83, 2.52)
0.14 controls 1533 97.26 2.74 Combined_breast cases 3541 96.07 3.93 1.34
(1.01, 1.77) 0.04 controls 2740 97.08 2.92 Combined_whole cases 4 113 96.06
3.94 1.36 (1.04, 1.78) 0.02 2938 97.11 2.89 controlsSubgroup Analysis in
Breast Cancer * ER Status ER+ 2492 96.27 3.73 1.26 (0.92, 1.72) 0.15 ER-
588 95.58 4.42 1.48 (0.93, 2.35) 0.10 Menopause Post 2447 96.24 3.76 1.30
(0.96, 1.76) 0.10 Pre 502 94.82 5.18 1.66 (1.00, 2.75) 0.05 Family History
sporadic 2359 96.3 1 3.69 1.25 (0.92, 1.70) 0.16 familial 1098 95.72 4.28
1.48 (1.01, 2.17) 0.04 * All the ORs and p values were calculated by
comparing to the combined breast cancer control. Sample Set Sample Size
Genotypes Frequency (%) OR (95 Cl) P value GG or GT TT Finnish_breast cases
2244 96.03 3.97 1.26 (0.85, 1.88) 0.24 controls 1256 96.82 3.18
Swedish_breast cases 1297 96.14 3.86 1.45 (0.93, 2.27) 0.08 controls 1484
97.30 2.70 Swedish_endometrial cases 579 96.03 3.97 1.47 (0.83, 2.52) 0.14
controls 1533 97.26 2.74 Combined_breast cases 3541 96.07 3.93 1.34 (1.01,
1.77) 0.04 controls 2740 97.08 2.92 Combined whole cases 4 113 96.06 3.94
1.36 (1.04. 1.78) 0.02A LIGHT DETECTION ARRANGEMENT AND A METHOD FOR
DETECTING LIGHT IN A LIGHT DETECTION ARRANGEMENT Technical Field [0001]
Embodiments relate to a light detection arrangement and a method for
detecting light in a light detection arrangement. 



Background [0002] Semiconductor devices, such as integrated circuit chips,
may be electronically connected to leads on a lead frame by a process
known1as wire bonding. The wire bonding process involves adopting a wire to
connect pads residing on a chip or die to a lead in a lead frame. Once the
chip and lead frame have been wire bonded, the chip and lead frame may be
further packaged in ceramic or plastic to form an integrated circuit
device. [0003] . In many cases, an inspection of the quality of the wire
bond may be performed manually by a human operator using a microscope.
However, this manual method may be time consuming and costly. Having said
that, it may be desired to perform an automatic wire bond inspection.
However, a number of challenges may need to be addressed for the automatic
wire bond inspection. For example, due to a relatively high specularity of
the wires on the lead frame, illumination may need to be designed so as to
minimize the specularity on the respective surfaces of the wires and the
lead frame to ensure a relatively accurate measurement. At the same time,
good contrasts on otherrespective surfaces such as die surface and bond
surface shall also be desired so as to be able to carry out two-dimensional
(2D) measurements. [0004] While there may not be any standard illumination
systems available in the market for stereo vision system, some examples of
the state of the art illumination systems adopted may include a co-axial
light, a dome light, a ring light, a combination of the dome light and the
co-axial light or other combinations thereof. [0005] Having said that,
there may be some issues faced when adopting the state of the art
illumination systems. These issues may include a relatively low contrast
between the chip and the wire bond, a difficulty in extracting an object
information for a threedimensional (3D) calculation and a limited intensity
tuning range of some of the illumination systems. [0006] Therefore, there
is a need for an alternative illumination system which may be able to
provide a uniform illumination for the object surface to be inspected while
at the same time enhance the contrast between the die surface andithe wire
bond. Summary [0007] hi various embodiments, a light detection arrangement
may be provided. The light detection arrangement may include a body
structure configured to provide light, the body structure including a first
light-transmissive portion and a second light-transmissive portion disposed
at a distance from the .first light-transmissive portion; an object 



receiving region arranged such that light provided by the body structure
may be illuminating at least a portion of the object receiving region; a
first camera having a first main optical axis; a second camera having a
second main optical axis; wherein the bodystructure may be arranged between
the first camera and the second camera on its one side and the object
receiving region on its other side; wherein the first camera may be
arranged such that its first main optical axis may be directed to the
object receiving region via the first light-transmissive portion; wherein
the second camera may be arranged such that its second main optical axis
may be directed to the object receiving region via the second
light-transmissive portion; an arrangement configured to provide light
reflected from the object receiving region such that a first reflected
light portion may be provided as a first co-axial light portion aligned to
the first main optical axis, and i such that a second reflected light
portion may be provided as a second co-axial light portion aligned to the
second main optical axis. [0008] i various embodiments, a method for
detecting light in a light detection arrangement may be provided. The light
detection arrangement may include a body structure configured to provide
light, the body structure including a first lighttransmissive portion and a
second light-transmissive portion disposed at a distance from the first
light-transmissive portion; an object receiving region arranged such that
light provided by the body structure may be illuminating at least a portion
of the object receiving region; a first camera having a first main optical
axis; a second camera having a second main optical axis; wherein the body
structure may be arranged between the first camera and the second camera on
its one side and the object receiving region on its other side; wherein the
first camera may be arranged such that its first main optical axis may be
directed to the object receiving region via the first light-transmissive
portion; wherein the second camera may be arranged such that its second
main optical axis may be directed to the object receiving region via the
second light-transmissive portion; the method mayinclude providing light
reflected from the object receiving region such that a first reflected
light portion may be provided as a first co-axial light portion aligned to
the first main optical axis, and such that a second reflected light portion
may be provided as a second co-axial light portion aligned to the second
main optical axis. Brief Description of the Drawings [0009] In the
drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of
various embodiments. 



In the following description, various embodiments of the invention are
described with reference to the following drawings, in which: FIG. IA shows
a front view of a light detection arrangement, the light detection
arrangement including a first light source, a second light source, a first
beam splitter and a second beam splitter according to an embodiment; FIG.
IB shows a front view of a light detection system, the light detection
system including the light detection arrangement of FIG. IA according to an
embodiment; FIG. 2A shows a front view of a light detection arrangement,
the light detection arrangement including a body structure with a cutout
portion according to an embodiment; FIG. 2B shows a top view of the body
structure with the cutout portion of FIG. 2A according to an embodimentFIG.
3 shows a perspective view of a prototype of the light detection
arrangement of FIG. 2A according to an embodiment; FIG. 4A shows a left
image obtained with the prototype of the light detection arrangement of
FIG. 3 according to an embodiment; FIG. 4B shows a right image obtained
with the prototype of the light detection arrangement of FIG. 3 according
to an embodiment; FIG. 5A shows a front view of a light detection
arrangement, the light detection arrangement including a beam splitter
arrangement arranged on the same side of a body structure as an object
receiving region according to an embodiment; FIG. 5B shows a side view of.
the light detection arrangement of FIG. 5A according to an embodiment; FIG.
6 shows a perspective view of a prototype of a light detection arrangement
of FIG. 5A according to an embodiment; FIG. 7A shows a left image obtained
with the prototype of the light detection arrangement of FIG. 5A according
to an embodiment; FIG. 7B shows a right image obtained with the prototype
of the light detection arrangement of FIG. 5A according to an embodiment;
FIG 8A shows a front yiew of .a light detection arrangement, the light
detection arrangement including a bar shaped light source according to an
embodiment; FIG. 8B shows a side view of the light detection arrangement of
FIG. 8A according to an embodiment; 



FIG. 9A shows a front view of a light detection arrangement, the light
detection arrangement including an arc shaped light source 'according to an
embodiment;FIG. 9B shows a top view of the arc shape light source of FIG.
9A according to an embodiment; FIG. 1OA shows a front view of a light
detection arrangement, the light detection arrangement including a blue
color dichroic mirror and a red color dichroic mirror according to an
embodiment; . FIG. IOB shows a top view of. the light detection arrangement
of FIG. 1OA according to an embodiment; and FIG. 11 shows a flow-chart of a
method for detecting light in a light detection arrangement according to an
embodiment. Description [0010] . . The following detailed description
refers to the accompanying drawings that show, by way of illustration,
specific details and embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be
utilized and structural, logical, and electrical changes may be made
without departing from the scope of the invention. The various embodiments
are not necessarily mutually exclusive, as some embodiments can be combined
with one or more other embodiments to form new embodiments. [0011] The word
"exemplary" is used herein to mean "serving as an example, instance, or
illustration". Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other
embodiments or designs.[0012] An embodiment may provide a light detection
arrangement. The light detection arrangement may include a body structure
configured to provide light, the body structure including a first
light-transmissive portion and a second light-transmissive portion disposed
at a distance from the first light-transmissive portion; an object
receiving region arranged such that light provided by the body structure
may be. illuminating at least a portion of the object receiving region; a
first camera having a first main optical axis; a second camera having a
.second main optical axis; wherein the body structure may be arranged
between the first camera and the second camera on its one side and the
object receiving region on its other side; wherein the first camera may be
arranged such that its first main optical axis may be directed to the
object receiving region via the first light-transmissive portion; wherein
the second camera may be 



arranged such that its second main optical axis may be directed to the
object receiving region via the second light-transmissive portion; an
arrangement configured to provide light reflected from the object receiving
region such that a first reflected light portion may be provided as a first
co-axial light portion aligned to the first main optical axis, and such
that a second reflected light portion may be provided as a second co-axial
light portion aligned to the second main optical axis. The distance between
the first lighttransmissive portion and the second light-transmissive
portion may vary according to design and user requirements. [0013] In an
embodiment, each of the first light-transmissive portion and the second
light-transmissive portion may be configured to at least allow some light
to pass through. For example, each of the first light-transmissive portion
and the second light-transmissiveportion may be translucent. Alternatively,
each of the first light-transmissive portion and the second
light-transmissive portion may be configured to be transparent. For
example, the first light-transmissive portion and the second
light-transmissive portion may be formed as two separate openings or as a
single opening. [0014] In an embodiment, the body structure may have a dome
shape. The dome shape may include a radius of between about 40 mm to about
45 mm, for example. The dome shape may be sized so as to accommodate the
object to be arranged in the object receiving region and at least one body
structure illuminating light source. The body structure may include a dome
light, for example. The body structure may also include any other light
source as long as the light source may provide uniform illumination on the
object receiving region. [0015] In an embodiment, the light detection
arrangement may further include a structure having the first
light-transmissive portion and the second light-transmissive portion,
wherein the body structure has a cutout portion and the structure is
arranged in the cutout portion. The structure may be made of a material
which may not allow the through passage of light. For example, the
structure may include a rectangular plate or a diffused white plastic
sheet. [0016] In an embodiment, at least a portion of an inner surface of
the body structure facing the object receiving region may have a reflective
surface. [0017] In an embodiment, at least a portion of an inner surface of
the body structure facing the object receiving region may be configured to
generate light.[0018] In an embodiment, the at least a portion of an inner
surface of the body structure facing the object receiving region may
include a light generating coating and/or a plurality of organic light
emitting diodes. 



[0019] In an embodiment, the light detection arrangement may further
include at least one body structure illuminating light source arranged to
illuminate at least a portion of an inner surface of the body structure.
The at least one body structure illuminating light source may be positioned
within the body structure or positioned outside of the body structure.
[0020] In an embodiment, the at least one body structure illuminating light
source may include a plurality of lamps. [0021] In an embodiment, the
plurality of lamps may include a light emitting diode array. [0022] In an
embodiment, the plurality of .lamps may include a diffuser or a diffuse
light source. [0023] In an embodiment, the arrangement may include a light
arrangement. [0024] In an embodiment, the light arrangement may include a
first light source and a second light source. The first light source may be
arranged to direct light through the first light-transmissive portion to
the object receiving region and/or the second light source may be arranged
to direct light through the second light-transmissive portion to the object
receiving region. [0025] In an embodiment, the first light source and the
second light source may be arranged such that a light axis of the light
emitted by the first light source may be substantially parallel with the
first main optical axis and that a light axis of the lightemitted by the
second light source may be substantially parallel with the second main
optical axis. [0026] In an embodiment, the first light source and/or the
second light source may include a plurality of lamps. [0027] In an
embodiment, the plurality of lamps may include a light emitting diode
array. [0028] In an embodiment, the first light source and/or the second
light source may be a disperse light beam or a focused light beam. [0029]
In an embodiment, the light arrangement may include a light source being
selected from a group of light sources consisting of an arc shaped light
source, a bar shaped light source, and a diffuser. [0030] In an embodiment,
the arrangement may include a beam splitter arrangement. [0031] In an
embodiment, the beam splitter arrangement may be arranged on the same side
of the body structure as the first camera and the second camera. 



[0032] In an embodiment, the beam splitter arrangement may include a first
beam splitter and a second beam splitter. [0033] In an embodiment, the
arrangement may include a light arrangement, the light arrangement
including a first light source and a second light source; wherein the first
beam splitter may be arranged relative to the first light source and the
first camera such that the first beam splitter may be configured to receive
the light provided by the first light source and to re-direct the light to
the object .receiving region via the first lighttransmissive portion,
thereby generating the second reflected light portion; and wherein the
second beam splitter may be arranged relative to the' second light source
and thesecond camera such that the second beam splitter may be configured
to receive the light provided by the second light source and to re-direct
the light to the object receiving region via the second light-transmissive
portion, thereby generating the first reflected light portion. [0034] In an
embodiment, the arrangement may include a light arrangement; and wherein
the beam splitter arrangement may be arranged relative to the light
arrangement and both the first camera and the second camera such that the
beam splitter arrangement may be configured to receive the light provided
by the light arrangement and to re-direct the light to the object receiving
region via the respective first light-transmissive portion and the second
light-transmissive portion to generate the second reflected light portion
and the first reflected light portion from the received light. [0035] In an
embodiment, the beam splitter arrangement may be arranged on the same side
of the body structure as the object receiving region. [0036] In an
embodiment, the beam splitter arrangement may be configured to receive the
light provided by the inner surface of the body structure, and to generate
the first reflected light portion and the second reflected light portion
from the received light. [0037] . In an embodiment, the beam splitter
arrangement may include a single beam splitter configured such that the
first reflected light portion may be provided as the first co-axial light
portion aligned to the first main optical axis and such that the second
reflected light portion may be provided as the second co-axial light
portion aligned to the second main optical axis. [0038] In an embodiment,
the first camera and the second camera may be arranged along a common
camera plane.[0039] In an embodiment, the single beam splitter may be
arranged at a substantially 45 degree angle with respect to the common
camera plane. [0040] In an embodiment, the arrangement may include a first
dichroic mirror of a 



first wavelength arranged in a light path along the first main optical axis
and a second dichroic mirror of a second wavelength arranged in a light
path along the second main optical axis. [0041] hi an embodiment, the first
dichroic mirror may be arranged in the first lighttransmissive portion or
on the one side of the body structure overlapping the first
lighttransmissive portion and wherein the second dichroic mirror may be
arranged in the second light-transmissive portion or on the one side of the
body structure overlapping the second light-transmissive portion. [0042] In
an embodiment, the first dichroic mirror may be a blue color dichroic
mirror and the second dichroic mirror may be a red color dichroic mirror;
or wherein the second dichroic mirror may be a blue color dichroic mirror
and the first dichroic mirror may be a red color dichroic mirror. [0043] hi
an embodiment, the light detection arrangement may further include a light
separating structure. The light separating structure may include a opaque
material for example a black paper so as to prevent the light from the
first light source from interfering with the light from the second light
source. [0044] E an embodiment, the light separating structure may be
arranged between the first light source and the second light source, or
between the beam splitter arrangement and the at least one body structure
illuminating light source.[0045] In an embodiment, the light detection
arrangement may further include an object arranged in the object receiving
region. [0046] In an embodiment, the object may be a die or a chip. [0047]
In an embodiment, the die may include a plurality of bonding structures.
The plurality of bonding structures may- include a plurality of bond pads
and a plurality of wire bonds. Each of the plurality of bond wire may be
configured to connect each of the plurality of bond pads to the die. [0048]
In an embodiment, the first camera and the second camera may be arranged in
a manner such that the first main optical axis and the second main optical
axis may be axial symmetric with respect to a symmetry axis being
perpendicular to a plane defined by the object receiving region. [0049] hi
an embodiment, each of the first camera and the second camera may be
arranged at a same camera angle (a) with respect to the symmetry axis.
Further, each of the first beam splitter and the second beam splitter may
be arranged at a same beam splitter angle (b) with respect to the symmetry
axis. The difference between the beam 



splitter angle and the camera angle is about 45. Correspondingly, the first
beam splitter and the second beam splitter may be arranged at a combined
beam splitter angle of 90 + [0050] In an embodiment, the arrangement
configured to provide light reflected from the object receiving region may
compensate for the light provided by the body structure and escaping
through the first light-transmissiye portion and the second
lighttransmissive portion.[0051] . An embodiment may provide a method for
detecting light in a light detection arrangement, the light detection
arrangement may include a body structure configured to provide light, the
body structure including a first light-transmissive portion and a second
light-transmissive portion disposed at a distance from the first
light-transmissive portion; an object receiving region arranged such that
light provided by the body structure may be illuminating at least a portion
of the object receiving region; a first camera having a first main optical
axis; a second camera having a second main optical axis; wherein the body
structure may be arranged between the first camera and the second camera on
its one side and the object receiving region on its other side; wherein the
first camera may be arranged such that its first main optical axis may be
directed to the object receiving region; wherein the second camera may be
arranged such that its second main optical axis may be directed to the
object receiving region; the method may include providing light reflected
from the object receiving region such that a first reflected light portion
may be provided as a first co-axial light portion aligned to the first main
optical axis, and such that a second reflected light portion may be
provided as a second co-axial light portion aligned to the second main
optical axis. [0052] hi an embodiment, when light from the first light
source may be incident on the first beam splitter, light may be re-directed
in two directions. The light separating structure may serve to absorb light
in one direction and the light in the other direction may be reflected off
the object arranged in the object receiving region. The second camera may
be positioned to receive this reflected. light. Similarly, for light from
the second light source, the arrangement may be such that the light
originating from the second light source may be either essentially absorbed
by the light separating structureand/or be reflected off the object
arranged in the object receiving region and thereafter being sensed by the
first camera. [0053] FIG. IA shows a front view of a light detection
arrangement 102, the light detection arrangement 102 including a first
light source 104, a second light source 106, a first beam splitter 108 and
a second beam splitter 110 according to an embodiment. [0054] The light
detection arrangement 102 may include a body structure 112 



configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114. The
distance between the first light-transmissive portion 114 and the second
light-transmissive portion 116 may vary according to design and user
requirements. The light detection arrangement 102 may further include an r
object receiving region 118 arranged such that light provided by the body
structure 112 may be illuminating at least a portion of the object
receiving region 118. [0055] The light detection arrangement 102 may
further include a first camera 120 having a first main optical axis 122 and
a second camera 124 having a second main optical axis 126. The body
structure 112 may be arranged between the first camera 120 and the second
camera 124 on its one side and the object receiving region 118 on its other
side. [0056] The first camera 120 may be arranged such that its first main
optical axis 122 may be directed to the object receiving, region 118 via
the first light-transmissive portion 114 and the second camera 124 may be
arranged such that its second main optical axis 126 may be directed to the
object receiving region 118 via the second light-transmissive portion
116.[0057] The light detection arrangement 102 may further include an
arrangement 128 configured to provide light reflected from the object
receiving region 118 such that a first reflected light portion 130 may be
provided as a first co-axial light portion 132 aligned to the first main
optical axis 122, and such that a second reflected light portion 134 may be
provided as a second co-axial light portion 136 aligned to the second main
optical axis 126. The arrangement 128 may help to generate a good
illumination contrast between the die and the bond wire on an image
captured by the second camera 124. [0058] Each of the first
light-transmissive portion 114 and the second lighttransmissive portion 116
may be configured to at least allow some light to pass through or be
translucent. Alternatively, each of the first light-transmissive portion
114 and the second light-transmissive portion 116 may be configured to be
transparent. For example, the first light-transmissive portion 114 and the
second light-transmissive portion 116 may be formed as two separate
openings or as a single opening. [0059] In FIG. IA, the body structure 112
may have a dome shape. The dome shape may include a radius of between about
40 mm to about 45 mm, for example. The body structure 112 may include a
dome light, for example. 



[0060] In an embodiment, at least a portion of an inner surface 138 of the
body structure 112 facing the object receiving region 118 may;have a
reflective surface. At least a portion of an inner surface 138 of the body
structure 112 facing the object receiving region 118 may also be configured
to generate light. The at least a portion of an inner surface 138 of the
body structure 112 facing the object receiving region 118 may include a
light generating coating and/or a plurality of organic light emitting
diodes.[0061] In FIG. IA, the light detection arrangement 102 may further
include a plurality of body structure illuminating light sources 140
arranged to illuminate at least a portion of an inner surface 138 of the
body structure 112. The plurality of body structure illuminating light
sources 140 may be positioned within the body structure 112. [0062] The
plurality of body structure illuminating light sources 140 may include a
plurality of lamps. The plurality of lamps may include a light emitting
diode array; in alternative embodiments, the plurality of lamps may include
any other suitable light generating devices such as e.g. organic light
emitting diodes. The plurality of lamps may include a diffuser. [0063] In
FIG. IA, the arrangement 128 may include a light arrangement 142. The light
arrangement 142 may include the first light source 104 and the second light
source 106. The first light source 104 may be arranged to direct light
through the first light-transmissive portion 114 to the object receiving
region 118 and/or the second light source 106 may be arranged to direct
light through the second light-transmissive portion 116 to the object
receiving region 118. [0064] The first light source 104 and/or the second
light source 106 may include co axial light sources. The first light source
104 and/or the second light source 106 may include a focused light beam or
a disperse light source, for example a plurality of lamps. The plurality of
lamps may include a light emitting diode array; in alternative embodiments,
the plurality of lamps may include any other suitable light generating
devices such as e.g. organic light emitting diodes. [0065] In FIG. IA, the
arrangement 128 may further include a beam splitter arrangement 148. The
beam splitter arrangement 148 may be arranged on the same sideof the- body
structure 112 as the first camera 120 and the second camera 124. The beam
splitter arrangement 148 may include the first beam splitter 108 and the
second beam splitter 110. It is to be noted that the arrangement 128 may
include any other suitable device configured to re-direct light such that
light may be directed to the object receiving region 118 or to the first
camera 120 or to the second camera 124, as desired. [0066] The first beam
splitter 108 may be. arranged relative to the first light source 



104 and the first camera 120 such that the first beam splitter 108 may be
configured to receive the light provided by the first light source 104 and
to re-direct the light to the object receiving region 118 via the first
light-transmissive portion 114, thereby generating the second reflected
light portion 134. The second reflected light portion 134 may be
substantially aligned with the second major optical axis 126 such that the
second camera 124 detects more of the second reflected light portion 134
than the first camera 120. In addition, the second beam splitter 110 may be
arranged relative to the second light source 106 and the second camera 124
such that the second beam splitter 110 may be configured to receive the
light provided by the second light source 106 and to re-direct the light to
the object receiving region 118 via the second light-transmissive portion
116, thereby generating the first reflected light portion 130. The first
reflected light portion 130 may be substantially aligned with the first
major optical axis 122 such that the first camera 120 detects more of the
first reflected light portion 130 than the second camera 124. [0067] In
FIG. IA, the light detection arrangement 102 may further include a light
separating structure 154. The light separating structure 154 may be
arranged between the first light source 104 and the second light source
106. The light separating structure 154may include a opaque material for
example a black paper so as to prevent the light from the first light
source 104 from interfering with the light from the second light source
106. [0068] In FIG. IA, an object 156 may be arranged in the object
receiving region 118. The object 156 may be a die (e.g. a semiconductor
die); in alternative embodiments, the object 156 may e.g. be any kind of
substrate or carrier, e.g. a wafer including a plurality of dies. The die
may include a plurality of bonding structures. [0069] hi FIG. IA, the first
camera 120 and the second camera 124 may be arranged in a manner such that
the first main optical axis 122 and the second main optical axis 126 may be
axial symmetric with respect to a .symmetry axis 190 being perpendicular to
a plane 158 defined by the object receiving region 118. [0070] Each of the
first camera 120 and the second camera 124 may be arranged at a same camera
angle (a) with respect to the symmetry axis 190. Further, each of the first
beam splitter 108 and the second beam splitter 110 may be arranged at a
same beam splitter angle (b) with respect to the symmetry axis 190. The
difference between the beam splitter angle and the camera angle may be
about 45. Correspondingly, the first beam splitter 108 and the second beam
splitter 110 may be arranged at a combined beam splitter angle of 90 + 2a 



[0071] FIG. IB shows a front view of a light detection system 192, the
light detection system 192 including the light detection arrangement 102 of
FIG. IA according to an embodiment. [0072] The light detection system 192
may include an input 160, an output 162, a controlling or processing device
164 and the light detection arrangement 102 of FIG. IA. The input 160 may
include a keyboard and the output 162 may include a display. Thecontrolling
or processing device 164 may serve to control the light detection
arrangement 102 and may include a processor 166 (e.g. a (e.g. programmable)
microprocessor or any kind of programmable or hard-wired logic) and a
memory 168. [0073] When in use, the user may provide the input 160 to the
controlling or processing device 164 so as to control the light detection
arrangement 102. Data may be received from the light detection arrangement
102 and then stored in the memory 168. The processor 166 may then process
the data stored in the memory 168 so as achieve a desired image data to be
displayed on the output 162. [0074] FIG. 2A shows a front view of a light
detection arrangement 102, the light detection arrangement 102 including a
body structure 112 with a cutout portion 170 according to an embodiment and
FIG. 2B shows a top view of the body structure 112 with the cutout portion
170 of FIG. 2A according to an embodiment [0075] In FIGs. 2A and 2B, the
light detection arrangement 102 may include the body structure 112
configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114. The
distance between the first light-transmissive portion 114 and the second
light-transmissive portion 116 may vary according to design and user
requirements. [0076] The light detection arrangement 102 may further
include an object receiving region 118 arranged such that light provided by
the body structure 112 may be illuminating at least a portion of the object
receiving region 118. [0077] The light detection arrangement 102 may
further include a first camera 120 having a first main optical axis 122 and
a second camera 124 having a second mainoptical axis 126 and the body
structure 112 may be arranged between the first camera 120 and the second
camera 124 on its one side and the object receiving region 118 on its other
side. [0078] The first camera 120 may be arranged such that its first main
optical axis 122 may be directed to the object receiving region 118 via the
first light-transmissive portion 114 and the second camera 124 may be
arranged such that its second main optical axis 



126 may be directed to the object receiving region 118 via the second
light-transmissive portion 116. [0079] The light detection arrangement 102
may further include an arrangement 128 configured to provide light
reflected from the object receiving region 118 such that a first reflected
light portion 130 may be provided as a first co-axial light portion 132
aligned to the first main optical axis 122, and such that a second
reflected light portion 134 may be provided as a second co-axial light
portion 136 aligned to the second main optical axis 126. [0080] Unlike the
light detection arrangement 102 as shown in FIG. IA, the light detection
arrangement 102 as shown in FIGs. 2A and 2B may further include a
structure. 172 having a first light-transmissive portion 114 and a second
light-transmissive portion 116. The body structure 112 may include the
cutout portion 170 and the structure 172 may be arranged in the cutout
portion 170. As an example, the structure 172 having the first
light-transmissive portion 114 and the second light: transmissive portion
116 may include a rectangular plate or a plate with any suitable shape
matching the shape of the cutout portion 170. Alternatively, the structure
172 may include a diffused white plastic sheet. .[0081] . In addition, to
eliminate multiple reflections between the first beam splitter 108 and the
second beam splitter 110 which may reach the first camera 120 and the
second camera 124, and thereby causing possible artifacts (i.e. errors in
the image presented by the camera caused by reflections, for example), the
light detection arrangement 102 may include a light separating structure
154. The light separating structure 154 may be positioned between the first
beam splitter 108 or the second beam splitter 110, or indirectly between
the first ' light source 104 and the second light source 106. [0082]
Compared with the embodiment according to FIG. IA, the embodiment according
to FIG. 2A may have a more compact or integrated design. Such a design is
of particular advantage if commercially available co-axial light sources
may be used. As an example, it may not be allowable to use two commercially
available co-axial light sources in the embodiment according to FIG. IA due
to a limited working distance of lens of the two co-axial light sources.
Further, there may not be sufficient space to include the two co-axial
light sources above the dome light. An integrated design of the lighting
according to FIGs. 2A and 2B may solve this. [0083] To accommodate the
integrated design of the lighting, the dome light may be 



cut a rectangular window which may be wider than the combined width of
separate first beam splitter 108 and second beam splitter 110 so that an
integrated first beam splitter 108 and second beam splitter 110 may be
located lower than the ceiling of the dome light. [0084] To serve both as a
support to the integrated first beam splitter 108 and the second beam
splitter 110 and to reduce the loss of the dome light due to the cuting of
thedome light, the structure 172 or the rectangular plate may be adopted
which may include the first light-transmissive portion 114 and the second
light-transmissive portion 116 in the form of two circular openings
matching the viewing angle of the first camera 120 and the second camera
124. [0085] FIG. 3 shows a perspective view of a prototype of the light
detection arrangement 102 of FIG. 2A according to an embodiment. [0086] The
light detection arrangement 102 may include a body structure 112 configured
to provide light. The body structure- 112 may include a dome light. [0087]
The light detection arrangement 102 may further include a structure 172
having the first light-transmissive portion (not shown) and the second
light-transmissive portion (not shown). Th body structure 112 has a cutout
portion 170 and the structure 172 is arranged in the cutout portion 170.
[0088] The light detection arrangement 102 may further include an
arrangement 128 configured to provide light reflected from an object
receiving region (not shown). [0089] FIG. 4A shows a left image 400
obtained with the prototype of the light detection arrangement 102 of FIG.
3 according to an embodiment; FIG. 4B shows a right image 402 obtained with
the prototype of the light detection arrangement 102 of FIG. 3 according to
an embodiment. [0090] In FIGs. 4A and 4B, the left image 400 may be taken
by the left camera or the first camera 120 and the right image 402 may be
taken by the right camera or the second camera 124. From the respective
left image 400 and right image 402, it may be seem that the object 156,
e.g. the die 194 includes a plurality of bonding structures 174. Each of
the plurality of bonding structures 174 may include a plurality of bond
pads 176 and aplurality of wire bonds 178. Each of the plurality of bond
wire may be configured to connect each of the plurality of bond pads 176 to
the object 156, e.g. the die 194. In addition, the contrast of the die 194
and the wire bonds 178 in the left image 400 in FIG. 4A and the right image
402 in FIG. 4B seems comparable. [0091] FIG. 5A shows a front view of a
light detection arrangement 102, the light detection arrangement 102
including a beam splitter arrangement 14S arranged on the 



same side of a body structure 112 as an object receiving region H S
according to an embodiment; FIG. 5B shows a side view of the light
detection arrangement 102 of FIG. 5A according to an embodiment. [0092] The
light detection arrangement 102 may include the body structure 112
configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114; the
object receiving region 118 arranged such that light provided by the body
structure 112 may be illuminating at least a portion of the object
receiving region 118; a first camera 120 having a first main optical axis
122; a second camera 124 having a second main optical axis 126; wherein the
body structure 112 may be arranged between the first camera 120 and the
second camera 124 on its one side and the object receiving region 118 on
its other side; wherein the first camera 120 may be arranged such that its
first main optical axis 122 may be directed to the object receiving region
118 via the first light-transmissive portion 114; wherein the second camera
124 may be arranged such that its second main optical axis 126 may be
directed to the object receiving region 118 via the second
light-transmissive portion 116; an arrangement 12S configured to provide
light reflected from the object receivingregion 118 such that a first
reflected light portion 130 may be provided as a first co-axial light
portion 132 aligned to the first main optical axis 122, and such that a
second reflected light portion 134 may be provided as a second co-axial
light portion 136 aligned to the second main optical axis 126. The distance
between the first light-transmissive portion 114 and the second
light-transmissive portion 116 may vary according to design and user
requirements. [0093] In FIGs. 5A and 5B, the body structure 112 may have a
dome shape. The dome shape may include a radius of between about 40 mm to
about 45 mm, for example. The body structure 112 may include a dome light
for example. [0094] The light detection arrangement 102 may further include
a plurality of body structure illuminating light sources 140 arranged to
illuminate at least a portion of an inner surface 138 of the body structure
112. The plurality of body structure illuminating light sources 140 may be
positioned within the body structure 112. [0095] In FIGs. 5A and 5B, the
arrangement 128 may include the beam splitter arrangement 148. The beam
splitter arrangement 148 may be arranged on the same side of the body
structure 112 as the object receiving region 118. The beam splitter
arrangement 148 may be configured to receive the light provided by the
inner surface 138 



of the body structure 112, and to generate the first reflected light
portion 130 and the second reflected light portion 134 from jhe received
light. This may be to compensate for the light which may escape through the
first light-transmissive portion 114 and the second light-transmissive
portion 116. [0096] The beam splitter arrangement 148 may include a single
beam splitter 180 configured such that the first reflected light portion
130 may be provided as the first coaxial light portion 132 aligned to the
first main optical axis 122 and such that the second reflected light
portion 134 may be provided as the second co-axial light portion 136
aligned to the second main optical axis 126. [0097] In FIGs. 5A and 5B, the
diffused light provided by the inner surface 138 of the body structure 112
may be reflected onto the object 156 through the beam splitter arrangement
148 so as to generate a co-axial lighting effect. Because of the curvature
of the dome light, a requirement for different lighting directions may be
met. An advantage of this design may be that the alignment becomes
relatively simple and easy. [0098] The first camera 120 and the second
camera 124 may be arranged along a common camera plane 196. The single beam
splitter 180 may be arranged at an approximately 45 degree angle with
respect to the common camera plane 196. The single beam splitter 180 may be
positioned so as correspond to the position of the respective first
light-transmissive portion 114 and the second light-transmissive portion
116. This may be to compensate for the light escaping through the first
light-transmissive portion 114 and the second light-transmissive portion
116. [0099] In FIGs. 5A and 5B, the light detection arrangement 102 may
further include a light separating structure 154. The light separating
structure 154 may be arranged between the beam splitter arrangement 148 and
the plurality of body structure illuminating light sources 140 or the body
structure 112. The light separating structure 154 may be arranged
substantially perpendicular to a plane 158 defined by the object receiving
region 118. [00100] In FIGs. 5A and 5B, the first camera 120 and the second
camera 124 may be arranged in a manner such that the first main optical
axis 122 and the second main opticalaxis 126 may be axial symmetric with
respect to a symmetry axis 190 being perpendicular to a plane 158 defined
by the object receiving region 118. Each of the first camera 120 and the
second camera 124 may be arranged at a same camera angle ( ) with respect
to the symmetry axis 190. [00101] FIG. 6 shows a perspective view of a
prototype of a light detection arrangement 102 of FIG. 5A according to an
embodiment. 



[00102] The light detection arrangement 1.02 may include a body structure
112 configured to provide light. The body structure 112 may include a dome
light. [00103] The light detection arrangement 102 may further include a
first camera 120 and a second camera 124 disposed above the body structure
112. [00104] Unlike the light detection arrangement 102 as shown in FIG. 3
where the arrangemejit 128 may be seen, the arrangement 128 may not be
shown in FIG. 6 as the arrangement may be arranged within the body
structure 112. [00105] FIG. 7A shows a left image 700 obtained with the
prototype of the light detection arrangement 102 of FIG. 5A according to an
embodiment; FIG. 7B shows a right image 702 obtained with the prototype of
the light detection arrangement 102 of FIG. 5A according to an embodiment.
[00106] The respective left image 700 and right image 702 as shown in FIGs.
7A and 7B may be similar to the respective left image 400 and right image
402 as shown in FIGs. 4A and 4B. Similar to FIGs. 4A and 4B, the left image
700 may be taken by the left camera or the first camera 120 and the right
image 702 may be taken by the right camera or the second camera 124 in
FIGs. 7A and 7B. From the respective left image and right image in FIGs. 7A
and 7B, it may be seem that the object 156, e.g. the die 194includes a
plurality of bonding structures 174. Each of the plurality of bonding
structures 174 may include a plurality of bond pads 176 and a plurality of
wire bonds 178. Each of the plurality of bond wires 178 may be configured
to connect each of the plurality of bond pads'176 to the object 156, e.g.
the die 194. hi addition, the contrast of the die 194 and the wire bonds
178 in the left image 700 in FIG. 7A and the right image 702 in FIG. 7B
seems comparable. [00107] FIG. 8A shows a front view of a light detection
arrangement 102, the light detection arrangement 102 including a bar shaped
light source 182 according to an embodiment; FIG. 8B shows a side view of
the light detection arrangement 102 of FIG. 8A according to an embodiment.
[00108] The light detection arrangement 102 may include a body structure
112 configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114; an
object receiving region 118 arranged such that light provided by the body
structure 112 may be illuminating at least a portion of the object
receiving region 118; a first camera 120 having a first main optical axis
122; a second camera 124 having a second main optical axis 126; wherein the
body 



structure 112 may be arranged between the first camera 120 and the second
camera 124 on its one side and the object receiving region 118 on its other
side; wherein the first camera 120 may be arranged such that its first main
optical axis 122 may be directed to the object receiving region 118 via the
first light-transmissive portion 114; wherein the second camera 124 may be
arranged such that its second main optical axis 126 may be directed to the
object receiving region 118 via the second light-transmissive portion 116;
an arrangement 128 configured to provide light reflected from the object
receiving region 118 such that a first reflected light portion 130 may be
provided as a first co-axial light portion 132 aligned to the first main
optical axis 122, and such that a second reflected light portion 134 may be
provided as a second co-axial light portion 136 aligned to the second main
optical axis 126. The distance between the first light-transmissive portion
114 and the second light-transmissive portion 116 may vary according to
design and user requirements. [00109] In FIGs. 8A and 8B, the body
structure 112 may have a dome shape with a flat portion at the top. The
body structure 112 may include a dome light for example. Further in FIGs.
8A and 8B, the dome light may include a housing which may have a flat top
for the purpose of easy positioning of a beam splitter arrangement 148 on
top of the dome light. [00110] The light detection arrangement 102 may
further include a plurality of body structure illuminating light sources
140 arranged to illuminate at least a portion of an inner surface 138 of
the body structure 112. The plurality of body structure illuminating light
sources 140 may be positioned withinthe body structure 112. [00111] In
FIGs. 8A and 8B, the arrangement 128 may include a light arrangement 142.
The light arrangement 142 may inclmde one or more diffused light sources
positioned above or outside of the body structure 112. Each of the diffused
light sources may include the bar shaped light source 182 which may include
a length at least longer than the width of the first light-transmissive
portion 114 and the second lighttransmissive portion 116 so that the
required directions of light for co-axial lighting effect may be
met.[00112] In FIGs. 8A and 8B, the arrangement 128 may include a beam
splitter arrangement 148. The beam splitter arrangement 148 may be arranged
on the same side of the body structure 112 as the first camera 120 and the
second camera 124. The beam splitter arrangement 148 may include a single
beam splitter 180 configured such that the first reflected light portion
130 may be provided as the first co-axial light portion 132 aligned to the
first main optical axis 122 and such that the second reflected light 



portion 134 may be provided as the second co-axial light portion 136
aligned to the second main optical axis 126. [00113] The first camera 120
and the second camera 124 may be arranged along a common camera plane 196.
The single beam splitter 180 may be arranged at a substantially 45 degree
angle with respect to the common camera plane 196. [0011.4] FIG. 9A shows a
front view of a light detection arrangement 102, the light detection
arrangement 102 including an arc shaped light source 184 according to an
embodiment; FIG. 9B shows a top view of the arc shape light source of FIG.
9A according to an embodiment. [00115] The light detection arrangement 102
as shown in FIGs. 9A and 9B may be similar to the light detection
arrangement 102 as shown in FIGs. 8A and 8B with a difference such that the
light arrangement 142 may include the arc shape light source instead of the
bar shaped light source 182. One effect of using the arc shape light source
may be to simplify alignment effort when compared to the bar shaped light
source 182. [00116] FIG. 1OA shows a front view of a light detection
arrangement 102, the light detection arrangement 102 including a blue color
dichroic mirror 186 and a red colordichroic mirror 188 according to an
embodiment; FIG. 1OB shows a top view of the light detection arrangement
102 of FIG. 1OA according to an embodiment. [00117] The light detection
arrangement 102 may include a body structure 112 configured to provide
light, the body structure 112 including an opening 198; an object receiving
region 118 arranged such that light provided by the body structure 112 may
be illuminating at least a portion of the object receiving region 118; a
first camera 120 having a first main optical axis 122; a second camera 124
having a second main optical axis 126; wherein the body structure 112 may
be arranged between the first camera 120 and the second camera 124 on its
one side and the object receiving region 118 on its other side; wherein the
first camera 120 may be arranged such that its first main optical axis 122
may be directed to the object receiving region 118 via the opening 198;
wherein the second camera 124 may be arranged such that its second main
optical axis 126 may be directed to the object receiving region 118 via the
opening 198; an arrangement 128 configured to provide light reflected from
the object receiving region 118 such that a first i reflected light portion
130 may be provided as a first co-axial light portion 132 aligned to the
first main optical axis 122, and such that a second reflected light portion
134 may be provided as a second co-axial light portion. 136 aligned to the
second main optical 



axis 126. [00118] In FIGs. 1OA and 1OB, the body structure 112 may have a
dome shape. The body structure 112 may include a dome light. The dome light
may include a white LED dome light with all red (R), green (G) and blue (B)
spectrums. [00119] The light detection arrangement 102 may further include
a plurality of body structure illuminating light sources 140 arranged to
illuminate at least a portion of aninner surface 138 of the body structure
112. The plurality of body structure illuminating light sources 140 may be
positioned within the body structu're 112. [00120] The arrangement 128 may
include a first dichroic mirror 186 of a first wavelength arranged in a
light path along. the first main optical axis 122 and a second dichroic
mirror 188 of a second wavelength arranged in a light path along the second
main optical axis 126. The first wavelength may be different from the
second wavelength. The first wavelength may include a range between about
400 nm to about 500 nm and the second wavelength may include a range
between about 500 nm to about 650 nrn. [00121] . The first dichroic mirror
186 may be arranged over a portion of the opening 198 or on the one side of
the body structure 112 overlapping the portion of the opening 198 and the
second dichroic mirror 188 may be arranged in the another portion of the
opening 198 or on the one side of the body structure 112 overlapping the
another portion of the opening 198. The first dichroic mirror 186 may be
arranged so as in contact with the second dichroic mirror 188 at the
respective edges. The first dichroic mirror 186 and the second dichroic
mirror 188 may also be arranged so as to substantially overlap the opening
198. [00122] The first dichroic mirror 186 may be a blue color dichroic
mirror and the second dichroic mirror 188 may be a red color dichroic
mirror. Alternatively, the second dichroic mirror 188 may be a blue color
dichroic mirror and the first dichroic mirror 186 may be a red color
dichroic mirror. [00123] In FIGs. 1OA and 1OB, the first dichroic mirror
186 may be a blue color dichroic mirror and the second dichroic mirror 188
may be a red color dichroic mirror.The red color dichroic mirror may
reflect red light and let other wavelengths pass and the blue color
dichroic mirror may reflect blue light and let other wavelengths pass. The
diffused red dome light reflected from the red color dichroic mirror
illuminates the die surface and the reflected light will pass through the
blue color dichroic mirror before reaching the first camera 120. Likewise,
the diffused blue dome light reflected from the blue color dichroic mirror
illuminates the die surface and the reflected light will pass 



through the red color dichroic mirror before reaching the second camera
124. Alternatively, a dome light 112 with mixed blue and red LEDs may be
built to control the blue and red illumination intensity separately.
[00124] The first camera 120 and the second camera 124 may be arranged in a
manner such that the first main optical axis 122 and the second main
optical axis 126 may be axial symmetric with respect to a symmetry axis 190
being perpendicular to a plane 158 defined by the object receiving region
118. [00125] FIG. 11 shows a flow-chart 1100 of a method for detecting
light in a light detection arrangement 102 according to an embodiment.
[00126] The light detection arrangement 102 may include a body structure
112 configured to provide light, the body structure 112 including a first
light-transmissive portion 114 and a second light-transmissive portion 116
disposed at a distance from the first light-transmissive portion 114. The
light detection arrangement 102 may further include an object receiving
region 118 arranged such that light provided by the body structure 112 may
be illuminating at least a portion of the object receiving region 118. The
light detection arrangement 102 may further include a first camera 120
having a first main optical axis 122 and a second camera 124 having a
seVond main optical axis 126.[00127] The body structure 112 may be arranged
between the first camera 120 and the second camera 124 on its one side and
the object receiving region 118 on its other side. [00128] The first camera
120 may be arranged such that its first main optical axis 122 may be
directed to the object receiving region 118 via the first
light-transmissive portion 114 and the second camera 124 may be arranged
such that its second main optical axis 126 may be directed to the object
receiving region 118 via the second light-transmissive portion 116. [00129]
The method may include providing light reflected from the object receiving
region 118 such that a first reflected light portion 130 may be provided as
a first co-axial light portion 132 aligned to the first main optical axis
122, and such that a second reflected light portion 134 may be provided as
a second co-axial light portion 136 aligned to the second main optical axis
126. [00130] While the invention has been particularly shown and described
with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the invention as
defined by the appended claims. The scope of the invention is thus
indicated by the appended claims and all changes which come within the
meaning 



and range of equivalency of the claims are therefore intended to be
embraced.Claims What is claimed is: 1. A light detection arrangement,
comprising: a body structure configured to provide light, the body
structure comprising a first light-transmissive portion and a second
light-transmissive portion disposed at a distance from the first
light-transmissive portion; an object receiving region arranged such that
light provided by the body structure is illuminating at least a portion of
the object receiving region; a first camera having a first main optical
axis; a second camera having a second main optical axis; wherein the body
structure is arranged between the first camera and the second camera on its
one side and the object receiving region on its other side; wherein the
first camera is arranged such that its first main optical axis is directed
to the object receiving region via the first light-transmissive portion;
wherein the second camera is arranged such that its second main optical
axis is directed to the object receiving region via the second
light-transmissive portion; an arrangement configured to. provide light
reflected from the object receiving region such that a first reflected
light portion is provided as a first co-axial light portion aligned to the
first main optical axis, and such that a second reflected light portion is
provided as a second co-axial light portion aligned to the second main
optical axis.2. The light detection arrangement of claim 1, wherein the
body structure has a dome shape. 3. The light detection arrangement of
claim 1 or 2, further comprising; a structure having the first
light-transmissive portion and the second lighttransmissive portion,
wherein the body structure has a cutout portion and the structure is
arranged in the cutout portion. 4. The light detection arrangement of any
one of claims 1 to 3, wherein at least a portion of an inner surface of the
body structure facing the object receiving region has a reflective surface.
5. The light detection arrangement of any one of claims 1 to 4, wherein at
least a portion of an inner surface of the body structure facing the object
receiving region is configured to generate light. 



6. The light detection arrangement of claim 5, wherein the at least a
portion of an inner surface of the body structure facing the object
receiving region comprises a light generating coating and/or a plurality of
organic light emitting diodes. 7. The light detection arrangement of any
one of claims 1 to 6, further comprising:at least one body structure
illuminating light source arranged to illuminate at least a portion of an
inner surface of the body structure. 8. The light detection arrangement of
claim 7, wherein the at least one body structure illuminating light source
comprises a . plurality of lamps. 9. The light detection arrangement of
claim 8, wherein the plurality of lamps comprises a light emitting diode
array. 10. The light detection arrangement of claim 8 or 9, wherein the
plurality of lamps comprises a diffuser. 11. The light detection
arrangement of any one of claims 1 to 10, wherein the arrangement comprises
a light arrangement. 12. The light detection arrangement of claim 11,
wherein the light arrangement comprises a first light source and a second
light source. . 13. The light detection arrangement of claim 12, . wherein
the first light source and/or the second light source comprises a plurality
of lamps.14. The light detection arrangement of claim 13, wherein the
plurality of lamps comprises a light emitting diode array. 15. The light
detection arrangement of claim 11, wherein the light arrangement comprises
a light source being selected from a group of light sources consisting of
an arc shaped light source, a bar shaped light source, and a diffuser. 16.
.The light detection arrangement of any one of claims 1 to 15, wherein the
arrangement comprises a beam splitter arrangement. 17. The light detection
arrangement of claim 16, wherein the beam splitter arrangement is arranged
on the same side of the body structure as the first camera and the second
camera. 18. The light detection arrangement of claim 16 or 17, wherein the
beam splitter arrangement comprises a first beam splitter and a 



second beam splitter. 19. The light detection arrangement of claim 18, .
wherein the arrangement comprises a light arrangement, the light
arrangement comprising a first light source and a second light source;
wherein the first beam splitter is arranged relative to the first light
source and the first camera such that the first beam splitter is configured
to receive the light provided by the first light source and to re-direct
the light to the object receiving region via the first light-transmissive.
portion, thereby generating the second reflected light portion; and wherein
the second beam splitter is arranged relative to the second light source
and the second Camera such that the second beam splitter is configured to
receive the light provided by the second light source and to re-direct the
light to the object receiving region via the second light-transmissive
portion, thereby generating the first reflected light portion. 20. The
light detection arrangement of claim 16 or 17, wherein the arrangement
comprises a light arrangement; and wherein the beam splitter arrangement is
arranged relative to the light arrangement and both the first camera and
the second camera such that the beam splitter arrangement is configured to
receive the light provided by the light arrangement and to re-direct the
light to the object receiving region via the respective first
light-transmissive portion and the second light-transmissive portion to
generate the second reflected light portion and the first reflected light
portion from the received light. 21. The light detection arrangement of
cjaim 16,wherein the beam splitter arrangement is arranged on the same side
of the body structure as the object receiving region. 22. The light
detection arrangement of claim 21, wherein the beam splitter arrangement is
configured to receive the light provided by the inner surface of the body
structure, and to generate the first reflected light portion and the second
reflected light portion from the received light. 23. The light detection
arrangement of any one of claims 20 to 22, wherein the beam splitter
arrangement consists of a single beam splitter configured such that the
first reflected light portion is provided as the first co- . axial light
portion aligned to the first main optical axis and such that the second
reflected light portion is provided as the second co-axial light portion
aligned to 



the second main optical axis. 24. The light detection arrangement of any
one of claims 1 to 23, wherein the first camera and the second camera are
arranged along a common camera plane. 25. The light detection arrangement
of claim 24, wherein the single beam splitter is arranged at a 45 degree
angle with respect to the common camera plane.26. The light detection
arrangement of any one of claims 1 to 10, wherein the arrangement comprises
a first dichroic mirror of a first wavelength arranged in a light path
along the first main optical axis and a second dichroic mirror of a second
wavelength arranged in a light path along the second main optical axis. 27.
The light detection arrangement of claim 26, wherein the first dichroic
mirror is arranged in the first light-transmissive portion or on the one
side of the body structure overlapping the first light-transmissive portion
and wherein the second dichroic mirror is arranged in the second
lighttransmissive portion or on the one side of the body structure
overlapping the second light-transmissive portion. 28. The light detection
arrangement of claim 26 or 27, wherein the first dichroic mirror is a blue
color dichroic mirror and the second dichroic mirror is a red color
dichroic mirror; or wherein the second dichroic mirror is a blue color
dichroic mirror and the first dichroic mirror is a red color dichroic
mirror. 29. The light detection arrangement of any one of claims 1 to 28,
further comprising: a light separating structure. 30. The light detection
arrangement of claim 29,wherein the light separating structure is arranged
between the first light source and the second light source, or between the
beam splitter arrangement and the at least one body structure illuminating
light source. 31. The light detection arrangement of any one of claims 1 to
30, further comprising: an object arranged in the object receiving region.
32. The light detection arrangement of claim 31, wherein the object is a
die. 33. The light detection arrangement of claim 32, wherein the die
comprises a plurality of bonding structures. 



34. The light detection arrangement of any one of claims 1 to 33, wherein
the first camera and the second camera are arranged in a manner such that
the first main optical axis and the second main optical axis are axial
symmetric with respect to a symmetry axis being perpendicular to a plane
defined by the object receiving region. 35. A method for detecting light in
a light detection arrangement, the light detection arrangement comprising:a
body structure configured to provide light, the body structure comprising a
first light-transmissive portion and a second light-transmissive portion
disposed at a distance from the first light-transmissive portion; an object
receiving region arranged such that light provided by the body structure is
illuminating at least a portion of the object receiving region; a first
camera having a first main optical axis; a second camera having a second
main optical axis; wherein the body structure is arranged between the first
camera and the second camera on its one side and the object receiving
region on its other side; wherein the first camera is arranged such that
its first main optical axis is directed to the object receiving region via
the first light-transmissive portion; wherein the second camera is arranged
such that its second main optical axis is directed to the object receiving
region via the second lighttransmissive portion; the method comprising:
providing light reflected from the object receiving region such that a
first reflected light portion is provided as a first co-axial light portion
aligned to the first main optical axis, and such that a second reflected
light portion is provided as a second co-axial light portion aligned to the
second main optical axis. 


