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ry each year. The production of a }{\expnd0\expndtw-1\cgrid solar cell
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{photoluminescence imaging", Physical Review B, Vol. 61, No. 20,
}{\fs23\i\cgrid The American Physical Society, }{15 May 2000, pp.
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with several red (620 nm) light emitting diodes }{\expnd0\expndtw-1\cgrid
(LEDs) organized in a r ing. The cryostat has a window aligned with the
metallic }{\expnd0\expndtw0\cgrid mesh window. A video camera is
oriented facing the sample, with optics and an \par }\pard
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between the cryostat\line }{ \expnd0\expndtw-2\cgrid window and the
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\expnd0\expndtw-4\cgrid {The system of Bel'kov can be used to test
n-GaAs, which is a direct bandgap }{\expnd0\expndtw-1\cgrid
semiconductor, Given the high marmitude of photoluminescen ce
efficiency in such a \par }\pard
\s4\fi-504\li576\ri288\sb72\sl-373\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs5\fs24\cgrid {5\tab \tab
}{\expnd-19\expndtw-99\cgrid semiconductor the n-GaAs sample allows
relatively low powered LEDs to be used as\line }{ \expnd0\expndtw-1\cgrid
light sources for inducing photoluminescence, in which the source
illumination \par }\pard
\s2\li576\ri288\sb108\sl-383\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\fs24\expnd0\expndtw-2\cgrid {diverges. Also, the
arrangement of the waveguide and cryostat windows limits the
}{\expnd0\expndtw0\cgrid viewing are a of the camera.
Disadvantageously, this only permits small areas (3 nun x 7 mm) to be
tested. Further, the system requires samples to be tested at low \par
}\pard
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}{\expnd0\expndtw1\cgrid temperatures produced by a cryostat. The
configuration of Bel'kov permits source\line illu mination from the LEDs to
be captured by the video camera. The long-pass filter }{is intended to
block illumination from the LEDs and to transmit photoluminescence
}{\expnd0\expndtw-2\cgrid above 820 nm to the camera, but also
transmits any illumination f rom the LEDs above }{820 nm to the camera.
For n-GaAs samples, the high efficiency photoluminescence \par }\pard
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rap\adjustright \plain \cs3\fs24\expnd0\expndtw-1\cgrid {generated greatly
exceeds any undesired illumination from the LEDs. In view of
}{\expnd0\expndtw-4\cgrid these and  other limitations, the system of
Bel'kov is not suited for testing indirect }{\expnd0\expndtw-2\cgrid
bandgap semiconductors. \par
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\expnd0\expndtw0\cgrid {Masarotto, et al, "Development of an UV
scanning photoluminescence\line }{\expnd0\expndtw-1\cgrid apparatus for
SiC characterization", Eur J AP 20, 141-144, 2002, desc ribes an adapted
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characterizing SiC. PL mapping is obtained by scanning\line
}{\expnd0\expndtw-1\cgrid the samp le using an x-y stage with a 1 nni step
and a doubled Ar}{\f16\expnd0\expndtw-1\super\charscalex105\cgrid
+}{\expnd0\expndtw-1\cgrid  laser beam focused }{\expnd0\expndtw4\cgrid
by a microscope objective, with a spot diameter of 4 p.m. Either integrated
P L }{intensity or spectrally resolved PL can be obtained. This system
scans PL in a point\-by-point fashion. Such a system disadvantageously
only permits a small area, i.e. a \par }\pard
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to be tested at any given time due to the scanning operation. \par }\pard
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p\adjustright \expnd0\expndtw1\cgrid {Photoluminescence cannot be
simultaneously captured across a large area of the
}{\expnd0\expndtw-2\cgrid sample under homogeneous illu mination
across the large area, which would better }{\expnd0\expndtw0\cgrid
approximate operating conditions of a semiconductor device. Further,
such a system }{\expnd0\expndtw-1\cgrid is disadvantageously slow due
to the scanning operation of the system. 
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indirect bandgap semiconductor structure using an image capture device
capable of\line }{\expnd0 \expndtw-4\cgrid capturing simultaneously the
induced photoluminescence; and image processing the
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\adjustright \expnd0\expndtw3\cgrid {filters. The short-pass filtering step
may be implemented using dielectric mirrors, }{\expnd1\expndtw5\cgrid
which reflect short wavele ngth light to be used and transmit unwanted
long }{\expnd0\expndtw-1\cgrid wavelength components. The short-pass
filtering step may reduce by a factor of about }{\expnd0\expndtw0\cgrid 10
or more the total photon flux in a long-wavelength tail of the gene rated
light, the \par }\pard
\s2\fi-576\li648\ri144\sb72\sl-362\slmult0\nowidctlpar\tqr\tx226\tqr\tx8859\
aspalpha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab
30\tab long-wavelength tail beginning at a wavelength that is about ten
percent (10%) higher\line }{ \expnd0\expndtw-1\cgrid than a longest
wavelength emission peak of a source for generating the light. \par
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2007/041758\tab }{\expnd1\expndtw6\cgrid PCT/A1J2006/001420 \par
}}}}\pard\plain
\s2\li4824\sb648\sl-220\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs24\cgrid {-4\_}{\f22\fs20\cgrid  \par
}\fi720\li648\ri288\sb396\sl-348\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {The illuminated area of the indirect bandgap
semiconductor structure may be }{\expnd0\expndtw-2\cgrid equal to or
greater than about 1.0 cm}{\f28\expnd0 



\expndtw-2\super\charscalex80\cgrid 2}{\expnd0\expndtw-2\cgrid . \par
}\fi0\li1368\ri0\sb108\sl-292\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {The method may further comprise the step of
homogenizing the generated \par
}\li648\sl-278\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{light. \par }\pard
\s2\li216\sb108\sl-285\slmult0\nowidctlpar\tqr\tx6358\aspalpha\aspnum\no
cwrap\adjustright {5\tab }{\expnd0\expndtw-1\cgrid The method may be
performed at room temperature. \par }\pard
\s2\fi720\li648\ri216\sb108\sl-379\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw-1\cgrid {The generated light may be
monochromatic or substantially monochromatic }{\expnd0\expndtw0\cgrid
light. The light may be genera ted by at least one laser, laser diode, laser
diode array, }{\expnd1\expndtw5\cgrid or high-powered light emitting diode
(LED). Alternatively, the light may be }{generated by an array of light
emitting diodes (LEDs) or a broad spectrum lamp and \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx4565\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab
}{\expnd0\expndtw-1\cgrid filtered to limit the spectrum of the light. \par
}\pard
\s2\li1368\sb108\sl-285\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \expnd0\expndtw-1\cgrid {The total optical power of the light may
exceed about 1 Watt. \par }\qr\li0\ri216\nowidctlpar\adjustright {A source of
the generated light may be oriented toward the surface of one side \par
}\ql\li648\ri144\sl-347\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {of the structure for illumination of that surface
and the image capture device is }{\expnd0\expndtw-1\cgrid oriented
toward the same surface for capturing the images of p hotoluminescence
from \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8345\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {15\tab that surface.
Alternatively, a source of the generated light is oriented toward the \par
}\pard
\s2\li648\ri360\sb108\sl-348\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright {surface of one side of the structure for illumination of that
surface and an image }{\expnd0\expndtw-1\cgrid capture device is
oriented toward the surface of  an opposite side of the structure for \par
}\ri0\sl-292\slmult0\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid
{capturing the images of photoluminescence from the surface of the
opposite side. \par }\li1368\sl-286\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {The method may further comprise the step of
long pass filtering the \par }\pard
\s2\fi-576\li648\ri288\sb108\sl-368\slmult0\nowidctlpar\tx706\aspalpha\asp
num\nocwrap\adjustright {20\tab photoluminescence induced in the silicon
structure. The structure may act as long\_}{\f22\fs20\cgrid \line
}{\expnd0\expndtw-2\cgrid pass  filter of the incident light used for
excitation of the photoluminescence. One or }{\expnd0\expndtw-1\cgrid
more long pass filters may be used in combination with the image capture
device. \par }\pard
\s2\li648\ri72\sb108\sl-355\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \expnd0\expndtw-2\cgrid {The image capture device may
comprise a focusing element and a focal plane array of
}{\expnd0\expndtw0\cgrid light sensitive electroni 



c elements. The focal plane array of light sensitive electronic \par }\pard
\s2\fi-576\li648\ri216\sb108\sl-373\slmult0\nowidctlpar\tx706\aspalpha\asp
num\nocwrap\adjustright \expnd0\expndtw0\cgrid {25\tab
}{\expnd0\expndtw-1\cgrid elements may comprise an array of charge
coupled devices (CODs). The focal plane\line }{ \expnd0\expndtw-2\cgrid
array may be made from silicon. The focal plane array of light sensitive
electronic }{elements may be made from InGaAs. The focal plane array
may be cooled. \par }\pard
\s2\fi720\li648\ri288\sb108\sl-355\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw-2\cgrid {The image capture device
may comprise a pixel detector. The pixel detector
}{\expnd0\expndtw-1\cgrid may be a contact pixel det ector coupled to a
surface of the structure. \par
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\cs3\f16\fs20\expnd0\expndtw-4\cgrid {WO 2007/041758\tab
}{\expnd0\expndtw0\cgrid PCT/AU2006/001420 \par }}}}\pard\plain
\s2\li4752\sb612\sl-234\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs24\cgrid {-5- \par
}\qj\fi720\li648\ri792\sb396\sl-369\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {The image capture device may be a pixel
detector or an array of charge }{\expnd0\expndtw-4\cgrid coupled devices
(CCDs), and }{\fs25\expnd0\expndtw-4 \charscalex90\cgrid a
}{\expnd0\expndtw-4\cgrid tapered fiber bundle may be coupled between
a }{\expnd0\expndtw-1\cgrid surface of the structure and the pixel detector
or the CCD array. \par
}\ql\fi0\li1368\ri0\sb108\sl-285\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {The specified electronic properties comprise
one or more of local defect \par
}\fi-432\li648\ri144\sl-351\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {5\tab \tab }{\expnd-17\expndtw-89\cgrid
densities, local shunts, local current-voltage characteristics, local diffusion
length, and\line }{\expnd0\expndtw-2\cgrid loc al minority carrier lifetime.
\par }\qj\fi720\ri216\sl-368\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {In accordance with another aspect of the
invention, there is provided a system for inspecting an indirect bandgap
semiconductor structure. The system comprises: a }{
\expnd0\expndtw-1\cgrid light source for generating light suitable for
inducing photoluminescence in the \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8565\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab
}{\expnd0\expndtw-1\cgrid indirect bandgap semiconductor structure; a
short-pass filter unit disposed between 



\par }\pard
\s2\li648\ri216\sb108\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright {the light source and the indirect bandgap semiconductor
structure to reduce long-}{\expnd0\expndtw-4\cgrid wavelength light of the
generated light above a sp ecified emission peak; a collimator
}{\expnd0\expndtw-1\cgrid disposed between the light source and the
indirect bandgap semiconductor structure, the collimated, short-pass
filtered light substantially uniformly and simultaneously \par }\pard
\s2\li72\sb144\sl-285\slmult0\nowidctlpar\tqr\tx8593\aspalpha\aspnum\noc
wrap\adjustright {15\tab }{\expnd0\expndtw-1\cgrid illuminating a large
area of the indirect bandgap semiconductor structure; an image \par
}\pard
\s2\li648\ri576\sb108\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd-1\expndtw-5\cgrid {capture device oriented towards
the indirect bandgap semiconductor structure for
}{\expnd0\expndtw-2\cgrid capturing images of photo luminescence
induced by said substantially uniform, }{simultaneous illumination incident
across said large area of the indirect bandgap }{\expnd0\expndtw-1\cgrid
semiconductor structure by incident light. \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8269\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {20\tab
}{\expnd0\expndtw-1\cgrid The system may further comprise an image
processor for processing the \par }\pard
\s2\li648\ri936\sb108\sl-348\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd-1\expndtw-5\cgrid {photoluminescence images to
quantify spatially resolved, specified electronic }{\expnd0\expndtw-1\cgrid
properties of the indirect b andgap semiconductor structure. \par
}\qr\li0\ri108\sl-285\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{The indirect bandgap semiconductor may comprise silicon. The structure
may \par }\ql\li648\ri0\sl-292\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {comprise a bare or partially processed wafer of
indirect bandgap semiconductor \par }\pard
\s2\li72\sb108\sl-293\slmult0\nowidctlpar\tqr\tx8025\aspalpha\aspnum\noc
wrap\adjustright \expnd-11\expndtw-56\cgrid {25\tab
}{\expnd0\expndtw0\cgrid material, at least one partially formed electronic
device, or a bare or partially \par }\pard
\s2\li648\ri792\sb108\sl-351\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd-1\expndtw-5\cgrid {processed silicon-on-insulator
(SOO structure. The electronic device may be a }{\expnd0\expndtw0\cgrid
photovoltaic device. \par
}\fi792\ri144\sl-355\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{The short-pass filter unit may comprise one or more short-pass filters.
The }{\expnd0\expndtw-1\cgrid short-pass filter unit may comprise one or
more dielectric mirrors, whi ch reflect short \par
}\fi-576\ri72\sl-356\slmult0\nowidctlpar\adjustright {30\tab \tab
}{\expnd-20\expndtw-100\cgrid wavelength light to be used and transmit
unwanted long wavelength components. The\line }{short-pass filter unit
may reduce by }{\fs25\charscalex90\cgrid a  }{factor of about 10 or more
the total photon flux \par
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\aspalpha\aspnum\nocwrap\adjustright
\cs3\f16\fs20\expnd0\expndtw-4\cgrid {WO 2007/041758\tab
}{\expnd0\expndtw0\cgrid PCT/AU2006/001420 \par }}}}\pard\plain
\s2\li4824\sb612\sl-228\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs24\cgrid {-6- \par
}\li648\ri144\sb396\sl-373\slmult0\nowidctlpar\adjustright {in a
long-wavelength tail of the generated light, the long-wavelength tail
beginning at }{\expnd0\expndtw4\cgrid a wavelength that is about ten
percent (10%) higher than a longest wavelength
}{\expnd0\expndtw-1\cgrid emission peak of the light source for generating
the light. \par }\pard
\s2\fi1152\li216\ri216\sb108\sl-355\slmult0\nowidctlpar\tqr\tx223\tqr\tx4298
\aspalpha\aspnum\nocwrap\adjustright \expnd0\expndtw-1\cgrid {The
illuminated area of the indirect bandgap semiconductor structure may
be\line }{\f16\fs25\expnd0 \expndtw0\cgrid \tab 5\tab
}{\expnd0\expndtw-2\cgrid equal to or greater than about 1.0 cm\'b2. \par
}\pard
\s2\fi720\li648\ri504\sb108\sl-340\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd-1\expndtw-5\cgrid {The system may further
comprise a beam homogenizer to homogenize the
}{\expnd0\expndtw-1\cgrid incident light across the illum inated area. \par
}\ri288\sl-344\slmult0\nowidctlpar\adjustright {The system may inspect the
indirect bandgap semiconductor sample at room }{\expnd0\expndtw0\cgrid
temperature. \par }\pard
\s2\li72\sb144\sl-300\slmult0\nowidctlpar\tqr\tx223\tqr\tx8632\aspalpha\as
pnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab
}{\expnd-8\expndtw-44\cgrid 10\tab }{The generated light may be
monochromatic or substantially monochromatic \par }\pard
\s2\li648\sb72\sl-278\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright {light. \par }\fi720\ri72\sb144\sl-363\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {The light source may comprise at least one
laser, laser diode, laser diode array, }{\expnd0\expndtw4\cgrid or
high-powered light emitting diode (LEDs), an array of lig ht emitting diodes
}{\expnd0\expndtw0\cgrid (LEDs), or a broad spectrum lamp in
combination with one or more filters to limit he \par }\pard
\s2\li72\sb108\sl-286\slmult0\nowidctlpar\tqr\tx223\tqr\tx2721\aspalpha\as
pnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 15\tab spectrum
of the light. \par }\pard
\s2\li1368\sb108\sl-292\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \expnd0\expndtw-1\cgrid {The total optical power of the light may
exceed about 1 Watt. \par }\sl-285\slmult0\nowidctlpar\adjustright {The
light source may be oriented toward the surface of one side of the \par
}\li648\ri504\sl-351\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {structure for illumination of that surface and the
image capture device is oriented }{\expnd0\expndtw-1\cgrid toward the
same surface for capturing the images of photolumin escence from that 



\par }\pard
\s2\fi-576\li648\ri72\sb108\sl-355\slmult0\nowidctlpar\tqr\tx223\tqr\tx8913\
aspalpha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab
20\tab surface. Alternatively, the light source may be oriented toward the
surface of one side\line of  the structure for illumination of that surface and
the image capture device is \par }\pard
\s2\li648\ri648\sb108\sl-355\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw-3\cgrid {oriented toward the surface of an
opposite side of the structure for capturing the }{\expnd0\expndtw0\cgrid
images of photoluminescen ce from the surface of the opposite side. \par
}\pard
\s2\fi1296\li72\ri1008\sb108\sl-344\slmult0\nowidctlpar\tqr\tx223\tqr\tx4168
\aspalpha\aspnum\nocwrap\adjustright \expnd0\expndtw-1\cgrid {The
structure may act as long-pass filter of the incident light used for\line
}{\expnd0\expndtw0\cgrid  \tab 25\tab }{excitation of the
photoluminescence. \par }\pard
\s2\fi720\li648\ri144\sb108\sl-371\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw3\cgrid {The system may further
comprise one or more long pass filters for use in }{\expnd0\expndtw0\cgrid
combination with the image cap ture device. The image capture device
may comprise a focusing element and a focal plane array of light sensitive
electronic elements. The \par }\fi0\ri0\sl-306\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {focal plane array of light sensitive electronic
elements may comprise an array of \par }\pard
\s2\li72\sb72\sl261\slmult1\nowidctlpar\tqr\tx223\tqr\tx8524\aspalpha\aspn
um\nocwrap\adjustright {\tab 30\tab charge coupled devices (CCDs). The
focal plane array may be made from silicon. \par
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{WO 2007/041758\tab }{\expnd0\expndtw0\cgrid PCT/AU2006/001420
\par }}}}\pard\plain
\s2\li4752\sb648\sl-244\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\f16\fs27\cgrid {-7- \par
}\li648\ri936\sb360\sl-351\slmult0\nowidctlpar\adjustright
\f0\fs23\expnd0\expndtw-1\cgrid {The focal plane array of light sensitive
electronic elements may be made from }{\expnd0\expndtw3\cgrid InGaAs.
The focal plane array may be cooled. \par
}\fi720\ri360\sb108\sl-354\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {The image capture device may comprise a pixel
detector. The pixel detector }{\expnd0\expndtw2\cgrid may be a contact
pixel detector coupled to a surface of the structu re. 



\par }\pard
\s2\li144\sb108\sl-284\slmult0\nowidctlpar\tqr\tx8128\aspalpha\aspnum\no
cwrap\adjustright \expnd0\expndtw0\cgrid {5\tab }{\expnd0\expndtw2\cgrid
The image capture device may be a pixel detector or an array of charge
\par }\pard
\s2\li648\ri504\sb144\sl-347\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw-1\cgrid {coupled devices (CCDs), and may
further comprise a tapered fiber bundle coupled }{\expnd0\expndtw2\cgrid
between a surface of the str ucture and the pixel detector or the CCD
array. \par }\fi720\ri144\sb108\sl-343\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {The specified electronic properties may comprise
one or more of local defect }{\expnd0\expndtw2\cgrid densities, local
shunts, local current-voltage characteristics, l ocal diffusion length, and
\par }\pard
\s2\li72\sb108\sl-284\slmult0\nowidctlpar\tqr\tx3520\aspalpha\aspnum\noc
wrap\adjustright {10\tab }{\expnd0\expndtw3\cgrid local minority carrier
lifetime. \par }\pard
\s2\fi720\li648\ri576\sb108\sl-347\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw-1\cgrid {In accordance with yet
another aspect of the invention, there is provided a
}{\expnd0\expndtw3\cgrid method of inspecting a sil icon structure. The
method comprises the steps of: \par }\fi0\ri504\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {generating light suitable for inducing
photoluminescence in the silicon structure; short-pass filtering the light to
reduce long-wavelength light of the generated light \par
}\fi-576\ri360\sl-343\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {15\tab \tab }{\expnd-17\expndtw-89\cgrid above
a specified emission peak; collimating the light; substantially uniformly
and\line }{\expnd0\expndtw2\cgrid simultaneously il luminating a large
area of one side of the silicon structure with the \par
}\fi0\sl-366\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{collimated, short-pass filtered light; and capturing images of
photoluminescence }{\expnd0\expndtw3\cgrid simultaneously induced by
said substantially uniform, simultaneous illumina tion }{incident across
said large area of the silicon structure using an image capture device \par
}\pard
\s2\li72\sb108\sl-284\slmult0\nowidctlpar\tqr\tx7300\aspalpha\aspnum\noc
wrap\adjustright \fs20\expnd0\expndtw0\cgrid {20\tab
}{\fs23\expnd0\expndtw3\cgrid capable of capturing simultaneously said
induced photoluminescence. \par }\pard
\s2\fi720\li648\ri936\sb108\sl-373\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \fs23\expnd0\expndtw2\cgrid {The method may further
comprise the step of image processing the }{\expnd0\expndtw-1\cgrid
photoluminescence images to quan tify spatially resolved, specified
electronic }{\expnd0\expndtw3\cgrid properties of the silicon structure. \par
}\pard
\s2\fi1008\li360\ri144\sb108\sl-368\slmult0\nowidctlpar\tx662\aspalpha\as
pnum\nocwrap\adjustright \expnd0\expndtw1\cgrid {The structure
comprises a bare or partially processed wafer of silicon material,
}{\expnd-12\expndtw-61\cgrid 25\tab }{ \expnd0\expndtw3\cgrid at least
partially formed photovoltaic device made from silicon, or a bare or
partially\line }{\expnd0\expndtw2\cgrid processed silicon-on-insulator
(SOI) structure. \par }\pard
\s2\qr\ri144\sb108\sl-291\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \expnd0\expndtw2\cgrid {The short-pass filtering step may be
implemented using one or more short-pass 



\par }\ql\li648\ri576\sl-347\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {filters. The short-pass filtering step may be
implemented using dielectric minors, }{\expnd0\expndtw3\cgrid which
reflect short wavelength light to be used and transmit u nwanted long \par
}\li72\ri0\sl252\slmult1\nowidctlpar\adjustright \expnd2\expndtw14\cgrid
{30 wavelength components. \par
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\aspalpha\aspnum\nocwrap\adjustright \cs3\fs19\expnd0\expndtw-2\cgrid
{WO 2007/041758\tab }{\expnd0\expndtw4\cgrid PCT/AU2006/001420
\par }}}}\pard\plain
\s2\li4752\sb684\sl-228\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs24\cgrid {-8\_}{\fs20\cgrid  \par
}\fi720\li648\ri144\sb360\sl-380\slmult0\nowidctlpar\adjustright {The
short-pass filtering step may reduce by a factor of about 10 or more the
}{\expnd0\expndtw-1\cgrid total photon flux in a long-wavelength tail of the
generated light, the long-wave length }{\expnd0\expndtw-3\cgrid tail
beginning at a wavelength that is about ten percent (10%) higher than a
longest }{\expnd0\expndtw-1\cgrid wavelength emission peak of a light
source for generating the light. \par }\pard
\s2\li144\sb144\sl-278\slmult0\nowidctlpar\tqr\tx8564\aspalpha\aspnum\no
cwrap\adjustright {5\tab The illuminated area of the silicon structure may
be equal to or greater than \par }\pard
\s2\li648\sb72\sl-285\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd-1\expndtw-6\cgrid {about 1.0 cm}{\super\cgrid 2}{. \par
}\li1368\sb144\sl-293\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {The method may further comprise the step of
homogenizing the generated \par
}\li648\sb108\sl-278\slmult0\nowidctlpar\adjustright {light. \par
}\li1368\sl-285\slmult0\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid
{The method may be performed at room temperature. \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8608\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab The generated light may
be monochromatic or substantially monochromatic \par }\pard
\s2\li648\ri144\sb108\sl-371\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw-1\cgrid {light. The light may be generated
by at least one laser, laser diode, laser diode array,
}{\expnd0\expndtw0\cgrid high-powered light  emitting diode (LED), an
array of light emitting diodes (LEDs), or }{a broad spectrum lamp and
filtered to limit the spectrum of the light. 



\par }\li1368\ri0\sl-286\slmult0\nowidctlpar\adjustright {The total optical
power of the light may exceed about 1 Watt. \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8831\aspalpha\aspnum\noc
wrap\adjustright \expnd-11\expndtw-58\cgrid {15\tab
}{\expnd0\expndtw-1\cgrid A source of the generated light may be oriented
toward the surface of one side \par }\pard
\s2\li648\sb108\sl-292\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw-1\cgrid {of the structure for illumination of that
surface and an image capture device is \par
}\qr\li0\ri144\sl-293\slmult0\nowidctlpar\adjustright {oriented toward the
same surface for capturing the images of photoluminescence from \par
}\li648\ri0\sl-351\slmult0\nowidctlpar\adjustright \expnd0\expndtw4\cgrid
{that surface. Alternatively, a source of the generated light is oriented
toward the }{\expnd0\expndtw-1\cgrid surface of one side of the structure
for illumination of that sur face and an image \par }\pard
\s2\li72\sb108\sl-292\slmult0\nowidctlpar\tqr\tx8622\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {20\tab capture device is
oriented toward the surface of an opposite side of the structure for \par
}\pard
\s2\li648\sb108\sl-285\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw-1\cgrid {capturing the images of
photoluminescence from the surface of the opposite side. \par
}\fi720\ri288\sl-371\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{The method may further comprise the step of long pass filtering the
photoluminescence induced in the silicon structure. The structure may act
as long-}{\expnd0\expndtw-1 \cgrid pass filter of the incident light used for
excitation of the photoluminescence. One or \par
}\fi0\ri0\sl-300\slmult0\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid
{more long pass filters may be used in combination with the image capture
device. \par }\ri72\sl-382\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {The image capture device may comprise a
focusing element and a focal plane array of light sensitive electronic
elements. The focal plane array of light sensitive electronic }{
\expnd0\expndtw0\cgrid elements may comprise an array of charge
coupled devices (CCDs). The focal plane }{\expnd0\expndtw1\cgrid array
may be made from silicon. The focal plane array of light sensitive
electronic \par }\li72\ri0\sl268\slmult1\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {30 elements may be made from InGaAs. The
focal plane array may be cooled. \par
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\par }}}}\pard\plain
\s2\li4752\sb648\sl-234\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs23\cgrid {-9- \par
}\fi720\li648\ri288\sb396\sl-358\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {The image capture device may comprise a pixel
detector. The pixel detector may be a contact pixel detector coupled to a
surface of the structure. \par
}\fi0\li1368\ri0\sb108\sl-284\slmult0\nowidctlpar\adjustright {The image
capture device may be a pixel detector or an array of charge \par }\pard
\s2\fi504\li144\ri792\sb108\sl-344\slmult0\nowidctlpar\tqr\tx6706\aspalpha\
aspnum\nocwrap\adjustright \expnd0\expndtw3\cgrid {coupled devices
(CCDs), and a tapered fiber bundle may be coupled between a
}{\expnd0\expndtw0\cgrid 5\tab }{\expnd0 \expndtw2\cgrid surface of the
structure and the pixel detector or the CCD array. \par }\pard
\s2\fi720\li648\ri144\sb108\sl-370\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd1\expndtw5\cgrid {The specified electronic
properties comprise one or more of local defect }{\expnd0\expndtw1\cgrid
densities, local shunts, local  current-voltage characteristics, local diffusion
length, and }{\expnd0\expndtw2\cgrid local minority carrier lifetime. \par
}\fi0\li1368\ri0\sl-284\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {In accordance with still another aspect of the
invention, there is provided a \par }\pard
\s2\fi-576\li648\ri72\sb108\sl-375\slmult0\nowidctlpar\tx687\aspalpha\aspn
um\nocwrap\adjustright \expnd0\expndtw0\cgrid {10\tab
}{\expnd0\expndtw3\cgrid system for inspecting a silicon structure. The
system comprises: a light source for\line } {\expnd1\expndtw5\cgrid
generating light suitable for inducing photoluminescence in the silicon
structure; a short-pass filter unit disposed between the light source and
the silicon structure to }{\expnd0\expndtw1\cgrid reduce long-wavelength
light of the  generated light above a specified emission peak; a \par }\pard
\s2\li648\sb108\sl-291\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw2\cgrid {collimator disposed between the light
source and the silicon structure, short-pass \par }\pard
\s2\fi-576\li648\ri144\sb108\sl-380\slmult0\nowidctlpar\tx687\aspalpha\asp
num\nocwrap\adjustright \expnd0\expndtw0\cgrid {15\tab
}{\expnd0\expndtw3\cgrid filtered light substantially uniformly and
simultaneously illuminating a large area of \line }{\expnd0\expndtw-1\cgrid
one side of the silicon structure; and an image capture device for
capturing images of }{\expnd1\expndtw8\cgrid photoluminescence
simultaneously induced by said substantially uniform,
}{\expnd0\expndtw4\cgrid simultaneous i llumination incident across the
large area of the silicon structure by }{incident light. \par }\pard
\s2\li72\sb108\sl-285\slmult0\nowidctlpar\tqr\tx8269\aspalpha\aspnum\noc
wrap\adjustright {20\tab }{\expnd0\expndtw3\cgrid The system may further
comprise an image processor for processing the \par }\pard
\s2\li648\ri936\sb108\sl-347\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw-1\cgrid {photoluminescence images to
quantify spatially resolved, specified electronic }{\expnd0\expndtw3\cgrid
properties of the silicon stru cture. \par }\pard
\s2\fi1008\li360\ri216\sb108\sl-368\slmult0\nowidctlpar\tx687\aspalpha\as
pnum\nocwrap\adjustright \expnd0\expndtw4\cgrid {The structure may
comprise a bare or partially processed wafer of silicon
}{\expnd1\expndtw5\cgrid material, at least par 



tially formed photovoltaic device made from silicon, or a bare or
}{\expnd-10\expndtw-52\cgrid 25\tab }{\expnd0\expndtw2\cgrid partially
processed silicon-on-insulator (SOI) structure. \par }\pard
\s2\fi720\li648\ri144\sb108\sl-373\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright {The short-pass filter unit may comprise one or more
short-pass filters. The }{\expnd0\expndtw-1\cgrid short-pass filter unit may
comprise one or more d ielectric mirrors, which reflect short
}{\expnd0\expndtw2\cgrid wavelength light to be used and transmit
unwanted long wavelength components. \par
}\qr\fi0\li0\ri288\sl-284\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {The one or more short-pass filters reduce by a
factor of about 10 or more the \par }\pard
\s2\li72\sb108\sl273\slmult1\nowidctlpar\tqr\tx8888\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {30\tab }{\expnd0\expndtw3\cgrid
total photon flux in a long-wavelength tail of the generated light, the
long-wavelength \par
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\cs3\f16\fs20\expnd-1\expndtw-6\cgrid {WO 2007/041758\tab
}{\expnd0\expndtw0\cgrid PCT/AU2006/001420 \par }}}}\pard\plain
\s2\li4680\sb648\sl-227\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs23\cgrid {-10- \par
}\li648\ri432\sb396\sl-362\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {tail beginning at a wavelength that is about ten
percent (10%) higher than a longest }{\expnd0\expndtw2\cgrid wavelength
emission peak of a light source for generatin g the light. \par
}\fi720\sb72\sl-340\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{The illuminated area of the silicon structure may be equal to or greater
than }{\expnd0\expndtw-2\cgrid about 1.0 cm\'b2. \par
}\ri864\sb144\sl-358\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {The system may further comprise a
homogenizer for homogenizing the }{\expnd0\expndtw2\cgrid generated
light. \par }\fi0\li1368\ri0\sb72\sl-298\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {The system may inspect the silicon structure at
room temperature. \par
}\ri360\sb108\sl-361\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {The generated light may be monochromatic or
substantially monochromatic. }{\expnd0\expndtw2\cgrid The light source
may be comprise at least one laser, laser diode, laser dio de \par }\pard
\s2\li72\sb108\sl-320\slmult0\nowidctlpar\tqr\tx8399\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab }{\expnd0\expndtw3\cgrid
array, high-powered light emitting diode (LED), an array of light emitting
diodes 



\par }\pard
\s2\fi-720\li1368\ri720\sb72\sl-358\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw1\cgrid {(LEDs), or a broad spectrum
lamp and filtered to limit the spectrum of the light.
}{\expnd0\expndtw3\cgrid The total optical po wer of the light may exceed
about 1 Watt. \par
}\qr\fi0\li0\ri252\sb108\sl-313\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {The light source may be oriented toward the
surface of one side of the silicon \par
}\ql\li648\ri0\sb72\sl-291\slmult0\nowidctlpar\adjustright {structure for
illumination of that surface and the image capture device is oriented \par
}\pard
\s2\fi-576\li648\ri144\sb108\sl-366\slmult0\nowidctlpar\tx673\aspalpha\asp
num\nocwrap\adjustright \expnd0\expndtw0\cgrid {15\tab
}{\expnd0\expndtw3\cgrid toward the same surface for capturing the
images of photoluminescence from that\line }{ \expnd0\expndtw2\cgrid
surface. Alternatively, the light source may be oriented toward the surface
of one side of the silicon structure for illumination of that surface and the
image capture device is \par }\pard
\s2\li648\ri720\sb108\sl-358\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright {oriented toward the surface of an opposite side of the
structure for capturing the }{\expnd0\expndtw3\cgrid images of
photoluminescence from the surface of t he opposite side. \par }\pard
\s2\li72\sb108\sl-305\slmult0\nowidctlpar\tqr\tx8709\aspalpha\aspnum\noc
wrap\adjustright {20\tab }{\expnd0\expndtw3\cgrid The system may further
comprise one or more long-pass filters for long pass \par }\pard
\s2\li648\sb108\sl-306\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw3\cgrid {filtering the light entering the image
capture device. \par }\fi720\ri144\sl-375\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {The image capture device may comprise a
focusing element and a focal plane }{\expnd0\expndtw2\cgrid array of light
sensitive electronic elements. The focal plane array of li ght sensitive
}{\expnd0\expndtw4\cgrid electronic elements may comprise an array of
charge coupled devices (CCDs). The \par
}\fi-576\sb72\sl-354\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {25\tab \tab }{\expnd-17\expndtw-87\cgrid focal
plane array may be made of silicon. The focal plane array of light
sensitive\line }{\expnd0\expndtw2\cgrid electronic elements  may be made
from InGaAs. The focal plane array may be cooled. \par
}\fi720\ri216\sb108\sl-358\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {The image capture device may comprise a pixel
detector. The pixel detector may be a contact pixel detector coupled to a
surface of the structure. \par
}\fi0\li1368\ri0\sl-299\slmult0\nowidctlpar\adjustright {The image capture
device may be a pixel detector or an array of charge \par
}\fi-576\li648\ri360\sl-358\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {30\tab \tab }{\expnd-18\expndtw-93\cgrid
coupled devices (CCDs), and may further comprise a tapered fiber bundle
coupled\line }{\expnd0\expndtw3\cgrid between a surfa ce of the structure
and the pixel detector or the CCD array. \par
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\s2\li4752\sb648\sl-227\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs24\cgrid {-11\_}{\fs20\cgrid  \par
}\fi720\li648\ri144\sb360\sl-368\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-4\cgrid {The specified electronic properties may
comprise one or more of local defect }{\expnd0\expndtw-2\cgrid densities,
local shunts, local current-voltage characteri stics, local diffusion length,
and local minority carrier lifetime. \par }\pard
\s2\fi1152\li216\ri648\sb144\sl-351\slmult0\nowidctlpar\tqr\tx3705\aspalph
a\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {Other aspects of
this system may be implemented in accordance with the 5\tab
}{\expnd0\expndtw-2\cgrid details of th e foregoing method. \par }\pard
\s2\li2808\sb360\sl-235\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \expnd0\expndtw-2\cgrid {BRIEF DESCRIPTION OF DRAWINGS
\par }\fi720\li648\ri288\sb108\sl-340\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {Embodiments of the invention are described
hereinafter with reference to the }{\expnd0\expndtw-2\cgrid drawings, in
which: \par }\pard
\s2\li72\sb144\sl-285\slmult0\nowidctlpar\tqr\tx8212\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab
}{\expnd0\expndtw-1\cgrid Fig. 1 is a block diagram of a system for
inspecting an indirect bandgap \par }\pard
\s2\li648\sb108\sl-278\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw-1\cgrid {semiconductor structure in accordance
with an embodiment of the invention; \par
}\fi720\ri504\sl-340\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {Fig. 2 is a block diagram of a system for
inspecting an indirect bandgap }{\expnd0\expndtw-1\cgrid semiconductor
structure in accordance with another embodiment of the inve ntion; \par
}\fi0\li1368\ri0\sl-285\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {Fig. 3 is a block diagram of a system for
inspecting an indirect bandgap \par }\pard
\s2\li72\sb108\sl-278\slmult0\nowidctlpar\tqr\tx8565\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {15\tab
}{\expnd0\expndtw-1\cgrid semiconductor structure in accordance with a
further embodiment of the invention; \par }\pard
\s2\qc\li504\sb108\sl-344\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \expnd0\expndtw-1\cgrid {Fig. 4 is a block diagram of a system
for inspecting an indirect bandgap\line semiconductor structure in
accordance with yet another emb odiment of the invention; 



\par }\ql\fi720\li648\ri432\sb144\sl-340\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {Fig. 5 is a block diagram of a system for
inspecting an indirect bandgap }{\expnd0\expndtw-1\cgrid semiconductor
structure in accordance with a further embodi ment of the invention; \par
}\pard
\s2\li72\sb108\sl-299\slmult0\nowidctlpar\tqr\tx8111\aspalpha\aspnum\noc
wrap\adjustright {20\tab }{\expnd0\expndtw-1\cgrid Fig. 6 is a flow diagram
of a method of inspecting an indirect bandgap \par }\pard
\s2\li648\sb108\sl-278\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw-1\cgrid {semiconductor structure in accordance
with an embodiment of the invention; and \par
}\qc\li504\sl-326\slmult0\nowidctlpar\adjustright {Fig. 7 is a block diagram
of a system for impacting an indirect bandgap\line semiconductor
structure in accordance with still another embodiment of the invention.
\par }\pard
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wrap\adjustright \fs23\expnd0\expndtw0\cgrid {25\tab }{\fs24\cgrid
DETAILED DESCRIPTION \par }\pard
\s2\fi720\li648\ri72\sb108\sl-382\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \fs24\expnd0\expndtw2\cgrid {Methods and systems are
disclosed for inspecting indirect bandgap }{\expnd0\expndtw0\cgrid
semiconductor structures. In the  following description, numerous specific
details, including indirect bandgap semiconductor materials, image
capture devices, and the }{\expnd0\expndtw-1\cgrid like are set forth,
However, from this disclosure, it will be apparent to those skilled in \par
}\pard
\s2\li72\sb108\sl254\slmult1\nowidctlpar\tqr\tx8608\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {30\tab
}{\expnd0\expndtw-1\cgrid the art that modifications and/or substitutions
may be made without departing from \par
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ustright \cs3\fs23\cgrid {-12\_}{\f10\fs20\cgrid  \par
}\li648\ri288\sb396\sl-328\slmult0\nowidctlpar\adjustright {the scope and
spirit of the invention. In other circumstances, specific details may be
}{\expnd0\expndtw2\cgrid omitted so as not to obscure the invention. \par
}\qr\li0\ri216\sb144\sl-289\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {Where reference is made in any one or more of
the accompanying drawings to \par
}\ql\li648\ri0\sb108\sl-290\slmult0\nowidctlpar\adjustright {steps and/or
features, which have the same or like reference numerals, those steps
\par }\fi-432\ri792\sb72\sl-350\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {5\tab \tab }{\expnd-17\expndtw-88\cgrid and/or
features have for the purposes of this description the same function(s)
or\line }{\expnd0\expndtw3\cgrid operation(s), u 



nless the contrary intention appears. \par
}\qr\fi0\li0\ri216\sb108\sl-290\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {hi the context of this specification, the word
"comprising" has an open-ended, \par
}\ql\li648\ri432\sl-350\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {non-exclusive meaning: "including principally, but
not necessarily solely", but }{\expnd0\expndtw4\cgrid neither "consisting
essentially of' nor "consisting only of'. Var iations of the word \par }\pard
\s2\li72\sb108\sl-289\slmult0\nowidctlpar\tqr\tx8535\aspalpha\aspnum\noc
wrap\adjustright \expnd0\expndtw0\cgrid {10\tab }{\expnd0\expndtw3\cgrid
"comprising", such as "comprise" and "comprises", have corresponding
meanings. \par }\pard
\s2\li648\sb360\sl-232\slmult0\nowidctlpar\tqr\tx2581\aspalpha\aspnum\no
cwrap\adjustright {1. }{\ul\cgrid \tab Introduction}{ \par }\pard
\s2\qr\ri108\sb144\sl-282\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \expnd0\expndtw2\cgrid {The embodiments of the invention
provide inspection systems and methods for \par
}\ql\li648\ri0\sb108\sl-290\slmult0\nowidctlpar\adjustright {indirect bandgap
semiconductor structures, including bare or partially processed \par }\pard
\s2\fi-576\li648\ri288\sb108\sl-382\slmult0\nowidctlpar\tx687\aspalpha\asp
num\nocwrap\adjustright \expnd-10\expndtw-54\cgrid {15\tab
}{\expnd0\expndtw3\cgrid wafers. In particular, the systems and methods
are particularly suited for testing \line }{\expnd0\expndtw2\cgrid silicon
structures, including bare or partially processed wafers, partially fabricated
}{\expnd0\expndtw1\cgrid silicon devices, bare or partially processed
silicon-on-insulator (SOI) structures, and }{\expnd0\expndtw3 \cgrid fully
fabricated silicon devices. The systems and methods are able to
contactlessly }{\expnd0\expndtw2\cgrid detect defects existing in the bare
wafer prior to processing and throughout various \par }\pard
\s2\fi-576\li648\ri72\sb108\sl-353\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \expnd0\expndtw0\cgrid {20\tab \tab
}{\expnd-17\expndtw-89\cgrid fabrication stages through to the finished
semiconductor device, including devices that \line
}{\expnd0\expndtw2\cgrid have been partly metallized. By contactless,
what is meant is that no electrical contact \par
}\fi0\ri288\sl-367\slmult0\nowidctlpar\adjustright \expnd1\expndtw5\cgrid
{is required. For example, the embodiments of the invention can inspect
silicon }{\expnd0\expndtw0\cgrid structures and identify defects, which
might otherwise result in the st ructure being a }{\expnd0\expndtw3\cgrid
rejected solar cell or other photovoltaic device. The systems and methods
are also \par }\pard
\s2\li72\sb108\sl-289\slmult0\nowidctlpar\tqr\tx8629\aspalpha\aspnum\noc
wrap\adjustright \f28\fs16\expnd0\expndtw0\super\cgrid
{2}{\f0\fs23\nosupersub\cgrid 5\tab
}{\f0\fs23\expnd0\expndtw2\nosupersub\cgrid able to contactlessly
determine spat ially resolved material parameters, such as local \par
}\pard
\s2\li648\ri576\sb108\sl-353\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \f0\fs23\nosupersub\cgrid {defect densities, local shunts,
local current-voltage characteristics, local diffusion
}{\expnd0\expndtw3\cgrid length, and local m inority carrier lifetime after
various processing steps. The 



\par }\sl-350\slmult0\nowidctlpar\adjustright {embodiments of the invention
utilize the photoluminescence (PL) simultaneously
}{\expnd0\expndtw3\cgrid induced across large areas of indirect bandgap
semiconductor structures to \par }\pard
\s2\li72\sb108\sl264\slmult1\nowidctlpar\tqr\tx6332\aspalpha\aspnum\noc
wrap\adjustright {30\tab }{\expnd0\expndtw3\cgrid characterize the indirect
bandgap semiconductor structures. \par
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\cs3\f10\fs17\expnd0\expndtw-4\cgrid {WO 2007/041758\tab
}{\expnd-1\expndtw-8\cgrid PCT/A U2006/001420 \par }}}}\pard\plain
\s2\li4752\sb648\sl-231\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs23\cgrid {-13- \par
}\fi792\li648\ri144\sb360\sl-380\slmult0\nowidctlpar\adjustright
\fs22\expnd0\expndtw2\ul\cgrid {In}{\fs23\ul0\cgrid  the embodiments of
the invention, instead of analyzing the spectral content
}{\fs23\expnd0\expndtw3\ul0\cgrid of the photoluminescen ce, the spatial
variation of a photoluminescence signal is used
}{\fs23\expnd1\expndtw7\ul0\cgrid to obtain information about the quality
of the indirect bandgap semiconductor }{\fs23\ul0\cgrid material. As the
embodiments of the invention are particularl y well suited to use with \par
}\pard
\s2\fi-432\li648\ri144\sb108\sl-375\slmult0\nowidctlpar\tqr\tx266\tx741\asp
alpha\aspnum\nocwrap\adjustright \fs23\expnd0\expndtw0\ul0\cgrid {\tab
5\tab }{\expnd0\expndtw1\cgrid silicon, the description hereinafter refers to
silicon structures,  including silicon wafers.\line }{\expnd0\expndtw-2\cgrid
However, in the light of this disclosure, those skilled in the art will
appreciate that the }{\expnd0\expndtw2\cgrid embodiments of the
invention may be practiced with other indirect bandgap \par }\pard
\s2\li648\ri576\sb108\sl-363\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw3\cgrid {semiconductors, such
}{\f16\fs26\i\cgrid as }{germanium and alloys of silicon and germanium.
The }{\expnd0\expndtw2\cgrid systems and  methods for inspecting silicon
structures may allow for wafers to be \par }\pard
\s2\li144\sb108\sl-311\slmult0\nowidctlpar\tqr\tx266\tqr\tx8639\aspalpha\a
spnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 10\tab
}{\expnd0\expndtw2\cgrid inspected at rates suitable for industrial
application (e.g., about 1 wafer per se cond). \par }\pard
\s2\fi792\li648\ri288\sb72\sl-365\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \expnd0\expndtw2\cgrid {In the embodiments of the
invention, light suitable for inducing }{\expnd1\expndtw5\cgrid
photoluminescence in silicon is generat ed and used to illuminate
substantially }{uniformly a large area of a silicon sample. The term
"substantially uniform" is used 



\par }\fi0\ri0\sb108\sl-290\slmult0\nowidctlpar\adjustright {to describe the
light, which may equally referred to as homogeneous, since as a \par
}\pard
\s2\fi-504\li648\ri72\sb108\sl-384\slmult0\nowidctlpar\tqr\tx266\tx741\aspal
pha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 15\tab
}{\expnd0\expndtw3\cgrid practical matter illumination is not perfectly
uniform. For example, monoch romatic\line }{\expnd0\expndtw1\cgrid or
substantially monochromatic light (e.g. from a laser or laser diode) or
partly filtered }{\expnd0\expndtw3\cgrid light from a broad spectrum light
source (e.g. a flash lamp) may be used to illuminate }{\expnd0
\expndtw4\cgrid the silicon sample. In particular, short-pass filtering is
applied to the generated light }{\expnd0\expndtw3\cgrid to greatly reduce
the spectral content of the light above a specified wavelength. An \par
}\pard
\s2\li72\sb108\sl-303\slmult0\nowidctlpar\tqr\tx266\tqr\tx8063\aspalpha\as
pnum\nocwrap\adjustright {\tab 20\tab }{\expnd0\expndtw2\cgrid optical
arrangement is used in combination with the light source to illuminate \par
}\pard
\s2\li648\ri576\sb108\sl-383\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright {homogeneously a large area of the wafer. Preferably, the
entire wafer area to be }{\expnd0\expndtw4\cgrid investigated is
illuminated homogeneously. The phot oluminescence induced
}{\expnd0\expndtw-1\cgrid simultaneously in the silicon structure by the
substantially uniform, simultaneous }{\expnd0\expndtw2\cgrid incident light
is captured using an image capture device capable of capturing \par }\pard
\s2\fi-576\li648\ri144\sb72\sl-389\slmult0\nowidctlpar\tqr\tx266\tx741\aspal
pha\aspnum\nocwrap\adjustright {\tab 25\tab }{\expnd0\expndtw2\cgrid
simultaneously the induced photoluminescence. The image capture
device preferably\line }{\expnd0 \expndtw4\cgrid comprises a focusing
element and a focal plane array of light sensitive electronic
}{\expnd0\expndtw1\cgrid elements. The focal plane array of light sensitive
electronic elements may comprise a }{\expnd0\expndtw-1\cgrid charge
coupled devi ce (CCD) array. The focal plane array may be made from
silicon. }{\expnd0\expndtw2\cgrid However, as described hereinafter, other
devices besides a CCD array may be \par }\pard
\s2\li72\sb108\sl290\slmult1\nowidctlpar\tqr\tx266\tqr\tx8481\aspalpha\asp
num\nocwrap\adjustright {\tab 30\tab }{\expnd0\expndtw3\cgrid practiced
without departing from the scope and spirit of the invention. The image
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}}}}\pard\plain
\s2\li4824\sb612\sl-232\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \cs3\fs23\cgrid {-14- \par
}\li720\ri648\sb396\sl-342\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {capture device may be used in combination with
optical imaging and/or filtering }{\expnd0\expndtw0\cgrid arrangements.
\par }\fi720\ri144\sb108\sl-349\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {In some embodiments of the invention, the
silicon wafer is illuminated from }{\expnd0\expndtw1\cgrid one side using
the noted light source, and the photoluninescence i 



nduced in the large \par }\qj\fi-432\sl-386\slmult0\nowidctlpar\adjustright {
5 area of the wafer by the incident light is captured from the opposite side
of the silicon }{\expnd0\expndtw3\cgrid wafer. In other embodiments, the
photoluminescence is captured from the same sid e }{of the silicon wafer
that is illuminated. Imaging and image processing techniques are
}{\expnd0\expndtw0\cgrid then applied to the captured PL images.
Analyzing the data allows determining local }{material parameters within
the silicon structure using  the spatial variation of the \par }\pard
\s2\fi-576\li720\ri288\sb108\sl-365\slmult0\nowidctlpar\tqr\tx302\tx770\asp
alpha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 10\tab
}{\expnd0\expndtw2\cgrid photoluminescence induced in the large area.
This may allow identifying si licon\line }{\expnd0\expndtw-1\cgrid
structures that are defective at an early stage in device manufacturing to
reject those }{\expnd0\expndtw1\cgrid structures that will be rejected
ultimately. \par }\pard
\s2\fi720\li720\ri288\sb108\sl-350\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \expnd0\expndtw1\cgrid {While the embodiments of the
invention are suited for industrial application, }{\expnd0\expndtw3\cgrid the
methods and systems c an be applied to scientific research.
Photoluminescence \par }\pard
\s2\fi-576\li720\ri288\sb108\sl-380\slmult0\nowidctlpar\tqr\tx302\tx770\asp
alpha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 15\tab
}{\expnd0\expndtw2\cgrid images may be used for example to determine
local defect rich areas, local  shunts,\line }{\expnd0\expndtw3\cgrid local
current-voltage characteristics, local diffusion length, and/or local minority
}{carrier lifetime, which may be of benefit not only in photovoltaics, but
also in other }{\expnd0\expndtw1\cgrid fields such as mi croelectronics.
The embodiments of the invention can be applied in \par }\pard
\s2\li720\sb72\sl-289\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd0\expndtw2\cgrid {contactless mode and are therefore
particularly suited to inspect local material \par }\pard
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\aspalpha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab
20\tab }{\expnd0\expndtw2\cgrid parameters after individual processing
steps. The embodiments of the  invention are\line described in greater
detail hereinafter. \par }\pard
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indirect bandgap semiconductor structure, In step 610, processing
commences. In \par }\pard
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p\adjustright \expnd0\expndtw2\cgrid {step 612, light suitable for inducing
photoluminescence in the indirect bandgap }{\expnd0\expndtw3\cgrid
semiconductor structure is ge nerated. In step 614, the light is short-pass
filtered to reduce long-wavelength light of the generated light above a
specified emission peak. }{In step 616, the light is collimated. Steps 614
'and Step 616 can also be carried out in \par
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}\qj\li720\ri576\sb360\sl-380\slmult0\nowidctlpar\adjustright
\fs23\expnd0\expndtw1\cgrid {collimated, short-pass filtered light. In step
620, images of photoluminescence }{\expnd0\expndtw0\cgrid
simultaneously induced by the substantially uniform, s imultaneous
illumination }{\expnd0\expndtw-1\cgrid incident across the large area of
the indirect bandgap semiconductor structure are
}{\expnd0\expndtw2\cgrid captured using an image capture device
capable of capturing simultaneously the \par }\pard
\s2\fi-504\li720\ri72\sb108\sl-384\slmult0\nowidctlpar\tqr\tx266\tx742\aspal
pha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 5\tab
}{\expnd0\expndtw3\cgrid induced photoluminescence. In step 622, the
photoluminescence images are ima ge\line }{\expnd0\expndtw4\cgrid
processed to quantify specified electronic properties of the indirect
bandgap }{\expnd0\expndtw3\cgrid semiconductor structure using the
spatial variation of the photoluminescence induced in the large area.
Processing then  terminates in step 622. The foregoing method of
}{\expnd0\expndtw1\cgrid inspecting an indirect bandgap semiconductor
structure is expounded upon hereinafter \par }\pard
\s2\fi-576\li720\ri288\sb108\sl-321\slmult0\nowidctlpar\tqr\tx266\tqr\tx8683
\aspalpha\aspnum\nocwrap\adjustright {\tab }{\expnd-10\expndtw-50\cgrid
10\tab }{\expnd0\expndtw2\cgrid with reference to several embodiments
implementing various syst ems for inspecting\line }{such structures. \par
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\par }\pard
\s2\qr\ri324\sb108\sl-289\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \expnd0\expndtw2\ul0\cgrid {Fig, 1 illustrates a system 100 for
inspecting a silicon structure 140, which is \par }\pard
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pha\aspnum\nocwrap\adjustright \expnd0\expndtw0\cgrid {\tab 15\tab
}{\expnd0\expndtw2\cgrid preferably a silicon wafer. Photovoltaic and
microelectronic devices can be  fabricated\line }{\expnd0\expndtw4\cgrid
in a number of stages on such a silicon wafer. The system 100 of Fig. 1
can be used }{\expnd0\expndtw2\cgrid to inspect a bare or partially
processed wafer, a wafer that has undergone any number
}{\expnd1\expndtw6 \cgrid of processing steps to form a photovoltaic
device such as a solar cell or a }{\expnd0\expndtw2\cgrid microelectronic
device, and a finished device resulting from the fabrication process. \par
}\pard
\s2\li72\sb108\sl-282\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd1\expndtw6\cgrid {20 For example, the silicon wafer 140 may
have dimensions of 150 mm x 150 mm x \par
}\li720\ri144\sl-378\slmult0\nowidctlpar\adjustright {0.25 mm. The structure
may comprise a bare or partially processed
silicon-on\-}{\expnd0\expndtw-1\cgrid insulator (SOI) structure with a
substrate that is transparent to the incident light. The }{
\expnd0\expndtw0\cgrid inspection method can be performed at room
temperature. For ease of discussion, the }{\expnd0\expndtw2\cgrid silicon
structure is simply referred to hereinafter as the silicon sample. \par }\pard
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}{\expnd0\expndtw2\cgrid The system 100 comprises a light source 110, a
short-pass filter unit 114, and \par }\pard
\s2\li720\ri144\sb108\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd1\expndtw6\cgrid {an image capture device 122. The
short-pass filter unit 114 may comprise one or }{\expnd0\expndtw4\cgrid
more short-pass filters. A sh ort-pass filter passes through the excitation
light and }{\expnd0\expndtw1\cgrid absorbs or reflects an unwanted long
wavelength emission(s). Examples of short-pass \par
}\ri0\sl-304\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid {filters
include colored filters and dielectric interference filters. Alternatively, a \par
}\pard
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}{\expnd0\expndtw2\cgrid dielectric mirror may be used (e.g. under 45
degrees) that reflects that part of the  light \par
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\par }\li648\ri216\sb360\sl-358\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {that is to be used and transmits the unwanted
long wavelength light. The short-pass }{\expnd0\expndtw-2\cgrid filter unit
may also comprise a combination of short pas s filters and dielectric
mirrors. \par }\fi720\sb108\sl-351\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {The system also comprises a collimator 112 and
may comprise a homogenizer }{\expnd0\expndtw-1\cgrid 116, which is a
device for converting a collimated beam of light that ha s non-unifoini \par
}\pard
\s2\fi-432\li648\ri216\sb108\sl-368\slmult0\nowidctlpar\tx702\aspalpha\asp
num\nocwrap\adjustright \expnd0\expndtw0\charscalex105\cgrid {5\tab
}{\expnd0\expndtw-3\charscalex100\cgrid intensity into a uniformly
illuminated region of a plane perp endicularly incident to the\line
}{\expnd0\expndtw-1\charscalex100\cgrid collimated beam. Examples
include cross cylindrical lens array(s) and a micro lens
}{\charscalex100\cgrid array. A collimator may be lenses of various sorts.
In the embodiment of Fig . 1, the \par }\pard
\s2\li648\ri648\sb108\sl-348\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw-4\charscalex100\cgrid {elements of the
system 100 are arranged as follows: a light source 110 facing the
}{\expnd0\expndtw-1\cgrid silicon sam ple 140, the collimator 112, the
short-pass filter unit 114, and the \par
}\fi-576\ri216\sl-344\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {10\tab \tab }{\expnd-19\expndtw-96\cgrid
homogenizer 116 optically aligned in that sequence. In another
embodiment of the\line }{\expnd0\expndtw-1\cgrid invention, the orde ring
of the collimator 112 and the short-pass filter unit 114 may be \par
}\fi0\ri504\sl-366\slmult0\nowidctlpar\adjustright \expnd0\expndtw-3\cgrid
{reversed. A field lens 117 may be used between the homogenizer and
the silicon }{\expnd0\expndtw-2\cgrid sample. The elements are spaced
apart from the silicon sample 140 so  that a large
}{\expnd0\expndtw-1\cgrid area of the sample 140 can be illuminated
homogeneously. \par }\pard
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wrap\adjustright \expnd0\expndtw0\cgrid {15\tab
}{\expnd0\expndtw-1\cgrid The light source 110 generates light suitable for
inducing simultaneously \par }\pard
\s2\li648\ri216\sb144\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright {photoluminescence across a large area of the silicon sample
140. The total optical }{\expnd0\expndtw-2\cgrid power of the generated
light may exceed 1.0 Watt . Light sources of higher power are }{able to
more quickly and intensely induce photoluminescence in the silicon
sample 140. The light source 110 may generate monochromatic or
substantially \par }\fi-576\ri72\sb108\sl-347\slmult0\nowidctlpar\adjustright
{20\tab \tab }{\expnd-19\expndtw-96\cgrid monochromatic light. The light
source 110 may be at least one laser. For example, an\line }{808 nm
diode laser may be used to generate monochromatic  light. Two or more
\par }\fi0\ri216\sl-368\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {lasers with different principal wavelengths may
also be practiced. Another light }{\expnd0\expndtw-2\cgrid source 110
may comprise a broad spectrum light source (e.g., a flash 



lamp) combined }{\expnd0\expndtw0\cgrid with suitable filtering to provide
partly filtered light. Still another light source 110 \par }\pard
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um\nocwrap\adjustright \expnd0\expndtw0\cgrid {25\tab
}{\expnd0\expndtw-1\cgrid may be a high-powered light emitting diode
(LED). Yet another light source 110 may\line } {\expnd0\expndtw2\cgrid
comprise an array of light emitting diodes (LED). For example, such an
LLD array }{\expnd0\expndtw-1\cgrid may comprise a large number (e.g.
60) of LEDs in a compact array with heatsinking }{Other high powered
light sources may be  practiced without departing from the scope and spirit
of the invention. \par }\pard
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source 110 is collimated into parallel beams by a \par }\pard
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djustright {collimator or collimator unit 112, which may comprise more than
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p\adjustright \plain \cs5\fs24\expnd0\expndtw-3\cgrid {pass filtering is
applied to the generated light. This may be done using an interference
}{\expnd0\expndtw0\cgrid sho rt-pass filter unit 114 comprising one or
more filter elements. Short-pass filtering \par
}\ri360\sb72\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid {the
generated light reduces long-wavelength light above a specified emission
peak. The short-pass filter 114 may reduce by a factor of about 10 or
more the total photon \par }\pard
\s2\fi-504\li576\ri432\sb108\sl-369\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\fs24\cgrid {5\tab \tab
}{\expnd-18\expndtw-92\cgrid flux in a long-wavelength tail of the
generated light. The long-wavelength tail may \line
}{\expnd0\expndtw-1\cgrid begin at a wavelength that is about ten percent
(10%) higher than a longest \par }\pard
\s6\li576\ri216\sb72\sl-380\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\fs24\expnd0\expndtw1\cgrid {wavelength emission
peak of the light source 110. For example, the filtering may
}{\expnd0\expndtw2\cgrid remove unwant ed spectrum components such
as infra-red components with }{\expnd0\expndtw-1\cgrid wavelengths in
the range of 900 nm to 1800 nm or a subrange of that range. Multiple 
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ocwrap\adjustright \expnd0\expndtw0\cgrid {10\tab \tab
}{\expnd-18\expndtw-91\cgrid short-pass filters may be used because one
filter may not be sufficient itself to remo ve\line }{or reduce unwanted
spectrum components. The short-pass filters may be \par }\pard
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\adjustright \expnd-1\expndtw-5\cgrid {implemented at numerous different
positions in the overall combination of optical }{\expnd0\expndtw-1\cgrid
elements between the ligh t source 110 and the silicon sample 140. For
example, }{\expnd0\expndtw0\cgrid filters may be positioned between the
homogenizer 116 and the field lens 117. If \par }\pard
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num\nocwrap\adjustright \expnd-13\expndtw-66\cgrid {15\tab
}{\expnd0\expndtw-1\cgrid more than one short pass filter is used, then
one or more of the filters may be arra nged\line so that they are tilted
under some angle against the optical axis of the collimated beam
}{\expnd0\expndtw3\cgrid to avoid multiple reflections of the reflected light.
The short-pass filtered and }{\expnd0\expndtw-4\cgrid co 


