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TIME DEPENDENT FLUORESCENCE MEASUREMENTS

CROSS REFERENCE TO RELATED APPLICATIONS.
[0001] This application claims benefit of priority from U.S. Provisional Patent
Application No. 60/497,803, filed August 26, 2003, and entitled “LASER
SCANNING METHOD FOR TIME DEPENDENT MEASUREMENT OF
FLUORESCENCE,” and from U.S. Provisional Patent Application No. 60/497,764,
also filed August 26, 2003, and entitled “LASER SCANNING SYSTEM FOR TIME
DEPENDENT MEASUREMENT OF FLUORESCENCE.”

BACKGROUND

[0002] This invention relates to measuring fluorescence and properties derived from
fluorescence in materials.
[0003] In conventional fluorescence microscopy, a sample, such as a biological
specimen is stained with fluorophores before being illuminated by light of a relatively
short wavelength. The illumination light, which typically is provided from a laser,
excites the fluorophores into a higher energy state where they remain for a short
period of time, before returning to their original energy state while emitting
fluorescent light of a wavelength longer than the excitation wavelength. In a
fluorescence microscope, the emitted fluorescent light is collected by an objective
lens of the microscope and is passed through the optical system of the microscope,
such that it can be viewed by a user, for example, through the eyepieces of the
microscope, or on a display screen of a video system that is connected to the
microscope’s optical system. In many cases, both the excitation light and the
fluorescent light share an optical path through the microscope’s optical system, and
can be separated as needed, by optical components such as dichroic mirrors that
reflect light above the excitation wavelengths while passing the excitation light.

* [0004] The systems that have found most use in laboratories generally use visible
fluorescence of materials and visible light sources. The spatial resolution that can be
obtained is determined by the specific optical setup. In some cases, the laboratory
experimental setups use pulsed laser light to improve the quality of the fluorescence
image. Laboratory arrangements are often used to detect biomolecular reactions and
interactions that can be probed by fluorescent methods. Fluorescent dyes are

commonly used to examine cells by staining portions of the cells. For more routine
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imaging analyses, or assays, the excitation light source can illuminate a portion of an
object to be examined, such as one microlocation in an array of microlocations.
[0005] For reasons of image contrast or signal discrimination, there is often a need to
improve the resolution and eliminate background noise in the focal region of the
sample that is being studied, as biological samples in particular are fairly transparent
and light collection over a too wide depth of focus may obscure the specific details
that are being studied of the biological sample. Current solutions to this problem
include confocal laser scanning microscopy or wide-field deconvolution technologies,
which generate optical “slices” or cross-sections that include only the in-focus
information. Another technique is the use of two-photon (2P) excitation produced by
an infrared ultra-short, pulsed laser beam. In two-photon systems, the pulsed laser
allows the same fluorophores to be excited by photons of twice the wavelength than
those used in single photon systems, but the longer wavelength photons are not
absorbed by the biological sample, which results in decreased toxicity to living cells
and decreased photo bleaching. Furthermore, the infrared wavelength excitation
significantly reduces scattering within the tissue, as the scattering coefficient is
proportional to the inverse fourth power of the excitation wavelength, resulting in
penetration deeper into the specimen.
[0006] Fluorescent systems of this kind typically work well in laboratory settings.
However, in the chemical and biotechnology industry, there is often a need to analyze
a large number of samples in a time and cost-efficient manner, and due to the different
requirements in these environments, the above configurations are often not suitable or
possible to use. Therefore, what is needed is an improved apparatus that can be used
to analyze an array of samples or objects in an efficient manner, while having the
ability to discriminate against background noise.

SUMMARY
[0007] In general, in one aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. The
apparatus has a light source, one or more illumination optical elements, a scanner, one
or more collection optical elements, and a device forming an aperture that limits
detection of light from the sample. The illumination optical elements direct a light
beam from the light source onto the sample. The scanner scans the light beam across

the sample. The one or more collection optical elements collect light from the sample
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and transmit the collected light to a detector. None of the one or more collection
optical elements are included among the one or more illumination optical elements.
The device forming an aperture limits detection of light from the sample to light
associated with a limited vertical depth within the sample, and is one of the collection
optical elements.

[0008] Advantageous embodiments can include one or more of the following
features. The device forming the aperture can be a slit aperture. The device forming
the aperture can be a bundle of optical fibers. Light entering different optical fibers in
the bundle of fibers can correspond to light at different vertical depths within the
sample. The collection optical elements can collect light from a scan line on the
sample with substantially uniform efficiency. The collection optical elements can
include a cylindrical lens or a spherical lens.

[0009] Two or more detectors can be offset from one another with respect to a path
for collecting the light from the sample, wherein each of the two or more detectors
can be positioned to capture light being emitted from a different vertical depth within
the sample. There can be logic for adjusting the position of the sample with respect to
the collection optical elements in response to light intensity detected at the two or
more detectors to maintain a substantially uniform vertical depth from position to
position on the sample. The detector can include a photomultiplier detector, a
photodiode device, a charge coupled device, or a microchannel plate. Two or more
detectors can be provided that receive light from the same region of the sample and
detect two or more different characteristics of the sample, such as different
polarizations of the light, different frequencies of the light and different lifetimes.
Logic can be provided for examining the correlation between the signals obtained
from the two or more detectors to identify objects and exclude background noise.
[0010] The collection of optical data can be limited to regions of the sample known or
detected to hold particular objects to be characterized on the sample, and the logic can
be implemented in computer software or computer hardware instructions that can be
read and executed by a processor operatively connected to the detector. The logic for
limiting collection of optical data can limit collection by only recording optical data
when an intensity of the collected light is above a certain adjustable threshold value
and the optical data meets at least one additional criterion. The logic for limiting

collection of optical data can limit collection by only recording optical data during
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time periods when the beam from the light source is scanned across an area of interest
on the sample.

[0011] The light source can be a continuous wave laser, a pulsed laser, a mode-locked
high repetition rate laser, or a Q-switched laser. The continuous wave laser can be a
diode laser, a diode-pumped solid state laser, a gas laser, or a tunable solid state laser
system and can be modulated in the frequency range of 1 kilohertz to 2 Gigahertz.
The pulsed laser can be configured to emit pulses in a frequency range of 1 Hertz -
100 Megahertz with a spacing ranging from 10 nanoseconds to 1 second. The mode-
locked laser can have a repetition rate that is higher than or equal to 10 Megahertz.
The Q-switched laser can be pulsed at a frequency in the range of 1 Hertz to 1
Megahertz. The light beam emitted from the light source can be intensity modulated
in time with a frequency in the range of 1 Hertz to 2 Gigahertz.

[0012] The scanner can include one or more polygonal mirrors being rotated by a
scanning element to scan the light beam across the sample. The scanner can include
one or more mirrors being moved by a galvanometer to scan the light beam across the
sample. The scanner can be a resonant mirror scanner. The one or more illumination
optical elements can include a telecentric lens.

[0013] In general, in another aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. The
apparatus has a light source, one or more illumination optical elements, a scanner, and
one or more collection optical elements. The illumination optical elements direct a
light beam from the light source of a first frequency onto the sample. The scanner
scans the light beam across the sample. The collection optical elements collect light
of a second frequency from the sample and transmit the light to a detector. None of
the one or more collection optical elements are included among the one or more
illumination optical elements.

[0014] In general, in another aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. The
apparatus has a light source, one or more illumination optical elements for directing a
light beam from the light source onto the sample, a scanner for scanning the light
beam across the sample, one or more collection optical elements, a first device that

limits detection of light from the sample to light associated with a first vertical depth

4



WO 2005/019811 PCT/US2004/027890

within the sample, and a second device that limits detection of light from the sample
to light associated with a second, different, vertical depth within the sample, where
the first and second devices are collection optical elements.

[0015] Advantageous embodiments can include one or more of the following
features. Logic can be included for automatically adjusting the vertical position of the
sample with respect to the collection optical elements in response to the relative light
intensity collected at the first and second devices in order to maintain a consistent
vertical position of the sample with respect to the collection optical elements during
scanning. At least one of the first device and the second device can be an optical
fiber. The first device can include a first row of optical fibers and the second device
can include a second row of optical fibers. The one or more detectors can include one
or more microchannel plates arranged to separately detect light from the first and
second devices. The one or more detectors can include a photomultiplier detector, a
photodiode device, a microchannel plate, or a charge coupled device. Two or more
detectors can be included for receiving light from the sample and detecting two or
more different characteristics of the light from the sample. The light beam from the
light source can be monochromatic having a first wavelength and wherein one or
more of the collection optics and the one or more detectors is tuned to collect light at
a second wavelength, which is different from the first wavelength. A third device can
be included that limits detection of light from the sample to light associated with a
third, different, vertical depth within the sample.

[0016] The invention can be implemented to include one or more of the following
advantages. Improved system and methods for cell and microarray analysis are
provided. The use of a scanning light source, in combination with improved
geometry of the optical collection system, allows for many samples or objects to be
illuminated in a single scan. Furthermore, the samples emit radiation in a specific
confined region that is amenable to detection with characteristics that allow a higher
degree of spatial resolution compared to several existing systems. The use of separate
illumination optical components and separate collection optical components reduces
the need to separate the illumination light from the fluorescent light emitted by the
illuminated sample, and thus provides a simpler and more robust configuration.
Using a cylindrical lens, such as a rod lens as one of the collection optical elements

allows collection of an entire scan line with substantially uniform efficiency.
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[0017] The polarized nature of the light source can be used to examine reactivity,
environment, and/or biological activity of either native material or material that has
been tagged with a fluorescent marker.

[0018] In one embodiment, the pulsed or modulated nature of the system allows for
time dependent, rapid determination of chemically or photo-induced bioactivity. The
timing of the pulses, and the timing of the responses can be used to extract physical
information, such as fluorescence lifetimes and polarization relaxation times, as well
as chemical or biological information. With determinable characteristics of time
resolution coupled with the scanning feature, time-dependent information can be
extracted, which can allow for precise mapping into a spatial domain. The optical
detection system confines the detection region in such a way that an entire array can
be scanned with a precisely located detection region without requiring a conventional
autofocus mechanism for the collection optics with the attendant timing requirements.
By using an apparatus that allows for improved light collection efficiency and
background discrimination, the scanning source focus stays within the confined
detection region. These characteristics of the invention allow for mapping to a
microlocation, either at the subcellular level or at a macro position within a
microarray for rapid assay analyses.

[0019] The output signal is uniquely suited to analyzing the fluorescence of cells and
other objects or features within cells or in solution. The output signal and its
characteristic behavior can be analyzed to determine structural, chemical, or
biological properties of the object. An image of each object can be spectrally and/or
temporally decomposed to discriminate object features by using polarization,
fluorescence lifetime, or rotational correlation time as required. An object being
imaged in accordance with the present invention can be stimulated into fluorescence,
either by autofluorescence, or by binding a molecule or probe, that can be stimulated
to fluoresce. Morphological and spectral characteristics of cells and sub-cellular
features can be determined by measuring fluorescence signals that may also include
time dependent spectral information, which can be used to determine time dependent
cellular responses or other information about the cells and their components. Similar
measurements can be used to determine nuclear fluorescence intensity, cytoplasm
fluorescence intensity, background autofluorescence intensity, fluorescent

depolarization intensity, and the ratios of any of these values.
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[0020] The output signal can also be used to monitor the sample’s position, and if
necessary readjust the position of the sample, such that an optimal amount of light is
collected. The output signal can also be used to reduce the data storage requirements,
for example, by only storing data when the intensity of the collected fluorescent light
is above a certain threshold value.

[0021] In general, in one aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. A light
beam of a first frequency is scanned onto a sample surface using one or more
illumination optical elements. Light of a second frequency is collected from a scan
line on the sample surface using one or more collection optical elements. None of the
one or more collection optical elements are included among the one or more
illumination optical elements. The collected light is transmitted to a detector.

[0022] Advantageous embodiments can include one or more of the following
features. The first frequency and the second frequency can either be the same or can
be different. The light can be collected through a device forming an aperture that
limits detection of light from the sample to light associated with a limited vertical
depth within the sample, wherein the device is one of the collection optical elements.
The light can be collected through a slit aperture that limits detection of light from the
sample to light associated with a limited vertical depth within the sample. The light
can be collected using a bundle of optical fibers, and light that enters different optical
fibers in the bundle of optical fibers can correspond to light at different vertical
depths within the sample. Light can be collected from a scan line on the sample with
substantially uniform efficiency using the one or more optical elements, for example,
a cylindrical lens or a spherical lens. The collected light can be transmitted by
directing the collected light from the sample to two or more detectors offset from one
another with respect to a path for collecting the light, wherein each of the two or more
detectors is positioned to capture light being emitted from a different vertical depth.
[0023] The position of the sample can be adjusted with respect to the collection
optical elements in response to light intensity detected at the two or more detectors to
maintain a substantially uniform vertical depth from position to position on the
sample. The detector can be a photomultiplier detector, a photodiode device, a
microchannel plate or a charge coupled device. The collected light can be transmitted

by directing the collected light from the sample to two or more detectors, and two or
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more different characteristics of the light from the sample, such as different
polarizations, different frequencies of the light, different frequencies of the signal
modulation or time-gated regions can be detected.

[0024] The collection of optical dafa can be automatically limited to regions of the
sample known or detected to hold particular objects to be characterized on the sample.
Automatically limiting the collection of optical data can include recording optical data
only when an intensity of the collected light is above a certain adjustable threshold
value and the optical data meets at least one additional criterion.

[0025] Automatically limiting the collection of optical data can include recording
optical data only during time periods when the beam from the light source is scanned
across an area of interest on the sample.

[0026] Scanning a light beam can include scanning a light beam from a light source
that is one of: a continuous wave laser, a modulated continuous wave laser, a pulsed
laser, a mode-locked high repetition rate laser, and a Q-switched laser. The pulsed
laser can be configured to emit pulses in a frequency range of 10-100 Megahertz with
a spacing ranging from 100 picoseconds to 10 microseconds. The mode-locked laser
can have a repetition rate that is higher than or equal to 10 Megahertz. The Q-
switched laser can be pulsed at a frequency in the range of 1 Hertz to 1 Megahertz.
Scanning can include scanning a light beam from a light source that is intensity
modulated in time with a frequency in the range of 1 Hertz to 2 Gigahertz. Scanning
can include scanning a light beam with a scanner that includes one or more polygonal
mirrors being rotated by a scanning element to scan the light beam across the sample.
Scanning can include scanning a light beam with a scanner that includes one or more
mirrors being moved by a galvanometer to scan the light beam across the sample.
Scanning can include scanning the light beam with a resonant mirror scanner. The
one or more illumination optical elements can include a telecentric lens.

[0027] In general, in another aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. A light
beam of a first frequency is scanned onto a sample surface using one or more
illumination optical elements. Light of a second frequency is collected from a scan
line on the sample surface using one or more collection optical elements, wherein the

light is collected through an aperture that limits detection of light from the sample to
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light associated with a limited vertical depth within the sample. The collected light is
transmitted to a detector.
[0028] In general, in another aspect, the invention provides methods and apparatus,
including computer program products, implementing and using techniques for
collecting optical data pertaining to one or more characteristics of a sample. A light
beam of a first frequency is scanned onto a sample surface using one or more
illumination optical elements. Light is collected from a scan line on the sample
surface using one or more collection optical elements. The light 1s collected through a
first device that limits detection of light from the sample to light associated with a
first vertical depth within the sample and through a second device that limits detection
of light from the sample to light associated with a second, different, vertical depth
within the sample. The collected light is transmitted from the first and second devices
to one or more detectors.
[0029] Advantageous embodiments can include one or more of the following
features.
[0030] The vertical position of the sample can be automatically adjusted with respect
to the collection optical elements in response to the relative light intensity collected at
the first and second devices in order to maintain a consistent vertical position of the
sample with respect to the collection optical elements during scanning. At least one
of the first device and the second device can be an optical fiber. The first device can
include a first row of optical fibers and the second device can include a second row of
optical fibers. The one or more detectors can include comprise one or more
microchannel plates arranged to separately detect light from the first and second
devices. Two or more different characteristics of the light from the sample can be
detected.
[0031] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and
from the claims.

DESCRIPTION OF DRAWINGS
[0032] FIG. 1 is a schematic view of an apparatus for collecting optical data in
accordance with a first embodiment of the present invention.
[0033] FIG. 2 is a side elevational view of a first embodiment of a scanner part of the

apparatus shown in FIG. 1.
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[0034] FIG. 3 is a side elevational view of a second embodiment of a scanner part of
the apparatus shown in FIG. 1.

[0035] FIG. 4 is an isometric view of the scanner part shown in FIG. 2.

[0036] FIG. 5A is an isometric view of the scanner part shown in FIG. 3.

[0037] FIG. 5B is an isometric view of an apparatus for collecting optical data in
accordance with the invention, with an alternative embodiment of the sample array.
[0038] FIG. 6 is a more detailed schematic view of the detection optics and
electronics system of an apparatus for collecting optical data in accordance with the
invention.

[0039] FIG. 7 is a schematic diagram showing a confined field of view for a single
detector configuration of the apparatus of FIG. 1.

[0040] FIG. 8 is a schematic diagram showing a more detailed view of the confined
field of view for a single detector configuration of FIG. 7.

[0041] FIG. 9 is a schematic diagram showing a confined field of view in a stereo
configuration of the apparatus of FIG. 1 with multiple detectors.

[0042] FIG. 10 is a schematic diagram showing multiple confined fields of view for
an array of detectors of the apparatus of FIG. 1.

[0043] FIG. 11 is a schematic diagram showing output signals as a function of time
from three individual detectors in a multi-detector configuration of the apparatus of
FIG. 1.

[0044] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0045] The invention provides an improved apparatus that uses a scanning light
source, which can be focused onto an array of samples or objects, with the ability to
discriminate against background noise or signal, and makes use of image contrast
mechanisms. The apparatus of the invention can be operated in several distinct modes
or combinations thereof, depending on what type of sample data needs to be collected.
A high-level description of some exemplary modes will first be provided, followed by
a more detailed discussion about the parts and geometry of the apparatus.

[0046] In a first mode, the output signal from the apparatus contains information such
as the number of discrete positions in a cell or other object from which the fluorescent
light originates, the relative location of the signal sources, and the color (e.g.,

wavelength or waveband) of the light emitted at each position of the object. As a
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result of the geometry of the illumination optics, a relatively large illumination region
is created that is confined to a region within the sample volume, thereby eliminating
the need to have an apparatus which must adjust the focus of the illumination
continuously and an in real time over a plurality or an array of samples. The
geometry of the collection optics limits the detection region to a focal volume where
the sample is contained and from which the data is collected. In one embodiment,
multiple collection arrangements are used with the attendant benefits, which will be
described below for a setup with two collection lenses.

[0047] In a second mode, a plane-polarized laser beam can be propagated through the
optical system onto the sample, allowing interrogation of the biological material with
polarized light. In this mode the emitted light can be separated into its two orthogonal
components and analyzed either sequentially in time with a switchable modulator,
such as an electrooptic modulator, to allow for detection of the parallel and
perpendicular components, or simultaneously with multiple collection optics with
specified perpendicular and parallel polarizing filters. The polarized nature of the
excitation source allows for measurement of properties of biological materials where
the characteristics of the anisotropy of the emission, or the time dependent nature of
the relaxation of the polarization, can give rise to spatial or physical information about
the biological moiety.

[0048] In a third mode, several laser beams can be propagated through the optical
system onto the sample allowing interrogation of the biological material with different
wavelengths of light or with the same wavelength at different times. In this mode the
lasers can be pulsed simultaneously or with a fixed or variable delay between pulses.
Delay between pulses allows for measurement of properties of biological materials in
an excited state where the first laser pulse causes excitation of the biological moiety
and the second or additional laser pulses interrogate that moiety in an excited state.
The laser beams can be co-propagated so that they focus on the same sample area
during a scan or, alternatively, they can be propagated at some relative angle so that
during a scan the laser beams sequentially move over the same sample area.

[0049] In a fourth mode, a single modulated laser beam can be propagated through
the optical system onto the sample allowing lifetime measurements of the

fluorescence in the biological material.
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[0050] In a fifth mode, several detectors can be used in conjunction with one
collection optics arrangement, which creates multiple confinement regions for
analysis, the advantages of which will be described in further detail below.

[0051] In a sixth mode, several collection optics arrangements can be used to provide
improved confinement over a single collection optic with the unique geometry, or can
be used to collect emission from the confined region with several characteristics
which are uniquely specified to each collecting optics, the advantages which will be
described below.

[0052] The apparatus will now be described in further detail, by way of example, with
reference to FIGs. 1-11. As shown in FIG. 1, in one embodiment, an excitation light
source (1) emits excitation light (4) to be projected onto a sample (2) that is to be
investigated and which rests on a microarray plate. Typically, the excitation light
source (1) is a laser, such as an Ar or Ar/Kr mixed gas laser with excitation lines of
488, 514, 568 and 647 nm. In one embodiment, a continuous wave (CW) laser, such
as the Compass 315 M laser from Spectraphysics Inc. of Mountain View, CA, is used
as an excitation source. Depending on the laser (1) and specific optics used in the
apparatus, the wavelength of the excitation light can be either within the visible range
(i.e., 400-700 nm), or outside the visible range. For excitation wavelengths below 400
nm photochemical reaction rates, such as those due to photobleaching, tend to be
substantial. In one embodiment, the output from the laser (1) can be modulated and
give information about the time dependent response of fluorescence signals by using a
frequency modulation detection scheme. In another embodiment, a pulsed laser with
laser pulses of approximately 12 ps FWHM (Full Width at Half Max) with a spacing
of approximately 12 ns is used as the excitation light source (1). The average power of
the laser (1) at the sample (2) is typically in the range 1mW - 1W. The spacing of 12
ns is convenient for fluorescent lifetime detection, but can be varied as necessary, for
example, by varying the cavity length of the laser (1). Common to both embodiments
is the use of time-resolved imaging as a contrast producing agent. This has been
developed significantly in the field of fluorescence microscopy and has been
described in detail by Marriott, Clegg, Amdt-Jovin, and Jovin, 1991, Biophys. J.
60:1374-1387; Verveer, Squire, and Bastiaens, 2000, Biophys. J. 78:2127-2137;
Buehler, Dong, So, French, and Gratton, 2000, Biophys. J 79:536-549; Fushimi, Dix,
and Verkman, 1991, Biophys. J. 57, 241-254; and Berndt, Gryczynski, and Lakowicz,
1993, United States Patent No. 5,196,709; as well as others not referenced herein.
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The apparatus and methods used for such studies can generally be classified as one of
two types: time-domain or frequency-domain (see Hanley, Subramaniam, Arndt-
Jovin, and Jovin, 2001, Cytometry 43:248-260). These apparatus and methods are
well-known to those skilled in the art.

[0053] After leaving the laser (1), the excitation light (4) passes through one or more
illumination optical elements to the sample (2). The illumination optical elements
include an electro-optic modulator (8), a set of beam-shaping lenses (3), a scanning
device (5), and a multi-element lens (9). The electro-optic modulator (8) can be used
to polarization modulate the excitation light (4), if required by the investigation that is
to be carried out on the sample (2). The set of beam-shaping lenses (3) expands the
laser beam in order to match the input aperture of the scanning lens and provide the
desired illumination region size at the sample (2). The scanning device (5) moves the
expanded laser beam back and forth in a line-scan over the sample (2) after the beam
has been focused by the multi-element lens (9). The scanning device (5), which will
be described in further detail below, can be an electromechanical device coupled to an
optic element, such as a mirror driven by a galvanometer. In one embodiment, which
will also be described in further detail below, the scanning device (5) uses a polygon
with multiple reflective surfaces to scan the laser beam across the sample (2). The
multi-element lens (9) is designed to focus the laser light at the operating wavelength
of the laser (1). The multi-element lens (9) can, for example, be a microscope
objective designed for the operating wavelength or a specially designed scanning lens,
such as a telecentric lens, that has appropriate parameters to achieve a flat focal plane,
for example, with a long working distance and low first and second order aberrations,
thus producing the same spot size and shape over a wide range of positions (such as a
scan line). The telecentric lens is particularly useful for covering a large field of
view.

[0054} After passing the multi-element lens (9), the beam (10) is focused onto a
region of the sample (2) to be imaged. The focal region is located above, for example,
a base of a microarray plate. The sample (2) can be objects to be interrogated by
fluorescence, such as cells attached to the bottom of a microwell of the microarray
plate.

[0055] The fluorescent light emitted by the sample (2) is collected by one or more
collection optical elements (19). As will be discussed below, there are several ways

to configure the collection optical elements (19) that allow scanning of a large array,
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such as microarray plate. In one embodiment, the collection optical elements (19) is a
rod lens, designed to capture the entire range of sweep of the beam (10) over one
dimension of the base (11) of the sample array. The collection optical elements (19)
can also include other types of lenses, or an aggregate of lenses, as would be
determined by the specific information required from the emission. In some
embodiments, multiple setups of collection optical elements (19) can be used to
improve collection efficiency.

[0056] The light collected by the collection optical elements (19) is transmitted to a
detector (21) located at a convenient distance from the collection optical elements
(19). The transmission of the fluorescent light can be accomplished by, for example,
an optical fiber or a bundle of optical fibers (20). In one embodiment, the detector
(21) is a detector with high gain, such as a photomultiplier tube, which produces an
electrical output signal. The electrical output signal is further processed by a data
acquisition system (14), which performs operations such as optimization of the gain
and the signal to noise ratio (S/N), by making use of signal enhancing, averaging, or
integrating detection systems.

[0057] FIG. 2 shows a side elevational view of the scanning portion of a first
embodiment of an apparatus in accordance with the invention. FIG. 4 shows an
isometric view of the scanning portion of the same embodiment of the apparatus. In
the embodiment show in FIGs. 2 and 4, the scanning device (5) is a mirror (6) driven
by a galvanometer. By moving the mirror (6) back and forth using the galvanometer,
the excitation light (10) from the laser (1) can be swept across the sample (2). FIGs.
3, 5A and 5B show similar views of a second embodiment of an apparatus in
accordance with the invention, where the scanning device (5) instead is a polygon (7)
with multiple reflective surfaces. In this embodiment the laser beam (10) is swept
over a region of the sample (2) by rotating the polygon (7). In yet another
embodiment, the scanning device (5) is a resonant scanning device, such as a mirror
mounted on a torsion bar with electromagnets causing the mirror to move back and
forth. In all embodiments, the beam velocity across the sample (2) is thus a result of
the rotation speed of the polygon (7) or the sweep velocity of the galvanometer and
the resonant scanning device, respectively. Each of the different configurations has
different advantages and drawbacks. For example, the galvanometer is less expensive
than the polygon mirror, but operates at a smaller angle and at a lower frequency,

which causes a slower scanning speed. The resonant scanning device is cheaper than
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both the galvanometer and the rotating mirror and operates at larger angles, but only
operates at a predetermined frequency. The beam motion at the focal plane in the
sample (2) is typically 1-10 mm/ms, but can be as fast as 10-1000 mm/ms, depending
on the sweep velocity of the mirror (6), or the rotation speed of the polygon (7). The
polygon (7) is typically rotated at rotation speeds from 0.5 kHz to 20 kHz.

[0058] The multi-element lens (9) that receives the laser light (4) is designed to focus
the laser light at the operating wavelength of the laser (1). The multi-element lens (9)
focuses the laser light (4) close to the diffraction limit of the multi-element lens (9),
which is typically in the range of 5 - 20 microns, but can be as small or large as 1-200
microns. The sample or sample array (2) is arranged to accept the focused, beam at,
or just above, the base (11) of the sample (2). The length of the scan line across the
sample array (2) can be varied and is typically in the range 5 mm to 100 mm. In one
embodiment, the scan light (10) can interrogate for example, a 96-well plate in less
than one minute at 5 micron resolution.

[0059] As can be seen in FIGs. 2-5, an optical element (12), such as a mirror, is
provided approximately half way between the scan lens and the sample to intercept
and reflect a section of the incident light (10) onto a detector (13). Typically, the
reflector (12) is located about 1-2 cm from the scan lens. The detector (13) is used to
detect the location of the start of scan, in order to trigger the data acquisition system
(14), which will be described in further detail below. The detector (13) can, for
example, be a photodiode or equivalent component that can sense the incoming light
(10) reflected from the reflector (12) and provide an electrical signal to the data
acquisition system (14). A second mirror and detector can be placed on the other side
of the scan line to detect the end of a scan and thereby enable bidirectional scanning.
[0060] FIG. 7 shows an enlarged view of the sample (2), how incoming light (10)
illuminates the sample (2), and a source region (17) from which the fluorescent light
is collected in a single detector embodiment of the apparatus of FIG. 1. The sample
(2) is located on a base (11) with a series of optical elements (16) that allow the laser
light (10) to be transmitted through to the sample contained in the array. The array
can, for example, be a microarray plate containing wells with solutions or samples
adhered to the bottom of the wells. The focal plane location is near the inner side of
optical elements (16) and defines the region of highest light flux, thereby defining a
region of highest emitted light source. The region’s volume size depends on the multi-

element lens (9) configuration and the depth of the interrogated sample (2) located
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above the base (11). The defined volume of a source region (17), which actually gives
rise to the fluorescent signal, additionally depends on the configuration of the
collection optical elements (19), as will now be discussed.

[0061] As can be seen in FIG. 7, the geometry of the collection optical elements (19)
is such that the collection region is confined to the region of the field of view for the
detector (21). The fluorescent signal intensity is confined to a source region (17)
formed by the intersection of the excitation source’s focal region and the image of the
detector (21) inside this region, as shown in FIG 7. The source region is located
within a limited vertical depth of the sample, that is, at a limited distance range above
the base (11) upon which the sample (2) rests. A number of advantages result from
arranging the collection optical elements (19) such that a collection path (18) forms an
angle with the incident light (10). Another advantage is the elimination of the need
for optically flat micro arrays that do not deviate in the location of surface apertures
(16) of the well (2). The collection region is fixed or confined by the collection
optical elements (19) configuration so as to not be out of the focal plane of the
system. Yet another advantage is that signal discrimination from background
fluorescence in the sample well is much higher than that obtained by a parallel
collection system without eliminating or filtering the fluorescent signal.

[0062] The emitted fluorescent light from the source region (17) is transmitted to the
collection optical elements (19) along the collection path (18). The collection path
(18) can extend through the optical element (16) in the base (11) of the sample well,
as shown in FIG. 7. In an alternative embodiment, the collection path can extend
through the well in the sample array to a location on the opposite side of the sample
array, as shown in FIG. 1, for example. In both embodiments, the collection optical
elements (19) are configured to collect and focus the light emitted from the source
region, as was described above.

[0063] There are several ways to configure the collection optical elements (19) that
allow the scanning of a large array, such as a microarray plate. One geometry is
shown in FIGs. 4, 5A and 5B. In this embodiment, the collection optical elements
(19) is a rod lens, which is designed to capture the entire range of the sweep of the
beam (10) over one dimension of the base of the sample array. The collection optical
elements (19) can include other types of lenses or lens combinations, as would be
determined by the specific information required from the fluorescent emission. As a

result of light collimation by a single collection lens (19) as shown in FIGs. 4, 5A and
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5B, all light emitted from a position our the array cell or microarray plate can be
imaged, and collected with high efficiency.

[0064] As can be seen in FIG. 8, another embodiment of the collection optical
elements (19) includes an optical transmission filter (23) and a slit aperture (26).
Before passing the fluorescent light collected by the rod lens (19) to the detector (21),
the light is appropriately filtered by the transmission filter (23), which is designed to
pass the fluorescence emission. Altemnatively, several filters can be chosen to
minimize the amount of laser light to be detected by the detector (21). The optical
filter (23) is chosen to optimize the collection of information within the spectral
region of light emitted by the source region (17). For example, in one embodiment,
the laser light is between 400 and 500 nm in wavelength, and the emitted fluorescence
is in the region above 500 nm, and the optical filter (23) is a 500nm long pass filter
located behind the rod lens (19). Many other configurations can be envisioned by
people skilled in the art, depending on the wavelengths of the incident and the emitted
light, and the filters chosen.

[0065] The slit aperture’s (26) opening is located directly in front of the entrance to
the detector (21) or optical fiber (20) coupled to the detector (20). As can be seen in
FIG. 8, the light that is emitted from the center of the source region (17) is collected
by the rod lens (19) and passes through the center of the slit aperture (26). On the
other hand, light that is emitted from regions at a different depth of the sample, such
as from the edge of the source region (17) will be imaged by the rod lens (19) outside
the slit aperture’s (26) opening, and will thus not be collected. The advantage of
further confining the focal region is that an improved spatial resolution will result, as
well as further discrimination of background fluorescence outside of the region. In
one embodiment, an aperture size of 250 microns results in approximately a 400
micron detection region. As the skilled reader will realize, combinations are also
possible in which there is only an optical transmission filter (23) or slit aperture (26),
but not both.

[0066] In another embodiment, which is shown in FIG. 9, two or more collection
optics arrangements (19a, 19b) are provided. With a stereo configuration of the
collection lenses (19a, 19b) as shown in FIG. 9, the focal field for the two lenses can
have improved confinement over the single field generated by one lens and the
focusing source shown and discussed above with respect to FIG. 8. The improvement

is schematically represented in FIG. 9 by the intersection (22) of the focal planes for
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the respective collection optics arrangements (19a, 19b), corresponding to the main
object planes of the lenses (19a, 19Db).

[0067] The setup of FIG. 9 with two sets of collection optics (19a, 19b) can also be
used for simultaneous collection of orthogonal components of emission from a
polarized excitation source. A first polarizing filter (23a) can be used to pass only
light of a first polarization to a first detector (21a), and a second polarizing filter (23b)
can be used to pass only light of a second, orthogonal, polarization to a second
detector (21b). The correlation of the signals collected in this configuration, detection
in the detection system, and subsequent manipulation of the stored signal give rise to
information not available to a single detector, with attendant improvement in signal.
The information derived from this apparatus is steady-state anisotropy. Furthermore,
with lifetime capability one can measure the correlation of time dependent behavior of
fluorescence anisotropy. Time-resolved anisotropy of the emissions signal can give
dynamical and/or structural information on biomolecules and their environment. It is
important that any polarization filtering is performed before the collected light enters
any optical fibers, since the optical fibers distort the polarization information and light
that is output from an optical fiber does not have identical polarization components to
the light that was input to the optical fiber at the other end.

[0068] As was discussed above, the detector (21) can be a detector with high gain,
such as a photomultiplier tube (PMT). Other examples of detectors are photodiodes,
various types of charge coupled devices (CCDs), or microchannel plates. The
detector (21) does not have to be physically located adjacent to the collection optical
elements (19), but the light can be transmitted from the collection optical elements
(19) to the detector (21) through a fiber array (20). In one embodiment, shown in
FIG. 10, multiple detectors (21a-21c) are arranged adjacent to each other in order to
collect the signal from the collection optical elements (19). In this case, the individual
detectors (21a-21c) each have their own confined field of view, with the attendant
advantages associated with the confined focal region as described above for one
detector. Just like with a single detector, the multiple detectors (21a-21c) do not have
to be physically located adjacent to the collection optical elements (19), but the light
can be transmitted from the collection optical elements (19) to each of the detectors
(21a-21c) through a fiber array (20), or relay lens system for each detector. This
multi-detector arrangement has additional advantages, such as the ability to

simultaneously detect signal at multiple locations, such as at different depths, within

18



WO 2005/019811 PCT/US2004/027890

the source region (17) and to assign these signals to spatial locations within the
sample (2). Alternatively, the multiple detectors (21a-21c) can be configured with
optical filters (not shown in FIG. 10), and used to collect fluorescent emission from
different spectral regions. In yet another embodiment, the multiple detectors (21a-
21c¢) can be configured to detect orthogonal polarization signals, as described above,
allowing for simultaneous detection of the anisotropy of the fluorescent signal.

[0069] The detectors (21a-21c¢) can also be used to correct the sample position based
on the recorded signals, as can be seen in FIG. 11. Assume, for example, that it is
desired to keep the sample (2) aligned with the collection optics, so that most of the
signal is received by the middle detector (21b). Since each detector (21a-21c) is
associated with a different depth, it can be expected that the middle detector (21b)
should have a signal that is higher than the outer detectors (21a, 21c). As can be seen
in FIG. 11, at time t0, only the middle detector (21b) registers a signal, whereas the
outer detectors (21a, 21c) are not picking up any signals. At time t1, the sample’s (2)
physical position has shifted, such that only one of the outer detectors (21a) picks up a
signal. This indicates that the sample (2) position must be adjusted, so the apparatus
moves the sample (2) until only the middle detector (21b) picks up a signal, as can be
seen at time t2. At time t3, the sample (2) has moved again, but in this case in the
other direction, such that only the other outer detector (21c) picks up a signal. This
indicates that the sample (2) position must be adjusted in the other direction, and
consequently the apparatus moves the sample (2) until only the middle detector (21b)
again picks up the signal, which can be seen at time t4. This technique can be used to
move the sample (2) not only in the vertical direction, but also in the horizontal
direction, depending on the detector arrangement. If multiple detector arrangements
are used, such as in three orthogonal directions, complete control over the sample
positioning can be achieved in all spatial directions. Since movement within a
horizontal plane can occur with two degrees of freedom, it is necessary to have two
sets of detectors that preferably are oriented perpendicular to each other within the
horizontal plane. With this detector arrangement, a horizontal translation of the
sample will result in an increased signal in one or both detector sets, and the
movement can be unambiguously identified.

[0070] As can be seen in FIG. 1, the apparatus also contains logic, such as a data
acquisition system (14), a data processing and storage system (24), and a controller

(15), which work in conjunction with the above-described optical and mechanical
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components of the apparatus to provide adequate control capabilities for the various
types of investigations that can be carried out with the apparatus. The signal from the
detector (21) is enhanced by the data acquisition system (14), and then stored into the
data processing and storage system (24). The data processing and storage system (24)
contains a fast A/D converter, or accepts digital information from the data acquisition
system (14) directly. The data processing and storage system (24) can, for example,
be a digitizing storage oscilloscope, or a computer with instructions encoded in
software for collecting and storing the detected or enhanced emission signal.

[0071] The signal can be labeled using a triggering event in time, and can be co-
located with a spatial position of the fluorescing object within a well of a microarray,
or with the macro location of the well in the microarray plate. The software logic in
the data processing and storage system (24) can contain instructions for deriving one
or more object characteristics from the emission signal, such as total intensity,
average intensity, peak intensity, size, Gaussian or other waveform fit, or other such
characteristics as may be found useful to those skilled in the art. The trigger signal
can be modified by the controller (15) as needed to configure a delay, a blanking
signal, a duty cycle, or provide a means by which the trigger circuit of a boxcar
averager, for example, can be activated. Two triggering events at the start and end of a
scan can be used to measure the total scan time and correct for scan jitter. This also
enables bidirectional scanning. There are many permutations for using this data
processing and data storage system (24) that are not described here, but which are
useful to those skilled in the art.

[0072] In the interest of efficient data storage, due to the large size of multi-channel
images, the data processing and storage system (24) can be set up such that data is
only collected and saved when a relevant part of the sample (2), such as a cell, is
illuminated. In one embodiment, this is accomplished by setting a threshold value in
the data processing and storage system (24), and saving data only when the intensity
of the collected fluorescent light exceeds the threshold value for a certain period of
time, or whenever some other pre-determined criterion is satisfied. In another
embodiment, the data processing and storage system (24) only saves data during
certain time intervals, such as when the illuminating beam (10) illuminates a well or a
location in a microarray. Thus, instead of using intensity values to determine when to
save data, the data is saved based on the positions of the light beam (10) at any given

time, as determined by the scanner (5) and the multi-element lens (9).

20



WO 2005/019811 PCT/US2004/027890

[0073] In one embodiment, the apparatus allows for measurement of successive laser
pulses, as a result of modulating the laser light, over the same spatial location of the
scan region and then subsequently analyzing the fluorescent signal measured by the
detector (21) to determine a time-dependent response of the sample within the
scanned region. The response can include one or more characteristics of the sample,
such as molecular interactions, protein-protein interaction, binding kinetics,
drug/target interactions, cell apoptosis, and so on. The timing and response to time
dependent perturbations, such as the excitation pulse, form important aspects of this
invention. The timing associated with the emission event with respect to the incident
laser pulse, such as a signal timing or an emission lifetime, is captured by the
configuration as described above. The detection of native or engineered materials will
give rise to information concerning chemical or biological activity, as will be apparent
to those skilled in the art, and the detection of induced or engineered fluorescence will
also give rise to such information as has been described above.

[0074] In another embodiment, the detector (21) can be arranged to collect
information stored in the incident light as well as the emitted light, such as the
polarization of the light. In this embodiment, the light source (1) is polarized, the
incident polarization is determined, and the fluorescent response emitted by the
sample (2) is analyzed for its polarization components, or anisotropy. The polarization
of the incident light and/or the fluorescent light can be modulated, for example, by the
electrooptic device (8). The timing of the modulation of the polarized signals is
controlled by the controller (15) with respect to the timing of the scans, so that quick,
successive scans with orthogonal polarization can be performed and so that dynamical
information from the fluorescent polarization can be extracted. Furthermore, the
intensity of the incident light can be modulated to collect time-dependent information
from the sample. The detection of fluorescent polarization and the time-dependence
in materials gives rise to information concerning physical, chemical or biological
activity, as will be apparent to those skilled in the art, and the detection of induced or
engineered fluorescence polarization will also give rise to such information as for
example the result of a fluorescence polarization immunoassay, or other that has been
described above.

[0075] In one embodiment, as shown in FIG. 6, the sample (2) can be placed on a
moveable platform (25) that can be used to position the sample (2). For example, the

platform can handle a microarray plate containing 96- sample wells, or a 3456-well
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plate for addressing very large arrays of tests and samples. A raster scan, or focused
line of light (10) is provided to the sample (2) and the emission is collected by the
collection optical elements (19) in such a way the arrays can be addressed in a parallel
fashion. The parallel addressable nature of the invention allows for very high
throughput scanning and data collection, which is useful for example, for
interrogating and screening therapeutic effects of chemicals on biomaterials as
described above.

[0076] The platform (25) can be configured to move with a precision that is either
less than or on the order of the optical resolution of the multi-element lens (9), such
that the motion of the platform (25) gives rise to high-resolution images of the sample
(2). For example, the scanned beam (10) is swept across the sample (2) in one
dimension and the sample array is moved in a perpendicular direction to the sweep by
the platform (25), whereby the movement is timed such that the beam makes one or
more complete excursions, and the emission signal from the detector (21) derived
from one or more complete sweeps is collected and summed or manipulated by the
data acquisition system (14) and the data processing and storage system (24). In this
embodiment, the platform (25) motion is perpendicular to the motion of the scan (10),
such that a two-dimensional image of the sample (2) can be reconstructed using the
instructions encoded in the data processing and storage system (24).

[0077] In another embodiment, the focus location of the multi-element lens (9) in the
source region (17) can provide spatial information in the direction perpendicular to
the plane defined by the scan (10) and platform (25) motion, resulting in a
reconstructed 3-dimensional image.

[0078] In another embodiment, the time domain information reconstructed by the data
acquisition system (14) and the data processing and storage system (24) can be used
to construct image spatial locations, which can give rise to information on the objects
in sample array, such as events that occur as a result of the light probe. Alternatively,
the information may result from, for example, non-light-induced drug or responses at
the cellular or subcellular level.

[0079] A number of embodiments of the invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. For example, the apparatus may perform the
scanning function by moving the sample (2) only, instead of using a scanning device

(5) to move the beam (4) from the light source (1) across the sample. The invention

22



WO 2005/019811 PCT/US2004/027890

has been described above with regards to fluorescent light, but the same principles can
be applied to the collection of phosphorescent light, which may be useful for
investigations of certain samples. The invention can also be used to perform
measurements of chemiluminescence and resonant energy transfers. Accordingly,

other embodiments are within the scope of the following claims.
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CLAIMS

1. An apparatus for collecting optical data pertaining to one or more
characteristics of a sample, the apparatus comprising:

a light source;

one or more illumination optical elements for directing a light beam from the
light source onto the sample;

a scanner for scanning the light beam across the sample;

one or more collection optical elements for collecting light from the sample
and transmitting the collected light to a detector, wherein none of the one or more
collection optical elements are included among the one or more illumination optical
elements; and

a device forming an aperture that limits detection of light from the sample to
light associated with a limited vertical depth within the sample, wherein the device is

one of the collection optical elements.

2. The apparatus of claim 1, wherein the device forming the aperture is a slit
aperture.
3. The apparatus of claim 1, wherein the device forming the aperture is a bundle

of optical fibers.

4, The apparatus of claim 3, wherein light entering different optical fibers in the
bundle of optical fibers corresponds to light at different vertical depths within the
sample.

5. The apparatus of claim 1, wherein the collection optical elements collect light
from a scan line on the sample with substantially uniform efficiency.

6. The apparatus of claim 5, wherein the collection optical elements include one
of a cylindrical lens and a spherical lens.

7. The apparatus of claim 1, further comprising two or more detectors offset
from one another with respect to a path for collecting the light from the sample,
wherein each of the two or more detectors is positioned to capture light being emitted
from a different vertical depth within the sample.

8. The apparatus of claim 7, further comprising logic for adjusting the position of
the sample with respect to the collection optical elements in response to light intensity
detected at the two or more detectors to maintain a substantially uniform vertical

depth from position to position on the sample.
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9. The apparatus of claim 1, wherein the detector includes at least one of: a
photomultiplier detector, a photodiode device, a charge coupled device, and a
microchannel plate.

10.  The apparatus of claim 1, further comprising two or more detectors for
receiving light from the same region of the sample and detecting two or more
different characteristics of the sample.

11.  The apparatus of claim 10, wherein the two or more different characteristics
include different polarizations of the light, different frequencies of the light, and
different lifetimes.

12.  The apparatus of claim 10, further comprising logic for examining the
correlation between the signals obtained from the two or more detectors to identify
objects and exclude background noise.

13.  The apparatus of claim 1, further comprising logic for limiting collection of
optical data to regions of the sample known or detected to hold particular objects to be
characterized on the sample, the logic being implemented in computer software or
computer hardware instructions that can be read and executed by a processor
operatively connected to the detector.

14.  The apparatus of claim 13, wherein the logic for limiting collection of optical
data limits collection by only recording optical data when an intensity of the collected
light is above a certain adjustable threshold value.

15.  The apparatus of claim 13, wherein the logic for limiting collection of optical
data limits collection by only recording optical data during time periods when the
beam from the light source is scanned across an area of interest on the sample.

16.  The apparatus of claim 1, wherein the light source is one of: a continuous
wave laser, a pulsed laser, a mode-locked high repetition rate laser, and a Q-switched
laser.

17.  The apparatus of claim 16, wherein the continuous wave laser is one of: a
diode laser, a diode-pumped solid state laser, a gas laser, and a tunable solid state
laser system.

18.  The apparatus of claim 16, wherein the continuous wave laser is modulated in
a frequency range of 1 kilohertz to 2 Gigahertz.

19.  The apparatus of claim 16, wherein the pulsed laser is configured to emit
pulses in a frequency range of 1 Hertz -100 Megahertz with a spacing ranging from

10 nanoseconds to 1 second.
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20.  The apparatus of claim 16, wherein the mode-locked laser has a repetition rate
that is higher than or equal to 10 Megahertz.
21.  The apparatus of claim 16, wherein the Q-switched laser is pulsed at a
frequency in the range of 1 Hertz to 1 Megahertz.
22.  The apparatus of claim 1, wherein the light beam emitted from the light source
is intensity modulated in time with a frequency in the range of 1 Hertz to 2 Gigahertz.
23.  The apparatus of claim 1, wherein the scanner includes one or more polygonal
mirrors being rotated by a scanning element to scan the light beam across the sample.
24.  The apparatus of claim 1, wherein the scanner includes one or more mirrors
being moved by a galvanometer to scan the light beam across the sample.
25.  The apparatus of claim 1, wherein the scanner is a resonant mirror scanner.
26.  The apparatus of claim 1, wherein the one or more illumination optical
elements include a telecentric lens.
27.  An apparatus for collecting optical data pertaining to one or more
characteristics of a sample, the apparatus comprising:

a light source;

one or more illumination optical elements for directing a light beam from the
light source of a first frequency onto the sample;

a scanner for scanning the light beam across the sample; and

one or more collection optical elements for collecting light of a second
frequency from the sample and transmitting the light to a detector, wherein none of
the one or more collection optical elements are included among the one or more
illumination optical elements, and wherein the first and second frequencies are
different.
28.  The apparatus of claim 27, wherein the collection optical elements include one
or more of a bandpass filter and a cutoff filter for determining the second frequency.
29.  The apparatus of claim 27, further comprising two or more detectors offset
from one another with respect to a path for collecting the light from the sample,
wherein each of the two or more detectors is positioned to capture light being emitted
from a different vertical depth within the sample.
30.  The apparatus of claim 29, further comprising logic for adjusting the position
of the sample with respect to the collection optical elements in response to light
intensity detected at the two or more detectors to maintain a substantially uniform

vertical depth from position to position on the sample.
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31.  The apparatus of claim 27, further comprising two or more detectors for
receiving light from the same region of sample and detecting two or more different
characteristics of the sample.
32.  The apparatus of claim 31, wherein the two or more different characteristics
include different polarizations of the light, different frequencies of the light, and
different lifetimes.
33.  The apparatus of claim 27, further comprising logic for limiting collection of
optical data to regions of the sample known or detected to hold particular objects to be
characterized on the sample, the logic being implemented in computer software or
computer hardware instructions that can be read and executed by a processor
operatively connected to the detector.
34.  The apparatus of claim 27, wherein the logic for limiting collection of optical
data limits collection by only recording optical data when an intensity of the collected
light is above a certain adjustable threshold value and the optical data meets at least
one additional criterion.
35.  The apparatus of claim 27, wherein the logic for limiting collection of optical
data limits collection by only recording optical data during time periods when the
beam from the light source is scanned across an area of interest on the sample.
36.  The apparatus of claim 27, wherein the one or more collection optical
elements include a device forming an aperture that limits detection of light from the
sample to light associated with a limited depth of focus within the sample.
37.  The apparatus of claim 27, wherein the device forming the aperture is a slit
aperture.
38.  The apparatus of claim 27, wherein the device forming the aperture is a bundle
of optical fibers.
39.  The apparatus of claim 38, wherein light entering different optical fibers in the
bundle of fibers corresponds to light at different vertical depths within the sample.
40.  The apparatus of claim 27, wherein the one or more illumination optical
elements include a telecentric lens.
41.  An apparatus for collecting optical data pertaining to one or more
characteristics of a sample, the apparatus comprising:

a light source;

one or more illumination optical elements for directing a light beam from the

light source onto the sample;
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a scanner for scanning the light beam across the sample;

one or more collection optical elements for collecting light from the sample
and transmitting the collected light to one or more detectors; and

a first device that limits detection of light from the sample to light associated
with a first vertical depth within the sample,

a second device that limits detection of light from the sample to light
associated with a second, different, vertical depth within the sample,

wherein the first and second devices are collection optical elements.
42.  The apparatus of claim 41, further comprising logic for automatically
adjusting the vertical position of the sample with respect to the collection optical
elements in response to the relative light intensity collected at the first and second
devices in order to maintain a consistent vertical position of the sample with respect to
the collection optical elements during scanning.
43.  The apparatus of claim 41, wherein at least one of the first device and the
second device is an optical fiber.
44,  The apparatus of claim 43, wherein the first device comprises a first row of
optical fibers and the second device comprises a second row of optical fibers.
45.  The apparatus of claim 41, wherein the one or more detectors comprise one or
more microchannel plates arranged to separately detect light from the first and second
devices.
46.  The apparatus of claim 41, wherein the one or more detectors includes at least
one of: a photomultiplier detector, a photodiode device, a microchannel plate, and a
charge coupled device.
47. The apparatus of claim 41, further comprising two or more detectors for
receiving light from the sample and detecting two or more different characteristics of
the light from the sample.
48.  The apparatus of claim 41, wherein the light beam from the light source is
monochromatic having a first wavelength and wherein one or more of the collection
optics and the one or more detectors is tuned to collect light at a second wavelength,
which is different from the first wavelength.
49.  The apparatus of claim 41, further comprising a third device that limits
detection of light from the sample to light associated with a third, different, vertical
depth within the sample.
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50. A method of collecting optical data pertaining to one or more characteristics of
a sample, the method comprising:

scanning a light beam of a first frequency onto a sample surface using one or
more illumination optical elements;

collecting light of a second frequency from a scan line on the sample surface
using one or more collection optical elements, wherein none of the one or more
collection optical elements are included among the one or more illumination optical
elements; and

transmitting collected light to a detector.
51.  The method of claim 50, wherein the first frequency is identical to the second
frequency.
52.  The method of claim 50, wherein collecting light includes:

collecting light through a device forming an aperture that limits detection of
light from the sample to light associated with a limited vertical depth within the
sample, wherein the device is one of the collection optical elements.
53.  The method of claim 52, wherein collecting light includes:

collecting light through a slit aperture that limits detection of light from the
sample to light associated with a limited vertical depth within the sample.
54.  The method of claim 52, wherein collecting light includes:

collecting light using a bundle of optical fibers.
55.  The method of claim 54, wherein light entering different optical fibers in the
bundle of optical fibers corresponds to light at different vertical depths within the
sample.
56.  The method of claim 50, wherein collecting light includes:

collecting light from a scan line on the sample with substantially uniform
efficiency using the one or more optical elements.
57.  The method of claim 56, wherein collecting light includes:

collecting light using at least one of: a cylindrical lens and a spherical lens.
58.  The method of claim 50, wherein transmitting the collected light includes:

directing the collected light from the sample to two or more detectors offset
from one another with respect to a path for collecting the light, wherein each of the
two or more detectors is positioned to capture light being emitted from a different

vertical depth of the sample.
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59.  The method of claim 58, further including:

adjusting the position of the sample with respect to the collection optical
elements in response to light intensity detected at the two or more detectors to
maintain a substantially uniform vertical depth from position to position on the
sample.
60.  The method of claim 50, wherein the detector comprises at least one of: a
photomultiplier detector, a photodiode device, a microchannel plate and a charge
coupled device.
61.  The method of claim 50, wherein transmitting the collected light includes:

directing the collected light from the sample to two or more detectors; and
further comprising:

detecting two or more different characteristics of the light from the sample.
62.  The method of claim 61, wherein detecting two or more different
characteristics include:

detecting different polarizations, detecting different frequencies of light,
detecting different frequencies of signal modulation, or detecting different time-gated
regions.
63.  The method of claim 50, further including:

automatically limiting the collection of optical data to regions of the sample
known or detected to hold particular objects to be characterized on the sample.
64.  The method of claim 63, wherein automatically limiting the collection of
optical data includes:

recording optical data only when an intensity of the collected light is above a
certain adjustable threshold value, and the optical data meets at least one additional
criterion.
65.  The method of claim 63, wherein automatically limiting the collection of
optical data includes:

recording optical data only during time periods when the beam from the light
source is scanned across an area of interest on the sample.
66.  The method of claim 50, wherein scanning a light beam includes:

scanning a light beam from a light source that is one of: a continuous wave
laser, a modulated continuous wave laser, a pulsed laser, a mode-locked high

repetition rate laser, and a Q-switched laser.
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67.  The method of claim 66, wherein the pulsed laser is configured to emit pulses
in a frequency range of 10-100 Megahertz with a spacing ranging from 100
picoseconds to 10 microseconds.
68.  The method of claim 66, wherein the mode-locked laser has a repetition rate
that is higher than or equal to 10 Megahertz.
69.  The method of claim 66, wherein the Q-switched laser is pulsed at a frequency
in the range of 1 Hertz to 1 Megahertz.
70.  The method of claim 50, wherein scanning includes:

scanning a light beam from a light source that is intensity modulated in time
with a frequency in the range of 1 Hertz to 2 Gigahertz.
71.  The method of claim 50, wherein scanning includes:

scanning a light beam with a scanner that includes one or more polygonal
mirrors being rotated by a scanning element to scan the light beam across the sample.
72.  The method of claim 50, wherein scanning includes:

scanning a light beam with a scanner that includes one or more mirrors being
moved by a galvanometer to scan the light beam across the sample.
73.  The method of claim 50, wherein scanning includes:

scanning a light beam with a resonant mirror scanner.
74.  The method of claim 50, wherein the one or more illumination optical
elements include a telecentric lens.
75. A method of collecting optical data pertaining to one or more characteristics of
a sample, the method comprising:

scanning a light beam of a first frequency onto a sample surface using one or
more illumination optical elements;

collecting light of a second frequency from a scan line on the sample surface
using one or more collection optical elements, wherein the light is collected through
an aperture that limits detection of light from the sample to light associated with a
limited vertical depth within the sample; and

transmitting the collected light to a detector.
76.  The method of claim 75, wherein collecting light includes:

collecting light through a slit aperture that limits detection of light from the
sample to light associated with a limited vertical depth within the sample.
77.  The method of claim 76, wherein collecting light includes:

collecting light using a bundle of optical fibers.
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78.  The method of claim 77, wherein light entering different optical fibers in the
bundle of optical fibers corresponds to light at different vertical depths within the
sample.
79.  The method of claim 75, wherein collecting light includes:

collecting light from a scan line on the sample with substantially uniform
efficiency using the one or more optical elements.
80.  The method of claim 79, wherein collecting light includes:

collecting light using one of a cylindrical lens and a spherical lens.
81. The method of claim 75, wherein transmitting the collected light includes:

directing the collected light from the sample to two or more detectors offset
from one another with respect to a path for collecting the light, wherein each of the
two or more detectors is positioned to capture light being emitted from a different
vertical depth of the sample.
82.  The method of claim 81, further including:

adjusting the position of the sample with respect to the collection optical
elements in response to light intensity detected at the two or more detectors to
maintain a substantially uniform vertical depth from position to position on the
sample.
83.  The method of claim 75, wherein with the detector comprises at least one of: a
photomultiplier detector, a photodiode device, a microchannel plate and a charge
coupled device.
84.  The method of claim 75, wherein transmitting the collected light includes:

directing the collected light from the sample to two or more detectors; and
further comprising:

detecting two or more different characteristics of the light from the sample.
85.  The method of claim 84, wherein detecting two or more different
characteristics include:

detecting different polarizations, detecting different frequencies of light,
detecting different frequencies of signal modulation, or detecting different time-gated
regions.
86.  The method of claim 75, further including:

automatically limiting the collection of optical data to regions of the sample

known or detected to hold particular objects to be characterized on the sample.
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87.  The method of claim 86, wherein automatically limiting the collection of
optical data includes:

recording optical data only when an intensity of the collected light is above a
certain adjustable threshold value, and the optical data meets at least one additional
criterion.
88.  The method of claim 86, wherein automatically limiting the collection of
optical data includes:

recording optical data only during time periods when the beam from the light
source is scanned across an area of interest on the sample.
89.  The method of claim 75, wherein scanning a light beam includes:

scanning a light beam from a light source that is one of: a continuous wave
laser, a modulated continuous wave laser, a pulsed laser, a mode-locked high
repetition rate laser, and a Q-switched laser.
90.  The method of claim 89, wherein the pulsed laser is configured to emit pulses
in a frequency range of 1Hertz -100 Megahertz with a spacing ranging from 10
nanoseconds to 1 second.
91.  The method of claim 89, wherein the mode-locked laser has a repetition rate
that 1s higher than or equal to 10 Megahertz.
92.  The method of claim 89, wherein the Q-switched laser is pulsed at a frequency
in the range of 1 Hertz to 1 Megahertz.
93.  The method of claim 75, wherein scanning includes:

scanning a light beam from a light source that is intensity modulated in time
with a frequency in the range of 1 Hertz to 2 Gigahertz.
94.  The method of claim 75, wherein scanning includes:

scanning a light beam with a scanner that includes one or more polygonal
mirrors being rotated by a scanning element to scan the light beam across the sample.
95.  The method of claim 75, wherein scanning includes:

scanning a light beam with a scanner that includes one or more mirrors being
moved by a galvanometer to scan the light beam across the sample.
96. The method of claim 75, wherein scanning includes:

scanning a light beam with a resonant mirror scanner.
97.  The method of claim 75, wherein the one or more illumination optical

elements include a telecentric lens.
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98. A method of collecting optical data pertaining to one or more characteristics of
a sample, the method comprising:

scanning a light beam onto a sample surface using one or more illumination
optical elements;

collecting light from a scan line on the sample surface using one or more
collection optical elements, wherein the light is collected through (i) a first device that
limits detection of light from the sample to light associated with a first vertical depth
within the sample and (ii) a second device that limits detection of light from the
sample to light associated with a second, different, vertical depth within the sample;
and

transmitting the collected light from the first and second devices to one or
more detectors.
99.  The method of claim 98, further comprising automatically adjusting the
vertical position of the sample with respect to the collection optical elements in
response to the relative light intensity collected at the first and second devices in order
to maintain a consistent vertical position of the sample with respect to the collection
optical elements during scanning.
100. The method of claim 98, wherein at least one of the first device and the second
device is an optical fiber.
101.  The method of claim 100, wherein the first device comprises a first row of
optical fibers and the second device comprises a second row of optical fibers.
102.  The method of claim 98, wherein the one or more detectors comprise one or
more microchannel plates arranged to separately detect light from the first and second
devices.
103.  The method of claim 98, further comprising detecting two or more different

characteristics of the light from the sample.
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