US 20070188856A1

a2y Patent Application Publication o) Pub. No.: US 2007/0188856 A1

a9y United States

MacAulay

43) Pub. Date: Aug. 16, 2007

(54) APPARATUS AND METHODS RELATING TO
SPATTALLY LIGHT MODULATED
MICROSCOPY

(75) Inventor: Calum E. MacAulay, Vancouver (CA)

Correspondence Address:

GRAYBEAL, JACKSON, HALEY LLP
155 - 108TH AVENUE NE

SUITE 350

BELLEVUE, WA 98004-5901 (US)

(73) Assignee: Motic China Group Co., Ltd.
(21) Appl. No.: 11/499,086
(22) Filed: Aug. 4, 2006

Related U.S. Application Data

(63) Continuation of application No. 11/284,887, filed on
Nov. 23, 2005.

Publication Classification

(51) Int. CL
GO2B  21/06 (2006.01)

(52) US. Cle oo 359/385

(57) ABSTRACT

Apparatus and methods relating to microscopes having
specific control of the light that contacts a sample and/or a
light detector, such as the eye of the user, a charge couple
device or a video camera. The improved control includes
enhanced, selective control of the angle of illumination,
quantity of light and location of light reaching the sample
and/or detector. The microscopes comprise one or more
spatial light modulators in the illumination and/or detection
light path of the microscope at one or both of the conjugate
image plane of the aperture diaphragm of the objective lens
and the conjugate image plane of the sample.
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APPARATUS AND METHODS RELATING TO
SPATTALLY LIGHT MODULATED MICROSCOPY

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 60/063,893 filed on Oct. 29, 1997, the
contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The field of the present invention is the magnifi-
cation of images of objects, and more particularly micro-
scopes and the field of microscopy.

BACKGROUND OF THE INVENTION

[0003] Microscopy is used to produce magnified repre-
sentations of both dynamic and stationary objects or
samples. There are many different modes of microscopy
such as brightfield microscopy, darkfield microscopy, phase
contrast microscopy, fluorescence microscopy, reflectance
or reflected light microscopy and confocal microscopy. All
of these forms of microscopy deliver illumination light in a
controlled, fashion to the sample and collect as much of the
light containing the desired information about the sample as
possible. Typically, this is accomplished using Kohler illu-
mination in any of reflectance microscopy, transmission
microscopy or epifluorescence microscopy. Both of these
methods use appropriately placed diaphragms and lenses to
control both the size of the numerical aperture (illumination
cone) and the size of the illuminated area of the sample. In
Kohler illumination, diaphragms are placed in at least two
locations. First, a diaphragm is placed in the conjugate
image plane of the sample, a location which permits control
of the size of the illuminated area of the sample. Second, a
diaphragm is placed in the conjugate image plane of the
aperture diaphragm of the objective lens(es) (this location is
also a conjugate image plane of the aperture diaphragm of
the condensor lens(es)), a location which permits control of
the angle(s) of the light illuminating the sample. Typically,
any of the diaphragms can be a simple iris (for example, for
brightfield microscopy and epillumination fluorescence
microscopy), but the diaphragms can also be more complex
(for example, in darkfield microscopy, where the dia-
phragms may comprise cutout rings of different diameters).

[0004] An example of a microscope using Kohler illumi-
nation is set forth in FIG. 1. In the figure, microscope 2
comprises a light source 4 that emits a plurality of light rays,
which have been divided into first light rays 6, second light
rays 8 and third light rays 10. The light rays are transmitted
along an illumination light path 3 from light source 4
through light source lens 12, adjustable iris field diaphragm
14 and condensor lenses 16. An adjustable iris aperture
diaphragm (condensor) 18 can be disposed between
upstream and downstream condensor lenses 16. The light
then contacts, or impinges upon, sample 20 and then pro-
ceeds to pass through objective lenses 22, which objective
lenses can comprise an aperture diaphragm (objective) 24
spaced between the objective lenses 22, and then the light
rays proceed to a light detector 26. As noted above, the angle
of illumination of the sample can be controlled by modu-
lating the light as it passes through conjugate image planes
of'the aperture diaphragm of the objective lens, which planes
can be found, for example, at light source 4 and the upstream
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aperture diaphragm 18 in FIG. 1, while the location and/or
area of illumination of the sample can be controlled by
modulating light as it passes through a conjugate image
plane of the sample, which plane corresponds to the adjust-
able iris field diaphragm 14 in FIG. 1.

[0005] One preferred form of microscopy is confocal
microscopy, in which discreet aperture spots are illuminated
in the object plane of the microscope from which transmis-
sion, reflected or fluorescent light is then relayed for obser-
vation through conjugate apertures in the image plane. In
some embodiments, confocal microscopy can result in spa-
tial resolution about 1.3 times better than the optimum
resolution obtainable by conventional light microscopy. See,
e.g., U.S. Pat. No. 5,587,832. Additionally, confocal micros-
copy can reduce the interference of stray, out-of-focus light
from an observed specimen above or below the focal plane,
and can permit optical sectioning of tissue as well as
high-resolution 3-D reconstruction of the tissue. The tech-
nique can effectively resolve individual cells and living
tissue without staining. Confocal microscopy can be per-
formed using mechanical translation of the specimen with
fixed optics, or using a fixed specimen and scanning beams
manipulated by special rotating aperture disks. See, U.S.
Pat. No. 4,802,748, U.S. Pat. No. 5,067,805, U.S. Pat. No.
5,099,363, U.S. Pat. No. 5,162,941. Such disks typically
comprise a plurality of apertures, but only one aperture at a
time is used for confocal scanning. Still other known con-
focal scanning systems have used a laser beam rastered with
rotating mirrors to scan a specimen or a laser beam that
scans a slit rather than a spot; such slit scanning increases
imaging speed but slightly degrades resolution. See, U.S.
Pat. No. 5,587,832.

[0006] Conventional confocal microscopes can be slow to
acquire images for certain applications and become even
slower as the scan line density increases and the aperture
separation decreases. In addition, it is difficult to practically
adjust the perimeters of the confocal microscope in com-
mercial systems, and the signal to noise ratio (SNR) is
sacrificed to increase the imaging rate. In addition, proper
alignment of conventional confocal systems can be critical
and difficult to maintain. In addition, laser-based systems are
more expensive than white light systems, but such laser
systems do not offer a selection of illumination wavelengths
and can also lead to photo toxicity and rapid photo bleach-
ing.

[0007] Thus, there has gone unmet a need for improved
microscopy systems, including confocal microscopy sys-
tems, wherein the angle of illumination of a sample can be
easily and rapidly controlled. There has also gone unmet a
need for a microscope that can easily and rapidly control the
quantity of light reaching the sample, including both varying
the absolute quantity of light as well as the location on the
sample upon which the quantity of light impinges. The
present invention provides these and other advantages.

SUMMARY OF THE INVENTION

[0008] The present invention provides microscopes that
have significant advantages in controlling the light that
contacts a sample and/or that is detected emanating from a
sample. The improved control includes enhanced, selective
control of the angle of illumination, the quantity of light and
the location of light reaching the sample and/or detector. The
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present invention provides these advantages by placing one
or more spatial light modulators in the illumination and/or
detection light path of the microscope at one or both of the
conjugate image plane of the aperture diaphragm of the
objective lens and the conjugate image plane of the sample.

[0009] Thus, in one aspect the present invention provides
microscopes comprising a spatial light modulator compris-
ing an illumination array of individual light transmission
pixels, the spatial light modulator disposed in an illumina-
tion light path of the microscope at a conjugate image plane
of an aperture diaphragm of an objective lens to provide an
upstream spatial light modulator.

[0010] In some embodiments, the microscopes selectively
control the angle of illumination of a sample and the angle
of detection of light emanating from the sample, wherein the
upstream spatial light modulator is operably connected to a
modulator controller containing computer-implemented pro-
gramming that controls transmissive characteristics of the
spatial light modulator to select a desired angle of illumi-
nation and detection of the sample and wherein a selected
portion of the individual light transmission pixels corre-
sponding to the desired angle of illumination and detection
is on. In other embodiments, the microscopes selectively
control a quantity of light reaching a sample, the quantity
being less than all the light emitted by a light source located
at a beginning of the illumination light path, wherein the
upstream spatial light modulator is operably connected to a
modulator controller containing computer-implemented pro-
gramming that controls transmissive characteristics of the
spatial light modulator to select a desired quantity of illu-
mination and a selected portion of the individual light
transmission pixels corresponding to the desired quantity of
illumination is on.

[0011] In further embodiments, the microscopes are trans-
mission, or reflectance microscopes. The microscopes can
comprise a lens disposed in the illumination light path
between a light source and the spatial light modulator, the
light source disposed at a conjugate image plane of an
aperture diaphragm of the objective lens that is located
upstream from the upstream spatial light modulator. The
microscopes can further comprise a second spatial light
modulator that is disposed in a detection light path, located
at a downstream conjugate image plane of an aperture
diaphragm of the objective lens and operably connected to
a second modulator controller containing computer-imple-
mented programming that controls transmissive character-
istics of the second spatial light modulator. Preferably, the
first modulator controller is operably connected to the sec-
ond modulator controller such that the second light modu-
lator selectively controls the light in the detection light path
to correspond to the desired angle selected by the first
modulator controller; the various controllers discussed
herein can be separate controllers or can be a single con-
troller.

[0012] In still other embodiments, the microscopes pro-
vide darkfield microscopy, wherein the upstream spatial
light modulator is operably connected to a first modulator
controller containing computer-implemented programming
that controls transmissive characteristics of the spatial light
modulator to select a desired pattern for darkfield micros-
copy and a selected portion of the individual light transmis-
sion pixels corresponding to the desired pattern for darkfield
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microscopy is on, and a second spatial light modulator is
disposed in a detection light path, located at a downstream
conjugate image plane of an aperture diaphragm of the
objective lens and operably connected to a second modulator
controller containing computer-implemented programming
that controls transmissive characteristics of the second spa-
tial light modulator to select a complementary pattern of the
individual light transmission pixels of the second spatial
light modulator to complement the pattern of individual light
transmission pixels of the first spatial light modulator that
are on, thereby providing a complementary pattern of the
individual light transmission pixels of the second spatial
light modulator that are on.

[0013] In more embodiments, the microscopes alternate
between darkfield microscopy and brightfield microscopy.
This can be achieved, for example, wherein the first modu-
lator controller and the second modulator controller control
the transmissive characteristics of the first and second spatial
light modulators to switch between brightfield microscopy
and at least one desired pattern for darkfield microscopy. For
this and other embodiments that comprise cycling or a
method, the microscopes preferably perform the method or
cycle, for example, to alternate back and forth between
darkfield microscopy and brightfield microscopy, with a
cycle or method time of less than the time that is needed for
the detector, such as a human, eye or video camera, to
acquire an image, for example less than about 0.03 seconds,
thereby providing real-time viewing if desired. In other
preferred embodiments, the microscopes alternate back and
forth between darkfield microscopy and brightfield micros-
copy without refocusing.

[0014] In still more embodiments for this other aspects of
the present invention (unless expressly stated otherwise or
clear from the context, all embodiments of the present
invention can be mixed and matched), the microscopes
comprise a light detector located at a downstream end of a
detection light path, the light detector comprising a detection
array of individual detection pixels. In come embodiments,
the detection array of individual detection pixels corre-
sponds to and is aligned with the illumination array of
individual light transmission pixels in the upstream spatial
light modulator and the detection array of individual detec-
tion pixels is operably connected to a detector controller and
the illumination array of individual light transmission pixels
in the spatial light modulator is connected to the modulator
controller, such that the modulator controller contains com-
puter-implemented programming that selects a plurality of
desired angles of illumination of the sample and the detector
controller contains computer-implemented programming
that detects the changes in intensity in the detection array of
individual detection pixels corresponding to the plurality of
desired angles of illumination and detection and therefrom
determines a three-dimensional image of the sample. In
other embodiments, which can be combined with the pre-
vious embodiments, the modulator controller selects a plu-
rality of desired angles of illumination of the sample to
provide a plurality of images of the sample at a correspond-
ing plurality of different depths within the sample and a
reconstruction controller comprises computer-implemented
programming that tomographically reconstructs the different
images to provide a three dimensional image of the sample.

[0015] In more embodiments, the modulator controller
selects the plurality of desired angles of illumination of the
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sample such that the plurality of images of the sample at a
corresponding plurality of different depths are obtained
without moving the sample, a condensor lens or an objective
lens.

[0016] In other embodiments, the light detector is a
charge-coupled device, charge-injection device, video cam-
era and the microscopes can comprise one or more photo-
multiplier tubes and or ocular eyepieces located at a down-
stream end of the detection light path. The spatial light
modulator can be, for example, a digital micromirror device,
microshutter or a liquid crystal device.

[0017] In another aspect, the present invention provides
microscopes comprising a variable field iris, the micro-
scopes comprising a spatial light modulator comprising an
illumination array of individual light transmission pixels and
disposed in an illumination light path at a conjugate image
plane of a sample, to provide an upstream spatial light
modulator, and that is operably connected to a modulator
controller containing computer-implemented programming
that controls transmissive characteristics of the upstream
spatial light modulator to select a plurality of desired field
iris settings. In some embodiments for this and other aspects
of the invention, the individual light transmission pixels of
the illumination array are in the on/off status corresponding
to the desired field iris setting.

[0018] In a further aspect, the present invention provides
microscopes that project a selected image into an image
plane of a sample of the microscope, the microscope com-
prising a spatial light modulator comprising an illumination
array of individual light transmission pixels and disposed in
a first illumination light path at a conjugate image plane of
the sample, to provide a first upstream spatial light modu-
lator, wherein the upstream spatial light modulator is oper-
ably connected to at least one controller containing com-
puter-implemented programming that varies an on/off status
of'the individual light transmission pixels of the illumination
array to correspond to the selected image, the microscope
further comprising a second illumination light path that
provides illumination light to the sample. The selected
image can be projected onto the sample or adjacent to the
sample or elsewhere if desired.

[0019] In certain embodiments, the upstream spatial light
modulator is disposed in both the first illumination light path
and the second illumination light path and a first portion of
the individual light transmission pixels of the illumination
array provides illumination light to the sample and second
portion of the individual light transmission pixels of the
illumination array are in an on/off status corresponding to
the selected image.

[0020] In further embodiments, wherein the microscopes
further comprise a light detector disposed downstream from
the sample in a detection light path at a conjugate image
plane of the sample, wherein the spatial light modulator and
the light detector are operably connected to at least one
controller containing computer-implemented programming
that controls transmissive characteristics of the upstream
spatial light modulator and that compiles the light intensity
detection data provided by the light detector, the controller
selectively varies the on/off status of individual light trans-
mission pixels of the spatial light modulator to vary the light
intensity impinging on selected spots of the sample and
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thereby vary the intensity of light emanating from the
selected spots of the sample and impinging on at least one
pixel of the light detector.

[0021] In a further aspect, the present invention provides
microscopes that provide a uniform intensity of illumination
light to a sample, the microscopes comprising a spatial light
modulator comprising an illumination array of individual
light transmission pixels and disposed in an illumination
light path at a conjugate image plane of the sample, to
provide an upstream spatial light modulator, and a light
detector comprising a detection array of individual detection
pixels and disposed downstream from the upstream spatial
light modulator at a conjugate image plane of the sample and
that receives light directly from the upstream spatial light
modulator, wherein the spatial light modulator and the light
detector are operably connected to at least one controller
containing computer-implemented programming that con-
trols transmissive characteristics of the upstream spatial
light modulator and that compiles the light intensity detec-
tion data provided by the light detector, wherein the at least
one controller selectively varies the on/off status of indi-
vidual light transmission pixels of the spatial light modulator
to compensate for non-uniform light intensities detected by
the light detector, thereby providing a uniform intensity of
illumination light that is transmitted to the sample.

[0022] 1In still another aspect, the present invention pro-
vides microscopes that vary the intensity of light emanating
from a sample to a light detector, the microscopes compris-
ing a spatial light modulator comprising an illumination
array of individual light transmission pixels and disposed in
an illumination light path at a conjugate image plane of the
sample, to provide an upstream spatial light modulator, and
the light detector which comprises a detection array of
individual detection pixels and is disposed downstream from
the sample in a detection light path at a conjugate image
plane of the sample, wherein the spatial light modulator and
the light detector are operably connected to at least one
controller containing computer-implemented programming
that controls transmissive characteristics of the upstream
spatial light modulator and that compiles the light intensity
detection data provided by the light detector, wherein the
controller selectively varies the on/off status of individual
light transmission pixels of the spatial light modulator to
vary the light intensity impinging on selected spots of the
sample and thereby vary the intensity of light emanating
from the selected spots of the sample and impinging on at
least one pixel of the light detector.

[0023] In various embodiments, the controller selectively
varies the on/off status of individual light transmission
pixels of the spatial light modulator such that when the light
intensity impinging on a pixel of the light detector is greater
than or equal to a threshold level that indicates that the light
intensity significantly adversely affects adjacent pixels then
at least one corresponding pixel in the upstream spatial light
modulator is turned off for a time sufficient to reduce the
light intensity, impinging on the pixel of the light detector
below the threshold level. In further embodiments, the
controller selectively varies the on/off status of individual
light transmission pixels of the spatial light modulator such
the light intensity impinging on the detection array of pixels
of the light detector is uniform across the detection array,
and the controller determines the light intensity character-
istics of the sample by determining an amount of time
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individual pixels in the illumination array of the upstream
spatial light modulator are on or off.

[0024] In still further embodiments, the microscopes fur-
ther comprise a second spatial light modulator that is dis-
posed in the detection light path, located at a downstream
conjugate image plane of a sample and operably connected
to a second modulator controller containing computer-
implemented programming that controls transmissive char-
acteristics of the second spatial light modulator. In other
embodiments, the microscopes can be a confocal micro-
scope. For some embodiments, the detection array of indi-
vidual detection pixels corresponds to and is aligned with
the illumination array of individual light transmission pixels
in the upstream spatial light modulator. The at least one
controller contains computer-implemented programming
that controls transmissive characteristics of the upstream
spatial light modulator to provide at least one illumination
spot to the sample by causing at least one individual light
transmission pixel of the upstream spatial light modulator to
be on while adjacent pixels are off and the detection array
selectively detects the illumination spot. In preferred
embodiments, the at least one controller causes the upstream
spatial light modulator to simultaneously form a plurality of
the illumination spots and to provide sequential complemen-
tary patterns of the spots.

[0025] In still other embodiments, the at least one con-
troller causes the light detector to detect only light imping-
ing on a central detection pixel aligned with and correspond-
ing to an individual light transmission pixel of the upstream
spatial light modulator that is on. The at least one controller
can also cause the light detector to detect light impinging on
a central detection pixel aligned with an individual light
transmission pixel of the upstream spatial light modulator
that is on and to detect light impinging on at least one
detection pixel adjacent to the central detection pixel, and
the controller contains computer-implemented programming
that compiles the data provided by the at least one adjacent
detection pixel and combines it with the data provided by the
central detection pixel. In certain preferred embodiments the
computer-implemented programming compiles the data pro-
vided by the adjacent detection pixels and combines it with
the data provided by the central detection pixel such that the
rejection of the out of focus information of the microscope
is enhanced compared to the focus without the data from the
adjacent detection pixels and/or compiles the data provided
by the adjacent detection pixels and combines it with the
data provided by the central detection pixel to determine the
light absorption characteristics of the sample.

[0026] In still a further aspect, the present invention pro-
vides microscopes comprising a first spatial light modulator
comprising a first illumination array of individual light
transmission pixels, the first spatial light modulator disposed
in an illumination light path at a conjugate image plane of an
aperture diaphragm of an objective lens to provide a first
upstream spatial light modulator and a second spatial light
modulator comprising a second illumination array of indi-
vidual light transmission pixels and disposed in the illumi-
nation light path at a conjugate image plane of a sample to
provide a second upstream spatial light modulator. In further
embodiments, the microscopes further comprise a third
spatial light modulator disposed at the downstream conju-
gate image plane of an aperture diaphragm of the objective
lens and/or a fourth spatial light modulator is disposed in the

Aug. 16, 2007

detection light path and located at the downstream conjugate
image plane of a sample, as well as desired detectors and/or
controllers.

[0027] In some embodiments, the microscopes provide
confocal properties and selectively control the angle of
illumination of a sample and the angle of detection of light
emanating from the sample, wherein the computer-imple-
mented programming that controls transmissive character-
istics of the first spatial light modulator selects a desired
angle of illumination and detection of the sample and
wherein a selected portion of the individual light transmis-
sion pixels of the first spatial light modulator corresponding
to the desired angle of illumination and detection is on and
wherein the computer-implemented programming that con-
trols transmissive characteristics of the second spatial light
modulator provides at least one illumination spot to the
sample by causing at least one individual light transmission
pixel of the second spatial light modulator to be on while
adjacent pixels are off and the detection pixels of the
detection array are positioned to selectively detect the illu-
mination spot.

[0028] In further embodiments, the computer-imple-
mented programming causes the illumination array of indi-
vidual light transmission pixels in the first spatial light
modulator to provide a plurality of desired angles of illu-
mination of the sample and the detection array of individual
detection pixels to detect changes in intensity in the detec-
tion array of individual detection pixels corresponding to the
plurality of desired angles of illumination and therefrom
determining a three-dimensional image of the sample. The
computer-implemented programming can also cause the
illumination array of individual light transmission pixels in
the first spatial light modulator to provide a plurality of
desired angles of illumination of the sample to provide a
plurality of images of the sample at a corresponding plural-
ity of different depths within the sample and then tomo-
graphically reconstructs the different images to provide a
three dimensional image of the sample. These embodiments
are preferably effected without moving the sample, a con-
densor lens or an objective lens and can also selectively
provide darkfield microscopy by causing the illumination
array of individual light transmission pixels in the first
spatial light modulator to provide a desired pattern for
darkfield microscopy and a selected portion of the individual
light transmission pixels corresponding to the desired pat-
tern for darkfield microscopy is on and a complementary
pattern of the individual light transmission pixels of the third
spatial light modulator is on. The microscopes can alternate
between darkfield microscopy and brightfield microscopy
without refocusing.

[0029] In still further embodiments, the computer-imple-
mented programming causes the light detector to detect only
light impinging on a central detection pixel aligned with and
corresponding to an individual light transmission pixel of
the second spatial light modulator that is on, and can
compile the data provided by the at least one adjacent
detection pixel and combine it with the data provided by the
central detection pixel. Thus the computer-implemented
programming can compile the data provided by the adjacent
detection pixels and combine it with the data provided by the
central detection pixel such that the focus of the microscope
is enhanced compared to the focus without the data from the
adjacent detection pixels.



US 2007/0188856 Al

[0030] In yet further embodiments, the microscopes pro-
vide time-delayed fluorescence detection, wherein the com-
puter-implemented programming causes at least one of the
spatial light modulators to illuminate the sample for an
amount of time suitable to induce fluorescence in the sample
and then ceasing illuminating the sample, and then causing
the detector to begin detecting fluorescence emanating from
the sample.

[0031] In yet other aspects, the present invention provides
microscopes comprising means for spatial light modulation
disposed in an illumination light path at a conjugate image
plane of an aperture diaphragm of an objective lens, which
means for spatial light modulation can comprise means for
selectively controlling a desired angle of illumination of a
sample, wherein the means for spatial light modulation is
operably connected to a computer means for controlling
transmissive characteristics of the spatial light modulator for
selecting the desired angle of illumination of the sample.
The microscopes can comprise a variable field iris, the
microscopes comprising means for spatial light modulation
that is disposed in an illumination light path at a conjugate
image plane of a sample, wherein the comprising means for
spatial light modulation is operably connected to computer
means for controlling transmissive characteristics of the
spatial light modulator and for selecting a plurality of
desired field iris settings.

[0032] In still yet other aspects, the present invention
provides microscopes comprising that project a selected
image into the image plane of a sample, the microscope
comprising means for spatial light modulation that is dis-
posed in an illumination light path at a conjugate image
plane of the sample, wherein the means for spatial light
modulation is operably connected to at least one computer
means for controlling transmissive characteristics of the
means for spatial light modulation and for projecting the
selected image into the image plane of the sample, the
microscope further comprising a second illumination light
path that provides illumination light to the sample.

[0033] In other aspects, the present invention provides
microscopes that provide a uniform intensity of illumination
light to a sample, the microscope comprising means for
spatial light modulation that is disposed in an illumination
light path at a conjugate image plane of the sample, and
means for detecting light that is disposed downstream from
the means for spatial light modulation at a conjugate image
plane of the sample and that receives light directly from the
means for spatial light modulation, wherein the means for
spatial light modulation and the means for detecting light are
operably connected to at least one computer means for
controlling transmissive characteristics of the means for
spatial light modulation and that compiles the light intensity
detection data provided by the means for detecting light,
wherein the computer means selectively controls the trans-
missive characteristics of the means for spatial light modu-
lation to compensate for non-uniform light intensities
detected by the light detector, thereby providing a uniform
intensity of illumination light that is transmitted to the
sample.

[0034] In yet other aspects, the present invention provides
microscopes that vary the intensity of light emanating from
a sample to a means for detecting light, the microscope
comprising means for spatial light modulation that is dis-
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posed in an illumination light path at a conjugate image
plane of the sample and means for detecting light that is
disposed downstream from the sample in a detection light
path at a conjugate image plane of the sample, wherein the
means for spatial light modulation and the means for detect-
ing light are operably connected to at least one computer
means for controlling transmissive characteristics of the
means for spatial light modulation and that compiles the
light intensity detection data provided by the means for
detecting light, wherein the computer means selectively
controls the transmissive characteristics of the means for
spatial light modulation to vary the light intensity impinging
on selected spots of the sample and thereby vary the inten-
sity of light emanating from the selected spots of the sample
and impinging on at least one pixel of the light detector.

[0035] In some embodiments, the computer means selec-
tively varies the transmissive characteristics of the means for
spatial light modulation such that when the light intensity
impinging on a pixel of the means for detecting light is
greater than or equal to a threshold level that indicates that
the light intensity significantly adversely affects adjacent
pixels then the transmissive characteristics of the means for
spatial light modulation are varied for a time sufficient to
reduce the light intensity impinging on the pixel of the
means for detecting light below the threshold level. In other
embodiments, the computer means selectively varies the
transmissive characteristics of the means for spatial light
modulation such that the light intensity impinging on the
means for detecting light is uniform across the means for
detecting light, and the computer means determines the light
intensity characteristics of the sample by determining varia-
tion of the transmissive characteristics of the means for
spatial light modulation. The microscopes can further com-
prise a second means for spatial light modulation that is
disposed in the detection light path at a downstream conju-
gate image plane of a sample and is operably connected to
a second computer means for controlling transmissive char-
acteristics of the second means for spatial light modulation.

[0036] In still yet further aspects, the present invention
provides microscopes comprising a first means for spatial
light modulation that is disposed in an illumination light
path at a conjugate image plane of an aperture diaphragm of
an objective lens and a second means for spatial light
modulation that is disposed in the illumination light path at
a conjugate image plane of a sample. The microscopes can
further comprise a third means for spatial light modulation
is disposed at the downstream conjugate image plane of the
aperture diaphragm of the objective lens, a fourth means for
spatial light modulation is disposed in the detection light
path and located at the downstream conjugate image plane
of the sample, or means for detecting light located at a
downstream end of the detection light path. All the means
for spatial light modulation and the means for detecting light
can be operably connected to at least one computer means
for controlling the light transmissive or detection character-
istics of the at least one means for spatial light modulation
and the means for detecting light.

[0037] In still yet more aspects, the present invention
provides methods of modulating an illumination light path
within a microscope wherein the illumination light path
comprises a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels at a
conjugate image plane of an aperture diaphragm of an
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objective lens, the method comprising modulating the illu-
mination light path by selecting light transmissive charac-
teristics of the spatial light modulator. The methods can
further comprise transmitting light along the illumination
light path such that the light passes the spatial light modu-
lator and thereby modulating the light by the spatial light
modulator.

[0038] In some embodiments, the methods further com-
prise selectively controlling an angle of illumination of a
sample and an angle of detection of light emanating from the
sample by turning on a selected portion of the individual
light transmission pixels corresponding to the desired angle
of illumination and detection. In other embodiments, the
methods further comprise selectively controlling the quan-
tity of light reaching a sample, the quantity being less than
all the light emitted by a light source located at a beginning
of the illumination light path, the methods comprise select-
ing a desired quantity of illumination by turning on a
selected portion of the individual light transmission pixels
corresponding to the desired quantity of illumination. In
further embodiments, the methods further comprise dark-
field microscopy and the methods further comprise: setting
on a selected portion of the individual light transmission
pixels of the illumination array corresponding to a desired
pattern for darkfield microscopy, and setting on a selected
portion of the second array corresponding to a complemen-
tary pattern that complement the desired pattern of the
illumination array. The methods can further comprise alter-
nating between darkfield microscopy and brightfield micros-
copy with or without refocusing.

[0039] In still some other embodiments, wherein the spa-
tial light modulator is connected to a modulator controller
containing computer-implemented programming that con-
trols transmissive characteristics of the spatial light modu-
lator and the microscope further comprises a light detector
comprising a detection array of individual detection pixels
and located at a downstream end of a detection light path,
wherein the light detector is operably connected to a detector
controller containing computer-implemented programming
that controls detection characteristics of the detection array,
and the methods further comprise: selecting a plurality of
desired angles of illumination of the sample, and detecting
the changes in intensity in the detection array corresponding
to the plurality of desired angles of illumination, and there-
from determining a three-dimensional image of the sample.
Alternatively, the methods can further comprise: selecting a
plurality of desired angles of illumination of the sample to
provide a plurality of images of the sample at a correspond-
ing plurality of different depths within the sample, and
tomographically reconstructing the different images to pro-
vide a three dimensional image of the sample. Preferably, the
selecting and the reconstructing are performed without mov-
ing the sample, a condensor lens or an objective lens.

[0040] In still yet further aspects, the present invention
provides methods for varying a field iris in a microscope
wherein the microscope comprises a spatial light modulator
comprising an illumination array of individual light trans-
mission pixels and disposed in an illumination light path at
a conjugate image plane of a sample, wherein the spatial
light modulator is operably connected to a modulator con-
troller containing computer-implemented programming that
controls transmissive characteristics of the spatial light
modulator, the methods comprising: selecting a desired field
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iris setting by setting the individual light transmission pixels
of the illumination array to an on/off status corresponding to
the desired field iris setting, and then changing the individual
light transmission pixels of the illumination array to a
different on/off status corresponding to a different desired
field iris setting, thereby varying the field iris.

[0041] Instill more aspects, the present invention provides
methods of projecting a selected image into an image plane
of a sample of a microscope, the microscope comprising a
spatial light modulator comprising an illumination array of
individual light transmission pixels and disposed in a first
illumination light path at a conjugate image plane of the
sample, to provide a first spatial light modulator, wherein the
first spatial light modulator is operably connected to at least
one controller containing computer-implemented program-
ming that varies an on/off status of the individual light
transmission pixels of the illumination array to correspond
to the selected image, the microscope further comprising a
second illumination light path that provides illumination
light to the sample, the method comprising: setting the
individual light transmission pixels to an on/off status cor-
responding to the selected image, and projecting light onto
the spatial light modulator such that the light passed by the
spatial light modulator along the illumination light path to
the image plane of the sample conveys the selected image.
The methods can further comprise projecting the selected
image onto the sample or adjacent to the sample.

[0042] In other embodiments, wherein the microscope
further comprises a light detector comprising a detection
array, the methods further comprise: selectively varying the
on/off status of individual light transmission pixels of the
spatial light modulator to vary the light intensity impinging
on selected spots of the sample and thereby vary the inten-
sity of light emanating from the selected spots of the sample
and impinging on at least one pixel of the light detector.

[0043] Instill other aspects, the present invention provides
methods for providing uniform intensity of illumination
light to a sample in a microscope, wherein the microscope
comprises a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels and
disposed in an illumination light path at a conjugate image
plane of a sample and a light detector comprising a detection
array of individual detection pixels and disposed down-
stream from the upstream spatial light modulator at a
conjugate image plane of the sample and that receives light
directly from the upstream spatial light modulator, wherein
the spatial light modulator and the light detector are oper-
ably connected to at least one controller containing com-
puter-implemented programming that controls transmissive
characteristics of the upstream spatial light modulator and
that compiles the light intensity detection data provided by
the light detector, the methods comprising: varying the
on/off status of individual light transmission pixels of the
spatial light modulator to compensate for non-uniform light
intensities detected by the light detector, thereby providing
auniform intensity of illumination light that is transmitted to
the sample.

[0044] In still more other aspects, the present invention
provides methods for varying the intensity of light emanat-
ing from a sample to a light detector in a microscope,
wherein the microscope comprises a spatial light modulator
comprising an illumination array of individual light trans-
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mission pixels and disposed in an illumination light path at
a conjugate image plane of the sample and a light detector
that comprises a detection array of individual detection
pixels and is disposed downstream from the sample in a
detection light path at a conjugate image plane of the
sample, wherein the spatial light modulator and the light
detector are operably connected to at least one controller
containing computer-implemented programming that con-
trols transmissive characteristics of the spatial light modu-
lator and that compiles the light intensity detection data
provided by the light detector, the methods comprising:
varying an on/off status of individual light transmission
pixels of the spatial light modulator to vary the light inten-
sity impinging on selected spots of the sample and thereby
varying the intensity of light emanating from the selected
spots of the sample and impinging on at least one pixel of the
light detector. In some embodiments, the methods can
further comprise selectively varying the on/off status of
individual light transmission pixels of the spatial light
modulator such that when the light intensity impinging on a
pixel of the light detector is greater than or equal to a
threshold level that indicates that the light intensity signifi-
cantly adversely affects adjacent pixels then turning off at
least one corresponding pixel in the spatial light modulator
for a time sufficient to reduce the light intensity impinging
on the pixel of the light detector below the threshold level.
The methods can also comprise selectively varying the
on/off status of individual light transmission pixels of the
spatial light modulator such the light intensity impinging on
the detection array of pixels of the light detector is uniform
across the detection array, and determining the light intensity
characteristics of the sample by determining an amount of
time individual pixels in the illumination array of the
upstream spatial light modulator are on or off.

[0045] In still some other embodiments, wherein the
microscope is a confocal microscope, the methods further
comprise providing at least one illumination spot to the
sample by causing at least one individual light transmission
pixel of the spatial light modulator to be on while adjacent
pixels are off and then the detection array selectively detects
the illumination spot. Preferably, the spatial light modulator
simultaneously forms a plurality of the illumination spots
and provides sequential complementary patterns of the
spots. In other embodiments, the methods further comprise
detecting light impinging on a central detection pixel aligned
with an individual light transmission pixel of the spatial light
modulator that is on and detecting light impinging on at least
one detection pixel adjacent to the central detection pixel,
and compiling the data provided by the at least one adjacent
detection pixel and combining it with the data provided by
the central detection pixel. The methods can further com-
prise compiling the data provided by the adjacent detection
pixels and combining it with the data provided by the central
detection pixel such that the rejection of the out of focus
information of the microscope is enhanced compared to the
focus without the data from the adjacent detection pixels, or
the methods can comprise compiling the data provided by
the adjacent detection pixels and combining it with the data
provided by the central detection pixel and therefrom deter-
mining the light absorption characteristics of the sample.

[0046] In some embodiments, the methods provide real
time directly viewable confocal microscopy.
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[0047] In other aspects, the present invention provides
methods of confocal microscopy comprising use of a micro-
scope comprising a first spatial light modulator comprising
a first illumination array of individual light transmission
pixels, the first spatial light modulator disposed in an illu-
mination light path at a conjugate image plane of an aperture
diaphragm of an objective lens to provide a first upstream
spatial light modulator, a second spatial light modulator
comprising a second illumination array of individual light
transmission pixels and disposed in the illumination light
path at a conjugate image plane of a sample to provide a
second upstream spatial light modulator, and a light detector
located at a downstream end of the detection light path, the
light detector comprising a detection array of individual
detection pixels, wherein the spatial light modulators and the
light detector are operably connected to at least one con-
troller containing computer-implemented programming that
controls the light transmissive or detection characteristics of
the spatial light modulators and the light detector, wherein
the methods comprise: selecting a desired angle of illumi-
nation and detection by turning on a selected portion of the
individual light transmission pixels of the first illumination
array corresponding to the desired angle of illumination and
detection, and selecting a desired illumination spot by turn-
ing on a selected portion of the individual light transmission
pixels of the second illumination array corresponding to the
desired illumination spot such at least one individual light
transmission pixel of the second illumination array is on
while adjacent pixels are off and the detection pixels of the
detection array are positioned to selectively detect the illu-
mination spot. Such methods can further provide 3-D imag-
ing, with or without moving the sample, a condensor lens or
an objective lens.

[0048] In more aspects, the present invention the methods
comprise time-delayed fluorescence detection, the methods
comprising: illuminating the sample for an amount of time
suitable to induce fluorescence in the sample, ceasing illu-
minating the sample, and then detecting fluorescence ema-
nating from the sample.

[0049] These and other aspects of the present invention
will become evident upon reference to the following
Detailed Description and attached drawings. In addition,
various references are set forth herein that describe in more
detail certain apparatus and methods (e.g., spatial light
modulators, etc.); all such references are incorporated herein
by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 provides a schematic view and an expanded
schematic view of a conventional transmission light micro-
scope using Kohler illumination.

[0051] FIG. 2A provides a schematic view of a digital
micromirror device as used in the apparatus and methods of
the present invention.

[0052] FIG. 2A provides a detailed schematic plan view of
a spatial light modulator that is a digital micromirror device.

[0053] FIG. 2C provides a schematic view of a digital
micromirror device transmitting light as different functions
of time.

[0054] FIG. 3 provides a schematic view and an expanded
schematic view of a microscope according to one embodi-
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ment of the present invention that comprises a spatial light
modulator to replace the field diaphragm.

[0055] FIG. 4A-41 show a partial scanning sequence of an
object using an spatial light modulator with sequential
complementary patterns of a plurality of illumination spots.

[0056] FIG. 5 provides a schematic view and an expanded
schematic view of a further embodiment of a microscope
according to the present invention in which an spatial light
modulator is positioned upstream of, or before, a dichroic
mirror.

[0057] FIG. 6 provides a schematic view of an area of a
pixelated light detector for use in the present invention
showing an example of the area of the detector illuminated
by one of the mirrors of the spatial light modulator.

[0058] FIG. 7A provides a schematic view of a spatial
light modulator in which multiple adjacent pixels are
switched “on” to define an illumination spot of a desired
size.

[0059] FIG. 7B provides a schematic view of an spatial
light modulator in which multiple adjacent pixels are rapidly
switched on and off such that when time averaged the
mirrors are partially on or partially off to define a Gaussian
profile illumination spot.

[0060] FIG. 8 provides a schematic view of a microscope
according to another embodiment of the present invention
that uses two spatial light modulators.

[0061] FIG. 9 provides a schematic view of a microscope
according to a still further embodiment set up for Kohler
illumination in which spatial light modulator replace the
condensor aperture and objective aperture diaphragms in
their conjugate image plane of the sample.

[0062] FIG. 10 is a schematic view and an expanded
schematic view of a microscope according to still another
embodiment of the invention that comprises four digital
micromirror devices to control the light transmission char-
acteristics of the conjugate image plane of the sample and
the conjugate image plane of the aperture diaphragm of the
objective lens.

[0063] FIG. 11 illustrates one manner in which a micro-
scope of the present invention can be used to correct for
spherical aberration effects of a lens by images of the sample
at a plurality of different depths with the sample using
selected illuminating and detection orientations from
selected z positions and combining the images into a com-
posite image.

[0064] FIG. 12 is a timing diagram showing a manner in
which the on/off status of a pair of spatial light modulators
can be coordinated to perform time delayed fluorescence
microscopy.

[0065] FIG. 13 depicts a schematic view and an expanded
schematic view of a microscope according to a further
embodiment of the present invention wherein the micro-
scope is similar to the microscope in FIG. 10, except the
microscope is used for reflectance microscopy, and two
spatial light modulators provide spatial light modulation in
each of the illumination light path and the detection light
path, thereby functionally providing four spatial light modu-
lators in the light path.
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[0066] FIG. 14 depicts a schematic view of a microscope
according to a further embodiment of the present invention
wherein the microscope is similar to the microscopes set
forth in FIGS. 10 and 13, wherein the microscope is used for
reflectance microscopy and a total of four spatial light
modulators are interspersed in the illumination light path
and the detection light path.

DETAILED DESCRIPTION OF THE
INVENTION

[0067] The present invention provides microscopes that
have significant advantages in controlling the light that
contacts the sample. The microscopes also have advantages
with regard to the controlling the light that contacts a light
detector, such as the eye of the user or a video camera. The
improved control includes enhanced, selective control of the
angle of illumination, quantity of light and location of light
reaching the sample and/or detector, such that the light
reaching the sample comprises one or more desired charac-
teristics. The present invention provides these advantages by
placing one or more spatial light modulators in the illumi-
nation and/or detection light path of the microscope at one
or both of the conjugate image plane of the aperture dia-
phragm of the objective lens and the conjugate image plane
of the sample.

[0068] Definitions

[0069] A “spatial light modulator” (SLM) is a device that
is able to selectively modulate light. In the present invention,
spatial light modulators are disposed in the light path of a
microscope. Typically, the spatial light modulator comprises
an array of individual light transmission pixels, which are a
plurality of spots that have transmissive characteristics such
that they either transmit or pass the light along the light path
or block the light and prevent it from continuing along the
light path (for example, by absorbing the light or by reflect-
ing it out of the light path). Such pixelated arrays are well
known in the art, haying also been referred to as a multiple
pattern aperture array, and can be formed by an array of
ferroelectric liquid crystal devices, by a digital micromirror
device, or by electrostatic microshutters. See, U.S. Pat. No.
5,587,832, R. Vuelleumier, Novel Electromechanical
Microshutter Display Device, Proc. Eurodisplay ’84, Dis-
play Research Conference September 1984. Digital micro-
mirror devices can be obtained from Texas Instruments, Inc.,
Dallas, Tex., U.S.A.

[0070] The “illumination light path” is the light path from
a light source to a sample, while a “detection light path” is
the light path for light emanating a sample to a detector.
Light emanating from a sample includes light that reflects
from a sample, is transmitted through a sample, or is created
within the sample, for example, fluorescent light that is
created within a sample pursuant to excitation with an
appropriate wavelength of light (typically UV or blue light).

[0071] A “‘conjugate image plane of an aperture diaphragm
of the objective lens” is a plane in either the illumination or
detection light path where an image of the aperture dia-
phragm of the objective lens is recreated. Typically, this
image plane also contains a recreation of the image of the
light source, which in the present invention can be any light
source such as a white light, an arc lamp or a laser. The
conjugate image planes of the aperture diaphragm of the
objective lens define locations that control the angle of
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illumination light that is ultimately impinged on a sample, as
well as the angle of detection light that emanates from a
sample (the “angle of illumination” and “angle of detection”
refer to the angle of the light that is either impinging upon
or emanating from a sample).

[0072] A “conjugate image plane of the sample” is a plane
in either the illumination light path or the detection light path
wherein image of the sample is recreated. The light detec-
tor(s) is typically located in one such site in the detection
light path. The conjugate image planes of the sample defines
locations that can control the size and location of spots on
the sample that are illuminated and/or detected (depending
upon whether the conjugate plane is in the illumination light
path or the detection light path). The image plane of the
sample is the plane wherein the sample is located, although
the image plane of the sample can be greater or smaller than
the size of the actual sample if either a plurality of light paths
are provided or if the illumination area is greater or smaller
than the size of the sample.

[0073] A “controller” is a device that is capable of con-
trolling a spatial light modulator, a detector or other ele-
ments of the apparatus and methods of the present invention.
For example, the controller can control the transmissive
characteristics of the pixels in a spatial light modulator,
control the on/off status of pixels of a pixelated light detector
(such as a charge coupled device (CCD) or charge injection
device (CID)), and/or compile data obtained from the detec-
tor, including using such data to make or reconstruct images
or as feedback to control an upstream spatial light modula-
tor. Typically, a controller is a computer or other device
comprising a central processing unit (CPU). Controllers are
well known in the art and selection of a desirable controller
for a particular aspect of the present invention is within the
scope of the art in view of the present disclosure.

[0074] “Upstream” and “downstream” are used in their
traditional sense wherein upstream indicates that a given
device is closer to a light source, while downstream indi-
cates that a given object is farther away from a light source.

[0075] The terms set forth in this application are not to be
interpreted in the claims as indicating a “means plus func-
tion” relationship unless the word “means” is specifically
recited in the claims. This is also true of the term “step” for
process or method claims.

[0076] Other terms and phrases in this application are
defined in accordance with the above definitions, and in
other portions of this application.

[0077] The Figures

[0078] Turning to the figures, FIG. 1 depicts a prior art
Kohler illumination-type microscope and was discussed
above.

[0079] FIG. 2A depicts a schematic view of a spatial light
modulator, in this instance a digital micromirror device, in
use in a microscope in accordance with the present inven-
tion. In FIG. 2A, light source 4 directs light onto micromir-
rors 42 of a digital micromirror device, which micromirrors
are shown in both side view and top view. When a micro-
mirror is in the “on” position, the light from light source 4
is reflected along an illumination light path 3, through
projection lens 30 and into image plane 40. When a par-
ticular micromirror, which is an individual light transmis-
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sion pixel, is in the “off” position, then the light from light
source 4 is reflected to a beam stop 37. Thus, the on/off
status of the individual light transmission pixels is estab-
lished by whether or not the pixel is transmitting light along
the desired light path. The on/off status of the pixels is
capable of changing or alternating very rapidly. For
example, in a digital micromirror device, the mirrors cycle
from on to off to on (or vice-versa) in less time that can be
observed by the human eye, for example, less than about 0.3
seconds, and even as fast as about 20 microseconds.

[0080] FIG. 2B depicts a detailed schematic plan view of
a digital micromirror device 34 wherein individual micro-
mirrors 46 are disposed atop mirror posts 48. In the embodi-
ment depicted, there is an approximately 1 pm gap between
the mirrors, and the mirrors are about 16 pum by 16 um. Other
shapes and sizes of mirrors are also possible.

[0081] FIG. 2C depicts a schematic representation of a
spatial light modulator of the present invention in use. In
particular, digital micromirror device 34 reflects a plurality
of light beams along illumination path 3 to projection lens 30
and into image plane 40. In a central column of the digital
micromirror device 34, each of the digital micromirrors has
a different percentage of time in which the mirror is on
instead of off. For example, the top most micromirror in the
figure is on 100% of the time, while the bottom most
micromirror in the column in the figure is off 100% of the
time, while the four mirrors between the two have an on/off
status that is between 100% on and 100% off. Thus, each of
the light rays from the central column have a different video
field time 50, which video field time corresponds to the
amount of on and off time for the particular micromirror.

[0082] FIG. 3 depicts a schematic drawing of a micro-
scope according to the present invention having a spatial
light modulator in an upstream conjugate image plane of the
sample. Such a microscope is one of the embodiments herein
that permits dynamic illumination control. Light source 4
emits first light rays 6, second light rays 8 and third light rays
10 along illumination light path 3 toward the sample 20. The
light rays first pass through a filter 36, then reflect off a
dichroic mirror 38 (the dichroic mirror 38 and filter 36 are
maintained in a dichroic mirror and filter block set 28) and
through a projection lens 30, followed by reflection off a
simple mirror 32 onto a spatial light modulator, which in the
figure is a digital micromirror device 34. As depicted in the
figure, all of the individual light transmission pixels (i.e.,
micromirrors in the figure) are on, and thus all of light rays
6, 8, 10 are transmitted to objective lens set 22 and sample
20. The light is then reflected off the sample back through
objective lens 22, off digital micromirror device 34 and
simple mirror 32 and then transmitted through projection
lens 30. The light then continues past dichroic mirror 38,
filter 36 and ultimately to light detector 26. The light is
transmitted from the sample to the light detector 26 along
detection light path 5. In FIG. 3, digital micromirror device
34 is placed in a conjugate image plane of the sample in each
of the illumination light path 3 and the detection light path
5. Thus, a single digital micromirror device functions as both
a first spatial light modulator and a second spatial light
modulator, one which is upstream from the sample and one
of which is downstream from the sample. Light detector 26
can be any light detector as is well known in the art, for
example, a charged coupled device (CCD), a charged injec-
tion device (CID), a video camera, a photo multiplier tube or
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a human eye (in which case the light detector preferably
includes an ocular eyepiece for the eye). If desired, it is
possible to use a plurality of different light detectors either
in series or in an adjacent relationship or in any other desired
relationship. In preferred embodiments, the light detector is
a CCD or a CID or other light detector that comprises as
array of individual detection pixels, which indicates a plu-
rality of spots, typically on the same order of the same side
as the pixels in the spatial light modulator.

[0083] In preferred embodiments, the detection array of
individual detection pixels in light detector 26 corresponds
to and is aligned with the illumination array of individual
light transmission pixels in the spatial light modulator.
Accordingly, the detection array has an equivalent number
of pixels, each of which is aligned with the pixels of the
spatial light modulator array, or groups of such pixels are
aligned with each other. In certain embodiments, this align-
ment can be effected by using a single digital micromirror
device at a desired conjugate image plane in both the
illumination light path and the detection light path, for
example as depicted in FIG. 3.

[0084] Because digital micromirror device 34 is located at
a conjugate image plane of the sample, it is capable of
controlling both the quantity of light and the location of light
that reaches the sample. Thus, if desired, it is possible to
illuminate a single pixel of the digital micromirror device,
which in turn will illuminate a single corresponding pixel of
the sample, and then simultaneously detect that same pixel
of'the sample and pass the information from that pixel to the
light detector 26.

[0085] FIG. 3 depicts a reflectance microscope, which
means that the light reflects off of the sample, but it could
also represent a transmission microscope, which would
mean the light would transmit through the sample if, a
separate second spatial light modulator were used in the
detection light path (or if appropriate mirrors or other
devices were to direct the detection light path back to a
single digital micromirror device). FIG. 5 depicts a sche-
matic view of a microscope that is similar to the microscope
set forth in FIG. 3, except that the spatial light modulator is
disposed solely in the illumination light path and not in the
detection light path.

[0086] Preferably, the pattern(s) in the spatial light modu-
lator(s) is effected via operably connecting the spatial light
modulator to a controller, preferably a PC computer, that
individually controls each of the individual light transmis-
sion pixels in the array. Further preferably, the controller will
control a single mirror as a single pixel, but if desired the
controller can control a plurality of mirrors as a single pixel,
for example, each individual light transmission pixel could
be a grouping of immediately adjacent mirrors, such as set
forth in FIGS. 7A and 7B. In particular, FIG. 7 schematically
depicts two different embodiments for illumination compris-
ing the use of adjacent mirrors as a single pixel. In FIG. 7a,
a plurality of individual micromirrors of the spatial light
modulator are turned on as a group. FIG. 7B depicts a
similar illumination spot except that different micromirrors
(or microshutters or other selected pixel components) have
different on/off status and thus provide a Gaussian illumi-
nation profile; other illumination profiles are also possible.
In one preferred embodiment, for this and other features of
the present invention that relate to the active turning on and
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off of individual light pixels of the spatial light modulator,
the cycle time of the given event is less than the time that is
needed for the human eye to detect the change, typically less
than about 0.3 seconds.

[0087] Microscopes such as those depicted in FIGS. 3 and
5 that comprise a spatial light modulator in a conjugate
image plane of the sample that is upstream of the sample can
also provide a variable field iris. As used herein, a variable
field iris indicates an iris in which the illumination spot is
greater than a size suitable for use for confocal microscopy.
The field iris can be varied by changing a pattern in the array
of the spatial light modulator that corresponds to different
field iris settings. In addition, and particularly where the
microscope comprises a light detector comprising a detec-
tion array of individual detection pixels, the microscope can
selectively and controllably vary the on/off status of indi-
vidual light transmission pixels of the spatial light modulator
to vary the light intensity impinging on selected spots of the
sample. Thus, not only can a 100% on or 100% off status be
attained for the variable field iris, the light intensity of
individual pixels can be reduced or increased as desired,
similar to the pixel variance depicted in FIGS. 2C and 7B.

[0088] In one embodiment for varying the intensity of the
light impinging on the selected spots that provides a uniform
intensity of light across a sample, the light from light source
4 that contacts “off” pixels in the array of the spatial light
modulator such as digital micromirror device 34 is trans-
mitted to a light detector, preferably a pixelated light detec-
tor, located, for example, at the site of beam stop 37 in FIG.
3. It is preferred that the light detector receive light directly
from the spatial light modulator, which means that the light
does not go through, or reflect off of, the sample. Although
lesser preferred, the light may go through intervening lenses,
filters, etc. between the spatial light modulator and the light
detector. Because beam stop 37 is preferably located at the
image plane of the sample, and receives light directly from
the spatial light modulator, the spatial light modulator can
have all pixels turned “off” and thus all of the light from the
light source will be transmitted to the detector located at
beam stop 37. The detector can then differentiate different
levels of intensity within the light emanating from the light
source 4, and then correct for the varying intensities via
rapid alternating between on and off status to provide a
uniform light to sample 20 (the light detector disposed at
beam stop 37 could also be disposed in a conjugate image
plane of the sample, if desired). Such rapid alternation can
be effected by a controller that selectively varies the on/off
status of individual light transmission pixels of the spatial
light modulator to compensate for non-uniform light inten-
sities detected corresponding pixels by the light detector.

[0089] Similarly, the microscope can vary the intensity of
light emanating from the sample to the light detector by
varying the intensity of light transmitted to the sample,
because there is typically a direct relationship (further
typically an about 1:1 relationship) between the intensity of
light emitted by a sample and the intensity of light impinging
on the sample. Such a microscope can be particularly useful
where the light intensity impinging on a particular pixel of
the light detector is greater than or equal to a threshold level
that indicates that the light intensity is significantly
adversely affecting adjacent pixels (for example, through
spill over of the light or inability of the light detector, such
as a human eye, to adjust for such over-intensity). Once the
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detector, and typically the controller operably connected to
the detector, determines that the light impinging upon a
particular pixel of the light detector has surpassed the
threshold level then the detector and controller vary the
on/off status of the corresponding pixels in the illumination
array to reduce the intensity of light that is being transmitted
to the pixel of the sample that corresponds to the over-bright
pixel of the detection array until the intensity of light
reaching the pixel of the detection array is reduced below the
threshold level.

[0090] In a related embodiment, the light detector and
controller can determine the light intensity characteristics of
a sample by detecting the intensity of the light impinging on
the detectors, then modifying the on/off status of the corre-
sponding pixels in the illumination array until a uniform
intensity of light is transmitted to the pixels of the detector
array, and then determining the light intensity characteristics
of the sample by determining the amount of time that
individual pixels in the illumination light array in the spatial
light modulator are on or off.

[0091] In a further embodiment, the microscope can fur-
ther function as a confocal microscope, as discussed above,
and the illumination array of individual light transmission
pixels in the spatial light modulator that is disposed
upstream from the sample in a conjugate image plane of the
sample to provide at least one illumination spot that is sized
for confocal microscopy by causing at least one individual
light transmission pixel of the spatial light modulator to be
on while adjacent pixels are off. The detection array then
selectively detects the illumination spot. In a preferred
embodiment, the spatial light modulator simultaneously
forms a plurality of illumination spots and then provides
sequential complementary patterns of the spots, as depicted
in FIG. 4. In particular, as shown in the figure, on mirrors 52
are depicted as black squares in an array, while off mirrors
54 are depicted as white squares in the array. By sequentially
providing a series of complementary patterns, wherein in
essence the same pattern is repeated but moved one pixel to
the right over the course of time, it is possible to provide a
confocal image of the entire sample in about 18 on/off
cycles. Such confocal microscopy can be detected using a
pixelated detector such as a CCD or CID, or, if the cycle
time is rapid enough that a single pixel illuminated then
re-illuminated faster than the image acquisition time period
on a video camera or for the human eye (or other detector’s
image acquisition time period), then real time confocal
microscopy can be observed.

[0092] FIG. 6 schematically depicts an embodiment
wherein the central detection pixel 56 is more heavily
illuminated than adjacent or surrounding pixels 58, but due
to the characteristics of the sample the surrounding pixels
are, in fact, illuminated even though only central pixel 56
was directly aligned with the on illumination pixel in the
illumination array of the spatial light modulator. Thus, in an
embodiment that is particularly useful for confocal micros-
copy but an be used in other embodiments too, the micro-
scope comprises a controller that contains computer imple-
mented programming that causes the light detector to detect
light impinging on a central detection pixel that is aligned
with an individual light transmission pixel of the spatial light
modulator in the illumination light path that is on and also
to detect light impinging on at least one pixel adjacent to the
central detection pixel, and preferably all adjacent pixels, the
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controller also contains computer-implemented program-
ming that compiles the data provided by the adjacent detec-
tion pixel(s) and combines it with the data provided by the
central detection pixel to enhance the information provided
to and by the microscope. For example, such combining of
the data can enhance the rejection of the out-of-focus
information of the microscope when such rejection is com-
pared to the focus that is attained without the data from the
adjacent detector(s). Alternatively, the information from the
adjacent pixels, can provide data about the light scattering
and/or absorption or other characteristics of the sample.
Alternatively, if desired, the detector can be set such that the
detector and/or controller does not detect information from
the central detector pixel that directly corresponds to the on
illumination pixel but rather only collects information from
the adjacent pixel(s).

[0093] In yet another embodiment, a spatial light modu-
lator can be disposed in a conjugate image plane of the
sample that is upstream of the sample, and the on/off status
of'the individual light transmission pixels of the illumination
array can be set to project a selected image into the image
plane (and therefore the conjugate image planes of the
sample of the microscope. Preferably, the spatial light modu-
lator is operably connected to at least one controller that sets
and/or varies the on/off status of the individual light trans-
mission pixels to correspond to an image that is separately
being transmitted to the controller, or that is preset and
contained within the memory of the controller.

[0094] The selected image can be projected directly onto
the sample, or the selected image can be projected adjacent
to the sample. For example, where the microscope is being
used to determine whether a given sample matches a desired,
pre-determined state, then an image representing such pre-
determined state can be projected either onto the sample or
adjacent to the sample; directly projecting the image onto
the sample can provide a stencil effect that, for very pre-
cisely predetermined shapes, can make is relatively easy to
determine whether the shape in the sample does or does not
match the predetermined shape. Microscopes that project
such a selected image can either comprise a single spatial
light modulator for projecting the selected image while the
sample is illuminated without use of a spatial light modu-
lator, or two spatial light modulators where one is for the
selected image and one is for the transmission of light
directly to the sample, or a single spatial light modulator
with different portions of the spatial light modulator dedi-
cated to the different functions described herein (e.g., one
portion for sample illumination and one portion for selected
image projector).

[0095] FIG. 8 depicts one example of a microscope suit-
able for confocal microscopy. The microscope is similar to
microscopes depicted in FIGS. 3 and 5 (which microscopes
could also be used for confocal microscopy), except that the
microscope in FIG. 8 comprises a first digital micromirror
device in a conjugate image plane of the sample that is
upstream from the sample and a second, separate digital
micromirror device 345 that is located in a conjugate image
plane of the sample that is disposed downstream from the
sample. Thus, in FIG. 8, light is emitted by light source 4
through projection lens 30q to reflect off simple mirror 32a
and then spatial light modulator 34a. Light that is transmit-
ted along the illumination light path by the spatial light
modulator 34a is then reflected off dichroic mirror 38,
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through objective lenses 22 onto sample 20, where the light
is reflected back through objective lenses 22, then through
dichroic mirror 38 and onto downstream spatial light modu-
lator 345. Light that is passed by spatial light modulator 345
continues along the detection path to simple mirror 3256, then
through projection lens 305 to light detector 26. One advan-
tage of the microscope depicted in FIG. 8 is that, because
there are two separate spatial light modulators, the two
spatial light modulators need not have identical on/off status
for the light transmission pixels therein. The embodiment in
FIG. 8 is also preferred where the detector is an ocular
eyepiece, photomultiplier tube (PMT), video camera, or
other non-pixelated device. In addition, the detection aper-
ture in the downstream spatial light modulator in the detec-
tion light path can be dynamically varied in the same manner
as described earlier for spatial light modulators disposed in
the illumination light path.

[0096] Turning to FIG. 9, the figure depicts a microscope
wherein a first spatial light modulator is disposed in the
conjugate image plane of the aperture diaphragm of the
objective lens and upstream of the sample, and a second
spatial light modulator is disposed downstream of the
sample, also in the conjugate image plane of the aperture
diaphragm of the objective lens. Briefly, light source 4 emits
light through light source lens 12 along illumination path 3,
through projection lens 30a and onto digital micromirror
device 34a. Digital micromirror device 34a then selectively
transmits a desired portion of the light along the illumination
light path to reflect off simple mirror 32a, pass through
condenser lenses 16, and then through sample 20. Light
emanating from sample 20 passes through objective lenses
22, reflects off simple mirror 326 and is transmitted onto,
digital micromirror device 344. Digital micromirror 345
then transmits a selected portion of the light along detection
light path 5 through projection lens 306 and onto light
detector 26. The provision of a spatial light modulator
upstream from the sample in a conjugate image plane of the
aperture diaphragm of the objective lens provides the ability
to control the angle of illumination of a sample, and there-
fore, concomitantly, the angle of detection of light emanat-
ing from the sample. In addition, such a microscope can
selectively control the quantity of light reaching a sample,
which quantity (as with the spatial light modulator disposed
in the conjugate image plane of the sample) will be less than
the amount of light merely as an artifact due to transmitting
through lenses, filters, etc. In some embodiments, the quan-
tity of light can reduced anywhere from 1% to 99%. This
reduction in the quantity of light can be achieved by select-
ing the desired quantity of illumination and then turning a
corresponding selected portion of the individual light trans-
mission pixels on or off. Such selected portion is at least
substantially less than all the illumination light, enough to
achieve a measurable diminution of illumination relative to
the total illumination light.

[0097] Microscopes having a spatial light modulator at a
conjugate image plane at the aperture diaphragm of the
objective lens, such as that depicted in FIG. 9, can provide
for darkfield microscopy, brightfield microscopy, and alter-
nations between the two, as well as alternations between
varieties of darkfield microscopy as different areas of the
spatial light modulator are turned on and off.

[0098] This can be done by selecting a desired pattern for
the darkfield microscopy in the individual light transmission
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pixels of the upstream spatial light modulator. Such desired
pattern comprises a selected portion of the individual light
transmission pixels, which portion is substantially less than
all of such pixels; it will be reduced enough so that a
measurable darkfield effect is achieved relative to brightfield
(brightfield being wide area illumination and detection of
that same area). In some embodiments, the microscope
provides a primarily, or even a solely, darkfield effect. A
complementary pattern will then be placed in the detection
light path, preferably via use of a second digital micromirror
device that comprises the complementary pattern in its
pixelated array. The complementary pattern is the comple-
ment to the desired pattern set in the spatial light modulator
in the illumination light path. For example, if the desired
pattern is a plurality of concentric circles, then the comple-
mentary pattern would be a corresponding pattern of con-
centric circles, except that the complementary pattern would
be light blocking in the concentric circles that are light
transmissive in the desired pattern.

[0099] Additionally, the change in angle of illumination
made possible by such microscopes permit the determina-
tion of 3-D images of the sample. For example, the sample
can be illuminated from a plurality of different angles, and
then the changes in intensity in the light impinging on
individual pixels in the detection array can be detected and
then combined, compiled and/or reconstructed by a control-
ler to provide a 3-D image of the sample. In addition, or
alternatively, the angles of light can be modulated to select
a plurality of different angles of illumination that probe the
sample at different depths. The information obtained from
the different depths can then be obtained and tomographi-
cally reconstructed, typically by the controller, to provide a
3-D image of the sample, one layer at a time. It is a
significant advantage of the present invention that such 3-D
imaging can be effected without moving the sample, a
condenser lens or an objective lens, or any other part of the
microscope other than the spatial light modulator.

[0100] This is similar to the ability of microscopes having
a spatial light modulator at the conjugate image plane of the
objective lens aperture diaphragm to perform a variety of
darkfield examinations, as well as alternation between dark-
field and brightfield, without moving the sample condensor
lenses, objective lenses or other parts of the microscope
other than the light transmission pixels of the spatial light
modulator. Thus, such alterations can be performed without
refocusing. Another advantage of the rapid alternation
between darkfield and brightfield microscopy particularly
with microscopes having a spatial light modulator at the
conjugate image plane of the aperture diaphragm of the
objective lens, is that light that is scattered and/or refracted
by the sample, which is usually not correctly accounted for
during the quantitative measurement process in quantitative
brightfield microscopy, can be measured at each location in
the sample. This allows for a more accurate quantitation of
the amount of light lost by absorption. This can be particu-
larly important when attempting to quantitate the total
amount of light that is absorbed over given areas of the
sample and will provide a more precise spatial absorption
representation of the sample.

[0101] Typically when creating 3-D images as described
herein, the signal-to-noise ratio of the images required for
different illumination angles is high enough that the recon-
struction does not become unstable and converge. Depend-
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ing on the thickness of the 3-D sample being analyzed, more
or less out-of-focus information is included in each image.
If the sample is too thick with respect to the approximate
in-focus depth of the objective being used, then the out-of-
focus information can overwhelm the in-focus information,
making reconstruction difficult, or even impossible.

[0102] FIG. 10 schematically depicts one embodiment of
a microscope that resolves this problem. Briefly, FIG. 10
comprises four spatial light modulators, two in the illumi-
nation light path and two in the detection light path, one in
each light path located in the conjugate image plane of the
sample and one in each light path located in the conjugate
image plane of the aperture diaphragm of the objective lens.
Accordingly, in the figure, light source 4 emits light to
simple mirror 32a, which reflects light to a first spatial light
modulator 34a, which is located in an upstream conjugate
image plane of the aperture diaphragm of the objective lens.
Spatial light modulator 34a transmits a desired portion of
light along illumination light path 3 to projection lens 30a,
after which it is reflected off simple mirror 326 and trans-
mitted to a second spatial light modulator 345, which spatial
light modulator is located in an upstream conjugate image
plane of the sample. The second spatial light modulator 345
then transmits desired light through condensor lenses 16 to
sample 20, where the light is transmitted through the sample,
through objective lenses 22 and onto a third spatial light
modulator 34¢, which is located in a downstream conjugate
image plane of the sample. Light that is desired to be
transmitted to the light detector 26 is then transmitted by the
third spatial light modulator 34¢ to simple mirror 32¢ where
it is reflected through projection lens 305 and onto a fourth
spatial light modulator 344, which modulator is located in a
downstream conjugate image plane of the aperture dia-
phragm of the objective lens. The fourth spatial light modu-
lator then transmits desired light to simple mirror 32d which
reflects the light to light detector 26.

[0103] Because of the combination of spatial light modu-
lators in both the conjugate image plane of the sample and
the conjugate image plane of the aperture diaphragm of the
objective lens, it is possible to selectively combine all of the
features discussed above for spatial light modulators located
in one or another of the planes. For example, combining
confocal microscopy with illumination at a variety of angles
provides for 3-D confocal transmission and reflectance
microscopy. Further, because of the rapid switching time
that is possible using the spatial light modulators, it is
possible to see such 3-D confocal image in real time.
Additionally, due to the ability to calculate, and account for,
out-of-focus information as discussed above, such informa-
tion can be limited and controlled, thereby simplifying the
reconstruction task in the making of the 3-D image.

[0104] The addition of appropriate filters will also allow
for the process to be used for controlled confocal fluores-
cence imaging (indeed, all embodiments of the present
invention can be used for fluorescence microscopy). Another
advantage of combining spatial light modulators in both
planes is that it is possible to correct for some spherical
aberrational effects by acquiring images of the sample using
selected illumination and detection orientations from
selected z positions of the sample, as illustrated in FIG. 11.
In FIG. 11, the upper portion of the figure depicts the taking
of three images of a sample at three different depths,
followed, in the middle portion of the figure, by selecting the
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light rays of each portion that converge at a particular
desired depth (equivalent to the second sample depth in the
upper portion of the figure), which is then followed by the
combining of the desired angles of illumination at all three
sample depths as schematically represented in the lower
portion of FIG. 11.

[0105] Another advantage of the present invention is that
it permits easily performed time-delayed fluorescence
microscopy. This can be accomplished by turning on desired
illumination pixels in the spatial light modulators in the
illumination light path and then turning off corresponding
pixels in the spatial light modulators (or detector) in the
detection light path. After enough time has passed to induce
fluorescence in the sample, which fluorescence can be
autofluorescence or fluorescence clue to materials, such as
dyes, added to the sample, the spatial light modulators in the
illumination light path are turned off and a short time later
the detection pixels of the detector, or the light transmission
pixels of spatial light modulators disposed in the detection
light path, are turned on. One example of the timing for such
a situation is depicted in FIG. 12. Briefly, the illumination
spatial light modulator 345 is turned on for a short, defined
time, t,-t,, and then a short time later the detection spatial
light modulator is turned on for a defined time, t,-t;, after
which time is the illumination spatial light modulator 345 is
again turned on. Such microscopy can be performed both in
confocal and wide field modes.

[0106] FIG. 13 schematically depicts an arrangement of
lenses, mirrors and spatial light modulators similar to the
microscope set forth in FIG. 10, except that the microscope
in FIG. 13 is suitable for reflectance microscopy instead of
transmission microscopy. In FIG. 13, light source 4 emits
light through a beam splitter 60 to a digital micromirror
device 34a. The beam splitter 60 can be a dichroic mirror or
other type of beam splitter, beam splitters other than dichroic
mirrors can also be used with other embodiments of the
present invention. Desired light is then reflected along the
illumination light path 3 through projection lens 30 to reflect
off simple mirror 32 onto a second digital micromirror
device 34b. Desired light is then transmitted by digital
micromirror device 345 through objective lenses 22 and
onto sample 20, where the light is reflected back through
objective lenses 22, off digital micromirror device 345 and
simple mirror 32, through projection lens 30 and off first
digital micromirror device 34a. Desired light is then trans-
mitted back along the light path until it contacts dichroic
mirror 38, where it is reflected to light detector 26. Thus, the
microscope depicted in FIG. 13 provides for illumination of
a single spot or pattern of spots as previously described, and
for each spot or pattern of spots a variety of illumination
angles can be sequentially implemented, and for each angle
an image or measurement is collected. Thus, all areas of the
plane of the sample surface can be collected. One can then
change the position of the sample along the optical axis of
the microscope and repeat the process for the new level of
the sample. Thus, information from the entire surface of
interest can be collected and tomographically reconstructed
to generate a 3-D representation of the surface of the sample.
The microscopes herein are this is advantageous over con-
ventional reflectance microscopy because the surface orien-
tation of every location of the sample can be determined in
a relatively straightforward fashion.
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[0107] FIG. 14 schematically depicts another embodiment
of' a microscope that is similar to the microscopes in FIGS.
10 and 13 and comprises four spatial light modulators, two
in the illumination light path and two in the detection light
path, one in each light path located in the conjugate image
plane of the sample and one in each light path located in the
conjugate image plane of the aperture diaphragm of the
objective lens. The microscope in FIG. 10 is used for
reflectance microscopy and comprises a beam splitter 60
disposed between the digital mirror devices 345, 34¢ and the
objective lenses 22.

[0108] From the foregoing, it will be appreciated that,
although specific embodiments of the invention have been
described herein for purposes of illustration, various modi-
fications may be made without deviating from the spirit and
scope of the invention. Accordingly, the invention is not
limited except as by the appended claims.

What is claimed is:

1. A microscope comprising a spatial light modulator
comprising an illumination array of individual light trans-
mission pixels, the spatial light modulator disposed in an
illumination light path of the microscope at a conjugate
image plane of an aperture diaphragm of an objective lens to
provide an upstream spatial light modulator.

2. The microscope of claim 1 wherein the microscope
selectively controls the angle of illumination of a sample and
the angle of detection of light emanating from the sample,
wherein the upstream spatial light modulator is operably
connected to a modulator controller containing computer-
implemented programming that controls transmissive char-
acteristics of the spatial light modulator to select a desired
angle of illumination and detection of the sample and
wherein a selected portion of the individual light transmis-
sion pixels corresponding to the desired angle of illumina-
tion and detection is on.

3. The microscope of claim 1 wherein the microscope
selectively controls a quantity of light reaching a sample, the
quantity being less than all the light emitted by a light source
located at a beginning of the illumination light path, wherein
the upstream spatial light modulator is operably connected
to a modulator controller containing computer-implemented
programming that controls transmissive characteristics of
the spatial light modulator to select a desired quantity of
illumination and a selected portion of the individual light
transmission pixels corresponding to the desired quantity of
illumination is on.

4. The microscope of claim 2 or 3 wherein the microscope
further comprises a second spatial light modulator that is
disposed in a detection light path, located at a downstream
conjugate image plane of an aperture diaphragm of the
objective lens and operably connected to a second modulator
controller containing computer-implemented programming
that controls transmissive characteristics of the second spa-
tial light modulator.

5. The microscope of claim 7 wherein the first modulator
controller is operably connected to the second modulator
controller such that the second light modulator selectively
controls the light in the detection light path to correspond to
the desired angle selected by the first modulator controller.

6. The microscope of claim 1 wherein the microscope
provides darkfield microscopy, wherein the upstream spatial
light modulator is operably connected to a first modulator
controller containing computer-implemented programming
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that controls transmissive characteristics of the spatial light
modulator to select a desired pattern for darkfield micros-
copy and a selected portion of the individual light transmis-
sion pixels corresponding to the desired pattern for darkfield
microscopy is on, and a second spatial light modulator is
disposed in a detection light path, located at a downstream
conjugate image plane of an aperture diaphragm of the
objective lens and operably connected to a second modulator
controller containing computer-implemented programming
that controls transmissive characteristics of the second spa-
tial light modulator to select a complementary pattern of the
individual light transmission pixels of the second spatial
light modulator to complement the pattern of individual light
transmission pixels of the first spatial light modulator that
are on, thereby providing a complementary pattern of the
individual light transmission pixels of the second spatial
light modulator that are on.

7. The microscope of claim 6 wherein the microscope
alternates between darkfield microscopy and brightfield
microscopy, wherein the first modulator controller and the
second modulator controller control the transmissive char-
acteristics of the first and second spatial light modulators to
switch between brightfield microscopy and at least one
desired pattern for darkfield microscopy.

8. The microscope of claim 7 wherein the microscope
alternates back and forth between darkfield microscopy and
brightfield microscopy with a cycle time of less than about
0.03 seconds.

9. The microscope of claim 7 wherein the microscope
alternates back and forth between darkfield microscopy and
brightfield microscopy without refocusing.

10. The microscope of claim 7 wherein the first modulator
controller and the second modulator controller are the same
modulator controller.

11. The microscope of any one of claims 1 wherein the
microscope further comprises a light detector located at a
downstream end of a detection light path, the light detector
comprising a detection array of individual detection pixels.

12. The microscope of claim 11 wherein the detection
array of individual detection pixels corresponds to and is
aligned with the illumination array of individual light trans-
mission pixels in the upstream spatial light modulator.

13. The microscope of claim 11 wherein the detection
array of individual detection pixels is operably connected to
a detector controller and the illumination array of individual
light transmission pixels in the spatial light modulator is
connected to the modulator controller, such that the modu-
lator controller contains computer-implemented program-
ming that selects a plurality of desired angles of illumination
of'the sample and the detector controller contains computer-
implemented programming that detects the changes in inten-
sity in the detection array of individual detection pixels
corresponding to the plurality of desired angles of illumi-
nation and detection and therefrom determines a three-
dimensional image of the sample.

14. The microscope of claim 11 wherein the detection
array of individual detection pixels is operably connected to
a detector controller and the illumination array of individual
light transmission pixels in the spatial light modulator is
connected to modulator controller, such that the modulator
controller selects a plurality of desired angles of illumination
of the sample to provide a plurality of images of the sample
at a corresponding plurality of different depths within the
sample and a reconstruction controller comprises computer-
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implemented programming that tomographically recon-
structs the different images to provide a three dimensional
image of the sample.

15. The microscope of claim 14 wherein the modulator
controller selects the plurality of desired angles of illumi-
nation of the sample such that the plurality of images of the
sample at a corresponding plurality of different depths are
obtained without moving the sample, a condensor lens or an
objective lens.

16. A microscope comprising a variable field iris, the
microscope comprising a spatial light modulator comprising
an illumination array of individual light transmission pixels
and disposed in an illumination light path at a conjugate
image light transmission pixels and disposed in an illumi-
nation light path at a conjugate image plane of a sample, to
provide an upstream spatial light modulator, and that is
operably connected to a modulator controller containing
computer-implemented programming that controls transmis-
sive characteristics of the upstream spatial light modulator to
select a plurality of desired field iris settings.

17. The microscope of claim 16 wherein the individual
light transmission pixels of the illumination array, are in the
on/off status corresponding to the desired field iris setting.

18. A microscope that projects a selected image into an
image plane of a sample of the microscope, the microscope
comprising a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels and
disposed in a first illumination light path at a conjugate
image plane of the sample, to provide a first upstream spatial
light modulator, wherein the upstream spatial light modu-
lator is operably connected to at least one controller con-
taining computer-implemented programming that varies an
on/off status of the individual light transmission pixels of the
illumination array to correspond to the selected image, the
microscope further comprising a second illumination light
path that provides illumination light to the sample.

19. The microscope of claim 18 wherein the individual
light transmission pixels of the illumination array are in the
on/off status corresponding to the desired image.

20. The microscope of claim 18 or 19 wherein the selected
image is projected onto the sample.

21. The microscope of claim 18 or 19 wherein the selected
image is projected adjacent to the sample.

22. The microscope of claim 19 wherein the upstream
spatial light modulator is disposed in both the first illumi-
nation light path and the second illumination light path and
a first portion of the individual light transmission pixels of
the illumination array provides illumination light to the
sample and second portion of the individual light transmis-
sion pixels of the illumination array are in an on/off status
corresponding to the selected image.

23. The microscope of any one of claims 16 or 19 wherein
the microscope further comprises a light detector comprising
a detection array of individual detection pixels and disposed
downstream from the sample in a detection light path at a
conjugate image plane of the sample, wherein the spatial
light modulator and the light detector are operably con-
nected to at least one controller containing computer-imple-
mented programming that controls transmissive character-
istics of the upstream spatial light modulator and that
compiles the light intensity detection data provided by the
light detector, wherein the controller selectively varies the
on/off status of individual light transmission pixels of the
spatial light modulator to vary the light intensity impinging
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on selected spots of the sample, and thereby vary the
intensity of light emanating from the selected spots of the
sample and impinging on at least one pixel of the light
detector.

24. A microscope that provides a uniform intensity of
illumination light to a sample, the microscope comprising a
spatial light modulator comprising an illumination array of
individual light transmission pixels and disposed in an
illumination light path at a conjugate image plane of the
sample, to provide an upstream spatial light modulator, and
a light detector comprising a detection array of individual
detection pixels and disposed downstream from the
upstream spatial light modulator at a conjugate image plane
of the sample and that receives light directly from the
upstream spatial light modulator, wherein the spatial light
modulator and the light detector are operably connected to
at least one controller containing computer-implemented
programming that controls transmissive characteristics of
the upstream spatial light modulator and that compiles the
light intensity detection data provided by the light detector,
wherein the at least one controller selectively varies the
on/off status of individual light transmission pixels of the
spatial light modulator to compensate for non-uniform light
intensities detected by the light detector, thereby providing
auniform intensity of illumination light that is transmitted to
the sample.

25. A microscope that varies the intensity of light ema-
nating from a sample to a light detector, the microscope
comprising a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels and
disposed in an illumination light path at a conjugate image
plane of the sample, to provide an upstream spatial light
modulator, and the light detector which comprises a detec-
tion array of individual detection pixels and is disposed
downstream from the sample in a detection light path at a
conjugate image plane of the sample, wherein the spatial
light modulator and the light detector are operably con-
nected to at least one controller containing computer-imple-
mented programming that controls transmissive character-
istics of the upstream spatial light modulator and that
compiles the light intensity detection data provided by the
light detector, wherein the controller selectively varies the
on/off status of individual light transmission pixels of the
spatial light modulator to vary the light intensity impinging
on selected spots of the sample and thereby vary the inten-
sity of light emanating from the selected spots of the sample
and impinging on at least one pixel of the light detector.

26. The microscope of claim 25 wherein the controller
selectively varies the on/off status of individual light trans-
mission pixels of the spatial light modulator such that when
the light intensity impinging on a pixel of the light detector
is greater than or equal to a threshold level that indicates that
the light intensity significantly adversely affects adjacent
pixels then at least one corresponding pixel in the upstream
spatial light modulator is turned off for a time sufficient to
reduce the light intensity impinging on the pixel of the light
detector below the threshold level.

27. The microscope of claim 25 wherein the controller
selectively varies the on/off status of individual light trans-
mission pixels of the spatial light modulator such the light
intensity impinging on the detection array of pixels of the
light detector is uniform across the detection array, and the
controller determines the light intensity characteristics of the
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sample by determining an amount of time individual pixels
in the illumination array of the upstream spatial light modu-
lator are on or off.

28. The microscope of claim 24 or 25 wherein the
microscope further comprises a second spatial light modu-
lator that is disposed in the detection light path, located at a
downstream conjugate image plane of a sample and oper-
ably connected to a second modulator controller containing
computer-implemented programming that controls transmis-
sive characteristics of the second spatial light modulator.

29. The microscope of claim 28 wherein the microscope
is a confocal microscope, wherein the detection array of
individual detection pixels corresponds to and is aligned
with the illumination array of individual light transmission
pixels in the upstream spatial light modulator and the at least
one controller contains computer-implemented program-
ming that controls transmissive characteristics of the
upstream spatial light modulator to provide at least one
illumination spot to the sample by causing at least one
individual light transmission pixel of the upstream spatial
light modulator to be on while adjacent pixels are off and the
detection array selectively detects the illumination spot.

30. The microscope of claim 29 wherein the at least one
controller causes the upstream spatial light modulator to
simultaneously form a plurality of the illumination spots and
to provide sequential complementary patterns of the spots.

31. The microscope of claim 30 wherein the at least one
controller causes the light detector to detect light impinging
on a central detection pixel aligned with an individual light
transmission pixel of the upstream spatial light modulator
that is on and to detect light impinging on at least one
detection pixel adjacent to the central detection pixel, and
the controller contains computer-implemented programming
that compiles the data provided by the at least one adjacent
detection pixel and combines it with the data provided by the
central detection pixel.

32. The microscope of claim 31 wherein the computer-
implemented programming compiles the data provided by
the adjacent detection pixels and combines it with the data
provided by the central detection pixel such that the rejec-
tion of the out of focus information of the microscope is
enhanced compared to the focus without the data from the
adjacent detection pixels.

33. The microscope of claim 31 wherein the computer-
implemented programming compiles the data provided by
the adjacent detection pixels and combines it with the data
provided by the central detection pixel to determine the light
absorption characteristics of the sample.

34. A microscope comprising a first spatial light modu-
lator comprising a first illumination array of individual light
transmission pixels, the first spatial light modulator disposed
in an illumination light path at a conjugate image plane of an
aperture diaphragm of an objective lens to provide a first
upstream spatial light modulator and a second spatial light
modulator comprising a second illumination array of indi-
vidual light transmission pixels and disposed in the illumi-
nation light path at a conjugate image plane of a sample to
provide a second upstream spatial light modulator.

35. The microscope of claim 34 wherein the microscope
further comprises a third spatial light modulator disposed in
a detection light path and located at one of a downstream
conjugate image plane of an aperture diaphragm of the
objective lens and a downstream conjugate image plane of
the sample.

Aug. 16, 2007

36. The microscope of claim 35 wherein the third spatial
light modulator is disposed at the downstream conjugate
image plane of an aperture diaphragm of the objective lens
and a fourth spatial light modulator is disposed in the
detection light path and located at the downstream conjugate
image plane of a sample.

37. The microscope of claim 35 wherein the microscope
further comprises a light detector located at a downstream
end of the detection light path, the light detector comprising
a detection array of individual detection pixels.

38. The microscope of claim 37 wherein the spatial light
modulators and the light detector are operably connected to
at least one controller containing computer-implemented
programming that controls the light transmissive or detec-
tion characteristics of the spatial light modulators and the
light detector.

39. The microscope of claim 38 wherein the microscope
provides confocal properties and selectively controls the
angle of illumination of a sample and the angle of detection
of light emanating from the sample, wherein the computer-
implemented programming that controls transmissive char-
acteristics of the first spatial light modulator selects a desired
angle of illumination and detection of the sample and
wherein a selected portion of the individual light transmis-
sion pixels of the first spatial light modulator corresponding
to the desired angle of illumination and detection is on and
wherein the computer-implemented programming that con-
trols transmissive characteristics of the second spatial light
modulator provides at least one illumination spot to the
sample by causing at least one individual light transmission
pixel of the second spatial light modulator to be an while
adjacent pixels are off and the detection pixels of the
detection array are positioned to selectively detect the illu-
mination spot.

40. The microscope of claim 39 wherein the computer-
implemented programming causes the second spatial, light
modulator to simultaneously form a plurality of the illumi-
nation spots and to provide sequential complementary pat-
terns of the spots.

41. The microscope of claim 40 wherein the computer-
implemented programming causes the illumination array of
individual light transmission pixels in the first spatial light
modulator to provide a plurality of desired angles of illu-
mination of the sample and the detection array of individual
detection pixels to detect changes in intensity in the detec-
tion array of individual detection pixels corresponding to the
plurality of desired angles of illumination and therefrom
determining a three-dimensional image of the sample.

42. The microscope of claim 40 wherein the computer-
implemented programming causes the illumination array of
individual light transmission pixels in the first spatial light
modulator to provide a plurality of desired angles of illu-
mination of the sample to provide a plurality of images of
the sample at a corresponding plurality of different depths
within the sample and then tomographically reconstructs the
different images to provide a three dimensional image of the
sample.

43. The microscope of claim 40 wherein the computer-
implemented programming causes the illumination array of
individual light transmission pixels in the first spatial light
modulator to selectively control the quantity of light reach-
ing the sample, the quantity being less than all the light
emitted by a light source located at a beginning of the
illumination light path and a selected portion of the indi-
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vidual light transmission pixels corresponding to the desired
quantity of illumination is on.

44. The microscope of claim 40 wherein the computer-
implemented programming selectively provides darkfield
microscopy by causing the illumination array of individual
light transmission pixels in the first spatial light modulator
to provide a desired pattern for darkfield microscopy and a
selected portion of the individual light transmission pixels
corresponding to the desired pattern for darkfield micros-
copy is on and a complementary pattern of the individual
light transmission pixels of the third spatial light modulator
is on.

45. The microscope of claim 40 wherein the computer-
implemented programming causes the light detector to
detect only light impinging on a central detection pixel
aligned with and corresponding to an individual light trans-
mission pixel of the second spatial light modulator that is on.

46. The microscope of claim 40 wherein the computer-
implemented programming causes the light detector to
detect light impinging on a central detection pixel aligned
with an individual light transmission pixel of the second
spatial light modulator that is on and to detect light imping-
ing on at least one detection pixel adjacent to the central
detection pixel, and the computer-implemented program-
ming compiles the data provided by the at least one adjacent
detection pixel and combines it with the data provided by the
central detection pixel.

47. The microscope of claim 46 wherein the computer-
implemented programming compiles the data provided by
the adjacent detection pixels and combines it with the data
provided by the central detection pixel such that the focus of
the microscope is enhanced compared to the focus without
the data from the adjacent detection pixels.

48. The microscope of any one of claims 11, 16, 18, 24,
25 or 34 wherein the microscope provides time-delayed
fluorescence detection, wherein the computer-implemented
programming causes at least one of the spatial light modu-
lators to illuminate the sample for an amount of time suitable
to induce fluorescence in the sample and then ceasing
illuminating the sample, and then causing the detector to
begin detecting fluorescence emanating from the sample.

49. A microscope comprising means for spatial light
modulation disposed in an illumination light path at a
conjugate image plane of an aperture diaphragm of an
objective lens.

50. The microscope of claim 49 wherein the means for
spatial light modulation comprises means for selectively
controlling a desired angle of illumination of a sample,
wherein the means for spatial light modulation is operably
connected to a computer means for controlling transmissive
characteristics of the spatial light modulator for selecting the
desired angle of illumination of the sample.

51. The microscope of claim 50 wherein the means for
spatial light modulation is in an on/off status corresponding
to a desired setting.

52. A microscope comprising a first means for spatial light
modulation that is disposed in an illumination light path at
a conjugate image plane of an aperture diaphragm of an
objective lens and a second means for spatial light modu-
lation that is disposed in the illumination light path at a
conjugate image plane of a sample.

53. The microscope of claim 52 wherein the microscope
further comprises a third means for spatial light modulation
that is disposed in a detection light path and located at one
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of a downstream conjugate image plane of the aperture
diaphragm of the objective lens and a downstream conjugate
image plane of the sample.

54. The microscope of claim 53 wherein the third means
for spatial light modulation is disposed at the downstream
conjugate image plane of the aperture diaphragm of the
objective lens and a fourth means for spatial light modula-
tion is disposed in the detection light path and located at the
downstream conjugate image plane of the sample.

55. The microscope of any one of claims 52 to 54 wherein
the microscope further comprises means for detecting light
located at a downstream end of the detection light path.

56. The microscope of any one of claims 55 wherein all
the means for spatial light modulation and the means for
detecting light are operably connected to at least one com-
puter means for controlling the light transmissive or detec-
tion characteristics of the at least one means for spatial light
modulation and the means for detecting light.

57. A method of modulating an illumination light path
within a microscope wherein the illumination light path
comprises a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels at a
conjugate image plane of an aperture diaphragm of an
objective lens, the method comprising modulating the illu-
mination light path by selecting light transmissive charac-
teristics of the spatial light modulator.

58. The method of claim 57 wherein the method further
comprises transmitting light along the illumination light
path such that the light passes the spatial light modulator and
thereby modulating the light by the spatial light modulator.

59. The method of claim 58 wherein the method further
comprises selectively controlling an angle of illumination of
a sample and an angle of detection of light emanating from
the sample, wherein the spatial light modulator is operably
connected to a modulator controller containing computer-
implemented programming that controls transmissive char-
acteristics of the spatial light modulator, wherein the method
comprises selecting the desired angle of illumination and
detection by turning on a selected portion of the individual
light transmission pixels corresponding to the desired angle
of illumination and detection.

60. The method of claim 58 wherein the method further
comprises selectively controlling the quantity of light reach-
ing a sample, the quantity being less than all the light emitted
by a light source located at a beginning of the illumination
light path, wherein the upstream spatial light modulator is
operably connected to a modulator controller containing
computer-implemented programming that controls transmis-
sive characteristics of the spatial light modulator, wherein
the method comprises selecting a desired quantity of illu-
mination by turning on a selected portion of the individual
light transmission pixels corresponding to the desired quan-
tity of illumination.

61. The method of claim 58 wherein the method further
comprises darkfield microscopy, wherein the spatial light
modulator is operably connected to a first modulator con-
troller containing computer-implemented programming that
controls transmissive characteristics of the spatial light
modulator and a second spatial light modulator comprising
a second array of individual light transmission pixels that is
disposed in the detection light path at a downstream conju-
gate image plane of an aperture diaphragm of the objective
lens and is operably connected to a second modulator
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controller containing computer-implemented programming
that controls transmissive characteristics of the second spa-
tial light modulator, wherein the method further comprises:

setting on a selected portion of the individual light trans-
mission pixels of the illumination array corresponding
to a desired pattern for darkfield microscopy, and

setting on a selected portion of the second array corre-
sponding to a complementary pattern that complement
the desired pattern of the illumination array.

62. The method of claim 61 wherein the method further
comprises alternating between darkfield microscopy and
brightfield microscopy.

63. The method of claim 62 wherein the method further
comprises alternating back and forth between darkfield
microscopy and brightfield microscopy without refocusing.

64. The method of claim 58 wherein the spatial light
modulator is connected to a modulator controller containing
computer-implemented programming that controls transmis-
sive characteristics of the spatial light modulator and the
microscope further comprises a light detector comprising a
detection array of individual detection pixels and located at
a downstream end of a detection light path, wherein the light
detector is operably connected to a detector controller con-
taining computer-implemented programming that controls
detection characteristics of the detection array, and the
method further comprises:

selecting a plurality of desired angles of illumination of
the sample, and

detecting the changes in intensity in the detection array
corresponding to the plurality of desired angles of
illumination, and therefrom determining a three-dimen-
sional image of the sample.

65. The method of claim 58 wherein the spatial light
modulator is corrected to a modulator controller containing
computer-implemented programming that controls transmis-
sive characteristics of the spatial light modulator and the
microscope further comprises a light detector comprising a
detection array of individual detection pixels and located at
a downstream end of a detection light path, wherein the light
detector is operably connected to a detector controller con-
taining computer-implemented programming that controls
detection characteristics of the detection array, and the
method further comprises:

selecting a plurality of desired angles of illumination of
the sample to provide a plurality of images of the
sample at a corresponding plurality of different depths
within the sample, and

tomographically reconstructing the different images to

provide a three dimensional image of the sample.

66. The method of claim 65 wherein the selecting and the
reconstructing are performed without moving the sample, a
condensor lens or an objective lens.

67. A method for varying a field iris in a microscope
wherein the microscope comprises a spatial light modulator
comprising an illumination array of individual light trans-
mission pixels and disposed in an illumination light path at
a conjugate image plane of a sample, wherein the spatial
light modulator is operably connected to a modulator con-
troller containing computer-implemented programming that
controls transmissive characteristics of the spatial light
modulator, the method comprising:
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selecting a desired field iris setting by setting the indi-
vidual light transmission pixels of the illumination
array to an on/off status corresponding to the desired
field iris setting, and then

changing the individual light transmission pixels of the
illumination array to a different on/off status corre-
sponding to a different desired field iris setting, thereby
varying the field iris.

68. A method for projecting a selected image into an
image plane of a sample of a microscope, the microscope
comprising a spatial light modulator comprising an illumi-
nation array of individual light transmission pixels and
disposed in a first illumination light path at a conjugate
image plane of the sample, to provide a first spatial light
modulator, wherein the first spatial light modulator is oper-
ably connected to at least one controller containing com-
puter-implemented programming that varies an on/off status
of'the individual light transmission pixels of the illumination
array to correspond to the selected image, the microscope
further comprising a second illumination light path that
provides illumination light to the sample, the method com-
prising:

setting the individual light transmission pixels to an on/off
status corresponding to the selected image, and

projecting light onto the spatial light modulator such that
the light passed by the spatial light modulator along the
illumination light path to the image plane of the sample
conveys the selected image.

69. The method of claim 58 wherein the microscope
further comprises a light detector comprising a detection
array of individual detection pixels and disposed down-
stream from the sample in a detection light path at a
conjugate image plane of a sample, wherein the spatial light
modulator and the light detector are operably connected to
at least one controller containing computer-implemented
programming that controls transmissive characteristics of
the upstream spatial light modulator and that compiles the
light intensity detection data provided by the light detector,
wherein the method further comprises:

selectively varying the on/off status of individual light
transmission pixels of the spatial light modulator to
vary the light intensity impinging on selected spots of
the sample and thereby vary the intensity of light
emanating from the selected spots of the sample and
impinging on at least one pixel of the light detector.

70. A method for providing uniform intensity of illumi-
nation light to a sample in a microscope, wherein the
microscope comprises a spatial light modulator comprising
an illumination array of individual light transmission pixels
and disposed in an illumination light path at a conjugate
image plane of a sample and a light detector comprising a
detection array of individual detection pixels and disposed
downstream from the upstream spatial light modulator at a
conjugate image plane of the sample and that receives light
directly from the upstream spatial light modulator, wherein
the spatial light modulator and the light detector are oper-
ably connected to at least one controller containing com-
puter-implemented programming that controls transmissive
characteristics of the upstream spatial light modulator and
that compiles the light intensity detection data provided by
the light detector, the method comprising:
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varying the on/off status of individual light transmission
pixels of the spatial light modulator to compensate for
non uniform light intensities detected by the light
detector, thereby providing a uniform intensity of illu-
mination light that is transmitted to the sample.

71. A method for varying the intensity of light emanating
from a sample to a light detector in a microscope, wherein
the microscope comprises a spatial light modulator com-
prising an illumination array of individual light transmission
pixels and disposed in an illumination light path at a
conjugate image plane of the sample and a light detector that
comprises a detection array of individual detection pixels
and is disposed downstream from the sample in a detection
light path at a conjugate image plane of the sample, wherein
the spatial light modulator and the light detector are oper-
ably connected to at least one controller containing com-
puter-implemented programming that controls transmissive
characteristics of the spatial light modulator and that com-
piles the light intensity detection data provided by the light
detector, the method comprising:

varying an on/off status of individual light transmission
pixels of the spatial light modulator to vary the light
intensity impinging on selected spots of the sample and
thereby varying the intensity of light emanating from
the selected spots of the sample and impinging on at
least one pixel of the light detector.

72. The method of claim 71 wherein the method further
comprises selectively varying the on/off status of individual
light transmission pixels of the spatial light modulator such
that when the light intensity impinging on a pixel of the light
detector is greater than or equal to a threshold level that
indicates that the light intensity significantly adversely
affects adjacent pixels then turning off at least one corre-
sponding pixel in the spatial light modulator for a time
sufficient to reduce the light intensity impinging on the pixel
of the light detector below the threshold level.

73. The method of claim 71 wherein the method further
comprises selectively varying the on/off status of individual
light transmission pixels of the spatial light modulator such
the light intensity impinging on the detection array of pixels
of the light detector is uniform across the detection array,
and determining the light intensity characteristics of the
sample by determining an amount of time individual pixels
in the illumination array of the upstream spatial light modu-
lator are on or off.

74. The method of claim 71 wherein the microscope is a
confocal microscope, wherein the method further comprises
providing at least one illumination spot to the sample by
causing at least one individual light transmission pixel of the
spatial light modulator to be on while adjacent pixels are off
and the detection array selectively detects the illumination
spot.

75. The method of claim 74 wherein the spatial light
modulator to simultaneously forms a plurality of the illu-
mination spots and provides sequential complementary pat-
terns of the spots.

76. The method of claim 74 or 75 wherein the method
further comprises detecting light impinging on a central
detection pixel aligned with an individual light transmission
pixel of the spatial light modulator that is on and detecting
light impinging on at least one detection pixel adjacent to the
central detection pixel, and compiling the data provided by
the at least one adjacent detection pixel and combining it
with the data provided by the central detection pixel.
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77. The method of claim 76 wherein the method further
comprises compiling the data provided by the adjacent
detection pixels and combining it with the data provided by
the central detection pixel such that the rejection of the out
of focus information of the microscope is enhanced com-
pared to the focus without the data from the adjacent
detection pixels.

78. The method of claim 77 wherein the method further
comprises compiling the data provided by the adjacent
detection pixels and combining it with the data provided by
the central detection pixel and therefrom determining the
light absorption characteristics of the sample.

79. The method of claim 75 wherein the method further
comprises providing the plurality of the sequential comple-
mentary patterns of the illumination spots such that all areas
of the sample in the illumination light path are illuminated
to provide a complete cycle of illumination and then detect-
ing the illumination spots no more than once for each
complete cycle of illumination, thereby providing real time
directly viewable confocal microscopy.

80. A method of confocal microscopy comprising use of
a microscope comprising a first spatial light modulator
comprising a first illumination array of individual light
transmission pixels, the first spatial light modulator disposed
in an illumination light path at a conjugate image plane of an
aperture diaphragm of an objective lens to provide a first
upstream spatial light modulator, a second spatial light
modulator comprising a second illumination array of indi-
vidual light transmission pixels and disposed in the illumi-
nation light path at a conjugate image plane of a sample to
provide a second upstream spatial light modulator, and a
light detector located at a downstream end of the detection
light path, the light detector comprising a detection array of
individual detection pixels, wherein the spatial light modu-
lators and the light detector are operably connected to at
least one controller containing computer-implemented pro-
gramming that controls the light transmissive or detection
characteristics of the spatial light modulators and the light
detector, wherein the method comprises:

selecting a desired angle of illumination and detection by
turning on a selected portion of the individual light
transmission pixels of the first illumination array cor-
responding to the desired angle of illumination and
detection, and

selecting a desired illumination spot by turning on a
selected portion of the individual light transmission
pixels of the second illumination array corresponding
to the desired illumination spot such at least one
individual light transmission pixel of the second illu-
mination array is on while adjacent pixels are off and
the detection pixels of the detection array are posi-
tioned to selectively detect the illumination spot.

81. The method of claim 80 wherein the method further
comprises simultaneously providing a plurality of the illu-
mination spots and then providing provide sequential
complementary patterns of the spots.

82. The method of claim 80 or 81 wherein the method
further comprises:

providing a plurality of desired angles of illumination of
the sample, and

detecting changes in intensity in the detection array of
individual detection pixels corresponding to the plural-
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ity of desired angles of illumination and therefrom

determining a three-dimensional image of the sample.

83. The method of claim 80 or 81 wherein the method
further comprises:

providing a plurality of images of the sample at a corre-
sponding plurality of different depths within the
sample, and then

tomographically reconstructing the different images to
provide a three dimensional image of the sample.
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84. The method of any one of claims 57, 67, 68, 70, 71 or
80 wherein the method further comprises time-delayed
fluorescence detection, the method comprising:

illuminating the sample for an amount of time suitable to
induce fluorescence in the sample,

ceasing illuminating the sample, and then

detecting fluorescence emanating from the sample.
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