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CONFOCAL MACROSCOPE 

FIELD OF THE INVENTION 

0001. The present invention relates generally to confocal 
imaging Systems, and more particularly to a confocal mac 
rOScope. 

BACKGROUND 

0002 Confocal microscopes with coherent optical illu 
mination are capable of producing very thin optical Section 
ing yielding sharp 3-D image Volume data Sets and an image 
of a specimen with much better contrast between fine details 
than is possible with non-confocal imaging Systems. Such as 
wide-field instruments known to those skilled in the art. 
Confocal microscopes are employed to produce images of 
many types of Specimens Such as biological materials and 
Semiconductor devices. 

0003) A schematic diagram of the essential components 
of a conventional confocal microscope 100 is shown in FIG. 
1. A light Source 110, Such as a laser in the instance of 
monochromatic illumination, generates light that is deflected 
off of a beamsplitter 114, which directs the light toward an 
objective lens 116. The objective lens 116 focuses the light 
at a focal point 118 in a specimen 120. The focal point 118 
is a Small illuminated area in a focal plane, also called an 
object plane 122, in the specimen 120. In the instance of 
fluorescent imaging, if the Specimen 120 is Stained with 
fluorescent dye that is illuminated with a wavelength near its 
excitation maximum, then it will emit fluorescent light of a 
Stokes-shifted wavelength. Fluorescent molecules at the 
focal point 118 emit Stokes-shifted light rays toward the 
objective lens 116 which focuses the emitted rays into a 
confocal pinhole in a conjugate image plane. The confocal 
pinhole is also called an image pinhole 130 and is located in 
a plate 132 placed in the conjugate image plane for the focal 
point 118. In the instance of fluorescent imaging the beam 
Splitter 114 transmits the fluorescent light to the image 
pinhole 130, and the fluorescent light passing through the 
image pinhole 130 is detected by a photodetector 140 such 
as a photomultiplier tube (PMT). The photodetector 140 
generates a Signal indicating an intensity of the fluorescent 
light passing through the image pinhole 130, and the Signal 
is processed by an appropriate data processing System (not 
shown). An image of the specimen 120 in the object plane 
122 is generated by moving the focal point 118 relative to 
the. Specimen 120 such that the focal point 118 traverses the 
object plane 122 in the Specimen 120 in a pattern Such as a 
raster pattern. The data processing System assembles the 
Signal from the photodetector 140 to generate the image. 
Images of different sectional depths of the specimen 120 
may be generated by moving the object plane 122 relative to 
the specimen 120. 
0004 If the specimen 120 is reflective then the illumi 
nation light is reflected back toward the objective lens 116 
and the beamsplitter 114 to be focused on the image pinhole 
130 and detected by the photodetector 140. An example of 
a reflective specimen 120 is an integrated circuit wafer 
Specimen. 
0005 Beam-Scanning or-stage-Scanning confocal micro 
Scopes differ from wide-field instruments in two major 
aspects: an illumination spot and an image pinhole. First, in 
the confocal microScopes rays of light impinging on a 
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Specimen from an objective lens are converged along a cone 
to a single focal point or apex in an object plane in the 
Specimen. This is in contrast to a wide-field instrument 
where, in each instant, the entire area circumscribed by the 
field-of-view of the objective lens is illuminated simulta 
neously. This area includes information from points extend 
ing through the entire depth of the Specimen, including 
points above and below the object plane of the objective 
lens. One advantage of the beam-Scanning or Stage-Scanning 
confocal microScopes is that all of the light is focused on the 
focal point in the object plane to produce a much more 
intense excitation of each Scanned point of the Specimen, 
with greater Spatial Specificity of the area being excited. 
0006 A Second advantage of the beam-Scanning or stage 
Scanning confocal microscopes is the pinhole in the emis 
Sion/detection path. Some of the rays of light emanating 
from the object plane as a result of the illumination light will 
retrace the path of the impinging path through the objective 
lens to be collected at a point in the conjugate image plane. 
The confocal pinhole or image pinhole at the conjugate 
image plane acts as a Spatial-filter to remove out-of-focus 
rays of light which emanated from points above, below, or 
to the Side of the focal point or apex in the Specimen. A 
Single focal point in the Specimen is examined at a time. If 
the focal point of the objective lens is Scanned over the 
Specimen at different object planes, then a three-dimensional 
data Set of the Specimen may be obtained. The greater 
intensity of confocal illumination and a Segregation of 
adjacent object planes through which the focal point is 
Scanned allow for the generation of low-distortion images of 
Slices of a thick Specimen Such as a biological tissue Section. 
0007. The intensity of illumination in a confocal micro 
Scope is enhanced if the excitation light Source is a laser Such 
as the laser 110 shown in FIG. 1. Arc-lamps normally used 
in wide-field instruments have much leSS optical power at a 
given excitation wavelength. Arc-lamps are also not as 
capable as a laser of providing a narrow excitation wave 
length while excluding other wavelengths or colors, as 
arc-lamps emit wavelengths throughout a very broad Spec 
trum. Lasers produce just a few colors or discrete wave 
length lines with negligible energy in other spectral regions. 
0008. The confocal microscope has undergone many 
exciting and ingenious changes Since its conception by M. 
Minsky, described in U.S. Pat. No. 3,013,467, with its 
defining characteristic being a detector pinhole. Minsky 
used arc-lamp illumination and a pair of orthogonally ori 
ented, electromechanically oscillated tuning forks to trans 
late a Specimen. Advances in confocal designs are disclosed 
in Sheppard et al. “A Scanning Optical Microscope For The 
Inspection Of Electrical Devices' Microcircuit Eng., Cam 
bridge, 1980, p.447-454 and in Marsman et al. “Mechanical 
Scan System for Microscopic Applications'; Rev. Sci. 
Instrument, 1047-1052, 54(8). These confocal microscopes 
use resonant galvanometers to oscillate the Specimen, incor 
porate laser illumination and PMT detection, scan in real 
time, and are used for observing the functional processes of 
living cells. They are limited to Scanning areas of only about 
1 mm on a side. The confocal microScopes described So far 
are categorized as "stage-Scanners', because they move the 
Specimen on a Support Stage with respect to a fixed optical 
beam. 

0009 Laser beam scanning confocal microscopes, also 
called beam Scanners, are described in Aslund et al., “PHOI 
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BOS, A Microscope Scanner Designed For Micro-Fluoro 
metric Applications, Using Laser Induced Fluorescence, 
Proceedings of the Third Scandinavian Conference on 
Image Analysis, Copenhagen, Denmark (1983). Beam Scan 
ners angularly deflect an illumination and detection beam 
with respect to a central axis of an objective lens, using 
tilting mirrors or acousto-optic devices. Beam Scanners have 
an advantage in that a specimen is not jostled during 
Scanning, and the Specimen position may be adjusted with 
out disturbing the Scanner. However, Spherical and chro 
matic aberrations in the objective lens are accentuated as the 
beam is deflected towards the periphery of the field. The 
field of view is both delimited and restricted by the diameter 
of the exit pupil of the objective lens which is typically less 
than half a millimeter. This produces an image that is 
bowl-shaped which may extend out of the Specimen, and is 
not a flat-field Scan. The introduction of beam Scanners was 
contemporaneously accompanied by the implementation of 
digital Storage. 

0.010 Beam Scanners and early stage Scanner designs 
have drawbacks due to an angular Scan, nonlinear Velocity, 
and a curved Scan path. These result in images that are 
irregular in shape, flawed quantitatively, and limited in 
field-of-view. This is partly attributed to the fact that with a 
fixed time-clock, both the Spatial size of Samples and the 
Strength of the detected optical signal relative to a concen 
tration of fluorescent dye molecules in a specimen are 
inversely related to the instantaneous Velocity of the beam 
within the specimen. 

0.011) Most of the commercially available confocal 
microScopes Sold today are beam Scanners. They are more 
than Sufficient for viewing circumscribed specimens which 
fit neatly within the objective lens' field of view. They are 
also more than Sufficient for glimpsing isolated fields of a 
larger Specimen. They also are well Suited for monitoring 
live processes, where Small Scan Spaces can translate into 
Short frame times. Their edge distortion makes them prob 
lematic for producing images of extended areas. Attempts to 
Seamlessly align image tiles produced by a beam-Scanner to 
create a montage from Scans of adjacent fields of View is 
cumberSome, due to the tiles distorted edges and the need 
for a separate mechanism, independent of the Scanner, to 
move a specimen Stage between tiles. 

0012 Recently, large field-of-view stage scanners have 
been patented in U.S. Pat. No. 5,184,021 to Smith and U.S. 
Pat. No. 5,091,652 to Mathies et al. Each describe flat-bed 
X-y Scanners. These models allow Seamless Scanning, but at 
a limited resolution and Speed. Such large-specimen Stage 
ScannerS also place great Stresses on a specimen at high Scan 
rates, which are necessary in fluorescent imaging to avoid 
bleaching fluorescent dye in the Specimen, and to collect 
copious data in a timely manner. Not jostling the Specimen 
is critical in applications in which biological tissue cannot be 
dry-mounted. Further, even dry-mounted biological Speci 
mens are Susceptible to impact damage. 

0013 U.K. Patent Application Number 2,184,321 to 
White describes a spiral configuration Stage Scanner having 
a Scan motion without wasted time or as much jostling due 
to rectilinear motion reversal. However, the data Set it 
generates is spatially irregular, due to uneven dwell time and 
a curved Scan path. 
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0014. There remains a need for a confocal imaging 
System capable of efficiently, accurately, and withoutjarring 
a Specimen, generating a clear image of the Specimen having 
a large croSS-Sectional area. 

SUMMARY OF THE INVENTION 

0015 According to one embodiment of the present inven 
tion an imaging System comprises a Specimen Stage, a Source 
of a collimated light beam centered on a beam axis, and a 
Scan-head movably positioned to focus the collimated light 
beam on a focal point in an object plane above the Specimen 
Stage and to receive light emitted or reflected from the object 
plane. The collimated light beam is comprised of parallel 
light rays, and infinity Space is the region in which the light 
beam is collimated. The Scan-head is translated coaxial to 
the beam axis and takes advantage of the capacity of infinity 
Space to Stretch. According to another embodiment of the 
present invention a method comprises generating a colli 
mated light beam centered on a beam axis and defining a 
region of infinity Space, focusing the collimated light beam 
on a focal point in an object plane in a specimen on a 
Specimen Stage with an objective lens, and detecting light 
reflected or emitted from the Specimen at the focal point to 
generate image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a schematic diagram of a confocal 
microScope according to the prior art. 

0017 FIGS. 2A, B, C, D, and E are schematic diagrams 
of a confocal macroscope according to an embodiment of 
the present invention. 
0018 FIGS. 3A and B are drawings of a confocal 
macroscope according to an embodiment of the present 
invention. 

0019 FIGS. 4A, B, C, and D are drawings of a beam 
alignment fixture according to an embodiment of the present 
invention. 

0020 FIGS.5A, B, C, and Dare drawings of a scan-head 
beam target according to an embodiment of the present 
invention. 

0021 FIG. 6 is a front view of a confocal macroscope 
according to an embodiment of the present invention. 
0022 FIG. 7 is a schematic diagram of a control and data 
processing System for the confocal macroscope according to 
an embodiment of the present invention. 
0023 FIG. 8 is a flow chart of a scan method according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION 

0024. In the following detailed description of exemplary 
embodiments of the present invention, reference is made to 
the accompanying drawings which form a part hereof, and 
in which are shown by way of illustration Specific exemplary 
embodiments in which the present invention may be prac 
ticed. These embodiments are described in Sufficient detail 
to enable those skilled in the art to practice the present 
invention, and it is to be understood that other embodiments 
may be utilized and that logical, mechanical, optical, elec 
trical and other changes may be made without departing 
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from the Spirit or Scope of the present invention. The 
following detailed description is, therefore, not to be taken 
in a limiting Sense, and the Scope of the present invention is 
defined only by the claims. 
0.025 The exemplary embodiments are shown in the 
drawings with different views of similar elements. Where an 
element is shown in several Figures it will be identified with 
the same reference character for purposes of clarity. 
0026. A confocal macroscope according to an embodi 
ment of the present invention is a highly automated "hybrid 
Stage Scanning confocal epi-illumination microscopic 
imaging System capable of rapidly collecting Seamless data 
Sets at Sub-micrometer resolution over extended areas of a 
Specimen. The term macroscope identifies the capability of 
the imaging System to produce Seamless 3-dimensional 
images over the extended areas. The confocal macroscope 
employs a beam of collimated light which is comprised of 
parallel light rays, and infinity Space is the region in which 
the light beam is collimated, i.e., the focal point is at infinity. 
If such a collimated light beam is reflected from a flat mirror 
or transmitted through a flat optical element, it remains 
collimated for virtually an infinite distance. It can be bent by 
reflection by a relatively unlimited number of flat mirrors 
placed at any arbitrary distance without affecting the colli 
mation of the light beam. In contrast, a diverging light beam 
or a converging light beam (i.e., a non-collimated light 
beam) has a finite focal distance. If Such a non-collimated 
light beam is reflected from a flat mirror, its total focal 
distance remains finite and unchanged, although the path of 
the light beam is bent by the reflection. Therefore the 
number and Spacing of the mirrorS is limited by the focal 
length of the non-collimated light beam. In addition, if a 
non-collimate light beam is transmitted through a flat optical 
element, a refraction effect will change the focal distance of 
the light beam. The amount of change varies with the 
refractive indeX and thickness of the flat transmissive optical 
element. 

0.027 Aschematic diagram of a confocal macroscope 200 
according to an embodiment of the present invention is 
shown in FIGS. 2A, B, C, D, and E. The confocal macro 
scope 200 shown in FIG. 2A includes an optics board 210 
Supporting fixed, precision-aligned optics that generate a 
collimated excitation beam of light directed toward a Scan 
head 212 which focuses the collimated excitation beam 
toward a Specimen Stage 214. The collimated excitation 
beam is generated by the following elements. A laser 220 
generates a coherent excitation beam that is guided to the 
optics board 210 by a single-mode optical fiber 222 which 
preserves the coherence, or the polarization and alignment of 
the excitation beam, and acts as a Spatial filter or a virtual 
pinhole. The coherent excitation beam from the laser 220 
has light waves that are in phase with each other. The 
excitation beam from the laser 220 is centered on an 
excitation beam axis 224, and is expanded and collimated 
using a pair of positive converging lenses 226,228 in a beam 
expander 230. The beam expander 230 expands the 1/ef 
diameter of the excitation beam to be more than three times 
that of a back aperture of a chromatically corrected objective 
lens 231 in the scan-head 212 which is described below. The 
excitation beam emerges from the beam expander 230 as a 
collimated excitation beam establishing an infinity Space. 
The collimated excitation beam has a Gaussian intensity 
profile centered on the excitation beam axis 224 that is 
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truncated by an iris diaphragm 232 that blockS peripheral 
rays of the collimated excitation beam. The collimated 
excitation beam passes through a neutral density filter 234 to 
attenuate the intensity of the collimated excitation beam and 
an excitation filter 236 which is a bandpass filter removing 
unwanted wavelengths in the collimated excitation beam. 
The collimated excitation beam is then reflected by a poly 
chroic beamsplitter 238 off the optics board 210 and towards 
the Scan-head 212. 

0028. The scan-head 212, shown in greater detail in FIG. 
2B, includes a flat mirror 240 mounted on a bracket 242. The 
flat mirror 240 reflects the collimated excitation beam nor 
mally and coaxially onto the objective lens 231 which 
focuses the collimated excitation beam to a focal point in an 
object plane in a specimen 244. The objective lens 231 is 
infinity-corrected for chromatic aberrations. The Specimen 
244 is placed under a cover glass 246 and rests on a base 248 
on the Specimen Stage 214. The Specimen 244 is typically 
Supported by a Substrate Such as a glass slide (not shown) 
which sits on the base 248. For repeatable repositioning, the 
Substrate may be seated against a shallow locator corner (not 
shown) which is affixed to the base 248. The base 248 is 
movably mounted to a support 250 by bearings and may 
move along an X-axis. A central axis 249 passes through a 
geometric center of the objective lens 231 and through the 
focal point. The flat mirror 240 preserves the parallel rays in 
the collimated excitation beam as it is reflected toward the 
objective lens 231. The collimated excitation beam is 
reflected So that the excitation beam axis 224 is maintained 
coaxial with the central axis 249 of the objective lens 231. 
0029. In response to the light at the focal point of the 
objective lens 231, the specimen 244 either reflects the light 
or emits fluorescent light from the focal point toward the 
objective lens 231. This light follows a path that is collinear 
with a line traced by the collimated excitation beam travel 
ing to the specimen 244 through the objective lens 231. The 
beamsplitter 238 transmits the light from the specimen 244 
through an emission filter 251, which is a bandpass filter, to 
a tube lens (not shown) in a trinocular microscope head 252. 
In the instance of fluorescent specimen Scanning, the beam 
splitter 238 transmits light having Stokes-shifted wave 
lengths of fluorophores in the Specimen 244 excited by one 
of the wavelengths generated by the laser 220. The trinocu 
lar microscope head 252 includes a pair of oculars 254, 
which are used in conjunction with a beam scrambler 255, 
described below, for viewing the light directly. The tube lens 
focuses the light toward an image pinhole 256 in a plate 258 
forming a conjugate image plane with the object plane in the 
specimen 244. The image pinhole 256 allows photons from 
a focal point in the Specimen 244 to pass through while the 
plate 258 blocks other light. Photons passing through the 
image pinhole 256 are detected by a photodetector 259 that 
transduces the light level into a proportional electronic 
Signal. The Signal is low-pass filtered, integrated, Scaled and 
shifted using analog amplification circuitry 260, and is then 
digitized by a sample A/D conversion circuit 262. This 
digital information is passed to a control and data processing 
System 264 for Storage, processing and display of an image 
266. 

0030 The scan-head 212 is movable along a y-axis 
parallel with the excitation beam axis 224 of the collimated 
excitation beam as it emerges from the optics board 210. The 
objective lens 231 is motorized to be movable on a Z-axis 
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with respect to the Scan-head 212. The Z-axis is normal to the 
object plane in the Specimen 244 and parallel with the 
central axis 249 of the objective lens 231. The base 248 is 
movable along an X-axis that is Orthogonal to both the y and 
Z-axes. Motorized movement of the scan-head 212 and the 
base 248 may be controlled by a control system (not shown) 
so that the focal point of the objective lens 231 traverses the 
object plane through the Specimen 244 parallel to and 
defined by the X and y-axes and the image 266 of the 
Specimen 244 in the object plane may be generated. The 
objective lens 231 may be moved along the Z-axis, with 
respect to the Scan-head 212, via a focus motor 267 con 
trolled by the control system, closer to or further from the 
Specimen 244 So as to change the position of the object plane 
and obtain an image in a different cross-section of the 
Specimen 244. 
0.031 AS described above, the collimated excitation beam 
is reflected by the flat mirror 240 so that the excitation beam 
axis 224 is maintained coaxial with the central axis 249 of 
the objective lens 231. When the scan-head 212 is moved 
along the y-axis relative to the optics board 210 the infinity 
Space in which the collimated excitation beam exists 
expands and contracts as the excitation beam remains col 
limated. The flat mirror 240 preserves the parallel rays in the 
collimated excitation beam as it is reflected toward the 
objective lens 231. The flat mirror 240 moves parallel with 
the excitation beam axis 224 along the y-axis and the 
reflected collimated excitation beam remains Stationary rela 
tive to the central axis 249 of the objective lens 231. Since 
the excitation beam is not deflected from the central axis 
249, no aberrations related to being off-axis are present. 
There are three completely orthogonal axes in the confocal 
macroscope according to the embodiment of the present 
invention: the X-axis collinear with the movement of the 
base 248, the y-axis collinear with the movement of the 
Scan-head 212, and the Z-axis collinear with the movement 
of the objective lens 231. The quality of the light focused on 
the Specimen 244 remains high as the Scan-head 212 and the 
base 248 are moved to generate the image 266 of a large 
Specimen 244. 
0032. A schematic diagram of the beam scrambler 255 
according to an embodiment of the present invention is 
shown in FIGS. 2C and D. The beam Scrambler 255 is 
mounted on a motorized translation Stage 282 that moves the 
beam scrambler 255 into or out of the path of the excitation 
beam along an axis 268. The beam scrambler 255 reduces 
the coherence, that is spreads and Smears the laser Speckle 
pattern, of the excitation beam from the laser 220 when it is 
moved into the path of the excitation beam so that the 
Specimen may be viewed directly through the oculars 254 as 
described below. The beam scrambler 255 includes an input 
lens 270 to receive the coherent excitation beam from the 
laser 220 along the excitation beam axis 224 and to launch 
the excitation beam to a first end 272 of a multimode optical 
fiber 274. The optical fiber 274 is oscillated by a vortexer 
(not shown) in the directions 276 to reduce the coherence of 
the excitation beam in the optical fiber 274. A less coherent 
excitation beam is collected from a second end 278 by an 
output lens 280 and transmitted to the converging lens 226 
in the beam expander 230. The input lens 270, the optical 
fiber 274, and the output lens 280 spread the excitation beam 
to fill a field of view of the objective lens 231. When the 
Specimen 244 is not being viewed directly through the 
oculars 254 the beam scrambler 255 is moved out of the path 
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of the excitation beam by the motorized translation Stage 
282. FIG. 2D shows that the beam scrambler 255 may be 
moved out of the excitation beam axis 224 by the motorized 
translation stage 282 along the axis 268. 
0033) A schematic diagram of the trinocular microscope 
head 252 and the oculars 254 according to an embodiment 
of the present invention is shown in FIG. 2E. The trinocular 
microscope head 252 includes a tube lens 290 which focuses 
light from the specimen 244 toward the image pinhole 256. 
A motorized Selector mechanism 292 is coupled to a trin 
ocular diverter such as a prism 294 by a screw 296 for 
Sliding the prism 294 inside the trinocular microScope head 
252 to divert light from the specimen 244 toward the oculars 
254 for direct viewing. The selector mechanism 292 rotates 
the screw 296 to move the prism 294 in response to signals 
from a control System (not shown). 
0034. The coherence of the excitation beam generated by 
the laser 220 causes a well-known Speckle pattern when the 
light illuminates an irregular Surface. The irregularities in 
the Surface cause interference effects in an image of the 
Surface. The Speckle pattern interferes with a perSon viewing 
light from the Specimen 244 directly through the oculars 
254. For wide-field viewing of the collection of light rays 
directly, the illumination must be with a phase-Scrambled 
collection of beams which excite an infinite number of 
Specimen points in the Specimen 244 faster than a response 
time of the human eye. The Speckle pattern can be reduced 
or eliminated by reducing the coherence of the excitation 
beam with the beam Scrambler 255 as described above. 
Actuation for the trinocular Selector mechanism 292 and the 
motorized translation Stage 282 is coordinated by the control 
system such that the prism 294 is slid into the trinocular 
microscope head 252 only when the beam scrambler 255 is 
in position and the optical fiber 274 is oscillated. 
0035. The confocal macroscope 200 according to the 
embodiment of the present invention may be used to gen 
erate images of a large biological tissue Sample that has been 
Stained with fluorescent dyes to enhance Specific features 
Such as making molecules of interest within a Sample visible 
by binding antibodies to them and coupling the antibodies to 
fluorophores. Each of the fluorescent dyes will emit fluo 
rescent light when excited by light of a particular wave 
length from an excitation Source which may be a multi-color 
or multi-line laser, and in particular a mixed-gas KrAr 
multicolor laser. The use of fluorescent dyes in multicolor 
confocal microscopy was described in U.S. Pat. No. 5,127, 
730 to Brelje et al., which is incorporated herein by refer 
ence. Brelje et al. describe an imaging System in which a 
biological tissue Sample is Stained with three different fluo 
rescent dyes, each coupled to a different biochemical tag 
Such as antibodies, antisense nucleotides, or calcium indi 
cators. Each fluorescent dye absorbs light of one character 
istic wavelength, the excitation maximum, which corre 
sponds to one of the Spectral lines of the excitation Source. 
In the process of fluorescence, light of a characteristic longer 
wavelength, measured as the Stokes-shift, is emitted in 
response. Three spectral lines are produced by the mixed-gas 
KrAr multicolor laser and are directed toward the tissue 
Sample to induce the fluorescence. The emitted fluorescent 
light may then be collected by the confocal macroscope 200 
to generate the image 266. 
0036) A confocal macroscope according to an embodi 
ment of the present invention is shown in FIGS. 3A and 3B. 
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A KrAr mixed-gas laser 308, specifically an Omnichrome 
643-50RYB laser, delivers three collinear laser lines of blue, 
yellow, and red light rays in a coherent excitation beam 
Simultaneously through a Single mode optical fiber 310, to 
an optics board 312. In an alternate embodiment of the 
present invention the laser 308 may comprise a collection of 
separate lasers. The optics board 312 is a TMC Corporation 
model 78-Special Stainless Steel opticS board. An advantage 
of the KrAr mixed-gas laser 308 is that the blue, yellow, and 
red lines remain coherent and are well Separated in wave 
length for discerning light emitted by three different fluo 
rescent dyes in a specimen using appropriate filters. The 
collinear lines are expanded, focused, and defocused as a 
Single aggregate beam. 
0037. The optical fiber 310 is a single-mode armored 
fiber with an integrated chromatically corrected output lens 
aligned with the optical fiber 310 in a barrel 314. The barrel 
314 is called an Optical Fiber Delivery System (FDS) which 
is produced by Point Source under a model number FDS 
A-P-3-488/568/647-0.7-1.5 and includes a pair of FDS-4x-Z 
axis manipulators, three meters of armored polarization 
preserving optical fiber and an FDS-MB mounting bracket. 
The output lens in the barrel 314 is positioned to recollimate 
the excitation beam from the laser 308. The barrel 314 is 
aligned by a multi-axis manipulator (not shown) and deliv 
ers the excitation beam to the optics board 312 Such that the 
excitation beam is centered on an excitation beam axis 316. 
A beam scrambler 318 is positioned to slide into and out of 
a path of the excitation beam centered on the excitation 
beam axis 316 to reduce the coherence of the excitation 
beam. An input lens 319 in the beam scrambler 318 launches 
the excitation beam into a large-diameter multimode optical 
fiber (not shown), and the excitation beam is collected, 
refracted, and transmitted by an output lens 321. The optical 
fiber is held securely in chucks in the beam scrambler 318. 
The optical fiber is oscillated laterally with an amplitude of 
a few millimeters and at a rate of greater than 100 Hz to 
Substantially reduce the Sensation of a Speckle pattern in an 
image of a Specimen viewed directly by reducing the coher 
ence of the excitation beam. The direct viewing of the image 
of the specimen will be described below. The optical fiber is 
oscillated by a test-tube vortexer (not shown) which the 
optical fiber is wrapped around. The Vortexer is positioned 
at a distance away from the optics board 312 Such that the 
vibrations are isolated. The beam scrambler 318 may be 
moved out of the path of the excitation beam upon a 
translation Stage 322 actuated by a Stepper motor via a lead 
screw drive (not shown). In an alternate embodiment of the 
present invention, the beam scrambler 318 may be placed 
beside a beam expander 324 on the translation Stage 322 and 
both may be alternately moved into the path of the excitation 
beam in the same Space. This embodiment of the present 
invention would considerably shorten the length of the 
confocal macroscope, at the expense of greater mechanical 
complexity and alignment Sensitivity. 
0038. When the beam scrambler 318 is moved out of the 
path of the excitation beam the excitation beam is received 
by an input lens 326 of the beam expander 324. The input 
lens 326 is a Newport L-40x infinity corrected objective lens 
with a 5.0 mm focal length. The beam expander 324 includes 
an output lens 328 and expands and collimates the excitation 
beam from the laser 308. The output lens 328 is an achro 
matic cemented-doublet, Melles-Griot model number 01 
LAL 017 with a 40 mm diameter x 100 mm focal length. The 
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input lens 326 of the beam expander 324 is an infinity 
corrected, achromatic microScope objective lens. The beam 
expander 324 expands the excitation beam to over-fill the 
11.7 mm diameter back-aperture of an objective lens in a 
scan-head by almost three times as described below. The 
collimated excitation beam from the beam expander 324 is 
truncated by an iris diaphragm 330, which is a fixed metal 
ring with an inner diameter of approximately 12.0 mm. The 
over-expansion and truncation of the excitation beam flat 
tens a natural Gaussian radial profile of the excitation beam 
generated by the laser 308 into a flatter “top hat shaped 
profile. The iris diaphragm 330 is placed as closely as 
possible to the output lens 328 to minimize stray light rays 
escaping around Outer edges of the output lens 328. 
0039 The collimated excitation beam passes through one 
of three excitation filters which are bandpass filters posi 
tioned in a ring around an excitation filter wheel 332. The 
excitation filters are produced by Chroma Technologies 
having model numbers D488/10x, D568/10x, D647/10x, 
and the excitation filter wheel 332 is produced by New 
Focus Corp. The excitation filter wheel 332 is rotated by a 
rotary Stepper motor to Select one of the excitation filters to 
transmit a desired color and to block other colors in the 
collimated excitation beam. In an alternative embodiment of 
the present invention acousto-optic transform filters may be 
used as continuously variable Solid-State color SelectorS/ 
light intensity attenuators. A neutral density filter wheel 334 
modulates the intensity of the collimated excitation beam 
which is then deflected by a triple-wavelength-pair interfer 
ence-based polychroic beamsplitter 336 toward a Scan-head 
340 that is shown in FIG.3B. The polychroic beamsplitter 
336 is a 488/568/647 polychroic beamsplitter 50 mm round 
element from Chroma Technologies mounted in a custom 
monolithic flexure mount from Newport. In an alternate 
embodiment of the present invention the beamsplitter 336 
may not be polychroic. 

0040. The collimated excitation beam received by the 
scan-head 340 from the beamsplitter 336 is reflected by a flat 
mirror 342 in the scan-head 340 toward an objective lens 
344 which focuses the collimated excitation beam onto a 
focal point in an object plane in a specimen 346. The flat 
mirror 342 is a 100% reflective lambda/10 flatness mirror 
that is 25 mm round by Chroma Technologies. The objective 
lens 344 is an Olympus UAPO 20x infinity corrected 
objective lens with NA=0.75, WD=0.55 mm, a back-aper 
ture=11.7 mm, a length=44.45 mm, and a field number=2. 
The back-aperture dictates the outer diameter of the colli 
mated excitation beam and an emission beam described 
below. A central axis 347 passes through a geometric center 
of the objective lens 344. The specimen 346 rests on a 
Specimen Stage 348 and is topped by a sheet of cover glass 
350. The specimen stage 348 may move the specimen 346 
along an X-axis under the objective lens 344. The Specimen 
stage 348, the scan-head 340, and the objective lens 344 are 
motorized to move along mutually orthogonal x, y, and 
Z-axes, respectively. 
0041) The flat mirror 342 and the objective lens 344 are 
fixed to a scan-head stage 352 by a right-angle bracket 354. 
The scan-head stage 352 is movably mounted to a fixed base 
380. The scan-head stage 352 moves the flat mirror 342 and 
the objective lens 344 relative to the optics board 312 along 
the y-axis orthogonal to the X-axis and parallel with the 
excitation beam axis 316 as the collimated excitation beam 
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is reflected by the beamsplitter 336. The stages 348, 352 are 
identical ANORIDE stages of cast-iron crossed-roller bear 
ing construction. The Specimen Stage 348 is shown movably 
supported by a set of bearings 356 and a frame 358. Position 
feedback control is provided for the stages 348, 352 by a 
control System and linear frictionless open glass Scale opti 
cal position encoders (not shown) mounted inside each of 
the stages 348,352. The encoders are 100 line/mm encoders 
produced by Heidenheim, and are used in conjunction with 
a 100x Anorad encoder interpolation circuit. A linear DC 
brushless ANOLINE servo motor (not shown) is mounted 
along a center-line inside of each of the stages 348, 352 to 
provide balanced, frictionless propulsion according to Sig 
nals from the control system. Both of the stages 348, 352 
have Small loads So either is capable of providing a Scanning 
or a stepping motion. The stages 348, 352 and the servo 
motors are produced by the Anorad Corporation. Alternative 
embodiments of the present invention may include Stages 
Suspended on a cushion of air, floating on a fluid or SuS 
pended magnetically. The Stages may be moved by pressur 
ized air, hydraulic fluid, or piezoelectric friction motors. 

0042. The objective lens 344 may be moved along the 
Z-axis, also called a focus axis, that is normal to a Surface of 
the cover glass 350 and the specimen 346 and orthogonal to 
the X and y-axes. The objective lens 344 is mounted to a 
barrel Support 360 protruding from a Steel translation Stage 
362. The steel translation stage 362 is driven by a piezo 
electric actuated lead-Screw focus motor (not shown) that is 
controlled by the control system. The focus motor is a New 
Focus Micrometer Replacement Actuator. A feedback signal 
indicating a position of the objective lens 344 is provided by 
a non-contact capacitive distance Sensor 364 mounted on the 
right-angle bracket 354. The capacitive distance sensor 364 
is an HB sensor with a DMT-10 linearizing amplifier pro 
duced by Lion Corporation. The capacitive distance Sensor 
364 monitors the distance between itself and a tab which 
protrudes from the barrel Support 360 and acts as a target. 

0043. The collimated excitation beam is reflected by the 
flat mirror 342 So that the excitation beam axis 316 is 
maintained coaxial with the central axis 347 of the objective 
lens 344. When the scan-head 340 is moved along the y-axis 
relative to the optics board 312 the infinity space in which 
the collimated excitation beam exists expands and contracts 
as the excitation beam remains collimated. The flat mirror 
342 preserves the parallel rays in the collimated excitation 
beam as it is reflected toward the objective lens 344. The flat 
mirror 342 moves parallel with the excitation beam axis 316 
along the y-axis and the reflected collimated excitation beam 
remains stationary relative to the central axis 347 of the 
objective lens 344. 

0044) The scan-head 340 is mechanically coupled to the 
Specimen Stage 348 through a granite SuperStructure 
described below, and an indirect distance between the objec 
tive lens 344 and the specimen 346 is monitored and 
maintained. The capacitive distance Sensor 364 has a linear 
range of fully 500 microns, whereas the piezoelectric actu 
ated lead Screw has a range of many millimeters. The 
capacitive distance Sensor 364 can easily be raised or 
lowered between Scans to accommodate different thick 
nesses of the specimen 346. In an alternative embodiment of 
the present invention, direct closed-loop feedback monitor 
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ing of the distance between the objective lens 344 and the 
cover glass 350 may be done using an optical “through-the 
lens' approach. 

004.5 The specimen 346 is stained with up to three 
fluorescent dyes, one of which will fluoresce with a Stokes 
shifted wavelength when excited by light of one of the colors 
blue, yellow, or red generated by the laser 308 and selected 
by the excitation filter in the excitation filter wheel332. The 
emanating light follows a path that is collinear with a line 
traced by the collimated excitation beam focused on the 
specimen 346 by the objective lens 344. Photons in the 
fluorescent light emitted by the dye that enter an acceptance 
cone of the objective lens 344 are collected and deflected by 
the flat mirror 342 back toward the optics board 312, where 
they are transmitted by the beamsplitter 336 while most 
other wavelengths of light are blocked. 

0046) An emission filter wheel 366 behind the beamsplit 
ter 336 selectively transmits the Stokes-shifted wavelength 
of the fluorescent light emitted by the dye in the Specimen 
346. The emission filter wheel 366 includes three emission 
filters each of which is a bandpass filter that transmits one of 
the Stokes-shifted wavelengths emitted by the specimen 
346. The emission filters are produced by Chroma Tech 
nologies having model numbers HQ525/50, HQ605/50, 
HQ700/50, and the emission filter wheel366 is produced by 
New Focus Corp. The emission filters in the emission filter 
wheel 366 correspond respectively to the excitation filters in 
the excitation filter wheel332 which is a mirror image of the 
emission filter wheel 336. The beamsplitter 336 remains 
fixed and transmits all of the Stokes-shifted wavelengths that 
may be emitted by the specimen 346. 

0047 The fluorescent light is transmitted to a color 
corrected tube lens 367 in trinocular microscope head 368 
which is matched to the objective lens 344. The trinocular 
microscope head 368 an Olympus U-TR30 Trinocular Head 
with two 2-U1002 WH10x-2 eyepieces. The tube lens 367 
focuses the photons of the fluorescent light on an image 
pinhole 370 in a plate 372 forming a conjugate image plane 
with the focal point in the specimen 346. 

0048. The excitation filter wheel 332 and the emission 
filter wheel 366 are each actuated by a rotary stepper motor 
controlled by the control System and rotate in concert 
between one of three respective pairings of the excitation 
and emission filters in a coupled manner; a blue excitation 
filter and a green emission filter, a yellow excitation filter 
and an orange emission filter, and a red excitation filter and 
an infrared emission filter. 

0049 Photons passing through the image pinhole 370 are 
detected by a wide-bandwidth or red-sensitive PMT374 that 
generates a signal indicating the detection of the photons. 
The PMT 374 is a Hamamatsu HC-120-05 MOD PMT with 
an R6357 tube, a 10 MHz amplifier, and a low-noise 
multiplier. In an alternative embodiment of the present 
invention the photons passing through the image pinhole 
370 may be detected by another type of photodetector such 
as a photodiode. The Signal is processed by the control 
System to generate an image of the Specimen 346. 

0050 AS discussed earlier, the fluorescent light from the 
specimen 346 may be viewed directly through a pair of 
oculars (not shown) in the trinocular microscope head 368 if 
the beam scrambler 318 is moved and activated to defocus 
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the coherent excitation beam from the laser 308. The fluo 
rescent light is diverted within the trinocular microscope 
head 368 toward the oculars by sliding a trinocular diverter 
Such as a prism (not shown) into the trinocular microscope 
head 368. The prism is slid into and out of the trinocular 
microscope head 368 by a selector arm (not shown) and a 
hollow-core stepper-motor 376 that is mounted coaxial to 
the Selector arm and a non-contact limit Switch. The motion 
of the selector arm may be controlled with software in the 
control System. 

0051. The confocal macroscope also effectively works in 
a reflectance mode if the specimen 346 is reflective. In the 
instance of reflectance imaging, the Specimen 346 is not 
Stained with fluorescent dye. The excitation and emission 
filters are removed, and the reflected light from the Specimen 
346 either effectively leaks through the beamsplitter 336 or 
alternatively passes through a partially-silvered beamsplit 
ter. 

0.052 Optical elements in a path of the excitation beam 
are optically and optomechanically aligned using an exci 
tation path optical alignment fixture 400 shown in FIGS. 
4A-4D. The alignment fixture 400 comprises a first 
L-bracket 402 to which a second L-bracket 404 is fixed. The 
second L-bracket 404 has a visible target 406 inscribed on 
its Surface that faces the coherent excitation beam when the 
first L-bracket 402 is attached to a front edge of the 
Specimen Stage 348, as positioned with precision locator 
corner 408. The optical elements on the optics board 312 
from the optical fiber 310 and up to, but not including, the 
beamsplitter 336 may be aligned with the target 406 when 
the alignment fixture 400 is attached in this manner. 
0053. The beamsplitter 336 is aligned with a scan-head 
beam target (HBT) 500 shown in FIGS. 5A, B, C, and D. 
The HBT500 has a front face 502 inscribed with a target 504 
and is mounted to the Scan-head 340 through two mounting 
holes 506. The beamsplitter 336 is aligned in the following 
manner. With the HBT 500 attached to the scan-head 340, 
two angular axes in a flexure mount of the beamsplitter 336 
are adjusted until the scan-head 340 may traverse its full 
range of motion while an image of the collimated excitation 
beam remains stationary on the HBT 500. The collimated 
excitation beam deflected by the beamsplitter 336 is then 
parallel with the path of the scan-head 340. 
0.054 The repeatability and parallelism of the scan-head 
stage 352 with respect to the specimen stage 348 can be 
checked in three Cartesian planes using a profiling and Stage 
alignment evaluation feature of the confocal macroscope. 
The profiling mode will also profile and produce a contour 
map of any relatively flat specimen 346 mounted on the 
Specimen Stage 348. Profiling is done using the capacitive 
distance Sensor 364. To perform profiling, the capacitive 
distance Sensor 364 is removed from the right-angle bracket 
354, and a probe-extender-bar (not shown) is inserted 
between the right-angle bracket 354 and the capacitive 
distance Sensor 364 So that the capacitive distance Sensor 
364 is positioned a short distance above the Specimen Stage 
348. The probe-extender bar has three sets of holes to allow 
the capacitive distance Sensor 364 to be positioned in the 
three orthogonal orientations. A vertical orientation places 
the capacitive distance Sensor 364 parallel to the Surface of 
the Specimen Stage 348, allowing it to monitor the flatneSS 
of the specimen stage 348. When the capacitive distance 
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sensor 364 is mounted so that its sensor faces frontward or 
rearwards, it can monitor the Straightness along the X-axis as 
shown in FIG. 3B. The capacitive distance sensor 364 is 
mounted on an extender bar (not shown) with its sensor 
facing Sideways to monitor the Straightness along the y-axis. 
For the X and y-axis Straightness repeatability evaluations, a 
bar (not shown) with a Smooth vertical face is mounted upon 
the Specimen Stage 348 in the appropriate orientation. 
0055. The control system controls the motion and per 
forms distance data collection. Points in an arbitrarily 
Selected rectangular grid over the Surface of the Specimen 
Stage 348 are Scanned. The plane can be rescanned for a 
Specified number of iterations to attain a desired Statistical 
confidence level. Scan Velocity may also be specified. A 
Serpentine Scan pattern is reversed for even planes Versus 
odd planes, i.e., the first Stroke is always rearwards, and the 
planes alternate from leftwards Stepping to rightwards Step 
ping, thus allowing directional Sensitivity to be gauged. An 
example of a 2-stroke plane Scan procedure is shown below: 

0056 (A) Stroke rearwards once. 
0057) (B) Step leftwards once. 
0.058 (C) Stroke frontwards. 
0059 (D) If not at edge, then step leftwards one row. 
0060 (E) Repeat until the edge of scan area is 
reached. 

0061. A new plane is scanned according to the following 
procedure: 

0062 (A) Without stepping, stroke rearwards, 
retracing the most recent Specimen-Stage 348 loca 
tion. 

0063 (B) Step rightwards. 
0064) (C) Stroke frontwards. 
0065 (D) If not done, then step rightwards by one 

OW. 

0066 (E) Repeat until the edge of scan area if 
reached. 

0067. Data is collected “on-the-fly” at sample points with 
Space interspersed. AS with light intensity Scans, data is 
Saved in files in the control System, one file per plane. 
0068 The confocal macroscope according to the embodi 
ment of the present invention including the capacitive dis 
tance sensor 364 is capable of a resolution of about 100 
nanometers distance over a Sensing area of about 5 mm 
laterally in the profiling and Stage alignment evaluation 
feature described above. Its range of distance is about 72 
mm. Its great advantage is its high speed (Several kHz) and 
completely non-contact Sensing ability. The motion of the 
two stages 348, 352 and the specimen 346 are completely 
unperturbed. The capacitive distance Sensor 364 is also very 
mechanically stable, Simple in design, temperature-compen 
Sated, and is relatively low in cost. 
0069. Other profiling sensor configurations may be used 
for finer lateral resolution. A Stylus connected to a force 
Sensor may be used, but this arrangement has the drawbacks 
of slower Speed and considerable contact force. Other meth 
ods include an inductive Sensor, an optical focus Spot-based 
reflectometer, an interferometer, Sonar, a mechanical Strain 
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gauge, and a thermal probe. An atomic force and Scanning 
tunneling Styli may be mounted to the confocal macroscope 
Scan-head 340, which would be able to do non-contact 
profiling, albeit with the trade-offs inherent to these tech 
niques. The probes may also be mounted in the barrel 
Support 360 or in an adapter piece which is Switched-in at 
the location of the barrel Support 360. The specimen 346 
may be optically scanned, the objective lens 344 Switched 
for a Scanning-tunneling probe, and the Scan repeated. 
0070 A front view of the confocal macroscope is shown 
in FIG. 6. A substantial portion of the optical elements on 
the optics board 312 and the scan-head 340 are not shown 
for purposes of clarity. The elements shown are the objective 
lens 344, the flat mirror 342, the scan-head stage 352 
movably mounted to the fixed base 380, and the oculars 382 
which were not shown in FIG. 3A. Oculars 382 are attached 
to the trinocular microscope head 368 shown in FIG. 3A in 
a manner similar to the attachment of the oculars 254 to the 
trinocular microscope head 252 shown in FIGS. 2A and 2E. 
The optics board 312 and the scan-head 340 are supported 
by a structure including a croSS bridge 384, Support pillars 
386, a system base 388 and legs 390 comprising laboratory 
grade granite. The granite acts to dampen vibrations and to 
maintain mechanical alignment of all of the elements in the 
confocal macroscope. In addition, the optics board 312 is a 
Vibration-dampening, StainleSS Steel breadboard of honey 
comb construction produced by TMC Inc. 
0071 Aschematic diagram of a control and data process 
ing system 700 for the confocal macroscope is shown in 
FIG. 7 according to an embodiment of the present invention. 
The system 700 includes a multi-processor PC workstation 
710 and peripheral elements including a high speed Ethernet 
link 712, a multi-channel Redundant Arrays of Independent 
Disks (RAID) controller for a mass storage device 714, a 
printer 716, a pointing device 718 such as a mouse or a 
joystick, a fast graphics display board which drives a display 
monitor 720, and a keyboard 721. All of the peripheral 
elements are coupled to a central processor host 722 in the 
system 700. 
0.072 The host 722 exchanges signals with an input/ 
output controller 724 that monitors a plurality of environ 
mental Sensors 726 that Sense Several parameters including 
temperature, humidity, air pressure, and air flow. The host 
722 Sends a laser control Signal to a power control circuit 
728 that provides power to the laser 308 to control the 
intensity of the coherent excitation beam. The host 722 
eXchanges command and Status feedback information with 
an all-digital Servo motion controller, Specifically a Delta 
Tau PMAC2 system 730,740. The PMAC2 system 730,740 
is shown as two PMAC2 blocks 730, 740 in FIG. 7. The 
PMAC2 block 740 controls the dynamic scanning move 
ment along the x, y, and Z-axes and the PMAC2 block 730 
controls the movement of elements between Scans. The 
PMAC2 system 730, 740 is fixed on a board in a peripheral 
slot of the workstation 710, and has direct memory access 
(DMA) capability and accessory interface boards in a sepa 
rate enclosure. The PMAC2 system 730, 740 is produced by 
Delta Tau and has one accessory 8E with two servo motor 
channels and three accessory 8S with Six Stepper channels. 
The PMAC2 block 730 controls the motors moving the 
beam Scrambler 318, the excitation filter wheel 332, the 
emission filter wheel366, and the stepper-motor 376 moving 
the trinocular diverter. 
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0073. The PMT374 generates a signal with a pre-ampli 
fier having a bandwidth of 10 MHZ indicating the intensity 
of the photons detected through the image pinhole 370. The 
Signal is further amplified and integrated by an analog 
integrator and Signal conditioner circuit 732. The Signal 
from the circuit 732 is digitized by a Datel PCI416E signal 
acquisition board 734 at 12-bit resolution and up to 2 million 
Samples/Second. The data is collected in an automated and 
unattended manner. The digitized data Streams into the main 
memory of the host 722 and the mass storage device 714 via 
DMA transfer. The signal acquisition board 734 provides a 
control voltage to modulate a sensitivity or gain of the PMT 
374. 

0074 Three servo channels in an axis coordinator circuit 
742 in the PMAC2 block 740 control the motion of the 
scan-head 340, the specimen stage 348 and the objective 
lens 344 based on Status and instructions exchanged with the 
host 722. The motors and position encoders that were not 
shown in FIG. 3B are represented schematically in FIG. 7. 
The axis coordinator circuit 742 exchanges Signals with an 
X-Servo 744, a y-servo 746, and a Z-servo 748. The X-servo 
744 provides Proportional-Integral-Derivative (PID) control 
for the Specimen Stage 348 along the X-axis in a control loop 
also including a linear DC-brushless servo motor 750 and a 
position encoder 752. The y-servo 746 provides PID control 
for the Scan-head Stage 352 along the y-axis in a control loop 
also including a linear DC-brushless servo motor 754 and a 
position encoder 756. The z-servo 748 provides PID control 
for the translation Stage 362 along the Z-axis in a control 
loop also including the piezoelectric actuated lead Screw 
focus motor 758, the capacitive distance sensor 364, and a 
ranging circuit 760. All seven of the axes controlled by the 
PMAC2 system 730, 740 also have fully programmable 
S-curve acceleration trajectories. S-curves provide the 
Smoothest starting and Stopping Such as to protect the 
Scan-head optics. 
0075. In an alternative embodiment of the present inven 
tion the host 722 may perform a digital integration of digital 
data received from the signal acquisition board 734 and the 
circuit 732 does not perform an integration of the analog 
signal from the PMT 374. 
0076) The host 722 and the PMAC2 block 740 cooperate 
to carry out a scan of a region of interest (ROI) in the 
specimen 346 according to a scan method 800 shown in a 
flowchart in FIG. 8. Before scanning the specimen 346 may 
be prepared with dye. However, many specimens are natu 
rally reflective, luminescent, or fluorescent and do not need 
the addition of dye. The specimen 346 is mounted on a 
substrate, typically a glass slide. The cover glass 350 is 
placed on top and the Specimen 346 is Secured with Speci 
men mounting bars against a raised locator corner (not 
shown). In 810 a user may set parameters for the scan 
through a user interface in the host 722 such as the keyboard 
721, and in 812 the host 722 initiates a scan of the ROI. The 
ROI may be selected in the beam scrambled-direct view 
mode in which a user may view the specimen 346 through 
the oculars 382 and employ the pointing device 718 to move 
to and click on the ROI’s boundary edges. In 814 the 
PMAC2 740 positions the scan-head 340 and, more specifi 
cally, the objective lens 344 to a starting location over the 
specimen 346 as specified in the scan parameters. In 816 the 
host 722 prepares for data acquisition and instructs the 
PMAC2 740 to proceed. In 818 the PMAC2 740 controls the 
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Scan-head 340 to Scan a pair of lines in a raster pattern, and 
the Signal acquisition board 734 Samples the integrated 
signal from the PMT 374 following position-generated 
triggers from the PMAC2 740 indicating a movement of the 
specimen stage 348 or the scan-head stage 352. The PMAC2 
740 Scans one pair of lines at a time, and each pair of lines 
is Scanned by a rearward Stroke of the Scan-head Stage 352 
followed Sequentially by an adjacent forward Stroke. Thus, 
there will always be an even number of Strokes, also called 
frames, in a scan of a ROI. The host 722 collects, formats, 
and stores the data values from the Scanned lines in 820, and 
the data values are placed in the mass Storage device 714 
through DMA. The host 722 accommodates the bidirec 
tional data collection by maintaining an order of the rear 
ward values, but reversing the order of the data for the 
frontward stroke. Thus the host 722 only stores data values 
of a rearward orientation. In 822 the host 722 determines if 
a correct number of data values have been received. If an 
insufficient number of data values have been received for the 
Scanned lines then an error is indicated in 824 and the 
method 800 is aborted. If a Sufficient number of data values 
have been received then the host 722 determines if the entire 
ROI has been Scanned in 826, and if so the method 800 is 
successfully completed. If the ROI has not been fully 
scanned then the host 722 loops back up to 818 and thus 
instructs the PMAC2 740 to proceed with the scan in 828, 
and the PMAC2 740 scans another pair of lines in the ROI 
in 818. 

0077. The shape of the ROI is typically rectangular, but 
may be of any arbitrary shape. Upon Scanning in one object 
plane the Scan-head 340 can be moved along the Z-axis 
normal to the Specimen Stage 348 to a different object plane 
to collect data from an adjacent Slice through the Specimen 
346. A Scan can be retraced to re-examine a given object 
plane using different excitation-emission color filter pairs, or 
to examine Volume elements within planes above or below 
Volume elements of a preceding Scan. 
0078. The host 722 has the capability to assemble com 
plete three-dimensional image Sets of the Specimen 346 
following a Scan through Several object planes. The host 722 
also features tools Such as image rotation and image overlay. 
Image overlay can be used to Show Spatial relationships 
between neurotransmitters, neural receptors, mRNA precur 
Sors, etc., in the Specimen 346 where each is labeled with a 
differently colored fluorescent dye. Typical specimens 346 
that may be used with the confocal macroscope include, but 
are not limited to, immunohistochemically stained mamma 
lian brain tissue Slices. Such brain tissue Slices can be up to 
200 micrometers thick and are sandwiched between a 170 
micrometer cover glass 350 and a 1 mm mounting slide. The 
Specimens 346 are highly translucent, allowing optical 
examination throughout their volume. A specimen 346 of 
brain tissue Scanable by the macroscope according to the 
embodiments of the invention may have lateral dimensions 
of up to 18X18 cm. Such specimens 346 may be highly 
deformable and Slippery, while others are mounted with 
acrylic and are thus mechanically stable. 
0079 A confocal macroscope according to the embodi 
ments of the present invention described above is a highly 
automated "hybrid-Stage-Scanning confocal epi-illumina 
tion microscopic imaging System capable of collecting 
SeamleSS data Sets at Sub-micrometer resolution over multi 
centimeter areas of a Specimen. A modified Stage-Scanning 
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approach is implemented Such that rapid Scanning is done 
without excessive jostling of the Specimen and optics, and 
data is rapidly collected from large fields of view. This is 
accomplished by moving the Specimen Stage in Small Steps 
at very low accelerations, while moving the Scan-head Stage 
at high Speed and high, yet Smooth S-curve acceleration. The 
confocal macroscope produces images of improved quality, 
shows good System quantum efficiency with less Spatial 
distortion and improved Spatial registration in the images 
produced. There are fewer losses, hence greater quantum 
efficiency, because the confocal macroscope has fewer opti 
cal elements. The confocal macroscope is a hybrid imaging 
System with a Scan-head reciprocating in infinity Space that 
can readily access a large Volume Seamlessly. 
0080. In the confocal macroscope according to the 
embodiment of the present invention the collimated beam's 
infinity Space is used to decouple the motion of the objective 
lens optics in the scan-head from the bulk of the fixed, 
precision-aligned optics on the optics board. The Scan-head 
reciprocates coaxially within this infinity Space. By keeping 
the incoming (excitation) and outgoing (emission) light 
collimated except for the Small region between the Specimen 
and the objective lens, the motion of the Scan-head and the 
objective lens relative to the fixed optics (which constitute 
the bulk of the confocal macroscope) does not change the 
location of the focal point within the Specimen nor at the 
confocal pinhole. 
0081. The confocal macroscope is particularly suited for 
imaging of complex biological Specimens where micro 
Scopic resolution is required while preserving macroscopic 
feature relationships, hence the name confocal macroscope. 
Such specimens possessing critical variation at both the fine 
and coarse levels of resolution include: the brain, developing 
embryos, electrophoretic gels, "gene-on-a-chip' microar 
rays, microelectronic integrated circuit chips, flat panel 
displays, and, of clinical relevance, pathological tissues. The 
absence of rotary components, the vibration damping mate 
rials and the minimal number of parts in the confocal 
microScope yield a combination of rapid, precise and repeat 
able motion. The confocal macroscope is inherently flat 
fielded to aid in generating images of histological biological 
Specimens and DNA chips. The confocal macroscope also 
embodies an integrated apparatus for Viewing the Specimen 
directly using a "Scrambled' laser illumination light Source 
and a Software System for controlling the confocal macro 
Scope. 

0082 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those 
skilled in the art having the benefit of this description that 
any equivalent arrangement may be Substituted for the 
Specific embodiments shown. For example, the confocal 
macroscope may use any Source of a coherent excitation 
beam including a femtosecond pulsed laser for multiple 
photon illumination. The present invention is therefore lim 
ited only by the claims and equivalents thereof. 

What is claimed is: 
1. An imaging System comprising: 

an X Stage movable on an X-axis, 
a Source of a collimated excitation beam centered on a 
beam axis and defining infinity Space, and 
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a Scan-head comprising a deflector mirror to bounce the 
excitation beam normal to the respective X stage and an 
objective lens, the objective lens having a central axis 
aligned coaxial with the beam axis of the collimated 
excitation beam, the Scan-head being movably posi 
tioned to Stretch the infinity Space and to focus the 
collimated excitation beam on a focal point in an object 
plane over the X Stage and to receive light emitted or 
reflected from the object plane, the objective lens being 
movable along a Z-axis by a focus mechanism and the 
Scan-head being movable upon a y-axis orthogonal to 
the X and Z-axes and relative to the X Stage and relative 
to the source while the central axis of the objective lens 
remains coaxial with the beam axis of the collimated 
excitation beam; 

a detector pinhole to receive light emanating from the 
focal point in the object plane, and 

a photodetector behind the detector pinhole to receive the 
light and to generate a Signal based on the light. 

2. The imaging System of claim 1 wherein: 
the X stage includes a propulsion Source to move the X 

Stage on the X-axis, 
the Scan-head includes a propulsion Source to move the 

Scan-head on the y-axis, 
the Source of the collimated excitation beam comprises a 

multicolor laser and a Source pinhole; and 
the photodetector comprises a PMT or a photodiode. 
3. The imaging System of claim 1, further comprising: 
an integrated automatic wide view laser illuminated 

Scrambler/Spreader motorized to move in and out of an 
excitation path; 

a beam expander on the beam axis to expand and colli 
mate the excitation beam; 

a polychroic beamsplitter having multiple passbands and 
corresponding reflective bands to direct the collimated 
excitation beam from an illumination axis parallel to 
the X-axis of the X-Stage toward the y-axis, 

a linear motor in the Scan-head to move the Scan-head 
along the y-axis, 

a linear motor in the X stage to move the X stage along the 
X-axis, and 

a control System to control the focus mechanism to move 
the objective lens to obtain a focal point in the object 
plane, to move the Scan-head and the X stage alternately 
or simultaneously to trace out a Serpentine, raster, or 
other pattern with the focal point, and to collect and 
Store data automatically and unattended. 

. An imaging System comprising: 
a multicolor laser to generate a collimated excitation 
beam centered on a beam axis and occupying infinity 
Space, 

a beamsplitter to reflect the collimated excitation beam; 
a Scan-head comprising a flat mirror movably positioned 

to reflect the collimated excitation beam from the 
beamsplitter toward an objective lens having a central 
axis coaxial with the beam axis of the collimated 
excitation beam, the objective lens being positioned 
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along a Z-axis to focus the collimated excitation beam 
on a focal point in an object plane in a specimen on a 
Specimen Stage, and 

a detector pinhole to receive light emanating from the 
object plane. 

5. The imaging System of claim 4 wherein: 
the beamsplitter comprises a polychroic beamsplitter; 
the Source of a collimated light beam comprises a multi 

color laser; 
the Scan-head comprises the objective lens movable along 

the Z-axis by a piezoelectric actuated lead-Screw focus 
motor, the Scan-head being movable by a linear motor 
along a y-axis orthogonal to the Z-axis relative to the 
Source while the central axis of the objective lens 
remains coaxial with the beam axis of the collimated 
excitation beam in infinity Space, the Scan-head being 
movable along the y-axis to Stretch the infinity Space; 
and 

the Specimen Stage comprising a linear motor to move the 
Specimen Stage along an X-axis orthogonal to the y and 
Z-XCS. 

6. The imaging System of claim 5, further comprising a 
control System to control a focus mechanism to move the 
objective lens to obtain a focal point in the object plane, to 
move the Scan-head and the Specimen Stage alternately or 
Simultaneously to trace out a Serpentine, raster, or other 
pattern with the focal point, and to collect and Store data 
automatically and unattended. 

7. An imaging System comprising: 
a Specimen stage; 
a Source of a collimated excitation beam centered on a 
beam axis, and 

a Scan-head comprising an objective lens having a central 
axis coaxial with the beam axis of the collimated 
excitation beam, the Scan-head being movably posi 
tioned to focus the collimated excitation beam on a 
focal point in an object plane over the Specimen Stage 
and to receive light emitted or reflected from the object 
plane, the Scan-head being movable along a first axis 
and along a Second axis relative to the Specimen Stage 
and relative to the Source while the central axis of the 
objective lens remains coaxial with the beam axis of the 
collimated excitation beam. 

8. The imaging System of claim 7, further comprising a 
flat mirror in the Scan-head to reflect the collimated excita 
tion beam from the Source to the objective lens and to 
maintain the central axis of the objective lens coaxial with 
the beam axis of the collimated excitation beam. 

9. The imaging system of claim 7 wherein the first axis is 
normal to the Specimen Stage. 

10. The imaging system of claim 7 wherein the second 
axis is parallel with the object plane. 

11. The imaging System of claim 9 wherein the Specimen 
Stage is movable along a third axis that is parallel with the 
object plane to cause the Scan-head to Scan over the object 
plane in a pattern as the Scan-head and the Specimen Stage 
are moved. 

12. The imaging System of claim 11, further comprising: 
a first linear motor in the Scan-head to move the Scan-head 

along the Second axis, and 
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a Second linear motor in the Specimen Stage to move the 
Specimen Stage along the third axis. 

13. The imaging system of claim 7 wherein the source of 
the collimated excitation beam comprises: 

a light Source to generate a excitation beam centered on 
the beam axis, 

a beam expander on the beam axis to expand and colli 
mate the excitation beam; and 

a beamsplitter to direct the collimated excitation beam 
toward the Scan-head. 

14. The imaging System of claim 13, further comprising: 
an iris on the beam axis to block edges of the expanded 

and collimated excitation beam and to transmit a cen 
tral portion of the collimated excitation beam; 

a neutral density filter on the beam axis to modulate an 
intensity of the collimated excitation beam; and 

a bandpass filter on the beam axis to transmit a single 
color in the collimated excitation beam and to block 
other colors in the collimated excitation beam. 

15. The imaging System of claim 13, further comprising: 
an image pinhole; 
a tube lens positioned to receive the emitted or reflected 

light transmitted through the objective lens and the 
polychroic beamsplitter and to focus the emitted or 
reflected light on the image pinhole, and 

a photodetector coupled to the image pinhole to detect the 
emitted or reflected light passing through the image 
pinhole. 

16. The imaging System of claim 11 wherein: 
the Second axis is orthogonal to the first axis, and 
the third axis is orthogonal to the first axis and the Second 

axis. 
17. The imaging System of claim 7, further comprising a 

Specimen mounted on the Specimen Stage. 
18. The imaging system of claim 15 wherein: 
the light Source comprises a krypton-argon ion laser; 
the beamsplitter comprises a polychroic beamsplitter hav 

ing a plurality of passbands and a plurality of reflective 
bands, and 

the photodetector comprises a PMT. 
19. An imaging System comprising: 
a Specimen Stage; 
a Source of a collimated excitation beam centered on a 
beam axis, and 

a Scan-head movably positioned to focus the collimated 
excitation beam on a focal point in an object plane 
above the Specimen Stage and to receive light emitted 
or reflected from the object plane. 

20. The imaging system of claim 19 wherein the scan 
head comprises an objective lens having a central axis 
coaxial with the beam axis of the collimated excitation 
beam, the Scan-head being movable along a first axis and 
along a Second axis relative to the Specimen Stage and 
relative to the source while the central axis of the objective 
lens remains coaxial with the beam axis of the collimated 
excitation beam. 
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21. The imaging system of claim 19 wherein the first axis 
is normal to the Specimen Stage and the Second axis is 
parallel with the object plane. 

22. The imaging System of claim 21 wherein the Specimen 
Stage is movable along a third axis that is parallel with the 
object plane to cause the Scan-head to Scan over the object 
plane in a pattern as the Scan-head and the Specimen Stage 
are moved. 

23. The imaging System of claim 22, further comprising: 
a first linear motor in the Scan-head to move the Scan-head 

along the Second axis, and 
a Second linear motor in the Specimen Stage to move the 

Specimen Stage along the third axis. 
24. The imaging System of claim 20, further comprising 

a flat mirror in the scan-head to reflect the collimated 
excitation beam from the Source to the objective lens and to 
maintain the central axis of the objective lens coaxial with 
the beam axis of the collimated excitation beam as the 
Scan-head is moved along the first axis and along the Second 
axis. 

25. The imaging system of claim 20 wherein the source of 
the collimated excitation beam comprises: 

a light Source to generate a excitation beam centered on 
the beam axis, 

a beam expander on the beam axis to expand and colli 
mate the excitation beam; and 

a beamsplitter to direct the collimated excitation beam 
toward the Scan-head. 

26. The imaging System of claim 25, further comprising: 
an iris on the beam axis to block edges of the expanded 

and collimated excitation beam and to transmit a cen 
tral portion of the collimated excitation beam; 

a neutral density filter on the beam axis to modulate an 
intensity of the collimated excitation beam; and 

a bandpass filter on the beam axis to pass a Single color 
of the collimated excitation beam and to block other 
colors in the collimated excitation beam. 

27. The imaging system of claim 26 wherein: 
the light Source comprises a krypton-argon ion laser, and 
the beamsplitter comprises a polychroic beamsplitter hav 

ing a plurality of passbands and a plurality of reflective 
bands. 

28. The imaging System of claim 26, further comprising: 
an image pinhole; 

a tube lens positioned to receive the emitted or reflected 
light transmitted through the objective lens and the 
polychroic beamsplitter and to focus the emitted or 
reflected light on the image pinhole, and 

a PMT coupled to the image pinhole to detect the light 
passing through the image pinhole. 

29. The imaging system of claim 22 wherein: 
the Second axis is orthogonal to the first axis, and 
the third axis is orthogonal to the first axis and the Second 

axis. 
30. The imaging System of claim 19, further comprising 

a specimen mounted to the Specimen Stage. 
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31. An imaging System comprising: 
a Specimen Stage; 
a light Source to generate a excitation beam centered on 

the beam axis, 
a beam expander on the beam axis to expand and colli 

mate the excitation beam; and 
a beamsplitter to direct the collimated excitation beam; 
a Scan-head comprising an objective lens having a central 

axis coaxial with the beam axis of the collimated 
excitation beam directed by the beamsplitter, the Scan 
head being movably positioned to focus the collimated 
excitation beam on a focal point in an object plane over 
the Specimen Stage and to receive light emitted or 
reflected from the object plane, the Scan-head being 
movable along a first axis and along a Second axis 
relative to the Specimen Stage and relative to the 
beamsplitter while the central axis of the objective lens 
remains coaxial with the beam axis of the collimated 
excitation beam; 

an image pinhole; 
a lens positioned to receive the emitted or reflected light 

transmitted through the objective lens and the beam 
splitter and to focus the emitted or reflected light on the 
image pinhole; and 

a photodetector coupled to the image pinhole to detect the 
emitted or reflected light passing through the image 
pinhole. 

32. The imaging System of claim 31, further comprising: 
an iris on the beam axis to block edges of the expanded 

and collimated excitation beam and to transmit a cen 
tral portion of the collimated excitation beam; 

a neutral density filter on the beam axis to modulate an 
intensity of the collimated excitation beam; and 

a bandpass filter on the beam axis to pass a Single color 
of the collimated excitation beam and to block other 
colors in the collimated excitation beam. 

33. The imaging System of claim 31, further comprising: 
a beam Scrambler on the beam axis to Scramble the 

collimated excitation beam into a leSS-coherent, leSS 
Speckle inducing excitation beam; and 

an ocular head between the image pinhole and the poly 
chroic beamsplitter to view the emitted or reflected 
light when the collimated excitation beam has been 
Scrambled. 

34. The imaging system of claim 31 wherein: 
the beamsplitter comprises a polychroic beamsplitter hav 

ing a plurality of passbands and a plurality of reflective 
bands, 

the lens comprises a tube lens, 
the photodetector comprises a PMT, and 
the light Source comprises a krypton-argon ion laser. 
35. The imaging system of claim 31 wherein the first axis 

is normal to the Specimen Stage and the Second axis is 
parallel with the object plane. 

36. The imaging system of claim 35 wherein the specimen 
Stage is movable along a third axis that is parallel with the 
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object plane to cause the Scan-head to Scan over the object 
plane in a pattern as the Scan-head and the Specimen Stage 
are moved. 

37. The imaging System of claim 36, further comprising: 
a first linear motor in the Scan-head to move the Scan-head 

along the Second axis, and 
a Second linear motor in the Specimen Stage to move the 

Specimen Stage along the third axis. 
38. The imaging System of claim 31, further comprising 

a flat mirror in the scan-head to reflect the collimated 
excitation beam from the polychroic beamsplitter to the 
objective lens and to maintain the central axis of the objec 
tive lens coaxial with the beam axis of the collimated 
excitation beam as the Scan-head is moved along the first 
axis and along the Second axis. 

39. The imaging system of claim 36 wherein: 
the Second axis is orthogonal to the first axis, and 
the third axis is orthogonal to the first axis and the Second 

axis. 
40. The imaging System of claim 31, further comprising 

a specimen mounted to the Specimen Stage. 
41. A method comprising: 
generating a collimated excitation beam centered on a 
beam axis and defining infinity Space, 

maintaining the beam axis of the collimated excitation 
beam coaxial with a central axis of an objective lens in 
a Scan-head in the infinity space; 

focusing the collimated excitation beam on a focal point 
in an object plane in a Specimen on a specimen Stage 
with the objective lens; 

detecting light emanating from the Specimen at the focal 
point with a photodetector to generate a signal based on 
the light to indicate image data; 

collecting the image data to generate an image of the 
Specimen with an automated and unattended control 
System; and 

Storing the data in a mass Storage device. 
42. The method of claim 41, further comprising: 
aligning elements generating and attenuating the colli 

mated excitation beam with an excitation path optical 
alignment fixture; 

aligning the beamsplitter with a beamsplitter beam target; 
Viewing the Specimen in an integrated automatic wide 

View using a laser illuminated Scrambler/spreader, 
Selecting a programmable region of interest in the Speci 

men, 

Selecting a programmable velocity and acceleration and 
data Sampling rate for an arbitrary Scan path through 
the Specimen; 

moving the objective lens along a Z-axis normal to the 
Specimen Stage to move the focal point of the objective 
lens to a different object plane in the Specimen; 

moving the objective lens along a y-axis orthogonal to the 
Z-axis and parallel with the object plane in the Speci 
men to Scan the Specimen in an arbitrary Scan path 
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inside the region of interest along the y-axis in a 
Stretching infinity Space; and 

moving the Specimen Stage along an X-axis orthogonal to 
the y and Z-axes to Scan the Specimen along the X-axis 
in the arbitrary Scan path inside the region of interest. 

43. The method of claim 41 wherein collecting the image 
data to generate an image of the Specimen further comprises: 

integrating the Signal from a PMT indicating the instan 
taneous light passing through the pinhole to generate 
time-averaged rolling window values in a Sampling 
period; 

triggering a Sampling of the integrated Signal on a move 
ment in the position of the Scan-head or the Specimen 
Stage or the objective lens detected with a position 
encoder; and 

generating an image of the Specimen in the focal plane 
with the Samples of the Signal. 

44. A method comprising: 

generating a collimated excitation beam centered on a 
beam axis, 

focusing the collimated excitation beam with an objective 
lens on a focal point in an object plane in a Specimen 
on a Specimen Stage; 

maintaining the beam axis of the collimated excitation 
beam coaxial with a central axis of the objective lens, 

moving the objective lens along a first axis relative to the 
Specimen; 

moving the objective lens along a Second axis relative to 
the Specimen; and 

detecting light reflected or emitted from the Specimen at 
the focal point to generate image data. 

45. The method of claim 44 wherein moving the objective 
lens along a first axis comprises moving the objective lens 
along a first axis normal to the Specimen Stage to move the 
focal point of the objective lens to a different object plane in 
the Specimen. 

46. The method of claim 44 wherein moving the objective 
lens along a Second axis comprises moving the objective 
lens along a Second axis parallel with the object plane in the 
Specimen to cause the focal point to traverse the Specimen in 
the object plane. 

47. The method of claim 46, further comprising: 
moving the Specimen Stage along a third axis parallel with 

the object plane to cause the focal point to traverse the 
Specimen in a pattern; 

detecting light reflected or emitted from the Specimen at 
the focal point to generate image data for the pattern; 
and 

generating an image of the object plane in the Specimen 
traversed by the focal point. 

48. The method of claim 44 wherein focusing the colli 
mated excitation beam further comprises reflecting the col 
limated excitation beam toward the objective lens with a flat 
mirror in a Scan-head fixed to the objective lens. 

49. The method of claim 44 wherein generating a colli 
mated excitation beam comprises: 
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generating a excitation beam centered on the beam axis 
from a laser; 

expanding and collimating the excitation beam in a beam 
expander; and 

directing the collimated excitation beam toward the objec 
tive lens with a polychroic beamsplitter having a plu 
rality of passbands and a plurality of reflective bands. 

50. The method of claim 47 wherein detecting light 
comprises: 

transmitting light reflected or emitted from the Specimen 
through the objective lens and the polychroic beam 
Splitter having a plurality of passbands, 

focusing the reflected or emitted light on to a conjugate 
image plane with a tube lens; 

filtering the reflected or emitted light through a pinhole in 
the conjugate image plane; and 

detecting the light passing through the pinhole with a 
PMT 

51. The method of claim 47 wherein: 

moving the objective lens along a Second axis further 
comprises moving the objective lens along the Second 
axis that is orthogonal to the first axis, and 

moving the Specimen Stage further comprises moving the 
Specimen Stage along a third axis that is orthogonal to 
both the first axis and the Second axis. 

52. A method comprising: 
generating a collimated excitation beam centered on a 
beam axis, 

focusing the collimated excitation beam on a focal point 
in an object plane in a Specimen on a specimen Stage 
with an objective lens, and 

detecting light reflected or emitted from the Specimen at 
the focal point to generate image data. 

53. The method of claim 52, further comprising main 
taining the beam axis of the collimated excitation beam 
coaxial with a central axis of the objective lens. 

54. The method of claim 53, further comprising: 
moving the objective lens along a first axis normal to the 

Specimen Stage to move the focal point of the objective 
lens to a different object plane in the Specimen; and 

moving the objective lens along a Second axis parallel 
with the object plane in the Specimen. 

55. The method of claim 54, further comprising: 
moving the Specimen Stage along a third axis parallel with 

the object plane to cause the focal point to traverse the 
Specimen in a pattern; 

detecting light reflected or emitted from the Specimen at 
the focal point to generate image data for the pattern; 
and 

generating an image of the object plane in the Specimen 
traversed by the focal point according to the pattern. 

56. The method of claim 52 wherein focusing the colli 
mated excitation beam further comprises reflecting the col 
limated excitation beam toward the objective lens with a flat 
mirror in a Scan-head fixed to the objective lens. 
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57. The method of claim 55 wherein detecting light 
comprises: 

transmitting light reflected or emitted from the Specimen 
through the objective lens and the polychroic beam 
Splitter; 

focusing the reflected or emitted light on to a conjugate 
image plane with a tube lens, 

filtering the reflected or emitted light through a pinhole in 
the conjugate image plane; and 

detecting the light passing through the pinhole with a 
PMT to generate the image data. 

58. The method of claim 55 wherein: 

moving the objective lens along a Second axis further 
comprises moving the objective lens along the Second 
axis that is Orthogonal to the first axis, and 

moving the Specimen Stage further comprises moving the 
Specimen Stage along a third axis that is orthogonal to 
both the first axis and the Second axis. 

59. A method comprising: 
generating a excitation beam centered on the beam axis 

from a krypton-argon ion laser; 
expanding and collimating the excitation beam in a beam 

expander, 

directing the collimated excitation beam toward an objec 
tive lens with a polychroic beamsplitter having a plu 
rality of passbands and a plurality of reflective bands; 

reflecting the collimated excitation beam toward the 
objective lens with a flat mirror in a Scan-head fixed to 
the objective lens, 

focusing the collimated excitation beam on a focal point 
in an object plane in a Specimen on a specimen Stage 
with the objective lens; 

maintaining the beam axis of the collimated excitation 
beam coaxial with a central axis of the objective lens, 

moving the objective lens along a first axis normal to the 
Specimen Stage to move the focal point of the objective 
lens to a different object plane in the Specimen; 

moving the objective lens along a Second axis that is 
orthogonal to the first axis and parallel with the object 
plane in the Specimen to cause the focal point to 
traverse the Specimen in the object plane, 

moving the Specimen Stage along a third axis that is 
orthogonal to both the first axis and the Second axis and 
parallel with the object plane to cause the focal point to 
traverse the Specimen in a pattern; 

detecting light reflected or emitted from the Specimen at 
the focal point to generate image data for the pattern; 
and 

generating an image of the object plane in the Specimen 
traversed by the focal point from the detected light. 

60. The method of claim 59, further comprising: 
blocking edges of the collimated excitation beam with an 

iris and transmitting a central portion of the collimated 
excitation beam through the iris, 

Aug. 14, 2003 

modulating the intensity of the collimated excitation beam 
with a neutral density filter; and 

transmitting a Selected color and blocking all other colors 
in the collimated excitation beam with a bandpass filter. 

61. The method of claim 59 wherein detecting light 
comprises: 

transmitting light reflected or emitted from the Specimen 
through the objective lens and the polychroic beam 
Splitter; 

focusing the light reflected or emitted from the Specimen 
on to a conjugate image plane with a tube lens, 

filtering the light reflected or emitted from the Specimen 
through a pinhole in the conjugate image plane; and 

detecting the light passing through the pinhole with a 
PMT to generate the image data. 

62. The imaging System of claim 6 wherein: 
the multicolor laser comprises a krypton-argon ion laser; 

and 

the imaging System further comprises: 

a beam expander on the beam axis to expand and 
collimate the collimated excitation beam; 

a tube lens positioned to receive the light from the 
object plane, the light to be transmitted through the 
objective lens and the polychroic beamsplitter, the 
tube lens to focus the light on the detector pinhole; 

a PMT coupled to the detector pinhole to detect the 
light received by the detector pinhole; and 

a mass Storage device to Store the data collected by the 
control system from the light detected by the PMT. 

63. The imaging system of claim 12 wherein: 

the Source of the collimated excitation beam comprises: 
a krypton-argon ion laser to generate an excitation 
beam centered on the beam axis, 

a beam expander on the beam axis to expand and 
collimate the excitation beam; and 

a polychroic beamsplitter having a plurality of pass 
bands and a plurality of reflective bands to direct the 
collimated excitation beam toward the Scan-head; 

the Second axis is parallel with the object plane; and 
the imaging System further comprises: 

a piezoelectric focus motor in the Scan-head to move 
the objective lens along the first axis, 

a specimen mounted on the Specimen Stage; 
a flat mirror in the scan-head to reflect the collimated 

excitation beam from the Source to the objective 
lens; 

an image pinhole; 

a tube lens positioned to receive the emitted or reflected 
light transmitted through the objective lens and the 
polychroic beamsplitter and to focus the emitted or 
reflected light on the image pinhole; 
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a PMT coupled to the image pinhole to detect the 
emitted or reflected light passing through the image 
pinhole; 

a control System to collect image data from light 
detected by the PMT and to control the piezoelectric 
focus motor, the first linear motor, and the Second 
linear motor; and 

a mass Storage device to Store the image data. 
64. The imaging system of claim 18 wherein: 
the first axis is normal to the Specimen Stage, and 
the imaging System further comprises: 

a piezoelectric focus motor in the Scan-head to move 
the objective lens along the first axis, 

a first linear motor in the Scan-head to move the 
Scan-head along the Second axis parallel with the 
object plane; 

a Second linear motor in the Specimen Stage to move the 
Specimen Stage along a third axis parallel with the 
object plane, the Second axis being orthogonal to the 
first axis and the third axis being orthogonal to the 
first axis and the Second axis, 

a specimen mounted on the Specimen Stage; 
a flat mirror in the scan-head to reflect the collimated 

excitation beam from the Source to the objective 
lens, 

a control System to collect image data from light 
detected by the PMT and to control the piezoelectric 
focus motor, the first linear motor, and the Second 
linear motor; and 

a mass Storage device to Store the image data. 
65. The imaging System of claim 22, further comprising: 
a piezoelectric focus motor in the Scan-head to move the 

objective lens along the first axis, 

a control System to collect image data from the received 
light and to control the movement of the Scan-head, the 
objective lens, and the Specimen Stage; and 

a mass Storage device to Store the image data. 
66. The method of claim 57 wherein: 

generating a collimated excitation beam further com 
prises: 

generating an excitation beam centered on the beam 
axis from a krypton-argon ion laser, 

expanding and collimating the excitation beam in a 
beam expander, 

directing the collimated excitation beam toward the 
objective lens with a polychroic beamsplitter having 
a plurality of passbands and a plurality of reflective 
bands, 

blocking edges of the collimated excitation beam with 
an iris and transmitting a central portion of the 
collimated excitation beam through the iris, 

modulating the intensity of the collimated excitation 
beam with a neutral density filter; 
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transmitting a Selected color and blocking all other 
colors in the collimated excitation beam with a 
bandpass filter, and 

reflecting the collimated excitation beam toward the 
objective lens with a flat mirror in a Scan-head 
including the objective lens, and 

the method further comprises: 
moving the objective lens with a piezoelectric focus 

motor along the first axis, 
moving the objective lens with a first linear motor 

along the Second axis, 
moving the Specimen Stage with a Second linear motor 

along the third axis, 
collecting the image data and controlling the piezoelec 

tric focus motor, the first linear motor, and the Second 
linear motor with a control System; and 

Storing the image data in a mass Storage device. 
67. The method of claim 56 wherein: 

generating a collimated excitation beam further com 
prises: 

generating an excitation beam centered on the beam 
axis from a krypton-argon ion laser; 

expanding and collimating the excitation beam in a 
beam expander; 

directing the collimated excitation beam toward the 
objective lens with a polychroic beamsplitter having 
a plurality of passbands and a plurality of reflective 
bands, 

blocking edges of the collimated excitation beam with 
an iris and transmitting a central portion of the 
collimated excitation beam through the iris, 

modulating the intensity of the collimated excitation 
beam with a neutral density filter; and 

transmitting a Selected color and blocking all other 
colors in the collimated excitation beam with a 
bandpass filter, 

detecting light further comprises: 
transmitting light reflected or emitted from the Speci 
men through the objective lens and the polychroic 
beamsplitter; 

focusing the light reflected or emitted from the Speci 
men on to a conjugate image plane with a tube lens, 

filtering the light reflected or emitted from the Speci 
men through a pinhole in the conjugate image plane; 
and 

detecting the light passing through the pinhole with a 
PMT to generate the image data; and 

the method further comprises: 
maintaining the beam axis of the collimated excitation 
beam coaxial with a central axis of the objective 
lens; 

moving the objective lens with a piezoelectric focus 
motor along a first axis normal to the Specimen Stage 
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to move the focal point of the objective lens to a 
different object plane in the Specimen; 

moving the objective lens with a first linear motor 
along a Second axis that is orthogonal to the first axis 
and parallel with the different object plane in the 
Specimen to cause the focal point to traverse the 
Specimen in the different object plane; 

moving the Specimen Stage with a Second linear motor 
along a third axis that is orthogonal to both the first axis 
and the second axis and parallel with the different 
object plane to cause the focal point to traverse the 
Specimen in a pattern; 

collecting the image data and controlling the piezoelectric 
focus motor, the first linear motor, and the Second linear 
motor with a control System; 

Storing the image data in a mass Storage device; and 

generating an image of the different object plane in the 
Specimen from the image data. 

68. The method of claim 42 wherein: 

generating the collimated excitation beam further com 
prises: 

generating an excitation beam from a krypton-argon 
ion laser; 

expanding and collimating the excitation beam in a 
beam expander; 

blocking edges of the collimated excitation beam with 
an iris and transmitting a central portion of the 
collimated excitation beam through the iris, 

modulating the intensity of the collimated excitation 
beam with a neutral density filter; 

transmitting a Selected color and blocking all other 
colors in the collimated excitation beam with a 
bandpass filter, and 

reflecting the collimated excitation beam toward the 
objective lens with a flat mirror in the Scan-head; 

aligning a beamsplitter further comprises aligning a poly 
chroic beamsplitter having a plurality of passbands and 
a plurality of reflective bands with the beamsplitter 
beam target to direct the collimated excitation beam 
toward the objective lens with the polychroic beam 
Splitter; 

detecting light further comprises: 

transmitting light reflected or emitted from the Speci 
men through the objective lens and the polychroic 
beamsplitter; 

focusing the light reflected or emitted from the Speci 
men on to a conjugate image plane with a tube lens, 

filtering the light reflected or emitted from the Speci 
men through a pinhole in the conjugate image plane; 
and 

detecting the light passing through the pinhole with a 
PMT to generate the image data; and 
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moving the objective lens along a Z-axis further comprises 
moving the objective lens with a piezoelectric focus 
motor along the Z-axis, 

moving the objective lens along a y-axis further com 
prises moving the objective lens with a first linear 
motor along the y-axis, 

moving the Specimen Stage along an X-axis further com 
prises moving the Specimen Stage with a Second linear 
motor along the X-axis, and 

collecting the image data further comprises collecting the 
image data and controlling the piezoelectric focus 
motor, the first linear motor, and the Second linear 
motor with the control system. 

69. The method of claim 43 wherein: 

generating a collimated excitation beam further com 
prises: 

generating an excitation beam centered on the beam 
axis from a krypton-argon ion laser; 

expanding and collimating the excitation beam in a 
beam expander; 

directing the collimated excitation beam toward the 
objective lens with a polychroic beamsplitter having 
a plurality of passbands and a plurality of reflective 
bands, 

blocking edges of the collimated excitation beam with 
an iris and transmitting a central portion of the 
collimated excitation beam through the iris, 

modulating the intensity of the collimated excitation 
beam with a neutral density filter; 

reflecting the collimated excitation beam toward the 
objective lens with a flat mirror in the Scan-head; and 

transmitting a Selected color and blocking all other 
colors in the collimated excitation beam with a 
bandpass filter, 

detecting light further comprises: 

transmitting light reflected or emitted from the Speci 
men through the objective lens and the polychroic 
beamsplitter; 

focusing the light reflected or emitted from the Speci 
men on to a conjugate image plane with a tube lens, 

filtering the light reflected or emitted from the Speci 
men through the pinhole in the conjugate image 
plane; and 

detecting the light passing through the pinhole with the 
PMT to generate the image data; and 

the method further comprises: 
moving the objective lens with a piezoelectric focus 

motor along a first axis normal to the Specimen Stage 
to move the focal point of the objective lens to a 
different object plane in the Specimen; 

moving the objective lens with a first linear motor 
along a Second axis that is orthogonal to the first axis 
and parallel with the different object plane in the 
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Specimen to cause the focal point to traverse the 
Specimen in the different object plane; 

moving the Specimen Stage with a Second linear motor 
along a third axis that is orthogonal to both the first 
axis and the Second axis and parallel with the dif 
ferent object plane to cause the focal point to traverse 
the Specimen in a pattern; and 

controlling the piezoelectric focus motor, the first linear 
motor, and the Second linear motor with the control 
System. 
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70. An imaging System comprising: 
a Specimen stage; 
a Source of a collimated excitation beam centered on a 
beam axis, 

means for focusing the collimated excitation beam on a 
focal point in an object plane above the Specimen Stage; 
and 

means for receiving light emitted or reflected from the 
object plane. 


