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(57) Abstract

An improved imaging system operates at the diffraction limit of the optics to which it is connected and outputs a signal representative
of the sample (S) lying in the sample plane (17). The imaging system comprises a cathode ray tube (30), an optical lens system and a means
for sensing (40). The cathode ray tube (30) comprises an electron gun (34) for generating an electron beam (35) in a raster pattern. The
raster pattern comprises a predetermined number of horizontal lines that are spaced vertically from each other a predetermined and equal
distance. The electron beam is adapted to produce an illuminated spot (39) that scans correspondingly in the raster pattern and wherein the
spot (39) is positioned inan object plane (26). The optical lens system focuses in a diffraction limited manner, the object plane (26) on to
the sample plane (17), such that the image of the spot (39) is the smallest diffraction limited size as determined by the optical lens system.
The imaging system also includes zoom and contrast enhancement/suppression capabilities.
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IMAGING SYSTEM

Field of the Invention
This invention relates generally to the field of imaging systems used in
microscopy and more particularly to an electro-optical imaging device adapted
to be used in combination with an optical system such as a conventional
microscope that displays a real time, three-color, diffraction-limited, video
image which can be used in transmission and reflection microscopy.

Background of the Invention

It is known to apply video technology to the imaging of microscope
samples. Video cameras, laser scanners, and flying spot scanners have all been
applied to microscopy.

- For example, flying spot scanners based on cathode ray tube (CRT)
technology were applied to microscopes in the mid 1950's, and the
"Hematrak", made by Geometric Data Corporation, was produced from the mid
1970's until the mid 1980's for the specific task of automating the testing of
blood slides in hospitals. The system used a single optical magnification and
operated at or below standard broadcast television resolution, which is
approximately 450 x 350 pixels of information in the field of view.

While the Hematrak generally operated well enough to examine blood
cells, its lack of utility as a microscope having general application caused it to
disuse. Furthermore, it operated at one fixed magnification and was an
expensive device.

It is accordingly an object of the present invention to provide a scanning
imaging system that produces an output for display on a video display terminal.

Another object of the present invention is to provide a scanning imaging
system that operates at the diffraction limit of the optics to which it is
connected and is therefore an imaging system operating at the uppermost limits
of resolution.

Yet another object of the present invention is to provide a scanning
imaging system that operates at a variety of magnification powers.

Still another object of the present invention is to provide a scanning
imaging system that includes the ability to enhance or suppress portions of the
field of view.

A still further object of the present invention is to provide a scanning
imaging system that includes a magnification zoom feature.

A still further object of the present invention is to provide a scanning
imaging system that is reliable and inexpensive.
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Summary of the Invention

The benefits and advantages of the present invention are achieved in an '

imaging system characterized by its ability to produce a diffraction limited

output signal representative of a sample positioned on a sample plane. The

imaging system comprises a cathode ray tube, an optical lens system and a
means for sensing. The cathode ray tube comprises a spot scanner means for
generating an illuminated spot that scans in a raster pattern. The raster pattern
is composed of a predetermined number of horizontal lines that are spaced
vertically from each other a predetermined and equal distance. An illuminated
spot scans correspondingly in the raster pattern and wherein the spot is
positioned in an object plane. The system images in a diffraction limited
manner, the object plane on to the sample plane, such that the image of the spot
is the smallest diffraction limited size as determined by the optical lens system.

Brief Description of the Drawings

Some of the features and advantages of the present invention having
been briefly stated, others will appear from the detailed description which
follows, when taken in connection with the accompanying drawings -

Figure la illustrates schematically a conventional optical imaging
system, such as a compound microscope.

Figure 1b illustrates schematically an imaging system according to the
present invention.

Figure 2 illustrates schematically a cathode ray tube (CRT) according to
the present invention.

Figure 3 illustrates a normalized phosphor decay curve showing
brightness versus time.

Figure 4 illustrates the maximum and minimum signal states of a -

diffraction limited spot according to the present invention.

Detailed Description of the Illustrated Embodiments
While the present invention will be described more fully hereinafter

with reference to the accompanying drawings in which particular embodiments
are shown, it is to be understood at the outset that persons skilled in the art may
modify the invention herein described while still achieving the favorable
results of this invention. Accordingly, the description which follows is to be
understood as a broad teaching disclosure directed to persons of skill in the
appropriate arts and not as limiting upon the present invention.

In order for the reader to more fully understand the present invention it
will be instructive to define certain terms with reference to the optical diagram
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of a conventional compound microscope as shown in figure la. Whenever
possible, like reference numerals will be employed when referring to a
conventional microscope and the imaging system according to the present
invention which may employ such a microscope as part of the system.

In a conventional microscope generally indicated at 10, the lamp or bulb
12 illuminates the sample S on the glass slide S’ lying in a slide plane 17
through relay and condenser lenses 14 and 16, respectively. An objective lens
18 creates an intermediate image of the sample S in the intermediate image
plane 20. The diameter of the field stop 22, located in this plane, defines the
field of view (FOV) surrounding the sample image. An eyepiece lens 24
creates a projected image of the sample S either in the eye, or directly onto a
projection image plane 26, typically 25 cm from the eyepiece lens 24.
According to the reciprocity rules of optical systems, an object placed in the
projection image plane 26 will be imaged backwards through the optics onto
the slide plane 17 with the lens magnification factors reversed.

Referring now to figure 1b, the imaging system according to the present
invention is there illustrated and comprises generally a means such as an
optical system 10’, a spot scanner means generally indicated at 30 and means
for sensing 40. In a further embodiment of the invention the electrical output
signal is output to a video display device 60.

Referring now to figure 2, the spot scanner means takes the form of a
conventional cathode ray tube (CRT) 30. The CRT includes a glass envelope
32 with a means for generating an electron beam or electron gun 34 is
positioned at one end and a substantially flat screen 36 that is coated with
phosphor 38 which is positioned at the opposite end. Individual phosphor
spots 39 are excited as an electron beam 35 sweeps in a raster pattern across
the screen 36. The deflection system 31 is adapted to scan in a raster pattern
which comprises a predetermined number of horizontal lines spaced vertically
from each other a predetermined and equal distance. The electron beam 35 is
adapted to sequentially excite the phosphor 38 on the screen 36 in order to
produce an illuminated spot 39 in the object plane 26 of figure 1b that scans
correspondingly in the raster pattern.

For a detailed description of the operation of a CRT 30 the reader is
referred to any one of the numerous texts on the topic. Furthermore, the means
for generating the spot 30 may also comprise an electron beam such as is found
in electron microscopes, or a laser beam such as found in laser scanning
microscopes.

The imaging system 10’ also includes an optical lens means or optical
lens system 18, 22, 24 for focusing in a diffraction limited manner, the object
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plane 26 on to a sample plane 17 such that the image of the spot 39 is the
smallest diffraction limited size as limited by the optical lens system 10, Inits
simplest form, the optical lens system 10’ substantially resembles the
conventional optical microscope 10 of figure 1a without the lamp 12 and relay
lens 14.

Also included in the imaging system of the present invention is a means
40 for sensing the interaction of the spot 39 with a corresponding location on
the sample S and for producing a modulated output signal proportional thereto.
The means 40 generally comprises one or more photomultiplier tubes,
depending on the number of colors to be output.

Referring again to figure 1b, according to the imaging system of the
present invention if a CRT screen 36 is placed in the projection image plane
26, the image of the scanning spot 39 is demagnified through the eyepiece lens
24 and the objective lens 18 and is focused onto the slide S’ so as to trace over
the sample S. The light transmitted through the sample S is collected by lens
16 and is directed through one of color filters 50 and the filtered light is input
to the respective three photomultiplier tubes (PMTs) 40. The PMTs output
electrical signals on lines 42 are then input to signal amplifiers 44 . The
amplifier signals are input to by lines 46 to each of the red, green and blue
inputs of a color display monitor 60 thereby recreating the image of the
scanned portion of sample S on the display monitor 60. Note that while the
foregoing discussion is directed to operating the imaging system in
combination with a transmission microscope, the imaging system can be
operated in combination with a reflection microscope with little modification,
well known to those skilled in the art. In addition, the number of color detector
channels may be any reasonable value and the imaging system may also be
operated as a black and white model using one PMT 40 and without the color
filters 50 if a particular application so requires.

It has been emphasized herein that the imaging system according to the
present invention operates at the diffraction limit of the optics (or more
particularly the microscope) to which it is attached. It is believed by the
applicant that heretofore no such imaging system has been devised. By
operating at the diffraction limit advantages occur, namely resolution is
significantly enhanced. In addition, the imaging system of the present
invention has the ability to zoom in on the sample and to enhance or suppress
the output signal in order to modify the detectability of a portion of the sample.
With the foregoing in mind, the discussion which follows the reader will come
to understand the physical parameters of the present imaging system.
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Relationship between the CRT spot and raster size.

and microscope optical components
In order to achieve diffraction-limited resolution of spot 39 (fig. 1b), the

CRT spot radius is determined by the diffraction limit of the optics. The
scanned field size is determined by the diameter of the field stop 22 in the
intermediate image plane 20. Table 1 shows the diffraction-limited spot sizes
in the three image planes of a conventional microscope for a typical selection
of objective powers 18. Column (8) is the number of diffraction-limited
picture elements across the field of view.

Table 1. The Optical Specifications of a Conventional Microscope
(1) (2) (3) (4) (5) (6) (7) (8)
FOV  Eyep. Obj. Obj. Ro R4 R2 Elem
(mm) Mag. Maa. NA (um)  (um) (um) EOV
20 10 10 0.30 112 1118 1118 1785

40 0.75 045 1789 1789 1118
100 1.30 0.26 25.81 258.1 775

Ry is the radius of the smallest resolvable element in the slide plane 17
(fig. 1b) calculated from the Rayleigh resolution criterion.

¢y Ro=0.61A/NA,

where A = 550 nm is the chosen wavelength representing the center of the
visible spectrum, and NA is the numerical aperture of the objective lens 18.

The radius of the image of Ry in the intermediate image plane 20
between the objective 18 and the eyepiece lens 24 is

(2) R1 =R0xMag obj -
In the intermediate image plane 20, the field stop 22 defines the

diameter of the field of view for the whole system, F; = FOV = 20 mm in this
example. The radius of the image of R} in the projection image plane 26 is

(3) R2 = R1 X Mag eye -
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At the location of the projection image plane 26, a real image can be
shown on a screen. The diameter of the field of view in the projected image
plane is

4 F, = F; xMag eye

and the diameter of the field of view in the slide plane 17 is

F
(5) FO = Magl eye .

While this discussion refers specifically to a microscope having a fixed
eyelens power and a fixed intermediate image plane field stop size, such
conventions are artificial, and not meant to be limiting on the present invention.

The number of resolved elements across the field of view for each
objective lens 18, shown in column (8) is

(6)

N is therefore a function of the numerical aperture of the objective lens 18 and
the diameter of the field stop in the intermediate image plane 20.

From the table, the maximum number of resolved elements is 1785,
which occurs for the lowest magnification option. The smallest point radius in
the projected image plane is R, = 111.8 ym from column (7), which also
occurs for the lowest magnification option. The projected image field diameter
is F; = 20 cm from equation (4), and is constant for all objective magnification
options.

In order to insure diffraction-limited resolution for all optical powers,
the scanner CRT 30 must produce a spot radius less than or equal to the
smallest value of R, in the table. In order to match the field of view of the
microscope, the scan area on the CRT 30 must be comparable to F,. Since
video scanning patterns 12 have a rectangular shape (raster scan) and a typical
microscope field of view is circular, the diagonal of the scanned pattern should
match the circle diameter, F,. The eyepiece field stop 22 could also be
fabricated in a rectangular shape to match the CRT scanned pattern. A random
scanning pattern could also be employed for tracing edges of samples and other
specialized functions, but the basic geometrical-optical relationships for
diffraction-limited resolution and full field display remain the same. It will
therefore be noted that the aspect ratios of the scan patterns on the CRT 30 and
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the display monitor 60 must be the same, whether 4:5, 3:4, 1:1, or any other
desired value.

Relationship between phosphor decay time and raster scan rates

A common manner of determining the contrast of an optical system
such as system 10’ is to use a sample consisting of a field of parallel black and
white bars of the same width. Theoretically, the black bars have 0%
transmission, and white (or clear) bars have 100% transmission. As the spot is
traced perpendicular to the bars, the modulation of the transmitted light signal
may be determined from the formula

max signal - min signal
max signal + min signal °

@) Modulation =

which is also referred to as the image contrast. The reader is referred to
classical texts, such as Chapter 11 of Modern Optical Engineering, McGraw
Hill, 1966, by Warren Smith. The signal modulation is measured for
decreasing bar widths and a graph of the modulation vs. bar width, or
resolution, can be drawn. For this example, the modulation for a diffraction-
limited spot tracing a diffraction-limited bar width is desired. The modulation
for these conditions is a function of the scan speed and the phosphor decay
characteristics. The relationship will now be derived.

All CRT phosphors exhibit a decrease in intensity after excitation by the
electron beam 35. The decay period is normally defined as the time interval in
which the phosphor intensity decreases to 10% of the initial intensity.
Occasionally, a 1% phosphor intensity is used to define decay time. Decay
times and decay curve shapes vary widely between phosphor types and
operating conditions. Mathematical representations of decay curves include
exponential and power law formulas, but are generally not known. Usually,
measured curves are the only representations available.

A specific relationship exists between the scan rate of the flying spot 39
and the contrast of the image. The scan rate determines the PIXEL DWELL
TIME, or the residence time of the optical spot over a single resolution
element. The word pixel usually means a "picture element", but as used here
means a "diffraction-limited picture element", whose dimension is defined in
eqn. (1). If the spot 39 scans rapidly across the screen 36 so that the pixel
dwell time is much shorter than the phosphor decay time, then previous
resolution elements will continue emitting light after the electron beam 35 has
passed. The result is a reduction in contrast of the signal.

7
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The effects can be illustrated by figures 3 and 4. Figure 3 represents a
normalized phosphor decay curve showing brightness versus time. Let us |
choose the pixel dwell time as 1/4 of the total decay time and divide the curve
into four equal time zones. The area in each zone is shown in the table at right
and represents the total light flux emitted during that time interval. Figure 4,
case a shows successive positions of the light spot during the four time zones
as it scans over a set of parallel black and white bars whose width is the
diffraction limit of the optics. Each spot position represents one pixel dwell
time. Figure 4, case b shows case a one pixel dwell time later. Case a and
case b represent the maximum and minimum signal states of the position of a
scanning spot tracing over the bars for the given pixel dwell time. The
illumination of pixels 1, 2, 3, and 4 will be fractions of the decay curve as
shown. The total light transmitted through the sample will be the sum of the
light flux illuminating each pixel times the transmissivity of each pixel, which
was defined as either black (0% transmission), or white (100% transmission).

For this example, the image modulation, or contrast, that follows from
the two states is 0.5195, or 51.95%. Any pixel dwell time could be used in the
example, and the procedure repeated to determine the resulting contrast. It is
common practice in the design of optical imaging systems to specify that the
image modulation shall be greater than 50% at the specified resolution. Design
values down to 30% may be adequate. The limit of visual detection occurs at
image modulation values in the range of 2-3.5%.

The direct interaction between the scanning spot 39 and the sample S is
the only interaction that relates the phosphor decay time to the spot dwell time.
More sophisticated calculation methods may be employed, but adequate values
can be achieved with this simple method. The contrast is also affected by
scattering or other effects away from the sample S.

The horizontal and vertical scan times of the raster on the CRT 30 are
determined from the spot dwell time. The horizontal scan period is

® Th

thh-i-th,

where t pixel dwell time,
Nh = number of horizontal pixels,
and tp, = horizontal flyback and blanking time.

The horizontal scan frequency is then

9) Wh =Tyt
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The vertical scan period is
(10) Ty = TpxNy+ty ,
where Tn = horizontal scan period from eqn. (7),
Ny = number of vertical pixels,
ty = vertical flyback and blanking time.

The vertical scan frequency is then
(11) w vV = T,v -1,

At this point, the following parameters have been defined: the phosphor
spot size that will yield a diffraction-limited spot 39 on the sample plane 17 for
all objective powers; the scan rates that will yield a predetermined contrast for
a diffraction-limited pixel; and a scan raster size that will illuminate a full field
of view.

Frequency response of the detector circuits
The next component of the imaging system requires the conversion of

optical information into electronic information. The procedures above insure
that the pixel data is being generated at maximum resolution with good
contrast.

In order to preserve the resolution, the frequency response of the means
for sensing or PMT's 40 must match or exceed the inverse pixel dwell time.
Electronic circuit frequency response is usually stated in terms of a graph of
frequency vs. modulation in a manner very similar to the optical
modulation/contrast definition given above. Typical specifications give the
frequency response at 3 db roll-off, or 50% modulation. If the optical
modulation at the slide is 50%, and the electrical amplifier modulation is 50%,
the resultant signal has a modulation of 25%, which would approach a design
minimum. The frequency response could be specified at 1 db (79%), or 0 db
roll-off for better modulation. The reader will note that PMT's are well known
in the art and therefore it is not necessary to describe specific PMTs or
amplifier circuits, but rather to describe the conditions for the proper operation
thereof in the particular image system of the present invention. Frequency
bandwidths of 20 MHz and up are typical, exceeding the 3.75 MHz bandwidth
of ordinary television standards by a significant amount. According to the

conditions outlined above, standard television scan rates and amplifier
9
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bandwidths cannot approach the diffraction-limited requirements of an
conventional microscope image.

Resolution and contrast of the display monitor

The signals from the PMT amplifiers 44 on lines 46 contain all the
information available from the imaging system. The amplified output signals
can be displayed directly on a video monitor 60, or digitized and output to a
difital processing device or other permanent storage media for later display,
analysis, or telecommunication. The specifications of the display monitor 60
determine the final visual quality of the image. If the monitor 60 can display
the number of color pixels contained in the signal from the video amplifiers 44,
then the resolution and the field of view of the ordinary microscope image can
be reproduced. The monitor's video amplifier bandwidth and phosphor
characteristics will determine the monitor's resolution and contrast, and hence
its ability to faithfully represent the original electronic output signals from the
microscope video amplifiers 44. For monitors with fewer pixels than contained
in the video signal from the imaging system, a trade-off between field of view
and resolution can be made, resulting in full resolution in a smaller field of
view.

Zoom mode

The display screen of the monitor 60 represents a constant size window
showing the contents of the scanned area on the slide. If the scanned area on
the slide is made smaller, it is still displayed full size on the monitor 60, giving
a magnification zoom effect. In other words, varying the size of the raster
pattern on the spot scanning device causes the raster on the sample to be
correspondingly changed thereby causing a larger or smaller portion of the
sample to be contained within the output signal providing a variable
magnification to the display device or other signal processing device. When
used with lower power objectives 18 that have a large number of pixels in the
field of view, any area can be zoomed in magnification so that the display
resolution matches the diffraction limit of the optics. For example, if there are
1700 pixels across the microscope image, and only 1200 pixels across the
monitor screen, then the zoom feature can be used to shrink the raster down to
cover only 1200 pixels on the sample so the resolution of the display 60
matches or exceeds the image resolution at the reduced field of view.

Another characteristic of the zoom feature is constant brightness in the
image for any zoom magnification setting. The brightness of the raster on the
scanner CRT 30 is given by the relation

10
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>

(12) B, = kx

where I is the electron beam current, A is the area of the scanned raster, and k
is a constant factor. The subscript p refers to the phosphor 38. Equation (12)
is linear over a wide range of beam current settings. When the scanned area is
reduced for constant beam current, the brightness increases in inverse
proportion of the area change.

If the magnification of an optical system is changed, such as changing
objective lenses 18 in a microscope, then the light passing through the lens
system, and hence the brightness of the image is changed in direct proportion
to the area change of the image. The brightness change can be represented by
the relation

(13) Bl = BOXA ,

where Bg is the initial image brightness. If By comes from a phosphor
satisfying eqn. (12), then eqn. (13) becomes

(14) B, = [kx%]xA: kxI.

Equation (14) shows that a change in magnification due to changing the
raster size has no effect on the brightness of the image. The variation in
phosphor brightness exactly compensates for the variation in area. Since the
mechanical system is not altered, the focus does not change. The zoom feature
therefore produces a change in magnification with no change in brightness or
focus.

Contrast enhancement or suppression by spot modulation
In all current scanning type microscopes, the spot brightness is constant

as it travels over the sample S. Modulating the spot brightness as a function of
image content can be a powerful tool for image detailing. Spot modulation
requires that the scanner CRT 30 circuits include a video amplifier and driver
capable of modulating the electron beam at a frequency bandwidth no less than
the PMT amplifier circuits 44.

If the spot brightness is decreased as it traces over a dark object, the
resultant signal will show an enhanced dark swing. The feature may eliminate

11
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enhancement accessories (such as “differential interference contrast” ,;
darkfield illumination, and other phase contrast components) while maintaining
full image resolution. This mode is called contrast enhancement, or positive
feedback, or normal signal mode.

Conversely, if the spot brightness is increased as it traces over a dark
object, the signal will show a reduced dark swing, or possibly no dark swing at
all. This mode is called the contrast suppression, or negative feedback, or
inverted signal mode. In the contrast suppression mode, portions of images
can be made to disappear, or become much less prominent.

The signal used to modulate the scanner CRT 30 brightness is derived
from the actual sample image signal from one or more of the PMT channels.
The signal from a single channel may be used in either the normal or inverted
mode, or several channels may be mixed and used in normal or inverted mode.
In this manner, colored objects in the image may be selectively enhanced or
suppressed.

For example, in the examination of a blood smear, the combination of
colors for red blood cells could be fed into the scanner CRT video amplifier in
a negative feedback mode to suppress or eliminate red blood cells from
appearing in the image. This is not a data processing feature that works on the
output image data, but a feature that is operative during creation of the image.
Any color channel, or combination of color channels could be combined and
used as positive or negative feedback to the scanner CRT.

The foregoing spot intensity modulation can also be applied to laser and
electron beam imaging systems.

12
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. An Example
To illustrate the previous description of the invention, a specific example will

now be described.

a) CRT spot size and raster size. The information in Table 1 and
surrounding equations describe a conventional microscope optical system. The
information in that section defines the following: |

smallest SRT spot size radius = 111.8um,

CRT raster size = 20 cm diagonal.
The CRT envelope, gun structure, and high voltage are specified in
combination to meet the specification. Many combinations are available to one
skilled in the art. This example assumes a 3:4 raster aspect ratio.

b) Phosphor decay time and raster scan rate. The faster the phosphor
decay time, the faster the scan rate. In general, a very fast phosphor is required
for a scan rate fast enough to allow direct viewing on a video monitor.
Phosphors in the P46 family have 1% decay times of approximately 100ns.
Assume the pixel dwell time is chosen to be 1/3 the phosphor decay time, or
33ns. for a 1024 x 768 pixel monitor, the horizontal period from eqn. (8) is

Tp = txXNp+tp=33nsx1024 + 6 us
=39.8 s,

where the blanking and flyback time was chosen to be 6 us. The horizontal
frequency is 25 kHz. The vertical period from eqn. (10) is

Ty = Tpx Ny +t,=39.8 ns x 768+ 10 ms
=38.6 ms,

where the vertical blanking and flyback time is chosen as 10 ms. The vertical
frequency is 25.9 Hz. In order to avoid objectionable flicker in a directly
viewed image, a display monitor with long persistence phosphors may be
required.

c¢) Video amplifier bandwidth. For a pixel dwell time of 33 ns, an
amplifier bandwidth of 30.3 MHz+ 1 db is required. The video amplifiers in
the display monitor must have at least the same bandwidth to maintain the
resolution of the signal.

From table 1 it can be seen that the field of view and resolution of the
display monitor match direct viewing in the conventional microscope above
13
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From table 1 it can be seen that the field of view and resolution of the
display monitor match direct viewing in the conventional microscope above
about 40x objective power. For the 10x objective, the image must be zoomed
to approximately 1024/1785 = 57% of full field for the monitor to display the
resolution of the optical system. At 100x objective power, the monitor can
display more pixels than the optical system can resolve.

The foregoing embodiments and examples are to be considered
illustrative, rather than restrictive of the present invention, and those
modifications which come within the meaning and range of equivalence of the
claims are to be included therein.

14
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That Which Is Claimed Is:

1. An imaging system characterized by its ability to produce a
diffraction limited output signal representative of a sample positioned on a
sample plane and comprising:

a) a spot scanner comprising:

means for generating an illuminated spot
adapted to scan in a raster pattern, said raster pattern comprising a field having
a predetermined number of horizontal lines spaced vertically from each other a
predetermined and equal distance, said spot being positioned in an object
plane;

b) means for imaging in a diffraction limited
manner, the object plane on to a sample plane, such that the image of said spot
is the smallest diffraction limited size as limited by said imaging means;

c) means for sensing the interaction of said spot
with a corresponding location on the sample and for producing a resultant
modulated output signal proportional thereto;

whereby a diffraction limited output signal
representative of the sample plane is produced such that it may be displayed on
a display device or output to a digital processing device.

2. An imaging system according to claim 1 wherein said means for
generating a spot comprises a CRT further including means for generating an
electron beam adapted to scan in said raster pattern, and a screen including
phosphor, and wherein said electron beam is adapted to sequentially excite said
phosphor so as to produce said illuminated spot that scans correspondingly in
said raster pattern. '

3. An imaging system according to claim 1 wherein said means for
imaging an illuminated spot comprise optical lenses.

4. An imaging system according to claim 2 wherein said sample plane
comprises a predetermined number of pixels, each of said pixels having a
diameter equal to the diffraction limit of said means for imaging, and wherein
the scan rate of said illuminated spot is defined by the decay time of said
phosphor according to the following relationships:
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the dwell time of said illuminated spot over a single
diffraction limited pixel diameter is at least 1/10 of the decay time of said
phosphor as measured from full intensity to 1% intensity, and

wherein the time required to scan a single horizontal line
is equal to the number of pixels in said horizontal line multiplied by the dwell
time plus the time required to retrace the spot from the last pixel of the last line
to the first pixel of the following line; |

wherein the time required to scan vertically said field is
equal to the horizontal scan time multiplied by the number of vertical pixels
plus the time required to retrace the spot from the last pixel of the last line to
the first pixel of the first line. |

5. The imaging system according to claim 1 wherein the means for

" sensing has a frequency response of at least the reciprocal pixel dwell time

with less than 1db of reduction in said output signal modulation from the
maximum frequency response.

6. An imaging system according to claim 1 wherein the intensity of said
illuminated spot is modulated as it scans across the sample plane so as to
modify the signal variation caused by a sample,

whereby the output signal is enhanced or suppressed as
required in order to modify the detectability of a portion of the sample.

7. Animaging device according to claim 1 wherein said otitput signal is
input into an amplifier to produce an amplified output signal suitable for
further processing.

8. An imaging system according to claim 5 wherein said amplified
output signal is output to a visual display device.

9. An imaging system according to claim 5 wherein said amplified
output signal is output to a digital processing device.
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10. An imaging system according to claim 1 wherein said means for
sensing comprises a photomultiplier tube.

11. An imaging system according to claim 2 wherein said apparatus
further includes a zoom means for varying the size of said raster pattern on said
cathode ray tube;

whereby the raster area on the sample is correspondingly
changed thereby causing a larger or smaller portion of the sample to be
contained within said output signal providing a variable magnification to a
display device or other digital processing device, and wherein the output signal
level remains constant and the optical focus conditions of the imaging system
remain constant resulting in a variable magnification image having constant
brightness and focus.

12. An imaging system according to claim 1 wherein said means for
sensing comprise a plurality of photomultiplier means, each of said
photomultiplier tubes having an input for sensing the interaction of said spot
with .the sample and for producing respective modulated output signals
proportional thereto; and

| a color filter means corresponding to each photomultiplier
means positioned between the sample plane and the corresponding
photomultiplier means input.

13. An imaging system according to claim 12 wherein said
photomultiplier means comprise three photomultiplier tubes and,
wherein said color filter means comprise red, green, and
blue color filters.

14.  An imaging system characterized by its ability to produce a
diffraction limited output signal representative of a sample positioned in a
sample plane of a conventional optical lens system wherein an object plane is
focused on to an image plane and comprising:

a) a cathode ray tube comprising:
means for generating an electron beam adapted to
scan in a raster pattern, said raster pattern comprising a field having a
predetermined number of horizontal lines spaced vertically from each other a
17
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predetermined and equal distance, a screen including phosphor, and said
electron beam being adapted to sequentially excite the phosphor so as to
produce an illuminated spot that scans correspondingly in said raster pattern,
said spot being positioned in an object plane and when imaged on the sample
has the smallest diameter permitted by the diffraction limits of the optical lens
system;

b) means for sensing the interaction of said spot
with a corresponding location on the sample and for producing a resultant
modulated output signal proportional thereto;

whereby a diffraction limited output signal
representative of the sample plane is produced such that it may be displayed on
a display device or output to a digital processing device.

15. Animaging system according to claim 14 wherein the sample plane
comprises a predetermined number of pixels, each of said pixels having a
diameter equal to the diffraction limit of the optical lens system, and wherein
the scan rate of said illuminated spot is defined by the decay time of the
phosphor according to the following relationships:

the dwell time of said illuminated spot over a single
diffraction limited pixel is at least 1/10 of the delay time of said phosphor as
measured from full intensity to 1% intensity, and

wherein the time required to scan a single
horizontal line is equal to the number of pixels in said horizontal line
multiplied by the dwell time plus the time required to retrace the spot from the
last pixel of the last line to the first pixel of the following line; and

wherein the time required to scan vertically the
field is equal to the horizontal scan time multiplied by the number of vertical
pixels plus the time required to retrace the spot from the last pixel of the last
line to the first pixel of the first line.

16. The imaging system according to claim 14 wherein the means for
sensing has a frequency response of at least the reciprocal pixel dwell time
with less than 1db of reduction in said output signal modulation from the
maximum frequency response.

17. The imaging system according to claim 14 wherein the intensity of
said illuminated spot is modulated as it scans across the sample plane so as to

modify the signal variation caused by a sample,
18
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whereby the output signal is enhanced or suppressed as
required in order to modify the detectability of a portion of the sample.

18. Animaging device according to claim 14 wherein said output signal
is input into an amplifier to produce an amplified output signal suitable for
further processing.

19. Animagining system according to claim 18 wherein said amplified
output signal is output to a visual display device.

20 An imaging system according to claim 18 wherein said amplified
output signal is output to a digital processing device.

21. Animaging system according to claim 14 wherein said means for
sensing comprises a photomultiplier tube.

22. An imaging system according to claim 12 wherein said imaging
system further includes a zoom means for varying the size of said raster pattern
on said cathode ray tube;

whereby the raster area on the sample is correspondingly
changed thereby causing a larger or smaller portion of the sample to be
contained within said output signal providing a variable magnification to a
display device or digital processing device, and wherein the output signal level
remains constant and the optical focus conditions of the imaging system remain
constant resulting in a variable magnification image having constant brightness
and focus.

23. A method of imaging a sample lying in a sample plane and
comprising the steps of:

(a) generating an illuminated spot .

(b) scanning the illuminated spot in a raster pattern;

(c) directing the moving illuminated spot through an
imaging system in a diffraction limited manner so that the image of the spot is
the smallest diffraction limited size as limited by the imaging system;
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(d) sensing the interaction of the spot with the
corresponding location on the sample and producing a modulated output si gnal'
proportional thereto;

whereby a diffraction limited output signal representative

of the sample plane is produced.

24. The method according to claim 23 wherein the step generating an
illuminated spot further includes generating an electron beam by activating an
electron gun in a cathode ray tube and exciting the phosphor in the cathode ray
tube in order to produce the illuminated spot that scans correspondingly in the
raster pattern.

25. The method according to claim 23 wherein the step of scanning
further includes a sample plane having a predetermined number of pixels, each
of the pixels having a diameter equal to the diffraction limit of the optical lens
system, and wherein the scan rate of the illuminated spot is defined by the
decay time according to the following relationships:

the dwell time of the illuminated spot over a single
diffraction limited pixel is at least 1/10 of the delay time of the phosphor as
measured from full intensity to 1% intensity; and

wherein the time required to scan a single horizontal line
is equal to the number of pixels in the horizontal line multiplied by the dwell
time plus the time required to retrace the spot from the last pixel of the last line
to the first pixel of the following line;

wherein the time required to scan vertically the field is
equal to the horizontal scan time multiplied by the number of vertical pixels
plus the time required to retrace the spot from the last pixel of the last line to
the first pixel of the first line.

26. The method according to claim 23 wherein the step of sensing of
the interaction of the spot with the corresponding sample location further
includes a frequency response of at least the reciprocal pixel dwell time with
less than 1db of reduction in the output signal modulation from the maximum
frequency response. E
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27. The method according to claim 23 further including the step of
varying the intensity of the illuminated spot as it scans across the sample plane
so as to modify the signal variations caused by the sample, so that the output
signal is enhanced or suppressed as required in order to modify the
detectability of a portion of the sample.

28. The method according to claim 23 further including the step of
amplifying the modulated output signal in order to produce an amplified output
signal suitable for further processing.

29. The method according to claim 28 wherein the amplified output
signal is output to a visual display device.

30. The method according to claim 28 wherein the amplified output
signal is output to a digital processing device.

31. The method of claim 23 wherein the step of sensing includes a
photomultiplier tube that senses the interaction of the spot with the
corresponding location on the sample and that produces a modulated output
signal proportional thereto.

32. The method according to claim 23 further including the step of:

varying the size of the raster pattern so that the raster area
on the sample is correspondingly changed thereby causing a larger or smaller
portion of the sample to be contained within the output signal providing a
variable magnification to a display device or other digital processing device,
and wherein the output signal level remains constant and the optical focus
conditions of the imaging system remain constant resulting in a variable
magnification image having constant brightness and focus.

33. The method according to claim 24 further including the step of:
directing the modulated output signal through a series of
color filters; and
21
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splitting the modulated output signal into a number of
separate components equal to the number of filters to produce a corresponding |
number of filtered modulated output signals; and

inputting each of the filtered modulated output signals into
a correspondirig detector tube; and

outputting an electrical signal from each detector tube
proportional to the amplitude of the respective filtered modulated output signal.

34. The method according to claim 33 comprising the step of filtering
includes passing the modulated output signal through red, green, and blue
filters.

22



WO 94/14137 PCT/US93/12006

42

Figure 1b.
/3

SUBSTITUTE SHEET (RULE 26)



WO 94/14137 PCT/US93/12006

31

Figure 2.

2/ 3

SUBSTITUTE SHEET (RULE 26)



WO 94/14137 PCT/US93/12006

Area (1) =0.6906
(2) =0.2184
(3 =0.0691
(4) =0.0218
Total Area = 1.0000

Intensity

Scan Direction —

Pixel Flux Pixel Flux
1. 0.0000 1. 0.6906
2. 0.2184 2. 0.0000
3. 0.0000 3. 0.0691
4. 0.0218 4. 0.0000

Total 0.2402 Total 0.7597

Modulation = (0.7597 - 0.2404)/1.0000 = 0.5195

Figure 4.

373

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International Application No.
PCT/US93/12006

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :GO6K 9/00, 9/20; GO1N 33/48; GOGF 15/00
US CL :382/6, 66; 356/39; 364/413.08

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

u.s. :

382/ 1, 6, 65, 66; 356/39; 364/413.08, 413.13; 359/385

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US, A, 3,827,804 ( Miller et al) 06 August 1974, entire| 1-3, 5-10, 12-
document 14, 16-21, 23,
24, 26-31, 33,
34
A US, A, 4,048,616 (Hart et al) 13 September 1977, entire| 1-34
document
A US, A, 4,702,595 (Mutschler et al) 27 October 1987, entire| 1-34
document
A US, A, 3,953,284 (Frank et al) 13 July 1971, entire| 1-34
document
A Hecht, "Optics”, Second Edition, Addison Wesley Publishing| 1-34
Company, 1987 pages 128-129

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special cmegeries of cited documens: T later document published aficr the international filing date or priority
. . . date and not in conflict with the application but cited to understand the
‘A" document defining the general stade of the art which is not considered inciple or theory underlying the mventi
10 be part of pasticular relevance T ’
pe . . . . . X* d of parti the claimed invention cannot be
E carlier document published oa or afier the intemational filing date . mdwgmhmi«dtohvohemhvmﬁveﬂq’
L document which may throw doubts on priority claim(s) or which is when the document is takea alone
ci 'toembh(l:te?ubl;ahudmofmmcmorm oy d of part . the clai avens be
considered to involve sa ioventive sep when the document is
‘| “0* documcnt referring 10 an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to & persoa skilled in the art
P document published prior 10 the intcrmatiocal filing date but later than < g * document i
the oriority date clai member of the same patent family

Date of the actual completion of the international search

02 February 1994

Date of mailing of the international search report

MAR1513%4 , 7

Name and mailing address of the ISA/US Authorized officer -
Comxl;i;rsiomr of Patents and Trademarks / .

"~ Box
Washington, D.C. 20231 MICHAEL RAZAVT

Facsimile No. NOT APPLICABLE Telephone No.  (703) 305-4713

Form PCT/ISA/210 (second sheet)(July 1992)«




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

