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MICROSCOPE WITH LED TLLUMINATION SOURCE

FIELD OF THE INVENTION
The invention relates to microscope imaging systems, and more particularly, to

systems for displaying magnificd images of stained specimens.

BACKGROUND

Cytology is the branch of biology dealing with the study of the formation,
structure, and function of cclls. As applicd in a laboratory sctting, cytologists,
cytotechnologists, and other medical professionals make medical diagnoses of a patient's
condition bascd on visual cxamination of a spccimen of the patient's cclls. A typical
cytological technique is a "Pap smear” test, in which cells are scraped from a woman's
cervix and analyzed in order to detect the presence of abnormal cells, a precursor to the
onset of cervical cancer. Cytological techniques are also used to detect abnormal cells and
disease in other parts of the human body.

Cytological techniques are widely employed because collection of cell samples for
analysis is generally less invasive than traditional surgical pathological procedures such
as biopsies, whereby a tissue specimen is excised from the patient using specialized
biopsy needles having spring loaded translatable stylets, fixed cannulae, and the like. Cell
samplcs may be obtained from the patient by a varicty of techniques including, for
example. by scraping or swabbing an area, or by using a needle to aspirate body fluids
from the chest cavity, bladder, spinal canal, or other appropriate arca. The ccll samples
arc often placed in solution and subscquently collected and transferred to a glass slide for
viewing under magnification. Fixative and staining solutions arc typically applicd to the
cclls on the glass slide, often called a ccll smear, for facilitating cxamination and for

preserving the specimen for archival purposes.
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A traditional multicolored stain is desirable for staining cell smears for certain
cytological analyses. 1t is advantageous to stain the nucleus and the cytoplasm of the
specimen with different colors, so that the nuclear material and cytoplasmic material can
be readily distinguished either visually or by automated imaging equipment. In one
staining practice, the cytoplasm is transparent, whereas the nucleus is transparent to
opaque. This staining pattern allows the cytologist to distinguish cells which are
morphologically abnormal indicated, for example, by nuclcar material which is
excessively large and/or dark in color. In addition, cytologists find the variety of colors of
the traditional stains, particularly the Papanicolaou stain, helpful to reduce eye strain and
to aid diagnosis.

Traditional stains, including the Papanicolaou stain, are difficult for an automated
system to analyze. The varicty of colors in the cytoplasm from traditional stains, which
are straightforward for the human eye to distinguish, are not readily analyzed with
automated imaging systems because they contrast to varying degrees with the traditional
blue hematoxylin stain of the nucleus. The varying contrast makes automated analysis
difficult.

During the approximately seventy years since its introduction, the original
Papanicolaou stain has undergone many modifications. Currently, the dyes, reagents, and
methodology vary widely based on the preferences of each laboratory. While
standardization of a Papanicolaou-like stain has been proposed for many years, there has
been little incentive for laboratories to do so. This variability affects current imaging
technologies which may reject numerous slides either because of problems inherent with
a conventional Pap smear preparation, or because of poor staining that produces nuclear-
cytoplasmic contrast that is inadequate for image acquisition and analysis.

A number of researchers have developed algorithms in an attempt to attain

automated analysis of cells stained with the multicolored Papanicolaou stain. Such
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techniques involve the use of various instrumental artifacts, such as different colors of
light, filters, and color television cameras. Many require a high level of sophistication that
is costly in terms of hardware and software.

Furthermore, the type of stain chosen may depend on the type of cells under
examination, as well as the specific abnormality or disease to be diagnosed. For this
reason, various stains may be used in various laboratory settings.

Conventional machine vision illumination sources are low efficiency broadband
sources such as tungsten-halogen, sodium-halide, or xenon lamps. These sources convert
a small percentage of their input energy to broadband light. Accordingly, efficiency drops
significantly in a cytological application that requires « narrow band light source.
Typically, these devices generate a significant amount of heat, require filters for obtaining
correct wavelengths, and are relatively large.

SUMMARY OF THE INVENTION

An improved illumination is provided, which allows for color balancing and
intensity adjustment. The color and intensity of the light can be tailored to conditions of
the system, such as the type(s) of stains uscd, the type(s) of cclls in the sample, and the
type(s) of abnormalities/diseases to be detected, facilitating diagnosis by a human
cytologist or an imaging systcm.

In accordance with one embodiment, a method for viewing a biological specimen
includes illuminating the biological specimen with a light source having light emitting
diodes (LEDs) arranged in a plurality of unique color groupings, and generating a
magnified image of the illuminated biological specimen. To miniaturize the light source,
the LEDs may comprise LED dies disposed on a single substrate to form a compact LED
module. The method may further comprise sclecting a desired characteristic of light
emitted by the light source, e.g., a color balance or a light intensity. The desired light

characteristic may be, ¢.g., sclected in response to a manual input or automated input.
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Selection of desired light characteristic may be based on a viewing condition, e.g., a type
of stain used on a biological specimen. For example, the light characteristic can be

customized to discern differently stained parts of the biological specimen.

In one form, the method may further comprise generating a plurality of
drive signals, each of which has a characteristic based on the selected light
characteristic. For example, the drive signal characteristic may be an amplitude
or a pulse width. The method may still further comprise supplying the plurality
of LED color groupings with the respective plurality of drive signals, wherein
light intensities of the LED color groupings are independently controlled to effect
the desired light characteristic. In one embodiment, desired light intensities of
the LED color groupings are computed based on the selected light characteristic,

so that the characteristics of the drive signals can be determined.

In accordance with another embodiment, there is provided a method for
viewing a biological specimen, comprising: illuminating the biological specimen
with a light source having light emitting diodes (LEDs) arranged in a plurality of
unique color groupings; generating a magnified image of the illuminated biological
specimen; receiving an input to effect a desired light characteristic of light emitted by
the light source; computing, by control circuitry, a respective light intensity for each
of the LED color groupings based on the input; generating a plurality of drive
signals, each of which has a drive signal characteristic based on the computed light
intensity for a corresponding one of the LED color groupings; and supplying the
plurality of LED color groupings with the respective plurality of drive signals,
wherein light intensities of the LED color groupings are independently controlled to

effect the desired light characteristic.

In accordance with another embodiment, a system for viewing a biological
specimen includes a microscope configured for generating a magnified image

of the biological specimen, and a light source configured for illuminating the
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biological specimen. The light source has LEDs arranged in a plurality of
unique color groupings, e.g., red, blue, and green. Again, to miniaturize the
light source, the LEDs may comprise LED dies disposed on a single substrate
to form a compact LED module. The system may further comprises an input
device configured for receiving information to effect a desired characteristic of
light emitted by the light source, ¢.g., a color balance or a light intensity. The
input device may, e.g., be a user input device configured for selecting the
desired light characteristic. The system may optionally comprise a processor
configured for computing the desired light characteristic, e.g., based on a

viewing condition, such as a type of stain used on the biological specimen.

In one form the system may further comprise control circuitry
configured for supplying the plurality of LED color groupings with a
respective plurality of drive signals, each of which has a characteristic (e.g,,
amplitude or pulse width) based on the information received by the input device,
wherein light intensities of the LED color groupings are independently controlled
to effect the desired light characteristic. If the characteristic of the drive
signal is a pulse width, the control circuitry may optionally comprise a pulse
width modulation controller configured for generating pulse width modulated
control signals, and drive circuitry configured for supplying pulse width
modulated drive signals to the respective plurality of LED color groupings in

response to the control signals.

In accordance with yet another embodiment there is provided a system for viewing
a biological specimen, comprising: a microscope configured for generating a magnified
image of the biological specimen; a light source configured for illuminating the biological
specimen, the light source having light emitting diodes (LEDs) arranged in a plurality of
unique color groupings; an input device configured for receiving information to effect a

desired characteristic of light emitted by the light source; and control circuitry configured
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for supplying the plurality of LED color groupings with a respective plurality of drive
signals, each of which has a characteristic based on the information received by the input
device, wherein light intensities of the LED color groupings are independently controlled

to effect the desired light characteristic.

In accordance with yet another embodiment, a method for viewing a biological
specimen includes illuminating the biological specimen with a light source having
LEDs, and generating a magnified image of the illuminated biological specimen.
The LEDs may optionally be arranged in a plurality of unique color groupings.
Again, to miniaturize the light source, the LEDs may comprise LED dies disposed
on a single substrate to form a compact LED module. The method may further comprise
dynamically selecting a desired characteristic of light emitted by the light source, e.g.,
a color balance or a light intensity. The desired light characteristic may be, e.g.,
selected in response to a manual input or automated input. Selection of desired light
characteristic may be based on a viewing condition, e.g., a type of stain used on
biological specimen. For example, the light characteristic can be customized to discern

differently stained parts of the biological specimen.

In one form, the method may further comprise generating one or more pulse
width modulated drive signals, each of which has a pulse width based on the desired
light characteristic, and supplying the plurality of LEDs with the one or more pulse
width modulated drive signals, wherein light intensities of the LEDs are controlled to
effect the desired light characteristic. In one embodiment, the one or more pulse
width modulated drive signals comprises a plurality of pulse width modulated drive
signals that are respectively supplied to the plurality of LEDs, so that the light
intensities of the LEDs can be independently controlled to effect the desired light
characteristic, If the LEDs are arranged into a plurality of unique color groupings, the
plurality of pulse width modulated drive signals can be respectively supplied to the

plurality of LED color groupings, so that the light intensities of the LED color
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groupings can be independently controlled to effect the desired light characteristic.
In one embodiment, the pulse width for each pulse width modulated signal is

computed based on the selected light characteristic.

In accordance with yet another embodiment there is provided a method for
viewing a biological specimen, comprising: illuminating the biological specimen with a
light source having light emitting diodes (LEDs); generating a magnified image of the
illuminated biological specimen; receiving an input to effect a desired light characteristic
of light emitted by the light source; computing, by control circuitry, a respective light
intensity for each of the LEDs based on the input; generating one or more pulse width
modulated drive signals, each of which has a pulse width based on the computed light
intensity for a corresponding one of the LEDs; and supplying the LEDs with the one or
more pulse width modulated drive signals, wherein light intensities of the LEDs are

controlled to effect the desired light characteristic.

In accordance with yet another embodiment, a system for viewing a
biological specimen includes a microscope configured for generating a magnified
image of the biological specimen, and a light source configured for illuminating the
biological specimen. The light source has LEDs arranged in a plurality of unique
color groupings, e.g., red, blue, and green. Again, to miniaturize the light source,
the LEDs may comprise LED dies disposed on a single substrate to form a compact
LED module. The system further comprises an input device configured for
dynamically receiving information to effect a desired characteristic of light emitted
by the light source, e.g., a color balance or a light intensity. The input device may,
e.g., be a user input device configured for selecting the desired light characteristic.
The system may optionally comprise a processor configured for computing the desired
light characteristic, e.g., based on a viewing condition, such as a type of stain used on the

biological specimen.

In one form, the system comprises control circuitry configured for supplying




28 Feb 2011

2006340771

the plurality of LEDs with one or more drive signals, each of which has a
characteristic (e.g., amplitude or pulse width) based on the information received by
the input device, wherein light intensities of the LEDs are controlled to effect the
desired light characteristic. In one embodiment, the one or more pulse width
modulated drive signals comprises a plurality of pulse width modulated drive
signals that are respectively supplied to the plurality of LEDs, so that the light
intensities of the LEDs can be independently controlled to effect the desired light
characteristic. If the LEDs are arranged into a plurality of unique color groupings,
the plurality of pulse width modulated drive signals can be respectively supplied to the
plurality of LED color groupings, so that the light intensities of the LED color
groupings can be independently controlled to effect the desired light characteristic.
In one embodiment, the control circuitry may optionally comprise a pulse width
modulation controller configured for generating pulse width modulated control
signals, and drive circuitry configured for supplying pulse width modulated drive
signals to the respective plurality of LED color groupings in response to the control
signals.

In accordance with yet another embodiment, there is provided a system for
viewing a biological specimen, comprising: a microscope configured for generating a
magnified image of the biological specimen; a light source configured for illuminating the
biological specimen, the light source having light emitting diodes (LEDs); an input device
configured for dynamically receiving information to effect a desired characteristic of light
emitted by the light source; and control circuitry configured for supplying the LEDs with
one or more pulse width modulated drive signals, each of which has a characteristic based
on the information received by the input device, wherein light intensities of the LEDs are

controlled to effect the desired light characteristic.

7A

-10-




28 Feb 2011

2006340771

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of embodiments of the present
invention, in which similar elements are referred to by common reference
numerals, and in which:

FIG. 1 is a side view of a microscope constructed in accordance with one
embodiment;

FIG. 2 is a front view of the microscope of FIG. 1;

FIGS. 3A-3C are plan views of exemplary light emitting diode (LED)
modules used as the illumination source in the microscope of FIG. |;

FIG. 4 is a block diagram of control circuitry used to control the LED
module of FIG. 3A;

FIG. 5 is a flow chart illustrating one method for controlling the
characteristics of light emitted by the illumination source of the microscope of FIG. I;
and

FIG. 6 is a flow chart illustrating one method for controlling the

characteristics of light emitted by the illumination source of the microscope of FIG. 1.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Referring to FIGS. 1 and 2, a microscope 10 constructed in accordance with one
embodiment of the invention will now be described. The microscope 10 includes a
stage 12 for mounting a specimen, and a light source 14 for illuminating the
specimen. As will be described in further detail below, the color balance and intensity of

the light emitted by

7B
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the light source 14 can be adjusted. To this end, the microscope 10 further includes
control circuitry 16 for adjusting the color balance and intensity of the emitted light. The
microscope 10 further includes plurality of objective lenses 18 for magnifying light
reccived from the specimen to form a magnificd image of the specimen, and an ocular
lens 20 used to observe the magnified image formed by the objective lens 18.

The microscope 10 further includes a control station 22 for receiving an input.
Although the control station 22 is illustrated as a stand-alone control station, the control
station 22 can be implemented in a number of ways. For example, the control station 22
could be built into the same structure that carries the stage 12, light source 14, and lenses
18, 20. While the light source control circuitry 16 is shown in the illustrated cmbodiment
as being incorporated into the control station 22, it can likewise be incorporated into the
same structurc that carrics the stage 12, light source 14, and lenscs 18, 20.

In one embodiment, the control station 22 receives a manual input from a user. In
this case, the control station 22 may include appropriate user input devices, such as
knobs, dials, buttons, keyboard, mousc, or the like. The control station 22 could be
implemented in a computer or other user workstation, and could include a graphical user
interface (GUI) for interfacing with a user. The user input may specify a desired color
balance and intensity, in which casc, the light source control circuitry 16 adjusts the calor
balance and intensity ol the light source 14 to match the user-specilied color and
intensity. Or the user input may specifv one or more specimen viewing conditions, such
as, for example, the type of stain(s) used on the specimen, the type of cells in the
specimen, the type of abnormalities/diseases to be detected, the ambient conditions in the
laboratory, and the like. In this case, the light source control circuitry 16 computes a
desired color balance and light intensity based on the viewing conditions (c.g., by
referring to a look-up table), and adjusts the color balance and intensity of the light source

14 to match the computed color balance and intensity. Alternatively, the specimen

8
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viewing conditions may be automatically inputted. For example, the control station 22
may be equipped with a bar code reader or other reader configured to read information
printed on a slide carrying the cytological specimen. The control station 22 may also be
cquipped with a scnsor configured to measure the ambient lighting of the room.

However the input to the control station 22 is implemented, the color balance and
intensity of the light emitted by the light source 14 will be dynamically adjusted to
provide optimum viewing conditions for the specimen. For example, if a cytological
specimen is provided, a cytologist may wish to view a sample that includes blue-stained
nuclei in green-stained cytoplasm. In this case, the color balance may be adjusted to
increasc the amount of green light. Adjusting the color balance thusly would minimize
the contrast between the cytoplasm and the background, allowing the cytologist to better
view the nuclei. Similarly, the intensity of the light source may be adjusted to allow
visualization of the structure within darkly stained nuclei, or within a tight and dense
grouping of cells.

The nature of the information and manncr of input will dictate how the light
source control circuitry 16 is implemented. For cxample, if knobs, buttons, or dials arc
used, the control circuitry 16 may include one or more potentiometers or other
appropriate circuit clements, which output analog drive signals to control the light source
14. Ifa GUI is used to specily a desired color balance and light intensity, the control
circuitry 16 may include a digital/analog converter for converting digital signals
representing the desired color balance and light intensity into analog signals to control the
light source 14. If viewing conditions are input either manually or automatically, the
control circuitry 16 may include a processor for computing a desired color balance and
light intensity based on the viewing conditions. The naturc of the light source control
circuitry 16 will also depend on the nature of the light source 14 used, as described in

further detail below.

-13-
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The light source 14 advantageously includes a plurality of light emitting diodes
(LEDs) of two or more color groups. In this manner, the intensities of the LEDs, or at
least the collective intensity of each LED color grouping, may be independently
controlled to adjust the color balance (i.c., tint) and intensity of the light provided to the
biological specimen for viewing by a human or for imaging with a camera. In this
manner, any color in the visible or even invisible spectrum, including white light, can be
produced.

Referring now to FIGS. 3A-3C, several embodiments of the light source 14
(illustrated as 14a, 14b, and 14c), which has been implemented as an LED module, will
be described. The LED module 14 includes a plurality of LEDs 24 (illustrated as 24r,
24b, 24g), which as made clear in FIGS. 3A-2C, can be arranged in a module that is
circular, annular, rcctangular, or some other shape, and may be distributed within the
module in a staggered, rectilinear, annular, or other configuration.

In the embodiments illustrated in FIGS. 3A-3C, the LEDs 24 output three colors
of light. For cxamplc, LEDs 24r may output red light; LEDs 24b may output bluc light,
and LEDs 24g may output green light. Alternatively, the LEDs 24 dics may output
specific wavelengths that are selected for the stains used with the specimen. Furthermore,
while the T.ED module 14 is iltustrated in FIGS. 3A-3C as containing three color
groupings, other numbers of color groupings may be used. In particular, it is
contemplated that implementations of the invention could have two color groupings, or
four or more color groupings.

The type of LEDs illustrated in FIGS. 3A-3C are preferably high-brightness
LEDs, which may be implemented in a combination of single discrete LEDs or custom
multi-chip LED modules. Under certain circumstances it is preferred that a custom multi-
chip LED module, which has a relatively small aperture, be used. For example,

conventional microscopes arc often designed with a light-cmitting filament that mcasurcs

-10-

-14-




WO 2007/111733 PCT/US2006/061972

about 2 mm by 2 mm, a size that matches the aperture of a Koehler illumination lens
system that receives light from the source for producing uniform illumination of the
biological specimen. Tn order to make use of legacy systems and designs, it is
advantagcous that the light source uscd be on the order of a fow millimeters in diamcter.
However, other implementations may include larger light sources, such as combinations
of discrete LEDs.

In the case where a custom multi-chip LED is preferred, multiple LED dies may
be integrated on a single substrate to produce a dense arrangement. Individual lenses can
be placed above each die so that the radiation from each die is collected into a narrow
conc. For cxample, a hexagonal pattern of lenses could be used. A substrate, such as one
with high thermal conductivity, could be used to hold multiple LED dies. Conductive
patterns on the substrate may be used to wire bond the dics to the substrate for clectrical
connections. This arrangement may be on the order of millimeters in diameter to allow
the light source to be used with conventional systems and techniques.

However the LEDs 14 arc implemented, the light source control circuitry 16 1s
configured to independently control the color groups of the LEDs in order to adjust the
color balance and intensity of the light emitted by the module 14. In particular, the
control circuitry 16 adjusts the relative intensitics for cach color of LEDs. For cxample,
in the module 14 illustrated in FIGS. 34, it may be computed that the red LED dies are o
operate at 25% of capacity, the green LED dies are to operate at 25% of capacity, and the
blue LED dies are to operate at 35% of capacity. The control circuitry 16 then operates to
control the LED dies at the calculated capacity. If necessary, the light source control
circuitry 16 may include a processor (not shown) for computing the intensities of the LED
groups bascd on the desired color balance and light intensity.

The control circuitry 16 may either provide analog drive signals or digital drive

signals to the LEDs 24. If an analog modality is uscd, the control circuitry 16 may output

J11-
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a voltage and/or current level to each LED 24 or LED color group in order to control the
intensity of the LEDs. That is, the greater the voltage and/or current level, the higher the
intensity of the LED 14 or LED color group controlled. While an analog modality can be
uscd, a digital modality provides a morc cfficient and cheaper way of controlling the LED
module 14. For example, the control circuitry 16 may output a pulse width modulated
square wave to each LED 14 or group of LEDs The pulse width for each LED will be
dictated by the duty cycle for each LED color grouping necessary to effect the desired
color balance and light intensity of the module 14 . For example, if red, green, and blue
LED color groupings are used, the red LEDs may be supplied with a pulse width
modulated signal having a 25% duty cycle, the green LEDs may be supplicd with a pulsc
width modulated signal having a 25% duty cycle, and the blue LEDs may be supplied
with a pulsc width modulated signal having a 35% duty cycle.

Referring to FIG. 4, an exemplary embodiment of digital light source control
circuitry 16 will be described. The digital control circuitry 16 includes a pulse width
modulation (PWM) controller 26, which gencrates a modulated control signal in responsc
to inputted voltage levels. Such voltage signals can be input from a processor or digital to
analog converter, as previously discussed. In response, the different colored groups of
T.EDs output light based on the signals from the PWM controller 26.

I the load requirements of the LED module 14 are within the output capacity of
the PWM controller 26, the output signals from the PWM controller 26 may be used as
drive signals to directly drive the LEDs 24. However, if the load requirements of the
LED module 14 are greater than the output capacity of the PWM controller 26, the digital
control circuitry 16 may also include additional driver circuitry 28. The additional driver
circuitry 28 may be used, for cxample, to amplify the output control signals of the PWM
controller 26, or to otherwise provide drive signals to the LEDs 24 based on the output

signals of'thc PWM controller 26.
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Referring now to FIG. 5, one method of controlling the light emitted by the LED
module 14 will be described. In this method, the user selects the desired color balance
(step 500) and desired light intensity (step 502). The desired light intensity and color
balance may be sclected, for cxample, using physical sclcction means such as knobs or
dials, or may be selected, for example, via a computer using a graphical user interface
(GUI). Based on the desired color balance and color intensity selected by the user, the
light source control circuitry 16 computes the desired intensity of the LED color groups
(step 504), and generates drive signals having a characteristic (i.e., the amplitude of the
voltage and/or current in the case of an analog arrangement, or duty cycle in the case of a
digital arrangement) that cffects the computed intensity for cach color grouping (step
506). In response to the drive signals, the LED module 14 then emits light with the
desired color balance and intensity (step 508).

Referring to FIG. 6, another method of controlling the light emitted by the LED
module 14 will be described. The method illustrated in FIG. 6 is similar to the method
illustrated in FIG. S, with the cxception that the color balance and light intensity is not
sclected based on a user input, but rather the input of onc or more specimen viewing
conditions (step 600). As previously discussed, the viewing conditions may include, for
example, the type of cells to be imaged, the type of stain(s) used, the ambient conditions
ol the room, and (he like. The light source control circuitry 16 then computes the desired
color balance (step 602) and computes the desired light intensity (step 604) based on the
viewing conditions. Based on the computed color balance and color intensity, the light
source control circuitry 16 computes the relative intensity of the LED color groups (step
606), generates drive signals having a characteristic that effects the computed relative
intensity for cach color grouping (step 608), and in responsc to the drive signals, the LED

module 14 emits light with the selected color balance and intensity (step 610).
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While the foregoing description has described separate methods for user control
and electronic control, it is contemplated that combinations of user control and electronic
control could be used. For example, default settings may be generated electronically, and
a uscr may alter the settings during imaging of the spceimen. As another cxample,
default settings may be selected by a user, and the settings may be altered electronically
based on detected conditions during viewing of the specimen. In addition, while the
methods described have computed a single duty cycle for a group of LEDs and constantly
provided a single drive signal to the LEDs, the drive signal could be altered during
viewing, based on user selections or detected conditions.

Furthcrmore, while the microscope has been deseribed as projecting an image to &
cytologist or other human operator, it is contemplated that magnified images of a
specimen could be transmitted to a camcra or other input device, and the images could be
analyzed via a computer and/or stored for later viewing by a cytologist. Tn such a system,
the color balance and/or intensity could be electronically computed based not only on
those conditions described above, but on other conditions as well. For example, the color
balance and/or intensity could be adjusted in order to facilitate data compression of the
stored images, in order to facilitate analysis by a computer program, or based on the type
of imaging system uscd (for cxample, ultraviolet light could be used in conjunction with

an ultraviolet camera and [ilm).

-14-
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Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise”, and variations such as "comprises”
or "comprising”, will be understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any other integer or step or

group of integers or steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that that prior publication
(or information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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The Claims defining the invention are as follows:

A method for viewing a biological specimen, comprising: illuminating the
biological specimen with a light source having light emitting diodes (LEDs)
arranged in a plurality of unique color groupings; generating a magnified image of
the illuminated biological specimen; receiving an input to effect a desired light
characteristic of light emitted by the light source; computing, by control circuitry, a
respective light intensity for each of the LED color groupings based on the input;
generating a plurality of drive signals, each of which has a drive signal
characteristic based on the computed light intensity for a corresponding one of the
LED color groupings; and supplying the plurality of LED color groupings with the
respective plurality of drive signals, wherein light intensities of the LED color

groupings are independently controlled to effect the desired light characteristic.

A method for viewing a biological specimen, comprising; illuminating the
biological specimen with a light source having light emitting diodes (LEDs);
generating a magnified image of the illuminated biological specimen; receiving an
input to effect a desired light characteristic of light emitted by the light source;
computing, by control circuitry, a respective light intensity for each of the LEDs
based on the input; generating one or more pulse width modulated drive signals,
each of which has a pulse width based on the computed light intensity for a
corresponding one of the LEDs; and supplying the LEDs with the one or more
pulse width modulated drive signals, wherein light intensities of the LEDs are

controlled to effect the desired light characteristic.

The methods of claims 1 and 2, wherein the LEDs comprise LED dies disposed on

a single substrate.

The methods of claims | and 2, wherein the desired light characteristic comprises a

color balance.

-15-
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The methods of claim 4, wherein the desired light characteristic further comprises a

light intensity.

The methods of claims 1 and 2, wherein the input is an automated input.

The methods of claims 1 and 2, wherein the input is based on a viewing condition

of the biological specimen.

The methods of claim 7, wherein the viewing condition is a type of stain used on

the biological specimen.

The method of claim 1, wherein the drive signal characteristic is an amplitude.

The method of claim 1, wherein the drive signal characteristic is a pulse width.

The method of claim 2, wherein the one or more pulse width modulated drive
signals comprises a plurality of pulse width modulated drive signals that are
respectively supplied to the LEDs, wherein the light intensities of the LEDs are

independently controlled to effect the desired light characteristic.

The method of claim 2, wherein the LEDs are arranged into a plurality of unique
color groupings, and the one or more pulse width modulated drive signals
comprises a plurality of pulse width modulated drive signals that are respectively
supplied to the plurality of LED color groupings, wherein light intensities of the
LED color groupings are independently controlled to effect the desired light

characteristic.

The method of claim 2, further comprising computing the pulse width for each

pulse width modulated drive signal.

- 16-
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15.

A system for viewing a biological specimen, comprising: a microscope configured
for generating a magnified image of the biological specimen; a light source
configured for illuminating the biological specimen, the light source having light
emitting diodes (LEDs) arranged in a plurality of unique color groupings; an input
device configured for receiving information to effect a desired characteristic of
light emitted by the light source; and control circuitry configured for supplying the
plurality of LED color groupings with a respective plurality of drive signals, each
of which has a characteristic based on the information received by the input device,
wherein light intensities of the LED color groupings are independently controlled

to effect the desired light characteristic.

A system for viewing a biological specimen, comprising: a microscope configured
for generating a magnified image of the biological specimen; a light source
configured for illuminating the biological specimen, the light source having light
emitting diodes (LEDs); an input device configured for dynamically receiving
information to effect a desired characteristic of light emitted by the light source;
and control circuitry configured for supplying the LEDs with one or more pulse
width modulated drive signals, each of which has a characteristic based on the
information received by the input device, wherein light intensities of the LEDs are

controlled to effect the desired light characteristic.

The systems of claims 14 and 15, wherein the LEDs comprise LED dies disposed

on a single substrate.

The systems of claims 14 and 15, wherein the desired light characteristic comprises

a color balance.

The systems of claim 17, wherein the desired light characteristic further comprises

a light intensity.

-17-
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20.

21.

22.

23.

24.

25.

26.

27.

The systems of claims 14 and 15, wherein the input device comprises a user input

device configured for selecting the desired light characteristic.

The systems of claims 14 and 15, further comprising a processor configured for

computing the desired light characteristic.

The systems of claim 20, wherein the processor is configured for computing the

desired light characteristic based on a viewing condition.

The systems of claim 21, wherein the viewing condition is a type of stain used on

the biological specimen.

The system of claim 14, wherein the drive signal characteristic is an amplitude.
The system of claim 14, wherein the drive signal characteristic is a pulse width.
The systems of claims 14 and 15, wherein the control circuitry includes a pulse
width modulation controller configured for generating pulse width modulated
control signals.

The systems of claim 25, wherein the control circuitry further includes drive
circuitry configured for supplying the drive signals to the LEDs, in response to the
control signals.

The system of claim 15, wherein the one or more pulse width modulated drive
signals comprises a plurality of pulse width modulated drive signals that are

respectively supplied to the LEDs, wherein the light intensities of the LEDs are

independently controlled to effect the desired light characteristic.

-18-
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28.  The system of claim 15, wherein the LEDs are arranged into a plurality of unique

24 Mar 2011

color groupings, and the one or more pulse width modulated drive signals
comprises a plurality of pulse width modulated drive signals that are respectively
supplied to the plurality of LED color groupings, wherein light intensities of the
LED color groupings are independently controlled to effect the desired light

characteristic.

29. A method for viewing a biological specimen substantially as hereinbefore

2006340771

|

|

|

\

\

\

described with reference to the drawings.

\

1 30. A system for viewing a biological specimen substantially as herein described with
i

reference to the drawings.
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