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(60) Provisional application No. 61/252,263, filed on Oct. bal?mce detector uses another one of'the split light signals as
16, 2009. an input, and converts a light signal, reflected off of a sub-

strate the sample is placed on, into an analog voltage signal.
The microprocessor processes the output of the balance

Publication Classification detector and position feedbacks from an adjustable micros-

(51) Int.CL copy stage to generate a command for moving the position of
G02B 21/06 (2006.01) the adjustable microscopy stage to achieve a desired focus.
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AUTOFOCUS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/252,263 filed on Oct. 16, 2009, the
contents of which are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention generally relates to a microscopy
apparatus, and more particularly to techniques for automati-
cally adjusting the position of a stage for attaining proper
focus.

BACKGROUND

[0003] Aswithall optical systems, microscopes suffer from
diminished depth of field as the magnification and the NA
(numerical aperture) of the imaging lens (objective)
increases. When using a microscope, the user is responsible
for attaining proper focus of the sample by moving the sample
relative to the objective. When microscopy is automated and
the user is no longer involved in looking at each image, a
method of auto focusing is required. In the related art, tech-
niques that achieve automatic focus by gauging the distance
between the front lens and the bottom of the container (e.g.,
slide, well plate, etc.) are described. Such techniques are
based on reflecting a beam of light off of the first surface and
measuring the reflection. The deficiency of such techniques,
however, is that if the container that the sample is on has an
inconsistent thickness, as in most plastics, then the resulting
image can be off in focus the amount of the deviation of the
substrate.

[0004] Cellular imaging relies on the growth of cells on the
bottom of a glass or plastic substrate. The cells grow parallel
to the surface and secrete proteins that cause them to adhere to
the substrate. In order to maintain the growth of the cells,
nutrient rich liquid medium is added to feed the cells and
maintain proper physiological conditions. In this scenario,
the surface of the plastic is covered in an aqueous solution,
which can be used to detect the position of the cells. The index
of refraction change between the plastic and the liquid can be
located using a low noise, high sensitivity reflected light
setup.

SUMMARY

[0005] Inanembodiment of the present invention, an auto-
focus microscope apparatus is provided. The apparatus
includes: a light source; a splitter for splitting a light beam
illuminated by the light source to a first portion of a light
signal and a second portion of a light signal; an fiber optic
circulator having a first port, second port and a third port;
wherein the light signal in the fiber optic circulator travels
only from the first port to the second port and from the second
port to the third port; wherein the fiber optic circulator
couples to the second portion of the light signal at the first
port; an optical collimator for directing a light output from the
second port of the fiber optic circulator onto a sample through
a Dichroic mirror and a microscope objective, wherein the
sample is placed on an adjustable microscopy stage; a balance
detector for converting a light signal, reflected off of a sub-
strate that the sample is placed on, into an analog voltage
signal, wherein the reflected light signal is captured by the
microscope objective and sent to the balance detector through
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the Dichroic mirror, the optical collimator, and into the sec-
ond port and out of the third port of the fiber optic circulator;
wherein the balance detector uses the first portion of the light
signal as an input; and a microprocessor for processing the
analog voltage signal from the balance detector.

[0006] In another embodiment of the present invention, an
autofocus microscope apparatus is provided. The apparatus
includes: a light source; an fiber optic circulator having a first
port, second port and a third port; wherein the light signal in
the fiber optic circulator travels only from the first port to the
second port and from the second port to the third port;
wherein the fiber optic circulator couples to a light signal
output of the light source at the first port; an optical collimator
for directing a light output from the second port of the fiber
optic circulator onto a sample through a Dichroic mirror and
a microscope objective, wherein the sample is placed on an
adjustable microscopy stage; a photodiode detector for con-
verting a light signal, reflected off of a substrate that the
sample is placed on, into an analog voltage signal, wherein
the reflected light signal is captured by the microscope objec-
tive and sent to the photodiode detector through the Dichroic
mirror, the optical collimator, and into the second port and out
of'the third port of the fiber optic circulator; and a micropro-
cessor for processing the analog voltage signal from the pho-
todiode detector.

[0007] Inyetanother embodiment of the present invention,
a method for operating a microscopy apparatus is provided.
The method includes the steps: illuminating a light beam to a
splitter for splitting the light beam into a first portion of a light
signal and a second portion of a light signal; inputting the first
portion of the light signal to a balance detector; coupling an
fiber optic circulator to the second portion of the light signal
at a first port, to an optical collimator at a second port, and to
a balance detector at the third port, wherein the light signal in
the fiber optic circulator travels only from the first port to the
second port and from the second port to the third port; direct-
ing a light beam from the second port of the fiber optic
circulator onto a sample by the light collimator through a
Dichroic mirror and a microscope objective, wherein the
sample is placed on an adjustable microscopy stage; captur-
ing the reflected light beam signal by the microscope objec-
tive and sending to the balance detector through the optical
collimator and into the second port and out of the third port of
the fiber optic circulator; converting the light signal reflected
off of a substrate that the sample is placed on, into an analog
voltage signal by the balance detector; and processing the
output of the balance detector.

[0008] The present invention may be realized as an autofo-
cus microscopy apparatus in one embodiment. The micropro-
cessor may generate a command for moving the position of
the adjustable microscopy stage to achieve a desired optical
focus, based on the output of the balance detector and position
feedbacks from the adjustable microscopy stage.

[0009] In another embodiment, the present invention may
be realized as a tracking device. The microprocessor may
continuously monitor the analog voltage signal and generate
a command in order to maintain a specific distance from the
sample, or wherein the microprocessor continuously moni-
tors the voltage signal and seeks to change the distance
between the sample and the microscope objective to maxi-
mize the voltage from the detector, or maintain the voltage at
a specified point.
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[0010] In another embodiment, the microprocessor may
determine the position of the sample based on the analog
voltage signal and position feedbacks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram of an autofocus apparatus
designed in accordance with an embodiment of the invention.
[0012] FIG. 2 is a diagram of an autofocus apparatus
designed in accordance with another embodiment of the
invention.

[0013] FIG. 3 is a plot of signal voltage as a function of
stage position.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] This disclosure describes the best mode or modes of
practicing the invention as presently contemplated. This
description is not intended to be understood in a limiting
sense, but provides an example of the invention presented
solely for illustrative purposes by reference to the accompa-
nying drawings to advise one of ordinary skill in the art of the
advantages and construction of the invention. In the various
views of the drawings, like reference characters designate like
orsimilar parts. Itis to be noted that all fiber optic systems can
be replaced with free space equivalents.

[0015] FIG. 1 shows an exemplary and non-limiting dia-
gram of an autofocus apparatus 100 designed in accordance
with an embodiment of the invention. The apparatus 100
includes at least a light source 110, a fiber optic splitter 120,
a balance detector 140, a fiber optic circulator 130, an optical
collimator 150, a microprocessor 180, and a controller 190.
The light source 110 could include, but not be limited to, a
laser diode, for example. Other light sources are contem-
plated.

[0016] Inaccordance with principles of the invention, light
illuminated by the light source 110 is fiber coupled or focused
into the fiber optic splitter 120 which directs a first portion
122 of the original light into one of the ports of the balance
detector 140. In one embodiment of the invention the wave-
length of the light source 110 is a 1310 nm. Other values are
contemplated. The fiber optic circulator 130 comprises a first
port (1), a second port (2) and a third port (3). The second
portion 124 output from the splitter 120 is fed into the first
port (1) of the fiber optic circulator 130. The second portion
124 is significantly greater than the first portion 122 (for
example, 99% versus 1%). The light travels in the circulator
130 and outputs at the second port (2), where the light signal
is collimated into a beam by the collimator 150. It should be
noted that a light signal can travel in the circulator 130 only
from the first port (1) to the second port (2) and to third port
3).

[0017] The beam reflects off of a Dichroic mirror 170,
which is designed to only reflect wavelengths above a pre-
defined wavelength and pass anything below. In an exemplary
embodiment the predefined wavelength is 1300 nm. The light
beam travels through the microscope objective 160 and is
focused on the sample 195 placed on an adjustable micros-
copy stage. The light reflects off of the plastic or glass sub-
strate that the sample 195 is placed on, is captured by the
objective 160, and then sent back into the fiber by the colli-
mator 150. If the sample 195 is not contained in a glass or
plastic substrate, the reflection can come from the sample 195
itself.

[0018] The light signal from the collimator 150 is input into
the circulator 130 at the second port (2) and is output at the
third port (3), as the light travels only in one direction through
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the circulator 130. The output from the circulator 130 is fed
into another one ofthe ports of the balance detector 140. In the
balance detector 140 circuitry the signal from the objective
160 is electronically divided by the signal from the first por-
tion 122 of'the original light provided by the splitter 120, thus
cancelling out any change in the light source intensity over
time. The balance detector 140 further converts the corrected
signal from the objective 160 into an analog voltage signal
that is then converted to a digital signal by the A/D converter
in the microprocessor 180.

[0019] The microprocessor 180, based on the value of the
digital signal and position feedbacks, moves the microscopy
stage along the Z axis by commanding the controller 190. As
shown in FIG. 1 for example, the sample 195 is placed on the
microscopy stage 198 having an adjustable position along the
Z-axis, thereby allowing adjustment of the separation
between the sample 195 and objective 160 to maintain focus.
The microprocessor 180 also records the voltage values mea-
sured by the balance detector 140 as well as the position of the
adjustable microscopy stage at different distances between
the sample 195 and the objective 160. The voltage signal
peaks are analyzed and then the microscopy stage 198 is
commanded to move, by the controller 190, to the position of
the voltage signal peak that best correlates to the desired
optical focus. FIG. 3 shows an example plot of the voltage
signal peaks against the position of the microscopy stage.
[0020] FIG. 2 shows an exemplary diagram of an autofocus
apparatus 200 implemented in accordance with another non-
limiting embodiment of the invention. In this embodiment the
apparatus 200 does not include a fiber optic splitter and a
simple photodiode detector 240 is used instead of a balance
detector. Light illuminated by the light source 110 is fiber
coupled or focused into the first port (1) of the fiber optic
circulator 130. The light travels in the circulator 130 and
outputs at the second port (2), where the light signal is
focused into a beam by the collimator 150. Light signal
obtained back from the collimator 150 is input into the circu-
lator 130 at the second port (2) and is output at the third port
(3). The output from the circulator 130 is fed into the photo-
diode detector 240. The photodiode detector 240 converts the
light signal into a voltage signal output. The implementation
illustrated in FIG. 2 is efficient when a time course of the
change in the light intensity is longer than the period of time
for the movement of the stage.

[0021] It should be appreciated by one of ordinary skill in
the art that the autofocus mechanisms illustrated in FIGS. 1
and 2 are designed as a low background high sensitivity
detector using a fiber optic circulator. The addition of the
circulator to the light path prevents the light that is being sent
from the laser to the sample from being visible to the detector.
This means of illumination reduces the background signal to
the detector, by the amount of blocking that the circulator
provides. In one embodiment the blocking is better than 45
db.

[0022] The autofocus system of the present invention is
particularly suited for high content screening and biological
imaging. In one embodiment, the autofocus could be used
with an automated fluorescence microplate imaging system
that is designed to enable investigators to develop cell-based
assays faster, at higher spatial resolution, and more economi-
cally than with current solutions. Some of the cell-based
assays that are supported include, but are not limited to,
nuclear-cytoplasmic translocation, plasma membrane trans-
location, protein expression, lipid droplet formation, DNA
content, cell toxicity, cell viability (apoptosis/necrosis) and
others.
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[0023] As shown in FIG. 1, position feedback is facilitated
using, in one embodiment, linear encoder scales embedded
within the stage construction. While linear encoder scales are
described herein, other positioning means are contemplated.
[0024] One non-limiting example is for microscopy where
the stage is used to either position any part of a microscope
with respect to a sample, or a sample with respect to a micro-
scope. One example of this application is shown in connec-
tion with FIGS. 1-2 herein. Another non-limiting example
includes machine vision inspection, or non contact-based
dimensional inspection. Other industries and applications are
contemplated.

[0025] It is contemplated that the position of the sample
may change over time. It may be desirable to keep track of the
position of the sample in order to maintain focus. In an
embodiment of the present invention, the system can be real-
ized as a tracking device. Using the principles of the present
invention, the tracking device can maintain a specific distance
between the device and the sample by tracking the signal
voltage and continuously adjusting the z-position. When the
position of the sample 195 changes, the reflected light signal
received by the balance detector 140 or the photodiode detec-
tor 240 changes. As a result, microprocessor 180 detects a
change in the voltage signal from the balance detector 140 or
the photodiode detector 240. Microprocessor 180 generates a
corresponding movement command in order to receive the
same voltage from the detector, and thus maintains the same
distance between the objective 160 and the sample 195.
[0026] The present invention can be used as a metrology
tool. Specifically, the invention provides a good non-contact
technique for measurement and distance gauging.

[0027] Inanother embodiment of the present invention, the
system can be realized as a distance measuring device. In this
case, there is no need to issue any movement command. The
reflected light signal received by the balance detector 140 or
the photodiode detector 240 is used to generate an analog
voltage signal. As shown in FIG. 3, the voltage depends on the
position of the stage. Microprocessor 180 analyzes the volt-
age signal and position feedbacks from the stage and thus
determines the position of the sample.

[0028] While the present invention has been described at
some length and with some particularity with respect to the
several described embodiments, it is not intended that it
should be limited to any such particulars or embodiments or
any particular embodiment, but it is to be construed with
references to the appended claims so as to provide the broad-
est possible interpretation of such claims in view of the prior
art and, therefore, to effectively encompass the intended
scope of the invention. Furthermore, the foregoing describes
the invention in terms of embodiments foreseen by the inven-
tor for which an enabling description was available, notwith-
standing that insubstantial modifications of the invention, not
presently foreseen, may nonetheless represent equivalents
thereto.

What is claimed is:

1. An autofocus apparatus, comprising:

a light source;

a splitter for splitting a light beam illuminated by the light
source to a first portion of a light signal and a second
portion of a light signal;

an fiber optic circulator having a first port, second port and
a third port; wherein the light signal in the fiber optic
circulator travels only from the first port to the second
port and from the second port to the third port; wherein
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the fiber optic circulator couples to the second portion of
the light signal at the first port;

an optical collimator for directing a light output from the
second port of the fiber optic circulator onto a sample
through a Dichroic mirror and a microscope objective,
wherein the separation between the sample and objec-
tive can be adjusted;

abalance detector for converting a light signal, reflected off
of a substrate that the sample is placed on, into an analog
voltage signal, wherein the reflected light signal is cap-
tured by the microscope objective and sent to the balance
detector through the Dichroic mirror, the optical colli-
mator, and into the second port and out of the third port
of the fiber optic circulator; wherein the balance detector
uses the first portion of the light signal as an input; and

a microprocessor for processing the analog voltage signal
from the balance detector.

2. The apparatus of claim 1, wherein the balance detector
divides the reflected light signal by the first portion of the light
signal, thereby cancelling out any change in the light source
intensity over time.

3. The apparatus of claim 1, wherein the fiber optic com-
ponents are replaced with free space equivalents.

4. The apparatus of claim 1, wherein the microprocessor
generates a command for moving the position of the adjust-
able microscopy stage to achieve a desired optical focus
based on voltage signal peaks measured by the balance detec-
tor and position feedbacks received from the adjustable
microscopy stage.

5. The apparatus of claim 1, wherein the microprocessor
continuously monitors the voltage signal and generates a
command for moving the position of the adjustable micros-
copy stage in order to maintain a specific distance between the
sample and the microscope objective.

6. The apparatus of claim 1, wherein the microprocessor
continuously monitors the voltage signal and seeks to change
the distance between the sample and the microscope objective
to maximize the voltage from the detector, or maintain the
voltage at a specified point.

7. The apparatus of claim 1, wherein the microprocessor
determines the position of the sample based on the analog
voltage signal from the balance detector and then controls the
position of the adjustable microscope stage to maintain focus.

8. An autofocus apparatus, comprising:

a light source;

an fiber optic circulator having a first port, second port and
a third port; wherein the light signal in the fiber optic
circulator travels only from the first port to the second
port and from the second port to the third port; wherein
the fiber optic circulator couples to a light signal output
of the light source at the first port;

an optical collimator for directing a light output from the
second port of the fiber optic circulator onto a sample
through a Dichroic mirror and a microscope objective,
wherein the sample is placed on an adjustable micros-
copy stage;

a photodiode detector for converting a light signal,
reflected off of a substrate that the sample is placed on,
into an analog voltage signal, wherein the reflected light
signal is captured by the microscope objective and sent
to the photodiode detector through the Dichroic mirror,
the optical collimator, and into the second port and out of
the third port of the fiber optic circulator; and
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a microprocessor for processing the analog voltage signal

from the photodiode detector.

9. The apparatus of claim 8, wherein a time course of the
change in the light intensity of the light source is longer than
the period of time for the movement of the adjustable micros-
copy stage.

10. The apparatus of claim 8, wherein the microprocessor
generates a command for moving the position of the adjust-
able microscopy stage to achieve a desired optical focus
based on voltage signal peaks measured by the photodiode
detector.

11. The apparatus of claim 8, wherein the microprocessor
continuously monitors the voltage signal and generates a
command for moving the position of the adjustable micros-
copy stage in order to maintain a specific distance between the
sample and the microscope objective.

12. The apparatus of claim 8, wherein the microprocessor
continuously monitors the voltage signal and generates a
command for moving the position of the objective in order to
maintain a specific distance between the sample and the
microscope objective.

13. The apparatus of claim 8, wherein the microprocessor
determines the position of the sample based on the analog
voltage signal from the photodiode detector and position
feedbacks received from the adjustable microscopy stage.

14. A method for automatically operating an autofocus
apparatus, the method comprising:

illuminating a light beam to a splitter for splitting the light

beam into a first portion of a light signal and a second
portion of a light signal;

inputting the first portion of the light signal to a balance

detector;

coupling an fiber optic circulator to the second portion of

the light signal at a first port, to an optical collimator at
a second port, and to a balance detector at the third port,
wherein the light signal in the fiber optic circulator trav-
els only from the first port to the second port and from
the second port to the third port;

directing a light beam from the second port of the fiber

optic circulator onto a sample by the light collimator
through a Dichroic mirror and a microscope objective,
wherein the sample is placed on an adjustable micros-
copy stage,

capturing the reflected light beam signal by the microscope

objective and sending to the balance detector through the
optical collimator and into the second port and out of the
third port of the fiber optic circulator;

converting the light signal reflected off of a substrate that

the sample is placed on, into an analog voltage signal by
the balance detector; and

processing the output of the balance detector, so as to allow

the desired separation between the sample and objective
to be maintained.
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15. The method of claim 14, further comprising dividing
the reflected light signal by the first portion of the light signal,
thereby cancelling out any change in the light source intensity
over time.
16. The method of claim 14, further comprising generating
a command for moving the position of the adjustable micros-
copy stage to achieve a desired optical focus based on voltage
signal peaks measured by the balance detector.
17. The method of claim 14, further comprising continu-
ously monitoring the voltage signal and generating a com-
mand for moving the position of the adjustable microscopy
stage in order to maintain a specific distance between the
sample and the microscope objective.
18. The method of claim 14, further comprising determin-
ing the position of the sample based on the analog voltage
signal from the balance detector and position feedbacks
received from the adjustable microscopy stage.
19. A method for automatically operating an autofocus
apparatus, the method comprising:
coupling an fiber optic circulator to a light signal output of
a light source at a first port, to an optical collimator at a
second port, and to a photodiode detector at the third
port, wherein the light signal in the fiber optic circulator
travels only from the first port to the second port and
from the second port to the third port;
directing a light beam from the second port of the fiber
optic circulator onto a sample by the light collimator
through a Dichroic mirror and a microscope objective,
wherein the sample is placed on an adjustable micros-
copy stage;
capturing the reflected light beam signal by the microscope
objective and sending to the photodiode detector
through the optical collimator and into the second port
and out of the third port of the fiber optic circulator;

converting the light signal reflected off of a substrate that
the sample is placed on, into an analog voltage signal by
the photodiode detector; and

processing the output of the photodiode detector.

20. The method of claim 19, wherein a time course of the
change in the light intensity of the light source is longer than
the period of time for the movement of the adjustable micros-
copy stage.

21. The method of claim 19, further comprising generating
a command for moving the position of the adjustable micros-
copy stage to achieve a desired optical focus based on voltage
signal peaks measured by the photodiode detector.

22. The method of claim 19, further comprising continu-
ously monitoring the voltage signal and generating a com-
mand for moving the position of the adjustable microscopy
stage in order to maintain a specific distance between the
sample and the microscope objective.

23. The method of claim 19, further comprising determin-
ing the position of the sample based on the analog voltage
signal from the photodiode detector.
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