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more selected wells.
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SYSTEM AND AUTO-ALIGNMENT METHOD FOR DETERMINING
POSITION USING A DISCRETE CONTACT PROBE

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/162,841, which was filed on March 24, 2009, by
Keith S. Ferrara ef al. fora SYSTEM AND AUTO-ALIGNMENT METHOD FOR
DETERMINING XYZ POSITION USING DISCRETE CONTACT PROBE.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to alignment systems and, more particularly, to

alignment systems that utilize electrical contact for precise alignment.

Background Information

Systems such as ditterential scanning calorimeters, or DSCs, for analyzing
properties of materials, including phase changes during heating or cooling, and so forth, are
complex, finely tuned instruments. The systems require precise movement of samples of the
materials for analysis into and out of sample and control furnaces that are each small numbers

of millimeters in diameter. The furnaces are sized to heat and cool rapidly, and thus, an
analysis of a number of samples can be done relatively quickly by transporting the samples
into and out of the respective furnaces. Typically, automated transport systems are used to

move the samples.

The samples are held 1n pans, and each furnace 1s contoured to include a well
that holds the sample pan during the analysis. Each pan, which is sized to fit within the
furnace well, 1s thus an even smaller number of millimeters in diameter. The pans are, 1n turn,

held in sample wells of a sample tray. The sample wells may, for example, be
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arranged 1n a grid such that the individual samples can be identified by their locations
within the grid. The automated transport system moves a designated sample, i.e., a
sample specified by its grid location, into the well of a designated furnace for analysis
and thereafter returns the sample to the appropriate sample well. The transport system of
interest includes a probe that regulates a vacuum to both pick up the sample pans from
and deposit the sample pans in the sample and furnace wells. The transport system must
operate with precision, to avoid damage to the sample pans, the furnaces and the probe
through unintended contact.

The analytic results may also be adversely affected if the sample pan is
imprecisely placed within a furnace well. If, for example, the sample pan is placed off-
center and, in particular, if the pan touches the wall of the furnace, the heating or cooling
may be affected. Indeed, certain samples may spill if the pans tip through contact with
the furnace walls as the pans are lowered into the furnace wells, and thus adversely affect
the analysis or even the operation of the furnace. Further, the pans may dent if they come
In contact with the walls of the furnaces during transport, and the dented pans may alter
the results of the analysis by, for example, creating relative hot or cold spots during
heating.

The damage to the pans and/or furnaces may thus compromise the analysis of
certain or all of the samples, requiring the repeating of the analysis with newly prepared
samples. Further, the system may have to be idled for repair to the furnaces, the probe
and/or other components of the transport system.

At start up and/or periodically the transport system must be aligned with the
sample wells and the wells in the furnaces. To align the probe with the center of, for
example, the well in one of the furnaces, known prior systems may require a skilled
technician to manually direct the probe to the appropriate center position “by eye.”
Alternatively, the systems may instead require the use of one or more strategically placed
optical sensors to align the probe with the center position, based on, for example,
retlections from the furnace well. Further, similar alignment is required with the sample
tray wells, and so forth. The overall alignment is complex and may require a service
engineer to periodically re-align system components to compensate for éhanges in the

system mechanics as a result of the maneuvering of the probe by the technician and/or
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changes 1n the operations of the transport system components, such as the sensors, over

time.

SUMMARY OF THE INVENTION

An autosampler system that includes automatic alignment sub-system aligns and
calibrates the movement of a probe, which is movable in three angular and/or linear
dimensions, with a target well by determining x, y and z axial dimensions of the target
well based on controlled contact between the probe and the target well. The system
maintains the probe at a low DC potential and the target well at ground potential. For
X,y,z alignment with the center of a target well, the probe is moved in a controlled
manner along the z axis and into electrical contact with the bottom, or floor, of the well,
with the contact being indicated by a change in potential at the probe. The probe position
at the point of contact is retained, and the probe is then moved above the floor a
predetermined distance, for example, one-half the predetermined depth of the well, to
determine the position of the center along the z axial dimension. From this position the
probe 1s moved in a controlled manner along, for example, the x axis in a positive
direction and into electrical contact with a wall of the target well, with the contact again
being indicated by a change in potential at the probe. The system then uses the probe
position at the point of contact as one end of the x axial dimension. The system moves
the probe in a negative direction along the same axis until the probe again comes into
contact with the target wall, to determine a second end of the x axial dimension. The
system determines the center of the x axial dimension as mid-way between the end
points. The system similarly determines the end points and center of the y axial
dimension and calculates the center location of the target as the coincidence of the centers
of the x, y and z axial dimensions. The system then calibrates the movement of the probe
based on the known geometry of the target well.

The system may determine the locations of the centers of associated wells that are
in a predetermined arrangement or spacing relative to the target well, based on the
alignment and calibration of the probe movement and the predetermined arrangement or

spacing of the associated wells relative to the target well.
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According to one aspect of the present invention, there 1s provided an automated

alignment system consisting of: one or more target wells held at a first potential; a probe
having a tip held at a second potential; one or more motors for moving the probe relative to the
target wells; and a controller contigured to: detect changes in potential at the probe, direct the
motors to move the probe to an estimated position in which the probe tip extends within a given
target well and move the probe along first and second axes to determine dimensions of the given
target well by determining first and second end points of the first and second axes as locations
at which the potential at the probe tip changes along the first and second axes, direct the motor
to move the probe along a third axis into electrical contact with a floor of the given target well
based on a change 1n potential at the probe tip, and calculate a center location of the given target
well as a coincidence of mid-points of the first, second, and third axes that are calculated based
on the first and second endpoints of the first and second axes, and a mid-point of the third axis
calculated based on a location of the floor of the given target well and a known depth of the

given target well.

According to another aspect of the present invention, there is provided an
automated alignment system for a differential scanning calorimetry system consisting of: a
plurality of wells held at a first potential; a probe having a tip held at a second potential; one or
more motors for moving the probe relative to the wells; and a controller configured to: detect
changes 1n potential at the probe, direct the motors to move the probe to an estimated position in
which the probe tip extends within a given well and move the probe along first and second axes
to determine dimensions of the given well by determining first and second end points of the first
and second axes as locations at which the potential at the probe tip changes along the first and
second axes, direct the motors to move the probe along a third axis into electrical contact with a
tfloor of the given well based on a change in potential at the probe tip, and calculate a center
location of the given well as a coincidence of mid-points of the first, second and third axes that
arc calculated based on the first and second endpoints of the first and second axes, and a mid-

point of the third axis calculated based on a location of the floor of the given well and a known

depth of the given well.
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According to still another aspect of the present invention, there 1s provided a
method of aligning a probe to wells comprising: holding the probe at one potential and holding
the wells at a different potential; moving the probe to an estimated center position above a
selected well; lowering the probe into the selected well; moving the probe in positive and
negative directions along first and second axial dimensions until changes in potential are
detected at the probe to indicate electrical contact between the probe and end points along the
first and second axial dimensions of the selected well; moving the probe along a third axial
dimension into electrical contact with a floor of the selected well based on a change in potential
at the probe; and calculating center location of the selected well as a coincidence of mid-points
of the first, second and third axial dimensions that are calculated based on the end points of the
first and second axial dimensions, and a mid-point of the third axial dimension based on a

location of the floor of the selected well and a known depth of the selected well.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:

Fig. 1 is an illustration of a DSC with an automatic alignment system constructed
in accordance with the invention;

Fig. 2 1s a more detailed view of the system of Fig. 1;

Fig. 3 1s a more detailed cross sectional view of the system of Fig. 2;

Fig. 4 1s a functional block diagram of the automatic alignment system of Fig. 1;

Fig. 5 1s a flow chart of an alignment operation, and

Fig. 6 is an illustration of the steps of the alignment operation of Fig. 5.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

Referring now to Figs. 1-4, an autosampler system 110 that includes an automatic
alignment sub-system is attached to and operates with a differential scanning calorimetry
(DSC) system 100. The autosampler system includes a probe 106 that transports a
sample from a designated sample well 208 of a sample tray 108 to one of the furnaces
220, and deposits the sample in the furnace, or more precisely within a well 222 that is
within the furnace.

The DSC system 100 heats the sample in the furnace well 222 and performs an
analysis, to determine a precise temperature and energy of a transition of interest in the
sample. The autosampler system 110 then returns the sample from the furnace well 222
to the appropriate sample well 208 after the analysis 1s completed. The autosampler
system similarly transports the remaining samples, which are included in an array 209, in
the example, a grid, of sample wells, to and from the wells of the respective furnaces for
analysis. The DSC system thus includes heaters and other components (not shown) that
are housed in a body 102 and operate 1n a known manner to heat the samples in the
furnaces and determine when and at what temperature and energy the transitions of
interest occur in the respective samples. As shown, the DSC system includes a latched

cover 120 that opens and closes such that the sample tray 108 can be inserted into or

removed from the system at appropriate times.



10

15

20

25

30

CA 02756147 2011-09-21

WO 2010/110872 S PCT/US2010/000857

The furnaces 220 typically have diameters of small numbers of millimeters, and
are contoured to include smaller diameter wells 222, in this example, approximately 8
millimeters, into which the sample pans are deposited. The samples for analysis are held
in the sample wells 208 in pans (not shown) that are sufficiently small to fit into the wells
222 of the furnaces 220. In the example, the pans have diameters ranging approximately
from 6.7 to 7.8 millimeters, and the sample wells of the sample tray are sized to hold the
pans. The pans are transported from the sample wells to the furnace wells by the probe
106, which 1s approximately 3 millimeters in diameter and utilizes a vacuum to lift and
carry the pans. The probe thus has a vacuum outlet (not shown). The autosampler
system 110 essentially turns off the vacuum at the probe once the pan is transported to
and placed within the furnace well, and the probe is withdrawn before the furnace is
operated to heat the sample. In the example, the system 110 operates a valve (not shown)
that controls the vacuum at the probe. The system generates the vacuum in a known
manner using, in the example, a pump (not shown).

The probe 106 is similarly utilized to place a lid (not shown) on the furnace well
222 after the sample pan 1s in place in the furnace well 222. The probe thus transports
the lid from a lid well 210 in the sample tray 108 to the furnace and deposits the lid to
enclose the sample pan within the furnace. Once the lid is in place on the furnace, the
system 110 moves the probe to a designated remote or “home” position while the analysis
1s performed. Thereafter, the system returns the probe to the furnace to transport the lid
and then the pan to their respective wells 210, 208 in the sample tray 108.

The movement of the probe 106 is precisely controlled by a plurality of stepper
motors 214, 216, 218, as discussed in more detail below. In the example, the stepper
motors are connected to antibacklash screws (not shown) that are mounted on linear
slides 234, 236 (z-axis slide is hidden from view in the drawing) over which the motors
move. The motors are attached to movable chassis 213, 215 and 219 that are, in turn,
attached to an arm 250 that moves in accordance with the movement of the chassis to
provide the linear motion to the probe. The antibacklash screws are included to ensure
that reversing the direction of the motor does not result in an error in alignment. Other
known motor designs that provide precise, calibrated linear or angular motion may also

be used, such as, for example, DC motors with encoders.
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As discussed above, it is critical that the autosampler system 110 move the
designated samples between the furnace wells 222 and the sample wells, all of which are
small numbers of millimeters in diameter, without damaging the sample pans, the
furnaces well 222 or the probe 106. As also discussed, the system must place lids that are
similarly small numbers of millimeters in diameter on the furnaces. To ensure the precise
movement of the particular sample pans and lids, the autosampler system determines the
dimensions of certain target wells, i.e., selected sample, lid and/or furnace wells 208, 210,
222, and calibrates the movements of the probe relative to the target wells. In addition,
the system calculates the x, y, z coordinates of the centers of the target wells, to align the
probe with the centers. The system also uses the alignment and calibration information
along with the geometry of, for example, the sample well array 209, to determine the
center locations of other wells that are in predetermined positions relative to the selected,
or target, wells for which the locations of the centers were calculated.

Betfore aligning the probe 106 with the centers of the lid, sample and furnace
wells 210, 208 and 222, the system determines a designated home position for the probe.
The system retains in a memory 406, or otherwise has available from another source such
as, for example, a database, predetermined lengths of travel along each of the three axes
of movement, namely, the x, y and z axes, for a given target area of interest. In the
example, the target area of interest is the sample tray and furnace area 211 of the DCS
100. The predetermined lengths, which in the example are in steps and/or portions
thereof, represent the distances from axial maximum positions to the home position. The
maximum positions are determined using limit sensors 224, 226, 228 that are positioned
near, or alternatively at, the ends of the respective slides over which the motors move.
The home position i1s the position from which the distances to the respective furnace
wells, sample wells and lid wells are determined.

To determine the home position, the autosampler system 110 first moves the
probe 106 to a nominal position relative to the target area 211. The nominal position may
be, for example, a previously calculated position or a stored predetermined position. The
movement of the probe 1s calibrated first along the z axis. This avoids damage to the
probe, sample wells 208, 11d wells 210 and/or furnace wells 222 should the probe be in a

position that is sufficiently low to result in unintended contact were the probe instead to
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move first along the x or y axes. For ease of explanation, we refer to movement along the
X, y and z axes as movement in positive and negative directions, which are stated as, for
example, +X and —X directions. The directions are toward or away from designated ends
of the respective slides and in the example the designated ends are the ends on which the
limit sensors 224, 226 and 228 are located.

The autosampler system 110 moves the probe 106 from the nominal position by
stepping the stepper motor 218 along the z axis in the +Z direction, which is up from the
target area, until the limit sensor 228 associated with the z axis trips. The limit sensor is
an optical sensor that consists of a sensor element 225 and a light source 227.
Accordingly, the stepper motor 218, operating under the control of a controller 402, steps
the probe in the +Z direction along the z axis until a flag 219, which is attached to the
chassis 215, moves between the light source 227 and the sensor element 225 and thus
blocks the light from reaching the sensor element.

The system then moves the probe in the —Z direction in “micro-steps,” that is, in
movements that are calibrated in relatively small numbers of degrees of rotation of the
assocliated screw, until the chassis 215 has just moved the motor 218 out of the sensor’s
range of detection and thus the flag 219 no longer blocks light from reaching the sensor
element. The system then sets the motor position as the maximum position or end of
travel along the z axis, and determines a “zero” position along the z axis by subtracting
the predetermined length of travel over the z-axis from the maximum position.

The autosampler system 110 repeats the same process for the x and y axes starting
with the probe 106 at the zero position of the z axis. The system thus moves or steps the
probe, for example, in the +X direction under the control of the x-axis stepper motor 214
up to the point of detection by the associated optical sensor 224. The system then steps
the motor in micro-steps in the —X direction just past the detection range of the sensor, to
determine a maximum point on the x axis, and subtracts the predetermined x-axis length
of travel from the maximum point to determine the zero point on the x axis. The system
next starts the probe at the zero positions of the x and z axes and moves the probe in the
+Y direction under the control of the y-axis stepper motor 216 up to the point of detection
of the associated optical sensor 226. The system then moves the probe in the —-Y

direction by stepping the motor in micro-steps to just past the detection range of the
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sensor, to determine a maximum point on the y axis, and calculates the zero point on the
y axis by subtracting the predetermined y-axis length of travel from the maximum point.
The system sets the home position as the coincidence of the zero positions along the
respective X, y and z axes.

Alternatively, the system may continue to move the probe a predetermined
number of steps or micro-steps in the positive directions past the tripping of the sensors
before moving the probe in the negative directions in micro-steps along the axes to
determine the maximum positions.

The autosampler system 110 next precisely aligns the movement of the probe 106
with the furnace wells 222, the sample wells 208 and lid wells 210, in order to control the
pick up and transfer of the samples and lids between the respective sample and lid wells
and the furnaces and furnace wells. The system automatically determines the dimensions
and center locations of the furnace, lid and sample wells through controlled contact
between the probe and the floor and walls of one or more selected, or target, furnace
wells, lid wells and/or sample wells, and the extrapolation of the measurements to
assoclated furnace, lid and/or sample wells based on the overall geometry of the target
area 211. In the example, the system determines the dimensions and center locations of
all of the furnace and lid wells, and particular sample wells, namely, the sample wells at
the corners T,- T4 of the gnd 209. The wells for which the dimensions are determined
through contact with the probe are sometimes referred to herein collectively as “target
wells.”

The probe 106 1s made of an electrically conductive material, and the autosampler
system 110 provides a small DC charge, in the example, 5 volts, to the probe 106. The
autosampler system also holds the furnace wells 222 and the sample tray 108, and thus,
the lid wells 210 and the sample wells 208 at ground potential. Physical contact between
the probe and any of the furnace, lid and sample well floors and walls results in electrical
contact of the probe to ground and produces a detectable change in pOténtial at the probe.
The autosampler system thus determines the dimensions of the target wells and calculates
the center location coordinates based on controlled contact between the probe and the

floors and walls of the respective target wells.



10

15

20

25

30

CA 02756147 2011-09-21

WO 2010/110872 9 PCT/US2010/000857

In the example, the system determines the dimensions and center locations of the
lid wells 210 first and then the sample wells 208 and finally the furnace wells 222. The
system further determines the z axis dimension, or height, of the top surface 109 of the
sample tray 108 and uses this information to determine a minimum distance to lower the
probe 106 into the sample and lid wells during alignment. This allows the system to
perform the alignment even when sample pans and lids are contained 1n the wells, since
the pans and lids will sit lower in the wells. Accordingly, the alignment can take place
after a fully prepared sample tray is loaded into the system.

Alternatively, the system could perform the calibration and alignment to the wells
in any order. Further, the system could determine the relative heights of the floors of the
l1d and sample wells in the same manner as is discussed below with reference to the
alignment and calibration to the furnace wells.

For alignment, and with reference also to Figs. 5 and 6A-H, the autosampler
system controller 402 directs the stepper motors 214 and 216 to move the probe 106 from
the calculated home position along x and y axes to a position above a flat section of the
top surtace 109 of the sample tray 108 that is adjacent to a selected lid well 210. The
controller then directs the z-axis stepper motor 218 to lower the probe, that is, move the
probe 1n the —Z direction, in micro-steps until the probe comes into electrical contact with
the top surface of the sample tray, which is at ground potential. The contact is indicated
by a drop 1n potential at the probe and is detected by a voltage detector 404 that operates
under the control of the controller. The system next sets a minimum distance that the
probe must move 1n the —Z direction from the zero z axis position to ensure that the probe
will contact the vertical wall of the selected lid well during the alignment operation. and
stores the position in the memory 406. The system then raises the probe 106 in the +Z
direction a predetermined number of steps or micro-steps above the surface of the sample
tray, that 1s, out of contact with the sample tray, and moves the probe to an estimated x,y
center position above the selected lid well. (step 502), Fig. 6A. The system may, for
example, raise the probe to the home z-axis position to move the probe to the estimated
position. The system then lowers the probe in the —Z direction by the set distance to

place the probe within the well (step 504).
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Next, the system moves the probe 106 slowly along the x axis in one direction, for
example, in micro-steps in the +X direction, until a drop in the potential at the probe is
detected by the voltage detector 404 (step 506), Fig. 6B. The system retains the probe
location, 1.e., the corresponding location of the x axis stepper motor 216, as one end of
the x axial dimension of the target well. The system 110 moves the probe 106 slowly, in
the example, in micro-steps, in the negative direction along the x axis, until a second
voltage drop is detected (step 508), Fig. 6C. The second voltage drop indicates that the
probe has again come into electrical contact with the wall of the target well, and the
system uses the location of the probe, i.e., the corresponding location of the x-axis
stepper motor, as a second end of the x axial dimension of the well. The system then
determines the center point of the x axis as midway between the two end locations (Step
>14), Fig. 6D. In the example, the autosampler system 110 counts the number of steps
and/or micro-steps utilized to move the probe from the first end to the second end of the
axial dimension and then divides the count by two, to calculate the axial center in
numbers of steps and/or micro-steps. '

The system next moves the probe to the center position of the x axis, and starts
the process of determining the center of the y axial dimension of the well (step 510). The
system utilizes the y-axis stepper motor 214 to step the probe 106 slowly along the y axis
In a given direction, for example, in micro-steps in the +Y direction, until a voltage drop
at the probe 1s detected by the voltage detector 404 to indicate that the probe has made
electrical contact with the well wall. (step 512), Fig. 6E. The system uses the location of
the probe, 1.e., the location of the motor, as one end of the y axial dimension of the well.
The stepper motor then moves the probe slowly, i.e., in micro-steps, in the -Y direction
until a second voltage drop is detected (step 514), Fig. 6F.

The system uses the probe location at the second voltage drop as a second end of
the y axial dimension of the well. The system then determines the center point of the y
axis as half-way between the two end locations, and the system moves the probe to the
center position (step 516), Fig. 6G. The system may thus count the number of steps
and/or micro-steps required to move the probe from the first end to the second end of the

y axial dimension, and divide the number of steps by two, to determine the center point of
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the y axial dimension of the well. The x,y center of the well is then the calculated centers
of the x and y axes, as indicated by Fig. 6H.

The autosampler system 110 may next verify that the indicated x, y location is the

10

15

20

25

30

center of the lid well 210 by stepping the probe 106 in micro-steps from the calculated
center position in one direction along one of the axes, in the example, the probe is
stepped along the x axis in the positive direction until a voltage drop is detected to
indicate contact with the well wall (step 518). Alternatively, the probe may be moved
along the y axis. When the voltage drop is detected, the system determines if the probe
traveled one-half of the earlier calculated distance, i.e., one-half the number of micro-
steps, of the x axial dimension. If so, the system verifies that the calculated x, y, z
location 1s the center of the furnace (step 520). The system may then “park” the probe in
the home position, to end the alignment process for the particular well (step 522). If the
calculated location is not the center, however, the system 110 may adjust the position of
the probe along the z axis, that is, up or down as appropriate, and repeat the process.
Otherwise, the system notifies a user that there may be problem with the furnace, such as,
for example, damage to the furnace well.

The system repeats the same process with respect to the remaining lid wells 210.
Thus, the system moves the probe 106 from the home position to a flat surface adjacent
to a given lid well and sets the associated z axis distance that the probe will be lowered
into the well during alignment and then moves the probe to an estimated center position
of the given well and determines the dimensions and centers along the x and y axes, and
verities that the indicated x, y locations are the centers of the respective lid wells, all
based on the electrical contact of the probe with the wall of the well to signify the ends of
the respective axial dimensions. Alternatively, the system may move the probe from the
calculated center of the first lid well 210 directly to an estimated x,y center position
above the second lid well, to start the alignment process at the second well. To do this,
the system first raises the probe to the home or zero position along the z axis and then
utilizes known or stored information about the spacings between the two lid wells to
determine the position to which to move the probe.

The system further determines the distance of the center of each lid well from the

zero or home position of the probe based on the movement of the probe from the home
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position during alignment, such that the system can then calibrate the movement of the
probe with the known underlying geometry of the target area 211.

The system 110 next determines the dimensions and locations of the centers of the
respective sample wells 208. To do this the system determines the dimensions and
calculates the center locations of a number of selected sample wells, and uses the
calculated information to determine the coordinates of the center locations of the
remaining wells based on the known relative spacing of the wells in the grid 209. The
selected sample wells, in the example, are located at the four corners T — T4 of the grid.
The system then determines skews along the rows and columns of the grid based on the
differences in the x and y coordinates of the center locations for the sample wells in the
same rows and columns, and applies the skews, to determine the precise locations of the
centers of the respective sample wells in the grid. In this way, the system compensates
for changes in the placement, that is, misalignment, of the sample tray 108.

The system uses stored sample tray information and the calibration information
from the lid well alignment to move the probe 106 from the calculated home position to a
flat surface area adjacent to a first selected sample well 208. In the example, the system
moves the probe proximate to the sample well on a first corner T, of the grid 209. The
system then determines the Z axis, or height, position of the top of the sample tray by
lowering the probe until a voltage drop is detected by the voltage detector 406. The
system retains the height information and uses the information to the minimum distance
the probe should be lowered in the —Z direction into the selected sample wells during
alignment to ensure that the probe will contact the walls or vertical surfaces of the wells
and avoid contact sample pans that may be contained in the wells.

The system next raises the probe 106 a predetermined number of steps from the
surface of the tray 108 and moves the probe by a predetermined x and/or y distance, to
position the probe over the selected corner sample well 208. The system then moves the
probe in the —Z direction by the set distance to bring the probe into the well. Next, the
system slowly steps the probe, €.g., in micro-steps, along a first axis in one direction, in
the example, along the x axis in the positive direction, until the probe comes into
electrical contact with the wall of the sample well. The system notes this location as one

end of the x axial dimension and determines the second end by stepping the probe across



10

15

20

25

30

CA 02756147 2011-09-21

WO 2010/110872 13 PCT/US2010/000857

the well in the —X direction until the probe again contacts the wall of the well. The
system next calculates the center of the x axis as one-half the number of steps and/or
micro-steps required to move the probe across the well. The system then starts the probe
at the center of the x axis and repeats the process along the y axis, to determine the x,y
center of the well. As discussed, the system may then verify the center location.

The system next moves the probe to each of the remaining corner sample wells,
1.e., at the corners T, through T4, and determines the dimensions and the locations of the
centers of the respective wells in the same manner. The system then translates the center
coordinates to distances from the home or zero positions of the x and y axes in the
manner discussed above with reference to the lid wells 210.

The system determines skew in the x and y directions over the grid 209 based on
the differences in the x and y coordinates of the centers of the selected sample wells 208
along rows and columns of the grid, respectively. For example, the system determines
the skew 1n the x axis based on the differences in the number of steps and/or micro-steps
that define the x-axis coordinates, or distances, of the center locations of sample wells at
the corners T and T, and/or T3 and T4. The system determines the skew in the y axis
based on the differences in the y coordinates, or distances, of the center locations of the
sample wells at the corners T and T3 and/or T, and T,.

Other sample wells, that is, wells in other locations in the grid, may be utilized in
addition to or instead of the corner wells to determine the x and y skew.

To move the probe, for example, to the center of a sample well of interest that is
proximate to one of the corner wells, the system uses the calculated center location of the
corner well, the predetermined spacing information for the sample wells, and the
calculated x and y skews to calculate the center location of the sample well of interest.

The autosampler system 110 performs a similar operation to determine the x,y,z
centers of the furnace wells 222. The system utilizes the calibration information to move
the probe to an estimated center position above a given furnace well. Before determining
the dimensions of the furnace well, however, the system lowers the probe, that is, moves
the probe in the —Z direction, by a predetermined number of steps or micro-steps into the
well looking for any obstructions, which may be, for example, a sample pan and/or lid

left therein. As described below, the system determines an obstruction by an increase in
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the back-pressure of the vacuum that occur at probe positions that differ from the
expected positions.

The system looks first for a lid and a second time for a sample pan by lowering
the probe 106 into the furnace well 222 by corresponding predetermined distances in the
—Z direction. If a lid and/or a sample pan is found the probe transports them to a waste
receptacle (not shown) next to the sample well tray 108. The system then determines the -
position of the floor of the furnace well by moving the probe in the —Z direction until the
voltage detector 406 detects a voltage drop at the probe. The system then moves the
probe a predetermined distance, which is one-half the known depth of the furnace well,
from the floor in the +Z direction to a center of the well along the z axis. The system also
determines the contact positions along‘the respective x and y axes, and so forth, to
determine the x and y axial dimensions of the furnace well, and calculates the center
positions along the x and y axes as discussed above. The system has thus determined the
locations of the lid, sample and furnace wells as distances from the probe home position,
and the system can then direct the probe to move the samples pans and lids between
designated wells without risk of damage to the samples, wells and/or the probe. The
controlled movement of the probe during alignment, through micro-steps of the stepper
motors, prevents the probe from damaging or being damaged by the respective wells. As
discussed, the probe need only be in electrical contact with the target wells, which means
that only slight physical contact is required.

Using the calculated center locations, the autosampler system 100 can also detect
obstacles and determine that particular samples are missing during the transport
operations. If, for example, the probe picks something up in fewer steps along a given
ax1s than expected, the system 110 signals the presence of an obstacle and, as discussed,
transports the obstacle to the waste receptacle. The autosampler system 110 may
similarly signal a missing sample pan or lid if the probe does not pick up something after
the probe i1s moved to the calculated center location of the associated well 208, 210, 222.

The system determines whether the probe has picked up a sample pan or a lid by
monitoring the back-pressure at the vacuum outlet. An increase in back-pressure, for
example, indicates the probe has picked up something. If the back-pressure at the

vacuum outlet does not increase at what should be the center location of a given furnace,
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lid or sample well, the system may, as appropriate, move the probe in any or all of the x,
y and z directions within the dimensions of the well in an attempt to pick up the
appropriate lid or sample pan, before signaling that the lid or sample pan is missing. If
the back-pressure at the vacuum outlet is less than expected after a pick up, it may
indicate that, for example, a lid is dented, and thus, not flat against the end of the vacuum
outlet. Accordingly, the system may signal to the operator that the selected lid requires
replacement. The vacuum back-pressure is similarly monitored to determine if a sample
or lid has been dropped, and the system signals the operator accordingly.

The system has been described by way of a particular example. However, the
autosampler system that includes the automatic alignment system may be used with other
Instrumentation requiring precise positioning of samples in target wells through
automatic or robotic movement. The sample, lid and/or furnace wells may be other
shapes than round, such as, for example, elliptical, or may be of any concave shape, with
the probe contacting different boundaries to determine dimensions in two or three linear
and/or angular axial directions, and the arrangement of the sample wells may be other
that a grid, for example, a circle, an ellipse and so forth. Further, the limit sensors may
be other than optical interruption sensors and may be, for example, conventional photo
detectors or other types of motion sensors, the stepper motors may instead be any
conventional motors for linear and/or angular movement that can be calibrated, as
mentioned, the motors may be DC motors with encoders. Further, the probe may be
grounded and the target wells held to a DC potential slightly above ground, or
alternatively, the probe and the target wells may be held at different relative potentials
without being grounded. In addition, if the autosampler system is newly connected to the
DSC the probe may be maneuvered by hand to place the probe in estimated positions
with respect to the furnaces for the first alignment operation, to avoid problems
assoclated with the mechanical tolerances of the system components. Once the system
calibrates to the DSC, however, the system can then automatically align the probe with

the remaining wells in the target area.

What is claimed 1s:
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CLAIMS:
1. An automated alignment system consisting of:

one or more target wells held at a first potential;

a probe having a tip held at a second potential;

one or more motors for moving the probe relative to the target wells; and
a controller configured to:

detect changes 1n potential at the probe,

direct the motors to move the probe to an estimated position in which the probe
tip extends within a given target well and move the probe along first and second axes to
determine dimensions of the given target well by determining first and second end points of
the first and second axes as locations at which the potential at the probe tip changes along the

first and second axes,

direct the motor to move the probe along a third axis into electrical contact

with a floor of the given target well based on a change 1n potential at the probe tip, and

calculate a center location of the given target well as a coincidence of mid-
points of the first, second, and third axes that are calculated based on the first and second
endpoints of the first and second axes, and a mid-point of the third axis calculated based on a

location of the floor of the given target well and a known depth of the given target well.
2. The system of claim 1 wherein the controller 1s further configured to:

direct the motors to move the probe along the first axis until a first change in
potential of the probe tip is detected, the controller using a position of the probe as a first end

point of the first axis,
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direct the motors to move the probe 1n a reverse direction over the first axis
until a second change 1n potential 1s detected, the controller using the position of the probe as
a second end point of the first axis, the controller calculating the center of the first axis as the

mid-point between the first end point and the second end point of the first axis,

direct the motors to move the probe to the calculated center of the first axis and
move the probe along the second axis until a first change in potential of the probe tip is

detected, the controller using the position of the probe as a first end point of the second axis,

direct the motors to move the probe in a reverse direction over the second axis
until a second change 1n potential of the probe tip is detected, the controller using the position

of the probe as a second end point of the second axis, and

calculate a two-dimensional center of the given target well as the mid-point

between the two ends points of the second axis.

3. The system of claim 2 wherein the controller further verifies the location of the
center by moving the probe from the center location along the first axis until the change in
potential 1s detected and checking 1t the probe has moved a distance that corresponds to the

calculated mid-point of the first axis.

4 The system ot claim 1 wherein the motors are stepper motors that move along

associated shdes 1in axial directions.

5. The system ot claim 4 turther including

a plurality of sensors, each of which is placed to detect a position of a given

one of the stepper motors proximate to an end of an associated slide, and

the controller turther configured to:
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direct the stepper motors to move in axial directions until the sensors detect
positions of the stepper motors at the ends of the slides to determine maximum positions along

the slides,

calculate zero positions along each axis by subtracting predetermined

maximum lengths from the maximum points, and

set a home position of the probe as a coincidence of the zero positions of the

axes, and

determine a distance of centers of the target wells relative to the home position.
6. The system of claim 1 further comprising:

additional wells that are spaced by predetermined distances from the target
wells, and

the controller further configured to direct the motors to move the probe to a
given additional well based on the calculated center locations of one or more target wells and

the predetermined distances.
7. The system of claim 6 wherein
the additional wells and the target wells are arranged in a grid, and

the controller 1s further configured to determine skew across rows and columns

ot the grid based on differences in axial coordinates of centers of the target wells.

8. The system of claim 1 wherein the dimensions are along linear axes, angular

axes or a combination of linear and angular axes.

9. An automated alignment system for a differential scanning calorimetry system

consisting of:

a plurality of wells held at a first potential;
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a probe having a tip held at a second potential;
one or more motors for moving the probe relative to the wells; and

a controller configured to:
detect changes 1n potential at the probe,

5 direct the motors to move the probe to an estimated position in which the probe
tip extends within a given well and move the probe along first and second axes to determine
dimensions of the given well by determining first and second end points of the first and

second axes as locations at which the potential at the probe tip changes along the first and

second axes,

10 direct the motors to move the probe along a third axis into electrical contact

with a floor of the given well based on a change in potential at the probe tip, and

calculate a center location of the given well as a coincidence of mid-points of
the first, second and third axes that are calculated based on the first and second endpoints of
the first and second axes, and a mid-point of the third axis calculated based on a location of

15  the floor of the given well and a known depth of the given well.
10. The system of claim 9 wherein
the wells are furnace wells that are within furnaces and sample wells,
that are arranged 1n a sample tray that 1s held at a low DC potential, and
the controller further configured to

20 direct the motors to move the probe to a position above a flat section of a top

surface of the sample tray adjacent to a given sample well and lower the probe to contact the

top surface,
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determines a relative height of the top surface based on the position of the
probe at contact and determines a minimum position for lowering the probe into the given

sample well during alignment as a predetermined distance below the relative height.
11. The system of claim 10 further including
5 lid wells 1n the sample tray, and

the controller further configured to determine a minimum distance to lower the

probe into a given hid well during alignment based on a relative height determined at a flat

surface adjacent to the given lid well.
12. The system of claim 11 wherein the controller is further configured to:

10 direct the motors to move the probe into an estimated position above a given
furnace well and lower the probe down into the furnace well along the third axis until the

change in potential at the probe 1s detected to indicate the floor of the furnace well,

determine a center position along the third axis based on the position of the

probe, and

15 calculate the center location of the furnace well at the mid-points of the first

and second axes and the center ot the third axis.
13. The system of claim 12 wherein the controller further configured to:

direct the motors to move the probe into one or more selected sample wells and
move the probe within respective sample wells along x and y axial dimensions until changes
20 1n the potential at the probe are detected to indicate the first and second axes of the sample

wells,

calculate center locations of the respective sample wells at the mid-points of

the first and second axes, and
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use the calculated center locations of the sample wells and the furnace well to
direct the motors to move the probe between the center of a given sample well to the center of

a given furnace well.

14. The system of claim 13 wherein the controller uses the calculated center

5 locations of the lid wells to direct the probe between the lid wells and the furnaces.
15. The system of claim 14 wherein
the probe includes a vacuum outlet,
the sample wells contain sample pans,
the lid wells contain lids, and
10 the controller further configured to:

direct the motors to move the probe to the calculated center location of a given

sample well and lower the probe a predetermined distance into the well,

control a vacuum that provides suction through the vacuum outlet to pick up

and carry the sample pan contained in the given sample well,

15 direct the motors to move the probe carrying the sample pan to the calculated

center location of a selected turnace well,
control the vacuum to release the sample pan, and
move the probe out of the furnace that includes the selected furnace well.

16. The system of claim 15 wherein the controller is further configured to:

20 direct the motors and vacuum to move the probe to a given lid well to pick up a
lid contained therein, transport the lid to the furnace that includes the selected furnace well,

and
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release the hid to cover the sample pan contained therein.
17. The system of claim 16 wherein the controller 1s further configured to:

direct the motors to move the probe to the center of the selected furnace well

and controls the vacuum to provide suction to pick up the lid,

5 direct the motors to move the probe to the center of the given lid well and

controls the vacuum to release the lid,

direct the motors to move the probe to the furnace that includes the selected

furnace well and controls the vacuum to provide suction to pick up the sample pan,
direct the motors to move the probe to the center of the given sample well and

10 control the vacuum to release the sample pan.

18. The system of claim 16 wherein the controller 1s further configured to
determine that the probe has encountered an obstacle 1f back-pressure at the vacuum outlet
indicates that the probe has picked up something before the probe has moved to a position in

which the probe 1s expected to pick up one of the sample pan and the lid.

15 109. The system of claim 18 wherein the controller is further contfigured to
determine that the probe has dropped the sample pan or the lid 1f the back-pressure at the

vacuum outlet decreases before the vacuum 1s controlled to release the sample pan or the lid.
20. A method of aligning a probe to wells comprising:

holding the probe at one potential and holding the wells at a different potential;

20 moving the probe to an estimated center position above a selected well;

lowering the probe into the selected well;
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moving the probe in positive and negative directions along first and second
axial dimensions until changes in potential are detected at the probe to indicate electrical
contact between the probe and end points along the first and second axial dimensions of the

selected well:

moving the probe along a third axial dimension into electrical contact with a

floor of the selected well based on a change in potential at the probe; and

calculating center location of the selected well as a coincidence of mid-points
of the first, second and third axial dimensions that are calculated based on the end points of
the first and second axial dimensions, and a mid-point of the third axial dimension based on a

location of the tloor of the selected well and a known depth of the selected well.

21. The method of claim 20 further including determining center locations for
other wells based on known spacing between wells and the calculated center location of the

selected well.
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