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1
POSITIONING APPARATUS AND GRIPPING
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional of U.S. application Ser.
No. 16/538,281, filed on Aug. 12, 2019 and titled POSI-
TIONING APPARATUS AND GRIPPING APPARATUS,
which claims the benefit of U.S. Application No. 62/718,
251, filed Aug. 13, 2018 and titled POSITIONING APPA-
RATUS AND GRIPPING APPARATUS. Both of these
applications are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

This disclosure relates to a gripping apparatus configured
to control a grip on and a motion of a stick and a positioning
apparatus in which the gripping apparatus can be used.

BACKGROUND

Probes can be used to research animal tissue, for example,
for neurophysiological research or for clinical diagnostic
uses in animals. For example, a movable single channel or
single electrode mechanism can record from a single loca-
tion (such as a visual cortex) in the brain of an animal.

SUMMARY

In some general aspects, a gripping apparatus includes: a
temperature adjusting device held in a substrate wherein the
substrate defines an open region; a phase change material
held within the open region and thermally coupled with the
temperature adjusting device such that a temperature change
in the temperature adjusting device causes a temperature
change in the phase change material; and a controller
connected to the temperature adjusting device and config-
ured to send a signal to the temperature adjusting device to
change its temperature and thereby change the temperature
of the phase change material that is thermally coupled with
the temperature adjusting device. When the phase change
material is at a temperature below a first transition tempera-
ture, the phase change material is in a solid state and the
phase change material is configured to grip a stick within the
phase change material. When the phase change material is at
a temperature above a second transition temperature, the
phase change material is in a liquid state and the phase
change material is configured to loosen its grip on the stick
such that the stick is capable of moving through the phase
change material.

Implementations can include one or more of the following
features. For example, the stick can extend through the
phase change material.

The phase change material can include one or more of:
wax; paraffin wax; and alkane hydrocarbon. The alkane
hydrocarbon can include one or more of: n-octacosane,
n-heptacosane, n-hexacosane, n-pentacosane, n-tetracosane,
n-docosane, n-tricosane, n-heneicosane, n-eicosane, n-nona-
decane, n-octadecane, n-heptadecane, n-hexadecane, n-pen-
tadecane, n-tetradecane, and n-tridecane. The phase change
material can be selected so that the transition between the
solid state and the liquid state at the first or second transition
temperature occurs at an operating temperature for the
gripping apparatus.
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The stick can be rigid enough to withstand motion
through the phase change material without fracturing or
bending or kinking.

The first transition temperature and the second transition
temperature can be at room temperature, at a temperature of
a living organism, at a temperature below room temperature,
or at a temperature above room temperature.

The stick can include one or more of: at least one
conductor; at least one measurement probe; at least one
capillary tube; at least one optical waveguide; and at least
one carbon fiber; and at least one sonic waveguide. The at
least one measurement probe can include an electrical
testing probe, a silicon probe, an electrical recording probe,
or an ultrasonic probe.

The substrate can generally be defined in an x-y plane,
and when the phase change material can be at a temperature
above the second transition temperature, the stick being
capable of moving through the phase change material along
a z axis that is perpendicular to the x-y plane.

A cross section of the stick taken along a plane can be a
circular shape, a polygonal shape, or an irregular asymmet-
ric shape.

The temperature adjusting device can include a resistive
conductive wire and the controller can include a power
source that supplies a current to the resistive conductive
wire, wherein the resistive conductive wire changes its
temperature as the current is changed. The temperature
adjusting device can include one or more of: a resistive
material deposited in the open region of the substrate; a chip
resistor adjacent to the open region of the substrate; a
wire-wound resistor in the open region of the substrate; and
a carbon paste coated in the open region of the substrate.

The substrate can include a printed circuit board.

The phase change material can be held within the open
region by way of capillary forces. The phase change material
can remain within the open region even if it is in the liquid
state.

The first transition temperature can be equal to the second
transition temperature.

In other general aspects, a positioning apparatus includes:
an actuator drive movable along an axial direction; a first
gripping apparatus fixed to the actuator drive, the first
gripping apparatus including a first phase change material
that is configured to receive a first region of a stick; a second
gripping apparatus fixed to the actuator drive, the second
gripping apparatus including a second phase change material
that is aligned along an axial direction with the first phase
change material and that is configured to receive a second
region of the stick; and a controller connected to the first
gripping apparatus, the second gripping apparatus, and to the
actuator drive. The controller is configured to provide one or
more signals to the actuator drive, the first gripping appa-
ratus, and the second gripping apparatus. The one or more
signals provided to the first gripping apparatus control a
phase of the first phase change material and the one or more
signals provided to the second gripping apparatus control a
phase of the second phase change material. A position of the
stick along the axial direction is adjusted or held constant
depending on the one or more signals provided to the
actuator drive, the first gripping apparatus, and the second
gripping apparatus.

Implementations can include one or more of the following
features. For example, the actuator drive can have a first end
and a second end. The first and second ends can be movable
relative to each other. The first gripping apparatus can be
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fixed to the first end of the actuator drive. The second
gripping apparatus can be fixed to the second end of the
actuator drive.

The actuator drive can include one or more of: a turnable
screw configured to turn about the axial direction to thereby
translate the second end relative to the first end along the
axial direction; a stepper motor configured to move the
second end relative to the first end along the axial direction;
a shape memory alloy configured to expand or contract to
thereby adjust a relative position between the first end and
the second end; and a piezoelectric actuator configured to
move the second end relative to the first end along the axial
direction.

The first end of the actuator drive can be fixed and the
second end of the actuator drive can be movable relative to
the first end of the actuator drive.

The actuator drive can be movable along only the axial
direction under control of the controller. The first gripping
apparatus can further include: a first temperature adjusting
device held in a first rigid substrate, the first rigid substrate
defining a first open region and being fixed to the actuator
drive to thereby fix the first gripping apparatus to the
actuator drive. The first phase change material can be held
within the first open region and can be thermally coupled
with the first temperature adjusting device such that a
temperature change in the first temperature adjusting device
causes a temperature change in the first phase change
material. The controller can be connected to the first tem-
perature adjusting device of the first gripping apparatus such
that the provision of the signal to the first gripping apparatus
controls a temperature of the first temperature adjusting
device to thereby control a temperature of the first phase
change material. The second gripping apparatus can further
include: a second temperature adjusting device held in a
second rigid substrate, the second rigid substrate defining a
second open region and being fixed to the actuator drive to
thereby fix the second gripping apparatus to the actuator
drive. The second phase change material can be held within
the second open region and can be thermally coupled with
the second temperature adjusting device such that a tem-
perature change in the second temperature adjusting device
causes a temperature change in the second phase change
material. The controller can be connected to the second
temperature adjusting device of the second gripping appa-
ratus such that the provision of the signal to the second
gripping apparatus controls a temperature of the second
temperature adjusting device to thereby control a tempera-
ture of the second phase change material.

The controller can include: a first control module con-
nected to the first gripping apparatus; a second control
module connected to the second gripping apparatus; and an
actuator module connected to the actuator drive. The first
control module can control a phase of the first phase change
material, the first phase change material being either in a
solid phase state in which the first phase change material
grips the stick or a liquid phase state in which the first phase
change material loosens its grip on the stick such that the
stick is capable of moving through the first phase change
material along the axial direction. The second control mod-
ule can control a phase of the second phase change material,
wherein the second phase change material is either in a solid
phase state in which the second phase change material grips
the stick or a liquid phase state in which the second phase
change material loosens its grip on the stick such that the
stick is capable of moving through the second phase change
material along the axial direction. The actuator module can
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control the relative position between a first end of the
actuator drive and a second end of the actuator drive along
the axial direction.

The actuator module can provide a temporally-varying
signal to the actuator drive; and a position of the stick along
the axial direction can be adjusted by adjusting the one or
more signals provided to the first gripping apparatus and to
the second gripping apparatus. The position of the stick
along the axial direction can be adjusted without adjusting a
signal provided to the actuator drive.

The controller can further include a master control mod-
ule connected to the first control module, the second control
module, and the actuator module. The master control mod-
ule can control the signals provided to each of the first
control module, the second control module, and the actuator
module.

The second gripping apparatus can be thermally indepen-
dent of the first gripping apparatus.

In other general aspects, a positioning apparatus includes:
a single actuator drive movable along an axial direction; a
plurality of axial holders, each axial holder configured to
receive a stick and each axial holder being fixed to the single
actuator drive; and a controller in communication with the
single actuator drive and with the plurality of axial holders.
The controller is configured to: provide an actuation signal
to the single actuator drive; and provide at least one inde-
pendent signal to each of the axial holders. The position of
each stick is independently adjustable along the axial direc-
tion by the adjustment of the provided at least one indepen-
dent signal to each of the axial holders without adjusting the
provided actuation signal to the single actuator drive.

Implementations can include one or more of the following
features. The single actuator drive can include a first end and
a second end; and the first and second ends can be movable
relative to each other along the axial direction. Each axial
holder can include a first gripping apparatus fixed to the first
end of the single actuator drive and a second gripping
apparatus fixed to the second end of the single actuator
drive. The second gripping apparatus can be aligned along
an axial direction with the first gripping apparatus. For each
axial holder: the first gripping apparatus can be configured
to receive a first region of the stick that is received in that
axial holder and the second gripping apparatus can be
configured to receive a second region of the stick that is
received in that axial holder. For each axial holder: the first
gripping apparatus can include a phase change material that
is configured to receive the first region of the stick that is
received in that axial holder; and the second gripping
apparatus can include a phase change material that is con-
figured to receive the second region of the stick that is
received in that axial holder.

The actuation signal can be provided to the single actuator
drive by providing a temporally-varying signal to the single
actuator drive, the temporally-varying signal controlling an
axial position associated with the single actuator drive.

Each axial holder can be configured to interact with at
least two interaction regions of its associated stick. At each
interaction region, the stick can be received in a gripping
apparatus. At least one independent signal can be provided
to each of the axial holders by providing an independent
signal to each gripping apparatus in each axial holder. Each
gripping apparatus can include a temperature adjusting
device; and a phase change material thermally coupled with
the temperature adjusting device such that a temperature
change in the temperature adjusting device causes a tem-
perature change in the phase change material. The indepen-
dent signal can be provided to a gripping apparatus by
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providing an independent signal to the temperature adjusting
device, and the state of the phase change material can be
selected by adjustment of the provided independent signal to
the temperature adjusting device thermally coupled with the
phase change material.

In other general aspects, a method includes: providing a
single actuation signal to a single actuator drive, wherein the
single actuation signal controls a movement of the single
actuator drive along an axial direction; providing an inde-
pendent signal to each axial holder of a plurality of axial
holders, wherein each axial holder receives a stick and each
axial holder is fixed to the single actuator drive; and inde-
pendently adjusting a position of a stick along the axial
direction by adjusting the provided independent signal to the
axial holder that receives that stick and without adjusting the
provided actuation signal to the single actuator drive.

Implementations can include one or more of the following
features. For example, the single actuation signal can be
provided to the single actuator drive by controlling a relative
movement between a first end of the single actuator drive
and a second end of the single actuator drive along the axial
direction. The single actuation signal can be provided to the
single actuator drive by providing a temporally-varying
signal to the single actuator drive, the temporally-varying
signal controlling an axial position associated with the single
actuator drive.

An independent signal can be provided to an axial holder
by providing an independent signal to a gripping apparatus
in that axial holder. The independent signal can be provided
to a gripping apparatus by providing an independent signal
to a temperature adjusting device of the gripping apparatus.
The method can further include selecting a state of a phase
change material thermally coupled to the temperature adjust-
ing device by adjusting the provided independent signal to
the temperature adjusting device thermally coupled with that
phase change material.

In some general aspects, a method includes providing a
single actuation signal to a single actuator drive, wherein the
single actuation signal controls a movement of the single
actuator drive along an axial direction; providing an inde-
pendent signal to each axial holder of a plurality of axial
holders, wherein each axial holder receives a stick and each
axial holder is fixed to the single actuator drive; and inde-
pendently adjusting a position of a stick along the axial
direction by adjusting the provided independent signal to the
axial holder that receives that stick and without adjusting the
provided actuation signal to the single actuator drive.

The single actuation signal can be provided to the single
actuator drive by controlling a relative movement between a
first end of the single actuator drive and a second end of the
single actuator drive along the axial direction. The single
actuation signal can be provided to the single actuator drive
by providing a temporally-varying signal to the single
actuator drive, the temporally-varying signal controlling an
axial position associated with the single actuator drive.

An independent signal can be provided to an axial holder
by providing an independent signal to a gripping apparatus
of that axial holder. The independent signal can be provided
to a gripping apparatus by providing an independent signal
to a temperature adjusting device of the gripping apparatus.
Moreover, the method can include selecting a state of a
phase change material thermally coupled to the temperature
adjusting device by adjusting the provided independent
signal to the temperature adjusting device thermally coupled
with that phase change material.
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6
DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic perspective view of a gripping
apparatus configured to control a grip on and a motion of a
stick;

FIG. 2A is a side cross-sectional view of an implemen-
tation of the gripping apparatus of FIG. 1, in which the stick
is gripped;

FIG. 2B is a top cross-sectional view of the implemen-
tation of the gripping apparatus of FIG. 1, in which the stick
is gripped;

FIG. 3A is a side cross-sectional view of an implemen-
tation of the gripping apparatus of FIG. 1, in which the stick
is released;

FIG. 3B is a top cross-sectional view of the implemen-
tation of the gripping apparatus of FIG. 1, in which the stick
is released;

FIG. 4Ais a side cross-sectional view and FIG. 4B is a top
cross-sectional view of an implementation of a temperature
adjusting device of a gripping apparatus;

FIG. 5Ais a side cross-sectional view and FIG. 5B is a top
cross-sectional view of an implementation of a temperature
adjusting device of a gripping apparatus;

FIG. 6 Ais a side cross-sectional view and FIG. 6B is a top
cross-sectional view of an implementation of a temperature
adjusting device of a gripping apparatus;

FIGS. 7A-7E show side cross-sectional view of an imple-
mentation of steps of a procedure for manufacturing a
gripping apparatus such as the gripping apparatus of FIG. 1;

FIG. 8 is a schematic perspective view of a positioning
apparatus including the gripping apparatus of FIG. 1 and
configured to control a grip on and a motion of a stick;

FIG. 9 is a block diagram of an implementation of a
controller of the positioning apparatus of FIG. 8;

FIG. 10A shows side cross-sectional views of the posi-
tioning apparatus of FIG. 8 at distinct times in an exemplary
signal cycle during which aspects of the positioning appa-
ratus are adjusted to thereby affect a movement of a stick
along a -z direction of a z axis;

FIG. 10B shows a timing diagram of three signal ampli-
tudes versus time that correlates with each of the times
depicted in FIG. 10A;

FIG. 11A shows side cross-sectional views of the posi-
tioning apparatus of FIG. 8 at distinct times in an exemplary
signal cycle during which aspects of the positioning appa-
ratus are adjusted to thereby affect a movement of a stick
along a +z direction of a z axis;

FIG. 11B shows a timing diagram of three signal ampli-
tudes versus time that correlates with each of the times
depicted in FIG. 11A;

FIG. 12A shows side cross-sectional views of the posi-
tioning apparatus of FIG. 8 at distinct times in an exemplary
signal cycle during which aspects of the positioning appa-
ratus are adjusted but a stick remains stationary;

FIG. 12B shows a timing diagram of three signal ampli-
tudes versus time that correlates with each of the times
depicted in FIG. 12A;

FIG. 13 is a block diagram of an implementation of a
positioning apparatus designed to independently translate
each of a plurality of sticks along an axial direction of that
stick using an actuator drive;

FIG. 14 is a perspective view of an implementation of the
positioning apparatus of FIG. 13;

FIG. 15 is a partial side cross-sectional view of the
implementation of the positioning apparatus of FIG. 14;
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FIGS. 16A-16E a block diagrams, each showing an
implementation of a configuration of sticks in the position-
ing apparatus of FIG. 13;

FIGS. 17A-17D show top plan views of an implementa-
tion of a positioning apparatus such as the positioning
apparatus shown in FIGS. 13-15, with steps in manufactur-
ing depicted;

FIGS. 18A, 18B, and 18D show perspective views of an
implementation of a positioning apparatus such as the posi-
tioning apparatus of FIGS. 13-15;

FIGS. 18C and 18E show an implementation of the sticks
of the positioning apparatus of FIGS. 13-15;

FIG. 19A shows a schematic representation of an imple-
mentation of a positioning apparatus of FIGS. 13-15; and

FIG. 19B shows a close-up view of an area of a substrate
of the positioning apparatus of FIG. 19A in which each
temperature adjusting device is a chip resistor.

DETAILED DESCRIPTION

Referring to FIG. 1, a gripping apparatus 100 is designed
to control a grip on and also a motion of a stick 105. The
sizes and geometry of features and elements in FIG. 1 are
exaggerated to show details. The stick 105 can be any
structure, device, or apparatus that generally extends along
an axial direction 110. The stick 105 can be a solid structure
or a hollow structure or a more complex structure made up
of more than one material or region. In some implementa-
tions, the stick 105 can be used to measure one or more
properties of some other element. In other implementations,
the stick 105 can be used as an actuator to effect or modify
one or more characteristics of another element. For example,
the stick 105 can include an electrical conductor (such as a
cable or wire); a measurement probe; a capillary tube; an
optical waveguide; an optical fiber; a carbon fiber or fila-
ment; or a sonic waveguide. If the stick 105 is a measure-
ment probe, then it could include an electrical testing probe,
a silicon probe, an electrical recording probe, or an ultra-
sonic probe.

The stick 105 can be made of any material that is capable
of withstanding motion without fracturing or bending or
kinking. Thus, the stick 105 has a level of rigidity that
enables it to be gripped as well as released and moved. A
cross section of the stick 105 taken along a plane that is
perpendicular to the axial direction 110 can have any geo-
metric shape and it may or may not have symmetry. For
example, the cross section can be a circular shape, a polygo-
nal shape, an oval shape, or an irregular asymmetric shape.

The gripping apparatus 100 includes a temperature adjust-
ing device 115 held or fixed in a substrate 120, and a phase
change material 125. The substrate 120 defines an open
region 122 that is large enough to accommodate the phase
change material 125 as well as the stick 105 and any other
components that may be used during assembly or manufac-
turing. The phase change material 125 is thermally coupled
to the temperature adjusting device 115. This means that a
temperature change in the temperature adjusting device 115
causes a temperature change in the phase change material
125. The stick 105 extends through the phase change mate-
rial 125.

The gripping apparatus 100 also includes a controller 130.
The controller 130 is connected to the temperature adjusting
device 115 and is configured to send a signal to the tem-
perature adjusting device 115 to change its temperature. The
change in temperature affected at the temperature adjusting
device 115 causes the temperature of the phase change
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material 125 that is thermally coupled with the temperature
adjusting device 115 to change as well.

The phase change material 125 is a material that is able to
transition between two distinct phases of matter as a result
of a change in temperature. For example, the phase change
material 125 can transition between a solid state and a liquid
state. In some implementations, the phase change material
125 includes wax; paraffin wax; or alkane hydrocarbon. The
alkane hydrocarbon can be any one or more of: n-octa-
cosane, n-heptacosane, n-hexacosane, n-pentacosane, n-tet-
racosane, n-docosane, n-tricosane, n-heneicosane, n-ei-
cosane, n-nonadecane, n-octadecane, n-heptadecane,
n-hexadecane, n-pentadecane, n-tetradecane, and n-tride-
cane.

When in a liquid state, the phase change material 125 is
held within the open region 122 by way of capillary action
(and without the assistance of or in opposition to other
external forces such as gravity). This happens because the
adhesive forces, that is, the intermolecular attractive forces
between the phase change material 125 and the solid sur-
rounding surface of one or more of the temperature adjusting
device 115 and the substrate 120, are stronger than the
cohesive forces within the phase change material 125. If the
size of the open region 122 (for example, a diameter taken
in the plane perpendicular to the axial direction 110) is
sufficiently small, then the combination of surface tension
(which is caused by cohesion within the liquid) and adhesive
forces act together to keep the phase change material 125 in
the open region 122. In this way, the phase change material
125 remains within the open region 122 even if it is in the
liquid state. The amount of phase change material 125 that
is held within the open region 122 can be adjusted during
assembly so that any expansion of the phase change material
125 during changes in phase is maintained within the open
region 122. Thus, even if the phase change material 125
expands with a change in temperature, it can still remain
contained in the open region 122. Additionally, in some
implementations, the material of the phase change material
125 is not chemically reactive or attracted to the material of
the stick 105.

The substrate 120 is generally defined in a plane that is
perpendicular to the axial direction 110. For example, if the
axial direction 110 is defined as the z axis, then the substrate
120 extends along the x-y plane. The substrate 120 also has
a thickness along the z axis. In some implementations, the
substrate 120 includes a printed circuit board. In such
implementations, as discussed below, the communication
channel (which can be an electrical connection) between the
temperature adjusting device 115 and the controller 130 can
be formed in the printed circuit board.

The controller 130 can include one or more of digital
electronic circuitry, computer hardware, firmware, software,
and a power supply. The controller 130 includes memory,
which can be read-only memory and/or random-access
memory. Storage devices suitable for tangibly embodying
computer program instructions and data include all forms of
non-volatile memory, including, by way of example, semi-
conductor memory devices, such as EPROM, EEPROM,
and flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks; and
CD-ROM disks. The controller 130 can also include one or
more input devices (such as a keyboard, touch screen,
microphone, mouse, hand-held input device, etc.) and one or
more output devices (such as a speaker or a monitor).

The controller 130 includes one or more programmable
processors, and one or more computer program products
tangibly embodied in a machine-readable storage device for
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execution by a programmable processor. The one or more
programmable processors can each execute a program of
instructions to perform desired functions by operating on
input data and generating appropriate output. Generally, the
processor receives instructions and data from memory. Any
of the foregoing may be supplemented by, or incorporated
in, specially designed ASICs (application-specific integrated
circuits). The controller 130 includes at least one module
that includes a set of computer program products executed
by one or more processors such as the processors. Moreover,
the module can access data stored within the memory. The
module can be in communication with a dedicated other
component of the gripping apparatus 100 (for example, the
temperature adjusting device 115).

Although the controller 130 is represented as a box (in
which all of its components can be co-located), it is possible
for the controller 130 to be made up of components that are
physically remote from each other. In general, the controller
130 can perform functions not discussed herein.

The change of phase in the phase change material 125 is
discussed with reference to FIGS. 2A-3B. In FIGS. 2A and
2B, the stick 105 is gripped, which means that it is fixed
relative to the gripping apparatus 100 and is therefore
prevented from moving relative to the gripping apparatus
100. By contrast, in FIGS. 3A and 3B, the stick 105 is
released, which means that the stick 105 is capable of
moving relative to the gripping apparatus 100. For example,
the stick 105 is capable of moving along the axial direction
110.

When the phase change material 125 is at a temperature
below a first transition temperature T1 (FIGS. 2A and 2B),
the phase change material 125 is in a solid state. In this state,
the phase change material 125 grips the stick 105 that is
within the phase change material 125. The first transition
temperature T1 is defined as that temperature at which the
phase change material 125 is fully in the solid state after
previously being in the liquid state.

When the phase change material 125 is at a temperature
above a second transition temperature T2 (FIGS. 3A and
3B), the phase change material 125 is in a liquid state. In this
state, the phase change material 125 loosens its grip on the
stick 105 such that the stick 105 is capable of moving
through the phase change material 125. The second transi-
tion temperature T2 is defined as that temperature at which
the phase change material 125 is fully in the liquid state after
previously being in the solid state.

Moreover, the transition between the solid state and the
liquid state at the first transition temperature T1 or the
second transition temperature T2 occurs at an operating
temperature suitable for the gripping apparatus 100.

When the phase change material 125 is at a temperature
above the second transition temperature T2, the stick 105 is
capable of moving through the phase change material 125
along the z axis that is perpendicular to the x-y plane.

In some implementations, depending on the application of
the stick 105, the first transition temperature T1 and the
second transition temperature T2 can be at or near room
temperature (for example, 20-25° C.). In other implemen-
tations, the first transition temperature T1 and the second
transition temperature T2 can be at or near at a temperature
of a living organism (for example, 36-43° C.). In other
implementations, the first transition temperature T1 and the
second transition temperature T2 can be below room tem-
perature, or above room temperature.

The first transition temperature T1 can be equal to the
second transition temperature T2. However, because of
hysteresis, it is possible and likely that the transition tem-
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peratures T1 and T2 are not equal. The actual transition
temperatures T1 and T2 depends on the previous state of the
gripping apparatus 100. For example, the first transition
temperature T1 is less than the second transition temperature
T2. Additionally, as discussed above, the first transition
temperature T1 is defined as that temperature at which the
phase change material 125 is fully in the solid state after
previously being in the liquid state. It is possible that the
phase change material 125 remains in a fully solid state at a
temperature above the first transition temperature T1 if the
phase change material 125 is transitioning from a fully solid
state to a liquid state. Similarly, it is possible that the phase
change material 125 remains in a fully liquid state at a
temperature below the second transition temperature T2 if
the phase change material 125 is transitioning from a fully
liquid state to a solid state.

Additionally, there may exist intermediate phases within
the range of temperatures between the first transition tem-
perature T1 and the second transition temperature T2 for
some phase change materials 125.

The temperature adjusting device 115 is a device that is
configured to change its temperature and enable heat transfer
between the temperature adjusting device 115 and the phase
change material 125. Moreover, the temperature adjusting
device 115 is configured to be held in place in the substrate
120. In some implementations, the temperature of the tem-
perature adjusting device 115 is modified or changed by a
change in current that is applied to the temperature adjusting
device 115. Thus, the temperature adjusting device 115 can
include an element that is able to conduct current but has a
high enough resistance to enable its temperature to change
by a suitable amount with a change in current.

Referring to FIGS. 4A-6B, various implementations of
the temperature adjusting device 115 are shown that are
based on this resistive temperature control. The stick 105 is
not shown in FIGS. 4A-6B but would be placed in and
received in the open region 122.

In FIGS. 4A and 4B, the temperature adjusting device 115
is a resistive material 415 that is formed in or deposited in
the open region 122. The resistive material 415 can be any
metal that is conductive and has enough resistance to enable
temperature adjustment. The resistive material 415 is
formed so that it bonds to the interior surface of the substrate
120 that defines the open region 122. In some implementa-
tions, the resistive material 415 can be a carbon paste that
coats the interior surface of the substrate 120 that defines the
open region 122.

In FIGS. 5A and 5B, the temperature adjusting device 115
is a chip resistor 515 embedded within the open region 122
that receives the phase change material 125. In this way, the
chip resistor 515 is in thermal communication with the phase
change material 125.

In FIGS. 6A and 6B, the temperature adjusting device 115
is a resistive conductive wire 615 that is wound into a spiral
shape inside the open region 122 of the substrate 120. The
wire 615 can be made of a metal alloy such as nichrome,
which is an alloy of nickel and chrome.

In these implementations, the controller 130 includes a
power source that supplies a current to the resistive element
(such as the resistive material 415, the chip resistor 515, or
the conductive wire 615) by way of electrically conductive
elements 116, 117 (such as contacts or leads).

Referring to FIGS. 7A-7E, the gripping apparatus 100 is
formed as follows. As shown in FIG. 7A, the substrate 120
is selected. As discussed above, the substrate 120 can be a
blank region of a printed circuit board, and the printed
circuit board can include other structures or regions not
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shown in FIGS. 7A-7E. Moreover, while not shown in FIGS.
7A-TE, it is possible for these other structures or regions of
the printed circuit board to have different or specialized
thermal properties. As shown in FIG. 7B, the open region
122 is formed in the substrate 120. The open region 122 can
be formed by drilling a hole into the substrate 120 or using
a milling machine or any suitable device for removing the
material of the substrate 120. As shown in FIG. 7C, the
temperature adjusting device 115 is formed so that it is held
or fixed in the substrate 120. For example, the temperature
adjusting device 115 can be held or fixed in the substrate 120
by gluing, epoxy, or embedding. The temperature adjusting
device 115 can be formed in the open region 122 or adjacent
to the open region 122, as long as it is located to be in
thermal communication with the phase change material 125.
If the temperature adjusting device 115 is the resistive
conductive wire 615, then it can be wound inside the open
region 122 touching the substrate 120. If the temperature
adjusting device 115 is the resistive material 415 then it can
be painted on, deposited on, plated on, or soldered into the
open region 122, touching the substrate 120. If the tempera-
ture adjusting device 115 is the chip resistor 515, then it can
be snapped or embedded into an opening such as the open
region 122 and fixed into place by connection with the
conductive elements 116, 117.

As shown in FIG. 7D, the phase change material 125 is
deposited in the open region 122 so that it is in thermal
communication with the temperature adjusting device 115.
One way to deposit the phase change material 125 is to melt
the phase change material 125 so that it is in a liquid state.
The liquid form of the phase change material 125 can be
drawn up or into the open region 122 using capillary forces
or action in a wicking process. Once the phase change
material 125 is fully deposited into the open region 122, as
while the phase change material 125 is still in its liquid state,
the stick 105 is inserted into the phase change material 125
and electrical connections are made between the temperature
adjusting device 115 and the controller 130.

The gripping apparatus 100 can be formed in a manner
that is different from that described with reference to FIGS.
7A-TE. For example, in other implementations, the phase
change material 125 is added after the stick 105 is inserted
into or through the open region 122.

Referring to FIG. 8, the gripping apparatus 100 can be
used in a positioning apparatus 840 that is designed to move
a stick 805 along an axial direction 810, which is parallel
with the z axis. The stick 805 is shown for reference in FIG.
8 but is not necessarily a part of the positioning apparatus
840. The positioning apparatus 840 includes an actuator
drive 842 movable along the axial direction 810. In some
implementations, the actuator drive 842 can movable along
only the axial direction 810.

The positioning apparatus 840 includes a first gripping
apparatus 800A fixed to the actuator drive 842, a second
gripping apparatus 800B fixed to the actuator drive 842, and
a controller 845. The controller 845 is in communication
with the first gripping apparatus 800A, the second gripping
apparatus 800B, and the actuator drive 842 and thus the
controller 845 controls the operation of each of the first
gripping apparatus 800A, the second gripping apparatus
800B, and the actuator drive 842. Communication between
the controller 845 and other elements of the positioning
apparatus 840 can be wired or wireless.

The first and second gripping apparatuses 800A, 800B are
designed like the gripping apparatus 100. Thus, the first
gripping apparatus 800A includes a first phase change
material 825A that is configured to receive a first region
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805_1 of the stick 805. And, the second gripping apparatus
800B includes a second phase change material 825B that is
aligned along the axial direction 810 with the first phase
change material 825A and that is configured to receive a
second region 805_2 of the stick 805.

The controller 845 is configured to provide one or more
signals to the actuator drive 842, the first gripping apparatus
800A, and the second gripping apparatus 800B. In order to
facilitate communications, the positioning apparatus 840 can
include a sub-controller 830A in communication with the
first gripping apparatus 800A, a sub-controller 830B in
communication with the second gripping apparatus 800B,
and a sub-controller 831 in communication with the actuator
drive 842. Any communication between the controller 845
and the actuator drive 842 is conveyed by the sub-controller
831; any communication between the controller 845 and the
first gripping apparatus 800A is conveyed by the sub-
controller 830A; and any communication between the con-
troller 845 and the second gripping apparatus 800B is
conveyed by the sub-controller 830B.

The one or more signals provided to the first gripping
apparatus 800A control a phase of the first phase change
material 825A, and the one or more signals provided to the
second gripping apparatus 800B control a phase of the
second phase change material 825B. In this way, a position
of the stick 805 along the axial direction 810 is adjusted or
held constant depending on the one or more signals provided
to the actuator drive 842, the first gripping apparatus 800A,
and the second gripping apparatus 800B, as discussed in
greater detail below. The controller 845 can be configured to
adjust or control a timing and synchronization between the
changes in the actuator drive 842 and the changes in the first
and second phase change materials 825A, 825B.

The actuator drive 842 has a first end 842_1 and a second
end 842 2. The first end 842_1 and the second end 842_2
are movable relative to each other. Thus, for example, the
second end 842 2 can move while the first end 842 1
remains stationary in the X, y, z coordinate system, the first
end 842_1 can move while the second end 842 2 remains
stationary in the X, y, Z coordinate system, or both the first
end 842_1 and the second end 842_2 can move in the x, y,
7 coordinate system. If the first gripping apparatus 800A is
fixed to the first end 842 _1 of the actuator drive 842 and the
second gripping apparatus 800B is fixed to the second end
842_2 of the actuator drive 842, then the relative movement
between the first and second gripping apparatuses 800A,
800B can be controlled.

The actuator drive 842 can be any suitable drive that
permits a relative motion between the first end 842_1 and the
second end 842_2. Thus, the actuator drive 842 can be
configured to perform one or more of the following controls:
moving both the first end 842_1 and the second end 842_2
relative to each other; moving the first end 842_1 and
maintaining the second end 842_2 stationary; and maintain-
ing the first end 842_1 stationary and moving the second end
842 2.

In some implementations, the actuator drive 842 is a
turnable screw configured to turn about the axial direction
810 to thereby translate the second end 842_2 relative to the
first end 842_1 along the axial direction 810. In other
implementations, the actuator drive 842 is a stepper motor
configured to move the second end 842_2 relative to the first
end 842_1 along the axial direction 810.

In other implementations, the actuator drive 842 is a
piezoelectric actuator configured to move the second end
842_2 relative to the first end 842_1 along the axial direction
810. The voltage level applied to the piezoelectric material
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in the actuator is adjusted to thereby adjust a relative
displacement between the first end 842_1 and the second
end 842 2.

In still other implementations, the actuator drive 842
includes a shape memory alloy that is configured to expand
when heated, which causes the second end 842_2 and the
first end 842_1 to move farther apart, and to contract when
cooled, which causes the second end 842_2 and the first end
842_1 to move closer together. An example of a shape
memory alloy is nitinol, which is an alloy of nickel and
titanium.

As mentioned, the first gripping apparatus 800A and the
second gripping apparatus 800B can be designed like the
gripping apparatus 100. Thus, the first gripping apparatus
800A includes a first temperature adjusting device 815A
held in a first rigid substrate 820A. The first rigid substrate
820A defining a first open region that receives the first
temperature adjusting device 815A. The first rigid substrate
820A is fixed to the actuator drive 842 to thereby fix the first
gripping apparatus 800A to the actuator drive 842. The first
phase change material 825A is held within the first open
region and is thermally coupled with the first temperature
adjusting device 815A such that a temperature change in the
first temperature adjusting device 815A (which is affected
under control of the controller 845) causes a temperature
change in the first phase change material 825A. The con-
troller 845 is in communication with the first temperature
adjusting device 815A of the first gripping apparatus 800A
such that the provision of the signal to the first gripping
apparatus 800A from the sub-controller 830A controls the
temperature of the first temperature adjusting device 815Ato
thereby control a temperature of the first phase change
material 825A.

The second gripping apparatus 800B further includes a
second temperature adjusting device 815B held in a second
rigid substrate 820B, the second rigid substrate defining a
second open region and being fixed to the actuator drive 842
to thereby fix the second gripping apparatus 800B to the
actuator drive 842. The second phase change material §25B
is held within the second open region and is thermally
coupled with the second temperature adjusting device 8§15B
such that a temperature change in the second temperature
adjusting device 815B causes a temperature change in the
second phase change material 825B. The controller 845 is in
communication with the second temperature adjusting
device 815B of the second gripping apparatus 800B such
that the provision of the signal to the second gripping
apparatus 800B from the sub-controller 830B controls the
temperature of the second temperature adjusting device
815B to thereby control a temperature of the second phase
change material 825B.

Referring also to FIG. 9, in some implementations, the
controller 845 includes a first control module 946 in com-
munication with the first gripping apparatus 800A by way of
the sub-controller 830A, a second control module 947 in
communication with the second gripping apparatus 800B by
way of the sub-controller 830B, and an actuator module 948
in communication with the actuator drive 842 by way of the
sub-controller 831. The controller 845 can also include a
master module 949 that is in communication with one or
more of the first control module 946, the second control
module 947, and the actuator module 948.

In general, the controller 845 includes one or more of
digital electronic circuitry, computer hardware, firmware,
and software. The controller 845 includes memory 950,
which can be read-only memory and/or random-access
memory. Storage devices suitable for tangibly embodying
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computer program instructions and data include all forms of
non-volatile memory, including, by way of example, semi-
conductor memory devices, such as EPROM, EEPROM,
and flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks; and
CD-ROM disks. The controller 845 can also include one or
more input devices (such as a keyboard, touch screen,
microphone, mouse, hand-held input device, etc.) and one or
more output devices (such as a speaker or a monitor) 951.

The controller 845 includes one or more programmable
processors 952, and one or more computer program products
tangibly embodied in a machine-readable storage device for
execution by a programmable processor. The one or more
programmable processors can each execute a program of
instructions to perform desired functions by operating on
input data and generating appropriate output. Generally, the
processor receives instructions and data from memory. Any
of the foregoing may be supplemented by, or incorporated
in, specially designed ASICs (application-specific integrated
circuits).

Each module 946, 947, 948, 949 includes a set of com-
puter program products executed by one or more processors
such as the processors 952. Moreover, any of the modules
946, 947, 948, 949 can access data stored within the memory
950. Each module 946, 947, 948, 949 can be in communi-
cation with one or more other modules 946, 947, 948, 949.

Although the controller 845 is represented as a box (in
which all of its components can be co-located), it is possible
for the controller 845 to be made up of components that are
physically remote from each other. For example, the first
control module 946 can be physically co-located with the
first gripping apparatus 800A or the sub-controller 830A.

The first control module 946 controls a phase of the first
phase change material 825A. In particular, the first phase
change material 825 A is either in a solid phase state in which
the first phase change material 825A grips the stick 805 or
a liquid phase state in which the first phase change material
825A loosens its grip on the stick 805 such that the stick is
capable of moving through the first phase change material
825A along the axial direction 810. Additionally, the second
control module 947 controls a phase of the second phase
change material 825B. The second phase change material
825B is either in a solid phase state in which the second
phase change material 825B grips the stick 805 or a liquid
phase state in which the second phase change material 825B
loosens its grip on the stick 805 such that the stick 805 is
capable of moving through the second phase change mate-
rial 825B along the axial direction 810. The actuator module
948 controls the relative position between the first end
842 1 of the actuator drive 842 and a second end 842_2 of
the actuator drive 842 along the axial direction 810.

The controller 845 can provide a temporally-varying
signal to the actuator drive 842. For example, the actuator
module 948, by way of the sub-controller 831, can provide
the temporally-varying signal to the actuator drive 842. The
temporally-varying signal can be a repeatable or somewhat
repeatable signal, such as a periodic or pseudo-periodic
signal or it can be an irregularly-shaped, yet changing signal
that goes through steps to effect changes to the first and
second gripping apparatuses 800A, 800B. It is not necessary
for the periodic or pseudo-periodic signal to have a constant
frequency. That is, the frequency with which certain aspects
of the signal repeat can change or can include multiple
frequencies. Moreover, it is possible for the signal to change
its amplitude from each full cycle to the next full cycle.

A position of the stick 805 along the axial direction 810
is adjusted by adjusting the one or more signals provided
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from the first control module 946 to the first gripping
apparatus 800A and from the second control module 947 to
the second gripping apparatus 800B. Moreover, the position
of the stick 805 along the axial direction 810 is adjusted
without adjusting a signal provided from the actuator mod-
ule 948 to the actuator drive 842.

The master control module 949 controls the signals pro-
vided to each of the first control module 946, the second
control module 947, and the actuator module 948.

In other implementations, it is possible for the controller
845 to include fewer modules than what is described and
shown in FIG. 9, or that one or more of the modules
described and shown in FIG. 9 are combined into a single
module or eliminated altogether.

The positioning apparatus 840 is configured to move the
stick 805 along the axial direction 810. FIGS. 10A and 10B
show an implementation of how the stick 805 is moved
along the -z direction. FIGS. 11A and 11B show an imple-
mentation of how the stick 805 is moved along the +z
direction. FIGS. 12A and 12B show an implementation of
how the stick 805 remains stationary along the 7z axis even
though the temporally-varying signal provided from the
actuator module 948 to the actuator drive 842 is uninter-
rupted (and not halted). Each of these implementations are
discussed next.

With reference to FIG. 10A, a side cross-sectional view of
the positioning apparatus 840 is shown at eight distinct times
[@), (1), (i), (iv), (v), (vi), (vii), (vii])] in a signal cycle in
order to affect the movement or translation of the stick 805
along the -z direction. FIG. 10B is a timing diagram
showing the corresponding three signal amplitudes versus
time (in arbitrary units). The top signal is a signal 1033A
provided by the sub-controller 830A to the first temperature
adjusting device 815A of the first gripping apparatus 800A.
The signal 1033 A provided to the first temperature adjusting
device 815A controls a temperature of the first temperature
adjusting device 815A, which therefore controls the tem-
perature and a phase of the first phase change material 825A.
The bottom signal is a signal 1033B provided by the
sub-controller 830B to the second temperature adjusting
device 815B of the second gripping apparatus 800B. The
signal 1033B provided to the second temperature adjusting
device 815B controls a temperature of the second tempera-
ture adjusting device 815B, which therefore controls the
temperature and a phase of the second phase change material
825B. And, the middle signal is a signal provided by the
sub-controller 831 to the actuator drive 842.

Initially, before time (i), the state of the positioning
apparatus 840 is as follows. The signal 1033A is at an OFF
amplitude or level, which means that the first temperature
adjusting device 815A is below a first temperature and the
first phase change material 825A is at a temperature TA that
is below the first transition temperature T1. Thus, the first
phase change material 825A of the first gripping apparatus
800A is in a solid state, and the first phase change material
825A grips the stick 805 at the first region 805_1. The signal
1033B is at an OFF amplitude or level, which means that the
second temperature adjusting device 815B is below a first
temperature and the second phase change material 825B is
at a temperature TB that is below the first transition tem-
perature T1. Thus, the second phase change material 825B
of the second gripping apparatus 800B is in a solid state, and
the second phase change material 825B grips the stick 805
at the second region 805_2. The stick 805 is fixed relative to
the z axis. Additionally, the signal 1032 is at a LOW
amplitude or level, and the voltage applied to the actuator
drive 842 is at the LOW amplitude, which means that the
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actuator drive 842 is in a contracted state. An amplitude that
is LOW can be a low non-zero value or can be zero or off.

Attime (i) (FIG. 10B), the signal 1033 A has been changed
to an ON amplitude or level and the signal 1033B is at an
OFF amplitude or level. Additionally, the signal 1032 is at
a LOW amplitude or level, and the voltage applied to the
actuator drive 842 is at the LOW amplitude, which means
that the actuator drive 842 is in a contracted state.

After a period of time from time (i), at time (ii), the first
temperature adjusting device 815A is above a second tem-
perature and the first phase change material 825A reaches a
temperature TA that is above the second transition tempera-
ture T2. Thus, the first phase change material 825A of the
first gripping apparatus 800A is in a liquid state (depicted by
the dotted fill in FIG. 10A(ii)), and the first phase change
material 825A loosens its grip on the stick 805 at the first
region 805_1. The signal 1033B remains at an OFF ampli-
tude or level, which means that the temperature adjusting
device 815B is below a first temperature and the second
phase change material 825B is at a temperature TB that is
below the first transition temperature T1. Thus, the second
phase change material 825B of the second gripping appa-
ratus 800B is in a solid state (depicted by a grid fill in FIG.
10A(ii)), and the second phase change material 825B grips
the stick 805 at the second region 805_2. Additionally, the
signal 1032 is still at a LOW amplitude or level, and the
voltage applied to the actuator drive 842 is at the LOW
amplitude, which means that the actuator drive 842 is in a
contracted state. Because of this, even though the grip on the
stick 805 is loosened at the first region 805_1, the stick 805
remains fixed relative to the z axis because the stick 805 is
still gripped at the second region 805_2.

At time (iii), the signal 1033 A remains at the ON ampli-
tude, which means that the first phase change material 825A
is at the temperature TA that is above the second transition
temperature T2, and the first phase change material 825A of
the first gripping apparatus 800A remains in the liquid state.
Thus, the first phase change material 825A has a loosened
grip on the first region 805_1 of the stick 805. The signal
1033B remains at an OFF amplitude, which means that the
second phase change material 825B is at a temperature TB
that is below the first transition temperature T1, and the
second phase change material 825B of the second gripping
apparatus 800B is in a solid state. Thus, the second phase
change material 825B grips the second region 805_2 of the
stick 805. Now, though, the signal 1032 transitions to a
HIGH amplitude or level, and the voltage applied to the
actuator drive 842 is at the HIGH amplitude, which means
that the actuator drive 842 moves to an expanded state. In the
expanded state, in this implementation, the second end
842_2 of the actuator drive 842 is moved along the -z
direction relative to the first end 842_1 of the actuator drive
842. Because the second gripping apparatus 800B is fixed to
the second end 842_2 of the actuator drive 842 at time (iii)
and the grip on the stick 805 is loosened at the first region
805_1, the stick 805 is translated along the -z direction by
an amount that corresponds to how much the second end
842 2 of the actuator drive 842 is moved.

At time (iv), the signal 1033 A has been switched to an
OFF amplitude for some time, and the first phase change
material 825A reaches the temperature TA that is below the
first transition temperature T1, and the first phase change
material 825 A of the first gripping apparatus 800A returns to
the solid state, as depicted by the grid fill shown in FIG.
10A(iv). Thus, the first phase change material 825A grips the
first region 805_1 of the stick 805. The signal 1033B
remains at an OFF amplitude, which means that the second
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phase change material 825B is at a temperature TB that is
below the first transition temperature T1, and the second
phase change material 825B of the second gripping appa-
ratus 800B is in a solid state. Thus, the second phase change
material 825B maintains its grip on the second region 805_2
of the stick 805. The signal 1032 remains at a HIGH
amplitude or level, and the voltage applied to the actuator
drive 842 is at the HIGH amplitude, which means that the
actuator drive 842 remains in the expanded state. Because
the stick 805 is gripped at both the first and second regions
805_1, 805_2, the stick 805 remains stationary at this time
relative to the z axis.

At time (v), the signal 1033 A remains at the OFF ampli-
tude, which means that the first phase change material 825A
is at the temperature TA that is below the first transition
temperature T1, and the first phase change material 825A of
the first gripping apparatus 800A returns to the solid state.
Thus, the first phase change material 825A grips the first
region 805_1 of the stick 805. The signal 1033B is changed
to an ON amplitude or level. And, the signal 1032 remains
at a HIGH amplitude or level, and the voltage applied to the
actuator drive 842 is at the HIGH amplitude, which means
that the actuator drive 842 remains in the expanded state.

Eventually, after a period of time from time (v), such as
at time (vi), the second phase change material 825B reaches
a temperature TB that is above the second transition tem-
perature T2, and the second phase change material 825B of
the second gripping apparatus 800B is in a liquid state, as
shown by the dotted fill in FIG. 10A(vi). Thus, the second
phase change material 825B loosens its grip on the second
region 805_2 of the stick 805. The signal 1032 remains at a
HIGH amplitude or level, and the voltage applied to the
actuator drive 842 is at the HIGH amplitude, which means
that the actuator drive 842 remains in the expanded state.
The stick 805 remains stationary at this time relative to the
7 axis even though the grip on the stick 805 is loosened at
the second region 805_2 because the stick 805 is gripped at
the first region 805_1.

At time (vii), the signal 1033A remains at the OFF
amplitude, which means that the first phase change material
825A is at the temperature TA that is below the first
transition temperature T1, and the first phase change mate-
rial 825A of the first gripping apparatus 800A is in the solid
state. Thus, the first phase change material 825A grips the
first region 805_1 of the stick 805. The signal 1033B
remains at the ON amplitude, which means that the second
phase change material 825B is at a temperature TB that is
above the second transition temperature T2, and the second
phase change material 825B of the second gripping appa-
ratus 8008 is in a liquid state. Thus, the second phase change
material 825B remains in a state in which its grip on the
second region 805_2 of the stick 805 is loosened. The signal
1032 changes from the HIGH amplitude to the LOW ampli-
tude, and the voltage applied to the actuator drive 842
switches to the LOW amplitude, which means that the
actuator drive 842 changes to the contracted state. The stick
805 remains stationary at this time because the stick 805 is
gripped at the first region 805_1, which is fixed to the first
gripping apparatus 800 A, which is not moving, and although
the second gripping apparatus 800B is moving along the +z
direction, the stick 805 does not move along because the
second region 805_2 of'the stick is not gripped by the second
gripping apparatus 800B.

At time (viii), the signal 1033A remains at the OFF
amplitude, which means that the first phase change material
825A is at the temperature TA that is below the first
transition temperature T1, and the first phase change mate-
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rial 825A of the first gripping apparatus 800A is in the solid
state. Thus, the first phase change material 825A grips the
first region 805_1 of the stick 805. The signal 1033B was
switched to the OFF amplitude after time (viii) and before
time (viii), and eventually, at time (viii), the second phase
change material 825B reaches a temperature TB that is
below the first transition temperature T1, and the second
phase change material 825B of the second gripping appa-
ratus 800B is in the solid state, as depicted by the grid fill in
FIG. 10A(viii). Thus, the second phase change material
825B has switched to the state in which it grips the second
region 805_2 of the stick 805. The signal 1032 remains at the
LOW amplitude, which means that the actuator drive 842 is
in the contracted state. The stick 805 remains stationary at
this time because the stick 805 is gripped at the first region
805_1 and at the second region 805_2.

The ON amplitude of the signal 1033 A and 1033B as well
as the time during which the signal 1033A, 1033B remains
at the ON amplitude, and the ON voltage of the signal 1032
and the time during which the signal 1032 is at the ON
voltage depend on factors such as the resistance, size, and
materials of the phase change materials 825A, 825B and
initial temperatures of various components of the first and
second gripping apparatuses 800A, 800B.

In some implementations, the ON amplitude of the signal
1033 A or 1033B can correspond to about tens or hundreds
(for example, 10-200) milliamperes (mA) while the ON
voltage of the signal 1032 supplied to the actuator drive 842
can be on the order of several tens or hundreds (for example,
10-200) volts (V). The time during which the signal 1033 A
or 1033B remains with an ON amplitude can be on the order
of several, tens, or hundreds of (for example, 1-1000)
milliseconds (ms) while the time during which the signal
1032 is at the ON voltage (and the actuator drive 842 is in
the expanded state) can be on the order of a second or several
seconds (for example, 0.1-10 s).

Moreover, it is possible that a temperature and an envi-
ronment of the first gripping apparatus 800A is different
from a temperature and an environment of the second
gripping apparatus 800B during operation of the positioning
apparatus 840, depending on the application and use of the
positioning apparatus 840. For example, the second gripping
apparatus 800B may be positioned closer to or in contact
with a warm-bodied animal, which can raise the temperature
of the second gripping apparatus 800B relative to the first
gripping apparatus 800A (which would be farther from the
warm-bodied animal).

It should also be noted that because of this, the first and
second transition temperatures T1 and T2 of the first phase
change material 825A may be distinct from the first and
second transition temperatures T1 and T2 of the second
phase change material 825B. For simplicity in description of
FIGS. 10A, 10B, 11A, 11B, 12A, and 12B, it is assumed that
when referencing the first and second transition tempera-
tures T1 and T2, these are the values specific to the phase
change material 825A or 825B being described.

With reference to FIG. 11 A, a side cross-sectional view of
the positioning apparatus 840 is shown at eight distinct times
[@), (1), (1i1), (v), (v), (vi), (vii), (viii)] in a signal cycle in
order to affect the movement or translation of the stick 805
along the +z direction. FIG. 11B is a timing diagram
showing the corresponding three signal amplitudes (1033 A,
1033B, and 1032) versus time (in arbitrary units).

Initially, before time (i), the state of the positioning
apparatus 840 is as follows. The signal 1033A is at an OFF
amplitude or level, and thus the first phase change material
825A of the first gripping apparatus 800A is in a solid state,
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and the first phase change material 825A grips the stick 805
at the first region 805_1. The signal 1033B is at an OFF
amplitude or level, and thus the second phase change
material 825B of the second gripping apparatus 800B is in
a solid state, and the second phase change material 825B
grips the stick 805 at the second region 805_2. The stick 805
is fixed relative to the z axis. Additionally, the signal 1032
is at a LOW amplitude or level, and the voltage applied to
the actuator drive 842 is at the LOW amplitude, which
means that the actuator drive 842 is in a contracted state.

At time (i), the signal 1033 A remains at an OFF amplitude
or level, which means that the first temperature adjusting
device 815A is below a first temperature and the first phase
change material 825A is at a temperature TB that is below
the first transition temperature T1. Thus, the first phase
change material 825A of the first gripping apparatus 800A is
in a solid state, and the first phase change material 825A
grips the stick 805 at the first region 805_1. The signal
1033B is changed to an ON amplitude or level. Additionally,
the signal 1032 is at a LOW amplitude or level, and the
voltage applied to the actuator drive 842 is at the LOW
amplitude, which means that the actuator drive 842 is in a
contracted state.

After a period of time beyond time (i), at time (ii), the
second temperature adjusting device 815B reaches a second
temperature and the second phase change material 825B is
at a temperature TB that is above the second transition
temperature T2. Thus, the second phase change material
825B of the second gripping apparatus 800B reaches a liquid
state, as shown by the dotted fill in FIG. 11A(ii), and the
second phase change material 825B loosens its grip on the
stick 805 at the second region 805_2. At time (ii), the signal
1033 A remains at an OFF amplitude or level, thus, the first
temperature adjusting device 815A is below a first tempera-
ture and the first phase change material 825A is at a
temperature TB that is below the first transition temperature
T1. Thus, the first phase change material 825A of the first
gripping apparatus 800A is in a solid state, as shown by the
grid fill in FIG. 11A(ii), and the first phase change material
825A grips the stick 805 at the first region 805_1. Addition-
ally, the signal 1032 is at a LOW amplitude or level, and the
voltage applied to the actuator drive 842 is at the LOW
amplitude, which means that the actuator drive 842 is in a
contracted state. Even though the grip on the stick 805 is
loosened at the second region 805_2, the stick 805 remains
fixed relative to the z axis because the stick 805 is still
gripped at the first region 805_1.

At time (iii), the signal 1033A remains at the OFF
amplitude, which means that the first phase change material
825A is at a temperature TA that is below the first transition
temperature T1, and the first phase change material 825A is
in a solid state, as depicted by the grid fill in FIG. 11A(iii).
Thus, the first phase change material 825 A maintains its grip
on the first region 805_1 of the stick 805. The signal 1033B
remains at the ON amplitude, which means that the second
phase change material 825B is at the temperature TB that is
above the second transition temperature T2, and the second
phase change material 825B of the second gripping appa-
ratus 800B remains in the liquid state, as depicted by the
dotted fill in FIG. 11A(iii). Thus, the second phase change
material 825B maintains its loosened grip on the second
region 805_2 of the stick 805. Now, though, the signal 1032
to the actuator drive 842 transitions to a HIGH amplitude or
level, and the voltage applied to the actuator drive 842 is at
the HIGH amplitude, which means that the actuator drive
842 moves to an expanded state. In the expanded state, in
this implementation, the second end 842_2 of the actuator
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drive 842 is moved along the -z direction relative to the first
end 842_1 of the actuator drive 842. Even though the second
gripping apparatus 8008 is fixed to the second end 842_2 of
the actuator drive 842 at time (iii), because the grip on the
stick 805 is loosened at the second region 805_2, the stick
805 does not translate along the -z direction with the second
end 842 2 of the actuator drive 842.

At time (iv), the signal 1033 A remains at an OFF ampli-
tude, which means that the first phase change material 825A
is at a temperature TA that is below the first transition
temperature T1, and the first phase change material 825A is
in a solid state, as depicted by the grid fill in FIG. 11A(v).
Thus, the first phase change material 825A maintains its grip
on the first region 805_1 of the stick 805. The signal 1033B
was switched to an OFF amplitude before time (iv), and by
the time (iv), the second phase change material 825B
reaches the temperature TB that is below the first transition
temperature T1, and the second phase change material 825B
of the second gripping apparatus 800B returns to the solid
state, as depicted by the grid fill in FIG. 11A(iv). Thus, the
second phase change material 825B grips the second region
805_2 of the stick 805. The signal 1032 remains at a HIGH
amplitude or level, and the voltage applied to the actuator
drive 842 is at the HIGH amplitude, which means that the
actuator drive 842 remains in the expanded state. Because
the stick 805 is gripped at both the first and second regions
805_1, 805_2, the stick 805 remains stationary at this time
relative to the z axis.

At time (v), the signal 1033 A has been changed to an ON
amplitude or level, and the signal 1033B remains at the OFF
amplitude, which means that the second phase change
material 825B is at the temperature TB that is below the first
transition temperature T1, and the second phase change
material 825B of the second gripping apparatus 800B
remains in the solid state and grips the second region 805_2
of the stick 805. Moreover, the signal 1032 remains at a
HIGH amplitude or level, and the voltage applied to the
actuator drive 842 is at the HIGH amplitude, which means
that the actuator drive 842 remains in the expanded state.

After a period of time form time (v), at time (vi), the first
phase change material 825A reaches a temperature TA that
is above the second transition temperature T2, and the first
phase change material 825A is in a liquid state, as depicted
by the dotted fill in FIG. 11A(vi). Thus, the first phase
change material 825A loosens its grip on the first region
805_1 of'the stick 805. The signal 1033B remains at the OFF
amplitude, which means that the second phase change
material 825B is maintained at the temperature TB that is
below the first transition temperature T1, and the second
phase change material 825B of the second gripping appa-
ratus 800B is in the solid state, as depicted by the grid fill in
FIG. 11A(vi). Thus, the second phase change material §25B
grips the second region 805_2 of the stick 805. The signal
1032 remains at a HIGH amplitude or level, and the voltage
applied to the actuator drive 842 is at the HIGH amplitude,
which means that the actuator drive 842 remains in the
expanded state. The stick 805 remains stationary at this time
relative to the z axis even though the grip on the stick 805
is loosened at the first region 805_1 because the stick 805 is
gripped at the second region 805_2 and the actuator drive
842 is stationary.

At time (vii), the signal 1033 A remains at the ON ampli-
tude, which means that the first phase change material 825A
is at a temperature TA that is above the second transition
temperature T2, and the first phase change material 825A is
in a liquid state, as depicted by a dotted fill in FIG. 11A(vii).
Thus, the first phase change material 825A remains in a state
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in which its grip on the first region 805_1 of the stick 805
is loosened. The signal 1033B remains at the OFF ampli-
tude, which means that the second phase change material
825B is maintained at the temperature TB that is below the
first transition temperature T1, and the second phase change
material 825B is in the solid state, as depicted by a grid fill
in FIG. 11A(vii). Thus, the second phase change material
825B grips the second region 805_2 of the stick 805. The
signal 1032 changes from the HIGH amplitude to the LOW
amplitude, and the voltage applied to the actuator drive 842
switches to the LOW amplitude, which means that the
actuator drive 842 changes to the contracted state. The stick
805 moves or translates along the +z direction as the second
end 842_2 of the actuator drive 842 is moved along the +z
direction relative to the first end 842_1 of the actuator drive
842 because the second gripping apparatus 800B is fixed to
the second end 842 2 of the actuator drive 842.

At time (viii), the signal 1033A has been switched to the
OFF amplitude, and enough time has passed so that the first
phase change material 825A has reached a temperature TA
that is below the first transition temperature T1, and the first
phase change material 825A is now in the solid state, as
depicted by the grid fill in FIG. 11A(viii). Thus, the first
phase change material 825A has switched to the state in
which it grips the first region 805_1 of the stick 805. The
signal 1033B remains at the OFF amplitude, which means
that the second phase change material 825B is at the
temperature TB that is below the first transition temperature
T1, and the second phase change material 825B is in the
solid state. Thus, the second phase change material 825B
grips the second region 805_2 of the stick 805. The signal
1032 remains at the LOW amplitude, which means that the
actuator drive 842 is maintained in the contracted state. The
stick 805 remains stationary at this time because the stick
805 is gripped at the first region 805_1 and at the second
region 805_2.

With reference to FIG. 12A, a side cross-sectional view of
the positioning apparatus 840 is shown at eight distinct times
[@), (1), (i), (iv), (v), (vi), (vii), (vii])] in a signal cycle in
which the stick 805 remains stationary relative to the z axis
even though the actuator drive 842 is operating to expand
and contract. FIG. 12B is a timing diagram showing the
corresponding three signal amplitudes (1033 A, 1033B, and
1032) versus time (in arbitrary units).

In general, the stick 805 remains stationary at all times in
this signal cycle because the signal 1033A provided to the
first temperature adjusting device 815A remains at an OFF
amplitude and thus the first phase change material 825A
remains in a solid phase state, which means that it is always
gripping the first end 842_1 of the actuator drive 842. This
is depicted in FIG. 12A by the grid fill in the first phase
change material 825A. The first gripping apparatus 800A is
therefore fixed to the first end 842_1 of the actuator drive
842 at all times, and because the first end 842_1 remains
stationary, the first region 805_1 of the stick 805 remains
stationary.

Moreover, in order to prevent breakage because of the
motion of the second end 842_2 of the actuator drive 842,
the signal 1033B is adjusted in coordination with the signal
1032, as follows. The signal 1033B is switched an ON
amplitude at time (i) and enough time is allowed to pass so
that at time (ii), the second phase change material 825B of
the second gripping apparatus 800B reaches a temperature
TB that is above the second transition temperature T2 and is
in the liquid state. This is done in advance of the translation
of the second end 842_2 along the -z direction of the
actuator drive 842 at time (iii). In this way, the second end
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842_2 of the actuator drive 842 can move at time (iii)
without applying a force to the stick 805 in the -z direction.
Then, the signal 1033B is switched to an OFF amplitude,
and after a period of time from this, at time (iv), the second
phase change material 825B has managed to cool down
enough and drops below the first transition temperature T1
so that the second phase change material 825B is now in a
solid state, as depicted by the grid fill in FIG. 12A(iv).

At time (v), the signal 1033B is adjusted to an ON
amplitude and after enough time has elapsed, at time (vi), the
second phase change material 825B of the second gripping
apparatus 800B reaches a temperature TB that is above the
second transition temperature T2 and is in the liquid state, as
depicted by the dotted fill in FIG. 12A(vi). This is done in
advance of switching the signal 1032 to a LOW amplitude
or level at time (vii), which causes the translation of the
second end 842_2 along the +z direction of the actuator
drive 842 at time (vii) to enable the second end 842_2 of the
actuator drive 842 to move at time (vii) without applying a
force to the stick 805 in the +z direction. The signal 1033B
is again switched to an OFF amplitude, and after a period of
time from this, at time (viii), the second phase change
material 825B has managed to cool down enough and drops
below the first transition temperature T1 so that the second
phase change material 825B is now in a solid state, as
depicted by the grid fill in FIG. 12A(viii).

In general, if top (the first) temperature adjusting device
815A remains at an OFF amplitude and the bottom (the
second) temperature adjusting device 815B is at an ON
amplitude, then the stick 805 is fixed in the axial direction.
In general, if top (the first) temperature adjusting device
815A is at an ON amplitude and the bottom (the second)
temperature adjusting device 815B is at an OFF amplitude,
then the stick 805 is movable in the axial direction. In these
implementations, the first temperature adjusting device
815A and the second temperature adjusting device 815B are
never at the ON amplitude or the OFF amplitude at the same
time during motion of the stick 805.

Referring also to FIG. 13, a positioning apparatus 1360 is
designed to independently translate each stick of a plurality
of sticks 1305i, 1305ii, 1305iii, etc. along an axial direction
of that stick using a single actuator drive 1342 movable
along its own axial direction 1310, which is parallel with the
z axis. The sticks 1305/, 1305ii, 1305iii are shown for
reference in FIG. 13 but are not necessarily a part of the
positioning apparatus 1360. Moreover, while three sticks
13054, 1305ii, 1305iii are shown, fewer or greater than three
sticks can be controlled by the positioning apparatus 1360.

The positioning apparatus 1360 includes a plurality of
axial holders 1365, 1365ii, 1365iii, etc. Each axial holder
1365i, 1365ii, 1365iii is configured to receive a respective
stick 13057, 1305/7, 1305iii. Additionally, each axial holder
1365i, 1365ii, 1365iii is fixed to the actuator drive 1342 at
respective fixing mechanisms 1366i, 1366ii, 1366iii.

The positioning apparatus 1360 includes a controller 1345
in communication with the single actuator drive 1342 (for
example, via the sub-controller 1331), and with the plurality
of axial holders 1365i, 1365ii, 1365iii (for example, via a
sub-controller 1330). The controller 1345 is configured to
provide an actuation signal to the single actuator drive 1342
(by way of the sub-controller 1331). The controller 1345 is
also configured to provide at least one independent signal to
each of the axial holders 1365, 1365ii, 1365iii by way of the
sub-controller 1330). The position of each stick 1305i,
1305ii, 1305iii can be independently adjustable along its
respective axial direction (which is parallel with the z axis
and the axial direction 1310) by the adjustment of the
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provided at least one independent signal to each of the axial
holders 1365i, 1365ii, 1365iii without adjusting the pro-
vided actuation signal to the single actuator drive 1342, as
long as each axial holder 1365i, 1365ii, 1365iii is thermally
independent of the other axial holders 1365, 13657, 1365iii.

In particular, the actuation signal to the actuator drive
1342 can be a temporally-varying signal that toggles
between a low amplitude (in which the voltage applied to the
actuator drive 1342 is relatively low) and a high amplitude
(in which the voltage applied to the actuator drive 13423 is
relatively high).

In some implementations, the positioning apparatus 1360
is designed like the positioning apparatus 1460 of FIGS. 14
and 15. Each axial holder 1465, 1465ii, 1465iii is config-
ured to receive a respective stick 1405i, 1405ii, 1405iii.
Moreover, each axial holder 1465:, 1465ii, 1465iii is defined
by a pair of respective first and second gripping apparatuses
(1400;A, 1400iB), (1400iiA, 1400iiB), and (1400iiA,
1400iiiB). For example, the axial holder 1465: is defined by
a portion of the first gripping apparatus 1400;A and the
second gripping apparatus 1400;B; the axial holder 1465/i is
defined by a portion of the first gripping apparatus 1400iiA
and the second gripping apparatus 1400i/B; and the axial
holder 1465iii is defined by a portion of the first gripping
apparatus 1400iiiA and the second gripping apparatus
1400iiiB. While three axial holders 1465i, 1465ii, 1465iii
are shown in this implementation, it is possible for the
positioning apparatus 1460 to have more than or fewer than
three axial holders.

The distance d between the sticks 1305:, 1305/, 1305:ii is
determined depending on the application or the use of the
sticks 1305:, 1305ii, 1305iii and also is configured to
provide for independent thermal control of the sticks 1305,
1305ii, 1305/ii. This means that the distance d (relative to
the extent or diameter of each stick) is great enough to
enable independent thermal control of each stick. When one
stick is being controlled, the axial holder 1365 associated
with that stick includes a phase change material that is
heated or cooled. The distance d is great enough so that the
heating or cooling of the phase change material of one axial
holder (associated with a particular stick) is thermally insu-
lated or independent from the phase change material(s) of
another axial holder associated with another stick. Indeed,
the distance d is large enough to ensure thermal insulation
between the sticks to enable heating of the phase change
material(s) associated with a plurality of sticks that are
adjacent to a particular stick in which the phase change
material(s) of that particular stick is kept at a relatively
cooler temperature. The distance d can depend on other
factors such as a size or volume of the phase change material
or an application of use for the positioning apparatus 1360.
To the extent that heat flows between the phase change
materials of each axial holder or if each axial holder begins
at a different temperature at a beginning of a cycle, the
heating amplitudes and durations of heating can be adjusted
such that all of the phase change material that is intended to
melt does so at the same time and any excess heat reaching
those not intended to melt is reduced or minimized.

For example, d can be on the order of a few times the size
or extent (for example, a diameter) of the sticks. The
distance d can be 3-6 times the value of the diameter of the
sticks. Thus, if the diameter of each of the sticks is about 100
um, then the distanced between the sticks can be about
250-1000 pm.

The first gripping apparatus 1400;A is configured to
interact with (grip and release) a first region of the stick
1405 and the second gripping apparatus 1400iB is config-
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ured to interact with (grip and release) a second region of the
stick 1405i. The first gripping apparatus 1400iiA is config-
ured to interact with (grip and release) a first region of the
stick 1405;i and the second gripping apparatus 1400iiB is
configured to interact with (grip and release) a second region
of the stick 1405ii. Lastly, the first gripping apparatus
1400iiiA is configured to interact with (grip and release) a
first region of the stick 1405/ii and the second gripping
apparatus 1400:7iB is configured to interact with (grip and
release) a second region of the stick 1405iii.

Additionally, each axial holder 1465, 1465ii, 1465iii is
fixed to the actuator drive 1442 by fixing each of the
respective first gripping apparatuses 1400iA, 1400iiA,
1400iiiA and each of the second gripping apparatuses
1400iB, 1400::B, 1400/iiB to the actuator drive 1442. One
way to accomplish this is to arrange the first gripping
apparatuses 1400/A, 1400iiA, 1400iiiA on a shared first
substrate 1420A and to arrange the second gripping appa-
ratuses 1400/B, 1400::B, 1400iiiB on a shared second sub-
strate 1420B. In this way, the axial holders 1465i, 1465ii,
1465iii are fixed to the actuator drive 1442 by way of a
shared fixing mechanism 1466 that includes both the first
substrate 1420A and the second substrate 1420B. The first
substrate 1420A is fixed to the first end 1442 1 of the
actuator drive 1442 and the second substrate 1420B is fixed
to the second end 1442_2 of the actuator drive 1442.

The gripping apparatuses (1400iA, 1400/B) associated
with the axial holder 1465i are aligned with each other along
the axial direction which is parallel with the z axis. In this
way, the stick 1405; that is received in the axial holder 1465
is free to translate along the z axis with minimal forces
applied in the directions perpendicular to the z axis. Simi-
larly, the gripping apparatuses (1400iiA, 1400iiB) associ-
ated with the axial holder 1465ii are aligned with each other
along the axial direction which is parallel with the z axis. In
this way, the stick 1405/ that is received in the axial holder
1465ii is free to translate along the z axis with minimal
forces applied in the directions perpendicular to the z axis.
Lastly, the gripping apparatuses (1400iiiA, 1400iiiB) asso-
ciated with the axial holder 1465iii are aligned with each
other along the axial direction which is parallel with the z
axis. In this way, the stick 1405;ii that is received in the axial
holder 1465iii is free to translate along the z axis with
minimal forces applied in the directions perpendicular to the
Z axis.

Each of the first gripping apparatuses 1400:A, 1400iiA,
1400ii1A is designed similarly to the first gripping apparatus
800A in that it contains a first phase change material such as
825A that is configured to receive a first region of the
respective stick 1405, 1405ii, 1405iii and also a first tem-
perature adjusting device such as 815A that is received in the
first substrate 1420A. Each first temperature adjusting
device in each first gripping apparatus 1400/A, 1400iiA,
1400iiiA is in communication with a sub-controller 1430A,
which is in communication with the controller 1445. The
first phase change material is thermally coupled with the first
temperature adjusting device such that a temperature change
in the first temperature adjusting device causes a tempera-
ture change in the first phase change material.

Each of the second gripping apparatuses 1400:B, 1400iiB,
1400iiiB is designed similarly to the second gripping appa-
ratus 8008 in that it contains a second phase change material
such as 825B that is configured to receive a second region
of the respective stick 1405i, 1405ii, 1405/ii and also a
second temperature adjusting device such as 815B that is
received in the second substrate 1420B. Each second tem-
perature adjusting device in each second gripping apparatus
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1400/B, 1400iB, 1400:iB is in communication with a
sub-controller 1430B, which is in communication with the
controller 1445. The second phase change material is ther-
mally coupled with the second temperature adjusting device
such that a temperature change in the second temperature
adjusting device causes a temperature change in the second
phase change material.

The controller 1445 (by way of the sub-controller 1431)
provides the actuation signal to the single actuator drive
1442. For example, the actuation signal can be temporally-
varying like the signal 1032 (with reference to FIG. 10B).
This temporally-varying signal 1032 controls an axial posi-
tion associated with the single actuator drive 1442.

Additionally, the controller 1445 can provide an indepen-
dent signal (or signals) to each of the axial holders 14657,
1465ii, 1465iii. This can be accomplished by sending a first
signal to the first gripping apparatus 1400/A, 1400iiA, or
1400ii1A via the sub-controller 1430A and sending a second
signal to the second gripping apparatus 1400:B, 1400:/B, or
1400iiiB via the sub-controller 1430B. In particular, the
independent signal that is provided to a gripping apparatus
is actually provided to the temperature adjusting device
associated with that gripping apparatus, and the state of a
particular phase change material is selected by adjustment of
the provided independent signal to the temperature adjusting
device thermally coupled with the phase change material.

In operation, the positioning apparatus 1360 (and 1460) is
used to independently control the position of each stick
13054, 1305ii, 1305iii along its respective axial direction and
using only a single actuator drive 1342. FIGS. 16A-16E
show examples of various configurations of the sticks 13057,
1305ii, 1305iii. The sticks 1305i, 1305ii, 1305iii are posi-
tioned relative to an element 1670. As discussed above, the
sticks 1305:, 1305/i, 1305/ii can be used as actuators to
effect or modify one or more characteristics of the element
1670. For example, each stick 1305/, 1305/, 1305iii can
include an electrical conductor (such as a cable or wire); a
measurement probe; a capillary tube; an optical waveguide;
an optical fiber; a carbon fiber or filament; or a sonic
waveguide. If the stick 1305:, 1305:i, 1305iii is a measure-
ment probe, then it could include an electrical testing probe,
a silicon probe, an electrical recording probe, or an ultra-
sonic probe. In some implementations, one or more of the
sticks 13054, 1305ii, 1305iii can be of a first type (such as an
electrical conductor (such as a cable or wire)) while one of
the sticks can be of a second type (such as a measurement
probe; a capillary tube; an optical waveguide; an optical
fiber; a carbon fiber or filament; or a sonic waveguide).
Thus, it is possible for a particular positioning apparatus
1360, 1460 to include sticks of different types.

For example, in FIG. 16A, each of the sticks 1305i,
1305ii, 1305iii is at the same axial position (along the z
direction) relative to the element 1670 and in this case the
sticks 13057, 1305ii, 1305iii are all separated from the
element 1670. In FIG. 16B, each of the sticks 1305, 1305ii,
1305iii is at the same axial position relative to the element
1670 and in this case, the sticks 1305:, 1305:i, 1305iii are
interacting with the element 1670 at a first interacting axial
position. In FIG. 16C, sticks 1305, 1305ii are interacting
with the element 1670 at the first interacting axial position
and the stick 1305iii is interacting with the element 1670 at
a second interacting axial position. In FIG. 16D, the stick
1305; is interacting with the element 1670 at the first
interacting axial position and the sticks 1305ii, 1305iii are
interacting with the element 1670 at the second interacting
axial position. In FIG. 16E, the sticks 1305i, 1305iii are
separated from the element 1670 at the same axial position
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and the stick 1305/ is interacting with the element 1670 at
the first interacting axial position.

FIGS. 17A-17D show implementations of the placement
and geometry of axial holders (such as 1400iA, 1400iiA,
1400iiiA) on a first substrate (such as the first substrate
1420A) to be used in a positioning apparatus (such as the
positioning apparatus 1460). In FIG. 17A, a substrate 1720
such as a printed circuit board or PCB includes a blank
region BR (such as the substrate 120 shown in FIG. 7A).
Also shown in FIG. 17A is a controller 1730.

In FIG. 17B, sixteen open regions 1722 are have been
formed, each open region 1722 having a circular cross
section and being placed within the previously blank region
BR of the substrate 1720. This is similar to the formation of
the open region 122 in the substrate 120 of FIG. 7B. For
example, the open regions 1722 can be holes drilled into the
blank region BR. The PCB can include thermally-conduc-
tive and sinking metal planes slightly separated from the
open regions 1722 to facilitate heat transfer away from the
open regions 1722 in use.

In FIG. 17C, sixteen temperature adjusting devices 1715
are formed to be held within the substrate 1720 (for
example, in each of the open regions 1722). For example,
the temperature adjusting devices 1715 can be a resistive
material epoxied into each open region 1722, which can be
soldered at FIG. 17D. This is similar to the step shown in
FIG. 7C. A close-up of one of the temperature adjusting
devices 1715 and open regions 1722 is shown in FIG. 17D.

FIGS. 18A, 18B, and 18D show perspective views of a
positioning apparatus 1860 designed like the positioning
apparatus 1360 of FIG. 13 and the positioning apparatus
1460 of FIG. 14. The positioning apparatus 1860 includes a
set of axial holders configured to receive a respective stick
1805 (collectively designated as 1805 in FIG. 18A, 18B,
18D). Each axial holder is defined by a pair of respective
first and second gripping apparatuses (collectively desig-
nated as 1800A, 1800B. For example, each axial holder is
defined by a portion of the first gripping apparatus 1800A
and the second gripping apparatus 1800B. Each of the first
gripping apparatuses 1800A is formed on a shared substrate
1820A and each of the second gripping apparatuses 18008
is formed on a shared substrate 1820B.

The positioning apparatus 1860 is designed to indepen-
dently translate each stick of the plurality of sticks 1805
along an axial direction of that stick using a single actuator
drive 1842 movable along its own axial direction, which is
parallel with the z axis, and under control of a controller
1845, as discussed above. The controller 1845 is in com-
munication with the single actuator drive 1842, and with the
plurality of axial holders via a sub-controller that includes
components 1830.

FIGS. 18C and 18E show the sticks 1805 that are posi-
tionable with the positioning apparatus 1860.

FIG. 19A shows a schematic of the placement and geom-
etry of axial holders (such as 1400:A, 1400iiA, 1400iiiA) on
a first substrate (such as the first substrate 1420A) to be used
in a positioning apparatus (such as the positioning apparatus
1460). In FIG. 19A, eight axial holders are shaped with a
circular cross section and are within an area 1990A of
substrate 1920A and details of the area 1900A are shown in
FIG. 19B. The design of the axial holders in area 1990 A uses
a chip resistor 1915 embedded within an open region 1922
that receives a phase change material. This is similar to the
design shown in FIGS. 5A and 5B. The chip resistor 1915 is
controlled by a controller (such as controller 130), which
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includes the power source that supplies the current to the
chip resistor 1915 by way of electrically conductive ele-
ments 1916, 1917.

In some implementations the gripping apparatus 100 is a
stick gripper including a stick such as a probe. The stick
gripper includes an electrically-connected resistive via (as a
temperature adjusting device) in a board (such as a printed
circuit board) filled with a phase change material 125 (for
example, a wax or paraffin). When no current from a power
supply flows through the resistive via, the phase change
material 125 in the via is in a solid state and the probe in the
via is gripped. When the current flows through the resistive
via, the phase change material 125 in the via changes to the
liquid state (melts) and the probe in the via is released. The
phase change material 125 in the liquid state remains in the
via due at least in part to the capillary action. The grip and
release action of the gripper is controlled electronically. The
resistive via can be made of a plated or deposited resistive
material in the board via, chip resistor adjacent to the board
via, wire-wound resistor in the board via, or carbon paste
coated in the board via.

In other implementations, a positioning apparatus (such as
the apparatus 840 or the apparatus 1360) is based on the
gripping apparatus 100 that is capable of independently
moving multiple probes along one axis using a single
mechanical (for example, screw based drive), electrical (for
example, piezoelectric actuator or stepper motor), or thermal
(for example, shape memory alloy) positioner. The position-
ing apparatus includes two parallel substrates (or boards
such as printed circuit boards) with a single (such as the
apparatus 840) or an array of resistive vias aligned along one
axis (such as the apparatus 1360). One board is fixed/
immobile while another board is movable/mobile by a
positioner/actuator (the actuator drive 842 or 1342). By
electronically controlling the current though the aligned vias
(and therefore the grip or release of the probes in the vias)
in the respective top and bottom boards, each probe held in
the device can be independently translated in either direction
(up or down or fixed in position) with a single mechanical
or electronic actuator. The probes in the board vias moved by
the device can be of any shape, as the liquid phase change
material in the board via that grips the probe conforms to the
probe shape.

Examples of the stick 105, 805, 1305;, ii, iii include
electrical testing probes, optical fibers, silicon probes, glass
pipette/capillary, carbon fibers, electrical recording probes,
and ultrasonic probes. The positioning apparatus and grip-
ping apparatus can be constructed from non-ferrous parts
and therefore can be made MRI compatible. The wire
electrodes and glass capillary pipette electrodes for neural
cell electrical spike detection, and applications in which one
or multiple closely spaced probes need to be translated,
positioned, or targeted with high precision are envisioned
with this probe gripper principle and positioner device.

The choice of the phase change material in the board vias
can be made so that the device is operational at different
operating temperatures (low temperature operation, room
temperature operation, physiological temperature operation,
high temperature operation).

The gripping apparatus 100, the positioning apparatus
840, and the positioning apparatus 1360 have the following
benefits. For example, a plurality of probes can be indepen-
dently positioned with single positioner/actuator, such as,
for example, shown in FIG. 13, and because of this size,
cost, and complexity can be reduced while density can be
increased relative to prior designs.
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Each gripping apparatus 100 (which includes the phase
change material 125, the temperature adjusting device 115,
and the substrate 120 can be made small and has a simple
design, and many of these gripping apparatuses can be
packed next to each other to form a positioning apparatus
such as the positioning apparatus 860. For example, micron-
scale independent positioning of each stick 1305i, 1305ii,
1305iii in the positioning apparatus 1360 can be obtained
with an electric/motorized actuator drive 1342 (which can be
a positioner such as, for example, a piezoelectric actuator).
Accordingly, there is potential for significant miniaturization
and weight reduction.

The phase change material 125 remains in the open region
122 of the substrate 120 at least in part due to capillary
action.

Any of the apparatuses (gripping apparatus 100, position-
ing apparatus 840, and positioning apparatus 1360) can be
made to be fully electronically operational which allows
remote control and automation of the apparatuses.

Technology that is implemented on a substrate 120 that is
a printed circuit board is well-developed and inexpensive.

The gripping apparatus 100 can be designed to interact
with a stick 105 of different shapes or application. For
example, the stick 105 or one or more of the sticks used in
the positioning apparatus 1360 can be an electrical probe, a
silicon probe, a glass pipette, a carbon or optical fiber, an
ultrasonic probe. In general, any stick 105 that is stiff enough
to be grabbed by the phase change material 125 can be used.

The gripping apparatus 100, positioning apparatus 840,
and positioning apparatus 1360 can be made of non-ferrous
components, which potentially make these apparatuses com-
patible with magnetic resonance imaging machines. Addi-
tionally, the choice of phase change material 125 in the
apparatuses allows for operation at different temperatures
chosen based on the application.

The gripping apparatus 100, and the positioning appara-
tuses 840, 1360 find applications in neuroscience where
independent positioning of many probes in the brain is
desired. Multiple probes can be independently positioned
with single translator (actuator drive) as opposed to plural
translators. Simplicity, miniature gripper size, low cost, low
weight, high positioning precision, variety of probes that can
be gripped and translated, and fully electronic operation add
to the valuable features of the gripping apparatus 100 and the
positioning apparatuses 840, 1360.

What is claimed is:

1. A gripping apparatus comprising:

a temperature adjusting device held in a substrate wherein
the substrate defines an open region;

a phase change material held within the open region and
thermally coupled with the temperature adjusting
device such that a temperature change in the tempera-
ture adjusting device causes a temperature change in
the phase change material; and

a controller connected to the temperature adjusting device
and configured to send a signal to the temperature
adjusting device to change its temperature and thereby
change the temperature of the phase change material
that is thermally coupled with the temperature adjusting
device;

wherein:
when the phase change material is at a temperature

below a first transition temperature, the phase change
material is in a solid state and the phase change
material is configured to grip a stick within the phase
change material; and
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when the phase change material is at a temperature
above a second transition temperature, the phase
change material is in a liquid state and the phase
change material is configured to loosen its grip on
the stick such that the stick is capable of moving
through the phase change material.

2. The gripping apparatus of claim 1, wherein the stick
extends through the phase change material.

3. The gripping apparatus of claim 1, wherein the phase
change material includes one or more of: wax; paraffin wax;
and alkane hydrocarbon.

4. The gripping apparatus of claim 3, wherein the alkane
hydrocarbon includes one or more of: n-octacosane, n-hep-
tacosane, n-hexacosane, n-pentacosane, n-tetracosane, n-do-
cosane, n-tricosane, n-heneicosane, n-eicosane, n-nonade-
cane, n-octadecane, n-heptadecane, n-hexadecane,
n-pentadecane, n-tetradecane, and n-tridecane.

5. The gripping apparatus of claim 1, wherein the phase
change material is selected so that the transition between the
solid state and the liquid state at the first or second transition
temperature occurs at an operating temperature for the
gripping apparatus.

6. The gripping apparatus of claim 1, wherein the stick is
rigid enough to withstand motion through the phase change
material without fracturing or bending or kinking.

7. The gripping apparatus of claim 1, wherein the first
transition temperature and the second transition temperature
are at room temperature, at a temperature of a living
organism, at a temperature below room temperature, or at a
temperature above room temperature.

8. The gripping apparatus of claim 1, wherein the stick
includes one or more of: at least one conductor; at least one
measurement probe; at least one capillary tube; at least one
optical waveguide; and at least one carbon fiber; and at least
one sonic waveguide.

9. The gripping apparatus of claim 8, wherein the at least
one measurement probe includes an electrical testing probe,
a silicon probe, an electrical recording probe, or an ultra-
sonic probe.

10. The gripping apparatus of claim 1, wherein the
substrate is generally defined in an x-y plane, and when the
phase change material is at a temperature above the second
transition temperature, the stick is capable of moving
through the phase change material along a z axis that is
perpendicular to the x-y plane.

11. The gripping apparatus of claim 1, wherein a cross
section of the stick taken along a plane is a circular shape,
a polygonal shape, or an irregular asymmetric shape.

12. The gripping apparatus of claim 1, wherein the
temperature adjusting device comprises a resistive conduc-
tive wire and the controller includes a power source that
supplies a current to the resistive conductive wire, wherein
the resistive conductive wire changes its temperature as the
current is changed.

13. The gripping apparatus of claim 1, wherein the
temperature adjusting device comprises one or more of: a
resistive material deposited in the open region of the sub-
strate; a chip resistor adjacent to the open region of the
substrate; a wire-wound resistor in the open region of the
substrate; and a carbon paste coated in the open region of the
substrate.

14. The gripping apparatus of claim 1, wherein the
substrate includes a printed circuit board.

15. The gripping apparatus of claim 1, wherein the phase
change material is held within the open region by way of
capillary forces.
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16. The gripping apparatus of claim 1, wherein the phase
change material remains within the open region even if it is
in the liquid state.

17. The gripping apparatus of claim 1, wherein the first
transition temperature is equal to the second transition
temperature.

18. A positioning apparatus comprising:

a single actuator drive movable along an axial direction;

a plurality of axial holders, each axial holder configured

to receive a stick and each axial holder being fixed to
the single actuator drive; and

a controller in communication with the single actuator

drive and with the plurality of axial holders, and

configured to:

provide an actuation signal to the single actuator drive;
and

provide at least one independent signal to each of the
axial holders;

whereby the position of each stick is independently

adjustable along the axial direction by the adjustment
of the provided at least one independent signal to each
of the axial holders without adjusting the provided
actuation signal to the single actuator drive.

19. The positioning apparatus of claim 18, wherein:

the single actuator drive includes a first end and a second

end; and

the first and second ends are movable relative to each

other along the axial direction.

20. The positioning apparatus of claim 19, wherein:

each axial holder includes a first gripping apparatus fixed

to the first end of the single actuator drive and a second
gripping apparatus fixed to the second end of the single
actuator drive;

the second gripping apparatus is aligned along an axial

direction with the first gripping apparatus; and

for each axial holder:

the first gripping apparatus is configured to receive a first

region of the stick that is received in that axial holder
and the second gripping apparatus is configured to
receive a second region of the stick that is received in
that axial holder.

21. The positioning apparatus of claim 20, wherein, for
each axial holder:

the first gripping apparatus includes a phase change

material that is configured to receive the first region of
the stick that is received in that axial holder; and

the second gripping apparatus includes a phase change

material that is configured to receive the second region
of the stick that is received in that axial holder.

22. The positioning apparatus of claim 18, wherein:

providing the actuation signal to the single actuator drive

comprises providing a temporally-varying signal to the
single actuator drive, the temporally-varying signal
controlling an axial position associated with the single
actuator drive.

23. The positioning apparatus of claim 18, wherein:

each axial holder is configured to interact with at least two

interaction regions of its associated stick;

at each interaction region, the stick is received in a

gripping apparatus; and

providing at least one independent signal to each of the

axial holders comprises providing an independent sig-
nal to each gripping apparatus in each axial holder.

24. The positioning apparatus of claim 23, wherein each
gripping apparatus comprises:

a temperature adjusting device; and
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a phase change material thermally coupled with the
temperature adjusting device such that a temperature
change in the temperature adjusting device causes a
temperature change in the phase change material;

wherein providing the independent signal to a gripping
apparatus comprises providing an independent signal to
the temperature adjusting device, and the state of the
phase change material is selected by adjustment of the
provided independent signal to the temperature adjust-
ing device thermally coupled with the phase change
material.

25. A method comprising:

providing a single actuation signal to a single actuator
drive, wherein the single actuation signal controls a
movement of the single actuator drive along an axial
direction;

providing an independent signal to each axial holder of a
plurality of axial holders, wherein each axial holder
receives a stick and each axial holder is fixed to the
single actuator drive; and

independently adjusting a position of a stick along the
axial direction by adjusting the provided independent
signal to the axial holder that receives that stick and
without adjusting the provided actuation signal to the
single actuator drive.
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26. The method of claim 25, wherein providing the single
actuation signal to the single actuator drive comprises con-
trolling a relative movement between a first end of the single
actuator drive and a second end of the single actuator drive
along the axial direction.

27. The method of claim 25, wherein providing the single
actuation signal to the single actuator drive comprises pro-
viding a temporally-varying signal to the single actuator
drive, the temporally-varying signal controlling an axial
position associated with the single actuator drive.

28. The method of claim 25, wherein providing an inde-
pendent signal to an axial holder comprises providing an
independent signal to a gripping apparatus in that axial
holder.

29. The method of claim 28, wherein providing the
independent signal to a gripping apparatus comprises pro-
viding an independent signal to a temperature adjusting
device of the gripping apparatus; further comprising select-
ing a state of a phase change material thermally coupled to
the temperature adjusting device by adjusting the provided
independent signal to the temperature adjusting device ther-
mally coupled with that phase change material.
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