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Description

Technical Field

[0001] Sub-micron scale testing.

Background

[0002] Nanoindentation is a method to quantitatively
measure mechanical properties, such as elastic modulus
and hardness, of materials at nanometer length scale
using depth sensing indentation technique. In nanoin-
dentation, a nanoindenter capable of determining the
loading force and displacement is used.
[0003] Typically, a force employed in nanoindentation
is less than 10 mN, with a typical displacement range
being smaller than 10 mm, and with a noise level typically
being better than 1 nm rms. The force and displacement
data are used to determine a sample’s mechanical prop-
erties. For sample property estimation a nanoindenter is
integrated with a characterized indenter tip which has
known geometry and known mechanical properties.
[0004] One of the emerging nanomechanical charac-
terization techniques is quantitative transmission elec-
tron microscopy (TEM) in-situ mechanical testing. This
testing method enables monitoring of the deformation of
a sample in real time while measuring the quantitative
mechanical data. Coupling a nanomechanical system
with TEM imaging allows researchers to study structure
property correlation and the influence of pre-existing de-
fects on the mechanical response of materials. In addition
to imaging, selected-area diffraction can be used to de-
termine sample orientation and loading direction influ-
ence on mechanical response. Moreover, with in-situ me-
chanical testing, the deformation can be viewed in real-
time rather than "post mortem". Performing TEM in-situ
nanomechanical testing can provide unambiguous dif-
ferentiation between the many possible causes of force
or displacement transients which may include dislocation
bursts, phase transformations, shear banding or fracture
onset. Nanomechanical testing at elevated temperature
is an important part of material characterization for ma-
terials having phase changes or variant mechanical prop-
erties as the temperature increases. Some of the appli-
cations of the high temperature nanomechanical test are
glass transition temperature identification of polymeric
and rubber materials, phase transformations of low tem-
perature metals and shape memory alloys, study of bio-
logical samples at body temperature, simulated and ac-
celerated thermal aging studies, accelerated material
creep studies, and time-temperature-superposition
curve plotting of polymers.
[0005] US2008/276727A1 discloses a nanoindenta-
tion device and in particular a micro electro mechanical
system (MEMS) device for nanoindentation in situ of a
transmission electron microscope (TEM).
[0006] JPS5588256A discloses a method to enable
observation of the microscopic status change of a sample

by securing a complete observation field, applying com-
pressed load on the sample, and observing the status
change of the sample with an electron microscope.
[0007] US6495838B1 discloses a method for a high
resolution observation of a sample at a high temperature
above 1000 °C, by suppressing sample drift by heating
over a short time and with small electric current. A heater
envelope made of a ceramic having a carbon coating on
the surface is attached around a heater surrounding the
sample. The heater envelope is rotatable around pivot
screws, and has an outer frame portion of a holder indi-
vidually having slots capable of letting a focused ion
beam (FIB) enter so that the sample mounting on the
holder, as it is, may be milled with the FIB.
[0008] JPS58173159U  discloses a specimen temper-
ature changing device in a particle beam apparatus.

Brief Description Of the Drawings

[0009]

FIG. 1 is a block diagram showing one example of
a nano-mechanical test system.
FIG. 2A is a perspective view showing one example
of a sample stage and MEMS heater.
FIG. 2B is a detailed view of the MEMS heater and
sample stage shown in FIG. 2A.
FIG. 3 is another perspective view showing a bottom
view of the sample stage shown in
FIG. 2A.
FIG. 4 is a schematic diagram of another example
of a sample stage with a test sample positioned on
a sample mount for mechanical testing and imaging.
FIG. 5 is a perspective view of the another example
of a sample stage including a sample mount.
FIG. 6A is a side view of one example of a test subject
holder including a sample stage with a MEMS heater.
Figure 6B is a detailed perspective view of the test
subject holder and sample stage shown in Figure 6A.
Figure 7 is a detailed side view of another example
of a test subject holder with points of interest marked.
Figure 8 is a graph showing temperatures at points
A, B and C of Figure 7 over time.
Figure 9A is a top view of still another example of a
sample stage at a microscopic scale.
Figure 9B is a bottom view of the sample stage
shown in Figure 9A at a microscopic scale.
Figure 10 is a perspective view of a sample stage
including a MEMS heater coupled with an emulated
indentation instrument component.
Figure 11 shows a series of microscopic views of a
sample stage with a MEMS heater with current ap-
plied to a resistive heating element.
Figure 12 is a graph showing resistance measure-
ments of one example of a sensing element at dif-
ferent temperatures where a MEMS heater is an-
nealed.
Figure 13 is a schematic view of still another example
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of a test subject holder with a sample stage including
a MEMS heater.
Figure 14A is a prior art figure showing one example
of a prior art test subject holder comprising a spec-
imen cradle including a specimen membrane.
Figure 14B is a cross-sectional view of the prior art
test subject holder shown in Figure 14A.
Figure 15 is a block diagram showing one example
of a method for sub-micron heating and mechanical
testing of a test subject.
Figure 16A is a schematic diagram showing one ex-
ample of a heated mechanical testing tip assembly.
Figure 16B is a detailed schematic diagram of the
heated mechanical testing tip assembly shown in
Figure 16A.

Description of the Embodiments

[0010] In the following detailed description, reference
is made to the accompanying drawings which form a part
hereof, and in which is shown by way of illustration how
specific embodiments of the present disclosure may be
practiced. In this regard, directional terminology, such as
"top," "bottom," "front," "back," "leading," "trailing," etc.,
is used with reference to the orientation of the Figure(s)
being described. Because components of embodiments
of the present invention can be positioned in a number
of different orientations, the directional terminology is
used for purposes of illustration and is in no way limiting.
These embodiments are described in sufficient detail to
enable those skilled in the art to practice aspects of this
disclosure, and it is to be understood that other embod-
iments may be utilized and that structural changes may
be made without departing from the scope of the present
disclosure. Therefore, the following detailed description
is not to be taken in a limiting sense, and the scope of
the present disclosure is defined by the appended claims.
[0011] According to embodiments described herein, a
system and method are provided for mechanically testing
small test subjects at the nano and micro scales (i.e.,
sub-micron scale) at a specified temperature, including,
but not limited to, nanostructures, thin films and the like.
Such testing is performed, in one example, to determine
the mechanical properties of the materials composing
the subjects. A TEM holder modification for nanome-
chanical testing instrumentation provides a small space
constrained by the front end portion of the holder and the
pole gap of a TEM electron beam. Developing a TEM in-
situ nanomechanical test instrument with an integrated
heater is therefore a great challenge requiring a new de-
sign and instrumentation approach. According to one em-
bodiment, as will be described in greater detail herein,
the system described herein includes a micromachined
or microelectro-mechanical (MEMS) based heater in-
cluding heating and sensing elements. The heater ena-
bles the use of a nanoindenter or other instrument which
provides a high precision actuation force, corresponding
indenting or other deformation (e.g., indenting, scratch-

ing, pulling, compressing and the like), and high resolu-
tion displacement sensing on at least a nanometer or
micrometer scale.
[0012] Figure 1 is a schematic block diagram illustrat-
ing an example of a nanomechanical test system 30 em-
ploying a MEMS based heater 100 (referred to hereafter
as MEMS heater 100 or micron scale heating stage 100)
for heating and sensing the temperature of a small test
sample 31 (or test subject 31). In addition to the MEMS
heater 100, the nanomechanical test system 30 (e.g.,
sub-micron) includes an electro-mechanical (EM) trans-
ducer 32 having a displaceable probe 34, an actuator 36
to displace the displaceable probe 34, a displacement
sensor 38, a computer 40, a coarse positioner 42, a fine
positioner 44, and a controller 50. The EM transducer 32
includes, but is not limited to, indentation, compression,
tensile, fatigue, tribology, fracture instruments and the
like.
[0013] The nanomechanical test system 30 further in-
cludes a test subject holder 55 including a sample stage
52 and having a base portion 54 (or holder base 54). The
MEMS heater 100 is positioned on the sample stage 52
(e.g., within or along the subject holder), and the holder
is detachably mounted to the nanomechanical test sys-
tem 30. According to one embodiment, and described in
greater detail below, the MEMS heater 100 is microma-
chined or MEMS based so as to fit into a small, restricted
space such as for in-situ nanomechanical testing appli-
cation within a quantitative transmission electron micro-
scope (TEM), for example.
[0014] According to one embodiment, the controller 50
includes an input/output module 60, a transducer control
circuit 2, a heater control circuit 4, a processor 62, such
as a microprocessor or a digital signal processor (DSP)
and/or a field programmable gate array (FPGA), for ex-
ample, and a memory system 64. According to one em-
bodiment, the memory system 64 includes a displace-
ment module 66, a force module 68, a temperature sens-
ing module 56, and a heating module 58. According to
another embodiment, the input/output module 60 further
includes a D/A converter 70, and an A/D converter 72.
[0015] In one example, the computer 40 includes a mi-
croprocessor 82 and a memory 84 that stores an appli-
cation module 86. The computer 40 may access and
communicate with the controller 50 via an interface 90
(e.g. a USB interface). Figure 1 shows the computer 40
and controller 50 as separate entities. In other examples,
computer 40 and controller 50 are combined as part of
a single processing and control system.
[0016] According to one embodiment, the application
module 86, displacement module 66, and force module
68 each include instructions respectively stored in the
memory 84 and the memory system 64 and which are
accessible and executable by processor 62.
[0017] Memory system 64 and memory 84 include, but
are not limited to, any number of volatile or non-volatile
storage devices such as RAM, flash memory, hard disk
drives, CD-ROM drives, DVD drives and the like. In other
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embodiments, the displacement module 66, force mod-
ule 68, temperature sensing module 56, and heating
module 58 include any combination of hardware and soft-
ware components configured to perform functions de-
scribed herein. The software component of the displace-
ment module 66 and the force module 68, the tempera-
ture sensing module 56, and the heating module 58 are
each stored on a medium separate from the processor
62 prior to being stored in memory system 64, in one
example. Examples of such media include a hard disk
drive, a flash memory device, a compact disc (e.g. a CD-
ROM, CD-R, or CD-RW), and a digital video disc (e.g. a
DVD, DVD-R, and DVD-RW), for example.
[0018] According to one embodiment, the coarse po-
sitioner 42 and the fine positioner 44 enable 3-dimen-
sional positioning (i.e. x-, y-, and z-axes in Figure 1) of
the EM transducer 32 and displaceable probe 34 in the
millimeter range with a sub-nanometer resolution. Ac-
cording to one embodiment, final positioning and move-
ment of the displaceable probe 34 is performed by the
actuator 36 via the application module 86 on the compu-
ter 40 and the controller 50. According to one embodi-
ment, the controller 50 is configured to control and mon-
itor the movement of displaceable probe 34 and to pro-
vide data representative of a displacement of the dis-
placeable probe 34 (from the displacement sensor 38)
to the computer 40 through the interface 90. According
to one embodiment, controller 50 is configured to deter-
mine and adjust a force applied to the test sample 31 by
the displaceable probe 34.
[0019] According to one embodiment, the controller 50
is configured to control and monitor the temperature of
the MEMS heater 100 and the test subject 31 and to
provide data representative of a temperature of the
MEMS heater 100 and the test subject 31 to the computer
40 via interface 90. In one example, the controller 50 is
configured to determine and adjust a heating power 6
applied to the MEMS heater 100 and the test subject 31
to achieve a desired test subject temperature (and heater
temperature) for testing and observation of the test sub-
ject.
[0020] In operation, a user can program the controller
50 with the computer 40 through the application module
86. According to one embodiment, the controller 50,
through the force module 68, provides an input or actu-
ation force signal 92 to the actuator 36 representative of
a desired force for application to the test sample 31 by
the displaceable probe 34. In response to the input or
actuation force signal 92, the actuator 36 drives the dis-
placeable probe 34 toward the sample stage 52 (e.g.
along the z-axis in Figure 1). The displaceable probe 34
contacts and applies the desired force to the test subject
31. The D/A converter 70 converts the input or actuation
force signal 92 provided by the force module 68 from
digital to analog form which, in turn, is amplified to gen-
erate the input or actuation force signal 92 by transducer
control circuit 2 as provided to actuator 36.
[0021] The displacement sensor 38 comprises a trans-

ducer (e.g. a capacitive transducer) which detects move-
ment of displaceable probe 34 at least along the z-axis,
and provides a displacement signal 94 to controller 50
representing measurement of the movement of the dis-
placeable probe 34. In other embodiments, in addition to
movement along the z-axis, the displacement sensor 38
detects and provides indication of other types of move-
ment of displaceable probe 34, such as displacement
along the x- and/or y-axes or rotational movement about
the x- and/or y-axes. The transducer control circuit 2 con-
ditions the displacement signal 94 from the displacement
sensor 38 and sends the displacement signal 94 to the
A/D converter 72. The A/D converter 72 converts the dis-
placement signal 94 from an analog form, as received
from the transducer control circuit 2, to a digital form for
processing by the displacement module 66. The dis-
placement module 66, according to one embodiment,
communicates measurement of the movement of the dis-
placeable probe 34 to the force module 68 (e.g. for force
calculations) and computer 40 (via interface 90).
[0022] According to one embodiment, controller 50 is
further configured to control movement or displacement
of displaceable probe 34 in the x- and y-directions relative
to sample stage 52, such as by moving EM transducer
32 relative to sample stage 52 or by moving sample stage
52 relative to EM transducer 32. According to one em-
bodiment, the nanomechanical test system 30 further in-
cludes an imaging device 96 comprising an instru-
ment/device such as an electron microscope, an optical
microscope, or a scanning probe microscope (SPM)
(e.g., an atomic force microscope (AFM)) configured to
provide images of a test sample 31 mounted to sample
stage 52, including images of the test subject before,
during and after mechanical testing such as indentation,
compression, fatigue and fracture testing and the like and
video of the same.
[0023] Examples of nanomechanical test systems suit-
able to be configured for use with a MEMS heater 100
according to embodiments of the present disclosure are
described in U.S. Patent Nos. 5,553,486 and 5,869,751,
both of which are assigned to the same assignee as the
present disclosure. For instance, test systems suitable
for configuration with the MEMS heater 100 include, but
are not limited to, optical microscopes, scanning probe
microscopes (SPM), electron microscopes and the like.
In each of these examples, ex-situ or in-situ heating is
performed with the MEMS heater 100. Another test sys-
tem suitable for configuration with the MEMS heater 100
is an electron microscopy (e.g. transmission electron mi-
croscopy (TEM) and/or scanning electron microscopy
(SEM)) in-situ nanomechanical tester commercially
available under the trade name PicoIndenter from Hysi-
tron, Incorporated, of Minneapolis, Minnesota, USA.
[0024] During a temperature controlled mechanical
testing, as will be described in greater detail below,
MEMS heater 100 is controlled so as to heat and maintain
the test subject 31 at the desired temperature. The MEMS
heater 100 is operated with at least one of open loop
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control or closed loop control. For more accurate tem-
perature regulation in a changing thermal environment,
the closed loop control system utilizing the temperature
signal 8 as the feedback is used. When the sample tem-
perature reaches the desired temperature, EM transduc-
er 32 is operated to apply a force with the displaceable
probe 34 to the test subject 31. According to one embod-
iment, the temperature of the test subject 31 is measured
by the MEMS heater 100 and the force applied and a
displacement of the indented material of the test subject
31 are measured by nanomechanical test system 30. The
nanomechanical test system 30 measures these param-
eters through the actuator 36 and the displacement sen-
sor 38 of EM transducer 32 while being synchronously
imaged via imaging device 96. The force and displace-
ment data and images of the corresponding indentation
are substantially simultaneously measured in real-time
and observed by a combination of the actuator 36, the
displacement sensor 38 and the imaging device 96 (e.g.,
an electron microscope). Stated another way, examina-
tion of the test subject - through the above described
measuring and imaging techniques - at a specified testing
temperature is thereby performed without any apprecia-
ble pause between measurement, imaging or heating.
Phenomena including elastic/plastic deformation and the
like that alter the shape of the indentation over time after
application of the indentation force have minimal effect
on the measurement and imaging of the indentation. Ad-
ditionally, elastic/plastic deformation and the like are ob-
servable and measurable for a time period starting im-
mediately after indentation. That is to say, because the
nanomechanical test system 30 with the MEMS heater
100 is able to perform the indentation testing, and meas-
ure and observe the material surrounding the indentation
at substantially the same time, changes in the material
over a period of time are similarly observable at the time
of and immediately after the indentation. Observation of
these parameters and phenomena at or immediately af-
ter indentation are sometimes critical in the accurate as-
sessment and determination of corresponding material
properties.
[0025] Figures 2A, B show the MEMS heater 100 de-
signed for nanomechanical testing at a selected elevated
temperature. The MEMS heater 100, for instance, in the
sample stage 52, is coupled with the base portion 54 as
described above and further described below. As shown
in Figure 2A, in one example, the sample stage 52 in-
cludes a base interface 53 for coupling with the base
portion 54 (i.e., the holder base, further described below)
to form the test subject holder 55. The sample stage 52
further includes a test subject stage 110. For nanome-
chanical tests at elevated temperature, the MEMS heater
100 mounts a test subject 31 (shown in Figure 1) at the
test subject stage 110 for interaction with the displacea-
ble probe 34. As an example, a thin film subject is at-
tached to the MEMS heater 100 (e.g., the test subject
stage 110) along a stage subject surface 201 and posi-
tioned perpendicular to the Z-axis for a nanoindentation

experiment. For proper sample mounting, the stage sub-
ject surface 201 should be flat and perpendicular to the
Z-axis. As described in further detail below the stage sub-
ject surface 201 is coupled with a stage plate 112. The
stage plate 112 braces the stage subject surface 201
providing mechanical stiffness and minimizes deflection
of the stage subject surface during mechanical testing of
a sample.
[0026] A heating element 202 and a sensing element
204 are thin film resistors within a substrate 206 of the
MEMS heater 100. As shown in Figure 2B, the heating
and sensing elements 202, 204 are on the test subject
stage 110 adjacent to the stage subject surface 201. Stat-
ed another way, relative to the base portion 54 (Figure
6B) and the base interface 53, the heating element 202
and sensing element 204 are immediately adjacent to
the stage subject surface 201 to ensure heat is generated
and temperature is measured at a test subject and not
transmitted through large portions of the sample stage
52 to a test subject 31. As described below, minimizing
the distance heat is transmitted through the sample stage
52 to the test subject correspondingly minimizes me-
chanical drift and thermal expansion. Similarly, position-
ing of the heating element 202 remotely from the base
portion 54, as shown in Figure 6B, thermally isolates the
heated test subject stage 110 from the remainder of the
test subject holder 55 and further minimizes drift and ex-
pansion. Referring to Figure 2B, positioning the heating
element 202 adjacent to the stage subject surface 201
on the test subject stage 110 and away from the base
interface 53 (coupled to the base portion 54 shown in
Figure 6B) remotely positions the heating element from
the rest of the test subject holder 55.
[0027] The heating element 202 is heated by generat-
ing heating power using current flow. The sensing ele-
ment 204 senses temperature in the substrate 206 by
corresponding resistance variation with temperature
changes. As heating element 202 and sensing element
204 materials, metal or ceramic thin films are used. The
heating element 202 and the sensing element 204 are
connected to the base portion 54 of the sample stage 52
using first to fourth thin-film leads 212, 214, 216 and 218.
The first to fourth thin-film leads 212, 214, 216 and 218
include one or more of metal materials, ceramic materials
and the like. The first to fourth thin-film leads 212, 214,
216 and 218 have relatively low electrical resistance be-
cause the heating element 202 and the sensing element
204 should be the dominant resistance source. By using
low electrical resistivity materials (e.g., gold), first to
fourth thin-film leads 212, 214, 216 and 218 have corre-
spondingly low resistance. The low resistance of the first
and second thin-film leads 212 and 214 prevents heat
generation on the leads. Similarly, the low resistance of
the third and fourth thin-film leads 216 and 218 prevents
the addition of undesirable resistance corresponding to
locations on the sample stage remote from the stage sub-
ject surface 201 and the heating element 202 for tem-
perature measurements of the MEMS heater 100.
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[0028] The control voltage is provided by the D/A con-
verter 70 to control the current flow though the heater
control circuit 4 and the sensing element 204. The heater
control circuit 4 uses either DC or AC circuitry for the
resistance measurement of the sensing element 204.
Since the sensing element 204 temperature change is
detected by a change in resistance, for resistance detec-
tion, a Wheatstone Bridge is used for the sensing circuitry
in one example.
[0029] Nanomechanical testing at elevated tempera-
ture experiences thermal expansion and drift proportion-
al to the volume and length of the materials involved (the
test sample 31 as well as the sample stage 52). Since
mechanical testing relies on measured force and dis-
placement data, thermal expansion and mechanical drift
cause undesirable change in the displacement measure-
ment data (and force calculation) and distort the mechan-
ical properties calculated from the measured data. To
minimize thermal expansion and mechanical drift, a ma-
terial with low coefficient of thermal expansion and a large
thermal resistance from the heating element 202 of the
sample stage 52 to the base portion 54 of the test subject
holder 55 are required. The MEMS heater 100 is de-
signed to create a large temperature drop through the
heating element 202 to the base portion 54 (see Figure
1) to minimize thermal expansion and drift within the com-
ponents. To have an enhanced temperature drop from
the heating element 202 to the base portion 54, the
MEMS heater 100 includes the exemplary geometry
shown in Figure 2 and the materials described herein
having a large thermal resistance between the heating
element 202 and the base portion 54. Additionally, the
materials of the sample stage 52 and at least first and
second support columns 203, 205 have low coefficients
of thermal expansion, and any thermal drift and expan-
sion because of heating are thereby minimized within the
sample stage 52.
[0030] With the large temperature drop in the MEMS
heater 100 from the heating element 202 to the base
portion 54, the heated volume is limited to the portion of
the MEMS heater close to heating element 202 (e.g., the
stage subject surface 201 and to a much smaller extent
the first and second support columns 203, 205 shown in
Figure 2A). The heated volume is thereby minimized and
the associated thermal expansion and drift is thereby
minimized throughout the test subject holder 55 including
the sample stage 52 and the base portion 54 (see Figure
1). Minimizing the heated volume of the MEMS heater
100 also minimizes power used to heat the test sample
31 to a desired temperature since heat conduction and
convection are limited to a smaller heating volume (i.e.,
the test subject stage 110 including the stage subject
surface 201 and the stage plate 112 and to a lesser de-
gree the first and second support columns 203, 205 and
the base interface 53). Concentrating the application of
heat to the test subject stage 110 including the stage
subject surface 201 also causes less thermal expansion
and drift since less energy is involved in the heating proc-

ess. That is to say, the geometry of the sample stage 52,
the materials used therein and the location of the heating
element 202 alone or together localize heating within the
sample stage to the test subject stage 110. Stated an-
other way, the materials and geometry of the sample
stage 52 and the MEMS heater 100 (e.g., the first and
second support columns 203, 205) throttle heat transfer
from the sample stage 52 into larger components of the
test subject holder 55 (see Figures 6A, B) and even the
base interface 53 otherwise capable, at elevated tem-
peratures, of greater expansion and thermal drift be-
cause of their relatively large volume and dimensions
compared to the test subject stage 110 of the sample
stage 52.
[0031] To increase the thermal resistance and corre-
spondingly decrease heat transfer through the test sub-
ject holder 55, the sample stage 52 includes a material
having low thermal conductivity and a minimized cross-
sectional area (an area perpendicular to the Z-axis and
the direction of heat transfer in the example shown in
Figures 2A, B). The thermal resistance of the material is
inversely proportional to both the material thermal con-
ductivity and the cross-sectional surface area perpendic-
ular to a heat flux direction (e.g., the direction of heat
transfer along the first and second support columns 203,
205 from the MEMS heater 100 toward the base portion
54). The MEMS heater 100 shown in Fig. 2 employs first
and second voids 208 and 210 with the first and second
support columns 203, 205 having minimal cross sectional
area relative to the area of the test subject stage 110 to
reduce the cross-sectional area perpendicular to the Z-
axis and enhance the thermal resistance along the Z-
axis. The increased thermal resistance enhances the
temperature drop from the heating element 202 through
the sample stage 52 when the MEMS heater 100 is op-
erated.
[0032] Use of low thermal conductivity material for the
sample stage 52, the geometry of the stage (e.g., col-
umns and voids), and the location of the heating element
202 adjacent to the stage subject surface 201 ensures
heating of a test sample occurs at the test sample, and
heat energy is minimally transmitted through the remain-
der of the sample stage 52 and into the test subject hold-
er, such as the holder base 54. Because heat is gener-
ated at the test subject stage 110 adjacent to a test sam-
ple on the stage subject surface 201 heat energy must
travel through the minimally thermal conductive material
of the test subject stage 110 and the minimal cross sec-
tional area of the first and second support columns 203,
205 to reach portions of the test subject holder 55 having
larger volumes and correspondingly capable of large me-
chanical drift and thermal expansion. Further, only min-
imal radiant heat from the test subject stage 110 can
cross the first and second voids 208, 210 relative to con-
ductive heat transfer through the first and second support
columns 203, 205. The first and second voids 208, 210
thereby cooperate with the other resistive heat transfer
features of the sample stage 52 to throttle heat transfer
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away from the test subject stage 110. These features
alone or in combination thermally isolate (e.g., substan-
tially or extensively thermally insulate) the test subject
stage 110 and substantially contain heat generated
therein relative to the holder base 54 and the remainder
of the test subject holder 55 to minimize mechanical drift
and thermal expansion through heating of the heating
element 202. A minimal amount of heat is transferred to
portions of the test subject holder 55 (as described below
by example). In one example, the holder base 54 and
the base interface 53 (Figures 2A and 6B) are at a tem-
perature of around 50 degrees Celsius or less (e.g.,
around 20 degrees Celsius) while the test subject stage
110 is heated to around 400 degrees Celsius. While com-
plete thermal isolation is not achieved, heat transferred
to the base interface 53, the holder base 54 and the re-
mainder of the test subject holder 55 from the heated test
subject stage 110 is minimal and mechanical drift and
thermal expansion are correspondingly minimal. Sam-
ples (e.g., test sample 31) on the stage subject surface
201 are thereby held substantially static during heating,
mechanical testing and observation, for instance, with a
transmission electron microscope. Stated another way,
observation of a micrometer or nanometer size discrete
portion of the tested sample that is mechanically tested
- as opposed to the remainder of the sample - is thereby
performed prior to, during and immediately after testing
because drift and expansion in components thermally
isolated from the test subject stage 110 are minimized.
[0033] Since the MEMS heater 100 is used in nano-
mechanical testing, the mechanical compliance of the
MEMS heater 100 is critical in one example. The en-
hanced stiffness (in contrast to mechanical compliance)
of the sample stage 52, including the MEMS heater 100,
minimizes deflection of the sample stage and corre-
spondingly minimizes false additional displacement
measured by the displaceable probe 34 over the true
actual penetration depth of the probe into the test sample
31. The stage plate 112 reinforces the stage subject sur-
face 201 and enhances the stiffness of the sample stage
52. The material of the substrate 206 including the stage
plate 112 is sufficiently stiff to not add its compliance to
the mechanical data of the sample. For instance, the
stage plate 112 and the substrate 206 include materials
with high Young’s modulus, flexural modulus and the like,
such as fused quartz or Zerodur. The stage plate 112
braces the stage subject surface 201 to substantially min-
imize deflection of the stage subject surface 201, for in-
stance, during mechanical testing and observation. In
another example, the first and second support columns
203, 205 underlie and brace the stage subject surface
201 to enhance the stiffness of the stage subject surface.
In contrast to the stiffness (the minimal mechanical com-
pliance) of the MEMS heater 100, other heaters use
membrane structures with enhanced mechanical com-
pliance that permit mechanical deflection of the mem-
branes and preclude use of the heaters for accurate me-
chanical testing. Optionally, the stage plate 112 is an

integral part of the sample stage 52. For instance, the
stage plate 112 and the test subject stage 110 (including
the stage subject surface 201) are formed as a single
piece of the sample stage 52 with the MEMS heater 100
disposed thereon. In another option, the stage plate 112
is coupled to the sample stage 52 to supplement the stiff-
ness of the test subject stage 110 and the stage subject
surface 201.
[0034] One of the important applications of the MEMS
heater is electron microscopy in-situ nano-mechanical
testing. Since electron microscopy uses a vacuum envi-
ronment, the MEMS heater should be made of vacuum
compatible materials which do not outgas in vacuum.
[0035] Fused quartz is an example of materials having
low thermal expansion, low thermal conductivity, and low
mechanical compliance with no outgassing in high vac-
uum. Fused quartz has coefficient of thermal expansion
of 4.0 mm/m·K, thermal conductivity of 1.38 W/m·K, and
Young’s modulus of 69 GPa. Those thermal and mechan-
ical properties can provide satisfactory performance as
the substrate 206 material.
[0036] First to fourth holes 220, 222, 224 and 226 are
designed for mechanical and electrical integration of the
MEMS heater 100 with the base portion 54 of the test
subject holder 55. The first to fourth holes 220, 222, 224
and 226 are sized and shaped for receipt of conductive
fixtures (eg. conductive screws) to mechanically fix the
MEMS heater 100 to the base portion 54 of the test sub-
ject holder 55. The conductive fixtures also can make
electrical connections by contacting the first to fourth thin-
film leads 212, 214, 216 and 218 and the connectors on
the base portion 54 of the test subject holder 55. The
mechanical and electrical connections as described
above are useful for TEM in-situ nanomechanical testing
where minimal space is available for connection.
[0037] Since electron microscopy uses an electron
beam for imaging, the test sample 31 accumulates the
electrons if electrically isolated. An electron charged test
sample 31 causes electrostatic force between the dis-
placeable probe 34 and the test sample 31 and may
cause a jump-to-contact as the displaceable probe 34
approaches the test sample 31. This electrostatic attrac-
tion by the accumulated electrons is undesirable for ap-
plications, such as indentation, because it distorts the
measurement data, for instance the indentation load-
ing/unloading curve. Discharging the electrons in the test
sample 31 by electrically grounding the test sample im-
proves the quantitative accuracy of mechanical meas-
urements in electron microscopy in-situ mechanical test-
ing.
[0038] Referring now to Figure 3, for discharging pur-
pose, the bottom side of the MEMS heater 100 has a
conductive thin film (e.g., metal or ceramic thin film) pat-
tern 302. This conductive thin film pattern 302 discharges
electrons on the test sample 31 (See Figure 1). The con-
ductive thin film pattern 302 is electrically coupled with
the test sample 31 by applying a conductive adhesive,
epoxy, or paste between the test sample 31 and the con-
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ductive thin film pattern 302. The conductive thin film pat-
tern 302 is electrically coupled with an electron micros-
copy ground to prevent any charge accumulation and
electrostatic attraction between the test sample 31 and
the displaceable probe 34 because of differing electrical
potential.
[0039] The test sample 31 is mounted directly on the
stage subject surface 201 of the MEMS heater 100, in
one example. As shown in Figure 4, for TEM in-situ na-
nomechanical testing, the test sample 31 is exposed to
the electron beam and the beam is transmitted through
the test sample 31. To make a thin test sample 31 along
the electron beam 404 direction, the sample is deposited
or attached on a sharp wedge-shaped sample mount 402
as shown in Figure 4. The sample mount 402 includes a
first side 408 including a sharp edge 410 along the wedge
shape 412 for reception of the test sample 31. A MEMS
fabrication process is used to make the micro or nano
scale sharp edge 410. The MEMS fabrication process
includes, but is not limited to, deposition processes, fo-
cused ion beam lithography and milling, laser machining,
photolithography and etching (dry or wet) and the like.
With the configuration shown in Figure 4, the test sample
31 and sample mount 402 are heated to the desired tem-
perature using the MEMS heater 100. After the test sam-
ple reaches the desired temperature, the EM transducer
32 (See Figure 1) actuates the displaceable probe 34 to
test the test sample 31. In one example, while the dis-
placeable probe 34 indents the test sample 31, the me-
chanical data and the sample image are recorded simul-
taneously in real time by the displacement sensor 38 and
the imaging device 96, respectively.
[0040] Because the stage subject surface 201 is par-
allel to the electron beam and positions the test sample
31 on the sample mount 402 within the beam, electron
transparency is maintained through the test sample 31.
Stated another way, the stage subject surface 201 and
the sample mount 402 are positioned outside of the elec-
tron beam and do not underlie the beam emitter. The
electron beam is thereby able to pass through the sample
without distortion from underlying materials. Further, the
sample stage 52 is braced by the stage plate 112 (de-
scribed above and shown in Figures 2A, B). The stage
plate 112 underlies the stage subject surface 201 and is
also outside of the electron beam. Transparency of the
test sample 31 is thereby maintained while also providing
a rigid test subject stage 110 with a stage subject surface
201. Stated another way, transmission electron micros-
copy is effectively performed on the test sample 31 while
at the same time mechanical testing (indentation, frac-
ture, tension and the like) is permitted with negligible de-
formation of the underlying stage subject surface 201.
[0041] Referring to Figures 4 and 5, a second side 406
of the sample mount 402 is usually planar and perpen-
dicular to the Z-axis. The second side 406 is coupled with
the stage subject surface 201 of the MEMS heater 100.
The front wall is similarly flat and perpendicular to the Z-
axis for a flush coupling. An example of a sample mount

402 including a MEMS fabricated wedge shape 412 hav-
ing a sharp edge 410 for mounting of a sample is shown
in Fig. 5. The sample mount 402 has a wedge shape 412
fabricated on one side of a silicon wafer. The second side
406 is on the other side of the sample mount 402 (e.g.,
a silicon wafer). Use of a heavily doped silicon wafer for
the sample mount 402 fabrication makes the sample
mount 402 conductive. By connecting the sample mount
402 to the TEM ground, electrons on the test sample 31
are discharged to substantially prevent electrostatic at-
traction during imaging.
[0042] To evaluate the performance of the MEMS heat-
er 100, finite element analysis (FEA) was performed us-
ing the commercially available finite element analysis
software COSMOSWorks®. For the simulation, a model
of the PicoIndenter 600 for the Hitachi TEM models H
800 and HF 2000 was used. Figures 6A, B show the
model of the PicoIndenter including the test subject hold-
er 55, the wedge shape 402, the MEMS heater 100 and
its coupling using first to fourth fasteners 608, 610, 612
and 614 (e.g., brass screws). 158,989 triangular ele-
ments were generated for this simulation. Exemplary
components of the tested MEMS heater 100, the test
subject holder 55 and the other components shown in
Figure 6 are described herein. The wedge shape 402
has a thermal conductivity of 124 W/m·K, a specific heat
of 750 J/kg·K and a mass density of 2330 kg/m3. A fused
quartz material is used in the substrate 206 of the sample
stage 52 and has a thermal conductivity of 1.38 W/m·K,
a specific heat of 770 J/kg·K and a mass density of 2458
kg/m3. The first to fourth fasteners 608, 610, 612 and 614
are brass screws and have a thermal conductivity of 130
W/m-K, a specific heat of 420 J/kg·K and a mass density
8,260 kg/m3. For the PicoIndenter 600, a titanium outer
tube 620 is specified having a thermal conductivity of 22
W/m·K, a specific heat of 460 J/kg·K and a mass density
of 4600 kg/m3. The front end 606 of the test subject holder
55 includes a co-fired ceramic having a thermal conduc-
tivity of 46 W/m·K, a specific heat of 753 J/kg·K and a
mass density of 3960 kg/m3. The ball tip 604 is construct-
ed with sapphire and has a thermal conductivity of 23
W/m·K, a specific heat of 761 J/kg·K and a mass density
of 3980 kg/m3. Thermal conductivity generally decreases
and the specific heat generally increases as the material
temperature rises. For evaluation purposes those prop-
erties are assumed constant. Steady state analysis and
transient analysis were performed to investigate the tem-
perature distribution, heating time and heating power.
[0043] For the steady state analysis, as boundary con-
ditions, the heating element 202 was assumed to main-
tain a temperature of 420 °C and the outer tube surface
with the largest diameter 602 and ball tip 604 were as-
sumed to maintain a temperature of 20 °C. The outer
tube surface with the largest diameter is the portion of
the test subject holder 55 that makes contact with the
TEM main body and heat transfers through this contact
from the PicoIndenter to the TEM main body. Figure 7
shows points of interest examined for both analyses
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(steady state and transient). At steady state, the estimat-
ed temperature at Point A (the stage subject surface 201)
was 398 °C, at Point B (between the base interface 53
and the stage subject surface 201) it was 210 °C, at Point
C (the base interface 53) it was 21.7 °C, at Point D it was
21.6 °C, and at Point E it was 21.5 °C. There was a large
temperature drop from the heating element 202 to the
front end 606 of the test subject holder 55 including the
holder base 54. As described above, the substantial tem-
perature drop is desirable to minimize heating power
needed to achieve a specified sample temperature with
less thermal drift. As shown with the estimated temper-
atures, most of the temperature drop occurred at the sub-
strate 206 of the sample stage 52 indicating a minimal
amount of heat transfer to the other components of the
test subject holder 55 (e.g., larger components, such as
the base portion 54 with corresponding larger thermal
drift if heated). This result indicates that the same cali-
bration constant of the sample stage 52 with the MEMS
heater 100 can be used for different PicoIndenter hold-
ers. Stated another way, because substantially all of the
heat generated within the sample stage 52 at the heating
element 202 (See Figures 2A, B) is retained within the
sample stage (i.e., not transmitted to the holder of the
PicoIndenter), the sample stage is adaptable for coupling
with different PicoIndenters without separate individual
calibrations.
[0044] For transient thermal analysis, as boundary
conditions, the heating element 202 is heated with 53
mW and the outer tube surface with the largest diameter
602 and ball tip 604 as shown in Fig 6. were assumed to
have a convection coefficient of 100 W/m2·K. The larger
convection coefficient is employed to model fast heat
transfer through the outer tube and the ball tip 604. All
the components are assumed to have a 20 °C tempera-
ture initially. Transient analysis was done over 200 sec-
onds of heating at 20 second increments for points A, B
and C (See Figure 7). Figure 8 shows the estimated tem-
perature variation through the 200 second period. After
a steep temperature rise for points A and B during the
first 20 seconds, heat transfer slows. After 90 seconds
of heating, the temperatures at points A and B are sta-
bilized. Advantageously, because the MEMS heater 100
has an integrated temperature sensor (sensing element
204), heating of the sample stage 52 is rapid, quantitative
and accurate with a closed loop control scheme. In con-
trast, other methods associate a particular voltage with
a temperature observed with an optical device, and use
the observed relationship as a generalized calibration
that is less accurate and subject to differences caused
by a variety of factors (the sample material, differences
in mass and volume of the stage and sample heated from
those used for calibration, and the like).
[0045] Additionally, with the closed loop scheme and
the sensing element 204, higher heating power is initially
used while raising the test sample 31 temperature and
lower heating power is gradually used as the test sample
31 temperature approaches the desired temperature

(e.g., 420 °C). Although the testing data here includes a
desired temperature of 420 °C, the sample stage 52 in-
cluding the MEMS heater 100 is configured, in one ex-
ample, for heating to at least 1100 °C or more.
[0046] A sample stage 52 including the MEMS heater
100 was fabricated using metal deposition techniques
and laser machining. As substrate 206 material, fused
quartz is chosen. Fused quartz has a 1.38 W/m·K thermal
conductivity which is about 100 times lower than that of
silicon. The fused quartz also has low coefficient of ther-
mal expansion (4.0 mm/m·K) which helps to reduce the
thermal expansion and drift during heating with the
MEMS heater 100. The high Young’s modulus (i.e., stiff-
ness) of fused quartz minimizes compliance to the ap-
plied force used for mechanical testing and thereby mit-
igates the inclusion of deflection of the sample stage in
displacement measurements and force calculations. The
structural dimensions are determined based on the
MEMS fabrication capability. The heating element 202
and sensing element 204 include platinum materials.
Platinum is used up to 600 °C without degradation and
has a linear temperature-resistance relation. As the heat-
ing element 202, a platinum thin film is deposited on a
20-nm thick titanium adhesive layer. The dimension of
the heating element 202 is 1.5 mm-long, 10-mm wide,
and 0.15 mm thick. Considering the resistivity of platinum,
10.5 mΩ·cm, the resistance of the heating element was
designed as 100 Ω. With this resistance, the heating el-
ement has a much larger resistance than other resistance
sources such as contact and lead resistances ensuring
heating occurs at the heating element 202 and minimiz-
ing heating of the contacts and leads. The heater resist-
ance also permits current flow resolution with 26 mA cur-
rent flow to generate 70 mW required heating power to
raise the test sample 31 temperature to 400 °C. A resist-
ance value closer to the resistance value of the contacts
and leads allows the contacts and leads to undesirably
heat other portions of the sample stage 52. A higher re-
sistance may decrease the temperature resolution be-
cause of a large heating power variation to the current
flow resolution. For comparison, Hysitron’s 400 °C heat-
ing stage manufactured for the TriboIndenter uses 750
mA current flow and 85 W heating power.
[0047] As the sensing element 204, a platinum thin film
is deposited on a 20-nm thick titanium adhesive layer.
The dimension of the sensing element 204 is 7.5 mm-
long, 5-mm wide, and 0.15 mm thick. Considering the re-
sistivity of platinum, the resistance of the sensing element
204 as described is 1,000 Ω. The resistance of the sensor
resistor is determined as 1,000 Ω. As the nominal resist-
ance increases, resistance variation to the temperature
change also increases. Accordingly, making the resist-
ance of sensing element 204 higher provides increased
temperature sensing resolution. As the electrical leads
from the heating and sensing elements to the sample
stage, gold film is deposited on the titanium adhesive
layer. Figures 6A, B show the sample stage 52 and
MEMS heater 100 as fabricated with the brass screw
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connections coupled with a test structure. The heating
and sensing elements are electrically connected to the
front end 606 using the gold leads patterned on the
MEMS heater 100 of the sample stage 52 and the fas-
teners (e.g. four brass screws). The fasteners also me-
chanically fix the MEMS heater 100 and the sample stage
52 on the base portion 54.
[0048] Microscope images in Figures 9A, B show the
top (Figure 9A) and bottom (Figure 9B) sides of the
MEMS heater 100 as fabricated. The top side image
shows the platinum heating and sensing elements and
the gold leads patterns. The metallization is well done.
However, there was resistance difference between the
designed value and the measured value. The measured
heater and sensor resistance at room temperature is
about 250 Ω and 2.5 kΩ respectively. Those values are
about 2.5 times higher than the designed value. This dif-
ference does not cause performance degradation since
the driving electrical circuit can be adjusted for those re-
sistances. Fabrication errors occur during micromachin-
ing fabrication processes. Such processes include, but
are not limited to deposition processes, focused ion beam
lithography and milling, laser machining, photolithogra-
phy and etching (dry or wet). The front side of the MEMS
heater wall is diced using a dicing saw to separate each
individual heater from the fused quartz substrate wafer.
Dicing creates a planar front side wall. The plane of the
the front side wall is essential for consistently attaching
a silicon wedge to the MEMS heater 100. The bottom
side platinum lead 900 is patterned to discharge the elec-
trons on the sample during the experiment inside TEM.
This platinum lead 900 connects the TEM ground and
the sample mount 402. By discharging the electrons on
the test sample 31, undesirable electrostatic interaction
between the displaceable probe 34 and test sample 31
during the electron microscopy in-situ nanomechanical
test is prevented.
[0049] The MEMS heater 100 as fabricated was an-
nealed at 450 °C for 30 minutes. This annealing process
causes inter-metallic diffusion which changes the heater
and sensor characteristics. By annealing the MEMS
heater at the temperature higher than the operating tem-
perature, the heating element 202 and sensing element
204 can maintain the same characteristics within the op-
eration temperature range (room temperature to 400 °C).
After the annealing, the sensing element 204 showed
repeatable and linear temperature-resistance character-
istics. Figure 12 is the measured sensing element 204
resistance at different temperatures. Resistance of the
sensing element 204 is measured from 100 °C to 400 °C
with 20 °C interval. The resistance changes at 5.6 Ω/°C
within the measured temperature range. From the meas-
ured data, the thermal coefficient of the sensing element
204 is estimated as α=0.00217 °C-1 which indicates
0.217% resistance change per 1 °C temperature change
compared to the nominal resistance at 0 °C.
[0050] For testing purposes, the sample stage 52 as
fabricated including the MEMS heater 100 was integrated

with the emulated PicoIndenter front part 1000 and heat-
ing circuit 1002 as shown in Figure 10. The coupling by
way of the fasteners does not mechanically damage the
MEMS heater 100 and sample stage 52 and it secures
electrical connections well. The contact resistance be-
tween the fasteners and the patterned gold lead (shown
in Figure 2B) is measured to be less than 0.5 Ω. This low
contact resistance is negligibly smaller than the heater
and the sensor resistances. Because of the low contact
resistance, the contact area between the front part 1000
and the sample stage 52 is not heated by current flow
and does not thereby distort the sensor reading.
[0051] Fig. 11 shows the heating experiment images
under microscope. Current flow was applied to the heater
to check the heating element performance. The glowing
light from the heater shows the heater is heated well
above 600 °C and the glowing intensity change by heat-
ing power change shows that the heater is responding
properly.
[0052] Figure 13 shows a schematic view of still an-
other example of a test subject holder. The test subject
holder 1300 includes a holder base 1302 coupled with a
means for holding a test subject 1304. As described here-
in, in some examples, the means for holding a test subject
1304 includes a sample stage including a test subject
stage and a base interface (See Figures 2A, B). The
means for holding a test subject 1304 includes a subject
surface 1312 configured to position a sample 1316 within
an electron beam 1310 of a transmission electron micro-
scope. As shown in Figure 13, the subject surface 1312
includes a surface projection 1314, for instance a wedge
shaped projection, that receives the sample 1316. When
installed in the transmission electron microscope, the
means for holding a test subject 1304 and the subject
surface 1312 position the sample within the electron
beam 1310.
[0053] The test subject holder 1300 further includes a
means for heating 1318. In one example, the means for
heating 1318 includes a resistive MEMS heating element
on the means for holding a test subject 1304. As previ-
ously described herein, the means for heating 1318 heats
a portion of the means for holding a test subject 1304
(e.g., a test subject stage 110) and the sample 1316 to
a specified temperature, for instance, 400 degrees Cel-
sius or greater. The test subject holder 1300 with the
means for heating are configured for use in ex-situ and
in-situ heating and observation with optical, scanning
probe and electron microscopes.
[0054] Also shown in Figure 13 is an electro-mechan-
ical transducer 1306 with a probe 1308. The electro-me-
chanical transducer 1306 performs mechanical testing
and measurement of the sample 1316 on the subject
surface 1312. For instance, the electro-mechanical
transducer 1306 performs indentation, tensile, compres-
sion, fracture, fatigue, tribology testing and the like.
[0055] As shown in Figure 13, the means for heating
1318 is positioned adjacent to the subject surface 1312
and the sample 1316. Heating of the sample 1316 is
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thereby performed at the sample 1316 and not otherwise
transmitted from a heating feature remote from the sam-
ple and the subject surface 1312. For instance, the
means for heating 1318, such as a resistive heating el-
ement, is located adjacent to the sample 1316 according
to an adjacent spacing 1320 of approximately 0.50 mil-
limeters As previously described in other examples and
discussed again here, the means for heating 1318 is con-
figured to heat a portion of the means for holding a test
subject 1304. For example, the means for heating 1318
is configured to heat a minimal volume of the means for
holding a test subject 1304 compared to the holder base
1302 and the remainder of the means for holding a test
subject 1304 coupled with the holder base. By limiting
the volume heated the means for heating 1318 is able to
quickly heat the portion of the means for holding a test
subject 1304 with the sample 1316 thereon and use less
heating energy. By maintaining the means for heating
1318 adjacent to both the sample 1316 and the subject
surface 1312 rapid heating with less energy expenditure
is possible because there is minimal transmission of heat
energy through other portions of the means for holding
a test subject 1304. As described above, positioning the
means for heating 1318 according to an adjacent spacing
1320 of around 0.50 millimeters locates the heating
means 1318 adjacent (e.g., immediately adjacent) to the
sample 1316 and the subject surface 1312. As further
discussed below, the volume heated by the means for
heating 1318 is in some examples limited by features
such as voids, columns and a material of the means for
holding a test subject 1304. These features alone or in
combination cooperate with the placement of the means
for heating adjacent to the subject surface 1312 to sub-
stantially limit the volume of the means for holding a test
subject 1304 heated by the means for heating 1318.
[0056] As described in other examples herein, the
means for holding a test subject 1304 includes in some
examples voids, supports and thermally resistive mate-
rials configured to contain heat energy within a smaller
volume of the means for holding a test subject 1304 rel-
ative to the remainder of the means for holding a test
subject 1304 and the holder base 1302. These features
and materials are described herein and are applicable to
the means for holding a test subject 1304. Referring to
the sample stage 52 in Figures 2A and 2B, for example,
the first and second support columns 203, 205 extending
from the base interface 53 to the test subject stage 110
throttle heat transfer from a first portion of the sample
stage 52 (e.g., a means for holding a test subject 1304)
to the base interface 53. The first and second support
columns 203, 205 have a smaller cross sectional area
along a plane parallel to the plane defined by the test
subject stage 110. A smaller cross sectional area in the
first and second support columns 203, 205 relative to the
test subject stage 110 throttles heat transfer from the test
subject stage 110 toward the base interface 53 as well
as the holder base 54 shown in Figure 6B.
[0057] Additionally, one or more first and second voids

208, 210 shown in Figures 2A and 2B, space the test
subject stage 110 from the base interface 53 and the
juncture between the base interface 53 and the holder
base 54. Transmission of heat energy across the first
and second voids 208, 210 is difficult compared to con-
duction of heat energy through the material of the test
subject holder 55. Additionally, in a vacuum (common in
electron microscopes) transmission across the first and
second voids 208, 210 is only possible by minimal radi-
ative heat transfer and not by relatively enhanced heat
transfer through convection. The first and second voids
208, 210 thereby throttle heat transfer from the test sub-
ject stage 110 to the remainder of the sample stage 52
including the base interface 53. The first and second sup-
port columns 203, 205 (and the first and second voids
208, 210 therebetween) position the test subject stage
110 (e.g., the subject surface 1312 including a sample
1316) remotely relative to the remainder of the sample
stage 52 (means for holding a test subject 1304). The
first and second voids 208, 210 and the first and second
support columns 203, 205 shown in Figures 2A, B thereby
thermally isolate the subject surface 1312 (e.g., stage
subject surface) of the means for holding a test subject
1304 shown in Figure 13 from the remainder of the means
for holding a test subject 1304 and the test subject holder
1300.
[0058] While the test subject stage 110 (e.g., the sub-
ject surface 1312) is not completely thermally isolated
from the remainder of the test subject holder 55 (e.g. test
subject holder 1300), heat transfer from the test subject
stage 110 to the test subject holder 55 and base interface
53 is substantially minimized. For instance, in one exam-
ple where a sample and the test subject stage 110 (e.g.,
sample 1316 and subject surface 1312) are heated to a
temperature of around 400°C or greater the remainder
of the sample stage 52 adjacent to the holder base 54 is
maintained at a temperature of around 50°C or less.
[0059] Moreover, the means for holding a test subject
1304 is constructed with a thermally resistive material
configured to resist conductive heat transfer from the
subject surface 1312 to the holder base 1302 and a re-
mainder of the means for holding a test subject 1304
(including for instance the base interface 53 as shown in
Figure 2A). For example, where the means for holding a
test subject 1304 is constructed with fused quartz. Fused
quartz has a coefficient of thermal expansion of around
4.0 mm/m·K and a thermal conductivity of around 1.38
[0060] W/m·K. With this minimal thermal conductivity
the fused quartz substantially retards the transmission
of heat from the subject surface 1312 to the holder base
1302. Further fused quartz experiences minimal thermal
expansion at the heated subject surface 1312 because
of its low coefficient of thermal expansion.
[0061] These features described immediately above
and herein including the first and second support col-
umns 203, 205, the first and second voids 208, 210 as
well as the materials of the means for holding a test sub-
ject 1304 operate alone or together to thermally isolate
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and thereby substantially retard heat transfer from the
subject surface 1312 to the remainder of the means for
holding a test subject 1304 and the holder base 1302.
These features either alone or in combination ensure that
heating through the means for heating 1318 of the sample
1316 is substantially contained adjacent to the subject
surface 1312 to provide rapid heating of the sample 1316
with relatively low amounts of heat energy. Stated anoth-
er way, because of the thermal isolation of the subject
surface 1312 and sample 1316, the means for heating
1318 substantially heats the subject surface 1312 and
the sample 1316 while only minimally transmitting heat
from the subject surface to the remainder of the means
for holding a test subject 1304 (including for example,
the base interface 53 and the test subject stage 110
shown in Figure 6B).
[0062] Because heating of the subject surface 1312 is
substantially localized at the subject surface and the
sample 1316 with only minimal heat transferred to the
remainder of the means for holding a test subject 1304,
mechanical drift and thermal expansion of the material
of the means for holding a test subject 1304 as well as
the holder base 1302 are substantially minimized. Me-
chanical drift and thermal expansion of the materials
comprising the holder base 1302 and the means for hold-
ing a test subject 1304 are proportional to the dimensions
and volume of the materials of each of those elements
heated during operation of the means for heating 1318.
Because the volume heated by the means for heating
1318 is substantially limited to the subject surface 1312
and the sample 1316 mechanical drift and thermal ex-
pansion are thereby minimized. For example, with the
minimal heat transfer through the first and second sup-
port columns 203, 205 and across the first and second
voids 208, 210 along with the thermally resistive material
of the means for holding a test subject 1304 the remain-
der of the means for holding a test subject 1304 and the
holder base 1302 experience minimal heating and there-
by experience minimal mechanical drift and thermal ex-
pansion. In another example, the sample surface 1312
is constructed with a material, such as fused quartz, hav-
ing a low coefficient of thermal expansion. Heating of the
sample surface 1312 thereby results in minimal thermal
expansion of the surface.
[0063] A portion of the sample 1316 observed, for in-
stance, through transmission electron microscopy is
thereby held substantially static during heating with the
means for heating 1318. The sample 1316 including the
portion observed, is further held statically for both me-
chanical testing with the electro-mechanical transducer
1306 and observation by the electron beam 1310 of a
transmission electron microscope. That is to say, a por-
tion of the sample 1316 at a micro or less scale (e.g.,
nano-scale) is observable by a transmission electron mi-
croscope during heating as well as mechanical deforma-
tion and testing and thereafter. Mechanical properties of
the material making up the sample 1316 are thereby ob-
servable before heating, during heating, during mechan-

ical testing and immediately thereafter by observation of
one discrete portion of the sample throughout testing.
[0064] Additionally, as described herein, the means for
holding a test subject 1304 in other examples includes a
support, such as a stage plate 112 shown in Figure 2A.
The support braces the subject surface 1312 of the
means for holding a test subject 1304. The support (e.g.,
the stage plate 112) braces the subject surface 1312 and
the sample and minimizes deflection of the subject sur-
face during mechanical testing with the electro-mechan-
ical transducer 1306. Observation of the sample 1316
and accurate assessment of the sample properties are
thereby possible through a transmission electron micro-
scope without the distortion caused by deflection of the
subject surface.
[0065] As described above, the subject surface 1312
with the support provides a robust surface for positioning
and observation of the sample 1316. Because the sample
1316 is positioned on the subject surface 1312 and be-
cause the surface is positioned outside of the electron
beam 1310 electron transparency is maintained through
the sample 1316 thereby providing distortion free obser-
vation of the sample 1316. Stated another way, the sub-
ject surface 1312 supports the sample 1316 during me-
chanical testing with the electro-mechanical transducer
1306 and minimizes deflection of the surface and the
sample while also maintaining electron transparency of
the sample 1316. For instance, as shown in Figure 13,
the subject surface 1312 is oriented parallel to the elec-
tron beam 1310 with the surface projection 1314 present-
ing the sample 1316 and extending toward the electron
beam 1310. Because the sample 1316 is provided along
the edge of the surface projection 1314 the sample itself
as opposed to the subject surface 1312 is positioned with-
in the electron beam 1310 to maintain electron transpar-
ency.
[0066] In contrast, in some examples sample stages
provide deflectable membranes and wires underlying the
sample. These features, such as wires and membranes,
allow for electron transparency but they are not sufficient-
ly robust to brace against deflection from mechanical
testing, such as nano-indentation. In other examples,
where a sample is positioned on a robust surface capable
of providing support against mechanical testing, electron
transparency is not maintained because the support is
positioned within the electron beam axis. The means for
holding a test subject 1304 described herein addresses
both of these issues by providing a robust support in the
subject surface 1312 (e.g., a stage plate 112) as well as
a sample 1316 that is electron transparent through posi-
tioning of the subject surface 1312 outside of the electron
beam 1310.
[0067] Referring now to Figures 14A and 14B, one ex-
ample of a prior art test subject holder 1400 is shown.
The prior art test subject holder 1400 includes a specimen
cradle 1402 movably positioned within the test subject
holder. The specimen cradle 1402 includes a specimen
area 1406 configured to receive a specimen for obser-
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vation under a transmission electron microscope. The
specimen area 1406 is surrounded by a heating element
1404 configured to heat the specimen area 1406 and the
specimen. In the example shown, the heating element
1404 includes a heating element extending through the
periphery of the specimen cradle 1402 and substantially
surrounding the specimen area 1406.
[0068] Referring now to Figure 14B, the prior art test
subject holder 1400 including the specimen cradle 1402
is shown in a cross sectional view. The heating element
1404 extends into and out of the page and around the
periphery of the specimen cradle 1402 to surround the
specimen area 1406. As shown in Figure 14B, the spec-
imen area 1406 is remotely spaced according to a remote
spacing 1408 from the heating element 1404. In one ex-
ample, the heating element 1404 is positioned away from
the specimen area 1406 around 1.5 millimeters. The
heating element is positioned away from the specimen
area 1406 (e.g., a membrane) to maintain electron trans-
parency through the specimen area 1406. Stated another
way, the heating element 1404 is positioned peripherally
away from the specimen area 1406 to allow observation
of a specimen on the specimen area 1406 through trans-
mission electron microscopy. Because the heating ele-
ment 1404 is positioned remotely relative to the specimen
area 1406 a significant amount of heat energy is needed
to heat the specimen area 1406 to a specified tempera-
ture. Further, because the heating element 1404 is po-
sitioned within the specimen cradle 1402 surrounding the
specimen area 1406 heating of the heating element 1404
not only must heat the specimen area 1406 it must also
heat the remainder of the specimen cradle 1402 to
achieve the specified temperature on the specimen area
1406.
[0069] In one example, the heated volume of the spec-
imen cradle 1402 in the specimen area 1406 is greater
than a volume of the test subject stage 110 shown in
Figures 2A, 2B. Because the specimen area 1406 is not
thermally isolated from the specimen cradle 1402 heat
energy from the heating element 1404 is transmitted with-
in the specimen cradle 1402 as well as the specimen
area 1406. In some examples, it thereby requires addi-
tional heat energy and time to heat the specimen area
1406 to a specified temperature. Further it requires ad-
ditional heat energy to maintain the specimen area 1406
at the desired temperature.
[0070] In contrast to the prior art test subject holder
1400 shown in Figure 14A, 14B, the test subject holder
1300 shown in Figure 13 includes the subject surface
1312 having the means for heating 1318, such as a heat-
ing element, positioned adjacent to the subject surface
and sample 1316. As previously described, for example,
the means for heating 1318 is positioned adjacently ac-
cording to an adjacent spacing 1320 to the sample 1316.
For instance, the adjacent spacing 1320 is around 0.50
millimeters compared to the remote spacing in the ex-
ample shown in Figure 14B of around 1.5 millimeters. At
a micro or nanoscale the difference in spacing between

the sample and the heating element in the test subject
holder 1300 and the prior art test subject holder 1400
provides significant differences in the amount of heat en-
ergy needed to elevate the temperature of a sample to
high specified temperatures. Stated another way, the ad-
jacent spacing 1320 positions the means for heating
1318 immediately adjacent to the sample 1316 (with the
above described heating benefits) when compared to the
remote spacing 1408 of the specimen cradle 1402.
[0071] Furthermore, because there is a difference in
the spacing of the heating elements relative to the sam-
ples the volume of the specimen cradle 1402 heated by
the heating element 1404 is much greater than the vol-
ume of the subject surface 1312 heated by the means
for heating 1318. In one example, the heated volume of
the specimen cradle 1402 is exponentially larger (e.g.,
an exponent of 3) because of the cubed relationship of
dimensions such as radius, depth, and circumference to
volume. Stated another way, where the remote spacing
1408 of the specimen cradle 1402 is greater than the
adjacent spacing 1320 of the means for heating 1318
relative to the sample 1316 the heated volume of the
specimen cradle 1402 is exponentially larger than that
of the means for holding a test subject 1304 thereby re-
quiring additional heat energy to achieve and maintain a
specified temperature of a sample.
[0072] In one example, because of the remote spacing
1408 of the heating element 1404 from the specimen
area 1406 and the corresponding greater volume of the
specimen cradle 1402, mechanical drift and thermal ex-
pansion of the specimen cradle 1402 is greater than cor-
responding drift and expansion in the means for holding
a test subject 1304 shown in Figure 13 as well as the
other examples of sample stages shown herein. As pre-
viously described, heating a larger volume of material
correspondingly produces greater mechanical drift and
thermal expansion relative to heating of a smaller vol-
ume, such as a volume of material equivalent to the test
subject stage 110 shown in Figure 2A and the subject
surface 1312 shown in Figure 13. By thermally isolating
the subject surface 1312 relative to the remainder of the
sample stage as well as the holder base 1302 with the
features described herein (e.g., support columns, voids
thermally resistive materials and the like) corresponding
mechanical drift and thermal expansion are minimized.
Stated another way, because the holder base 1302 and
the remainder of the means for holding a test subject
1304, (e.g., the base interface 53), are thermally isolated
only a small fraction of the heat within the subject surface
1312 (stage subject surface 201) is transmitted into those
features.
[0073] As previously described, holder base 1302 and
the remainder of the means for holding a test subject
1304 (e.g., base interface 53) have a larger volume rel-
ative to the subject surface 1312 and the sample 1316.
Because this large volume is not substantially heated
due to the thermal isolation mechanical drift and thermal
expansion of these features are minimized. In contrast,
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the specimen cradle 1402 shown in Figures 14A, B in-
cludes the heating element 1404 in the ring surrounding
the specimen area 1406. Heating of the specimen area
1406 correspondingly heats the entirety of the specimen
cradle 1402 and causes mechanical drift and thermal ex-
pansion throughout the specimen cradle 1402. As previ-
ously described, mechanical drift and thermal expansion
of the test subject holder such as prior art test subject
holder 1400 moves the sample including a discrete por-
tion of a sample observed through transmission electron
microscopy. Because in some examples, the specimen
cradle 1402 fails to minimize the mechanical drift and
thermal expansion of the cradle, consistent observation
of a discrete portion of the specimen area 1406 is difficult.
[0074] Referring again to Figures 14A and 14B, the
specimen area 1406 extends across the specimen cradle
1402. The specimen area 1406 is electron transparent
to permit the transmission of electrons through the spec-
imen area including the sample for observation during
transmission electron microscopy. Because the speci-
men area 1406 is transparent the specimen area 1406
is capable of deflection when subjected to mechanical
testing such as fatigue, indentation, tensile, fracture test-
ing and the like. Observation of mechanical properties of
the sample on the specimen area 1406, for instance, at
or near the time of mechanical testing through transmis-
sion electron microscopy is thereby difficult as the me-
chanical properties of the sample are distorted through
undesired deflection of the specimen area 1406. In con-
trast, the subject surface 1312 shown in Figure 13 is po-
sitioned outside of the electron beam 1310 and positions
the sample 1316 within the electron beam. A robust sup-
port, such as a stage plate 112 (shown in Figures 2A,
2B) braces the sample and the subject surface 1312 dur-
ing mechanical testing, for example, testing with the elec-
tro-mechanical transducer 1306. Mechanical properties
of the sample 1316 are readily observed throughout heat-
ing, mechanical testing and afterward as the electron
beam is directed through the sample 1316 because of
minimal deflection of the sample 1316 and minimized
mechanical drift and thermal expansion.
[0075] Figure 15 shows one example of a method 1500
for sub-micron heating and mechanical testing of a test
subject. Reference is made in the description of method
1500 to features and elements previously described
herein. Where convenient, reference numerals previous-
ly described are included in the description of the method
1500. The references are not intended to be limiting. For
instance, where a single reference numeral is provided
it is also implied reference is made to all similar features
as well as their equivalents.
[0076] At a first step 1502, a test subject such as a
sample is coupled along a stage subject surface 201 of
a test subject stage 110. The test subject stage 110 is
coupled with a holder base, such as holder base 54
shown in Figure 6B. In one example, coupling of the test
subject along the stage subject surface 201 includes
mounting of a sample on a sample mount 402 as shown

in Figures 4 and 5. The test subject stage 110 includes
the stage subject surface 201 underlying the sample
mount 402. In another example, the stage subject surface
includes the first side 408, sharp edge 410 and wedge
shape 412 of the sample mount 402. Stated another way,
the sample mount 402 is included as a part of the test
subject stage 110 and the stage subject surface 201.
[0077] At a second step 1504, the holder base 54 is
coupled within a sub-micron mechanical testing instru-
ment and electro-mechanical transducer assembly, such
as the electro-mechanical transducer 32 shown in Figure
1. As shown in Figure 4, the test subject stage, including
the MEMS heater 100 and the sample mount 402 is po-
sitioned outside an electron beam 404 when the electro-
mechanical transducer 32 assembly is installed in a
transmission electron microscope. The test subject stage
110 positions a sample, such as a test sample 31 shown
in Figure 4, within the electron beam (see electron beam
404 in Figure 4). Stated another way, the MEMS heater
100 including the test subject stage 110 positions the test
sample 31 within the electron beam axis while the test
subject stage 110 is positioned outside of the electron
beam to provide electron transparency through the test
sample 31.
[0078] At a third step 1506, the test subject is heated
to a specified temperature through heat generated at the
test subject stage 110 adjacent to the test subject with a
heating element, such as heating element 202 shown in
Figure 2B. In one example, the heating element 202 is
positioned immediately adjacent to the stage subject sur-
face 201 of the test subject stage 110. That is to say, the
heating element 202 is not remotely positioned relative
to the stage subject surface, and heat transfer to the
stage subject surface as well as the sample positioned
on the stage subject surface is localized to the volume
of the test subject stage 110 containing the stage subject
surface 201. As previously described, by localizing the
generation of heat to the area adjacent to the stage sub-
ject surface 201 mechanical drift and thermal expansion
of materials of the remainder of the sample stage 52 and
the holder base 54 are substantially minimized.
[0079] At a fourth step 1508, the test subject is me-
chanically tested on a micrometer or less scale. Mechan-
ical testing of the test subject includes, but is not limited
to, testing with the electro-mechanical transducer 32. Me-
chanical testing with the electro-mechanical transducer
32 includes, but is not limited to, indentation, compres-
sion, tensile, fatigue, tribology, fracture testing and the
like. As previously described herein, testing of a sample
on the test subject stage 110 on the sample stage 52 is
performed with little or no distortion due to deflection of
the test subject stage 110 because of the stage plate 112
coupled along the test subject stage 110. In one example,
the stage plate 112 is formed integrally with the test sub-
ject stage 110 and the sample stage 52. The stage plate
braces the test subject stage 110 and the sample thereon
against deflection caused by mechanical testing from the
instruments on the electro-mechanical transducer 32.

25 26 



EP 2 504 671 B1

15

5

10

15

20

25

30

35

40

45

50

55

Observation of the test subject on the test subject stage
110 is thereby performed with minimal distortion from
deflection of the test subject stage 110 compared to dis-
tortion caused by mechanical testing of samples on other
substrates including membranes and wires. As dis-
cussed above, mechanical testing as described in the
fourth step 1508 is performed on a sample positioned
within an electron beam axis that is electron transparent
while still providing a robust test subject stage 110 ca-
pable of absorbing and minimizing deflection caused by
the mechanical testing.
[0080] At a fifth step 1510, the test subject (e.g., the
test sample 31 as shown in Figure 4) is statically held
against thermal mechanical drift and expansion from
heating by throttling heat transfer from the test subject
stage 110 to the holder base 54 as well as the base in-
terface 53 of the sample stage. In one example, throttling
of heat transfer includes throttling heat transfer out of the
test subject stage 110 through one or more first and sec-
ond support columns 203, 205 coupling the test subject
stage with the remainder of the sample stage 52 and the
holder base 54 (See Figures 2A, B). For instance, the
one or more first and second support columns 203, 205
have a smaller cross-sectional area along a direction of
heat transfer from the test subject stage 110 to the holder
base 54 and the base interface 53. The cross-sectional
area is smaller compared to a test subject stage cross-
sectional area in the same direction. Stated another way,
because the supports have a smaller cross-sectional ar-
ea than the test subject stage 110 the first and second
support columns 203, 205 effectively provide a narrow
passage for conduction of heat into the remainder of the
sample stage 52 and the holder base 54.
[0081] In another example, the test subject stage 110
has a first thermal resistance greater than a second ther-
mal resistance of the holder base 54. That is to say, be-
cause the first thermal resistance of the test subject stage
110 and the sample stage 52 is greater than the second
thermal resistance of the holder base 54, heat transfer
from the test subject stage 110 through the first and sec-
ond support columns 203, 205 as well as the base inter-
face 53 is effectively retarded by the material prior to
reaching the holder base 54.
[0082] In still another example, the sample stage 52
includes one or more first and second voids 208, 210 as
shown in Figure 2A. The first and second voids 208, 210
are formed between the first and second support columns
203, 205 and provide gaps between the test subject stage
110 and the base interface 53 of the sample stage 52.
Radiant heat transfer across the first and second voids
208, 210 is minimal compared to conductive heat trans-
fer. In the case where the atmosphere around the sample
stage 52 and the holder base 54 is a vacuum (e.g., for
instance during heating, testing and observation) the vac-
uum ensures that only radiant heat transfer across the
voids is possible while conductive heat transfer through
the first and second support columns 203, 205 is mini-
mized as described herein. Radiant heat transfer across

the first and second voids 208, 210 is minimal compared
to the already small amount of heat transfer possible
through the first and second support columns 203, 205
and thermally isolates the test subject stage 110 from
the remainder of the sample stage 52 and the holder
base 54.
[0083] As discussed above, by throttling the heat trans-
fer from the test subject stage 110 to the base interface
53 coupled with the holder base 54 mechanical drift and
thermal expansion of features other than the test subject
stage 110 and the test sample 31 on the test subject
stage 110 are minimal. For instance, where a heating
element is positioned remotely relative to a specimen
membrane heating of the heating element must also heat
the volume of the specimen cradle surrounding the mem-
brane as well as the membrane itself causing thermal
expansion and mechanical drift of the specimen cradle
and the membrane. In contrast, because the heating el-
ement 202 of the sample stage 52 is localized to the area
adjacent to the test subject stage 110 and the sample on
the stage subject surface 201 (e.g., immediately adjacent
relative to the remote spacing of the heating element
1404 relative to the specimen area 1406 of the prior art
shown in Figures 14A, 14B) drift and thermal expansion
are minimized. Heating of a small portion of the sample
stage 52, such as the test subject stage 110, is performed
without corresponding significant heating of the remain-
der of the sample stage 52 and the holder base 54. Throt-
tling of heat transfer from the test subject stage 110 sub-
stantially minimizes the heating of these other compo-
nents and thereby minimizes their corresponding thermal
mechanical drift and expansion.
[0084] At a sixth step 1512, a parameter of the test
subject is simultaneously measured while mechanically
testing and holding the test subject statically. Stated an-
other way, because the sample stage 52 is capable of
heating a sample on the test subject stage 110 with little
or no thermal mechanical drift and thermal expansion as
described above, mechanical testing is performed on the
sample and the electron beam of a transmission electron
microscope is able to observe the sample before, during
and immediately after the testing. Simultaneous meas-
urement of the parameter of the test subject includes
observation and testing at substantially the same time
as well as synchronously observing the test subject prior
to mechanical testing, during testing and then immedi-
ately after mechanical testing. Because of the minimiza-
tion of thermal mechanical drift and expansion due to the
throttling of heat transfer from the test subject stage 110
a portion of the test sample, for instance, at a micro or
nano-scale is observed throughout heating, testing and
the time immediately after testing. Difficult to observe fea-
tures as well as measurements of properties of the test
sample 31 are thereby observable throughout the meth-
od 1500.
[0085] Several options for the method 1500 follow. In
one example, the coupling of the test subject along the
stage subject surface 201 includes mounting the test sub-
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ject on the sample mount such as sample mount 402.
Heating of the test subject includes equally distributing
heat throughout the sample mount 402. For instance,
where the sample mount 402 includes a material having
a greater thermal conductivity than the sample stage 52
heat transferred into the sample mount 402 is readily
transmitted throughout the sample mount to evenly heat
the entire sample mount. In another example, the method
1500 includes sensing the temperature of the test subject
stage 110 with a sensing element 204 positioned at the
test subject stage. As shown in Figure 2B, the sensing
element 204 is positioned adjacent to the heating ele-
ment 202 as well as the stage subject surface 201. Po-
sitioning of the sensing element 204 adjacent to these
features enables the sensing element 204 to accurately
determine the temperature of the test subject stage 110
throughout heating of the test sample 31. In still another
example, the method 1500 includes controlling heating
of the test subject with a closed or open loop control sys-
tem including the heating element 202 and the sensing
element 204 at the test subject stage 110.
[0086] In another example, heating the test subject to
the specified temperature includes heating only a test
subject stage 110 volume and the test subject. Stated
another way, heat transfer is effectively throttled into the
remainder of the sample stage 52 including the base in-
terface 53 as well as the holder base 54. Corresponding
heat transfer to the remainder of the sample stage 52
and the holder base 54 is thereby minimal with heating
of the sample stage 52 limited to the test subject stage
110 volume as well as the test subject on the test subject
stage 110. For instance, heating of only the test subject
stage volume as well as the test subject includes main-
taining the holder base 54 (as well as the junction be-
tween the base interface 53 and the holder base 54) at
around 50 °C or less while the test subject stage 110 is
heated to around 400° C or greater. In still another ex-
ample, simultaneously measuring the parameter of the
test subject includes simultaneously imaging the test
subject, for instance with a transmission electron micro-
scope, along with mechanical testing and holding of the
test subject statically. In still another example, mechan-
ical testing, holding the test subject statically and simul-
taneously measuring the parameter of the test subject
are performed within a test subject holder 55 housed in
an imaging device 96. One example of a test subject
holder 55 is shown in Figures 6B and 7.
[0087] Referring now to Figure 16A and 16B, one ex-
ample of an instrument assembly 1600 is shown, includ-
ing a tip heater assembly 1618. The instrument assembly
1600 includes a tip assembly 1602 having the tip heater
assembly 1618, a tip 1606, such as a diamond tip, and
an extension shaft 1608. In one example, the extension
shaft 1608 includes, but is not limited to, a quartz tip ex-
tension having a minimal coefficient of thermal expansion
and a minimal thermal conductivity. The instrument as-
sembly 1600 further includes a transducer assembly
1604 including two or more capacitor plates 1605 con-

figured to measure movement of the tip assembly 1602
(e.g., the tip 1606) and also perform mechanical testing
on a sub-micron scale (e.g., nano-scale) such as inden-
tation, scratching and the like. In another example, the
instrument assembly 1600 includes instruments to meas-
ure tension, compression, fracture testing and the like.
The transducer assembly 1604 measures movement of
the tip 1606 and also is capable of moving the tip 1606
for mechanical testing (such as indentation). The tip as-
sembly 1602 is coupled with the transducer assembly
1604 by an interconnect 1607 extending therebetween.
In one example, the interconnect 1607 is constructed
with, but not limited to, materials including MACOR®,
ZERODUR® and the like. As with the extension shaft
1608, the interconnect 1607 is constructed with materials
having low coefficients of thermal expansion and minimal
thermal conductivities. The instrument assembly 1600
further includes a tip base 1610 (e.g., heat sink) sized
and shaped to couple with an instrument including, but
not limited to, scanning microscopes, electron micro-
scopes, optical microscopes and the like.
[0088] Referring again to Figure 16A, the extension
shaft 1608 is shown extending through a heat shield or-
ifice 1614 of a heat shield 1612. As shown, the extension
shaft 1608 as well as the interconnect 1607 are posi-
tioned within a heat shield cavity 1616 of the instrument
assembly 1600. In one example, the heat shield 1612 is
a convective heat shield including inlet and outlet ports
for transmission of refrigerant fluids including chilled wa-
ter, glycol, ammonia and the like. In another example,
the heat shield 1612 is constructed with materials having
low coefficients of thermal expansion and minimal ther-
mal conductivities. In still another example, the heat
shield 1612 is coupled with a heat sink that forms the tip
base 1610. The tip base is constructed with similar ma-
terials (with low thermal conductivities and coefficients
of thermal expansion) to substantially prevent heat trans-
fer from the instrument assembly 1600 to a coupled in-
strument, such as a microscope. The heat shield 1612
minimizes convective and radiative heat transfer from
the tip heater assembly 1618 as well as the MEMS heater
100 as previously described herein. Throttling of heat
transfer from the tip heater assembly 1618 as well as the
MEMS heater 100 into the instrument assembly 1600
including the transducer assembly 1604 substantially
minimizes any thermal expansion and drift of the trans-
ducer assembly 1604 and the extension shaft 1608.
[0089] Referring now to Figure 16B, the tip heater as-
sembly 1618 is shown in detail. The tip heater assembly
1618 includes a heating element and a sensor positioned
immediately adjacent to the tip 1606. In one example,
the heating element and the sensor are resistive heating
and sensing elements. Positioning of the heating element
and sensor immediately adjacent to the tip 1606 localizes
heating of the tip assembly 1602 to the volume immedi-
ately adjacent to the tip 1606. The tip 1606 as well as the
tip heater assembly 1618 are positioned remotely from
the remainder of the extension shaft 1608 by voids 1620
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interposed between the tip heater assembly 1618 and
the remainder of the shaft. The voids 1620, as shown in
Figure 16B, are bounded by support columns 1621 ex-
tending along the extension shaft 1608 to the tip heater
assembly 1618. Sensor leads 1622 and heating element
leads 1624, in one example, extend through the exten-
sion shaft 1608 including the support columns 1621 for
electrical coupling with the tip heater assembly 1618.
[0090] In a similar manner to the MEMS heater 100,
the instrument assembly 1600 including the tip heater
assembly 1618 heats the tip 1606 locally without unde-
sirable significant heat transfer through the remainder of
the extension shaft 1608 and transducer assembly 1604.
The tip heater assembly 1618 is remotely positioned rel-
ative to the remainder of instrument assembly 1600 and
is immediately adjacent to the tip 1606. Further, because
the tip heater assembly 1618 and tip 1606 are isolated
from the remainder of the extension shaft 1608 by the
voids 1620 and the support columns 1621 heat transfer
from the tip heater assembly 1618 is substantially throt-
tled into the remainder of the extension shaft 1608. The
support columns 1621 minimize conductive heat transfer
through minimal cross-sectional area into the portion of
the extension shaft 1608 coupled with the interconnect
1607 and the transducer assembly 1604 (see Figure
16A). Additionally, the voids 1620 prevent any conduc-
tion of heat across the voids and substantially retard heat
transfer by only allowing convective heat transfer (a min-
imal form of heat transfer relative to conductive heat
transfer) and radiative heat transfer. In one example,
where the instrument assembly 1600 is retained within
a vacuum the voids 1620 substantially prevent any con-
vective heat transfer from the tip heater assembly 1618
to the remainder of the extension shaft 1608 and only
allow minimal radiative heat transfer across the voids.
Additionally, because the extension shaft 1608 is con-
structed with materials having low coefficients of thermal
expansion and minimal thermal conductivities heat trans-
fer from the tip heater assembly 1618 to the remainder
of the instrument assembly 1600 is minimized and cor-
responding thermal expansion and thermal drift of those
components (the transducer assembly 1604 and a ma-
jority of the extension shaft 1608) are correspondingly
minimized as well.
[0091] By localizing heating of the tip 1606 at the tip
heater assembly 1618 only a small volume of the exten-
sion shaft 1608 relative to the entire extension shaft is
heated with minimal heating power. Stated another way,
minimal power is needed to heat the small volume of the
tip heater assembly 1618, the portion of the extension
shaft 1608 adjacent to the tip heater assembly 1618 and
the tip 1606 relative to the larger volume of the remainder
of the extension shaft 1608 and the transducer assembly
1604. The low volume and minimal heating power facil-
itate rapid thermal stabilization and minimize the thermal
drift during mechanical testing and observation. Further,
because the extension shaft 1608 positions the tip 1606
remotely relative to the transducer assembly 1604 as well

as the tip base 1610 thermal drift of the transducer as-
sembly 1604 and the tip base 1610 is substantially min-
imized through use of the materials of the extension shaft,
the geometry of the tip assembly 1602 as well as the heat
shield 1612. Moreover, the geometry of the shaft includ-
ing the support columns 1621 and the volume of the ex-
tension shaft 1608 including the tip heater assembly 1618
supports the tip 1606 and provides rigid support to ensure
accurate transmission of forces from the transducer as-
sembly 1604 and measurement of movement of the tip
1606.
[0092] In an example where the instrument assembly
1600, including the tip heater assembly 1618, is incor-
porated into a system having a sample heating stage,
such as the MEMS heater 100 described herein, the tip
1606 is heated to a temperature identical (or nearly iden-
tical) to the temperature of the sample stage having the
MEMS heater and the sample thereon. Undesirable heat
transfer from the heated sample to an otherwise cool tip
is thereby substantially prevented. Stated another way,
by substantially equalizing the temperatures of the tip
1606, the sample and the sample stage heat transfer
between the tip 1606 and the sample is substantially pre-
vented. Correspondingly, distortion of the sample and
the mechanical properties measured from the sample
are substantially prevented. In other devices, contact be-
tween an unheated tip and a heated sample transfers
heat from the heated sample into the tip causing distor-
tions (thermal expansion, drift and the like) in one or more
of the sample and the tip thereby distorting the properties
and measurements collected by the tip.
[0093] In one example, the tip heater assembly 1618
is constructed with fabrication processes including a
MEMS fabrication process. For instance, the instrument
assembly 1600 is constructed with but not limited to, fo-
cused ion beam lithography and milling, laser machining,
photo lithography and etching (dry or wet) and the like.
In another example, the instrument assembly 1600 in-
cluding the tip heater assembly 1618 is provided together
with the MEMS heater examples previously described
herein. In still another example, the instrument assembly
1600 is provided separately from the heated test subject
stage described herein.

Conclusion

[0094] The sample stage including the MEMS heater
described herein and shown in the Figures mounts a
small test sample and substantially statically holds the
test sample in place when the temperature of the sample
and the sample stage are raised and the sample is in-
dented or compressed for material testing. The sample
stage includes materials having high thermal resistances
and low coefficients of thermal expansion that focus heat-
ing of the sample stage near the test sample and arrest
heating of other portions of the stage and the test subject
holder mounting the sample stage. Undesirable thermal
expansion and drift of the sample stage are thereby min-
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imized. Further thermal expansion and drift of the test
subject holder are minimized because heat transfer is
throttled from the sample stage toward the test subject
holder. The test subject holder is substantially larger than
the sample stage and because of the arresting of heat
transfer corresponding large amounts of thermal expan-
sion and drift are prevented. Similarly, because the sam-
ple stage is relatively small compared to the test subject
holder heating focused in the sample stage causes cor-
responding negligible drift in components that already
have low coefficients of thermal expansion.
[0095] Further, the sample stage (e.g., including the
stage plate separately or integrally formed with the sam-
ple stage) provides a stiff brace against deflection from
testing indentations and compression and thereby en-
sures displacement and force measurements from in-
dentation or compression do not include errors from de-
flection of the stage as opposed to indentation of the test
sample. In contrast to heaters including membrane fea-
tures, the sample stage described herein provides a solid
and robust support for the test sample. At elevated tem-
peratures (around 1000 degrees Celsius) the sample
stage braces the test sample and is substantially free of
deflection inaccuracies in nano-mechanical tests due to
mechanical compliance in the stage. A combination of
geometry of the sample stage - including the support col-
umns and the robust front face - along with materials
having stiffness (e.g., high Young’s modulus, flexural
modulus and the like) ensures the sample stage is re-
sistant to deflection over a range of operating tempera-
tures for the MEMS heater.
[0096] Although the present disclosure has been de-
scribed in reference to preferred embodiments, persons
skilled in the art will recognize that changes may be made
in form and detail without departing from the scope of the
present disclosure. It is to be understood that the above
description is intended to be illustrative, and not restric-
tive. Many other embodiments will be apparent to those
of skill in the art upon reading and understanding the
above description. It should be noted that embodiments
discussed in different portions of the description or re-
ferred to in different drawings can be combined to form
additional embodiments of the present application. The
scope of the present disclosure should, therefore, be de-
termined with reference to the appended claims. The
scope of the present invention is defined by the appended
claims.

Claims

1. A micron scale heating stage (100) configured for
conducting nanomechanical property testing at sub-
micron scales comprising:

a base interface (53) configured for coupling with
a holder base (54) of a sub-micron scale nano-
mechanical property testing instrument and

electro-mechanical transducer (32) assembly;
a test subject stage (110), the test subject stage
(110) including:

a stage subject surface (201) outside of an
electron beam (404) of a transmission elec-
tron microscope when the micron scale
heating stage (100) is installed within the
transmission electron microscope, and
a stage plate (112) underlying the stage
subject surface (201), the stage plate (112)
bracing the stage subject surface (201); and
a heating element (202) on the test subject
stage (110) and adjacent to the stage sub-
ject surface (201), wherein the base inter-
face (53) is thermally isolated from the heat-
ing element (202).

2. The micron scale heating stage (100) of claim 1,
wherein a test subject stage (110) volume is less
than a base interface (53) volume.

3. The micron scale heating stage (100) of claim 1,
wherein the test subject stage (110) is heatable from
a cold state to a heated state, and in the heated state
the heating element (202) on the test subject stage
(110) conducts heat through the test subject stage
(110) to a test subject (31) on the stage subject sur-
face (201) and elevates the temperature of the test
subject (31) to a specified temperature, wherein heat
transfer into the base interface (53) from the test sub-
ject stage (110) is substantially arrested according
to a cross sectional area between the base interface
(53) and the test subject stage (110), a test subject
stage (110) thermal resistance, and a void between
the test subject stage (110) and the base interface
(53), wherein the test subject (31) is substantially
located at a static location during heating according
to the substantially arrested heat transfer.

4. The micron scale heating stage (100) of claim 1 fur-
ther comprising at least one support coupled be-
tween the base interface (53) and the test subject
stage (110), wherein the at least one support has a
cross sectional area perpendicular to a direction from
the test subject stage (110) to the base interface (53)
smaller than a cross sectional area of the test subject
stage (110) perpendicular to the same direction.

5. The micron scale heating stage (100) of claim 4,
wherein the at least one support includes one or
more voids between the test subject stage (110) and
the base interface (53).

6. The micron scale heating stage (100) of claim 1,
wherein while the test subject stage (110) is in a heat-
ed state at an elevated temperature greater than or
equal to around 400 degrees Celsius, the base in-
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terface is below around 50 degrees Celsius accord-
ing to the thermal isolation between the heating el-
ement (202) on the test subject stage (110) and the
base interface (53).

7. The micron scale heating stage (100) of claim 1,
wherein the heating element (202) underlies the
stage subject surface (201).

8. The micron scale heating stage (100) of claim 1 fur-
ther comprising a temperature sensing resistive el-
ement (204) on the test subject stage (110) adjacent
to the stage subject surface (201).

9. The micron scale heating stage of claim 1, wherein
the heating element (202) is immediately adjacent
to the stage subject surface (201).

10. A method (1500) of nanomechanical property testing
of a test subject (31) at sub-micron scales, the meth-
od (1500) comprising:

coupling a test subject (31) along a stage subject
surface (201) of a test subject stage (110),
wherein the test subject stage (110) is coupled
with a holder base (54) through a base interface
(53);
coupling the holder base (54) within a sub-mi-
cron scale nanomechanical property testing in-
strument and electro-mechanical transducer
(32) assembly, wherein at least the test subject
stage (110) is outside an electron beam (404)
axis when the electro-mechanical transducer
(32) assembly is installed in a transmission elec-
tron microscope while the test subject (31) is
within the electron beam (404) axis;
heating the test subject (31) to a specified tem-
perature through heat generated at the test sub-
ject stage (110) adjacent to the test subject (31)
by a heating element (202) on the test subject
stage (110);
nanomechanical property testing the test sub-
ject (31) on a sub-micron scale;
holding the test subject (31) statically against
thermal mechanical drift and expansion from the
heating by throttling heat transfer from the test
subject stage (110) to the base interface (53)
and the holder base (54); and
simultaneously measuring a parameter of the
test subject (31) while nanomechanical property
testing and holding the test subject (31) statical-
ly.

11. The method of claim 10 further comprising sensing
the temperature of the test subject stage (110) with
a sensing element (204) positioned at the test sub-
ject stage (110).

12. The method of claim 10 further comprising bracing
the stage subject surface (201) against deflection
from nanomechanical property testing with a stage
plate (112).

13. The method of claim 10, wherein the throttling heat
transfer from the test subject stage (110) to the base
interface (53) and the holder base (54) includes one
or more of:

throttling heat transfer through one or more sup-
ports coupled between the base interface (53)
and the test subject stage (110), the one or more
supports having a smaller cross sectional area
along a direction of heat transfer from the test
subject stage (110) to the base interface (53)
compared to a test subject stage (110) cross
sectional area in the same direction,
throttling heat transfer through the test subject
stage (110), wherein the test subject stage (110)
has a first thermal resistance greater than a sec-
ond thermal resistance of the holder base (54),
and
throttling heat transfer across a void interposed
between the test subject stage (110) and the
base interface (53).

14. A tip heating assembly comprising:

a tip base (1610);
a transducer assembly (1604) coupled with the
tip base (1610);
an extension shaft (1608) coupled with the trans-
ducer assembly (1604);
a tip (1606) configured for nanomechanical
property testing of test subjects (31) at a sub-
micron scale; and
a tip heater assembly (1618) positioned adja-
cent to the tip (1606) on a first portion of the
extension shaft (1608), wherein the tip heater
assembly (1618) and the tip (1606) are thermally
isolated relative to a second portion of the ex-
tension shaft (1608), and wherein
the extension shaft (1608) includes:

one or more voids (1620) interposed be-
tween the first and second portions of the
extension shaft (1608), and
one or more support columns (1621) inter-
posed between the first and second por-
tions of the extension shaft (1608), wherein
the one or more support columns (1621)
have a smaller cross-sectional area than
the first and second portions of the exten-
sion shaft (1608).
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Patentansprüche

1. Heizstufe (100) im Mikronmaßstab, die konfiguriert
ist zum Durchführen einer nanomechanischen Ei-
genschaftsprüfung bei Submikron-Maßstäben, wel-
che aufweist:

eine Basisschnittstelle (53), die konfiguriert ist
zum Koppeln mit einer Halterbasis (54) eines
Prüfinstruments für eine nanomechanische Ei-
genschaft im Submikron-Maßstab und einer
elektromechanischen Wandleranordnung (32),
eine Prüfsubjektstufe (110), welche Prüfsub-
jektstufe (110) enthält:

eine Stufensubjektoberfläche (201) außer-
halb eines Elektronenstrahls (404) eines
Transmissions-Elektronenmikroskops,
wenn die Heizstufe (100) im
Mikronmaßstab innerhalb des Transmissi-
ons-Elektronenmikroskops installiert ist,
und
eine Stufenplatte (112), die unter der Stu-
fensubjektoberfläche (201) liegt, wobei die
Stufenplatte (112) die Stufensubjektober-
fläche (201) versteift; und
ein Heizelement (202) auf der Prüfsubjekt-
stufe (110) und benachbart der Stufensub-
jektoberfläche (201), wobei
die Basisschnittstelle (53) gegenüber dem
Heizelement (202) thermisch isoliert ist.

2. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, bei der ein Volumen der Prüfsubjektstufe (110)
kleiner als ein Volumen der Basisschnittstelle (53)
ist.

3. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, bei der die Prüfsubjektstufe (110) aus einem kal-
ten Zustand in einen erwärmten Zustand heizbar ist
und in dem erwärmten Zustand das Heizelement
(202) auf der Prüfsubjektstufe (110) Wärme durch
die Prüfsubjektstufe (110) zu einem Prüfsubjekt (31)
auf der Stufensubjektoberfläche (201) leitet und die
Temperatur des Prüfsubjekts (31) auf eine bestimm-
te Temperatur erhöht, wobei
die Wärmeübertragung von der Prüfsubjektstufe
(110) in die Basisschnittstelle (53) im Wesentlichen
gehemmt ist gemäß einer Querschnittsfläche zwi-
schen der Basisschnittstelle (53) und der Prüfsub-
jektstufe (110), einem thermischen Widerstand der
Prüfsubjektstufe (110) und einem Leerraum zwi-
schen der Prüfsubjektstufe (110) und der Basis-
schnittstelle (53), wobei das Prüfsubjekt (31) sich
während des Erwärmens gemäß der im Wesentli-
chen gehemmten Wärmeübertragung im Wesentli-
chen an einem statischen Ort befindet.

4. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, welche weiterhin aufweist:
zumindest eine Stütze, die zwischen die Basis-
schnittstelle (53) und die Prüfsubjektstufe (110) ge-
koppelt ist, wobei die zumindest eine Stütze eine
Querschnittsfläche senkrecht zu einer Richtung von
der Prüfsubjektstufe (110) zu der Basisschnittstelle
(53) hat, die kleiner als eine Querschnittsfläche der
Prüfsubjektstufe (110) senkrecht zu derselben Rich-
tung ist.

5. Heizstufe (100) im Mikronmaßstab nach Anspruch
4, bei der die zumindest eine Stütze einen oder meh-
rere Leerräume zwischen der Prüfsubjektstufe (110)
und der Basisschnittstelle (53) enthält.

6. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, bei der die Basisschnittstelle, während die Prüf-
subjektstufe (110) in einem erwärmten Zustand bei
einer erhöhten Temperatur, die höher als oder gleich
etwa 400 Grad Celsius ist, unterhalb etwa 50 Grad
Celsius ist gemäß der thermischen Isolierung zwi-
schen dem Heizelement (202) auf der Prüfsubjekt-
stufe (110) und der Basisschnittstelle (53).

7. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, bei der das Heizelement (202) unterhalb der Stu-
fensubjektoberfläche (201) liegt.

8. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, weiterhin aufweisend ein Temperaturerfassungs-
Widerstandselement (204) auf der Prüfsubjektstufe
(110) benachbart der Stufensubjektoberfläche
(201).

9. Heizstufe (100) im Mikronmaßstab nach Anspruch
1, bei der das Heizelement (202) der Stufensubjek-
toberfläche (201) unmittelbar benachbart ist.

10. Verfahren (1500) zum Prüfen einer nanomechani-
schen Eigenschaft eines Prüfsubjekts (31) im Sub-
mikron-Maßstab, welches Verfahren (1500) auf-
weist:

Koppeln eines Prüfsubjekts (31) entlang einer
Stufensubjektoberfläche (201) einer Prüfsub-
jektstufe (110), wobei die Prüfsubjektstufe (110)
durch eine Basisschnittstelle (53) mit einer Hal-
terbasis (54) gekoppelt ist;
Koppeln der Halterbasis (54) innerhalb eines
Prüfinstruments für eine nanomechanische Ei-
genschaft im Submikron-Maßstab und einer
elektromechanischen Wandleranordnung (32),
wobei zumindest die Prüfsubjektstufe (110) au-
ßerhalb einer Achse eines Elektronenstrahls
(404) ist, wenn die elektromechanische Wand-
leranordnung (32) in einem Transmissions-
Elektronenmikroskop installiert ist, während das
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Prüfsubjekt (31) innerhalb der Achse des Elek-
tronenstrahls (404) ist;
Erwärmen des Prüfsubjekts (31) auf eine be-
stimmte Temperatur durch an der Prüfsubjekt-
stufe (110) benachbart dem Prüfsubjekt (31)
von einem Heizelement (202) auf der Prüfsub-
jektstufe (110) erzeugte Wärme;
Prüfen der nanomechanischen Eigenschaft des
Prüfsubjekts (31) in einem Submikron-Maßstab;
statisches Halten des Prüfsubjekts (31) gegen
thermischmechanisches Driften und Ausdeh-
nen aufgrund der Erwärmung durch Drosseln
der Wärmeübertragung von der Prüfsubjektstu-
fe (110) zu der Basisschnittstelle (53) und der
Halterbasis (54); und
gleichzeitiges Messen eines Parameters des
Testsubjekts (31) während der Prüfung der na-
nomechanischen Eigenschaft und des stati-
schen Haltens des Prüfsubjekts (31).

11. Verfahren nach Anspruch 10, weiterhin aufweisend
das Erfassen der Temperatur der Prüfsubjektstufe
(110) mit einem an der Prüfsubjektstufe (110) posi-
tionierten Erfassungselement (204).

12. Verfahren nach Anspruch 10, weiterhin aufweisend
das Hemmen der Stufensubjektoberfläche (201) ge-
gen Auslenkung bei der Prüfung der nanomechani-
schen Eigenschaft mit einer Stufenplatte (112).

13. Verfahren nach Anspruch 10, bei dem das Drosseln
der Wärmeübertragung von der Prüfsubjektstufe
(110) zu der Basisschnittstelle (53) und der Halter-
basis (54) eines oder mehrere enthält von:

Drosseln der Wärmeübertragung durch eine
oder mehrere Stützen, die zwischen die Basis-
schnittstelle (53) und die Prüfsubjektstufe (110)
gekoppelt sind, wobei die eine oder die mehre-
ren Stützen eine kleinere Querschnittsfläche
entlang einer Richtung der Wärmeübertragung
von der Prüfsubjektstufe (110) zu der Basis-
schnittstelle (53) haben im Vergleich zu einer
Querschnittsfläche der Prüfsubjektstufe (110) in
derselben Richtung,
Drosseln der Wärmeübertragung durch die
Prüfsubjektstufe (110),
wobei die Prüfsubjektstufe (110) einen ersten
thermischen Widerstand hat, der größer als ein
zweiter thermischer Widerstand der Halterbasis
(54) ist, und
Drosseln der Wärmeübertragung über einen
Leerraum, der zwischen der Prüfsubjektstufe
(110) und der Basisschnittstelle (53) angeordnet
ist.

14. Spitzenheizanordnung, welche aufweist:

eine Spitzenbasis (1610);
eine Wandleranordnung (1604), die mit der Spit-
zenbasis (1610) gekoppelt ist;
eine Verlängerungswelle (1608), die mit der
Wandleranordnung (1604) gekoppelt ist;
eine Spitze (1606), die konfiguriert ist für das
Prüfen einer nanomechanischen Eigenschaft
von Prüfsubjekten (31) bei einem Submikron-
Maßstab; und
eine Spitzenheizvorrichtungsanordnung
(1618), die benachbart der Spitze (1606) auf ei-
nem ersten Bereich der Verlängerungswelle
(1608) positioniert ist, wobei die Spitzenheizvor-
richtungsanordnung (1618) und die Spitze
(1606) relativ zu einem zweiten Bereich der Ver-
längerungswelle (1608) thermisch isoliert sind,
und wobei die Verlängerungswelle (1608) ent-
hält:

einen oder mehrere Leerräume (1620), die
zwischen dem ersten und dem zweiten Be-
reich der Verlängerungswelle (1608) ange-
ordnet sind, und
eine oder mehrere Stützsäulen (1621), die
zwischen dem ersten und dem zweiten Be-
reich der Verlängerungswelle (1608) ange-
ordnet sind,
wobei die eine oder die mehreren Stützsäu-
len (1621) eine kleinere Querschnittsfläche
als der erste und der zweite Bereich der Ver-
längerungswelle (1608) haben.

Revendications

1. Plateau de chauffage à l’échelle micronique (100)
configuré pour mettre en œuvre un test de propriétés
nano-mécaniques à des échelles submicroniques,
comprenant :

une interface de base (53) qui est configurée de
manière à ce qu’elle soit couplée avec une base
de moyen de support (54) d’un instrument de
test de propriétés nano-mécaniques à l’échelle
submicronique et un assemblage de transduc-
teur électromécanique (32) ;
un plateau de sujet de test (110), le plateau de
sujet de test (110) incluant :

une surface de sujet de plateau (201) à l’ex-
térieur d’un faisceau d’électrons (404) d’un
microscope électronique à transmission
lorsque le plateau de chauffage à l’échelle
micronique (100) est installé à l’intérieur du
microscope électronique à transmission ; et
une plaque de plateau (112) qui sous-tend
la surface de sujet de plateau (201), la pla-
que de plateau (112) renforçant la surface
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de sujet de plateau (201) ;
un élément de chauffage (202) qui est po-
sitionné sur le plateau de sujet de test (110)
et de sorte qu’il soit adjacent à la surface
de sujet de plateau (201) ; dans lequel :

l’interface de base (53) est isolée thermique-
ment de l’élément de chauffage (202).

2. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, dans lequel un volume du
plateau de sujet de test (110) est plus petit qu’un
volume de l’interface de base (53).

3. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, dans lequel :
le plateau de sujet de test (110) peut être chauffé
depuis un état froid jusqu’à un état chauffé, et dans
l’état chauffé, l’élément de chauffage (202) qui est
positionné sur le plateau de sujet de test (110) con-
duit la chaleur au travers du plateau de sujet de test
(110) jusqu’à un sujet de test (31) sur la surface de
sujet de plateau (201) et élève la température du
sujet de test (31) jusqu’à une température spécifiée ;
dans lequel :
un transfert de chaleur à l’intérieur de l’interface de
base (53) depuis le plateau de sujet de test (110) est
sensiblement arrêté en fonction d’une aire en coupe
transversale entre l’interface de base (53) et le pla-
teau de sujet de test (110), d’une valeur de résistan-
ce thermique du plateau de sujet de test (110) et
d’un vide entre le plateau de sujet de test (110) et
l’interface de base (53) ; dans lequel :
le sujet de test (31) est sensiblement localisé au ni-
veau d’une localisation statique pendant le chauffa-
ge conformément au transfert de chaleur sensible-
ment arrêté.

4. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, comprenant en outre au
moins un support qui est couplé entre l’interface de
base (53) et le plateau de sujet de test (110), dans
lequel l’au moins un support présente une aire en
coupe transversale qui est perpendiculaire à une di-
rection depuis le plateau de sujet de test (110) jus-
qu’à l’interface de base (53) qui est plus petite qu’une
aire en coupe transversale du plateau de sujet de
test (110) qui est perpendiculaire à la même direc-
tion.

5. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 4, dans lequel l’au moins un
support inclut un ou plusieurs vide(s) entre le plateau
de sujet de test (110) et l’interface de base (53).

6. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, dans lequel, tandis que le
plateau de sujet de test (110) est dans un état chauffé

à une température élevée qui est supérieure ou éga-
le à environ 400 degrés Celsius, l’interface de base
est en dessous d’environ 50 degrés Celsius confor-
mément à l’isolation thermique entre l’élément de
chauffage (202) sur le plateau de sujet de test (110)
et l’interface de base (53).

7. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, dans lequel l’élément de
chauffage (202) sous-tend la surface de sujet de pla-
teau (201).

8. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, comprenant en outre un
élément résistif de détection de température (204)
qui est positionné sur le plateau de sujet de test (110)
de sorte qu’il soit adjacent à la surface de sujet de
plateau (201).

9. Plateau de chauffage à l’échelle micronique (100)
selon la revendication 1, dans lequel l’élément de
chauffage (202) est immédiatement adjacent à la
surface de sujet de plateau (201).

10. Procédé (1500) de test de propriétés nano-mécani-
ques d’un sujet de test (31) à des échelles submi-
croniques, le procédé (1500) comprenant :

le couplage d’un sujet de test (31) le long d’une
surface de sujet de plateau (201) d’un plateau
de sujet de test (110), dans lequel le plateau de
sujet de test (110) est couplé avec une base de
moyen de support (54) par l’intermédiaire d’une
interface de base (53) ;
le couplage de la base de moyen de support
(54) à l’intérieur d’un instrument de test de pro-
priétés nano-mécaniques à l’échelle submicro-
nique et d’un assemblage de transducteur élec-
tromécanique (32), dans lequel au moins le pla-
teau de sujet de test (110) est à l’extérieur d’un
axe d’un faisceau d’électrons (404) lorsque l’as-
semblage de transducteur électromécanique
(32) est installé dans un microscope électroni-
que à transmission tandis que le sujet de test
(31) est à l’intérieur de l’axe du faisceau d’élec-
trons (404) ;
le chauffage du sujet de test (31) jusqu’à une
température spécifiée par l’intermédiaire de la
chaleur qui est générée au niveau du plateau
de sujet de test (110) qui est adjacent au sujet
de test (31) au moyen d’un élément de chauffa-
ge (202) qui est positionné sur le plateau de sujet
de test (110) ;
le test de propriétés nano-mécaniques du sujet
de test (31) à une échelle submicronique ;
le maintien du sujet de test (31) de façon statique
à l’encontre d’une dérive et d’une dilatation ther-
momécaniques résultant du chauffage en régu-
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lant par effet de restriction le transfert thermique
depuis le plateau de sujet de test (110) jusqu’à
l’interface de base (53) et la base de moyen de
support (54) ; et
de façon simultanée, la mesure d’un paramètre
du sujet de test (31) tout en testant les propriétés
nano-mécaniques et tout en maintenant le sujet
de test (31) de façon statique.

11. Procédé selon la revendication 10, comprenant en
outre la détection de la température du plateau de
sujet de test (110) à l’aide d’un élément de détection
(204) qui est positionné au niveau du plateau de sujet
de test (110).

12. Procédé selon la revendication 10, comprenant en
outre le renforcement de la surface de sujet de pla-
teau (201) à l’encontre d’un fléchissement résultant
du test des propriétés nano-mécaniques à l’aide
d’une plaque de plateau (112).

13. Procédé selon la revendication 10, dans lequel la
régulation par effet de restriction du transfert thermi-
que depuis le plateau de sujet de test (110) jusqu’à
l’interface de base (53) et la base de moyen de sup-
port (54) inclut une ou plusieurs régulation(s) par ef-
fet de restriction prise(s) parmi :

la régulation par effet de restriction du transfert
thermique par l’intermédiaire d’un ou de plu-
sieurs support(s) qui est/sont couplé(s) entre
l’interface de base (53) et le plateau de sujet de
test (110), les un ou plusieurs supports présen-
tant une aire en coupe transversale qui est plus
petite suivant une direction de transfert thermi-
que depuis le plateau de sujet de test (110) jus-
qu’à l’interface de base (53) par comparaison
avec une aire en coupe transversale du plateau
de sujet de test (110) dans la même direction ;
la régulation par effet de restriction du transfert
thermique au travers du plateau de sujet de test
(110), dans lequel le plateau de sujet de test
(110) présente une première valeur de résistan-
ce thermique qui est plus grande qu’une secon-
de valeur de résistance thermique de la base de
moyen de support (54) ; et
la régulation par effet de restriction du transfert
thermique au travers d’un vide qui est interposé
entre le plateau de sujet de test (110) et l’inter-
face de base (53).

14. Assemblage de chauffage de pointe comprenant :

une base de pointe (1610) ;
un assemblage de transducteur (1604) qui est
couplé avec la base de pointe (1610) ;
un arbre d’extension (1608) qui est couplé avec
l’assemblage de transducteur (1604) ;

une pointe (1606) qui est configurée pour tester
des propriétés nano-mécaniques de sujets de
test (31) à une échelle submicronique ; et
un assemblage de moyen de chauffage de poin-
te (1618) qui est positionné de sorte qu’il soit
adjacent à la pointe (1606) sur une première
section de l’arbre d’extension (1608) ; dans
lequel :
l’assemblage de moyen de chauffage de pointe
(1618) et la pointe (1606) sont isolés thermique-
ment vis-à-vis d’une seconde section de l’arbre
d’extension (1608) ; et dans lequel :
l’arbre d’extension (1608) inclut :

un ou plusieurs vide(s) (1620) qui est/sont
interposé(s) entre les première et seconde
sections de l’arbre d’extension (1608) ; et
une ou plusieurs colonne(s) de support
(1621) qui est/sont interposés(s) entre les
première et seconde sections de l’arbre
d’extension (1608), dans lequel les une ou
plusieurs colonnes de support (1621) pré-
sentent une aire en coupe transversale qui
est plus petite que celle(s) des première et
seconde sections de l’arbre d’extension
(1608).
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