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PI 95 TEM PicoIndenter
Seeing is Believing®. Quantitative, direct-observation, 

nanomechanical testing inside your TEM. 

The PI 95 TEM PicoIndenter instrument from Hysitron, Inc. 
is the first full-fledged depth-sensing indenter capable of direct-
observation nanomechanical testing inside a transmission 
electron microscope (TEM). With this side-entry instrument, 
it is not only possible to image the mechanical response of 
nanoscale materials, but also to acquire load-displacement data 
simultaneously.  Further, an integrated video interface allows 
for time synchronization between the load-displacement curve 
and the corresponding TEM video.

Coupling a nanomechanical test system with the TEM allows 
the researcher to determine certain test parameters a priori, 
such as variations in chemical composition or the presence of 
preexisting defects in the specimen. In addition to imaging, 
selected-area diffraction can be used to determine sample 
orientation and loading direction. Moreover, with in situ 
mechanical testing the deformation event can be viewed in real 
time rather than “post mortem.” The pairing of these two high-
resolution techniques provides the best of both worlds.

Unparalleled performance

The PI 95 utilizes three levels of control for tip positioning 
and mechanical testing. In addition to a three-axis coarse 
positioner and a 3D piezoelectric actuator for fine positioning, 
the instrument is equipped with a transducer for electrostatic 
actuation and capacitive displacement sensing. Two designs 
of transducers are currently available: a patented miniaturized 
transducer (JEOL compatible systems only) and a patented 
MEMS transducer. With these newly developed transducers, 
quantitative force-displacement curves can be acquired in situ.

Unlike devices that rely on open-loop, piezo-controlled, 
series-loading mechanisms for indentation, which introduce 
unavoidable artifacts into the load-displacement curves, the PI 
95 transducer provides highly accurate depth-sensing capability. 
Furthermore, because of the electrostatic actuation aspect of the 
transducer, substantially larger forces can be realized without 
suffering a force sensitivity penalty.

Hysitron, Inc., the world leader in nanomechanical 
test instruments, has been awarded a prestigious 
2006 R&D 100 Award for its innovative PI 95 TEM 
PicoIndenter product. 

PI-SERIES
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Hitachi Compatible

Zeiss Compatible

JEOL Compatible

FEI Compatible

Holder detail: by positioning the indenter tip directly opposite the sample and 
perpendicular to the electron beam, the deformation event can be viewed in situ.

(A) JEOL compatible front-end 
(B) FEI/Hitachi/Zeiss compatible front-end with MEMS transducer

(A)

(B)



Applications

The PI 95 TEM PicoIndenter is uniquely suited for the 
investigation of nanoscale phenomena. Performing these types 
of studies in the TEM can provide unambiguous differentiation 
between the many possible causes of force or displacement 
transients which may include dislocation bursts, phase 
transformations, spalling, shear banding or fracture onset.

Highlights

•  Patented Miniature and MEMS transducers provide 
electrostatic actuation and capacitive displacement sensing

•  Multiple control modes including closed-loop displacement 
control, closed-loop load control, and open-loop load 
control

• Modes of mechanical testing include indentation, 
compression, bend, and tensile

•  Proprietary Q-Control mode actively dampens transducer 
oscillations (patent pending)

•  Transducer and piezoelectric actuator controlled using the 
new performech® DSP-embedded controller operating at a 
78 kHz feedback rate

•  Electrically conductive probes with a variety of geometries 
to meet the demands of different test types

•  Exact PI 95 dimensions will depend on the microscope used

• Force Noise Floor: <200 nN*
• Displacement Noise Floor: <1 nm*

Transducer Specification Table

Indentation: Consecutive video frames illustrating the onset of 
dislocation plasticity in an initially dislocation-free grain of Al.

Nature Materials 5, 697-702 (2006)

When equipped with a miniature flat punch, the PI 95 is highly 
effective for compression testing of individual nanoparticles, 
nanopillars, and other nanoscale structures. In this configuration 
the TEM can be used to characterize the nanostructures before, 
during and after the deformation event. Furthermore, the exact 
contact area is amenable to measurement for stress calculations.

*Actual noise floors will vary depending on the exact holder type and the TEM environment.

SAM-0073-A 

Direct-Observation Depth-Sensing

Indentation

A major shortcoming of depth-sensing

indentation (or nanoindentation) performed

in the ordinary way is the frustrating inability

to definitively correlate a specific

deformation mechanism to a certain feature

of the force-displacement curve in an

instantaneous fashion. The TEM

PicoIndenter instrument enables

unambiguous differentiation between many

possible causes of force or displacement

transients such as dislocation burst, fracture

onset, sudden phase transformation, spalling,

shear banding, etc.

Direct-Observation Quantitative

Nanocompression Testing

The TEM PicoIndenter instrument, when

employing a miniature flat punch, is proving to

be a highly effective direct-observation

quantitative nanocompression tester of the

mechanical strength of individual nanoparticles.

In this experimental configuration, the entire

sequence of exhaustive pre-test TEM-based

characterization, direct-observation quantitative

nanocompression testing, and detailed post-test

TEM-based failure analysis can be performed

on a specific nanoparticle. Moreover, the

contact radius is amenable to measurement in a

point-by-point manner for entry into

calculations of stress.

Transducer Specifications

• >1000_N maximum force

• 5000nm maximum displacement

• ~0.1 _N RMS force noise floor in a TEM

• ~0.4nm RMS displacement noise floor in a

TEM

TEM Compatibility

Contact Hysitron, Inc.

In-situ displacement-controlled force-

displacement curve exhibiting a forest of

precipitous load drops during loading

Consecutive TEM movie frames illustrating the

onset of dislocation plasticity in an initially

dislocation-free grain of a metal

TEM movie frame of a hollow nanosphere

being fractured between two hard platens

TEM-01

World Leader in Nanomechanical Test Instruments

Hysitron Incorporated

10025 Valley View Road
Minneapolis MN  55344
Tel: (1) 952-835-6366
Fax: (1) 952-835-6166
tem@hysitron.com
www.hysitron.com/picoindenter.htm
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Nanopillar Compression: Dark-field 
TEM images of a Ni nanopillar before 
and after compression. The high dislocation 
density initially observed in the pillar has 
disappeared upon compression.

Nature Materials 7, 115-119 (2007)
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Nanoparticle Compression: Bright-field 
TEM images of a hollow CdS nanosphere 
before and after in situ compression, and 
the corresponding load-displacement curve 
showing catastrophic fracture.

See also: Nature Materials 7, 947-952 (2008)

Miniature 
Transducer

Maximum Force (μN)

Maximum Displacement (nm)

Resonance Frequency (Hz)

1500

5000

~110

1000

2000

~1800

MEMS 
TransducerSpecifications


