NanoForce
Nanomechanical Testing System
Enabling New Discoveries in Nanomechanical Materials Behavior

Innovation with Integrity

Tribology & Mechanical Testing

Advanced Nanomechanical
Properties Measurement
Bruker’s NanoForce™ Nanomechanical Testing
System leverages Bruker’s experience as the leader
in nanoscale measurement technology to offer an
outstanding platform for nanomechanical
characterization. NanoForce delivers
high sensitivity, high accuracy and
fast measurements across the wide
range of nanomechanical testing and
characterization performed by labs researching advanced metals, ceramics,
thin films, coatings, polymers and biological materials.
Built with proven technology, NanoForce’s robust mechanical platform, engineered thermal stability, precision
optics and low-force, high-resolution load head combine to deliver a precise measurement of force and
displacement for almost any nanomechanical application.
NanoForce offers a wide range of available nanomechanical test procedures, and new techniques are easily
developed with its powerful software. NanoForce’s GUI-based interface makes it easy to set up measurement
procedures, run automated routines, and collect and report results. Whatever your application, NanoForce is
ready to deliver outstanding results.

“Nanoindentation is an experimental technique that has contributed substantially to the understanding of material
behavior at the nanoscale, and many recent developments in material science would not have been possible
without it. Bruker has made a significant investment in developing the NanoForce system and, when a company
with the reputation and technical capabilities of Bruker makes such an investment, it represents a major step
forward in the science of nanoindenting.”
– Bharat Bhushan, Ohio Eminent Scholar and Howard D. Winbigler Professor of Materials Science at Ohio State University

If You Can Imagine It, You Can Measure It
Easily

design and automate complex metrology routines

Perform

more challenging measurements with NanoForce’s low noise
floor and environmental stability

Measure

multi-phase films and small features with superior positional
accuracy and repeatability

Characterize

a wide range of thin films and viscoelastic materials via
standard dynamic mechanical analysis
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Load-depth response from Berkovich nanoindentation
on fused silica. The image shows measurements
from 25 different locations overlaid together,
demonstrating the repeatability and accuracy of load
and depth measurements on NanoForce.
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Dynamic nanoindentation on fused silica showing the
accurate measurements of modulus and hardness as a
continuous function of depth. The plot shows extremely
repeatable measurements from 25 different locations.
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One Purpose: Rapid and Highly
Accurate Mechanical Test Results
Today’s nanomechanical characterization applications require low-force, accurate feedback and control
and precise placement of indentations to characterize thin films, complex nanostructures, and materials
with a wide range of modulus and hardness. NanoForce delivers unmatched performance in the most
challenging applications.

Low Force, High Accuracy
NanoForce’s electromagnetically actuated head is a linear system that isolates force measurement
from displacement, thereby improving accuracy and removing calibration issues encountered with
other system designs. Its uniquely designed head delivers the low noise floor and accuracy needed to
successfully and routinely measure thin films and nanostructures.

Lowest Noise Floor
NanoForce features the lowest noise floor of any full-featured nanoindentation system available. This
superior sensitivity allows the user to measure a wide range of modulus and stiffness, and to find the
surface of the sample without creating artifacts that will affect the measurement.

Progressive load scratch on ITO and SiO2

NanoForce precision and repeatability allow accurate
placement and force profiles, even with microscale scratches.
High-resolution imaging and micron-level placement accuracy
are enabled by the NanoLens® AFM option.

Exceptional Dynamic Testing
Robust dynamic testing comes standard on
NanoForce. With its precise control, low-force
capability and dynamic testing, NanoForce excels
at measuring characteristics of thin films and
viscoelastic materials.

Exact Positional Accuracy
Having superior nanoindenting performance is meaningless if
you cannot isolate the exact feature that you want to measure.
The NanoForce stage is mapped and compensated across the
entire measurement area, and the system comes standard with
high-resolution optics and cameras that make it easy to find and
reliably test features. In concert with the optional 1000X NanoLens AFM
objective, a researcher can image a test area as small as 1 micron and
then indent exactly on nanoscale features within that area.

Quick Thermal and Mechanical Stability
Built on Bruker’s proven Dimension® AFM platform, the NanoForce provides
a vibration-isolated, thermally stable environment for testing. The attention to
environmental stability using thermally matched materials enables superior positional
accuracy and reduces the sensitivity to ambient temperature excursions and transient
vibrations throughout the duration of the test. While similar systems require
significant wait times to allow the temperatures to stabilize, the unique design
of NanoForce reduces the wait time and keeps the focus on generating
useful data.

100 indents with Berkovich tip
into steel; 1 μm grid spacing.

The Easiest, Fastest Access to
Superior Test Data
The intuitive NanoForce user interface guides users
through the setup of nanomechanical investigations
into material behavior. The software includes predefined
test methods that can be easily modified to adapt to a
specific test requirement. Tests can be fully automated
to eliminate user intervention, and NanoForce’s
software allows the user to adapt the testing steps as
a real-time response to either observed or calculated
data, even at the maximum data rate.

NanoScratch Option

Better Data, Generated in Less Time
NanoForce Standard Features
 Quasistatic nanoindentation
 Dynamic nanoindentation
 High-resolution optics
 Precision stage

Pairs of constant load scratch (1, 3, 5, 7, 10 mN);
length 20 μm; strain rate 0.1 Hz on 300 nm SiO2 on Si.

 Mechanical/thermal isolation enclosure
 4-position sample mount for small specimens

NanoForce Applications
 EIT (indentation modulus)
 E' (storage modulus DMA)
 HIT (indentation hardness)
 Scratch resistance
 E" (loss modulus DMA)
 CIT (indentation creep)
 KI0
 Critical delamination force
 Topography
 Stress-strain (from identation)

1x progressive load scratch;
length 20 μm, 1-10 mN; strain rate 0.1 Hz
on 300 nm SiO2 on Si.

The NanoForce control unit’s intuitive and feature-rich
software makes system operation and data analysis easy.

Load Capabilities
Maximum Load

45 mN

Minimum Contact Force

0.2 μN

Load Resolution

0.003 μN

Load Noise Floor

0.05 μN

Displacement
Resolution

0.0003 nm

Displacement Noise
Floor

0.1 nm RMS

Maximum Displacement

40 μm

Dynamic Mode
Minimum Force
Amplitude

0.025 μN

Maximum Force
Amplitude

1900 μN

Frequency Range

45 to 250 Hz

Motion System
XY-Stage Total Travel

154 mm x 90 mm

XY-Stage Usable Area

64 mm x 65 mm (accessible by both microscope
and indenter)

Z-Stage Travel

23 mm

Platform
XY-Stage Resolution

0.01 μm

Drift

<0.01 nm/s;
1.5 ppm/°K (ambient independent)

Frame Stiffness

17.9 x 106 N/m

Multi-Sample Tray

Up to four samples simultaneously

Microscope

Optical magnification: 2.5X, 10X and 20X standard

Indenter Tip

Supplied with one Berkovich tip

Options
NanoLens AFM

Nanoscale imaging; sub-micron nanoindentation
placement accuracy

Vacuum Chuck

200 mm

NanoScratch

Progressive and constant loading;
Progressive and constant zig-zag loading
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