
How to Select the Correct Indenter Tip

Support Note

It is important to select the correct tip for 
your application. Agilent Technologies 
offers high precision indenter tips that 
enable the fi nest quality data for your 
research. Our indenter tips are designed to 
meet all of your demanding applications. 
This document can be used as a guide in 
the selection process to determine the best 
tip for your needs.

There are fi ve main types of indenter tips, 
each with a different geometry for a variety 
of applications:
 •  Berkovich
 •  Vickers
 •  Cube-Corner 
 •  Cone
 •  Sphere 
 

Berkovich
The Berkovich indenter tip is the 
most frequently used indenter tip for 
instrumented indentation testing (IIT) to 
measure mechanical properties on the 
nanoscale. The Berkovich indenter tip is a 
three-sided pyramid that can be ground to 
a point and thus maintains a self-similar 
geometry to very small scales. This 
geometry is often preferred to the Vickers 
indenter tip which is a four-sided pyramid.

The Berkovich indenter tip is ideal for 
most testing purposes. It is not easily 
damaged and can be readily manufactured.  
It induces plasticity at very small loads 
which produces a meaningful measure of 

hardness. The Berkovich indenter tip has 
a large included angle of 142.3° which 
minimizes the infl uence of friction.
The Berkovich indenter tip is available as a 
traceable standard.

Berkovich Recommended Applications:
There are many applications suitable 
for the Berkovich indenter tips. Some 
examples include:
 •  Bulk Materials
 •  Thin Films
 •  Polymers (E’ > 1GPa)
 •  Scratch Testing
 •  Wear Testing
 •  Micro-electromechanical Systems    
     (MEMS)
 •  In-situ Imaging 
 

Vickers
The Vickers indenter tip is also used as an 
indenter tip for instrumented indentation 
testing (IIT) to measure mechanical 
properties on the nanoscale. The Vickers 
indenter tip is a four-sided pyramid.
The Vickers indenter tip is available as a 
traceable standard.

Vickers Recommended Applications:
There are many applications suitable for 
the Vickers indenter tips. Some examples 
include:
 •  Bulk Materials
 •  Films and Foils
 •  Scratch Testing
 •  Wear Testing
 
 

Figure 1.   Berkovich indenter tip.

Figure 2.  Vickers indenter tip.
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Cone Recommended Applications:
There are many applications suitable 
for the Cone indenter tips. Some 
examples include:
 • Scratch Testing
 • Wear Testing
 • In-situ Imaging
 • MEMS 

Sphere
Stresses develop differently during 
indentation when using a spherical 
indenter tip compared to either a 
Berkovich or Vickers tip. For spherical 
indenters, the contact stresses are 
initially small and produce only elastic 
deformation. As the spherical indenter 
is driven into the surface, a transition 
from elastic to plastic deformation 
occurs, which can theoretically be used 
to examine yielding and work hardening, 
and to recreate the entire uniaxial 
stress-strain curve from data obtained 
in a single test. IIT with spheres has 
been most successfully employed with 
larger-diameter indenters. At the micron 
scale, the use of spherical indenters 
has been impeded by diffi culties in 
obtaining high-quality spheres made 
from hard, rigid materials. This is one 
reason the Berkovich indenter has 
been the indenter of choice for most 
small-scale testing, even though it 
cannot be used to investigate the 
elastic-plastic transition.

Sphere Recommended Applications:
The Sphere indenter tip is typically used 
for MEMS applications. 

Custom Shape
At times, standard geometry indenters 
will not achieve the desired results. 
Applications Engineers for Agilent 
Technologies work with the customer 
to choose a custom-designed indenter 
geometry to best suit their application.

Cube-Corner
The Cube-Corner indenter tip is a three-
sided pyramid with mutually perpendicular 
faces arranged in a geometry like the 
corner of a cube. The centerline-to-face 
angle for this indenter is 34.3° whereas 
for the Berkovich indenter it is 65.3°. The 
sharpness of the cube corner produces 
much higher stresses and strains in the 
area of the contact. This is useful in 
producing very small, well-defi ned cracks 
around hardness impressions in brittle 
materials. These cracks can be used to 
estimate fracture toughness at very 
small scales.
The Cube-Corner indenter tip is available 
as a traceable standard.

Cube-Corner Recommended Applications:
There are many applications suitable 
for the Cube-Corner indenter tips. Some 
examples include:
 • Thin Films
 • Scratch Testing
 • Fracture Toughness
 • Wear Testing
 • MEMS
 • In-situ Imaging 

Cone
The cone indenter tip has a sharp, self-
similar geometry, but the simplicity of its 
cylindrical symmetry makes it attractive 
from a modeling standpoint. Many models 
used to support IIT are based on conical 
indentation contact. The cone is also 
attractive because the complications 
associated with the stress concentrations 
at the sharp edges of the indenter are 
absent. However, very little IIT testing 
has been conducted with cones. The 
primary reason is that it is diffi cult to 
manufacture conical diamonds with 
sharp tips, making them of little use in the 
small-scale work around which most of 
IIT has developed. This problem does not 
apply at larger scales, where much could 
be learned by using conical indenters in IIT 
experimentation.

Figure 3.  Cube-Corner indenter tip.

Figure 4.  Cone indenter tip.

Figure 5.  Sphere indenter tip.
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Indenting Tips Summary

  Berkovich Vickers Cube-Corner Cone (angle �) Sphere (radius R)

 Features

 Applications

Thin Films, 
Scratch Testing, 

Fracture 
Toughness, 

Wear Testing, 
MEMS, Imaging

Modeling, 
Scratch Testing, 

Wear Testing, 
Imaging, 
MEMS

MEMS

 Available  as 
 Traceable Standard  Yes Yes Yes No No

 Parameter

 Centerline-to-face angle, �  65.3° 68° 35.2644° — —

 Area (projected), A(d) 24.56d2 24.504d2 2.5981d2 �a2 �a2

 Volume-depth relation, V(d) 8.1873d3 8.1681d3 0.8657d3 — —    

 Projected area/face area, A/Af 0.908 0.927 0.5774 — —  

 Equivalent cone angle, � 70.32° 70.2996° 42.28° � —

 Contact radius, a — — — d tan �  (2Rd-d2)1/2

 Shape  3-sided pyramid 4-sided pyramid 3-sided pyramid w/ Conical Spherical
     perpendicular faces

Bulk Materials, 
Thin Films, 
Polymers, 

Scratch Testing, 
Wear Testing, 

MEMS, Imaging

Bulk Materials, 
Films and Foils, 
Scratch Testing, 

Wear Testing 



Nano Mechanical Systems from
Agilent Technologies

Agilent Technologies, the premier 
measurement company, offers high-
precision, modular nano-measurement 
solutions for research, industry, and 
education. Exceptional worldwide support 
is provided by experienced application 
scientists and technical service personnel. 
Agilent’s leading-edge R&D laboratories 
ensure the continued, timely introduction 
and optimization of innovative, easy-to-use 
nanomechanical system technologies.

www.agilent.com/find/nanoindenter

Americas

Canada  (877) 894 4414
Latin America  305 269 7500
United States  (800) 829 4444

Asia Pacifi c

Australia  1 800 629 485
China  800 810 0189
Hong Kong  800 938 693
India  1 800 112 929
Japan  0120 (421) 345
Korea  080 769 0800
Malaysia  1 800 888 848
Singapore  1 800 375 8100
Taiwan  0800 047 866
Thailand  1 800 226 008

Europe & Middle East

Austria  43 (0) 1 360 277 1571
Belgium  32 (0) 2 404 93 40
Denmark  45 70 13 15 15
Finland  358 (0) 10 855 2100
France  0825 010 700*
 *0.125 €/minute

Germany  49 (0) 7031 464 6333
Ireland  1890 924 204
Israel  972-3-9288-504/544
Italy  39 02 92 60 8484
Netherlands  31 (0) 20 547 2111
Spain  34 (91) 631 3300
Sweden  0200-88 22 55
Switzerland  0800 80 53 53
United Kingdom  44 (0) 118 9276201
Other European Countries:
                   www.agilent.com/fi nd/contactus

Product specifi cations and descriptions in this 
document subject to change without notice.

© Agilent Technologies, Inc. 2009
Printed in USA, October 12, 2009
5990-4907EN 


