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Abstract: Recommended methods and standardized reporting practices for electrical 
characterization of carbon nanotubes (CNTs) are covered. Due to the nature of CNTs, significant 
measurement errors can be introduced if the electrical characterization design-of-experiment is 
not properly addressed. The most common sources of measurement error, particularly for high-
impedance electrical measurements commonly required for CNTs, are described. Recommended 
practices in order to minimize and/or characterize the effect of measurement artifacts and other 
sources of error encountered while measuring CNTs are given. 
Keywords: carbon nanotube, electrical characterization, high-impedance measurement, 
nanotechnology 
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Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote 
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy 
of any of the information contained in its standards. 
 
Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other 
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly 
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document. 
The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly 
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific 
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents 
are supplied “AS IS.” 
 
The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, 
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint 
expressed at the time a standard is approved and issued is subject to change brought about through developments in the 
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least 
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important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason, 
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant 
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At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the formal 
position, explanation, or interpretation of the IEEE.  
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Introduction 

 
This standard covers recommended methods and standardized reporting practices for electrical 
characterization of carbon nanotubes (CNTs). Due to the nature of CNTs, significant measurement errors 
can be introduced if not properly addressed. This standard describes the most common sources of 
measurement error, and gives recommended practices in order to minimize and/or characterize the effect of 
each error. 
 
Standard reporting practices are included in order to minimize confusion in analyzing reported data. 
Disclosure of environmental conditions and sample size are included so that results can be appropriately 
assessed by the research community. These reporting practices also support repeatability of results, so that 
new discoveries may be confirmed more efficiently. The practices in this standard were compiled from 
scientists and engineers from the CNT field. These practices were based on standard operating procedures 
utilized in facilities worldwide. This standard was initiated in 2003 to assist in the diffusion of CNT 
technology from the laboratory into the marketplace. Standardized characterization methods and reporting 
practices creates a means of effective comparison of information and a foundation for manufacturing 
readiness. 

Notice to users 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: http:// 
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for 
errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying 
patents or patent applications for which a license may be required to implement an IEEE standard or for 
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. 

This introduction is not part of IEEE Std 1650-2005, IEEE Standard Test Methods for Measurement of 
Electrical Properties of Carbon Nanotubes. 
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