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Silver Nanowire Sensors Hold Promise for Prosthetics, 
Robotics
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North Carolina State University researchers have used silver nanowires to develop wearable, 

multifunctional sensors that could be used in biomedical, military or athletic applications, including 

new prosthetics, robotic systems and flexible touch panels. The sensors can measure strain, 

pressure, human touch and bioelectronic signals such as electrocardiograms.

“The technology is based on either physical deformation or 

“fringing” electric field changes. The latter is very similar to 

the mechanism used in smartphone touch screens, but the 

sensors we’ve developed are stretchable and can be mounted 

on a variety of curvilinear surfaces such as human skin,” says 

Shanshan Yao, a Ph.D. student at NC State and lead author of a 

paper on the work.

“These sensors could be used to help develop prosthetics that 

respond to a user’s movement and provide feedback when in 

use,” says Dr. Yong Zhu, an associate professor of mechanical 

and aerospace engineering at NC State and senior author of the 

paper. “They could also be used to create robotics that can 

‘feel’ their environment, or the sensors could be incorporated 

into clothing to track motion or monitor an individual’s physical 

health.” 

The researchers built on Zhu’s earlier work to create highly 

conductive and elastic conductors made from silver nanowires. 

Specifically, the researchers sandwiched an insulating material 

between two of the stretchable conductors. The two layers 

then have the ability – called “capacitance” – to store electric charges. Pushing, pulling or 

touching the stretchable conductors changes the capacitance. The sensors work by measuring that 

change in capacitance.

“Creating these sensors is simple and low cost,” Yao says. “And we’ve already demonstrated the 

sensors in several prototype applications.” 

For example, the researchers employed these sensors to monitor thumb movement, which can be 

useful in controlling robotic or prosthetic devices. The researchers also demonstrated an application 

to monitor knee movements while a test subject is running, walking and jumping.

A sensor based on silver 

nanowires is mounted onto a 

thumb joint to monitor the skin 

strain associated with thumb 

flexing. The sensor shows good 

wearability and large-strain 

sensing capability. Click to 

enlarge. (Photo: Shanshan Yao.)

 Quicklinks...

Search the Newsroom Site

FIND PEOPLE LIBRARIES NEWS CALENDAR MYPACK PORTAL GIVING 

CAMPUS MAP 

The QuickLinks menu below will not function without JavaScript. 
To use them, please enable JavaScript in your web client.

NC State University



NORTH CAROLINA STATE UNIVERSITY   RALEIGH, NC 27695   (919) 515-2011 

“The deformation involved in these movements is large, and would break a lot of other sensor 

devices,” Zhu says. “But our sensors can be stretched to 150 percent or more of their original 

length without losing functionality, so they can handle it.” 

The researchers also developed an array of sensors that can map pressure distribution, which is 

important for use in robotics and prosthetics applications. The sensors exhibit a quick response time 

– 40 milliseconds – so strain and pressure can be monitored in real time. 

The paper, “Wearable Multifunctional Sensors Using Printed Stretchable Conductors Made Of Silver 

Nanowires,” is published online in the journal Nanoscale. The work was supported by the National 

Science Foundation through NC State’s ASSIST Engineering Research Center. 
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Note to Editors: The study abstract follows.

“Wearable Multifunctional Sensors Using Printed Stretchable Conductors Made Of Silver 

Nanowires” 

Authors: Shanshan Yao and Yong Zhu, North Carolina State University

Published: Online Jan. 14, Nanoscale

DOI: 10.1039/C3NR05496A

Abstract: Considerable efforts have been made to achieve highly sensitive and wearable sensors that 

can simultaneously detect multiple stimuli such as stretch, pressure, temperature or touch. Here we 

develop highly stretchable multifunctional sensors that can detect strain (up to 50%), pressure (up to 

~1.2 MPa) and finger touch with high sensitivity, fast response time (~40 ms) and good pressure 

mapping function. The reported sensors utilize the capacitive sensing mechanism, where silver 

nanowires are used as electrodes (conductors) and Ecoflex is used as a dielectric. The silver nanowire 

electrodes are screen printed. Our sensors are demonstrated for several wearable applications 

including monitoring thumb movement, sensing the strain of knee joint in patellar reflex (knee-jerk) 

and other human motions, illustrating the potential utilities of such sensors in robotic systems, 

prosthetics, healthcare and flexible touch panels.
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