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ABSTRACT 

Pressure sensitive robotic skins have long been investigated 
for applications to physical human-robot interaction (pHRI). 
Numerous challenges related to fabrication, sensitivity, density, 
and reliability remain to be addressed under various 
environmental and use conditions. In our previous studies, we 
designed novel strain gauge sensor structures for robotic skin 
arrays. We coated these star-shaped designs with an organic 
polymer piezoresistive material, Poly (3, 4-
ethylenedioxythiophene)-ploy(styrenesulfonate) or PEDOT: PSS 
and integrated sensor arrays into elastomer robotic skins. In this 
paper, we describe a dry etching photolithographic method to 
create a stable uniform sensor layer of PEDOT:PSS onto star-
shaped sensors and a lamination process for creating double-
sided robotic skins that can be used with temperature 
compensation. An integrated circuit and load testing apparatus 
was designed for testing the resulting robotic skin pressure 
performance. Experiments were conducted to measure the 
loading performance of the resulting sensor prototypes and 
results indicate that over 80% sensor yields are possible with this 
fabrication process. 
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1. INTRODUCTION 

For decades, artificial robotic skin has attracted the interest 
among researchers, especially for applications in physical 
human-robot interaction and autonomous manipulation[1, 2]. 
The sense of touch enables robots to physically interact with their 
environment and people, in applications such as grasping 
manipulation[3] and full-body haptic sensing[4]. Many 
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researchers have investigated robotic skins design that match or 
outperform humans, incorporating temperature and pressure 
sensors using different transducer mechanisms including: 
capacitive sensing[5], conductive fabrics[6], infrared sensors[7], 
or semiconductor strain gauges[8]. However, after over 30 years 
of research, numerous challenges related to fabrication and 
integration of skin sensors with robots remain[9, 10]. 

In the past several years, we have been investigating and 
developing robotic skin sensor arrays based on semiconductor 
organic materials, and addressing challenges in design, 
simulation[11], fabrication[12], packaging[13], electronic 
transducers, interfaces to robot controllers, and human-robot 
interaction algorithms[14]. The base sensing material used in our 
research is the organic semiconductor polymer Poly (3, 4-
ethylenedioxythiophene)-ploy(styrenesulfonate) or PEDOT: 
PSS, that has been printed over flexible Kapton substrate using 
several techniques. The active sensor material changes resistance 
in response to strain and it is consistent with a 20:1 gauge 
factor[11]. 

In [15], we used Electro-Hydro-Dynamic (EHD) ink jetting 
to print mm-size interdigitated strain gauge structures with 10 
micron feature resolution. Under a high voltage electrical field 
working environment, the EHD print head has to be a specialized 
nozzle. However, the inks for EHD printing must have special 
formulations to satisfy conductivity and viscosity requirements, 
and the printing process is highly serial in nature, e.g. one gauge 
is printed at a time. In[15], the sensor geometry included 
interdigitated designs, resulting in directional pressure 
sensitivity in the vicinity of the sensor. 

In [12], we investigated a scalable, cleanroom compatible 
fabrication technique using spinning and wet lift-off 
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FIGURE 9: STRAIN GAUGE PERFORMANCE OF SENSOR PAIRS WITH VARIABLE LOAD APPLIED ON NO. 5 SENSOR 

 

variation. Meanwhile, three sensor pairs, 7, 11, and 16 are less 

sensitive to the pressure of the load. This reduction of sensitivity 

may be due to the fact that lamination is still a manual process, 

thus prone to errors from the brayer and adhesive applicator. 

 

5. CONCLUSION 

In this paper, we present a new fabrication process to create 

PEDOT:PSS organic piezoresistive robotic skins. Improvements 

to the sensor material formulation with DMSO and PVP were 

introduced, while a protective layer of Parylene and Titanium 

was proposed. The protective layer is used during dry etching to 

protect the tactile areas. Furthermore, a lamination process was 

introduced to create double-sided sensors for temperature 

compensation and increased load sensitivity. Using an electronic 

data acquisition board, we collected amplified signals from 

sensor pairs, and we used a MATLAB® interface to visualize the 

response of each sensor pair strain gauge during load application. 

The experimental results indicate 100% process yield after 

fabrication (16 tactile sensors out of 16), 82% yield after 

lamination (13 tactile sensors out of 16), results which are an 

improvement over prior work. 

In the future, the lamination process should be improved to 

reduce operator errors. We will also investigate other additive 

manufacturing techniques to deposit PEDOT:PSS, such as 

Aerosol jetting. 

 

ACKNOWLEDGEMENTS 

This work was supported by National Science Foundation 

awards MRI #1828355 and EPSCOR #1849213. We would like 

to thank Joshua Baptist and the staffs of University of 

Louisville’s Micro Nano Technology Center (MNTC) for their 

great suggestions and help in fabricating sensor samples. 

 
REFERENCES 

[1] Bartolozzi, C., Natale, L., Nori, F., and Metta, G., 2016, 
"Robots with a sense of touch," Nature materials, 15(9), p. 
921. 
[2] Johnsson, M., and Balkenius, C., 2011, "Sense of touch 
in robots with self-organizing maps," IEEE Transactions on 
Robotics, 27(3), pp. 498-507. 
[3] Ward-Cherrier, B., Cramphorn, L., and Lepora, N. F., 
2016, "Tactile manipulation with a TacThumb integrated on 



 

 8 © 2020 by ASME 

the open-hand M2 gripper," IEEE Robotics and Automation 
Letters, 1(1), pp. 169-175. 
[4] Mukai, T., Onishi, M., Odashima, T., Hirano, S., and 
Luo, Z., 2008, "Development of the tactile sensor system of 
a human-interactive robot “RI-MAN”," IEEE Transactions 
on robotics, 24(2), pp. 505-512. 
[5] Hoshi, T., and Shinoda, H., "Robot skin based on touch-
area-sensitive tactile element," Proc. Proceedings 2006 
IEEE International Conference on Robotics and 
Automation, 2006. ICRA 2006., IEEE, pp. 3463-3468. 
[6] Inaba, M., Hoshino, Y., Nagasaka, K., Ninomiya, T., 
Kagami, S., and Inoue, H., "A full-body tactile sensor suit 
using electrically conductive fabric and strings," Proc. 
Proceedings of IEEE/RSJ International Conference on 
Intelligent Robots and Systems. IROS'96, IEEE, pp. 450-
457. 
[7] Lumelsky, V. J., Shur, M. S., and Wagner, S., 2001, 
"Sensitive skin," IEEE Sensors Journal, 1(1), pp. 41-51. 
[8] Wang, C., Hwang, D., Yu, Z., Takei, K., Park, J., Chen, 
T., Ma, B., and Javey, A., 2013, "User-interactive electronic 
skin for instantaneous pressure visualization," Nature 
materials, 12(10), p. 899. 
[9] Argall, B. D., and Billard, A. G., 2010, "A survey of 
tactile human–robot interactions," Robotics and 
autonomous systems, 58(10), pp. 1159-1176. 
[10] Dahiya, R. S., Metta, G., Valle, M., and Sandini, G., 
2009, "Tactile sensing—from humans to humanoids," IEEE 
transactions on robotics, 26(1), pp. 1-20. 
[11] Saadatzi, M. N., Baptist, J. R., Yang, Z., and Popa, D. 
O., 2019, "Modeling and Fabrication of Scalable Tactile 
Sensor Arrays for Flexible Robot Skins," IEEE Sensors 
Journal. 
[12] Baptist, J., Zhang, R., Wei, D., Saadatzi, M., and Popa, 
D., "Fabrication of strain gauge sensor arrays for tactile 
skins," Proc. Proc. SPIE. 
[13] Das, S. K., Baptist, J. R., Sahasrabuddhe, R., Lee, W. 
H., and Popa, D. O., "Package analysis of 3D-printed 
piezoresistive strain gauge sensors," Proc. Sensors for Next-
Generation Robotics III, International Society for Optics 
and Photonics, p. 985905. 
[14] Saadatzi, M. N., Baptist, J. R., Wijayasinghe, I. B., and 
Popa, D. O., "Characterization of large-area pressure 
sensitive robot skin," Proc. Smart Biomedical and 
Physiological Sensor Technology XIV, International Society 
for Optics and Photonics, p. 102160G. 
[15] Nothnagle, C., Baptist, J. R., Sanford, J., Lee, W. H., 
Popa, D. O., and Wijesundara, M. B., "EHD printing of 
PEDOT: PSS inks for fabricating pressure and strain sensor 
arrays on flexible substrates," Proc. Next-Generation 
Robotics II; and Machine Intelligence and Bio-inspired 
Computation: Theory and Applications IX, International 
Society for Optics and Photonics, p. 949403. 
[16] Saadatzi, M. N., Yang, Z., Baptist, J. R., 
Sahasrabuddhe, R. R., Wijayasinghe, I. B., and Popa, D. O., 
"Parametric investigation of scalable tactile sensors," Proc. 
Smart Biomedical and Physiological Sensor Technology 

XIV, International Society for Optics and Photonics, p. 
102160A. 

 


