
Research Article s

Volume 5 • Issue 4 • 1000202J Electr Electron Syst, an open access journal
ISSN: 2332-0796

           Open AccessOpinion

Journal of 
Electrical & Electronic SystemsISSN: 2332-0796

Jo
ur

na
l o

f E
lec

trical & Electronic
System

s

Park, J Electr Electron Syst 2016, 5:4
DOI: 10.4172/2332-0796.1000202

*Corresponding author: Jeongwon Park, Department of Electrical Engineering
and Computer Science, University of Ottawa, Ontario, K1N 6N5, Canada, Tel: 613 
562-5800; E-mail: jpark2@uottawa.ca

Received November 28, 2016; Accepted December 05, 2016; Published 
December 12, 2016

Citation: Park J (2016) Nanotechnology-enabled Flexible Hybrid Electronics. J 
Electr Electron Syst 5: 202. doi:10.4172/2332-0796.1000202

Copyright: © 2016 Park J. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Nanotechnology-enabled Flexible Hybrid Electronics
Jeongwon Park*

Department of Electrical Engineering and Computer Science, University of Ottawa, Ontario, K1N 6N5, Canada

Technology has contributed significantly to enhance the well-being 
of society, and innovation in nanotechnology is at the crux of changing 
industry throughout the world. To fuel the increasing demand for 
functionality from mobile devices to the “Internet of Things (IoT)” 
integrated electronics on flexible hybrid substrates is well recognized 
as a realistic solution. After a decade of intense searching for 
alternatives to enable the continuous improvement of speed and power 
consumption, it was found that a viable option was the integration 
of a few atomic layers or atomic-layer-thin materials such as carbon 
nanotubes (CNTs), nanowires, graphene and other atomic-layer-
thin materials (MoS2, BN, etc.), which have been perfected for other 
niche applications such as sensors and nanoelectronic devices [1,2]. 
Integrated nanoelectronic devices on flexible hybrid substrates can 
offer more enhanced functionality than can silicon-based devices for 
advanced wearable technology. However, the long-term performance 
of these new materials is still relatively unknown or misunderstood, 
which delays their implementation in the consumer electronics market. 
Therefore, it is critical to understand atomic level fundamentals [3,4]. 
In addition, integration of nanomaterials is vital for developing high-
performance sustainable materials for the flexible hybrid electronics 
industry and to verify the interaction between the optimization and the 
short and long-term characteristics of nanodevices [5].

Although these nanomaterials have enjoyed considerable 
achievements with respect to their use in devices such gate-all-around 
transistors, FinFETs [6] and tunneling FETs [7] in logic application, 
their incompatibility with the well-established processing technology 
prevents them from integrated on a large-scale manufacturing 
platform readily [8]. Nano sized structures such as quantum dots 
(QDs) [9], nanowires (NWs) [10], nanorods [11] and nanopillars [12] 
offer new insights and opportunities for flexible hybrid nanoelectronic 
devices because of their unique optical, mechanical and thermal 
properties [5,13]. However, most of these nanostructures present 
great challenges with respect to integration with flexible substrates 
using CMOS-compatible fabrication processes [14-16] OTFTs have 
also been demonstrated on flexible substrates [17,18]. The challenges 
in flexible hybrid nanoelectronics have not been fully resolved, 
and device fabrication is still immature [19] Achieving high energy 
efficiency is becoming one of the highest priorities in the field of 
integrated electronics for next-generation information technology [20] 
To support such an energy-efficient technology, the research field of 
electronic devices is currently focusing on the development of low-
energy consumption, high performance devices and corresponding 
integration technology [21]. The main challenge today is not to replace 
all the electronic systems with flexible electronics, but to determine 
how to enable these systems so that they can work together in the 
most energy-efficient manner. New fabrication processes and device 
structures should be generated, for both materials and devices, to take 
into consideration unique behaviors and features in nanotechnology-
enabled flexible hybrid electronics [18-21].

References

1. Ornes S (2016) Core Concept: The Internet of Things and the explosion of
interconnectivity. Proceedings of the National Academy of Sciences 113:
11059-11060.

2. Gubbi J, Buyya R, Marusic S, Palaniswami M (2013) Internet of Things (IoT):

A vision, architectural elements, and future directions. Future Generation 
Computer Systems 29: 1645-1660.

3. Franklin AD (2015) Nanomaterials in transistors: From high-performance to
thin-film applications. Science.

4. George SM (2010) Atomic layer deposition: an overview. Chemical reviews
110: 111-131.

5. Shen G, Fan Z (2016) Flexible Electronics: From Materials to Devices. World
Scientific.

6. Alamo JAD (2011) Nanometre-scale electronics with III-V compound
semiconductors. Nature 479: 317-323

7. Ionescu AM, Riel H (2011) Tunnel field-effect transistors as energy-efficient 
electronic switches. Nature 479: 329-337.

8. Fortuna SA, Li X (2010) Metal-catalyzed semiconductor nanowires: a review
on the control of growth directions. Semiconductor Science and Technology.

9. Kagan CR, Lifshitz E, Sargent EH, Talapin DV (2016) Building devices from
colloidal quantum dots. Science.

10. Maurer JHM, González-García L, Reiser B, Kanelidis I, Kraus T (2016)
Templated Self-Assembly of Ultrathin Gold Nanowires by Nanoimprinting for
Transparent Flexible Electronics. Nano letters 16: 2921-2925.

11. Zhu C, Meng G, Zheng P, Huang Q, Li Z, et al. (2016) Silver‐Nanorod Bundles: A 
Hierarchically Ordered Array of Silver‐Nanorod Bundles for Surface‐Enhanced 
Raman Scattering Detection of Phenolic Pollutants. Advanced Materials 28:
4870-4870.

12. Song J, Lu H, Foreman K, Li S, Tan L, et al. (2016) Ferroelectric polymer
nanopillar arrays on flexible substrates by reverse nanoimprint lithography. 
Journal of Materials Chemistry C 4: 5914-5921.

13. Vj L, Oh J, Nayak AP, Katzenmeyer AM, Gilchrist KH, et al. (2011) A
perspective on nanowire photodetectors: Current status, future challenges, and 
opportunities. IEEE Quantum Electronics 17: 1002-1032.

14. Yu L, El-Damak D, Radhakrishna U, Ling X, Zubair A, et al. (2016) Design,
Modeling and Fabrication of CVD Grown MoS2 Circuits with E-Mode FETs for
Large-Area Electronics. Nano Letters 16: 6349-6356.

15. Zhao Q, Wang W, Shao J, Li X, Tian H, et al. (2016) Nanoscale Electrodes for
Flexible Electronics by Swelling Controlled Cracking. Advanced Materials 28:
6337-6344.

16. Najarian AM, Szeto B, Tefashe UM, McCreery RL (2016) Robust All-Carbon
Molecular Junctions on Flexible or Semi-Transparent Substrates Using
“Process-Friendly” Fabrication. ACS nano 10: 8918-8928.

17. Sarkar SK, Gupta H, Gupta D (2016) Flash light sintering of silver ink for inkjet
printed organic thin film transistor on flexible substrate. IEEE 3rd International 
Conference on Devices, Circuits and Systems (ICDCS).

18. Tixier-Mita1 A, Ihida S, Ségard BD, Cathcart GA, Takahashi T, et al. (2016)
Review on thin-film transistor technology, its applications, and possible new 
applications to biological cells. Japanese Journal of Applied Physics.

http://dx.doi.org/10.1073/pnas.1613921113
http://dx.doi.org/10.1073/pnas.1613921113
http://dx.doi.org/10.1073/pnas.1613921113
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1016/j.future.2013.01.010
http://dx.doi.org/10.1073/pnas.1613921113
http://dx.doi.org/10.1073/pnas.1613921113
http://dx.doi.org/10.1021/cr900056b
http://dx.doi.org/10.1021/cr900056b
http://www.worldscientific.com/worldscibooks/10.1142/9493
http://www.worldscientific.com/worldscibooks/10.1142/9493
https://dx.doi.org/10.1038/nature10677
https://dx.doi.org/10.1038/nature10677
https://dx.doi.org/10.1038/nature10677
https://dx.doi.org/10.1038/nature10677
http://dx.doi.org/10.1088/0268-1242/25/2/024005
http://dx.doi.org/10.1088/0268-1242/25/2/024005
https://dx.doi.org/10.1126/science.aac5523
https://dx.doi.org/10.1126/science.aac5523
http://dx.doi.org/10.1021/acs.nanolett.5b04319
http://dx.doi.org/10.1021/acs.nanolett.5b04319
http://dx.doi.org/10.1021/acs.nanolett.5b04319
https://dx.doi.org/10.1002/adma.201670168
https://dx.doi.org/10.1002/adma.201670168
https://dx.doi.org/10.1002/adma.201670168
https://dx.doi.org/10.1002/adma.201670168
http://dx.doi.org/10.1039/C6TC01848C
http://dx.doi.org/10.1039/C6TC01848C
http://dx.doi.org/10.1039/C6TC01848C
http://dx.doi.org/10.1109/JSTQE.2010.2093508
http://dx.doi.org/10.1109/JSTQE.2010.2093508
http://dx.doi.org/10.1109/JSTQE.2010.2093508
http://dx.doi.org/10.1021/acs.nanolett.6b02739
http://dx.doi.org/10.1021/acs.nanolett.6b02739
http://dx.doi.org/10.1021/acs.nanolett.6b02739
https://dx.doi.org/10.1002/adma.201670210
https://dx.doi.org/10.1002/adma.201670210
https://dx.doi.org/10.1002/adma.201670210
http://dx.doi.org/10.1021/acsnano.6b04900
http://dx.doi.org/10.1021/acsnano.6b04900
http://dx.doi.org/10.1021/acsnano.6b04900
http://iopscience.iop.org/article/10.7567/JJAP.55.04EA08
http://iopscience.iop.org/article/10.7567/JJAP.55.04EA08
http://iopscience.iop.org/article/10.7567/JJAP.55.04EA08


Citation: Park J (2016) Nanotechnology-enabled Flexible Hybrid Electronics. J Electr Electron Syst 5: 202. doi:10.4172/2332-0796.1000202

Page 2 of 2

Volume 5 • Issue 4 • 1000202J Electr Electron Syst, an open access journal
ISSN: 2332-0796

Efficient Implementation of Difference-of-Gaussian with Flexible Thin-Film 
Transistors. arXiv preprint arXiv: 1603.01954.

21. Bao Z, Chen X (2016) Flexible and Stretchable Devices. Advanced Materials
28: 4177-4179.

19. Huang TC, Cheng KT, Beausoleil R (2016) Printed circuits on flexible 
substrates: opportunities and challenges. Tenth IEEE/ACM International
Symposium on Networks-on-Chip (NOCS).

20. Wu N, Liu Z, Qiao F, Guo X, Wei Q, et al. (2016) A Real-Time and Energy-

https://arxiv.org/abs/1603.01954
https://arxiv.org/abs/1603.01954
http://dx.doi.org/10.1002/adma.201601422
http://dx.doi.org/10.1002/adma.201601422
http://dx.doi.org/10.1109/NOCS.2016.7579340
http://dx.doi.org/10.1109/NOCS.2016.7579340
http://dx.doi.org/10.1109/NOCS.2016.7579340
https://arxiv.org/abs/1603.01954

	Title
	Corresponding author
	References

