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Next Generation Electronics:

Embedding Everyday Flexible Materials w/ Function

Internet of things

Pervasive and ubiquitous electronics
Wearable electronics

Energy efficiency will be key in the long run

Mliniaturization and cost reduction

Next Generation High Performance Electronics:
Embedding Everyday Flexible Materials w/ Function

Short Term: Evolution Long Term: Revolution
* Tiny conventional electronics * The fabrication processes for
are separately fabricated. conventional materials (textile fibers,
paper, etc.) are modified to embed
intelligence.
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Technologies for Flexible Electronics:

High throughput, solution-based processing
Numerous potential materials: metals, semiconductors, insulators

Low performance, high operating voltage, poor reliability/stability
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Numerous potential materials: metals, semiconductors, insulators

Better performance, lower operating voltage, better stability/reliability
Thickness limited due to surface defects
Limited pathway to high-throughput, large area processing
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Technologies for Flexible Electronics:

* Numerous potential materials: metals, semiconductors, insulators

* Hexagonal crystal structure with no out-of-plane bonds: no dangling
bonds, monolayer thickness control, no strain

* High performance, low power, stable and reliable

» High-throughput manufacturing schemes
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MoS, Synthesis

e We have previously developed a synthesis
technique for highly uniform, high quality MoS,.

e MoS, is a semiconductor with ~1.5 eV bandgap.
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A. Tarasov, P. M. Campbell, M.-Y. Tsai, Z. R. Hesabi, J. Feirer, S. Graham, W. J. Ready, and E. M. Vogel,
“Highly Uniform Trilayer Molybdenum Disulde for Wafer-Scale Device Fabrication,” Advanced Functional

Materials (2014).




Device Fabrication Followed by Transfer

Fabrication of flexible devices

High temperature and photolithography processes need to
be avoided

Transfer completed devices from growth substrate to
desired substrate
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Bending stable flexible MoS, transistors
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MoS, transistors are still operational after 200
bending cycles.
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2D-based Chemical and Biological

Potentiometric Sensors

¢ The low noise of graphene transistors make them ideal for chemical
and biological sensors on arbitrary substrates.
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Materials/Devices for Neuromorphic

Computing on Flexible Substrates

Motivation Our Approach: Nanocrystalline silicon TFTs with
TiN/HfQ, memristors permit flexible substrates
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Environmental Complexity

Spike Timing Dependent Plasticity Association and Other Circuits Demonstrated

Achieved Experimentally : —
Demonstration of associative
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Conclusions

Being able to bring cutting-edge technologies to flexible
substrates is a promising opportunity for innovation.

In the long-run, materials (e.g. 2D) and designs (e.qg.
neuromorphic) for low power, high performance flexible
technologies will be key.
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