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Light driven nonequilibrium phenomena in quantum materials
» THz optoelectronic materials and devices for 6G communications
* Nano opto-mechanics for sensing and quantum transduction




Data-driven world

INDUSTRY 1.0

Mechanization, f-twn

FUTURE MEDICINE

4% industrial revolution
highlights connectivity
between the physical, digital, and biological worlds



Presenter Notes
Presentation Notes
A bit of background motivation of our research. 
Nowadays, almost everyone has multiple mobile devices such as PC and smart phone to maintain personal connections and perform business work. The ongoing fourth industrial revolution aims to quickly expand such connections into all aspects such as autonomous driving, virtual reality, brain-computer interface and AI medicine to boost the life quality and productivity. In the meantime, the realization of those great technology require huge amount of data capacity and energy cost. As this chart shows…



Grand challenges

« Data Capacity

« from 1.1 to 175 zettabytes in next 5 years
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Quantum materials

Emerging technology

* Quantum computing
(information capacity 1)

» Neuromorphic engineering
(information capacity 1)

» Energy-efficient electronics

(energy cost/unit |)

Quantum Materials

Superposition

Material Requirement
* Rich quantum properties
« [Easy engineering


Presenter Notes
Presentation Notes
To resolve this grand challege, people come up with different innovative solutions. The good news is that most of them can be realized based on so-called quantum materials. 

Quantum materials are those can display quantum-mechanical effect and associated quantum properties explicitly. Here I just list a few. 
For instance, superposition of different quantum states can enable parallel data processing for quantum computing
And strong electron correlation in quantum solid can result in high-speed memory. 
finally topology in certain quantum materials can provide quantized ballistic transport channels for energy-efficient electronics.

From an engineering and application perspective, it is important to find out suitable material system with rich quantum properties,
in the mean time can be easily engineered for those technologies. 



Layered van der Waals materials

%+ Layer thickness ~ nm, anisotropic and quantum confined

%+ Easy surface engineering and large tunability (electrical ~ 10'4/em?, mechanical ~ 10% strain...)
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Presenter Notes
Presentation Notes
The emergent two-dimensional materials are actually one top candatidate satisfying those requirements. They are built up by atomically-thin layers formed by strong in-plane bonds. And those 2d layers are weakly bond together in z direnction thorugh van der waals force.  Therefore, they can be easily been exfoliated down to monolayer.
In such 2D limit, the interface represents the whole material, thus multiple surface engineering method can apply and enable large tunablity in physical properties, for example ultrahigh doping up to 10^14/cm^2, ultralarge strain tuning up to 10% can be achieved.



What we do

2D Material and Device Fabrication
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What we do

Multimodal characterization platform Spectroscopy, Transport, Optomechanics

Optical THz
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Direction |

Optical probing and engineering of quantum materials

Emergent sliding ferroelectricity

Objective:
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Direction |

Optical probing and engineering of quantum materials
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New (spin) physics at extreme
conditions

On-demand Nonequilibrium Magnetic Phases in Strained 0 bjective :
Single-crystalline Membranes .
Explore uncharted phase ordering and

w dynamics at extreme conditions
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Oxide, Heusler compound, 2D materials



Direction Il

Quantum devices for communication

Quantum THz optoelectronics

On-Chip THz Devices

Terahertz Wave
(0.1 to 10 THz)

Objective:
Long-sought THz detection

Large responsivity, broadband,
fast, room temperature

Plasmonic antenna
for responsivity . -~

enhancement Back gate control

of device performance
| | | | | | | | | | ]




Direction Il

Quantum devices for communication

On-Chip THz Devices

Terahertz Wave
(0.1 to 10 THz)

Plasmonic antenna
for responsivity . -~ L
enhancement Back gate control

of device performance

Nano opto-mechanics
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Objective:
* New platform of quantum transduction
between qubit and light
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* Photo-induced nonequilibrium phenomena in quantum materials
» THz optoelectronic materials and devices for 6G communications
» Nano opto-mechanics for sensing and quantum transduction

2 to 3 PhD positions

More information including mentoring philosophy can be found
https://xiaolab.wisc.edu
jun.xiao@wisc.edu
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