
 

Ushering in the era of light-powered 'multi-
level memories'

October 17 2023

  
 

  

2D–0D hybrid device fabrication and OMM characteristics. Credit: Advanced
Materials (2023). DOI: 10.1002/adma.202303664

We live in an era of data deluge. The data centers that are operated to
store and process this flood of data use a lot of electricity, which has
been called a major contributor to environmental pollution. To overcome
this situation, polygonal computing systems with lower power
consumption and higher computation speed are being researched, but
they are not able to handle the huge demand for data processing because
they operate with electrical signals, just like conventional binary
computing systems.
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Dr. Do Kyung Hwang of the Center for Opto-Electronic Materials &
Devices of the Korea Institute of Science and Technology (KIST) and
Professor Jong-Soo Lee of the Department of Energy Science &
Engineering at Daegu Gyeongbuk Institute of Science and Technology
(DGIST) have jointly developed a new zero-dimensional and two-
dimensional (2D-0D) semiconductor artificial junction material and
observed the effect of a next-generation memory powered by light.

Transmitting data between the computing and storage parts of a multi-
level computer using light rather than electrical signals can dramatically
increase processing speed.

The research is published in the journal Advanced Materials.

The research team has fabricated a new 2D-0D semiconductor artificial
junction material by joining quantum dots in a core-shell structure with 
zinc sulfide (ZnS) on the surface of cadmium selenide (CdSe) and a
molybdenum sulfide (MoS2) semiconductor. The new material enables
the storage and manipulation of electronic states within quantum dots
measuring 10 nm or less.
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https://phys.org/tags/electrical+signals/
https://onlinelibrary.wiley.com/doi/10.1002/adma.202303664
https://phys.org/tags/zinc+sulfide/


 

  

Electron micrographs of the 2D-0D hybrid surface implemented in this study
(top left), memory characteristics generated by light pulses (top right), and
polynomial memory characteristics generated by multiple light pulses (bottom).
Credit: Korea Institute of Science and Technology

When light is applied to the cadmium selenide core, a certain number of
electrons flow out of the molybdenum sulfide semiconductor, trapping
holes in the core and making it conductive. The electron state inside
cadmium selenide is also quantized.

Intermittent light pulses trap electrons in the electron band one after the
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other, inducing a change in the resistance of the molybdenum sulfide
through the field effect, and the resistance changes in a cascading
manner depending on the number of light pulses. This process makes it
possible to divide and maintain more than 0 and 10 states, unlike
conventional memory, which has only 0 and 1 states. The zinc sulfide
shell also prevents charge leakage between neighboring quantum dots,
allowing each single quantum dot to function as a memory.

While quantum dots in conventional 2D-0D semiconductor artificial
junction structures simply amplify signals from light sensors, the team's
quantum dot structure perfectly mimics the floating gate memory
structure, confirming its potential for use as a next-generation optical
memory. The researchers verified the effectiveness of the polynomial
memory phenomenon with neural network modeling using the
CIFAR-10 dataset and achieved a 91% recognition rate.

Dr. Hwang of KIST said, "The new multi-level optical memory device
will contribute to accelerating the industrialization of next-generation
system technologies such as artificial intelligence systems, which have
been difficult to commercialize due to technical limitations arising from
the miniaturization and integration of existing silicon semiconductor
devices."

  More information: Hyun‐Soo Ra et al, Probing Optical Multi‐Level
Memory Effects in Single Core‐Shell Quantum Dots and Application
Through 2D–0D Hybrid Inverters, Advanced Materials (2023). DOI:
10.1002/adma.202303664

Provided by Korea Institute of Science and Technology

Citation: Ushering in the era of light-powered 'multi-level memories' (2023, October 17)

4/5
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