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Current Components in MOSFET
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FB: Floating body 
ID: Drift transport
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Typical MOSFET Operation Capacitor-less 1T-DRAM Neuron operation

CMOS-Based Artificial Neuron 
(Circuit vs. Device)

Reset

Comparator

• 1T serves as a transistor, neuron, threshold switch, and oscillator.
• Compared to a circuit-level neuron, a device-level neuron is preferred.

21,000 F2

G. Indiveri, Frontiers of Neuroscience (2011)
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< 6 F2

Sensory Ä
Neuronal transistor

Stimuli

1T acts as an artificial neuron
and a sensory neuron

1T-Neuron

*1T-Neuron: One Transistor-Based Neuron
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1T-Neuron with
Single Transistor Latch (STL)

J.-K. Han, Y.-K. Choi et al., IEEE Electron Device Letters (2019) 5
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1) Charge integration

Iin = constant

VD increase

2) Firing by single transistor latch 3) Resting state
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J.-K. Han, Y.-K. Choi et al, IEEE Electron Device Letters (2019)
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1T-Neuron with Spiking

5

6



4

• Neuron operation by a single MOSFET was achieved with 6 F2 footprint.
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J.-K. Han, Y.-K. Choi et al, IEEE Electron Device Letters (2019)

Sensory Neurons for 5-Typed Senses
Pressure sensing
Artificial tactile system

Optical sensing
Artificial vision system

Chemical sensing
Electronic tongue

(E-tongue)

• Need to develop sensory neurons for 5-typed sensing.

Sound sensing 
Artificial acoustic system

Gas sensing 
Electronic-nose

(E-nose)
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Artificial Visual Sensory Neuron

• Artificial visual sensory neuron was demonstrated using 1T-neuron
• Spiking frequency was increased as the light intensity was increased.
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J.-K. Han, Y.-K. Choi et al, Nano Letters (2020)
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Artificial Olfactory Sensory Neuron

• Artificial olfactory sensory neuron module was demonstrated with
semiconductor-metal-oxide (SMO) gas sensor and 1T-neuron.

J.-K. Han, Y.-K. Choi, et al., Advanced Science (2022)
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• Wine classification system as an electronic sommelier was demonstrated
using E-nose composed of artificial olfactory sensory neuron modules
(2X4 neurons-synapses). 11

Artificial Olfactory Sensory Neuron
(E-Sommelier)

J.-K. Han, Y.-K. Choi, et al., Advanced Science (2022)
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In-Sensor Computing with 
Artificial Sensory Neuron

S.-W. Lee, Y.-K. Choi, Device (2023)
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In-Sensor Computing with 
Artificial Sensory Neuron (Cont’d)

13• Two gases (H2 and NH3) are classified by 2X4 neurons-synapses.

H2

NH3

S.-W. Lee, Y.-K. Choi,
Device (2023)

Artificial Gustatory Sensory Neuron

• Artificial gustatory sensory neuron was demonstrated with a
MOSFET-based extended-gate biosensor.

14

J.-K. Han, Y.-K. Choi, Nano Letters (2022)
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• Spiking frequency was increased as pH was increased.
• pH-sensitive and sodium-sensitive artificial gustatory sensory

neurons were demonstrated.
15

Artificial Gustatory Sensory Neuron

pH Sensor

J.-K. Han, J.-H. Ahn, Y.-K. Choi, Nano Letters (2022)

Sodium Sensor

• Liquid classification module was demonstrated using E-tongue composed of
artificial gustatory sensory neuron and synapses (2X4 neurons-synapses). 16

Artificial Gustatory Sensory Neuron
J.-K. Han, Y.-K. Choi, Nano Letters (2022)
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Artificial Tactile Sensory Neuron

• Self-powered artificial tactile sensory neuron module was demonstrated with
triboelectric nanogenerator (TENG) and 1T-neuron.

J.-H. Han, Y.-K. Choi at al., Advanced Science (2022)
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Breath Monitoring Sensor Module

breathing
blow

J.-K. Han, Y.-K. Choi at al., Advanced Science (2022)
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19

J.-K. Han, Y.-K. Choi at al., Advanced Science (2022)

Breath Monitoring Sensor Module (Cont’d)

Bending type mechanoreceptor

• Breath monitoring module was demonstrated using artificial
tactile sensory neuron modules (2X4 neurons-synapses). 20

J.-K. Han, Y.-K. Choi at al., Advanced Science (2022)

Breath Monitoring Sensor Module (Cont’d)
Wind type mechanoreceptor
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Auditory Sensory Neuron 
Y.-K. Choi et al., Nano Energy (2023)

22

Auditory Sensory Neuron (Cont’d) 

Co-integrated neuron-synapse

• Two similar pitches (C3 and G3) are distinguished by 2X4 neurons-synapses.

Y.-K. Choi et al.,
Nano Energy (2023)

Y.-K. Choi et al., Nano Energy (2023)
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Vestibular Sensory Neuron 
Y.-K. Choi et al., Nano Energy (2024)

24• x- and y-rotation are distinguished by 2X4 neurons-synapses.

Co-integrated neuron-synapse

Vestibular Sensory Neuron (Cont’d) 
Y.-K. Choi et al., Nano Energy (2024)
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Bi-Stable States in 1T-Oscillator

Voltage
forbidden

region IIN

VHigh,out (charging by impact ionization)

VLow,out (discharging by recombination & out-diffusion)

Latch-up (LRS)

VIN

IOUT
Transistor operation (VIN à IOUT)

• Bi-stable states (HRS, LRS)
• When IHRS < Iin < ILRS, irregular 

oscillations are occurred iteratively.

Latch-down (HRS)

*1T-Oscillator: One Transistor-based Oscillator
*STL : Single Transistor Latch
*HRS: High-resistance state
*LRS: Low-resistance state

IHRS

ILRS

Time (sec)

VOUT

• Vout irregularly oscillates between VHigh,out and VLow,out.

Oscillator operation (IIN à VOUT)Oscillator operation (IIN à VOUT)

VHigh,out

VLow,out

G
Iin
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Cryptosistor-Based tRNG
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S.-I. Kim, Y.-K. Choi et al., 
Science Advances, 2024

tRNG: True Random Number Generator

through ADC
from cryptosistor

from ADC
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Summary

27

1. MOSFET acts as a threshold switch with single transistor latch.

2. MOSFET serves as an artificial neuron.

3. MOSFET functions as an oscillator.

4. MOSFET was used for artificial neuron for 
neuromorphic computing 

5.  MOSFET was used for 5-typed sensory neuron 
with in-sensor computing

6.  Copy and paste of brain is feasible with signal pathway of  
‘cell-to-device-to-cell’ using a MOSFET. 
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