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Organic Non-volatile Memory, Transistors & Neuromorphic Devices
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Synthesis of Metallic Nanomaterials (1D, 2D)
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Emerging Technologies
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Recent Progress of Fiber Electronics
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Application : Field-effect transistors

* Cross-linked PVP or poly(vinyl cinnamate) ¢ Self-organization of organic
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semiconductor:polymer blend using die-
coating system
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Application : Memory

* Woven Inverter circuit * Woven Resistive Memory Array
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Digital electronics in fiber

Preform Continuous Fiber with 100 devices
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One-dimensional artificial multi-synapses

Collaboration with Gunuk Wang /KOREA University

One-dimensional organic artificial multi-synapses enabling electronic textile neural network
for wearable neuromorphic applications Science Advances, 6, (28), eabal178 (2020)
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Fabrication of Low-Voltage memory Fiber

* Optimization of Coating process
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Uniformity of coated P(VDF-TrFE) film on the Au wire

* Film thickness of P(VDF-TrFE)  Capacitance of P(VDF-TrFE)
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Low-Voltage memory Fiber

* SEM image * AFM image e XRD analysis
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One-dimensional artificial multi-synapses

 Capillary Tube-Assisted Coating (CTAC) Process
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Ham, Kang et al. Science Advances, 6, (28), eabal178 (2020)
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One-dimensional artificial multi-synapses

* Synaptic characteristics and switching mechanism of the 1D organic multi-synapses
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One-dimensional artificial multi-synapses

* The NOR-type textile array structure of the 1D organic multi-synapses

- Schematics of the signal transmission in a biological neural network
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Chip on a Fiber Toward the E-Textile Computing Platform

Integration of multiple electronic components on a microfibre towards an emerging
electronic textile platform Nature Communications, 13 (1), 1-10 (2022)
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Future of Wearable Computer ?




Chip on a Fiber

Circular Rectangular Polygonal

. . Transistor Transistor
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Coating process for Chip on a fiber

 Capillary Tube-Assisted Coating (CTAC) Process for memory fiber
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evaporation
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Drawing direction

Kang et al, ACS applied materials & interfaces 11 (25), 22575-22582 (2019)
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Coating process for Chip on a fiber

* One-dimensional artificial multi-synapses

Capillary tube
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Ham, Kang et al. Science Advances, 6, (28), eabal178 (2020)
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Coating process for Chip on a fiber

Circular filament

PR coating process on filament

CapillarLtube

i,,RJ‘ e

Aadv. Funct. Mater. 26, 2706 (2016)

Circular filament

PR

PR on Circular filament

\

Filament
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—— e W TSR et 1

Scratched PR on Circular filament E—
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Chip on a fiber
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Chip on a fiber

Circuit electrode on fiber

After develop

After metal deposition

Ring oscillator metal pattern array on Circular filament

31 JEONBUK NATIONAL UNIVERSITY

Capacitor
. Transistor

- v
Resistor 4
A BTy
o

Circular Filament

ol gl e e IR

- e

After lift-off

=T e ===l e e

e ]
After lift-off 200 pum

Applied Nanomaterials & Device Lab.



Chip on a Fiber

Ring Oscillator
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Chip on a Fiber

Photo-resist coating process on fiber Ceramic

R
i’ Capillary tube

Photo-resist(PR)
Metal on filament Coated-PR

Rectangular fiber

Au/Cr
Filament

Adv. Funct. Mater., 26, 2706(2016)

*[ ] 150 um x 150 um x 7.5 cm glass
filament

PR on metal/filament
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Chip on a fiber

150 um x 150 um monofilament type device fabrication

After Al deposition

Al/Glass

After PR elimination
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"

Chip on a fiber e e

Circuit electrode on fiber

Electrodes and PR coating After Lithography and After wet-etching
Rectangular filament PR develop

For transistor and inverter

For transistor and inverter

For ring oscillator For ring oascillator

Au/Cr on Filament

300
Au 30 nm/Cr 15 nm _“m
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g

Chip on a fiber B

v

Transistor and inverter on fiber
Sio, B Avser

1. Au 30 nm /Cr 15 nm (Bottom electrodes)

Driver Load

2.1GZ0 15 nm (Active layer)

Driver Load

3. Al,0; 36 nm (Dielectric layer)

Driver Load Al,0,/1GZO 300 um
Al,O,/Au/Cr |

4. Au 30 nm /Cr 15 nm (Top electrodes)
GI Vln

S Vern D Vou
Driver Load
L/W =10/30 L/W =10/50

%S
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Chip on a fiber

1. Au 30 nm /Cr 15 nm (Bottom electrodes)

I R
Driver Load

2.1GZ0 15 nm (Active layer)

B R
Driver Load

3. Al,05 36 nm (Dielectric layer)

Driver Load

ALO,/Au/Cr ALOS/IGZO

4. Au 30 nm /Cr 15 nm (Top electrodes)
G,V,,

S Vearn D Vour
Driver Load
L/W=10/30 L/W =10/50
5. Al,05;36 nm (Insulating layer)

AlLO; bank Al,O, bank Al, 05 bank Al,O, bank

e d;;_‘i!_ﬂililai+q

Driver Load 300 um

6. Au 30 nm /Cr 15 nm (1 to 5 stage connection)

Driver Load 300 um
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Chip on a Fiber

Integrated circuits on a fiber

Condenser

Thermocouple-3

-




Chip on a fiber

* Transistor and inverter on a fiber substrate

Ve Vin

1

Vs Vo VEARTHI |
I |
Drive ® |Load
%

I | VDD

out
n-type n-MOS depletion-mode
Transistor Inverter

n-MOS depletion-mode
5 stage Ring oscillator
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Chip on a fiber

* Photo Detector ( Light out of Fiber)

'lﬁ uv Integrated device
irradiation on a fiber module
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Chip on a fiber

* Photo Detector (Light through Fiber)
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Chip on a fiber

* Temperature sensor
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Chip on a fiber

* Integrated electronic fiber under various bending conditions and embedding in a fabric
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Pentium Processor vs. Processor on a Fiber

intgle

pentiume

Code name: P54CS
Clock speed: 200 MHz
Introduce: 1996-6-10

Process size: 0.35 ym

Number of Transistor: 3.3 millions

Die area: 91mm?2

Process size: 0.35 ym

Number of Transistor: 3.3 millions

Capacitor
v Transistor
Resistor . -, »

U
2 W \

Diameter: 150 um

-

}‘ Length of filament: ~ 19.3 cm

Hwang et al, Nature Communications, 13 (1), 1-10 (2022)



Chip on a Fiber

Deposition

Exposure Inspection

PR coating

Lift-off

Schematics of continuous fabrication of
Chip on a fiber system

Chip on a fiber(filament) system for wearable processor, memory, sensor
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Chip on a Fiber

“Fiber computing module based on New E-textile platform”

Toward next generation E-T= tile



Summary

Low-voltage Organic Memory Fiber
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Chip on a Fiber
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