Multilayer graphene supported
flexible optoelectronic devices

Vera Marinoval?®, Stefan Petrov2?, Blagovest Napoleonov!s3,
Jordan Mickovski3, Dimitrina Petroval:3, Dimitre Dimitrov!-+
Ken Yuh Hsu® and Shiuan Huei Lin3

nstitute of Optical Materials and Technologies, Bulgarian Academy of Sciences,
fia, Bulgaria

2 Department of Electrophysics, National Chiao Tung University, Hsinchu, Taiwan
3 South-West University “Neofit Rilski” Blagoevgrad, Bulgaria

4 [nstitute of Solid State Physics, Bulgarian Academy of Sciences, Sofia, Bulgaria
' > Department of Photonics, National Chiao Tung University, Hsinchu, Taiwan

2 - £ STA A <
Section: Graphene & 2D Nanomaterials & Soft Nanomaterials RZY manomaterials MDPI
P




-~

( GRAPHENE PROPERTIES AND APPLICATIONS )

* A sheet of a single layer (monolayer) of carbon atoms,
tightly bound in a hexagonal honeycomb lattice. Only
_’|<_ 4 <1 ¥  one atom thick ~ 0.335 nm (therefore called "2D");
Jii) i iy ved o High transparency and excellent conductivity at the
y Y g same time (absorbs only 2.3% of reflecting light),
4 ™ * Highest electron mobility of all electronic materials

Conductor Transparent Bendable Stretchable

" 4 (100x faster than silicon)

LC display

: : LED Lighting Y .
g oo Solar Cell/Packaging and 100 times harder than the steel);

Touch panel|

|E ot e KExtremely hard (harder than the diamond

* » Resistivity — 1x108 Q.m among the lowest of
| any known material at room temperature
R s @ " e (~35% less than copper);

A Battery « Excellent candidate to replace the widely

used ITO conductive electrodes;
 Thermal conductivity — 3000-5000 W/mK at

Blomedical [ I room temperature (2x higher than diamonds);
» Flexibility: great potential for bendable, light
and thin devices, ultra small transistors. ‘
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( GRAPHENE GROWTH by APCVD )
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Copper foil (Alfa Aeser 99.8% purity, 25 nm thlckness)

2. Temperature diagram
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EXPERIMENTAL RESULTS

Raman analysis Transmittance
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Raman spectrum, characterized with very strong G

_ _ Optical transmittance spectrum of
k (at ~ 1582 1 d 2D k (at ~ 2718 1
‘I/)V??h I(EIZD)/I(G) ocfnri 0)46'171]4 e cm™) graphene/PET at visible and near

D peak (at 1350 cm!) with moderate intensity, infrared spectral range

indicating formation of 4 to 5 layers graphene 3
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EXPERIMENTAL RESULTS
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Remarkable sheet resistance stability under bending of graphene
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( PDLC principle of work. Graphene/PET PDLC device assembly )
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» PDLC - composite mixture of LC molecules randomly dispersed in a solid polymer matri

» Naturally opaque due to the refractive index mismatch between the polymer matrix and I‘
» Can be switched from opaque to transparent state by application of E;, which supports the

refractive indices match between the LC molecules and the polymer.
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( Electro-optical characteristics of graphene/PET DPLC device )

(b) grapehene/PET PDLC device
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(a) Experimental set-up to measure Voltage-Transmittance (V-T)
behavior (b) V-T curve characteristic and (c) “on” and “off”
states of graphene/PET PDLC device
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Bending ability of graphene/PET PDLC device
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