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Additive Manufacturing of Optoelectronic Functional Thin Films and Devices
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Abstract: Optoelectronic functional films and devices are widely used for applications in flat display, solid-state lighting, information
transmission and storage, new energy and photochemistry. The research highlights in this field rely on developing protocols for
further improving their performance. Additive manufacture, that is 3D printing as a simple, high-precision, no mold-required,
material-saving, personalized and batch-oriented intelligent fabrication technology, has attracted recent attention. This review reported
the major additive manufacture techniques for developing optoelectronic functional films and devices and their research progress via
highlighting inkjet printing, electrohydrodynamic printing and direct writing capable of printing optoelectronic functional films with
three-dimensional structures and deliberating the challenges in realizing complex shape and in-situ multiscale modulation in
microstructure. Aerosol jet printing was emphasized with great potential for simultaneously controlling the nano-and micro-structures
during printing optoelectronic functional films via exploiting the microreactor capabilities of aerosols. Carbon-based materials and
MXene were taken as examples for demonstrating the functionality and applicability of additive manufacture techniques in printing
optoelectronic functional films and devices. Recent studies on the additive manufacturing of advanced optoelectronic functional
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materials and devices were summarized, i.e., developing new material and ink formulation, printing process control and new additive
manufacturing processes. In addition, the future development was also prospected for next-generation additive manufacture protocols
endowing the functionality of in-situ multiscale modulation of microstructures during the printing process, thus favoring the
development of high-performance optoelectronic functional materials and devices in the future.

Keywords: optoelectronic functional films and devices; additive manufacturing; advanced materials; microstructure control
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Table 1 Comparison of different additive manufacturing techniques for optoelectronic functional films

Additive manufacturing

Techniques Available materials Printing resolution Advantages Limitations
Aerosol jet printing Metals, polymers, carbon materials, =10 um Simple process, wide range of ~ Not suitable for preparing large
quantum dots, composite materials, materials applicability, structure structures
biomaterials modulation in the micro/nanoscale
Inkjet printing Conductive polymers, metal nanoparticles, <50 umt Simple device, low-cost, large-area  Difficult in 3D molding, low

carbon nanotubes, graphene

Electrohydrodynamically
printing nanoparticle inks, salt solutions,
photoresists, carbon materials,
biomaterials
Direct writing

composites, biological cells, food

Polymers, pixel dots, quantum dots, metal Tens of nanometers Wide range of ink applicability,

to micrometers

Metals, ceramics, polymers, hydrogels, A few micrometers

available, flexible and controllable  resolution, narrow range of ink
viscosity, easily nozzle clogging
Not suitable for multiple

[33]

high resolution, without nozzle materials, limited maximum

clogging height, difficult in precise control
Multifunctional, non-planar Post-processing required
omnidirectional construction of

3D model
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(a) Digital photograph exhibiting the red-emission YVOy: Eu’" lines matrix
prepared on ITO-coated glass and illuminated under 254 nm UV light
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(c) Schematic diagram of nanoscale inkjet printing process
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Fig. 2 Actual application™ and microscopic morphology
of the samples prepared by inkjet printing and the
schematic diagram of nanoscale inkjet printing!*”
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(c) Schematic and physical images of high-aspect-ratio nanowires

fabricated by electrohydrodynamic printing
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Fig. 3 Various 3D structures'*!

showing EHD printing of 3D nanostructures using a double barreled glass nanopipette
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(d) Schematic showing EHD printing of 3D nanostructures using

a double barreled glass nanopipette
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(a) Microporous structure of optoelectronic components

fabricated by direct writing
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(c) Optical micrographs of the two LEDs under 4.5 V bias with
zero and up to 265% stretching
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(b) An array of 3D nanojunctions. (Inset: A magnified FE-SEM image of

the nanojunction)

(d) Direct writing of free-standing liquid metal wires
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Fig. 4 Direct writing to fabricate 3D periodic structures!*

standing liquid metal wires®”
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Table 2 Typical carbon-based materials for making electrodes for optoelectronic devices

Electrode materials AM methods Devices Performance of devices Reference
Reduced graphene oxide Direct writing Microsupercapacitor ~ High areal specific capacitance of 101 mF-cm ™ at a current density [76]
0f 0.5 mA-cm ™ and 111 mF-cm ™ at a scan rate of
10mv-s’
ZnO/3D-printed graphene Direct writing Electrode The material shows a capacity of 325 mAh~g’l, a capacitance [77]
retention of 92% after 5 000 scans
Graphene aerogel/MnO, Direct writing Electrode A record-high areal capacitance of 44.13 F-em™ [78]
Graphene-based Direct writing Sensor Detected H,O, at a working potential of 0.3 V with a 1.91 mu M [79]
detection limit and sensitivity of 64 nA-mu-M'-cm ™
Graphene/PLA Direct writing Cell Open circuit potential 0.425 V and maximum peak power density [80]
of 4.15 mu-W-cm ” at a current density of 13.36 mu-A-cm >
MoS,-graphene aerogels Inkjet printing Battery A high initial specific capacity over 429 mAh-g ™" in the potential [81]
range of 2.5-0.10 V (vs Na'/Na)
Graphene oxide/Li Direct writing Battery An areal capacity of 13.3 mAh-cm™ at 0.1 mA-cm™ [82]

Graphene-based Fused deposition

conductive filament modeling

Reduced graphene oxide Direct writing Supercapacitor

Supercapacitor and sensor A specific capacitance of 98.37 F- g’l. A photocurrent response that [83]

expectations similar to 724.1 mu-A and a detection limit of
0.05 mu-M
Cyclic stability up to 1 000 cycles [84]
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