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Fig. 1 Strategies for curved image sensor fabrication[5]
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Fig. 14 Comparison of extrusion printed PEDOT:PSS and spray printed thin
films excluding coffee rings. Comparison of film thicknesses of (a)
extrusion-printed PEDOT:PSS excluding the coffee ring, (b) extrusion-printed

PEDOT:PSS excluding the coffee ring and the same spray-printed area
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Fig. 15 Thickness comparison between extrusion printed thin film and spray
printed thin film: PSHT:PCBM. (a) images of extruded and spray-printed thin
films of P3HT:PCBM, (b) thickness comparison of printed P3HT:PCBM thin

films
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Fig. 16 Fully scanned thin film of P3SHT:PCBM. (a) 3D scanned image of
extrusion—printed PSHT:PCBM thin film. (b) height-dependent color profile of
extrusion—printed P3HT:PCBM thin films. (c) 3D scanned image of
spray-printed P3HT:PCBM thin film. (d) height-dependent color profile of
spray-printed P3HT:PCBM thin films.
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Fig. 17 Characteristics of printed AgNPs (a) printed AgNPs, (b) line width
and thickness of AgNPs, (c) SEM image of printed AgNPs (scale bar 1 um).
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Fig. 18 Distance between spray head and substrate. (a) close, (b) use a
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AgNPs PEDOT:PSS P3HT:PCBM Sillicone

(a) (b) (d)

Extrusion Spray
Fig. 20 Printing steps for each photodetector layer. (a) AgNP printing on
PET film, (b) electron hole transport layer PEDOT:PSS printing, (c)
P3HT:PCBM extrusion printing on PEDOT:PSS and P3HT:PCBM spray
printing on PEDOT:PSS, (d) printing an electrically insulating layer using
silicon, (e) EGaln as the cathode followed by line printing using conductive

epoxy for the top electrode
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Conductive Epoxy & 840 yme =&& AFEsto] Ao A= 92 7 #1& =4
g xEYdHE s th(Fig. 20 (e)[47].
Table. 1 Printing conditions for each layer of the photodetector
. Printing Nozzle Speed, .
Material method Size Pressure Time Curing
0.1 [psil
. 120[oCl,
AgNPs Extrusion | 100[ ¢ m] Sv[eﬁ%ug] 5 [mm/s] 60 [min]
PEDOT:PSS | Extrusion | 200[ ¢z m] 1 [psi] Drop 12100[[%%]’
Extrusion | 200[ ¢ m] 1 [psil Drop -
P3HT:PCBM -
2 [psil
Spray — Injection 30[sec] -
15 [psil
Silicone Extrusion | 840[gm] | 17.4[psi] | 1[mm/s] -
EGaln Extrusion | 200[ ¢ m] 1 [psi] Drop -
Conductive | gy gion 840[xm] | 15[psi] 1 [mm/s] temﬁg:;l”re’
epoxy 4 [hours]
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Fig. 24 Performance reproducibility of spray-printed devices
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Fig. 25 Optical response for spray-printed devices
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Fig. 27 Measurement setup for measuring optical response performance
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Fig. 29 Printing on semi-cylindrical substrates. (a) image of spray printing
on a semi-cylindrical curved substrate, (b) photodetector printing on a

semi—cylindrical curved substrate.
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Fig. 34 Structure of a hemispherical multi photodetector. (a) printed multi
photodetector concept image, (b) schematic diagram of the multi photodetector

structure.
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substrate. (a) AgNPs, (b) PEDOT:PSS, (¢) PSHT:PCBM, (d) silicon, (e)

EGaln, (f) conductive epoxy
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3D Spray Printed Curved Photodetector

Jae—-Kyung Jeong

Department of Electronics Engineering
The Graduate School

Jeju National University

Abstract

In recent years, the production of curved electronic devices has emerged as
a crucial technology in the field of digital imaging. Unlike traditional planar
electronics, this type of electronics is designed to capture and process images
on curved or 3D surfaces. Curved electronic devices, when tailored to fit
curved surfaces, offer wider viewing angles and enhanced imaging
performance while minimizing the complexity of device configurations. The
conventional methods for producing curved devices have faced challenges in
adapting flat production methods to curved surfaces, often resulting in
compromised device performance. In this study, we innovatively utilized 3D
printing to effectively produce optoelectronic devices on curved surfaces. To
overcome constraints observed in traditional 3D extrusion printing, we
introduced and applied a 3D spray printing-based approach. This technology
significantly improved thin film uniformity and thickness control, enabling the
fabrication of complex curved multi-photodetectors. We propose a
differentiated method for producing high-performance thin—film curved
(hemispherical) photodetectors using 3D spray printing, presenting a promising

outlook for future applications in the field of image sensors.
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