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Abstract: Underwater wireless communication is a challenging issue for realizing the smart aqua-farm and various marine

activities for exploring the ocean and environmental monitoring. In comparison to acoustic and radio frequency technologies,

the visible light communication is the most promising method to transmit data with a higher speed in complex underwater

environments. To send data at a speedier rate, high-performance photodetectors are essentially required to receive blue and/or
cyan-blue light that are transmitted from the light sources in a light-fidelity (Li-Fi) system. Here, we fabricated high-performance
organic phototransistors (OPTs) based on P-type donor polymer (PTO2) and N-type acceptor small molecule (IT-4F) blend
semiconductors. Bulk-heterojunction (BHJ) PTO2:IT-4F photo-active layer has a broad absorption spectrum in the range of
450~550 nm wavelength. Solution-processed OPTs showed a high photo-responsivity >1,000 mA/W, a large photo-sensitivity
>103, a fast response time, and reproducible light-On/Off switching characteristics even under a weak incident light. BHJ organic

semiconductors absorbed photons and generated excitons, and efficiently dissociated to electron and hole carriers at the donor-

acceptor interface. Printed and flexible OPTs can be widely used as Li-Fi receivers and image sensors for underwater

communication and underwater internet of things (UloTs).
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2 4t 7HAre] ARRe] SAlS FA16H Q1o s/
A BoF= ICT 7]e2 &850 g0l w2t A9
A= Hsh7] gt 3ol Eds] Ao Folot. E3], o}
w8 ue} 48t 7hs g o] 2 Atg=ed Addl, AULE gt
AULEGA] 52 12 et A7 s=2H sligdaeit 2
ofo Estel S4l7]=9 Wdo] Z sttt [1,2]. E5H, of
oFoll B3t WA 37k FAIAR 02 of 8000] F o]l
5% Sgo] APLElo] SYTAL R AUINLO] ALgE B
9lom, AL Crpst 1 BASHA 1 9l o] 59 P/
2 292 A3 A FY U, 21 25 FA 5o
a1417]%0] WQslt}. o] 5 7} 283 of & Fopr} vtz
$%(underwater) gA17] &0t} [3]. &% G4l 712 4
HHA 0 2 radio frequency (RF), 2%, &4 EAlog 18

FER| T QURIRE oA AAL7| ] £ 2bx| o] #a)7t
0% ot % F41 SA4loll 20]7]ol= ofHtt [4]. A
2% 41 7150 714 go] o] 9l ekt EAIL Al
5 707} A A o o] Qastel 2bg B ojat
AHEE AL QITt. SHR|GE E oA = 2= ¥t i o] A
St e ¥ 5o vhatel 2o o3t 7Hd o] EAsHY,
Lol on} 452 9ls) n&EAlo] YA Fsl) (5] RFe}
£4l0] 74A 31 9l o]ejgt BAlo] chat theto.® &
=9 &474(absorption coefficient)7} 717+
Yot 22 - A2 oo oA
A1 S A EAl(light fidelity, Li-Fi) 7]&9
F533 9t [6).
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Fig. 1. (a) Device structure of organic phototransistors based on bulk-heterojunction PTO2 and IT-4F semiconductors, (b) chemical structures
of gate dielectric (Cytop™) and semiconductors (IT-4F and PTO2), (c) Energy band structure of organic semiconductors, and (d) UV-VIS-
NIR absorption spectra of pristine IT-4F, pristine PTO2, and IT-4F:PTO2 blend (2:1 wt%) layers.
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Fig. 2. AFM images of photo-active semiconductor films; (a) pristine n-type IT-4F, (b) PTO2:IT-4F (1:2 wt%) blend, and (c) pristine p-type

PTO2 semiconductors.
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pristine IT-4F (N-type), and IT-4F:PTO2 blend (ambipolar) semiconductors [Cyan-blue light (wavelength = 488 nm) laser illuminated the
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Table 1. Fundamental device parameters of OPTs using IT-4F and PTO2 blend semiconductors with different blend ratios; 2:1, 1:1, and 1:2
wt% [field-effect mobilities and threshold voltage were obtained at the saturation region of OFETs, and photo-sensitivity and photo-
responsivity were measured by plotting the transfer curve during irradiation of cyan-blue light (488 nm) with an intensity of 1 mW/cm?].

IT-4F:PTO2 ratio [wt%] 2:1 1:1 1:2
Field-effect mobility [cm?/Vs] 0.0026 (+0.003) 0.0010 (£0.007) 0.0003 (£0.0001)
Threshold voltage [V] 8.88 17.49 18.85
On/off current ratio 4.4x10° 3.3x10° 1.2x10°
Photo-sensitivity 6,440 978 543
Photo-responsivity [mA/W] 887 516 419
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Fig. 4. OPTs based on BHJ IT-4F:PTO2 (2:1 wt%) semiconductors. (a) Transfer characteristics of OPTs at Va =10 V in the dark and during
visible light irradiation with various wavelengths, (b) transfer plots of OPTs with cyan-blue light with various power intensities, (c)
reproducible light-on/off switching characteristics of OPTs by irradiation of cyan-blue light, and (d-f) photoresponsivities of OPTs under
exposure to blue (wavelength = 450 nm), cyan-blue (488 nm), and green (532 nm) laser light at Va=10 V.
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