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Abstract: Fluorescent carbon dots (CDs) have excellent characteristics such as wide range of raw materials, non-
toxic and non-polluting, adjustable luminescence color, low cost and biocompatibility, and have broad application
prospects in the field of luminescence. In recent years, CDs-based electro-luminescent devices have a great achieve-
ments. In this paper, we mainly summarize the latest progress of CDs-based electroluminescent devices, even focus
on the feasibility of synthesizing high-efficiency CDs and manipulating the device structure to obtain high-perfor-
mance devices. In addition, combined with the analysis of the development status and future needs of CDs in the ap-

plication of electroluminescent devices, this paper looks forward to the realization of high-performance CDs-based

electroluminescent devices.
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Fig. 1 Schematic diagram of the subject area of this discus-

sion, focusing on the synthesis of high-performance

CDs and modulating the structure of CDs-based elec-

troluminescent LED devices
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Fig. 2 Scheme showing the synthesis of C-dots by “top-down” and “bottom-up” approaches
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Fig. 3 Ilustrations of the typical device structure of CD-based electroluminescent LEDs
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Tab. 1 Summary of the structure and device performance of CDs-based electroluminescent devices

Year Device structure Color V.V L, /(ed-m™) CE, /(cd-A™) EQE/%
2011 ITO/PEDOT: PSS/CDs/TPBi/LiF/Al White 9 35 0.22 0. 83
Blue - 24 0.03 -
2013 ITO/PEDOT : PSS/Poly-TPD/CDs/TPBi/LikF/Al White B 90 0.035 ~
2014 ITO/PEDOT: PSS/PVK: GQDs/TPBi/LiF/Al Blue 8 1 000+ 0. 65 -
2014 ITO/GraHIL/CBP: GQDs/TPBi/LiF/Al White - - - 0.1
2015 ITO/PEDOT: PSS/PVK: GQDs/LiF/Al White - 1 - -
2016 ITO/PEDOT: PSS/PVK: CQDs/TPBi/Ca/Al White 3.9 2050 1.1 -
2016 ITO/PEDOT: PSS/CBP: CQDs/TPBi/LiF/Al White 5 200 - 0.24
Blue 4.7 136 0.084 -
Green 4.5 93 0.045 -
2016 ITO/PEDOT: PSS/CQDs/TPBi/Al Yellow 4.2 60 0.02 -
Orange 3.9 65 0.027 -
Red 3.7 12 0.002 8 -
Green - 390 3.47 1.28
2016 ITO/SoHIL/TCTA : TPBI: CQDs/TPBi/Al Yellow - 3 - 0.1
Red - 2 - 0.1
2018 ITO/PVK: CDs/TPBi/LiF/Al Blue 8.5 569. 8 - -
Yellow - 339.5 - -
2018 ITO/PVK:CDs/TPBI or TmPyPB/LiF/Al
White 7 455.2 - -
Blue 4.7 1882 1.22 -
Green 3.7 4762 5.11 -
2018 ITO/PEDOT: PSS/PVK: CQDs/TPBi/Ca/Al Yellow 3s 5 784 531 ~
Red 3.1 2 344 1.73 -
2019 ITO/ZnO/PEIE/CDs/PVK/Mo0O,/Au White 5 27 0.06 -
2019 ITO/PEDOT: PSS/PVK: CODs/TPBi/Ca/Al Deep blue 4.8 5240 2.6 4
2019 ITO/PEDOT: PSS/Poly-TPD/PVK:CQDs/TPBi/ White 3 5909 3.85 -
Ca/Al Red 3.6 2960 2.19 -
2019 ITO/CQDs/CsPbBr,/Au Green 2.8 25770 41.1 13.8
2021 ITO/PEDOT: PSS/CDOFs/TPBi/LiF/Al Red 3.3 1818 4 5.6
2021 ITO/PEDOT: PSS/PVK: CDs/TPBi/LiF/Al Green 7 681 0.54 0.18
2022 ITO/Perovskite/TFB: CDs/TPBi/Ca/Al Orange 3.8 1193 1.8 -4
ITO/PEDOT:PSS/PVK:TAPC: CDs/
2023 Blue 4.8 827. 60 1.81 -
TmPyPB/LiF/Al
2023 ITO/PEDOT: PSS/CDs/TPBi/Ca/Al Green 3.6 4236 2.34 -
Orange 3.1 9450 1.57 -
White 3.0 5726 0.82 -
2023 ITO/PEDOT: PSS/CDs& CBP/ZnMgO&PVP/Al Green 2.5 505 0.054 0.024
Blue - >500 - -
2023 ITO/PEDOT: PSS/CDs: PVK/LiF/Al Cyan - >700 - 2.26
Green 3.7 2023 5.51 -
2023 ITO/Mo0O,/Poly-TPD/CDs/TPBi/Ca/Al Yellow 3.3 2967 1.38 -
ITO/Poly-TPD/CDs: CBP/TPBi/Ca/Al Green 5.6 227 0.47 -
2023 ITO/PEDOT: PSS/CDs: PVK/TPBi/Ca/Al White 4.6 1503 0.63 -
ITO/PEDOT: PSS/PVK/CDs/TPBi/LiF/Al Yellow 2.6 >1 000 - 5.68
2024 ITO/PEDOT: PSS/NPB/CDs/TPBi/LiF/Al White 2.9 >500 - 1.7

PR QY R R 4F By WO Tk . teAh, CDOF RYSE 9300 7 18 A A 247, AT RE A7 282 & 4 1 HY
A lAE e AT DL ST T S X A RS il PRRE. NI, 2E T CDOF 19 LED W th B AT = 5
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(a) Synthesis route of the CDOFs by solvothermal treatment. (b) Fluorescence images of the DMF solution, powder, and

film of CDOFs under UV light(excited at 365 nm) , their fluorescence and phosphorescence quantum yields (QY,), and

their structural models in three conditions. Device structure(c) , energy level diagram (d), CIE color coordinates(e) of

the CDOF-based LEDs. (f) EL spectra of the LEDs at different bias voltages (inset is the operation photograph of the
LEDs). (g) EQE-voltage characteristics of LEDs. (h)J-V-L characteristics of LEDs
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Fig. 5

(a) Synthesis and purification of 0-CDs and Y-CDs. (b) Photographs of O-CDs and Y-CDs under daylight (left) and

365 nm UV light (right). (¢)-(d) Comparison of the EL spectra of the device and the PL spectra of the corresponding

thin films. Inset presents the photograph of working devices with (BUCT) logo. (e)Optimal device structure. (f)—(h)En-

ergy level diagram of the LEDs. (g)The CIE coordinate diagram of WLED. (i)-(j) Current density-luminance-voltage (J-
L-V) characteristic curves of G-LEDs and O-LEDs. (k) EL spectrum and the photograph of WLED with BUCT logo. (1)

The luminance-current density-voltage characteristic curves of WLED
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Fig. 6 (a)Schematic illustration of the rapid one-step room temperature synthetic strategy for highly emissive solid-state-fluores-

fF

cent RT-CDs. (b) AFM image of RT-CDs at the poly-TPD surface. Schematic diagram of device structure(¢) and energy

level distribution diagram (d) of the RT-CDs-LEDs. (e) EL spectra of the champion RT-CDs-LEDs device under voltage

range from 5-7.5 V (inset is the operation photograph of RT-CDs film and the LEDs with the logo of BUCT and CIE color
coordinates). J-L-V curves(f) and g -current density(n,-J) curves(g) of the champion RT-CDs-LEDs device
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Fig. 7 (a)J-L-V curves and energy levels of monochrome electroluminescent LED. (b) EL spectra of monochrome LED at differ-
ent voltages and the photograph of logo-LED at 8 V (insert). (¢) Current efficiency curve of monochrome electrolumines-
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Fig. 11

(a) CIE coordinates of LEDs based on 12 PVK: CD films with different CD loadings. (b)Energy diagram of the LED de-

vice structure. (¢)EL spectra of LEDs under turn-on voltage bias. Insets show photographs of the operating devices. (d)

L-J. (e) EQE-J. (f) CE-J. (g) Operational stability of blue, cyan and green light LEDs. Current density-voltage curves

for electron-only devices(h) and hole-only devices(i)
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(a)-(b)Schematic illustration of the device structure and energy band diagram of CDs based LEDs with the MAPbX,/
TFB: CDs planar hetero-junction structure, where the MAPbX; HTL is sandwiched between the ITO substrate and the
CDs emitting layer. (c¢)Comparison of the normalized EL spectra of CDs based LEDs with MAPbX5/TFB: CDs planar het-
erojunction structure (recorded at a bias voltage of 8 V). Each device has two distinct EL peaks: the primary peak (P1)
in the long-wavelength region of 590 nm originates from CDs, while the secondary peak (P2) in the short-wavelength re-
gion of 437 nm originates from the TFB host. (d) - (f) Comparison of the L-V, I-V, and CE-V characteristic curves of
CDs based LEDs with the MAPbX3/TFB: CDs planar heterojunction structure. The device with MAPbCIBr, HTL shows
the highest L,,, and CE,,, among the four devices, manifesting that it reaches an optimized working condition with re-

spect to the intrinsic features of perovskite and the carrier kinetics of device
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