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Figure 1 Basic optic-electronic characteristics of TBRb/Cgy and Rb/Cgy-based devices. (a) Structure schematic of devices; (b) energy level alignments,
energy transfer, and light emission processes; (c) normalized EL spectra at 300 and 20 K; (d) luminance-voltage and luminance-current density

characteristic curves
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Figure 2 Room-temperature MEL and MC response curves of TBRb/C¢, and Rb/Cgyp-based devices at different bias currents. Current-dependent MEL
(a) and MC (b) curves for TBRb/Cgp-based devices; current-dependent MEL (c) and MC (d) curves for Rb/Cgj-based devices; current-dependent MEL

(e) and MC (f) values at different ranges of magnetic fields
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Figure 3 The formation methods of excited states, energy transfer process, and TECA process of the heterojunction interface in the TBRb/Cgp-based

device under electrical excitation
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Figure 4 The MEL and MC response curves of the TBRb/Cgj-based device at different temperatures. Current-dependent MEL (a) and MC (b) curves

at 200 K; current-dependent MEL (c) and MC (d) curves at 100 K
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Novel magnetic field effects in TBRb/Cgy-based OLEDs with
sub-bandgap turn-on electroluminescence

Xiantong Tang'’, Lin Peng', Xikui Hu', Li Li', Xianju Zhou', Ruiheng Pan',
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In order to study the microscopic processes in devices with sub-bandgap turn-on voltages, a rubrene (Rb) derivative named
2,8-di-tert-butyl 5,11-bis (4-tert-butylphenyl)-6,12-diphenyltetracene (TBRb) was selected as the hole-transporting and
emission layer, and fullerene (Cgy) was used as the electron transport layer to fabricate the devices with the planar
heterojunction of the TBRb/Cg, interface. The TBRb/Cg, device possesses the property of sub-bandgap turn-on
electroluminescence. In order to clearly analyze the microscopic mechanisms in TBRb/Cg, devices, we also prepared
traditional Rb/Cg, devices as reference devices. Simultaneously, we also measured the temperature and current
dependences of magneto-electroluminescence (MEL) and magneto-conductance (MC) response curves for TBRb/Cgy and
Rb/Cg devices. The experimental results show that the MEL curves of traditional Rb/Cgy devices decide by the intersystem
crossing (ISC, PP,—PP;) from singlet to triplet polaron pairs (PP; and PP;) and triplet-triplet annihilation (TTA,
T,+T;—S;+Sy) processes. However, the MEL curves of the TBRb/C, device show a novel magnetic field effect with a
three-stage variation: With the increase of the applied magnetic field, MEL firstly increases rapidly (0 mT<|B|<27 mT),
then decreases (27 mT<|B|<100 mT), and then increases slowly (100 mT<|B|<300 mT). According to the analysis of
current-dependent MC curves, this novel phenomenon is mainly attributed to the combined effect of ISC, TTA and triplet
exciplex charge annihilation (TECA). Notably, since the hole carrier mobility of TBRb is smaller than that of the Rb
material, the existence of excess electron carriers at the TBRb/Cg heterojunction interface can interact with triplet exciplex
(EX;) via TECA process (EX3+e—e’+Sy). At large currents, although carrier mobility remains constant, the increased
number of injected carriers can increase the amount of EXj3, leading to the enhancement of the TECA process. At the same
time, since the essentially unchanged Dexter energy transfer process does not result in an increase in the number of T as
the injection current increases, the TTA process does not vary significantly with the injection current. When the
temperature drops from 300 K to 100 K, the decreased carrier mobility can weaken the TECA process, while the
endothermic characteristic of the TTA process causes it to decrease. This anomalous endothermic property is due to the
singlet state energy (2.19 eV) of the TBRb material being higher than twice the triplet exciton energy (0.98 eV). When the
temperature decreases from 100 K to 20 K, the prolonged lifetime of EX;3 and T; sates can lead to the increase of TECA and
TTA processes, respectively, with decreasing temperature. This study is helpful in understanding the microscopic evolution
of excited states in OLEDs with sub-bandgap electroluminescence, and provides ideas for the design of high-performance
devices.

light-emitting diodes with sub-bandgap turn-on voltage, magneto-electroluminescence, magneto-conductance,
triplet-exciplex-charge annihilation process, triplet-triplet annihilation process

doi: 10.1360/TB-2024-0816

5051


emailto:tangxt@cqupt.edu.cn
emailto:zhxiong@swu.edu.cn
https://doi.org/10.1360/TB-2024-0816

	基于TBRb/C60异质结的亚带隙发光二极管的新奇磁场效应
	1器件制备与测量
	2结果与讨论
	2.1器件的基本结构、能级排布及光电特性
	2.2室温下偏置电流对器件MEL曲线的影响
	2.3机理分析
	2.4温度对器件MEL响应曲线的影响

	3结论

	Novel magnetic field effects in TBRb/C60-based OLEDs with sub-bandgap turn-on electroluminescence

