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Abstract: Quantum-dot light-emitting diodes (QLEDs) will become a promising candidate in the next-generation
display technology due to their high color purity, low power consumption and good solution processability. However,
in the traditional DC drive mode, QLED devices are confronted with problems such as severe non-radiative recombi-
nation, efficiency degradation and insufficient stability due to unbalanced carrier injections, which limit their appli-
cation in the display field. Therefore, this paper proposes a three-terminal QLED device structure based on AC elec-
tric field regulation, which optimizes the carrier balance through dynamic modulation of the electric field and signifi-
cantly enhances the device performance. Compared with traditional QLED devices, the external quantum efficiency
(EQE) of the three-terminal QLED device has increased from 7.5% to 18.3%, and the brightness has increased
from 6 842 cd/m?* to 10 374 cd/m?, with increases of 143.7% and 51. 6%, respectively. The experimental results
show that the three-terminal QLED device can accurately control the electron mobility and effectively suppress non-ra-
diative recombination by utilizing the coordinated regulation of AC waveform, driving voltage and frequency. This
solution not only effectively solves the technical problem of electron-hole mobility mismatch in traditional QLED, but
also provides a new technological approach for the structural design of high-performance QLED devices, which is

expected to promote the wide application of QLED devices in the display field.
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Fig.1 (a) Schematic structure of a three-terminal QLED device. (b) Process flowchart for the preparation process of three-termi-

nal QLEDs
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Fig.2 (a)SEM image of CdZnSe/ZnS/CdZnS QDs and the inset shows a schematic diagram of the core-shell QD structure. (b)
Cross-sectional SEM image of three-terminal QLEDs. (¢) Energy level diagram of three-terminal QLEDs. (d) EL spectra

versus gate voltage of a three-terminal QLED
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Fig.3 (a)Schematic diagram of energy levels of three-terminal QLED devices without gate voltage. (b) Schematic diagram of

energy band bending under forward gate voltage. (c¢) Schematic diagram of energy band bending under reverse gate volt-
age. Finite element model of three-terminal QLED devices: (d) potential distribution without gate voltage, (e) distribu-
tion of electric potential and electric field lines under forward gate voltage, (f)distribution of electric potential and elec-
tric field line at the critical points of the AC signal (positive and negative directions), (g)distribution of electric potential
and electric field line under reverse gate voltage. The color scale on the right indicates the potential value (rainbow) and

electric field strength (light blue) , respectively
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Fig.4 Performance control of three-terminal QLED devices under the role of low-frequency square wave and sine wave. (a)—(d)

Evolution of brightness and EQE of three-terminal QLED devices under the control of gate voltage amplitude of 10V,

(e)=(h) Evolution of brightness and EQE of three-terminal QLED devices under the control of gate voltage amplitude of

15V,,. (i)=(1)Relationship curve between gate voltage amplitude and modulation rate of three-terminal QLED devices
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Tab. 1  Variation of luminance in the three-terminal device under 3. 5 Hz sine wave and square wave conditions

M 45 A PR/ (ed-m™) P/ NSE R/ (ed-m™) P K5/ (ed-m™)
10 V,3. 5 Hz, IE 3%k 7 830 6507(-16.9%) 9957(27.2%)
15V,3.5 Hz, IE 3%k 6539 5073(-22.42%) 8 115(24. 10%)
10 V,3.5 Hz, 7% 7581 6078(-19. 82%) 8915(17. 60%)
15V,3.5 Hz, 7% 6 842 5017(-26.67%) 10 374(51.62%)

K2 ZimSREHEISHz EZEMMAEEETHEQET

Tab.2 EQE variation of the three-terminal device under 3. 5 Hz sine and square wave conditions

s 2% 1 kR F/NEQE P15 K EQE
10 V,3. 5 Hz, IF 3% 3% 7.92% 5.90%(-25.51%) 10. 32%(30. 30%)
15V,3.5 Hz, IE3% 3k 7.50% 5.25%(-30%) 10. 49%(39. 87%)
10 V,3.5 Hz, 7 ik 7.62% 5.53%(-27.43%) 10. 48%(37. 53%)
15V,3.5 Hz, 7 7.51% 4.45%(-40.75%) 18.30%(143.67%)
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Fig.5

Relationship between the performance of three-terminal QLED devices and operating time under different gate voltage

amplitudes: (a) EQE, (b)brightness, (¢)current efficiency, (d)power efficiency. Relationship between the performance

of three-terminal QLED devices and operating time under different gate voltage frequencies: (e) EQE, (f)brightness. (g)

Brightness variation of three-terminal QLED device with gate voltage. (h) EQE of three-terminal QLED devices versus

anode voltage. (i) Brightness of three-terminal QLED devices versus anode voltage
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