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Improved charge balance in quantum dot light-emitting

diodes using self-assembled monolayer
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Abstract

To improve the efficiency and stability of colloidal quantum dot light-emitting diodes (QD-LEDs), it is essential
to achieve charge balance within the QD emissive layer. Zinc oxide (ZnO) is widely used for constructing an
electron transport layer in the state-of-the-art QD-LEDs, but spontaneous electron injection from ZnO often
results in excessive electrons in QDs that significantly deteriorate the performance of QD-LEDs. In this study, we
demonstrated the improved performance of QD-LEDs by modifying the electron injection property of ZnO with
self-assembled monolayer (SAM)-treatment. As a result of improved charge balance, the external quantum
efficiency and maximum luminance of QD-LEDs with SAM-treatment were improved by 25% and 200%, respectively,
compared to the devices without SAM-treatment.
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(a)

Pristine ZnO

(b)

ODPA-treated ZnO
100 ° P

RMS: 0.927nm RMS: 1.390nm

Fig. 2. Water contact angles of (a) pristine and (o) ODPA-
treated Zn0O. The volume of the droplet is 1.0 wl.
AFM images of (c) pristine and (d) ODPA-treated
Zn0. The scale bars indicate 2 um.
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Fig. 3. Comparison of EL characteristics of QD-LEDs with and without ODPA-treatment. (a) Current density—voltage—luminance,
(b) EQE-luminance, and (c) current efficiency—current density characteristics of the QD-LEDs with and without
ODPA-treatment (d) EL spectra of the devices measured at the current density of 54 mA cm 2. The inset
shows uniform surface emission in QD-LEDs with ODPA-treatment.
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