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Light-emitting Diodes based on a Densely Packed QD Film Deposited
by the Langmuir-Blodgett Technique

Seunghyun Rhee', Byeong Guk Jeong’, and Jeongkyun Roh>*

Abstract

To achieve high-performance colloidal quantum dot light-emitting diodes (QD-LEDs), the use of a densely packed QD film is crucial
to prevent the formation of leakage current pathways and increase in interface resistance. Spin coating is the most common method to
deposit QDs; however, this method often produces pinholes that can act as short-circuit paths within devices. Since state-of-the-art QD-
LEDs typically employ mono- or bi-layer QDs as an emissive layer because of their low conductivities, the use of a densely packed
and pinhole-free QD film is essential. Herein, we introduce the Langmuir-Blodgett (LB) technique as a deposition method for the fab-
ricate densely packed QD films in QD-LEDs. The LB technique successfully transfers a highly dense monolayer of QDs onto the sub-
strate, and multilayer deposition is performed by repeating the transfer process. To validate the comparability of the LB technique with
the standard QD-LED fabrication process, we fabricate and compare the performance of LB-based QD-LEDs to that of the spin-coating-
based device. Owing to the non-destructiveness of the LB technique, the electroluminescence efficiency of the LB-based QD-LEDs is
similar to that of the standard spin coating-based device. Thus, the LB technique is promising for use in optoelectronic applications.

Keywords: Quantum dots, Langmuir-Blodgett, Quantum dot light-emitting diodes
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Fig. 1. (a) Photograph and (b) schematic diagram of the Langmuir-Blodgett (LB) trough. (c) Schematic illustration of the QD deposition process
by the LB technique. (d) The surface pressure-area (n—A) isotherm of the CdSe/ZnS QDs with a diameter of 16 nm.
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400 nm

0.544 nm 500

0.344 nm

Fig. 2. Photographs and atomic force microscope (AFM) surface
morphologies of (a, d) the spin coated QD film, (b, e) the LB-
deposited QD monolayer and (c, f) the LB-deposited QD
bilayers, respectively. The size of the substrate is 2 cm x 2.4
cm and the scale bars on the AFM images are 400 nm.
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Fig. 3. Scanning Electron Microscope (SEM) images of the QD film
deposited by (a) the spin coating and (b) LB technique
(bilayer). The scale bars represent 200 nm.
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Fig. 4. (a) Electroluminescence (EL) spectra measured at 30 mA/cm’, (b) current density-voltage-luminance (J-V-L) characteristics, and (c)
external quantum efficiencies (EQEs) with respect to current densities of the QD-LED based on spin coating (black) and LB technique
(blue — monolayer, red — bilayer). All devise share the same full width half maximum (FWHM) value of 34 nm in the EL spectra.
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