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Figure1 (Color online) (a) Structural diagram of CdSe-based core-shell QDs; (b) picture of QDs solution exposed in ultraviolent, whose diameters
are 1.7-5.0 nm 13; (c) absorption and emission spectrum of 625 nm CdSe-based QDs
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Figure 2 (Color online) Picture of color rendering performance of
filament lamp, white LED and QCLED!™4
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Figure 3 (Color online) Comparison chart of liquid crystal display
employing white LED (a) and QCLED as light source (b)*
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Figure8 (Color online) (a) The process of swelling; (b) TEM of QDsin the fluorescent microsphere; (c) SEM of fluorescent microsphere; (d) powder
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Figure9 (Color online) Profiles of light intensities of QDs and QDES
in heat test™
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Figure13 (Color online) Light intensities of three types of QCLEDs under different currents
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Progress and expectation of quantum dots converted light
emitting diode package
ZHU YongMing, XIE Bin & LUO XiaoBing'

School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China
* Corresponding author, E-mail: luoxb@hust.edu.cn

Quantum dots converted light emitting diode (QCLED) is a new-style lighting device with quantum dots (QDs) as the
down conversion material. The QDs with tunable spectrum, remarkable saturation and high quantum yields result in the
excellent performance of color rendering and saturation as well as the gamut of QCLED. As a consequence, the QCLED
is attracting more and more attentions nowadays. Different from the traditional phosphor powders which are the down
conversion material of white LED, the quantum dots are usually stored up in the fluid or solid matrix, and the most
common package type of QDs is to be blended with the high polymer and then packaged into the bare LEDs. However,
there are 4 crucial problems in the process of packaging: (1) The poor compatibility of QDs and high polymer matrix.
Although techniques for incorporating QDs in high polymer films are well developed, the coexistence of QDs and bulk
polymer matrix remains to be strengthened, or there will be some problems such as low yield of film, cluster of QDs,
fluorescence quenching, and so on. (2) The poor thermal stability of QCLED. When the temperature rises, the organic
ligands growing on the surface of QDs will fall off or become inactivated, then the surface defects are exposed to matrix,
which will result in the reduction of fluorescence efficiency. (3) The poor stability of QDs against oxygen and moisture.
The penetrative oxygen and moisture will corrode the surface ions and ligands on the surface of QDs, consequently
resulting in defect trap states and furthermore the degeneration of optical performance of QCLED. (4) The optimization
of optical spectrum. There are usually 3 or more spectrum distributions for QCLED light, meaning that 2 or more kinds
of QDs are needed to combine with the light extracted from LED chip. In order to obtain the high performance QCLED,
the collocation of the QDs and LED chip should be quite well designed. Aiming at these problems, the researchers have
tried a good deal of solutions: (1) Ligand modification, surface passivation, QDs microspheres and etc. are employed to
enhance the compatibility between the QDs and polymer matrix. (2) Design of QDs films composition structure and
optimization of QCLED’s package structure are applied to improve the therma stability. (3) Improvement of QDs
chemical stability and protection of QDs films are conducted to improve the stability of QCLED against oxygen and
moisture. (4) Kinds of optimization agorithms are employed to design the spectra distribution, and many packaging
experiments are conducted to obtain the QCLED with high performance, and finally the advantages of the QCLED are
highlighted at the researchers efforts. We summarize the recent developments of the QCLED in this review. The
strengths of QCLED in illumination and display are overviewed, and the common packaging processes are introduced.
What's more, the problems mentioned above are explained at length, and the corresponding solutions are discussed one
by one. In the last decades, the QCLED has achieved significant developments, and reviewing on these progresses will
prompt the QCLED to tend to be mature.

QCLED, package, compatibility, stability, spectrum optimization
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