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Figure 1 (Color online) Excitonic dynamic processes of the OLEDs employing traditional fluorescence (a), phosphorescence (b) and TADF emitters (c)
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Figure 2 (Color online) Device configurations of EML-free pn-OLEDs
(a) and conventional OLEDs with an independent EML (b)
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Figure 3 Molecular structures of the p-type and n-type organic semiconductors used for layer-to-layer charge transfer exciplex-based OLEDs
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Figure 4 Molecular structures of the typical p- and n-type materials used for pn-OLEDs
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F1 BAFRFANFEpnR B4 B B pn-OLEDRY S R BE 24K, S-S5 A 1TO/pR B /B 2 /LiF(1 nm)/Al

Table 1 Summary of key performance parameters of pn-OLEDs with different organic planar pn junctions in a configuration of ITO/p-type layer/n-type

layer/LiF (1 nm)/Al

N AR o
p/ns E%\%Ea) WWECK | SFRTACE | AR BAA mﬁfi){t )
(cd/A) (%) (Im/W)
TAPC/TmPyTZ 2.14 37.8 12.02 52.8 (0.432, 0.548) 552
TCTA/TmPyTZ 2.36 32.7 10.10 44.1 (0.374, 0.566) 540
DAcB/TmPyTZ 2.32 30.1 9.60 35.1 (0.314, 0.563) 520
p-CzPTZ/TmPyTZ 2.42 18.1 6.53 22.8 (0.466, 0.517) 568
m-CzPTZ/TmPyTZ 2.28 19.8 7.02 24.9 (0.458, 0.523) 564
m-MTDATA/TmPyTZ 2.49 0.20 0.25 0.18 (0.634, 0.362) 646

a) XFRSEHEN L cd/m* i (3K Sh AL HE s b) 7 L IR HE O 1 mA/em® i 5 Al A B A b A D A
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Organic planar pn heterojunction light-emitting diodes:
Materials and devices

CHEN DongCheng , SU ShiJian’ & MA YuGuang

State Key Laboratory of Luminescent Materials and Devices, South China University of Technology, Guangzhou 510640, China
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Organic light-emitting diodes (OLEDs) have been widely applicable in the flat-panel display products, such as mo-
bile phones and television. They also possess more outstanding application advantages in the area of wearable dis-
play products in the future and have a great potential to serve as a key competitor in the next-generation solid-state
lighting technology. For the commercial OLED products, phosphorescent materials that contain the rare metals are
essential. This is because that phosphorescent OLEDs can give more efficient radiation, as the result of harvesting
both singlet and triplet excitons for radiative utilization, in contrast to traditional fluorescent emitters. However,
because of the limited resources of the rare metals, e.g., indium, on the earth, the phosphorescent materials are ra-
ther expensive, and their sustainable supply are also questionable. Besides, the long-term stability of blue phospho-
rescent emitters are also challenging. To further lower the fabrication cost of materials and devices, numerous re-
search efforts have been devoted to developing rare-metal-free, purely organic light-emitting materials, which could
be more low-cost and still exhibit excellent electroluminescence performances.

In this review, we firstly introduce the evolution of OLED materials and devices. The OLED materials could be
roughly classified into three generations. For the 1st generation traditional fluorescent emitters, three quarters of
electro-generated excitons are wasted as heat release, due to the spin forbidden rule of triplets. This suggests that
the OLEDs employing traditional fluorescent emitters could only achieve a maximum internal quantum efficiency
of 25%. For the 2nd generation phosphorescent emitters, the spin orbital coupling due to heavy atom effect results
in the mixing of singlet and triplet energy levels, and make triplet radiative transition feasible. Thereby, phospho-
rescent OLEDs can obtain a maximum internal quantum efficiency close to 100%. Recently, the 3rd generation hy-
perfluorescence emitters with the thermally activated delayed fluorescence (TADF) character could also make the
devices thereof give an internal quantum efficiency close to 100%. This paves a road to realize low-cost and
high-performance OLEDs based on purely organic semiconductors. We also outline the evolution of the OLED de-
vice configuration. For single-, double- and multi-layer device configuration of conventional OLEDs, their perfor-
mances are mainly dependent on the emission layer (EML). The current methodology to develop high-performance
OLEDs is to maximize the light emission ability of EML. Based on the understanding of the excitonic property of
organic semiconductors, we show that efficient EML-free planar pn heterojunction light-emitting diodes
(pn-OLEDs) should be realizable, given that the planar heterojunction property is well modulated. This indicates a
way to directly construct efficient fluorescent OLEDs without an EML from the perspective of planar heterojunc-
tion composed of p type and n type charge transport materials. As following, the progress of OLEDs based on the
layer-to-layer charge transfer mechanism using purely organic semiconductors is introduced. Main discussion fo-
cuses on pn-OLEDs, including that how this concept was proposed and the progress of relevant materials and de-
vices. We also discuss the challenges of developing high performance pn-OLEDs and their potential applications in
other optoelectronic areas, such as organic light-emitting transistors and electrically-pumped organic laser.

organic light-emitting diodes, pn heterojunction, triplet, electroluminescence, organic semiconductor
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