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Abstract

Organic light-emitting diodes with 8-hydroxy-quinolinato lithium doped 4’7-diphyenyl-1, 10-phenanthroline as electron
transport layer (ETL), and etrafluro-tetracyano-quinodimethane doped 4,4’,4”-tris(3-methylphenylphenylamono)
triphenylamine as hole transport layer (HTL) are demonstrated. The conductivity of carrier transport layers with different
doping concentration is examined by hole-only and electron-only devices. Compared with the referenced device (without
doping), the current efficiency and power efficiency of the p-i-n device are enhanced by approximately 51% and 89%,

respectively. This improvement is attributed to the improved conductivity of the transport layers and the efficient charge

balance in the emission zone.
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Introduction

Since the discovery of organic light-emitting devices (OLEDs), there has been a considerable interest in developing OLEDs
with high efficiency for display applications [1]. In order to lower driving voltage and enhance power efficiency, it is critical
to enhance the carrier injection from the electrode to the transporting layer and to increase the transport conductivity [2],
[3]. The hole injection can be improved by increasing the work function of ITO with different surface treatments such as O,
plasma or UV-ozone treatment of ITO surface [4]. It can also be enhanced by introducing hole injection layer (HIL), such as
copper phthalocyanine (CuPc) [5], starburst polyamines [6], polymeric PEDT:PSS [7] and 4,4’,4”-tris(N-(2-naphthyl)-N-
phenylamino)triphenylamine (2-TNATA) between the ITO/hole transport layer (HTL) interface.

Recently, the p-doping of HTL has drawn a lot of attentions because of its ability to enhance hole injection and lower driving
voltages in OLEDs. The p-doping HTL is typically made by co-evaporating the hole transporting materials with a strong
electron acceptor like tetrafluro-tetracyano-quinodimethane (F4-TCNQ) [8], or oxidants like SbCls [9], FeCl; [10] and iodine
[11]. p-Doping can also achieve ohmic conductivity to reduce driving voltage of device and the proper control of doping
levels can also lead to efficient carrier injection by tunnelling [12].

However, organic molecules are known to be poor in electron injection and transport compared with that of hole. Many
attempts have been made to improve the electron injection and transport, including using low work function metals [1], [13],
[14], [15] as cathode, or inserting a thin interlayer between cathode and electron transporting layer [16], [17], [18], [19], [20]
to enhance electron injection. Great efforts have been made to enhance the electron conductivity [21], [22], [23], [24]. Kido
and Matsumoto [22] reported the improved electron transport by doping Li into tris(8-hydroxyquinoline) aluminum (Alqs).
Fong et al. [21] also demonstrated that the device performance was enhanced significantly by doping 4’7-diphyenyl-1, 10-
phenanthroline (Bphen) into Alqs as a cohost electron transport layer (c-ETL). However, few studies have been reported
about using lithium quinolinato complex such as 8-hydroxy-quinolinato lithium (Liq) as an electron injection layer [25], and
no work has yet been reported about using Lig-doped BPhen as electron transport layer (ETL).

In this paper, we have demonstrated a device with an new n-doping (33wt.% Liq:BPhen) layer as ETL and p-type (m-
MTDATA:xwt.% F4-TCNQ) layer as HTL. Here, 33wt.% Liq is chosen due to the fact that the device with the doping ratio of
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33wt.% Liq demonstrates the best current density vs voltage (J-V) curve among all the electron only devices. Using this
method, we obtained a significant improvement in the device performance as compared with the referenced device.
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Section snippets

Experiments
The structure of the complete devices fabricated in this work is as follows:

ITO/m-MTDATA:xwt.% F4-TCNQ (40nm)/NPB (10nm)/Alqs (20nm)/ BPhen:ywt.% Liq (50nm)/LiF (1nm)/ Al
(130nm).

Device A (referenced device): x=0, y=0; Device B: x=0, y=33; Device C: x=0.3, y=33; Device D: x=2, y=33;
Device E: x=4, y=33.

In the devices, 4,4’,4”-tris(3-methylphenylphenylamono) triphenylamine (m-MTDATA):xwt.% etrafluro-tetracyano-
quinodimethane (F4-TCNQ)and Bphen:ywt.% Liq are used as p-doping HTL and n-doping

Results and discussion

Fig. 2 and 3 show the J-V, current efficiency vs current density and power efficiencies vs current density characteristics of
the complete devices, respectively. Shown are results for Device B, C, D, E with different weight ratios of F4-TCNQ (Owt.%,

Pictiva EX2022

https://www.sciencedirect.com/science/article/abs/pii/S0379677908001653 Samsung v Pictiva  3/7
IPR2024-01094



10/18/24, 6:46 PM Organic light-emitting diodes based on new n-doped electron transport layer - ScienceDirect
0.3wt.%, 2wt.%, 4wt.%) to m-MTDATA and Liq (33wt.%) to Bphen, compared to a referenced Device A with an undoped m-
MTDATA HIL and Bphen ETL. In Fig. 2, one can see that already slight doping HIL (0.3wt.% F4-TCNQ) strikingly decreases the
driving

Conclusion

A good carrier balance is considered to be one of the most important factors in getting an excellent performance in OLEDs. In
this paper, the p-i-n devices with a novel n-doping (33wt.% Liq:BPhen) layer as ETL and a p-doped (Owt.%, 0.3wt.%, 2wt.%
and 4wt.% F4-TCNQ:m-MTDATA) layer as HTL is fabricated. We have demonstrated the high current efficiency of 5.90cd/A,
power efficiency of 4.511m/W, and a driving voltage of 4.10V at a current density of 20mA/cm? in Alqgs based p-i-n OLEDs.
The J-V
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