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            Abstract
Although graphene films have a strong potential to replace indium tin oxide anodes in organic light-emitting diodes (OLEDs), to date, the luminous efficiency of OLEDs with graphene anodes has been limited by a lack of efficient methods to improve the low work function and reduce the sheet resistance of graphene films to the levels required for electrodes1,2,3,4. Here, we fabricate flexible OLEDs by modifying the graphene anode to have a high work function and low sheet resistance, and thus achieve extremely high luminous efficiencies (37.2Â lmÂ Wâ€“1 in fluorescent OLEDs, 102.7Â lmÂ Wâ€“1 in phosphorescent OLEDs), which are significantly higher than those of optimized devices with an indium tin oxide anode (24.1Â lmÂ Wâ€“1 in fluorescent OLEDs, 85.6Â lmÂ Wâ€“1 in phosphorescent OLEDs). We also fabricate flexible white OLED lighting devices using the graphene anode. These results demonstrate the great potential of graphene anodes for use in a wide variety of high-performance flexible organic optoelectronics.
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                    Figure 1: Schematic illustrations of hole injection from graphene, device structure and fabrication steps for flexible OLEDs.[image: ]


Figure 2: Performance of green OLEDs with graphene, carbon nanotube and ITO anodes.[image: ]


Figure 3: Device structure and performance of white OLEDs with a graphene anode, and the flexible OLED lighting device.[image: ]


Figure 4: DI SCLC transient current and hole-injection efficiency of graphene anodes and ITO anode.[image: ]
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