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Abstract: The development of flexible OLEDs relies on high-performance flexible substrates. Thermoplastic
polyurethane (TPU) , a polymer material with alternating soft and hard segments in its molecular chains, combines
flexibility with high strength, making it a promising candidate for flexible OLED substrates. However, commercial
TPU surfaces often exhibit microscopic irregularities, such as waviness or roughness, which adversely affect the
fabrication of high-precision flexible OLEDs, potentially leading to reduced optical and electrical performance. To
address this issue, this study employs solution processing to deposit a poly(3,4-ethylenedioxythiophene) -polystyrene
sulfonate (PEDOT: PSS) coating on the TPU surface to improve surface quality. Results show that the PEDOT: PSS
coating significantly reduced the surface roughness of TPU from 7. 05 nm to 2. 19 nm, enhancing the uniformity of
subsequent functional layers (e. g. , emitting layers and electrodes). Using the modified TPU substrate, top-emitting

and bottom-emitting flexible OLEDs were successfully fabricated, achieving maximum external quantum efficiencies
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of 16. 0% and 15. 2%, respectively, while demonstrating excellent flexibility. This study provides new insights and

theoretical support for the application of TPU in flexible OLEDs and other flexible electronic devices, offering

significant potential for future advancements.
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Fig. 1 Molecular chain structure of TPU.
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Fig.2 (a) Images of OLEDs fabricated on glass and TPU
substrates; (b) AFM images and corresponding
height profiles of the original TPU and annealed TPU

substrates.
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Fig. 3

(a) Schematic of the process for modifying TPU with PEDOT: PSS; (b) Contact angle of PEDOT : PSS solution with dif-

ferent FS-30 doping concentrations on TPU substrate; (¢) AFM image and corresponding height profiles of m-TPU; (d)

AFM images and sheet resistance of 100 nm Al electrodes fabricated on m-TPU and glass substrates.
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(a) Peel test curves of Al electrodes on glass and m-TPU substrates, and inset: stress-strain curve of Al electrodes on m-TPU

substrates; (b) variation of square resistance of Al electrodes on m-TPU substrates with the number of bending cycles.
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Fig. 5

(a) Schematic structure of top-emitting OLEDs; (b) Voltage-luminance-current density curves of m-TPU-based and

¢lass-based top-emitting OLEDs, with an inset showing the flexible display effect of m-TPU-based OLEDs; (c¢) External

quantum efficiency-brightness curves of m-TPU-based and glass-based top-emitting OLEDs, with an inset showing the

angular distribution curves of both, compared with Lambertian distribution; (d) EL spectra of m-TPU-based and glass-

based top-emitting OLEDs.
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Fig. 6

(a) Schematic diagram of the bottom-emitting OLED structure; (b) Voltage-luminance-current density curves of bottom-

emitting OLEDs based on m-TPU and glass substrates, with an inset showing the flexible display effect of the m-TPU-

based OLED; (c¢) External quantum efficiency-luminance curves of bottom-emitting OLEDs based on m-TPU and glass

substrates; (d) EL spectra of m-TPU-based and glass-based bottom-emitting OLEDs.
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