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Abstract: Intrinsically stretchable light-emitting diodes, composed of stretchable electrodes, charge transport layers, and
luminescent materials, have garnered significant interest for enhancing human well-being and advancing the field of deformable
electronics. Various luminescent materials, such as perovskites and organics, have been integrated with stretchable elastomers
to function as the stretchable emissive layers in these intrinsically stretchable LEDs. Stretchable conductors including Ag
nanowire based percolating structures and conducting polymers have been utilized as stretchable transparent electrode. Despite
this progress, their performances in terms of efficiency and stability remain challenging compared to their structurally stretchable
and rigid LED counterparts. This review offers a comprehensive overview of recent advancements in intrinsically stretchable

LEDs, focusing on material innovations.
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Fig. 1. (a) Schematic before and after stretching the MAPbBr;/PEO composite film, (b) XRD patterns before and after stretching the
MAPDBB13/PEO composite film, (¢) conductivity and transmittance as the amount of PEO in the PEDOT:PSS/PEO composite electrode
increases, (d) changes in resistance as strain increases, (¢) schematic showing the manufacturing processes of the stretchable perovskite LEDs,
(f-g) luminance (f), and efficiency (g) characteristics as the amount of voltage for the stretchable perovskite LEDs before and after stretching
to 20% and 40% strain, and (h) schematic of the stretchable perovskite LED before and after the 100th stretch cycle at strain of 0% and 40%.
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Fig. 2. (a) Transmittance spectra of PU-AgNWs and PU-PEDOT:PSS/PEO (5 wt), (b) sheet resistance for PU-AgNWs and PU-
PEDOT:PSS/PEO (5 wt) with increasing strain, (c-d) contact angle measured in H2O deposited onto (c) PEDOT:PSS and (d) PEDOT:PSS/PVP
surfaces, (e) EL spectra according to the amount of PVP added to a CsPbBr3/PEO film, (f) schematic of the CsPbBr3/PEO composite film after
stretching to 100% strain, (g) XRD patterns of the CsPbBrs/PEO/PVP composite films before and after 100% strain, (h) schematic of the
structure of stretchable touch-responsive perovskite light-emitting diodes, (i) current density and luminance characteristics as the amount of
voltage of the stretchable touch-responsive perovskite light-emitting diodes, (j) schematic of bendable perovskite light-emitting diodes attached
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Fig. 3. (a) Schematics of is-EML mixing Triton X and SY, (b) mechanical properties of pristine SY and is-EML thin films (weight ratio of SY
to Triton X : Pristine SY=1:0, ST1=5:1, ST2=2:1, ST3=1:1, ST4=1:2), (c) carrier mobility of pristine SY and is-EMLs measured through the
hole- and electron-only devices, (d) mechanical properties of pristine AL 4048 and is-HTL thin films, (e) schematic of the structure of is-
OLEDs, (f) relative luminance change (L-Lo™") of is-OLEDs based on is-EML, pristine SY, LEC from Nat. Photonics. 2013, and PeLED from
Adv. Mater. 2017 as strain increases, (g) relative luminance change of is-OLEDs based on is-OLED which is stretched to 40% (is-OLED-1)
and 50% (is-OLED-2), LEC, OLED, and PeLED during cyclic stretching tests, and (h) schematic of 60% variation of is~-OLED based on blue,
yellow, and red light-emitting polymers.
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Fig. 4. (a) Schematic of the pristine AgNW stretchable electrode and TCSE, (b) sheet carrier concentration and carrier mobility of AgNW,
graphene, and TCSE, (c) Kelvin probe mapping of work function of TCSE before and after molecular doping using PFSA (p-TCSE), PEI (n-
TCSE), and PEI/Crown-CPE (n-TCSE/Crown-CPE), (d) resistance change as strain increased to 100% of AgNW, TCSE, and TCSE with
multiple layers of graphene, (e) atomic force microscopy (AFM) phase images taken during the in situ stretching test to 40% on graphene, (f)
schematic of the structure of the is-OLED based on 2D-contact stretchable electrodes, (g-f) current density-voltage-luminance, (g) and current
efficiency-luminance, (f) characteristics of is-OLED and ITO with or without using the Crown-CPE interlayer, and (i) convex stretching of
passive matrix is-OLED by using a hemispherical stylus with a radius of 20.5 mm.
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