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Supplementary Fig. 1| Morphological analysis of the textile substrate. a, Cross-sectional 

Cryo-FIB-SEM image of the pure textile substrate. b, Magnified image of the fiber bundles 

within the textile structure, revealing the assembly of multiple filaments. 



 

Supplementary Fig. 2| Mechanical flexibility and optical transmittance of the polyester-

based textile. a, Demonstration of the mechanical flexibility of the polyester-based textile. b, 

Optical transmittance spectrum of the textile.  



 

Supplementary Fig. 3| Fully flexible, integrated system. a, FPCB incorporating an on/off power 

button and battery connection pads for portable driving. b, Flexible battery used for wireless operation. 

c–e, Thickness of the FPCB, flexible battery, and textile, respectively. f, Most thick part of the fully 

flexible integrated stack (around 2 mm).  



 

Supplementary Fig. 4| Comparison of HTL-tuned and ETL-tuned microcavity OLEDs at 

identical cavity length. a, EQE of devices with a constant cavity length, adjusted by varying 

the HTL or the ETL thickness. b, Operational lifetime measured under continuous, constant-

current drive at a matched initial radiant intensity.   



  

Supplementary Fig. 5| Wavelength tunability of NIR OLEDs based on cavity length 

modulation. Simulated EL spectra of cavity-structured NIR OLEDs with different cavity 

lengths, demonstrating wavelength tunability. 

  



 

Supplementary Fig. 6| Characteristics of top-emitting NIR OLEDs. a, EL spectrum of a 

cavity OLED with an emission peak at 800 nm. b, J–V–R characteristics of the device.  



 

 

Supplementary Fig. 7| Effect of parylene-C thickness on the forward spectral intensity of 

top-emitting NIR OLEDs. Simulated spectral intensity in the forward direction as a function 

of parylene-C layer thickness.  



 

Supplementary Fig. 8| Influence of the capping layer on the microcavity effect. Simulated 

EL spectra comparing devices with and without a capping layer (solid line: with capping; 

dashed line: without capping). 

  



 

Supplementary Fig. 9| Batch-to-batch performance metrics of the NIR OLEDs. a, 

Current-density–voltage–radiance characteristics. b, External quantum efficiency as a function 

of current density. All devices (n = 10) were measured under identical conditions across batches. 

(closed symbol: w/ encap, open symbol: w/o encap)  



 

Supplementary Fig. 10| Effect of substrate type on the characteristics of NIR OLEDs. a, 

EL spectra of devices fabricated on glass and textile substrates (open symbols: glass substrate; 

closed symbols: textile substrate). b, J–V–R characteristics of each device. 

  



Supplementary Fig. 11| Long-term operational stability of NIR OLED devices. a, Lifespan 

of a glass-substrate-based NIR OLED under continuous operation. b, Lifespan of a textile-

substrate-based NIR OLED, comparing devices without (open symbols) and with (closed 

symbols) a thermally conductive heat-dissipation layer. 

 

 

  



 

Supplementary Fig. 12| EL spectra of cavity OLEDs used for the transmission test. The 

red OLED is based on Ir(piq)₃, while the cavity NIR OLED uses the same emitter as in the 

main device and was spectrally tuned via the microcavity effect. 
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Supplementary Fig. 13| Emission spectra of cavity NIR OLEDs as a function of viewing angle. 
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Supplementary Fig. 14| Angular profile of cavity OLEDs. The red OLED exhibited a sub-

Lambertian profile, while the cavity NIR OLED showed a super-Lambertian emission. 

 

  



 

Supplementary Fig. 15| Monte Carlo simulation of photon transport and depth-

dependent power density distribution. a, Monte Carlo simulation setup. OLED (8.3 × 8.3 

mm²) was placed on the skin surface. b, Depth-dependent relative intensity. Grey indicates the 

maximum power density within the receiver plane, and red indicates the area-averaged power 

density. 

 

 

  



Supplementary Fig. 16| In vitro experimental setup and simulated irradiance profiles. a, 

Cross sectional view illustrating orthogonal alignment between the OLED and the receiving 

plane within the cell medium and the defined analysis window. b, Top view of the measurement 

configuration showing the OLED beneath the culture well and the analysis area centered above 

the emitting surface. c, Contour map of the simulated irradiance distribution in the cell culture 

medium produced by the non-cavity NIR OLED, normalized to the maximum within the plane 

of analysis. d, Corresponding contour map for the cavity NIR OLED, showing a narrower 

irradiation region. 

  



 

Supplementary Fig. 17| Time‑lapse optical microscopy of scratch‑wound closure across 

treatment groups. The dotted line marks the initial wound boundary. Images were acquired 

every 2 h from 16 to 22 h after irradiation, and all groups were imaged at identical time points. 



 



Supplementary Fig. 18| SA‑β‑gal staining images of hDPCs are presented across passages 

and treatment conditions. Blue staining indicates senescent cells. a, passage‑3 control. b, 

passage‑13 control. c, passage‑13, cavity red OLED irradiation group. d, passage‑13, 

non‑cavity NIR OLED irradiation group. e, passage‑13, cavity‑tuned NIR OLED irradiation 

group. 

 


