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Fig. S1. (a) Schematic representation of peel-off reaction of Ag/Si interface. (b) Ag 3d and Si 
2p XPS spectra of peeled off Ag layer, (c) Ag 3d and Si 2p XPS spectra of peeled Si wafer. 

Fig. S2. (a) Mother substrate: ITO glass (20 cm  20 cm size), (b) Peeled-off large area Cu 
flexible metal film (30-m-thickness).
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Fig. S3. Analysis of component change of mother substrate after peel-off with Ti layer using 
an angle-resolved photoemission spectroscopy. (a) Schematic representation of the peel-off 
process. (b) Atomic percentage in ITO layer as function of detecting angle. (c) Ti 2p (d) In 3d 
spectra in ITO layer after peel-off process.

Fig. S4. ABAQUS simulation result of thermal degradation induced OLED device operation. 
(a) Temperature change between glass and metal substrate as function of time, and (b) Images 
of temperature distribution profile after operating 100 sec. 
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Fig. S5. (a) Schematic device structure of polymer solar cells. (b) Current density-voltage 
curves of polymer solar cells according to type of substrate.

Current density-voltage curves were obtained from devices with Glass, EF Cu, and rolled 

STS430 substrate (Fig. S5). The standard device was illuminated from the BCP/Ag/MoO3 

cathode. The standard device with the glass substrate (Ra = 1.33 nm, Rt = 21.19 nm) as a 

reference sample exhibits open circuit voltage VOC = 0.57 V, short circuit current JSC = 5.95 

mA/cm2, fill factor (FF) = 51.1 %, and power conversion efficiency (PCE) = 1.7 %. In the 

device with the EF invar substrate (Ra = 1.40 nm, Rt = 23.62 nm), the electrical characteristics 

(VOC = 0.56 V, JSC = 6.31 mA/cm2, FF = 46.7 %, and PCE = 1.7 %) were comparable to those 

in the standard one. In contrast, devices fabricated on the rolled STS430 (Ra = 53.0 nm, Rt = 

1.89 m) consistently VOC and FF responses. In the plot, VOC = 0.52 V, JSC = 5.16 mA/cm2, 

FF = 38.3 %, and PCE = 1.0 % for a device fabricated on the rolled STS430. The device 

characteristics of glass and EF Cu samples were within the margin of experimental error due 

to similar EF surface roughness, whereas the electrical characteristics of the OPV in the rolled 

STS430 sample were poor due to its rough surface.
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Movie S1. Movie demonstrating the OLEDs with the EF Cu substrate.


