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Movie S1
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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, (¢) Ag 3d and Si 2p XPS spectra of peeled Si wafer.

Mother substrate: ITO glass Flexible metal substrate: 30-um-thick

Fig. S2. (a) Mother substrate: ITO glass (20 cm x 20 cm size), (b) Peeled-off large area Cu
flexible metal film (30-pm-thickness).



a
Ti
ITO (120 nm)
Glass (7 mm)
Cc
300000
-
o . .
£ 250000 - Ti 2py)
2 L o
. JE— o
2 200000~ 3%
L g —30°
— o]
2 150000~ _ggo
)] — B0°
S 100000
)
E I
50000 -
OL — — I:f:_ 7\ — :.__T
464 462 460 458 456

Binding energy (eV)

Intensity (arb. Unit.)

60

50 - B
- = —=® » g
¥ 40
L
£ 30 —=—1In 3d 1
B F —*—5Sn 3d
< 20 —4—01ls i
10 - R
— o o9 & —@— 9
O 1 | ! | n 1 1
0 10 20 30 40 50
Angle (°)

300000

250000
200000 *
150000 _
100000

50000

a0
Binding energy (eV)

455 445

440

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.

80

D
(=

Temperature (°C)
n
o

N
(=]

- .-..II'II-IlIfIII-III-II E-EEEN
_

/ —a—Glass
o —Cu

—4—Cu/Si0, 1lum

v—Cu/Si0; 2um

—+—Cu/SiO, 3um

—4—Cu/Si0, 4um

F4 499 4 A4 A4 AE A A H S A4S 444 444

0 20 40 60 80
Time (Sec)

100

Device
b
70°C
Glass
| —
Cu/SiO,
100s 20°C

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/MoO;
cathode. The standard device with the glass substrate (R, = 1.33 nm, R, = 21.19 nm) as a
reference sample exhibits open circuit voltage Voc = 0.57 V, short circuit current Jsc = 5.95
mA/cm?, fill factor (FF) = 51.1 %, and power conversion efficiency (PCE) = 1.7 %. In the
device with the EF invar substrate (R, = 1.40 nm, R, = 23.62 nm), the electrical characteristics
(Voc=0.56 V, Jsc = 6.31 mA/cm?, FF = 46.7 %, and PCE = 1.7 %) were comparable to those
in the standard one. In contrast, devices fabricated on the rolled STS430 (R, = 53.0 nm, R, =
1.89 um) consistently Voc and FF responses. In the plot, Voc = 0.52 V, Jsc = 5.16 mA/cm?,
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.



Movie S1. Movie demonstrating the OLEDs with the EF Cu substrate.



