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Figure S1. Binary and ternary blend OPV devices. (A) Absorption spectra of PM6:Y6 binary 
blend (black) and PM6:O-IDTBR:Y6 ternary blend (red). (B) Statistical results of the PCE 
obtained from ultraflexible OPVs based on binary (black) and ternary (red) blends (40 samples 
for each).   
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Figure S2. Performance of the ultraflexible OPVs. (A) Stability of OPVs based on PM6:Y6 
binary blend under the inert atmosphere in the dark (green), in ambient conditions in the dark 
(blue), and in ambient conditions under a continuous illumination of 50 mW cm–2 (red). (B) 
Light intensity dependance of JSC. A comparative analysis between devices using pure ZnO 
(red) and EDT-ZnO (blue) as the electron transport layer. (C) Integrated JSC (dashed line) from 
EQE spectrum of PM6:O-IDTBR:Y6 ternary blend (solid line). (D) Stability of JSC with respect 
to time. (E) Jph-Veff curves of devices based on ZnO/PM6:Y6 (black), ZnO/PM6:O-IDTBR:Y6 
(red), and EDT-ZnO/PM6:O-IDTBR:Y6 (blue). (F) Mott-Shockley plot of OPV devices based 
on ZnO/PM6:Y6 (black), ZnO/PM6:O-IDTBR:Y6 (red) and EDT-ZnO/PM6:O-IDTBR:Y6 
(blue) (dashed lines represent the linear fitting). 
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Figure S3. Photostability of OPV devices. Photostability of ultraflexible OPV devices having 
ZnO (red) and EDT-ZnO (blue) as respective electron transport layers. The devices were based 
on PM6:O-IDTBR:Y6 ternary blend. Normalized (A) fill factor, (B) VOC, and (C) JSC, 
respectively. 
 
 

 
Figure S4. Ultraflexible OPV module. (A) Photograph of a 5x5 cm2 OPV module being 
delaminated from the supporting glass slide. (B-C) Scanning electron microscopic (SEM) 
images of an ultraflexible OPV before (B) and after (C) the mechanical durability test of 1000 
bending cycles at 1 mm bending radius.  
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Figure S5. Performance of ultrathin ZIB. (A) Nyquist plots of ZIBs featuring hydrogel 
electrolyte of different thicknesses: 10 µm (red), 100 µm (blue), and 1 mm (cyan). (B) Cyclic 
voltammogram of an 85 µm-thick ZIB at variable scan rates. (C) Storage stability of the 85 
µm-thick flexible ZIB under ambient conditions. (D) Charge-discharge curves of a flexible ZIB 
at both the 1st and 200th cycles. (E) Coulombic efficiency of the 85 µm-thick ZIB recorded over 
continuous bending cycles at a bending radius of 1 mm. The results highlight mechanical 
durability of the thin ZIB. (F) Nyquist plots of the 85 µm-thick ZIB after subjected to 250 and 
500 bending cycles (orange), contrasting with its initial unstrained state (red). 

 

Figure S6. SEM images of a sub-100 µm thick ZIB. (A) Cross-sectional SEM image of the as-
prepared ZIB, highlighting each layer component. (B) Cross-sectional SEM image of the ZIB 
under bending strain, demonstrating mechanical compliance and structural integrity. 
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Figure S7. FEHSS with integrated organic diode. (A) Schematic showing the layout of the OPV 
module, the current control diode, and the flexible Zn-ion battery. (B) Circuit diagram of the 
integrated system. (C) J-V characteristic of the current control diode (red) and a commercial Si 
diode (black), measured under room lighting.  
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Figure S8. Charge-discharge profiles of FEHSS. (A) Under different light intensities. (B) 
Under low light intensities approximating indoor light conditions (red traces), in comparison 
with the profile obtained under 1 sun illumination condition, i.e., 100 mW cm–2 (black). The 
FEHSS consists of a 6.72 cm2 ultraflexible OPV module, and a ZIB battery. 
 

 

 

Figure S9. SEM images of integrated FEHSS. (A) Cross-section SEM image of an as-prepared 
FEHSS, highlighting each layer component. (B) Cross-sectional SEM image of the FEHSS 
under bending strain, demonstrating a bending radius down to 120 µm. (C) Cross-sectional 
SEM image of the FEHSS after 500 cycles of repeated bending test.  
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Figure S10. (A) Voltage-time curve (top), and power-time curve (bottom) of the FEHSS 
powering an LED for over 30 minutes without photo-charging. The top plot shows the voltage 
drop of FEHSS as it continuously discharges power to the LED without light illumination. The 
bottom plot shows the power consumed by the LED over 30 minutes. (B) Voltage-time curve 
(top), and power-time curve (bottom) of the FEHSS connected to an LED. The top plot shows 
the charge-discharge curve of the FEHSS as the LED is turned on and off at 1.5-min intervals 
to allow the FEHSS to charge in between cycles. The bottom plot shows the power consumed 
by the LED when it is turned on. The results show that with 1.5-min intervals under low light 
intensity, i.e., 10 mW cm–2 and powering the LED, the FEHSS’s voltage output dropped to 
2.65 V after 30 min, while it took only 7 min to drop to the same value without photo-charging. 
(C-D) Photographs showing the system layout for charging a smartphone (C), and a smartwatch 
(D) by FEHSS. In (C), the printed regulation board consists of a DC-DC converter to stabilize 
the voltage output at 5.0 V. In (D), a wireless charger (HUAWEI WATCH charging cradle 
CP81-1) was used, connected to the FEHSS with an USB cable.    
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Table S1. Performance parameters of ultraflexible OPV single units. 

 
VOC 

(V) 

JSC 

(mA cm–2) 

FF 

(%) 

PCE 

(%) 

PCEmax 

(%) 
α n 

NA 

(×1016 

cm–3) 

Binary-blend, 

ZnO ETL 
0.79 ± 0.02 23.4 ± 0.2 72.6 ± 0.5 13.5 ± 0.2 13.70 0.95 1.30 

 

3.1 

 

Ternary-blend, 

ZnO ETL 
0.81 ± 0.01 25.0 ± 0.2 73.6 ± 0.3 14.9 ± 0.3 15.20 0.99 1.22 1.78 

Ternary-blend, 

EDT-ZnO ETL 
0.81 ± 0.01 26.2 ± 0.1 75.2 ± 0.3 15.7 ± 0.2 16.18 1.005 1.08 1.14 

Note: The active area of all devices is 0.04 cm2. Data were averaged from 10 devices for each.  
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Table S2. Summary on the performance of reported flexible OPVs and flexible OPV modules.  

 
Thickness 

(µm) 

Active area 

(cm2) 

Pareal* 

(mW cm–2) 
Active materials Substrate Ref. 

Flexible 

OPVs 

175 1 7.17 

PTB7-Th:p-

DTS(FBTTH2)2:PC

71BM 

PET 1 

175 2 5.66 PTB7:PC71 BM PET 2 

175 10 5.83 

PTB7-Th:p-

DTS(FBTTH2)2:PC

71BM 

PET 3 

125 1 17.07 PM6:L8-BO PET 4 

125 1 16.71 PBDB-TF: BTP-eC9 PEN 5 

125 1 16.54 PM6:BTP-4Cl-12 PET 6 

125 1 15.82 
PM6:BTP-

eC9:PC71BM 
PET 7 

125 1 14.29 PM6:Y6 PET 8 

125 1 13.61 PM6:Y6 PET 9 

125 1 12.26 PBDB-TF:IT-4F PET 10 

125 1 12.16 
PTB7-Th: 

COi8DFIC:PC71BM 
PET 11 

125 1 3.52 
PBDTTTz-

4:PC71BM 
PET 12 

125 1 2.25 PTB7-TH : PC61BM PET 13 

125 1 2.7 P3HT:PC71BM PET 14 

125 1 1.93 
BDTTT-C-T: 

PC71BM 
PET 15 

125 1.04 9.77 PBDB-T:ITIC PET 16 
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125 1.2 5.85 P3HT:ICBA PET 17 

125 4 7.09 PTB7:PC71BM PET 18 

125 4 1.93 P3HT:PC71BM PEN 19 

Ultra-

flexible 

OPVs 

2.5 1.94 6.97 PTzNTz:PC71BM PI/Ag 20 

3 1 8.8 
PBDTTT-OFT:PC71 

BM 
Parylene 21 

3 1.2 5.85 
PTzNTZ-

BOBO:PC71BM 
Parylene 22 

3 1.36 11.46 PBDBT:ITIC PI 23 

3 2.97 8.43 
PBDTTT-OFT: 

IEICO-4F 
Parylene 24 

4 3.2 8.08 PM6:IT-4F Parylene 25 

 

4 

 

1.28 13.8 PM6:O-IDTBR:Y6 Parylene 
This 

work 
6.72 10.3 PM6:O-IDTBR:Y6 Parylene 

16 4.9 PM6:O-IDTBR:Y6 Parylene 

*Note: To ensure a direct comparison, all Pareal* values were calculated using the effective 

working area of the devices. 

  



 12 

Table S3. Overall efficiency of FEHSS consisting of one ZIB, when charged under different 
light intensities.  

OPV 
module 

Light intensity 
(mW cm–2) 

Charging time 
(hours) 

Capacity 
(mAh) 

Energy density 
(mWh cm–2) 

Overall 
efficiency (%) 

6.72 cm2  

100 0.6 3.0 2.65 1.15 

65 0.95 3.5 3.00 1.25 

50 1.2 3.7 3.14 1.35 

30 2.0 3.8 3.25 1.41 

10 5.6 4.0 3.42 1.59 

1.28 cm2 

100 1.0 5.27 4.5 5.27 

65 1.5 5.5 4.7 6.61 

50 2.0 5.7 4.89 6.68 

30 3.3 5.8 4.97 6.86 

10 10 5.9 5.05 6.91 
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Table S4. Summary of the performance of reported FEHSSs based on solar energy harvesters 
and battery storage systems.  

FEHSS 
type 

1/Thickness 
(mm-1) 

PCE 
(%) 

Energy 
density 

(mWh cm-2) 

Specific 
capacity 

(mAh cm-2) 
Diode 

 
Overall 

efficiency 
(%) 

Ref. 

PSC-ZIB 6.66 11.1 0.0016 - No 5.28 26 

PSC-ZIB 2.85 18.27 5.11 3.63 No - 27 

SiPV-LIB 0.77 15.8 2.7 0.5 No 7.61 28 

SiPV-LIB 0.4 6 6.98 1.84 No - 29 

FIED 3.85 3.5 - - Yes - 30 

OPV-LIB 4.0 5.49 1.25 3.5 No - 31 
 

OPV-ZIB 
 

11.1 16.18 5.82 3.88 Yes 6.91 This 
work 

Note: PSC stands for perovskite solar cell, ZIB stands for zinc-ion battery, SiPV stands for 
silicon photovoltaic, LIB stands for lithium-ion battery, FIED stands for fiber-shaped 
integrated energy device, and OPV stands for organic photovoltaic. 
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