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Section 1. Calculation method:

The areal capacitance Cs and Cg were calculated from the GCD curves through the 

following equations:
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Where Cs (mAh cm−2) and Cg (F g−1) are the specific capacitance, S (cm2) is the 

geometric area of the electrodes, I (mA cm−2) is the charge/discharge current density, 

and Δt (s) is the discharge time, ΔV (V) is the potential window and m (mg) is the 

loading mass of the active material. The energy density (E, W h cm−2) and power 

density (P, W cm−2) were calculated by equation (3) and (4) as follows:
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2 µm
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Fig 1. (a) SEM image of cross–sectional of NM. (b) Micrometer for measuring the cross–

sectional thickness of NM.
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Fig 2. Optical microscope image of NM@NiCoP.
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Fig 3. Weight (a,c,e,g,i) and thickness measurement (b,d,f.h.j) of 1×1cm2 stainless steel mesh 

(SSN), copper foil (CF), nickel mesh (NM), carbon cloth (CC) and nickel foam (NF), 

respectively.
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Fig 4. The crimping process of transparent NM on a glass rod.
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R1 CPE1

R2

W1

Element Freedom Value Error Error %
R1 Free(+) 1.44 0.040456 2.8094
CPE1-T Free(+) 0.043931 0.0085843 19.54
CPE1-P Free(+) 0.46062 0.014849 3.2237
R2 Free(+) 1E20 1E20 100
W1-R Free(+) 5.588 4.252 76.092
W1-T Free(+) 0.27769 0.169 60.859
W1-P Free(+) 0.49791 0.023914 4.8029

Chi-Squared: 0.044482
Weighted Sum of Squares: 7.1615

Data File: C:\Users\Administrator\Desktop\EIS\0.5-0.5.txt
Circuit Model File:
Mode: Run Fitting / Freq. Range (0.001 - 1000000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus

a b

c

Fig 5. (a) CV curves of NM@NiCoP–x–y in the voltage range of 0–0.55 V at a scan rate of 20 

mV s–1. (b) Electrochemical impedance spectroscopy (EIS) of NM@NiCoP–x–y in the 

frequency range of 100 kHz to 0.01 Hz. (c) Cycling stability of NM@NiCoP–x–y at a current 

density of 2 mA cm–2. 
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Fig 6. The respective CV curves of (a) NM@NiCoP–0–1, (b) NM@NiCoP–1–3, (c) 

NM@NiCoP–3–1 and (d) NM@NiCoP–1–0 at different scan rates.
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Fig 7. GCD curves of (a) NM@NiCoP–0–1, (b) NM@NiCoP–1–3, (c) NM@NiCoP–3–1 and 

(d) NM@NiCoP–1–0 at various current densities.
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Fig 8. SEM images of NM@NiCoP electrode after 20,000 GCD cycles. 
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Fig 9 (a,b) Optical microscope image of NM@NPC electrode. (c) SEM image of NM@NPC 

electrode. (d) SEM image of the cross–sectional thickness of the NM@NPC electrode. (e) 

Magnified SEM image of NPC active material.
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Fig 10. Electrochemical performance of the NM@NPC. (a) CV curves, (b) GCD curves and (c) 

Nyquist impedance spectra of the NM@NPC. (d) Rate performance and (e) Capacity retention 

for 10,000 cycles of the NM@NPC.
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Fig 11. CV plots of the NPC anode and NM@NiCoP cathode performed in 2 M KOH at 50 

mV s–1.
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Fig 12. (a) CV curves obtained at different scanning rates from 5 to 100 mV s−1. (b) GCD curves 

of at various current densities from 1 to 12 mA cm−2. (c) The Nyquist impedance spectra of the 

aqueous electrolyte device. (d) Rate capability of the device at various current rates. (e) Cycling 

performance of the device at a current density of 2 mA cm−2.
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Fig 13. The Nyquist impedance spectra of the NM@NiCoP//PVA/KOH//NM@NPC device.
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Fig 14. (a) CV curves of the all–solid–state device being bent from the flat to the radius of 

curvature of 2 mm. (b) GCD curves of the device being bent from the flat to the radius of 

curvature of 2 mm (Insert image: optical photo of the device being bent).



17

Table S1. Performance comparison of flexible transparent energy supercapacitors

Electrode material
TE(%)

(550nm)
TD(%)

(550nm)
Gel

electrolyte
Device
type

Voltage
window(V)

Cycle
performance

Areal
capacity

Energy density Power density Ref.

NM@NiCoP//NM@NPC 80.2 67.5 PVA/KOH √ 1.4
50000, 97.6%

(10 mA cm−2)

21.1 mF cm−2

8.2 μAh cm−2

(0.6 mA cm−2)
8.0 μWh cm−2 980 μW cm−2 This 

work

MnO2–Au–Ni//MnO2–Au–Ni 73 62 PVA/LiCl × 0.8 /
34.8 mF cm−2

(0.01V s−1)
/ / [1]

Au@MnO2//Au@MnO2 60 36 LiClO4/PVA × 1.0 /
795 µF cm−2

(5 µA cm−2)
/ / [2]

2L Gr//2L Gr 78.7 75 PVA/H2SO4 × 0.8 /
99.4 mF cm−2

(1.8 μA cm−2)
/ / [3]

Au/GP//Au/GP 69.3 59 PVA/H2SO4 × 1.0
20000, 95.4%
(0.3 mA cm−2)

3.3 mF cm−2 430 μWh cm−3 190 mW cm−3 [4]

PEDOT:PSS//PEDOT:PSS 78 55-67 H3PO4/PVA × 0.8
1000, 100%

(0.01 mA cm−2)
4.72 mFcm−2 0.074 mW h cm−2 0.036 W cm−2 [5]

MnO2@Ni//MnO2@Ni 83.91 80.82 PVA/LiCl × 0.8
10000, 100%

(20 V s−1)
10.6 mF cm−2

(10 mV s−1)
/ / [6]

Gr@Ag//Gr@Ag 74 65 PVA/H3PO4 × 1.0
10000, 100%

(0.024 mA cm−2)
0.3 mF cm−2

(0.1 V s−1)
9.7 nWh cm−2 2.5 µW cm−2 [7]

PPy/AuLV//PPy/AuLV
65 45

PVA/LiCl × 0.6
2500, 83%

(1mA cm−2)
5.6 mF cm−2

(1 mA cm−2)
0.28 µWh cm−2 80 µW cm−2 [8]

AgNW/PEDOT:PSS//
AgNW/PEDOT:PSS

80 / H3PO4/PVA × 1.0
2500, 90%

(0.25 mA cm−2)
8.58 mF cm−2

(0.1 mA cm−2)
/ / [9]
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AgNW@NiCo/NiCo(OH)2//
Ag NW/graphene

54 36
PVA/LiClO4/

KOH
√ 0.7

5000, 91.9%
(100 mV s−1)

9.6 mF cm−2

(0.2 mA cm−2)
3.0 W h kg−1 3.5 W kg−1 [10]

MnO2@Au−Ni//
MnO2@Au−Ni

69.4 60 PVA/LiCl × 0.8
10000, 96.5%

(100V s−1)
78.46 mF cm−2

(100 Vs−1)
/ / [11]

LSMCS//LSMCS 85–88 80 PVA/H3PO4 × 1.6
5000, 57.9%
10 mV s−1

0.19 mF cm−2

(10 mV s−1)
0.068 μWh cm−2 47.08 μWcm−2 [12]

Co(OH)2/AgNW//
Co(OH)2/AgNW

90 54 PVA/KCl × 0.6 10000, 91%
540 μC cm−2

(10mV s−1)
0.04 μWh cm−2 28.8 mW cm−2 [13]

PEDOT:PSS/AgNFs//
PEDOT:PSS/AgNFs

84.7 77 H2SO4/PVA × 1.0
10000, 95%

(37 μA cm−2)
0.91 mF cm−2         

(5 mV s−1)
0.09 μWh cm−2 0.93 μW cm−2 [14]

MnO2@AuNFs//
MnO2@AuNFs

93.13 79 LiCl/PVA × 0.8
10000, 94%

(75 μA cm−2)
2.07 mF cm−2         

(5 mV s−1)
0.14 μWh cm−2 4 μW cm−2 [15]

Co(OH)2@Ni//Co(OH)2@Ni 75 54 PVA/KOH × 0.6
10000, 90%

(0.09 mA cm−2)
5.32 mF cm−2             

(5 mV s−1)
0.42 μWh cm−2 8.33 μW cm−2 [16]

SWCNT/ITO//SWCNT/ITO / 57.4
PVA/LiCl–

PS

× 0.8
10000, 95.3%
(20 μA cm−2)

120.7 μF cm−2 / / [17]

MnO2/AuNF//MnO2/AuNF 71 60 LiClO4/PVA × 1.0
500, 95%

(0.06 mA cm−2)
3.68 mF cm−2 56 μWh cm−2 0.51 μW cm−2 [18]

Ag/porous carbon//
Ag/NixFeyOz@rGO

84.2//86.
3

70.6
PVDF-HFP/

LiTFSI
√ 2.5

1000, 88.2%
(60 µA cm−2)

226.8 µF cm−2

(3 µA cm−2)
2.7 mWh L−1 1002.5 mW L−1 [19]

Cu@Ni@NiCoS NF// 
Cu@Ni@NiCoS NF

89 65 PVA/KOH × 0.6
10000, 89%

(0.6 mA cm−2)
1.21μAh cm−2

(0.025 mA cm−2)
0.48 μWh cm−2 11.15 μW cm−2 [20]
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PEDOT:PSS// PEDOT:PSS 60 / PVA/H3PO4 × 1.0
3000, 96.8%

(0.2 mA cm−2)
1.32 mF cm−2

(0.1 mA cm−2)
0.183 µWh cm−2 4.98 µW cm−2 [21]

Ni@MnO2//Ni@MnO2 80 77 PVA/LiCl × 0.8
10000, 98.6%

(10 V s−1)
19.65 mF cm−2 / / [22]

AgNFs/MoO3/PEDOT:PSS//
AgNFs/MoO3/PEDOT:PSS

82.8 64.5 PVA/LiCl × 0.8
15000,.86.6%
(0.2 mA cm−2)

7.0 mF cm−2

(0.1 mA cm−2)
0.623 mWh cm−2 40 mW cm−2 [23]

MoS2/AIP//MoS2/AIP 79.56 / PVA/KOH × 1.0 /
207 mF cm−2

(6 mA cm−2)
28.78 µWh cm−2 1.03 mW cm−2 [24]

PEDOT//AgNWs/NaxWO3/
PEDOT

/ 55 PVA/H2SO4 √ 1.2
2000, 80%

(0.15 mA cm−2)
0.332 mF cm−2

(0.05 mA cm−2)
2.03–0.72 Wh m−2 393–1299 W m−2 [25]

TSBL–MQD/LRGO 91.14 80 PVA/H2SO4 × 1.2
12000, 97.6%
(0.9 mA cm−2)

10.42 mF cm−2 40.8 Wh kg−1 2513.7 W kg−1 [26]

Note: TE stands for the optical transmittance of the electrode, and TD represents the optical transmittance of the device; “√”indicates that the device is 

an asymmetric device, and “×” indicates that the device is a symmetric device.
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