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S1 Supplementary Text
Calculation of porosity
The quantitative porosity analysis can use the methods:
(i) Density-based calculation [S1-S3]: 
The porosity was calculated using the equation:
                   (S1)
where  was determined using the rule of mixtures based on the mass fractions and true densities of the composite film (), PI (), MWCNTs (), and COF (). The calculation yields an approximate porosity of 46.7% for the 2 wt.% MWCNT-COF/PI composite film. Detailed calculations and results for other mixing ratios are provided in Table S1. This quantitative result confirms that the observed density reduction (from 1.31 g/cm³ to 0.73 g/cm³) is attributable to the highly porous structure introduced by the MWCNT-COF network.
(ii) SEM image analysis: 
We further analyzed cross-sectional SEM images using ImageJ software to statistically determine the pore area fraction based on the Fig. S6(a-f). The results show a porosity of 41.1% for the 2 wt.% MWCNT-COF at different mixing ratios, which is consistent with the density-based calculation. This SEM image analysis method was employed to evaluate the cross-sectional SEM images and to compare the corresponding pore structures of different mixing ratios of MWCNT-COF. Additionally, the results for other mixing ratios and detailed calculations can be found in Table S2.
S2 Supporting Figures and Tables
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[bookmark: _Hlk180498292]Fig. S1 Schematic illustration of the fabrication process for MWCNT-COF and MWCNT-COF/PI composite films: a Synthesis of MWCNT-COF, b Fabricating of ultrathin porous MWCNT-COF/PI composite films
[bookmark: _Hlk181208214]
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[bookmark: OLE_LINK2][bookmark: _Hlk181208332]Fig. S2 SEM images of bare a PI and MWCNT-COF/PI composite films with b 0.1 Wt.%, c 0.2 Wt.%, d 0.5 Wt.%, e 1 Wt.% and f 2 Wt.% MWCNT-COF 
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[bookmark: _Hlk181208252][bookmark: _Hlk177738205]Fig. S3 Contact angles of bare PI and MWCNT-COF/PI composite films
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[bookmark: OLE_LINK36]Fig. S4 SEM images of the cross-section morphology of a bare PI and COFs/PI films: a Bare PI, b 1 Wt.% COFs/PI, c 2 Wt.% COFs/PI, d 3 Wt.% COFs/PI, e 4 Wt.% COFs/PI and f 5 Wt.% COFs/PI 
[bookmark: _Hlk179385612][bookmark: _Hlk179385589][image: ]
Fig. S5 Characterization results of bare PI and MWCNT-COF/PI composite films. SEM images of the cross-section morphology of a bare PI and composite films with different proportions of MWCNT-COF: b 0.1 Wt.%, c 0.2 Wt.%, d 0.5 Wt.%, e 1 Wt.% and f 2 Wt.%
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Fig. S6 Comparison diagrams of cross-sectional SEM images and corresponding pore structures based on SEM image analysis for different mixing ratios of MWCNT-COF: a 0.1 Wt.%, b 0.2 Wt.%, c 0.5 Wt.%, d 1 Wt.%, e 2 Wt.%
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Fig. S7 a Stress-Strain curves of PI films and b Young's modulus of PI films
[bookmark: _Hlk179454339]
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[bookmark: _Hlk181730316]Fig. S8 SEM images of a bare PI and MWCNT-COF/PI composite films with different proportions: b 0.1 Wt.%, c 0.2 Wt.%, d 0.5 Wt.%, e 1 Wt.%, f 2 Wt.% after tensile fracture

Table S1 The porosity of PI substrates with different mixing ratios of MWCNT-COF
	Sample
	Density of film (g/cm3)
	Porosity

	0.1wt.% MWCNT-COF/PI
	1.31
	4.4%

	0.2 wt.% MWCNT-COF/PI
	1.18
	13.9%

	0.5 wt.% MWCNT-COF/PI
	0.91
	33.6%

	1 wt.% MWCNT-COF/PI
	0.81
	40.9%

	2 wt.% MWCNT-COF/PI
	0.73
	46.7%





Table S2 The porosity of PI substrates with different mixing ratios of CNTs by SEM image analysis
	Sample
	Density of film (g/cm3)
	Pore area
(nm2)
	Total area
(nm2)
	Porosity

	0.1wt.% MWCNT-COF/PI
	1.31
	487596.7
	3549.9×2699.9
	5.1%

	0.2 wt.% MWCNT-COF/PI
	1.18
	475358.0
	2273.3×1540.0
	13.5%

	0.5 wt.% MWCNT-COF/PI
	0.91
	854646.9
	2164.4×1277.78
	30.9%

	1 wt.% MWCNT-COF/PI
	0.81
	1246823.9
	2258.3×1523.2
	36.2%

	2 wt.% MWCNT-COF/PI
	0.73
	1420966.2
	2264.9×1525.5
	41.1%



Table S3 Parameters of GaAs solar cells with different types of substrates and MWCNT-COF/PI composite films
	Sample
	Photoelectric conversion efficiency (AM0)
	Areal density (g/m2)
	Specific-power (W/kg)
	References

	Triple-junction GaAs/Si solar cell (Silicon)
	30.3%
	200-500
	820-2050
	[S4]

	Triple-junction perovskite/perovskite/silicon solar cell (Silicon)
	26.1%
	3000-3300
	107-118
	[S5]

	Triple-junction GaAs solar cell (Bare Cu)
	33.47%
	230
	1968
	[S6]

	Four-junction GaAs solar cell (Bare PI)
	23.4%
	467
	678
	[S7]

	Dual-junction GaAs solar cell (Bare PI)
	24.9%
	50
	6736
	[S8]

	[bookmark: OLE_LINK1]Triple-junction GaAs solar cell (Bare PI)
	30.2%
	132
	3093
	[S9]

	Dual-junction GaAs solar cell (MWCNT-COF/PI)
	26.6%
	40
	8998
	This Work

	Triple-junction GaAs solar cell (MWCNT-COF/PI)
	31.5%
	55
	7749
	This Work
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