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Materials Characterization
The morphology was confirmed through scanning electron microscopy (SEM, JSM-7800F), transmission electron microscopy (TEM, JEM-F200). The structure of the active materials was analyzed by X-ray diffraction (XRD) (SmartLab, 5~90°), Raman spectroscopy (LabRAM HR 800 Raman spectrometer, 632 nm),  physical adsorption instrument (Micromeritics APSP 2460) and X-ray photoelectron spectroscopy (XPS, Thermofisher Escalab 250 Xi+), electron paramagnetic resonance (EPR, Bruker A200) and thermogravimetric (TG, Diamond).
Electrochemical Measurement 
[bookmark: _Hlk46911336]The half-cell Nb2O5 was assembled in coin cells (CR2025) with sodium foil as the counter and reference electrodes at an argon filled glove box. The working electrodes (12 mm in diameter) consist of Nb2O5, carbon black, and polyvinylidene fluoride with a weight ratio of 7:2:1. The average mass loading of active materials is about 1-1.2 mg/cm2. The electrochemical performances were evaluated in 1.0 M NaClO4 electrolyte in ethylene carbonate and dimethyl carbonate (1:1 v/v) with 5% fluoroethylene carbonate electrolyte at a potential range between 0.01 and 3.0 V (vs. Na/Na+). GCD profiles were investigated at a LAND CT3001A battery tester. CV curves at 0.1 mV/s and EIS at a wide frequency range from 0.01 Hz to 100 kHz with an AC amplitude of 5 mV were performed on a CHI 760E electrochemical workstation. For NIMSCs, GCD profiles at various current densities from 20 to 500 μA/cm2 were tested by the LAND CT3001A battery tester. CV curves from 1 to 10 mV/s were measured on a CHI 760E electrochemical workstation. 
Calculation
The areal capacitance and volumetric capacitance of NIMSCs are calculated from GCD profiles according to the following equations (1) and (2) [1]:  
  (1)
  (2)
Where  (F/m2) and  (F/cm3) are the areal capacitance and volumetric capacitance, respectively, I (A) is the discharge current, t (s) is the discharge time, A (cm2) and V (cm3) are the area and volume of the whole microelectrodes, respectively. 
The areal energy density and power density of NIMSCs are evaluated by the formula (3) and (4):
           (3)
     (4)
Where U (V) is voltage, (mWh/cm2) and  (mW/cm2) are areal energy and power density, respectively. 
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Fig. S1. SEM image of NF-500.
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[bookmark: _Hlk144130225]Fig S2. XRD patterns (a) and Raman spectra (b) of flower-like precursor and Nb2O5 microflowers at different annealed temperature.
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Fig. S3. FTIR spectrum of NF-650 microflowers coated by polydopamine.
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Fig. S4. SEM image of flower-like precursor coated with polydopamine.
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Fig. S5. TG curve of NF@C-650.
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[bookmark: _Hlk146182397]Fig. S6. a,b Nb 3d (a) and O 1s (b) core-level XPS spectra of NF@C-650. c EPR spectrum of NF@C-650.
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Fig. S7. N2 adsorption/desorption isotherm and corresponding pore size distribution (Inset) of NF@C-650.
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Fig. S8. a,b TEM image (a) and HRTEM image (b) of NF-650.
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Fig. S9. a-c STEM image (a) and corresponding EDS mappings (b,c) of NF-650.
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Fig. S10. SEM image of NF-800.
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Fig. S11. CV curves of NF@C-650 tested at 0.1 mV/s at a potential window of 0.01-3.0 V (vs. Na/Na+).
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Fig. S12. a,b GCD profiles of Nb2O5 microflowers tested at 0.25 C (a) and 20 C (b).
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Fig. S13. a XRD patterns of NF@C-650 electrodes before and after 1000 cycles tested at 20 C. b-d SEM images of NF@C-650 electrodes tested at 20 C after 1000 cycles. 
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Fig. S14. HRTEM image of NF@C-650 tested at 20 C after 1000 cycles.
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Fig. S15. a,b Cross-section SEM images of Nb2O5 negative electrode (a) and AC positive electrode (b).
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Fig. S16. a,b SEM images of Nb2O5 negative electrode (a) and AC positive electrode (b).
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Fig. S17. Electrical conductivity of Nb2O5 negative electrode (a) and AC positive electrode (b).
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Fig. S18. CV curves of NIMSCs tested 2 mV/s.
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Fig. S19. Rate capability of NIMSCs under different thickness ratios of NF@C-650 : AC. a Areal capacitance and b volumetric capacitance at different current densities.
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Fig. S20. Capacitive and diffusion-controlled capacitance of NF@C-650//AC-NIMSCs at 10 mV/s.
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Fig. S21. a GCD profiles of NIMSCs measured at 50-150 μA/cm2. b Areal capacitance of NIMSCs calculated from GCD profiles at 50-500 μA/cm2.




Table S1. The comparison of the properties of our NIMSCs and reported MSCs.
	Devices
	Configuration
	Methods
	Voltage
(V)
	Areal capacitance (mF/cm2)
	Energy density
(μWh/cm2)
	Ref.

	Nb2O5//AC NIMSCs
	Interdigital
	Mask-assisted filtration 
	3.5 V
	41
	60.7
	This work

	GO/CNT//GO/CNT MSCs
	Interdigital
	Drop-casting
	0.8 V
	68.6
	6.1
	[2]

	Carbon//carbon MSCs
	Interdigital
	Inkjet printing
	1.0 V
	3.9
	7.7
	[3]

	GO//GO MSCs
	Interdigital
	3D printing
	1.0 V
	128.4
	17.8
	[4]

	CNT@Mn/V// CNT@Mn/V MSCs
	Interdigital
	photolithography
	0.8 V
	11.8
	6.58
	[5]


AC: activated oxide, GO: graphene oxide, CNT: carbon nanotube.
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