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Supplementary Note I. Fabrication of 3D-graphene/Al-AAO
3D-graphene growth was achieved via the low-temperature PACVD technology. Put the Al-AAO substrate into the target position of the chamber, first vacuum the chamber to about 7 Pa, then add 1 sccm hydrogen (H2) and 10 sccm argon (Ar) mixed gas flow before heating the PACVD temperature zone system.  When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 120 min growth.  After the growth is finished, turn off the CH4 gas, cool the growth chamber to room temperature by passing 10 sccm of Ar gas.  Turn off the vacuum pump, wait until the chamber reaches atmospheric pressure, then turn off the Ar gas and remove the grown Al-AAO sample.
Note: The Al-AAO will be damaged when the working temperature is higher than 600 °C (melting temperature of Al: 660 °C)!
For 3D-graphene (height: 0.2 μm)
When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 20 min growth.
For 3D-graphene (height: 0.4 μm)
When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 40 min growth.
For 3D-graphene (height: 0.6 μm)
When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 60 min growth.
For 3D-graphene (height: 0.8 μm) 
When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 90 min growth.
For 3D-graphene (height: 1.0 μm) 
When the temperature reaches 550 oC, turn off the H2 and Ar, and pass through the growth gas of 10 sccm methane (CH4).  Turn on the plasma source and set its power to 250 W for 120 min growth.


Supplementary Note II. Simulation Method
Supplementary Note II-1. FDTD Simulation
The finite element method simulations were employed to simulate the spatial distributions of electromagnetic field intensity and power loss density of Al-AAO and the 3D-graphene/Al-AAO structure. The incident light (532 nm) was set with an electric field (E0=1 V/m) with X-polarization traveled along the Z-direction. The optical properties of graphene were calculated with the Lorentz-Drude model.
Supplementary Note II-2. DFT Simulation
[bookmark: _Hlk90286416][bookmark: _Hlk90287171][bookmark: _Hlk90287116]All calculations were carried out using DFT with the Perdew–Burke–Ernzerhof (PBE) form of the generalized gradient approximation (GGA) functional.1 The Vienna ab-initio simulation package (VASP) was employed.2-3 The energy cut-off for plane wave expansions was set to 400 eV, and the energy (converged to 1 e-5 eV/atom) and force (converged to -2 e-2 eV/Å) were set as the convergence criteria for geometry optimization. A 6×6 periodic Al (111) slab model with 108 Al atoms was constructed to simulate the Al (111) surface, and 4×4 periodic rectangle graphene model with 80 C atoms was constructed to simulate the 3D-graphene and perpendicular to Al (111) surface. After structural optimization, the 3D-graphene/Al (111) model was constructed, and the 3D-graphene will be connected to Al (111) surface through Al-C single bonds. The Brillouin zones were sampled with the gamma-centered Monkhorst-Pack (5×5×1) k-points meshes for the models above.4 As for the slab models, a vacuum space of 15 Å was added to the nonperiodic direction to avoid interaction between periodic images. In addition, the DFT-D3 method was included to improve the description of the long-range weak van der Waals (vdW) interaction for all DFT calculations.5
[bookmark: _Hlk90287816][bookmark: _Hlk111711662][bookmark: _Hlk90287863][bookmark: _Hlk111711679][bookmark: _Hlk90287969]To understand the charge redistribution mechanism in 3D-graphene/Al (111) interaction with the Erythrosine B molecule, the Erythrosine B & 3D-graphene/Al (111) model was built. Charge redistribution was defined as Δρ = ρErythrosine B & slab – ρErythrosine B – ρslab, where ρErythrosine B & slab, ρErythrosine B and ρslab denote the charge distribution of the whole Erythrosine B & 3D-graphene/Al (111) system, Erythrosine B molecule and 3D-graphene/Al (111). To give a direct comparison of numerical values for electron transfer, Bader analysis was used to calculate the charge transfer in atoms.
Supplementary Note III. Enhancement factor (EF) calculation.
The enhancement factor (EF) value of the SERS substrate is calculated by the following formula.
EF= (ISERS × CRS) / (IRS × CSERS)6-7
where ISERS represents the enhanced Raman intensity of the molecule under test on the SERS substrate, and IRS represents the normal Raman intensity of the molecule without Raman enhancement. In addition, CRS is the concentration of analytes without Raman enhancement on the substrate, and CSERS is the concentration of analytes adsorbed on the SERS substrate. In our work, normal Raman spectra were obtained from model compounds on transparent glass slides.


[image: ]
Supplementary Figure 1. Raman spectrum of 3D-graphene/Al-AAO.  The 3D-graphene produces four significant Raman peaks: namely, the D peak (1,349 cm-1), the G peak (1,580 cm-1), the D` peak (1,610 cm-1), and the 2D peak (2,698 cm-1).
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Supplementary Figure 2. The water contact angle images were obtained on the 3D-graphene/Al-AAO surface versus those obtained on the Al-AAO.  The 3D-graphene is highly hydrophobic (water contact angle of 131o) compared to Al-AAO (water contact angle of 84o).
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Supplementary Figure 3. a, Schematic diagram of the interaction of incident light with Al-AAO.  b, The power loss density distribution of Al-AAO based on FDTD simulation.  c, Local electric field of Al-AAO based on FDTD simulation. Weak the power loss density distribution and local electric field of Al-AAO compared to 3D-graphene/Al-AAO.
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Supplementary Figure 4. a, The power loss density distribution of the Al-AAO array. b, The local electric field of the Al-AAO array.  c, The power loss density distribution of the 3D-graphene/Al-AAO array.  d, The local electric field of 3D-graphene/Al-AAO array.  Weak the power loss density distribution and local electric field of Al-AAO array compared to 3D-graphene/Al-AAO array.
[image: ]
[bookmark: OLE_LINK59][bookmark: OLE_LINK58]Supplementary Figure 5. The optical absorption spectra of 3D-graphene/Al-AAO (blue line) and Al-AAO (red line).  The optical absorption of the 3D-graphene/Al-AAO system (blue line) is significantly higher than that of the Al-AAO (red line) system.
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Supplementary Figure 6. Raman spectra for the calculation of EFs of R6G, RB, and MB.  a, Raman spectra for 10-2 M R6G/Glass and 10-8 M R6G/3D-graphene/Al-AAO substrate (ISERS: 1004.6379, IRS: 172.96764 at 1,360 cm-1; CSERS: 10-8 M, CRS: 10-2 M for R6G concentration).  b, Raman spectra for 10-2 M RB/Glass and 10-8 M RB/3D-graphene/Al-AAO substrate (ISERS: 947.73248, IRS: 141.00363 at 1,349 cm-1; CSERS: 10-8 M, CRS: 10-2 M for RB concentration).  c, Raman spectra for 10-2 M MB/Glass and 10-8 M MB/3D-graphene/Al-AAO substrate (ISERS: 325.01184, IRS: 90.145401 at 1,349 cm-1; CSERS: 10-8 M, CRS: 10-2 M for MB concentration).
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Supplementary Figure 7. Raman spectra for the calculation of EF of AAO without Al coating.  Raman spectra for 10-2 M EB/Glass and 10-3 M EB/AAO substrate (ISERS: 580.38, IRS: 429.81 at 1,605 cm-1; CSERS: 10-3 M, CRS: 10-2 M for EB concentration).
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Supplementary Figure 8. a-d, SERS spectra with an Al-AAO aperture size of 50 nm, 100 nm, 150 nm, and 250 nm, respectively.  When the aperture size is 250 nm, the characteristic peak at 1,605 cm-1 (EB) is the highest, thus indicating the highest EF.
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Supplementary Figure 9. a-d, SERS spectra with an Al-AAO aperture size of 300 nm, 400 nm, 520 nm, and 600 nm, respectively.  When the aperture size is 520 nm, the characteristic peak at 1,605 cm-1 (EB) is the highest, thus indicating the highest EF.
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Supplementary Figure 10. Raman spectra for the calculation of EFs of Al-AAO with different pore sizes.  a, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (50 nm) substrate (ISERS: 781.89, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  b, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (100 nm) substrate (ISERS: 476.84, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  c, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (150 nm) substrate (ISERS: 305.42, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  d, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (250 nm) substrate (ISERS: 934.48, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).
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Supplementary Figure 11. Raman spectra for the calculation of EFs of Al-AAO with different pore sizes.  a, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (300 nm) substrate (ISERS: 685.31, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  b, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (400 nm) substrate (ISERS: 206.42, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  c, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (520 nm) substrate (ISERS: 817.71, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).  d, Raman spectra for 10-2 M EB/Glass and 10-5 M EB/Al-AAO (600 nm) substrate (ISERS: 727.95, IRS: 429.81 at 1,605 cm-1; CSERS: 10-5 M, CRS: 10-2 M for EB concentration).
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Supplementary Figure 12. a-b, The heights of 0.2, and 0.4 µm for the 3D-graphene, respectively.  c-d, SERS spectra with the 3D-graphene heights of 0.2, and 0.4 µm, respectively.
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Supplementary Figure 13. a-b, The heights of 0.6, 0.8, and 1.0 µm for the 3D-graphene, respectively.  d-f, SERS spectra with the 3D-graphene heights of 0.6, 0.8, and 1.0 µm, respectively.  The characteristic peak at 1,605 cm-1 (EB) is highest when the 3D-graphene height is 1.0 µm, thus indicating the best SERS performance.
[image: ]
Supplementary Figure 14. Raman spectra for the calculation of EF of 3D-graphene heights of 0.2 µm.  Raman spectra for 10-2 M EB/Glass and 10-8 M EB/3D-graphene substrate (ISERS: 784.01, IRS: 429.81 at 1,605 cm-1; CSERS: 10-8 M, CRS: 10-2 M for EB concentration).
[image: ]
Supplementary Figure 15. Raman spectra for the calculation of EFs of 3D-graphene with different heights.  a, Raman spectra for 10-2 M EB/Glass and 10-8 M EB/3D-graphene (0.4 µm) substrate (ISERS: 1121.08, IRS: 429.81 at 1,605 cm-1; CSERS: 10-8 M, CRS: 10-2 M for EB concentration).  b, Raman spectra for 10-2 M EB/Glass and 10-8 M EB/3D-graphene (0.6 µm) substrate (ISERS: 1576.99, IRS: 429.81 at 1,605 cm-1; CSERS: 10-8 M, CRS: 10-2 M for EB concentration).  c, Raman spectra for 10-2 M EB/Glass and 10-8 M EB/3D-graphene (0.8 µm) substrate (ISERS: 1860.46, IRS: 429.81 at 1,605 cm-1; CSERS: 10-8 M, CRS: 10-2 M for EB concentration).  d, Raman spectra for 10-2 M EB/Glass and 10-8 M EB/3D-graphene (1.0 µm) substrate (ISERS: 2226.67, IRS: 429.81 at 1,605 cm-1; CSERS: 10-8 M, CRS: 10-2 M for EB concentration).
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Supplementary Figure 16. The statistical plot of EF of 3D-graphene with different heights (0.2 µm: 1.82×106; 0.4 µm: 2.61×106; 0.6 µm: 3.67×106; 0.8 µm: 4.33×106; 1.0 µm: 5.18×106).
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Supplementary Figure 17. The optical absorption spectra of 3D-graphene with the heights of 0.2, 0.4, 0.6, 0.8, and 1.0 µm, respectively.
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Supplementary Figure 18. The DOS of 3D-graphene and Al-AAO systems were calculated by using DFT simulation.
[image: ]
Supplementary Figure 19. The work function of the 3D-graphenen/Al-AAO system and the slab model of the 3D-graphenen/Al-AAO system.  The work function of the 3D-graphenen/Al-AAO system simulated using DFT calculation is 3.678 eV, where Evac represents the vacuum energy level, Ef represents the Fermi energy level, and Ework represents the work function.
[image: ]
Supplementary Figure 20. The device of the prepared home detection system.  From left to right 3D-graphene/Al-AAO substrate, a homemade centrifugal device, blood burette, blood collection needle, blood collection pen, and hand-held Raman spectrometer.
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Supplementary Figure 21. a, The linear relationship between the Raman intensity at a peak of 1,314 cm-1 and UA concentrations.  The concentration of UA was calculated to show a relatively good linear relationship with the intensity of the Raman characteristic peak (1,134 cm-1) in the range of 50-500 µM, with the linear equation y=91.07+0.60x and the correlation coefficient R2=0.991.  According to the measured standard curve, it is possible to quickly detect whether the UA level in human is over the limit.  b, SERS spectra of UA in 1% PBS and serum.  All serum obtained were subjected to the same dilution for Raman detection.  The intensities of the two characteristic peaks measured in the serum were consistent with those of the UA at the same concentration, indicating that the method is suitable for the quantitative analysis of UA.
[image: ]
Supplementary Figure 22. SERS mapping (500 × 500 μm2, step size of 20 μm) of the peak at 1,360 cm−1, 1,280 cm−1, and 1,621 cm−1 recorded from the 3D-graphene/Al-AAO substrate modiﬁed with a R6G, b RB, and c MB. d-f show a plot of the corresponding intensity distribution of all 600 points, respectively, and a quantitative RSDs value of about 3.87%, 3.65%, and 4.88%.
[image: ]
Supplementary Figure 23. a-c, SERS spectra of R6G, RB, and MB (concentration of 10 µM, 10 µM, and 102 µM) on 3D-graphene/Al-AAO substrate during storage for 8 weeks.  d-f, Long-term stability of the R6G (at 1,646 cm-1), RB (at 1,507 cm-1), and MB (at 1,621 cm-1) spectra recorded on 3D-graphene/Al-AAO SERS substrate (Note: We used a total of 24 SERS substrates and randomly divided them into 3 groups of 8 samples each, with storage times of 1-8 weeks, respectively.  Then, six points of each sample were randomly selected in an area of 10 × 10 mm2, and R6G, RB, and MB were detected).
[image: ]
Supplementary Figure 24. a, SERS spectra of 3D-graphene/Al-AAO substrates before using and after cleaning and SERS spectra of adsorbed R6G molecules.  b, Water contact angle images of 3D-graphene/Al-AAO substrates before using and after cleaning.
[image: ]
Supplementary Figure 25. a-c, SERS spectra of R6G, RB, and MB (concentration of 10 µM, 10 µM, and 102 µM) on 3D-graphene/Al-AAO substrate during the ethanol washing.  d, The AFM images of 3D-graphene during 30 ethanol washing cycles.
[image: ]
Supplementary Figure 26. The EF was calculated after 0, 10, 20, and 30 washes, respectively.


Supplementary Table 1. Summary of detection additives, substrates, LOD, and linearity range.
	Additives
	SERS substrate
	LOD
	Linear range
	References

	R6G
	SLG/Au@Ag core-shell
	10-4 µm
	10-3 - 10-5µm
	8

	R6G
	AuNPs/graphene/SiO2
	8×10-1 µm
	101 - 10-1µm
	9

	R6G
	MoO3
	2×10-2 µm
	101 - 10-2µm
	10

	R6G
	PMMA/AgNPs/graphene
	5×10-2 µm
	101 - 10-2µm
	11

	RB
	W18O49-H2 nanowire
	10-1 µm
	N/A
	12

	RB
	silver nano-cube
	10-4 µm
	102 - 10-4µm
	13

	RB
	AgNWs@AgNPs
	10-4 µm
	101 - 10-4µm
	14

	RB
	Au@Ag nanoparticles
	5×10-3 µm
	N/A
	15

	MB
	MoS2QD/rGO
	1×10-2 µm
	N/A
	16

	MB
	AgNPs/GF
	10-3 µm
	102 - 10-3µm
	17

	MB
	CFP@PDA@AuNPs
	10-1 µm
	103 - 10-1µm
	18

	UA
	HfTe2
	100 µm
	100-1000µm
	19

	UA
	Au/Ag Substrate
	100 µm
	100-1000µm
	20

	UA
	Au nanoparticlecoated paper
	110 µm
	0-3500µm
	21

	R6G
	3D-graphene/Al-AAO
	10-5 µm
	102 - 10-5 µm
	This work

	RB
	3D-graphene/Al-AAO
	10-5 µm
	102 - 10-5 µm
	This work

	MB
	3D-graphene/Al-AAO
	10-2 µm
	102 - 10-2 µm
	This work

	UA
	3D-graphene/Al-AAO
	50 µm
	50 - 500 µm
	This work


N/A: Not applicable

Supplementary Table 2. The UA levels in clinical samples were calculated using the suggested method and detected by the gold standard method (female).
	Clinical Samples
	Calculated Concentration (µM)
	Gold Standard Concentration (µM)
	Gender
	Negative/Positive

	1
	119.8586
	120.24
	Female
	Negative

	2
	236.1328
	236.05
	Female
	Negative

	3
	120.6167
	121.38
	Female
	Negative

	4
	174.48
	172.31
	Female
	Negative

	5
	184.97
	186.05
	Female
	Negative

	6
	276.1019
	274.58
	Female
	Negative

	7
	331.5725
	332.16
	Female
	Positive

	8
	459.6759
	451.75
	Female
	Positive

	9
	392.3069
	394.41
	Female
	Positive

	10
	584.7784
	491.37
	Female
	Positive

	11
	397.0274
	395.04
	Female
	Positive

	12
	551.2295
	564.57
	Female
	Positive

	13
	442.1541
	447.36
	Female
	Positive

	14
	439.6931
	433.56
	Female
	Positive

	15
	488.1999
	488.02
	Female
	Positive

	16
	405.3437
	405.33
	Female
	Positive

	17
	518.5329
	517.63
	Female
	Positive

	18
	499.3846
	500.16
	Female
	Positive

	19
	391.4024
	392.77
	Female
	Positive

	20
	478.0882
	475.53
	Female
	Positive

	21
	431.2411
	435.62
	Female
	Positive

	22
	436.9561
	429.03
	Female
	Positive

	23
	397.9353
	397.18
	Female
	Positive

	24
	437.1877
	435.28
	Female
	Positive




Supplementary Table 3. The UA levels in clinical samples were calculated using the suggested method and detected by the gold standard method (male).
	Clinical Samples
	Calculated Concentration (µM)
	Gold Standard Concentration (µM)
	Gender
	Negative/Positive

	1
	292.3754
	285.31
	Male
	Negative

	2
	343.2905
	347.81
	Male
	Negative

	3
	308.5103
	305.47
	Male
	Negative

	4
	297.92
	296.12
	Male
	Negative

	5
	328.78
	328.59
	Male
	Negative

	6
	260.42
	260.11
	Male
	Negative

	7
	241.28
	240.53
	Male
	Negative

	8
	250.42
	251.4
	Male
	Negative

	9
	745.3601
	740.34
	Male
	Positive

	10
	735.1737
	731.21
	Male
	Positive

	11
	426.4473
	429.58
	Male
	Positive

	12
	400.0208
	402.38
	Male
	Positive

	13
	653.3539
	651.27
	Male
	Positive

	14
	519.4013
	519.35
	Male
	Positive

	15
	912.6162
	911.48
	Male
	Positive

	16
	393.6016
	391.24
	Male
	Positive

	17
	413.4341
	411.08
	Male
	Positive

	18
	675.8668
	667.57
	Male
	Positive

	19
	665.5725
	664.57
	Male
	Positive

	20
	437.0347
	439.26
	Male
	Positive

	21
	440.1139
	441.33
	Male
	Positive

	22
	633.9838
	638.28
	Male
	Positive

	23
	411.1831
	409.65
	Male
	Positive

	24
	453.4844
	452.38
	Male
	Positive

	25
	511.3994
	505.84
	Male
	Positive

	26
	517.8204
	511.39
	Male
	Positive

	27
	504.1093
	505.57
	Male
	Positive

	28
	696.0932
	697.81
	Male
	Positive

	29
	414.0597
	412.29
	Male
	Positive

	30
	405.1524
	403.28
	Male
	Positive

	31
	585.0888
	584.55
	Male
	Positive

	32
	516.4495
	517.51
	Male
	Positive




Supplementary Table 4. The cTn levels in clinical samples were calculated using the suggested method and detected by the gold standard method.
	Clinical Samples
	Calculated Concentration (µM)
	Gold Standard Concentration (µM)
	Negative/Positive

	1
	0.002
	0.0022
	Negative

	2
	0.003
	0.0031
	Negative

	3
	0.002
	0.0018
	Negative

	4
	0.0012
	0.0013
	Negative

	5
	0.001
	0.0009
	Negative

	6
	0.001
	0.0011
	Negative

	7
	0.002
	0.0022
	Negative

	8
	0.0011
	0.0013
	Negative

	9
	0.002
	0.0018
	Negative

	10
	0.002
	0.0021
	Negative

	11
	0.0011
	0.0012
	Negative

	12
	0.002
	0.0024
	Negative

	13
	1.57
	1.56
	Positive

	14
	2.44
	2.46
	Positive

	15
	0.35
	0.35
	Positive

	16
	0.84
	0.82
	Positive

	17
	1.78
	1.78
	Positive

	18
	0.96
	0.95
	Positive

	19
	1.33
	1.31
	Positive

	20
	0.62
	0.64
	Positive

	21
	1.71
	1.66
	Positive

	22
	2.08
	1.98
	Positive

	23
	0.62
	0.67
	Positive

	24
	1.03
	1.05
	Positive
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