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Supplementary Section 1. Finite element modeling of the optical properties of cellular structures.
Simulation setup
In the framework of continuum description of condensed matter, finite element (FE) software COMSOL Multiphysics® (Electromagnetic Waves, Frequency Domain in Wave Optics Module1) is used for modeling the optical properties of cellular structures. In total, 13 cases are studied. The two-dimensional simulation setup for Case 1 is shown in Supplementary Figure 1a. In Case 1, taken as a reference case, we analyze the optical properties of a flat surface. It is modeled by considering a two-dimensional unit cell with a width of 1 μm. The model consists of three parts. The first part (highlighted in blue) represents a graphite material, the second part (grey color) is used for air, and the third part (marked as green) defines perfectly matched layers (PMLs). For air, the refractive index is real and takes the value 1, while graphite has wavelength-dependent real and imaginary parts of refractive index2. Floquet periodic boundary conditions (PBCs) are applied on the left and right sides of the computational domain. The interior boundary with a Port BC with active domain-backed slit condition (yellow line in Supplementary Figure 1a) is placed 2 μm above the air-graphite interphase and used to launch a plane wave incident at 0 degrees with port input power of 1 W/m and wavelengths in a range from 350 nm to 800 nm. PMLs are used to absorb all reflected light (top layer) and transmitted light (bottom layer). Two additional interior boundaries (red lines in Supplementary Figure 1a) are introduced to monitor the total reflected and transmitted light by integrating the power flux normalized with respect to the incident power. The interior boundaries are placed in front of (0.1 μm away from) the PML domains. The absorbance within the graphite is computed by integrating the losses within the graphite domain. Quadratic discretization is used for electric field. Free triangular and mapped mesh options are selected with minimum and maximum element size, respectively, of 0.9 nm and 35 nm. To assure accurate integration, a boundary layer mesh option is used for the interior boundaries with the following properties: number of boundary layers is 4, boundary layer stretching factor is 2, and thickness of first layer is 1 nm. More details can be found in a COMSOL Blog on modelling the optical properties of rough surfaces3. Distribution of the electric field norm for a reference Case 1 is shown in Supplementary Figure 1b. 
In Cases 2-3 and 6-15, we analyzed the optical properties of cellular structures. The structures are modelled as a regular 2D array of straight rectangular (or trapezoidal) pillars with a skew bottom part. Domain occupied by a graphite material is highlighted in blue, while grey color is used for domain occupied by air. Simulation setup is similar to Case 1 except of the unit cell size and composition.
[bookmark: _Hlk134175884][bookmark: _Hlk134178799]To investigate the light interactions with wood anatomical elements, 2D vertical cylinder array of straight rectangular pillars was employed in the simulation (Supplementary Figure 2a). Light reflectance on 2D cylinder array with varied fiber length (spanning 20-200 μm), cell wall thickness (spanning 0.7-6 μm), lumen width (spanning 7.5-60 μm), and cell end tilt angle (spanning 0-60 °) are studied in Cases 2-3, 6-12 and 14. The dimension of the anatomical elements used in the simulation was extracted from the microCT scans (Supplementary Figure 7) and SEM images (Supplementary Figures 15-20) of balsa wood. Case 2 examines the total light reflectance of cylinder array as a function of cell end tilt angle. Cases 1, 2, 3, 8 and 9 show the effect of cell wall thickness on the light reflectance of cylinder array. Cases 2, 10, 11 and 12 examine the carbonized wood-light interactions in cylinder array with varied fiber length. Cases 2, 6, 7 and 14 study the effect of lumen width on the light reflectance. To verify the contribution of new subwavelength structures to light absorption, 2D cylinder array of trapezoidal pillars is employed in both Cases 13 and 15 (Supplementary Figures 5-6). The dimension of the short base and the long base of the trapezoidal pillars is 0.2 μm and 1.5 μm, respectively, which is used in both Cases 13 and 15. The altitude of trapezoidal pillars is set at 30 μm and 100 μm, which corresponds to the height of bandsaw-like microarrays in NW carbon (in Case 13) and carbon microfiber arrays in superblack wood (Case 15), respectively. To create the interfiber porosity of tens of microns, one blackbody-like cell unit is installed adjacent to the regular cylinder array (Supplementary Figure 6b). 

Case studies and results
For Cases 2 and 3, the pillars have height 120 μm and are placed in space with a step of 15 μm. The pillars have width 1.5 μm (Case 2) and 6 μm (Case 3). The corresponding unit cells (shown in Supplementary Figure 2a and 2b) are selected such that they include halves of the neighbouring pillars. The bottom part (in its horizontal position) is placed 100 μm below the pillars top surface (H=100 μm). The bottom slope is introduced by rotating the bottom part around a middle point at the upper surface of the bottom part. The rotation angle is taken in a range from 0° to 60° with 5° increment. For fixed height and spacing between the pillars, Cases 2 and 3 study the influence of the pillar width (representing cell wall thickness in wood) and slope of a bottom part (representing cell end tilt angle in wood) on the reflective properties. For Case 2, with the selected bottom slopes 0°, 15°, 30°, 45°, and 60°, distribution of the electric field norm is presented in Supplementary Figure 2c for wavelength λ=350 nm and in Supplementary Figure 2d for wavelength λ=800 nm. Reflectance as a function of wavelength is plotted in Supplementary Figure 2e for Cases 2 (including Case 1 and Case 3, φ=30 °). 
For Cases 6-9, the pillars have height 120 μm and are placed in space with a step of 7.5 μm (Case 6, H=100 μm, W=7.5 μm), 30 μm (Case 7, H=100 μm, W=30 μm), and 15 μm (Cases 8 and 9, H=100 μm, W=15 μm). The pillars have width 1.5 μm (Cases 6 and 7), 1 μm (Case 8), and 0.7 μm (Case 9). The corresponding unit cells are shown in Supplementary Figure 3a-3d. The bottom part (in its horizontal position) is placed 100 μm below the pillars top surface (H=100 μm) and then rotated by 30° around a middle point at the upper surface of the bottom part. For fixed height of the pillars and slope of the bottom part, Cases 6-9 study the influence of the pillar width (representing cell wall thickness in wood) and spacing between the pillars (representing lumen width in wood) on the reflective properties. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm is presented in Supplementary Figure 3e for Case 6, in Supplementary Figure 3f for Case 7, in Supplementary Figure 3g for Case 8, and in Supplementary Figure 3h for Case 9. Reflectance as a function of wavelength is plotted in Supplementary Figure 3i (including results for Case 2, φ=30° and Cases 10-12). 
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Supplementary Figure 1. FEM simulation setup for Case 1. a) Computational model. b) Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm. 
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Supplementary Figure 2. FEM simulation setup for Cases 2 and 3. Computational model for a) Case 2 and for b) Case 3. Distribution of the electric field norm for Case 2 at wavelengths c) λ=350 nm and d) λ=800 nm. (e) Reflectance as a function of wavelength for Cases 1-2, and Case 3, φ=30 °. 
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Supplementary Figure 3. FEM simulation setup for Cases 6, 7, 8, and 9. Computational model for a) Case 6, for b) Case 7, for c) Case 8, and for d) Case 9. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm for e) Case 6, for f) Case 7, for g) Case 8, and for h) Case 9. i) Reflectance as a function of wavelength for Cases 6-12 (including Case 2, φ=30°). 
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Supplementary Figure 4. FEM simulation setup for Cases 10, 11, and 12. Computational model for a) Case 10, for c) Case 11, and for e) Case 12. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm for b) Case 10, for d) Case 11, and for f) Case 12.

For Cases 10-12, the pillars have height 220 μm, 40 μm, and 70 μm, respectively, and are placed in space with a step of 15 μm. The pillars have width 1.5 μm. The corresponding unit cells are shown in Supplementary Figure 4a, 4c, and 4e. The bottom part (in its horizontal position) is placed 200 μm (for Case 10, H=200 μm, W=15 μm), 20 μm (for Case 11, H=20 μm, W=15 μm), and 50 μm (for Case 12, H=50 μm, W=15 μm) below the pillars top surface and then rotated by 30° around a middle point at the upper surface of the bottom part. For fixed slope of the bottom part, width and spacing between the pillars, Cases 10-12 study the influence of the pillar height (representing fiber length in wood) on the reflective properties. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm is presented in Supplementary Figure 4b for Case 10, in Supplementary Figure 4d for Case 11, and in Supplementary Figure 4f for Case 12. Reflectance as a function of wavelength is plotted in Supplementary Figure 3i (including results for Case 2, φ=30° and Cases 6-9).
For Case 13, the pillars have shape of right trapezoid with top and bottom sides of 0.2 μm and 1.5 μm, respectively. The corresponding unit cells are schematically shown in Supplementary Figure 5a. The height of the trapezoidal pillars is 30 μm between the pillars top surface and the straight rectangular pillars. The total pillars height takes values H=120 μm below the pillars top surface. Width between the pillars takes W=40 μm for Case 13. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm is presented in Supplementary Figure 5c for Case 13. For Case 14, the pillars are straight rectangles with width 1.5 μm. The pillars have height H+20 μm (representing fiber length in wood) and distance between the pillars (representing lumen width in wood) is W. The corresponding unit cells are schematically shown in Supplementary Figure 5b. The bottom part (in its horizontal position) is placed below the pillars top surface by distance H and then rotated by 30° around a middle point at the upper surface of the bottom part. Distance H takes values H=100 μm and H=200 μm for Case 14. Width between the pillars takes W=40 μm and W=60 μm. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm is presented in Supplementary Figure 5d for Case 14 (with H=200 μm and W=60 μm). Reflectance as a function of wavelength is plotted in Supplementary Figure 5e for Case 13 (including Case 14, H=100 μm and W=40 μm) and in Supplementary Figure 5f for Case 14 (including Case 2, φ=30°, Cases 6 and 7). 
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Supplementary Figure 5. FEM simulation setup for Cases 13 and 14. a) Computational model for Case 13. Total pillar height takes values H=120 μm while the height for the trapezoidal parts take value 30 μm. Distance between the pillars at bottom part takes values W=40 μm. b) Computational model for Case 14. Pillar height takes values H=100 μm and H=200 μm. Distance between the pillars takes values W=40 μm and W=60 μm. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm for c) Case 13, for d) Case 14 with H=200 μm and W=60 μm. Reflectance as a function of wavelength for e) Case 13 and for f) Case 14 (including results from Cases 2, 6 and 7, H=100 μm). 
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Supplementary Figure 6. FEM simulation setup for Case 15. a-b) Computational model details. c) Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm for Case 15.3: d1=100 nm and d2=5 nm. d) Reflectance as a function of wavelength. 
For Case 15.1, the cylinder array has trapezoidal pillars with top and bottom sides of 0.2 μm and 1.5 μm, respectively. The height of the trapezoidal pillars between the topmost surface and the straight rectangular pillars is 100 μm as schematically shown in Supplementary Figure 6a. The total pillar height takes values H=220 μm below the pillars top surface. The bottom part (in its horizontal position) is placed 200 μm below the pillars top surface and then rotated by 30° around a middle point at the upper surface of the bottom part. Width between the pillars takes W=40 μm. For Cases 15.2 and 15.3, the computational model combines three-unit cells as schematically shown in Supplementary Figure 6b. Unit cell UC 1 represents a cylinder array of the trapezoidal pillars with the bottom side of 1.5 μm. The top side has width 2 d1 where d1 takes value d1=100 nm and the height of the trapezoidal pillars is 100 μm, which corresponds to unit cell in Case 15.1. Unit cells UC 2 and UC 3 represent a regular array of straight rectangular pillars with width 2 d2 where d2 takes values d2=50 nm and d2=5 nm for Cases 15.2 and 15.3, respectively. The pillars have height 220 μm and distance between the pillars is 40 μm for UC 1 and 20 μm for both UC 2 and UC 3. The bottom part (in its horizontal position) is placed 200 μm below the pillars top surface and then rotated by 30° (in UC 1 and UC 2) and by -30° (in UC 3) around a middle point at the upper surface of the bottom part. Distribution of the electric field norm for wavelengths λ=350 nm and λ=800 nm is presented in Supplementary Figure 6c for Case 15.3: d1=100 nm and d2=5 nm. Reflectance as a function of wavelength is plotted in Supplementary Figure 6d (including results for Case 13). 
[bookmark: _Hlk137928612]The studies demonstrate that the light reflectance decreases when the cell end tilts at larger angles (up to 30º) (Fig. 2f-2g and Case 2 shown in Supplementary Figure 2e). The studies conclude that light reflectance positively correlates with cell wall thickness (Fig. 2h and Cases 1, 2, 3, 8, and 9 shown in Supplementary Figure 2e and 3i). The studies demonstrate that larger lumen width also favors the overall light trapping and lowers the light reflectance (Fig. 2i and Cases 2, 6, and 7 shown in Supplementary Figure 5f). It is also noted that nanolevel sharp edges showing low backscattering4, 5 and large openings of tens microns5, 6, 7 are also desirable for reaching supreme-black level. The studies indicate that a fiber length of 50 µm is enough to inhibit light escaping from the cylindrical arrays with a lumen width of 15 μm (Cases 2, 10, 11, and 12 shown in Supplementary Figure 3i and 4). However, with a larger lumen, e.g., width of 40 μm, light confinement fails in cylindrical arrays with a fiber length of 100 µm (Case 14 shown in Supplementary Figure 5). With enlarged fiber length of 200 µm, cylindrical arrays with lumens width of 40 μm and 60 μm display efficient light trapping property. Therefore, the aspect ratio (H/W) of fiber length to lumen width is essential to induce effective multiple internal light reflections (MILR) for cylindrical arrays. It is concluded that the aspect ratio (H/W) should be > 5 to confine the incident light in cylindrical arrays and to induce effective MILR (Supplementary Figure 3i and Supplementary Figure 5f). In balsa wood, the aspect ratio (H/W) of fiber length to lumen width could be up to ~20 considering the maximum fiber length of 800 μm8, 9, which favors effective MILR. Microcavity of high aspect ratios is essential to reach the blackness level for supreme-black4, 5, 7 and nickel-phosphorus (Ni-P) superblack10, which requires heavy etching steps in the fabrication process. As-grown VANTA with inter CNT distance of tens of nm do not favor MILR11, 12, 13. Plasma treatment of as-grown CNT forest induces aggregate of CNT and creating microcavity between CNT clusters, which facilitates MILR and reduce the light reflectance from 450 to 94 ppm14, 15. Effective MILR plays a crucial role but requires heavy etching steps5, 16 and plasma treatment15 in many superblack materials, which is enabled by the intrinsic cellular structure in superblack wood. 
Combined with Case 14, the studies in Case 13 verify the contribution of 30 μm high trapezoidal pillars, corresponding to bandsaw-like microarrays in NW carbon, to light reflectance as shown in Fig. 3i and Supplementary Figure 5e. Combined with Case 13, the studies in Cases 15 verify the contribution of 100 μm high trapezoidal pillars, corresponding to microfiber arrays with interfiber porosity in superblack wood, to light reflectance as shown in Fig. 4j and Supplementary Figure 6d. 
The simulation results have verified the contribution of wood anatomical elements to the light reflectance. In addition, simulation also demonstrates the contribution of the new subwavelength structures to the light absorption in both NW carbon and superblack wood. However, wood structure is heterogeneous in nature and their dimension and geometry vary with their ages and density. It is hard to find out of a set of geometric parameters that perfectly represents wood. For instance, fiber length is essential factor determining the light absorption property in cylinder arrays. However, it is hard to estimate the average fiber length for wood blocks which may vary from zero to the maximum length of 800 μm due to the heterogenous distribution of fibers along the grain. In addition, ray cells having fiber length of <30 µm, which usually shows failed MILR, is also not considered in the simulation setups. The idealized simulation setups are much simpler than the complex and heterogeneous subwavelength structures in superblack wood. Therefore, the minimum reflectance value of 0.08 % in the simulation is much lower than the minimum light reflectance of 0.4 % for superblack wood in the experiments. 






Supplementary Section 2. Supplementary Figures and related supplementary discussions.
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Supplementary Figure 7 Microtomography images of: (a) Wood (W), (b) Delignified wood (DW), (c) Delignified wood that are carbonized at 1500 ºC (cDW). 
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Supplementary Figure 8. SEM image showing the morphology of cell walls in (a) wood (W) and (b) delignified wood (DW). 
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Supplementary Figure 9. Carbonized wood (cW), and Superblack wood photographed under (a) room light illumination (~500 lx) and (b) intense light illumination (~10000 lx) in high dynamic range (HDR). 

Dynamic range is a measure of the light intensities from the highlights to the shadows. High dynamic range (HDR) whose synonyms are wide dynamic range is a dynamic range higher than standard dynamic range (SDR). In HDR mode, more surface features from low-reflectance samples (e.g., Superblack) can be captured, which otherwise appear pure black. Human eyes, image sensors, display devices and printed media have typical dynamic ranges of 5, 4, 3 and 2 orders of magnitude, respectively. The higher dynamic range the camera has, the closer the photos will compare to what human eyes can see. Although the light strips on cW can be observed by human eyes, the camera cannot capture them. The light stripes are hardly spotted when cW is photographed under room light illumination (~500 lx) (Supplementary Figure 9a). To capture more details, cW and Superblack wood are photographed under intense light illumination (~10000 lx) in HDR mode (Supplementary Figure 9b). The light stripes on cW become clearly visible under intense light illumination (~10000 lx). The light stripes on cW result from the carbonized ray cells in the form of flat structures with the order of tens of microns in width (Fig. 2b shown in green color and Fig. 3c). However, these light strips disappeared in Superblack wood, and cross section appear as pure black surface even under intense light illumination (~10000 lx) (Supplementary Figure 9b). In cDW, the ray cells shrunk significantly and were converted into ca. 1 µm-wide thin bands (Fig. 4d-4e, shown in green color), which explain well the disappearance of the light strips in superblack wood. 
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Supplementary Figure 10. Total light reflectance (TR) of radial section in wood carbon (cW) obtained at 800-1500 ºC. 
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Supplementary Figure 11. Total light reflectance (TR) at 700 nm of cross section and radial section in wood carbon that were obtained at 800-1500 ºC (cW). 
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Supplementary Figure 12. SEM images showing the cross-section morphology of wood carbon (cW) that were obtained at 1500 ºC. The delignification time: (a) 0 h, (b) 1 h, (c) 2 h, (d) 3 h. 
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Description automatically generated] Supplementary Figure 13. Total light reflectance (TR) of cross section in cDW that were obtained at 1500 ºC. Wood was delignified with time varied from 0 to 4h. 
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Supplementary Figure 14. (a) Total light reflectance (TR) of cross section in delignified wood that carbonized at 1100-1500 ºC, cDW. (b) SEM image showing curved and deformed carbon microfiber arrays in cDW obtained at 1100 ºC. (c) SEM image showing vertically aligned carbon microfiber arrays in cDW obtained at 1300 ºC. 
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Supplementary Figure 15. Top-view SEM images showing the cross-section morphology of wood (W) (a), cW (b) and cDW (c). Both cW and cDW were obtained at 1500 ºC. The distribution of cell wall thickness (d) and lumen width (e) in balsa wood (W) with a density of 90 kg/m3. 
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Supplementary Figure 16. Top-view SEM images showing the cross-section morphology of wood (W) (a), cW (b) and cDW (c). Both cW and cDW were obtained at 1500 ºC. The distribution of cell wall thickness (d) and lumen width (e) in balsa wood (W) with a density of 105 kg/m3. 
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Supplementary Figure 17. Top-view SEM images showing the cross-section morphology of wood (W) (a), cW (b) and cDW (c). Both cW and cDW were obtained at 1500 ºC. The distribution of cell wall thickness (d) and lumen width (e) in balsa wood (W) with a density of 160 kg/m3. 
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Supplementary Figure 18. Top-view SEM images showing the cross-section morphology of wood (W) (a), cW (b) and cDW (c). Both cW and cDW were obtained at 1500 ºC. The distribution of cell wall thickness (d) and lumen width (e) in balsa wood (W) with a density of 205 kg/m3. 
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Supplementary Figure 19. Top-view SEM images showing the cross-section morphology of wood (W) (a), cW (b) and cDW (c). Both cW and cDW were obtained at 1500 ºC. The distribution of cell wall thickness (d) and lumen width (e) in balsa wood (W) with a density of 340 kg/m3.
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Supplementary Figure 20. The average lumen width and cell wall thickness of balsa wood with density spanning 90-340 kg/m3. 
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Supplementary Figure 21. Total light reflectance (TR) of cross section in cW obtained at 1500 ºC. The wood density spanning 90-340 kg/m3.
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Supplementary Figure 22. Total light reflectance (TR) of cross section in cDW obtained at 1500 ºC. The wood density spanning 90-340 kg/m3.
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Supplementary Figure 23. A sketch of the setup used for reflectivity measurement of laser stopper.
Laser power (P0) of both 50 mW and 100 mW (measured by power meter) illuminated laser stopper (Supplementary Figure 26) and power of reflected laser (P1) are collected (Supplementary Table 1). The reflectivity (R1) of the beam stopper was calculated by using Eq. 1. 
          (1)                             
P0 is the power of laser beam illuminating the laser stopper; 2P1 is the power of laser reflected by the laser stopper; P1 is the power of laser that reached the power meter through the beam splitter; R1 is the reflectivity of the laser stopper. The power (P1) of laser reflection from the stopper was measured with five repetitions. 
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Supplementary Figure 24. Stress-strain curves of carbonized wood (cW) and superblack wood. 
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Supplementary Figure 25. SEM images showing the morphology of cross section in cDW obtained at 1500 ºC. 

The DW were prepared by using NaClO2 solution and acetic acid with 6h delignification. (a-c) As prepared cDW. (d) cDW was further washed with 1 M HCl solution at 25 ºC overnight. The cavity was believed to be created by removing sodium species during the acid wash.
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Supplementary Figure 26. Energy dispersive X-ray spectroscopy (EDS) spectra of cDW. The delignified wood (DW) was prepared using H2O2:CH3COOH solution and NaClO2 solution, respectively. 

The EDS spectra clearly shows the presence of sodium species in cDW obtained from DW prepared from NaClO2 solution, which is not the case for cDW obtained from DW that are prepared from metal-free delignification method (H2O2:CH3COOH solution). The sodium species in NaClO2 solution reside in the delignified wood matrix and account for 30 wt. % of mass fractions in the dried DW even after extended washing, which is measured gravimetrically. Note: in cDW (obtained from NaClO2 delignification), high fraction of O species also come along with sodium species whose reduced form typically react with oxygen and water in air. 
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Supplementary Figure 27. Total light reflectance (TR) of cross section in cNW obtained at 1100 ºC (black line) and in cDW obtained at 1500 ºC (red, blue, and green lines). The delignified wood (DW) were prepared with different treatments: The DW were prepared by using NaClO2 solution and acetic acid with 6h delignification (bule and red lines). cDW was further washed with 1 M HCl solution at 25 ºC overnight (red line). The DW were prepared by using H2O2 solution and acetic acid with 4h delignification (green line). 






Supplementary Section 3. Supplementary Tables and associated supplementary discussions.


Supplementary Table 1. Measured reflection for laser stopper. 
	
	Superblack wood
	Laser block (LB2/M)

	P0, mW
	Reflected power (P1), μW
	Reflectivity (R1), %
	Reflected power (P1), μW
	Reflectivity (R1), %

	50
	0.40 ± 0.01
	0.0016
	1.71 ± 0.04
	0.00684

	100
	1.50 ± 0.03
	0.0030
	4.19 ± 0.12
	0.00838


 
Superblack is commonly achieved with materials of low density or low filling factor (Supplementary Tables 2-5)12, 13, which raises the issue of mechanical robustness for practical use. The durability test (e.g., abrasion and scratching) for superblack materials has rarely been reported5, 13, 17. We evaluate their mechanical structure-property relationships in terms of compressive strength, although superblack materials do not typically act as load-bearing elements. The compressive strength is evaluated by the interplay between their intrinsic mechanical properties (e.g. metal18, 19 and carbon20, 21) and the ensemble properties as the filling fraction (Supplementary Tables 2-5), and the structure factor (the spatial organization). While VANTA displays the lowest reported reflectance11, 12, it is a fragile material (1 to 10 kPa compressive strength) (Supplementary Table 2)13. Metallic blacks, on the other hand, are mechanically strong but display light reflectance of over 1% (Supplementary Table 4)18, 22, 23, 24, 25, 26, 27. Carbon aerogels make an intermediate case (compressive strength below 100 kPa20, 21, 28, 29 (Supplementary Table 3). The anisotropic structure of wood maximizes stiffness and strength at remarkably low density, a result of fibril alignment along the growth direction20. Wood-based carbons show a compressive strength over 1 MPa and light reflectance of 3%, provided that the cells remain intact (Supplementary Table 5)30, 31. Following the deconstruction of the wood structure into microfiber arrays, the superblack wood was still mechanically robust (compressive strength of 140 kPa) while absorbing ~99.64% of the incident light.



Supplementary Table 2. Comparison of total reﬂectance (TR) and transmittance values, CNT array height, volume filling fraction, density, and compressive strength of carbon nanotubes (CNT)-based black materials. 
	
	Volume filling fraction, f, %
	Density, mg/cm3
	Compressive strength, kPa
	CNT array height, μm
	Transmittance, %
	Minimum TR, %
	Reference

	VANTA BLACK
	3
	15
	<2
	800
	0.001
	0.045
	11

	
	3
	70
	<3
	460
	0.2
	0.7
	32

	
	2
	15
	<2
	162
	\
	0.1
	33

	
	3
	20
	<2
	500
	\
	0.03
	34

	
	\
	\
	\
	44
	\
	1
	35

	
	\
	\
	<2
	2000
	\
	0.01
	14

	
	5
	60
	<3
	280
	0.6
	0.16
	36

	Bamboo-like vertical CNT
	14
	300
	<10
	100
	\
	0.35
	37

	Free-form CNT
	\
	\
	<10
	13
	\
	0.50
	38





Supplementary Table 3. Comparison of total reﬂectance (TR) values, carbon precursors, density, and compressive strength of carbon-based black materials. 
	
	Precursor
	Density, mg/cm3
	Compressive strength, kPa
	Minimum TR, %
	Reference

	Carbon aerogel
	Resorcinol formaldehyde resin
	\
	50
	0.19
	39

	
	
	\
	50
	2.5
	40

	
	
	60
	<100
	0.24
	29

	
	
	57
	40
	0.19
	28

	Hollow Carbon Nanospheres
	
	\
	2
	1.5
	41

	
	
	\
	2
	0.10
	17

	Porous Carbon Spheres
	(P-(VDC-co-VC)
	\
	5
	0.14
	42

	Nanocone nanowire
	Graphite
	\
	3
	0.5
	43

	Carbon nanowall
	H2 and CH4
	\
	10
	0.13
	44






Supplementary Table 4. Comparison of total reﬂectance (TR) values, density, and compressive strength of metallic black materials. 
	
	Structure
	Density, mg/cm3
	Compressive strength, kPa
	Minimum TR, %
	Reference

	Ni-P superblack
	Microcrater
	4500
	>1000
	0.4
	16

	Nickel black
	Nanopyramid
	4500
	>1000
	5
	24

	Aluminum black
	Vertical Microcolumns
	>1000
	>10000
	3.5
	25

	Titanium black
	Micro/nanoconical pillar
	>2000
	>10000
	1.8
	26

	Alumina black
	Vertical nanoporous
alumina
	>500
	>1000
	1
	27

	Gold black
	Superparticles
	\
	10
	2.3
	22

	Gold black
	Vertical nanotubes
	\
	>1000
	<5
	23








Supplementary Table 5. Comparison of total reﬂectance (TR) values, density, and compressive strength of wood-based black materials. 
	Precursor
	Structure
	Density, mg/cm3
	Compressive strength, kPa
	Minimum TR, %
	Reference

	Cocobolo
	Preserved cell wall

	1118
	3000
	4
	30

	Poplar
	
	518
	2200
	8
	30

	Balsa
	
	180
	1500
	3
	31

	Basswood
	
	557
	2400
	2
	45

	Basswood
	Coupled with Plasmonic particles
	560
	2400
	1
	46

	Balsa
	Bandsaw-like microarrays
	90
	1200
	0.83
	This work

	Delignified Balsa
	Microfiber arrays
	50
	400
	0.36
	This work


Superblack wood fabrication from balsa wood of the dimensions 40×10×17 mm (radial ×longitudinal × tangential) was used to estimate the overall cost. In general, 30 pieces of balsa wood were delignified in 2 L solution of equal-volume mixture of H2O2 solution and acetic acid. 
Four pieces of delignified wood (DW) samples as one batch were carbonized in the tube furnace. 
Superblack wood of the dimensions 22 × 7 × 10.5 mm3 (radial × longitudinal × tangential) were obtained by Di-ionized (DI) water washing and oven drying. The DI water consumption and energy consumption for oven drying was not included in the cost estimation. The total cost of materials and energy consumption in delignification, freeze-drying, and carbonization process is shown in Supplementary Tables 6 and 7. The average cost for superblack wood fabrication was estimated to be 3.72 €/cm2. Average cost for other black materials is also shown in Supplementary Table 8. 



Supplementary Table 6. Reagent cost in delignification process and carbonization process for superblack wood fabrication. The cost was given based on processing 4 pieces of wood samples. 
	
	H2O2 solution (35 wt. %), €/L
	Glacial Acetic acid, €/L
	Balsa wood price, €/mm3
	N2 gas, €/bottle

	Price
	11.12
	42.2
	6.76×10-6
	37.64

	Cost for materials consumption, €
	1.48
	5.63
	0.18
	7.53





Supplementary Table 7. Cost of energy consumption in delignification, freeze drying, carbonization process for superblack wood fabrication. The cost was given based on processing 4 pieces of wood samples. 
	
	Heating plate for delignification
	Freeze drying device
	Furnace for carbonization
	Cooling unit for furnace

	Maxi electric power, kW
	0.65
	7.69
	5.4
	2.4

	Cost of energy consumption, €
	0.086
	4.71
	5.3
	9.41

	Total cost for materials and energy consumption, €
	34.34

	Average cost for superblack wood, €/cm2
	3.72





Supplementary Table 8. Average cost for superblack wood, Ni-P superblack, VANTA black and carbon-based black materials. 
	
	Superblack wood
	Ni-P superblack1
	VANTA black2
	Carbon-based black3

	Average cost, €/cm2
	3.72
	93.50
	1280
	83


1. Cost estimated based on the price of Ni-P plating provided by American Elements.
2. Cost estimated based on the price of vertically aligned carbon nanotube arrays on Si substrate provided on Sigma Aldrich in Finland. 
3. Cost estimated based on the price of carbon aerogels provided on buyaerogel.com. 
Flammable gases, e.g., H2, C2H4 and C2H2, are commonly used in the chemical vapor deposition (CVD) process for the synthesis of vertical carbon nanotube (CNT). Corrosive acid, e.g., HF and HNO3 solution, is required for peeling off the CNT coatings from the substrates. Human skin exposure to CNT coatings including the residual catalysts is also highly risky to health12, 13. Therefore, the overall rating of hazards for VANTA black system is very high. Ni-P superblack is manufactured by using the oxidizing acid, e.g., HNO3 and H2SO4, to etch the Ni-P electroless plating. The Ni-P plating was prepared by Ni-P deposition to obtain multilayers of Ni-P with different phosphorus content16, 47. The overall rating of hazards for Ni-P superblack fabrication is medium. Carbon-based black is mostly derived from pyrolysis of resorcinol-formaldehyde (RF) aerogels28, 29, 39, 40. Formaldehyde is a highly toxic systemic poison, which may cause dizziness or suffocation due to the severe respiratory tract and skin irritant48. Pyrolysis of RF aerogels in inert gas, e.g., N2, is relatively safe. For superblack wood fabrication, high temperature carbonization of biomass, e.g., wood samples, is a common process in carbon production industry. The bleaching method in this work is widely used in the paper and pulping industry49. Superblack wood were obtained by Di-ionized (DI) water washing and oven drying of the carbonized delignified wood. The overall rating of hazards for superblack wood production is low. 


Supplementary Table 9. Comparison of the safety of superblack wood, Ni-P superblack, VANTA black and carbon-based black materials. 
	
	VANTA black
	Ni-P superblack
	Carbon-based black
	Superblack wood

	Reagent toxicity 
	High
	Medium
	High
	Low

	Risk in Processing
	High
	Medium 
	Medium
	Medium

	Human exposure risk
	High
	Low
	Medium
	Low

	Overall rating of Hazards
	Very high
	Medium 
	Medium
	Low



[bookmark: _Hlk131673207]In VANTA black and carbon-based black fabrication, fine chemicals that are used as carbon sources were low-sustainability materials. Both CNT synthesis steps including chemical vapor deposition (CVD) and CNT transferring by HF solution etching steps are low sustainable process. Routine use of VANTA black also bring environmental issue due to their toxicity13. Fabrication of VANTA black clearly is a low-sustainability process. In metallic black materials, metal, e.g., is a low-sustainability materials because mining process typically causes high CO2 emission and environmental impact50. In addition, the complex steps in both the nickel-phosphorus (Ni-P) plating and subsequent surface etching process worsen the sustainability of Ni-P superblack fabrication process16, 47. Ni-P superblack may face challenge for surface coating application due to its high density and lower their sustainability. Wood is the most sustainable material in nature, with low carbon footprint30. The facile fabrication of superblack wood only involve the mild delignification process and the common carbonization process, which is considered as medium sustainability. The ash removal process from wood carbon by DI water washing show low environmental impact. For carbon aerogel black, extra step is required to first synthesize the resorcinol-formaldehyde (RF) aerogels as precursor, which lower their process sustainability. The overall rating of sustainability for different black materials are shown in Supplementary Table 10. 


Supplementary Table 10. Comparison of sustainability for superblack wood, Ni-P superblack, VANTA black and carbon-based black materials. 
	
	Ni-P superblack
	VANTA black
	Carbon-based black materials
	Superblack wood

	Precursor
	Low
	Low
	Low
	High

	Pretreatment
	Medium
	Medium
	Medium
	Medium

	Synthesis
	Medium
	Low
	Medium
	Medium

	Post treatment
	Medium
	Low
	Medium
	High

	Overall
	Medium
	Low
	Medium
	High
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