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Figure S1. Measurement setup with different reflective backgrounds. (a) aluminum cup on top of a black paper, (b) aluminum paper, (c) white paper, (d) sand.
A tilt angle of 0 is assumed when the solar cell is oriented such that the electrodes are at the bottom as shown in Figure S1. This is also needed to achieve easier connection to the solar simulator (or power manegement circuit) and reduce any shadowing effect from the wires on the directly exposed areas to the sun (while the bottom side is exposed to the light reflected by the background materials).
Output of both solar cells uner sunlight:
The current output from the spherical and flat solar cells with the same ground area are measured using a multimeter at the same moment and under the same conditions at King Abdullah University of Science and Technology, Thuwal, KSA at 12.40 pm, on September 7, 2019. The 2 samples were brought out of the shadow at the same moment to avoid having thermal effects that affect the measurements. A reflective white backgroud is used and the spherical cell is placed at a height of 2 cm using the setup shown in the video. The output current of both solar structures is measured using multimeters (same brand, Fluke multimeter). Video S1 shows the output from both solar cells as they are brought out of the shadow into the light, it can be seen that as soon as the solar cells are placed usder the sunlight, the flat cell shows an output of ~183 mA while the spherical cell shows an output of ~226 mA, which is an increase of around 24% w.r.t to the flat cell output. In addition, as the cells are left under the sun and start to heat, the output of the flat cell is reduced down to 160 mA while the spherical cell output is reduced to 221 mA (as shown in Figure S2), which shows that the spherical cell output is higher by around 39%.  It is also worth to mention that apparatus used to hold the spherical cell at a height of 2 cm casts a shadow on the white paper which can reduce the reflected light from the background, thus an improved apparatus for holding the spherical cell such as a single column/pillar can further increase the spherical cell’s output.
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Figure S2. Measured current output from both solar cells under direct sunlight at 12.45 pm, September 7, 2019, KAUST, Thuwal, KSA.

The output of both solar cells is also measured when the cells are placed in an area under a roof where only diffuse light is available from the sun (no direct light). As shown in Figure S3 and Video S2, the output of the spherical cell is higher by around 60% than the flat cell due to its capability to collect light three-dimensionally.
We would like to explain here that the spherical solar cell is a special case of the flexible corrugated structure which was previously demonstrated in our works. Flexible solar cells can be used in many applications which have a curved surface such as curved buildings, wings of drones (UAVs), wearables, etc. The spherical solar cell is developed using the same technique (corrugation) but using a different pattern design to enable the final folding into a spherical shape. In this case, the main application of such a 3D architecture is to replace flat cells when the available field area for solar cells installation is limited. Therefore, using the spherical cell would allow to get more power output from a smaller field area. It is worth to mention here that the spherical solar cell would eliminate the cost of a mechanical solar tracker system (and its maintenance) in addition to reducing the cost of cleaning since the dust accumulation rate is lower on a spherical cell.
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Figure S3. Measured output from both solar cells under a roof where only diffuse light from the sun is available.
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Figure S4. Schematic of the flat and spherical solar cell geometries that are simulated using COMSOLTM. To replicate the actual operation of the solar cell under the sun, the solar cells were given the external solar irradiance of 1000 W m-2 for the duration of 6 hours. The coupling of Heat Transfer in Solids and Surface-to-Surface Radiation modules were used in the COMSOL™. The solar cells were mounted on the cylindrical frame of acrylic plastic of radius and height of 0.05 cm and 10 cm, respectively. This assembly was placed in the field of sand. The sand area that was used is 60 x 60 x 10 cm3, whereas the radius of the spherical solar cell was taken as 2 cm. For an equivalent surface area of both flat and spherical solar cell, the radius and height of the flat solar cell were set to 2.804 cm and 0.05 cm, respectively. The solar irradiance will raise the temperature of the solar cells. Convective heat transfer was imposed which means that the heat from the hot surface of the solar cells will be transferred to the air using the convection mode. Additionally, the heat between the solid bodies or geometries will be transferred using the conduction mode. The time-dependent study was chosen in the COMSOL™.
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Figure S5. The boundary conditions for both flat and spherical solar cell geometries used in FEM analysis by COMSOLTM
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Figure S6. Simulated thermal performance of the spherical and flat solar cells. (a) Simulated surface temperature of a flat solar cell exposed to 1 Sun AM 1.5G for 6 hours with forced natural convection. (b) Simulated surface temperature of a spherical solar cell when exposed to 1 Sun AM 1.5G with forced natural convection. FEM analysis by COMSOLTM is used and a similar surface area for both structures is assumed.

Video S1. Measured current output from both spherical and flat solar cells under the direct sunlight at KAUST, Thuwal, Saudi Arabia.
Video S2. Measured current output from both spherical and flat solar cells under a roof with only diffuse light effect at KAUST, Thuwal, Saudi Arabia.
Video S3. Measured heat distribution in spherical and flat solar cells with same ground area using infrared camera when light is shone on both samples
Video S4. Simulated heat distribution in flat and spherical solar cell with similar surface area using COMSOL.
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