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The spectrum splitting ensembles used in this analysis are composed of ideal cells with 2 to 20 subcells.
The subcells are either connected in electrical series, necessitating current matching through all subcells,
or they are treated as electrically independent. The series-connected ensembles were optimized using
Henry’s method, which breaks the spectrum into bands of equal flux. In this procedure, the bandgaps of
all subcells are determined by the top subcell bandgap (for a given input spectrum), and the ensembles
are optimized by comparing the performance for a range of top subcell bandgap values. The subcell
bandgaps for the series-connected ensembles are listed in Table 1.

Table 1. Bandgap values for series connected spectrum splitting ensembles

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

095 093 075 070 071 0.72 054 056 057 052 053 055 055 059 053 055 054 058 0.52

157 133 112 098 09 093 075 075 075 070 070 071 070 073 060 069 060 071 0.58
185 148 125 118 113 097 095 093 079 078 079 077 079 074 075 074 076 0.71
19 160 144 133 116 111 105 098 09 09 093 095 080 081 0.79 081 0.76
206 174 156 137 126 121 113 1.07 105 1.02 102 09 09 093 096 0.1

217 185 159 147 139 126 121 118 114 114 104 103 100 1.01 0.96

226 188 169 156 144 136 129 123 122 115 114 107 110 1.01

228 19 177 160 150 144 138 135 123 122 118 118 1.10

235 203 181 167 158 149 146 136 132 125 125 118

241 207 187 175 164 157 147 143 137 136 125

244 212 193 179 171 158 153 146 144 136

248 218 198 186 172 165 156 153 1.44

253 222 204 187 178 168 164 1.53

256 228 205 192 181 175 164

260 228 210 195 187 175

261 233 212 201 1.87

264 235 218 201

266 239 218

269 239

2.69

The ensembles with electrically independent subcells are not constrained to have equal current in all
subcells, which increases the design space geometrically with the number of subcells. These ensembles
with optimized through a simulated annealing process. The optimization began with a randomly seeded
band gap combination. For each step, a random fluctuation was applied to each bandgap in the
ensemble, the efficiency of the perturbed ensemble calculated and the perturbed efficiency compared
to the best ensemble efficiency achieved to that point. If the perturbed efficiency was higher, the
perturbed ensemble was adopted as the new best ensemble and its bandgap values served as the base
for the next step. Otherwise the previous best ensemble remained as the base. In order to ensure the
design space was widely sampled, a lower performing perturbed ensemble would still be adopted as the
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new base (while retaining the actual highest performing ensemble information) if its efficiency was

within a window below the actual best efficiency. The window was wide for early optimization steps to

allow wide sampling and narrowed as the optimization progressed to focus on finding the true

maximum. For this analysis the simulated annealing was performed in two stages: one where all
bandgaps in the ensemble were perturbed simultaneously and a second where one bandgap at a time

fluctuated. The two stages were repeated 6-8 times for each number of bandgaps in search of repeated
values, which were taken as indicative of a global optimum. The subcell bandgaps for the electrically
independent ensembles are listed in Table 2.

Table 2. Bandgap values for spectrum splitting ensembles with electrically independent subcells

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
094 094 07 07 069 069 069 069 069 053 051 051 052 051 053 053 052 051 052
1.64 139 112 1 09 094 094 093 093 07 07 07 07 07 069 07 069 062 059
2 155 138 117 113 115 113 113 093 093 093 094 092 077 079 075 069 0.69

21 1.81 151 139 138 133 133 113 113 111 113 098 092 094 093 075 0.75

233 194 171 163 155 155 133 136 124 133 113 1 112 111 094 093

255 201 187 173 174 152 155 138 151 137 111 13 12 111 1.02

244 221 191 202 171 174 155 167 151 119 139 138 118 115

264 223 229 1.86 2 171 183 16 133 152 155 124 125

261 267 209 235 1.83 2 177 146 167 171 138 138

325 238 255 201 223 201 163 18 1.83 155 155

291 281 225 261 219 1.8 2 201 173 167

313 248 288 233 192 225 214 191 174

293 31 255 209 241 235 2 186

332 292 227 261 248 21 2

331 259 286 255 23 214

3 303 288 247 24

3.44 3.02 278 259

336 3.18 278

331 3.09

3.39



Figure 2 in the manuscript shows the results of an analysis of the average efficiency of the spectrum
splitting ensembles under spectra for Phoenix, AZ that fall into different power ranges. The spectra that
fall in those power ranges are plotted in Figure 1.

All plots at the same scale

I | | I I I I 1 I I I 1 1 1
0 to 400 W/m? 400 to 500 W/m?
ik — | | | | | 1 |
1 | I 1 1 1 1 I 1 T I 1 T T
500 to 600 W/m? 600 to 700 W/m?
| | 1 " . 1 il ' NN . 1 | | 1
1 | I 1 1 I 1 1 1 I I 1 1 1
700 to 750 W/m? 750 to 800 W/m?
| | 1 [} 1 1 | | 1 1
T I 1 T T T T T I T T T 1 T
800 to 850 W/m? 850 to 900 W/m?
5x 1017 T -+ |I : : ; 1 — : I| ; -
> 900 to 950 W/m? > 950 W/m?
@
o~
£
(]
S~
[72]
c
oS
o
e
o
0 | 1 1 L " L 1 | | | |
1 2 3 4

Photon energy (eV)

Figure 1. Spectra generated for Phoenix, AZ sorted by cumulative irradiance level. The average performance of the
spectrum splitting ensembles under these ten sets of spectra were used to generate Figure 2 in the main text.



