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Breakdown voltage and Miller factor calculation 

In order to get the breakdown voltage of each device under study, Equation S1 was used. This 

formula gives the value of VB in V.[S1] 
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where Eg is the energy of the bandgap of the material in eV and N is the dopant concentration 

in the lighter doped region of the p-n junction in cm-3. The values used for each cell are gathered 

in Table S1. 

 

Table S1. Parameters for the calculation of the VB of each solar cell under study. 

 Ge  
bottom cell 

Ga(In)As  
middle cell 

GaInP  
top cell 

Eg [eV] 0.67 1.42 1.89 

N [cm-3] 1.9·1017 1.5·1017 1.7·1017 

VB [V] 4.2 15.6 21.0 

 

On the other hand, the Miller factor was initially fixed to n = 3 –the default value suggested by 

Miller at al.– and, after performing a sensibility analysis in the fitting process, this value 

remained as the best choice as it produced good fits of the reverse region of the curves for all 

our solar cells and has been used for the materials used in our devices before.[S2] 

 

Model and equivalent circuit for the triple junction solar cell 

The fit of each isotype solar cell was obtained from its forward dark I-V curve by following 

these steps: 
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First, the I-V curve was divided into four sections, as shown in Figure S1, in order to get an 

initial estimate of the parameters used in Equation 1 in the main text. RSH was estimated from 

the first section beginning at lower voltages. The factor m2 and I02 were estimated from the 

second section, using its slope and intercept with the Y-axis respectively. Similarly, m1 and I01 

were obtained from the third section. Finally, RS was estimated from the slope of the fourth and 

last section. 

 

Figure S1. Example of estimation of the main model parameters from the forward dark I-V 

curve. 

These initial parameters were then refined by an automatic iterative process in MATLAB until 

a precise fit was achieved. Finally, the reverse dark and forward light I-V curves were used to 

test the precision of the parameters obtained, making manual minor adjustments to them when 

necessary. 

On the other hand, the fit of the triple junction solar cell was calculated from the parameters 

obtained for each isotype cell, using the mathematical expressions represented in Equations 1 

and 2 of the main document. The isotype subcells are then connected in series, as depicted in 

Figure S2.[S2] The tunnel diode is modelled as an additional contribution to the series resistance 

of each subcell. 
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Figure S2. Equivalent circuit of the triple junction solar cell.[S2] 

 

Voltage dependence of the RSH value for the GaInP isotype cell 

As it happened with the middle subcell, to model the reverse I-V of the top subcell an 

exponential reduction of RSH vs. voltage needs to be considered. However, in this case, the exact 

exponent of the voltage dependence of the RSH changed during the measurements as a result of 

the increasing damage observed in the devices. The exact exponents considered are represented 

in Equations S2 and S3. It has to be noted that Equation S2 corresponds to the state of the cell 

before -5V reverse bias was reached, while Equation S3 corresponds to the state of the cell from 

that point to the end of the test. 

𝑅𝑆𝐻 = {

1.7 · 106 𝑉−1.5  Ω         𝑓𝑜𝑟        0 ≥ 𝑉 ≥ −4.1

8.7 · 105  𝑉−2.2  Ω         𝑓𝑜𝑟 − 4.1 > 𝑉 ≥ −4.9

6.5 · 105 𝑉−2.2 Ω         𝑓𝑜𝑟                𝑉 < −4.9

} (S2) 

𝑅𝑆𝐻 = {
6.5 · 105 𝑉−2.2 Ω         𝑓𝑜𝑟        0 ≥ 𝑉 ≥ −5.1

6.0 · 105 𝑉−2.2 Ω         𝑓𝑜𝑟                𝑉 < −5.1
} (S3) 
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Comparison between m1=1.4 and m1=1.0 for the GaInP isotype cell 

As noted in the main text, values of m1≠1.0 are needed to get an adequate fit of the I-V curves 

obtained for the GaInP isotype cells. However, in order to make our analysis as complete as 

possible, several results obtained for an m1=1.0 are represented in Figure S3, along with the 

fitted curve with m1=1.4 and the GaInP subcell measured I-V curves. 

 
Figure S3. Detail of the forward dark I-V curves of the GaInP component cell. Symbols follow 

the same notation as in the main text. The red line corresponds to m1=1.4. Blue, green and 

magenta lines correspond to m1=1.0 and different levels of I01. 

 

In this case, the fits were made with I02=0 A, in order to magnify the effect of the current I01. 

Blue, green and magenta lines correspond to m1=1.0, but each was fitted with an increasing 

value of I01. As it can be seen, none of these fits is able to reproduce the slope at high voltages. 

However, with a m1=1.4 (solid red line) the fit is easily achievable. 
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