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4.2) 
 
The electrical power dissipated in the external resistor is also the electrical power output of the solar cell: 
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Recall that: 
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And since the external quantum efficiency is 100%, we must have: 
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The above can be used to calculate LI  given incP .  
 
We need to maximize the power output. The power output depends on the voltage DV  which in turn 
depends on the external resistor R . There is an optimal value of the resistor that gives the maximum 
output power. So we set:   
 0dRdPout  
This gives, 
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The optimal value of the resistor is related to the voltage via the above relation. In general the voltage DV  
is not related to the resistor R  by the above relation – only the optimal value of the resistor is related to 
the corresponding voltage DV  by the above relation.  
 
a) We use the relation: 
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and plot it as a function of R . Note the above only explicitly depends on the voltage DV  but not R . But 
we also know that the optimal value of R  must be related to the corresponding voltage by the relation: 
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So for every R  we can calculate the voltage using the above relation and then calculate outP , and then 

plot outP  as a function of R  and find the value of R  that maximizes outP . For incP  equal to 0.1 mW, I 

get maximum outP  for  R  equal to ~5.8 k and a maximum conversion efficiency incout PP  of 8%.  
 
b) For incP  equal to 1 mW, I get maximum outP  for  R  equal to ~710  and a maximum conversion 

efficiency incout PP  of 10.3%. 
 
c) For incP  equal to 10 mW, I get maximum outP  for  R  equal to ~84.5  and a maximum conversion 

efficiency incout PP  of 12.6%. 
 



d) The optimal power conversion efficiency is better for larger incP  and, therefore, larger LI . The 
optimal power conversion efficiency stems from a competition between the power dissipation in the 
external resistor and the forward biasing of the diode from the potential drop across this resistor. The 

power dissipation RI2  varies quadratically with the current whereas the potential drop IR  across the 

resistor varies linearly with the current. This suggests that increasing the current I , and therefore LI , 

ought to be a better strategy for increasing the power output. Of course, the problem is that the forward 
bias current goes exponentially with the potential drop so one does not win as much. In actual solar cell 
systems, solar concentrators are often used to increase incP  per cell.     
 
e) The reasoning in part (d) suggests that minimizing the forward bias current is a good strategy for 
improving the power conversion efficiency. If the temperature is lowered, everything else being equal, the 
forward bias current will increase. Therefore, lowering the temperature is not a good idea for improving 
the power conversion efficiency in our simple model.   
 
f) The simplest thing to do would be to reduce the oI  of the diode by design (while maintaining 100% 

external quantum efficiency). Reducing oI  would reduce the unwanted forward bias current for the cell.   
 
 
 




