
Solutions 

1. 

a) 

𝜂 =
𝐹𝐹 ⋅ 𝑉𝑂𝐶 ⋅ 𝐼𝑆𝐶

𝑃 ⋅ 𝐴
 

With: 

𝑃𝑋 = 𝑋 ⋅ 𝑃0 

⇒ 𝐼𝑆𝐶,𝑋 = 𝑋 ⋅ 𝐼𝑆𝐶,0 

How is 𝑈𝑂𝐶  changing? 

𝐼(𝑈𝑂𝐶) = 0 = 𝐼0 (exp (
𝑒𝑈𝑂𝐶

𝑚𝑘𝑇
) − 1) − 𝐼𝑆𝐶  

→ 𝑈𝑂𝐶,𝑋 =
𝑚𝑘𝑇

𝑒
ln (𝑋

𝐼𝑆𝐶

𝐼0
) , 𝐼𝑆𝐶 ≫ 𝐼0 

= 𝑈𝑂𝐶 +
𝑚𝑘𝑇

𝑒
ln(𝑋) 

Efficiency: 

𝜂 =
𝐹𝐹 ⋅ 𝐼𝑆𝐶,𝑋 ⋅ 𝑈𝑂𝐶,𝑋

𝑃𝑋 ⋅ 𝐴
 

= 𝜂 (1 +
𝑚𝑘𝑇

𝑒𝑈𝑂𝐶
ln(𝑋)) 

b) 

1. Losses are proportional to 𝐼2 

2. There will be a heat increase, which again leads to higher losses 

3. The production of those are quite cumbersome 

2. 

a)  

Must be thicker than the absorption length of the light (𝛼) 

But at the same time thinner than the diffusion length 

b)  

1. Low material consumption (cost, energy consumption, weight) 

2. Less material errors 

3. Do not need to be flat  

c) In an usual solar cell the creation of charge carriers happens in the p-layer of the pn-junction. The 

diffusion length of electrons is around several 100 µm. However, in a-Si the diffusion length is only up 



to 100 nm. So, the pn-junction gets replaced by a pin-junction with an additional intrinsic layer. Here, 

the electron hole pair gets apart by the electric field (drift dominated). 

 

 

 



a) 

𝑃𝑙𝑜𝑠𝑠 = ∫ 𝐼2𝑑𝑅 = ∫
𝐽2𝑏2𝑦2𝜌𝑆

𝑏
𝑑𝑦

𝑆
2

0

=
𝐽2𝑏𝜌𝑆𝑆3

24
 

𝑃𝑚𝑝 = 𝑉𝑚𝑝𝐽𝑚𝑝𝑏
𝑆

2
 

𝑝 =
𝑃𝐿𝑜𝑠𝑠

𝑃𝑚𝑝
=

𝜌𝑆𝑆2𝐽𝑚𝑝

12𝑉𝑚𝑝
 

b) 

𝑃𝑆𝐻 = 𝑉𝑚𝑝𝐽𝑚𝑝 𝑏
𝑆

2
 

𝑃𝑚𝑝 = 𝑉𝑚𝑝𝐽𝑚𝑝 𝑏
(𝑆 + 𝑥)

2
 

𝑝 =
𝑆

𝑆 + 𝑥
 

𝑝𝑡𝑜𝑡𝑎𝑙 =
𝜌𝑆𝐽𝑚𝑝

12𝑉𝑚𝑝
𝑆2 +

𝑆

𝑆 + 𝑥
 

𝑝′ =
𝜌𝑆𝐽𝑚𝑝

6𝑉𝑚𝑝
𝑆 +

𝑥

(𝑆 + 𝑥)2
= 0 

However, this is not simple. I thought it would be a quadratic equation. 


