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Exam in Numerical modelling of semiconductor devices 

Name      Speciality  

1- We consider a semiconductor of silicon, write the Poisson’s equation in each following case and determine (with 

explanation)  if the calculation method to solve the equation is analytical or numerical method   

1-1- The semiconductor material is intrinsic including only the free carriers of charge with concentrations 𝑛 and 𝑝 

such  as 𝑛(𝑥) = 𝑛𝑖 + 1015 𝑒𝑥𝑝 (−
𝑥

𝐿𝑛
), .. 𝑝(𝑥) = 𝑛𝑖 + 1015 𝑒𝑥𝑝 (−

𝑥

𝐿𝑝
) 

............................................................................................................................. .......................................................... 

………………………………………………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………………………….. 

……………………………………………………………………………………………………………………………………………………………………………….. 

1-2 The semiconductor material is intrinsic including only the free carriers of charge with concentrations 𝑛 and 𝑝 

such  as 𝑛(𝑥) = 𝑛(0) 𝑒𝑥𝑝 (
𝑞𝜓(𝑥)

𝑘𝐵𝑇
), 𝑝(𝑥) = 𝑝(0) 𝑒𝑥𝑝 (−

𝑞𝜓(𝑥)

𝑘𝐵𝑇
) 

………………………………………………………………………………………………. .................................................................................. 

...................................................................................................................................................................................... 

……………………………………………………………………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………………………………………………………..

1-3 The semiconductor is doped simultaneously with uniform concentration of 𝑁𝐷 donors and 𝑁𝐴 acceptors and no 

free carriers exist  

 .................................................................................................. : ................................................................................... 

....................................................................................................................................................................... .............. 

............................................................................................................................. ........................................................ 

............................................................................ .. ............................................................................................ ............. 

2 -  We consider the following sample                 

𝑘𝐵 = 8625 × 10−8  𝑒𝑉 𝐾⁄ 

𝑞 = 1.6 × 10−19C  ،(ℎ. 𝑐) ≅ 1.2424 𝑒𝑉. µ𝑚    ،
𝑚𝑒

∗ = 1.08 𝑚0   و𝑚𝑡
∗ = 0.56 𝑚0 

،𝑁0 = 2. (
2𝜋𝑚0𝑘𝐵𝑇0

ℎ2 )
3

2⁄

= 2.508 × 1019𝑐𝑚−3 

   𝐸𝑔 = 1.12 𝑒𝑉   ،𝑇 = 𝑇0 = 300°𝐾 ، 

 The sample is doped with the concentrations               
𝑁𝐴0 = 𝑁𝐷0 = 1017𝑐𝑚−3  .   

We consider thermal equilibrium at boundaries  
-Write the boundary conditions applied on 𝜓 , 𝑛 
and 𝑝, and calculate their values   

........................................................................................................................................................................ ...............
.... .  
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............................................................................................................................. ......................................................... 

 ..........................................  ............................................................................................................................. .............. 

 ...................................................................................................... ............................................................................... 

....................................................................................................................................................................... ............... 

......................................................................................................................................................................... .............. 

....................................................................................................................................................................... ................ 

........................................................................................................................................................................ ...............

3- We consider the spatial discretization  shown on the following schema, write the electron continuity equation 

in continuous formula taking into account only the diffusion current density, we give 𝑔(𝑥) = 𝑔0 = 1020𝑐𝑚−3𝑠−1, 

𝑈𝑅(𝑥) =
(𝑛.𝑝−𝑛𝑖

2)

(𝜏𝑛(𝑝+𝑛𝑖)+𝜏𝑝(𝑛+𝑛𝑖))
 

  

....................................................................................... ... 

………………………………………………………………………………….......………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………………………………………………………. 

…………………………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………… 

 

 

 

4- Write the electron continuity equation in discretised formula and indicate the principal unknowns within it 

……………… ..... 

 .......................................................... 

............................................................................................................................. ..................................................... 

………………………………………………………………………………………………………………………………………………………… .................. 

............................................................................................................................. .................................................... 

……………………………………………………………………………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………………………………………………………. 

............................................................................................................................. ..................................................... 

………………………………………………………………………………………………………………………………………………………… .................. 

..........................................................................................................................Good luck 
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