
ECE 305 – Spring 2018 

Homework 4 solution 

1. a 

n-type region: 

𝑛 ≈ 𝑁𝐷 

𝑛 = 𝑁𝐶𝑒(𝐸𝐹−𝐸𝐶)/𝑘𝑇 

(𝐸𝐹 − 𝐸𝐶) = 𝑘𝑇𝑙𝑛 (
𝑛

𝑁𝑐
) = 0.026 𝑙𝑛 (

1016

4 × 7 × 1017
) = −0.15 𝑒𝑉 

 

p-type region: 

𝑝 ≈ 𝑁𝐴 

𝑝 = 𝑁𝑉𝑒(𝐸𝑉−𝐸𝐹)/𝑘𝑇 

(𝐸𝑉 − 𝐸𝐶) = 𝑘𝑇𝑙𝑛 (
𝑝

𝑁𝑣
) = 0.026 𝑙𝑛 (

1016

1.59 × 1019
) = −0.19 𝑒𝑉 

 

 



b. 

 

 

c. Using depletion approximation: 

 

  



2. a. 
𝜕∆𝑛

𝜕𝑡
= −

∆𝑛

𝜏𝑛
+ 𝐺𝐿                𝑡 ≥ 0 

b. ∆𝑛 = 𝐺𝐿𝜏𝑛 + 𝐵𝑒
−

𝑡

𝜏𝑛 

∆𝑛 = 0 𝑎𝑡 𝑡 = 0 

Thus, ∆𝑛 = 𝐺𝐿𝜏𝑛 − 𝐺𝐿𝜏𝑛𝑒
−

𝑡

𝜏𝑛 

 

The excess majority carrier concentration shows similar behavior as the excess minority carrier 

concentration, and the steady state excess majority carrier concentration goes to 𝐺𝐿𝜏𝑝. However, the 

magnitude of excess majority carrier concentration is usually relatively insignificant compared 

to magnitude of majority carrier concentration.  

c.  

∆𝑛(50𝜇𝑠) = 𝐺𝐿𝜏𝑛 − 𝐺𝐿𝜏𝑛𝑒−
1

2=3.93× 1013 cm-3 

∆𝑛(∞) = 1 × 1014 cm-3 

Therefore ∆𝑛(50𝜇𝑠) is 0.39 times the ∆𝑛(∞). 


