
ECE 305 Spring 2018 

Homework 3 solution 

1. a. p≈NA≈ 4 × 1016 cm-3 

b. 𝑛 =
𝑛𝑖
2

𝑝
=

1020

4×1016
= 2500 cm-3

 

c. Assuming p varies linearly: dp/dx=p/x=(8 × 1016 − 4 × 1016)/(300 × 10−4)=1.333× 1018 cm-4 

𝐽𝑝,𝑑𝑖𝑓𝑓 = −𝑞𝐷𝑝
𝑑𝑝

𝑑𝑥
 = -2.56 A cm-2 (using Diffusion coefficient, or mobility, of holes in Si from 

literature) 

d. Total current zero, so 𝐽𝑝,𝑑𝑟𝑖𝑓𝑡 = −𝐽𝑝,𝑑𝑖𝑓𝑓 = 2.56 A cm-2 

𝐽𝑝,𝑑𝑟𝑖𝑓𝑡 = 𝑝𝑞𝜇𝑝ℇ𝑥, so 

ℇ𝑥(𝑥) =
𝐽𝑝,𝑑𝑟𝑖𝑓𝑡

𝑝(𝑥)𝑞𝜇𝑝
, where 𝑝(𝑥) is approximated to be linearly varying with 𝑥, such that: 

𝑝(𝑥) =  8 × 1016 −
(4×1016)

300×10−4
 (𝑥) cm-3, if 𝑥 = 0 at top. 

2. 

a. 𝑛 = 𝑁𝐶𝑒
(𝐸𝐹−𝐸𝐶)/𝑘𝑇 

log n= log 𝑁𝐶  + (𝐸𝐹 − 𝐸𝐶)/𝑘𝑇 

 

𝐸𝐹 − 𝐸𝐶 : −
𝐸𝑔

2
𝑎𝑡 𝑥 = 0, linearly varying to −

𝐸𝑔

4
 at x=L/4, remaining constant until x=L/4, then 

linearly varying to 0 at x=L 

 

b. ℇ𝑥=
1

𝑞
dEc/dx 



 

ℇ𝑥 = {
(−
Eg

4
) /(

qL

4
) =  −Eg/(qL) 0 < x < L/4

0   L/4 < x < 3L/4
−Eg/(qL)    3L/4 < x < L

} 

 

 

𝐽𝑛,𝑑𝑟𝑖𝑓𝑡 = 𝑛𝑞𝜇𝑛ℇ𝑥,  where 𝑛 = 𝑁𝐶𝑒
(𝐸𝐹−𝐸𝐶)/𝑘𝑇 

𝐸𝐹 − 𝐸𝐶 =

{
 
 

 
 −

𝐸𝑔

2
(1 −

2𝑥

𝐿
)   0 < 𝑥 < 𝐿/4

−
𝐸𝑔

4
   
𝐿

4
< 𝑥 <

3𝐿

4
𝐸𝑔

𝐿
(𝑥 − 𝐿)  

3𝐿

4
< 𝑥 < 𝐿 }

 
 

 
 

 

Therefore, 

𝐽𝑛,𝑑𝑟𝑖𝑓𝑡 =

{
 
 

 
 −

𝐸𝑔

𝑞𝐿
𝑛𝑞𝜇𝑛𝑁𝐶𝑒

(−
𝐸𝑔

2
(1−

2𝑥

𝐿
))/𝑘𝑇

  0 < 𝑥 < 𝐿/4

0   
𝐿

4
< 𝑥 <

3𝐿

4

−
𝐸𝑔

𝑞𝐿
𝑛𝑞𝜇𝑛𝑁𝐶𝑒

(
𝐸𝑔

𝐿
(𝑥−𝐿))/𝑘𝑇

  
3𝐿

4
< 𝑥 < 𝐿 }

 
 

 
 

=

{
 
 

 
 −

𝐸𝑔

𝐿
𝑛𝜇𝑛𝑁𝐶𝑒

(−
𝐸𝑔

2
(1−

2𝑥

𝐿
))/𝑘𝑇

  0 < 𝑥 < 𝐿/4

0   
𝐿

4
< 𝑥 <

3𝐿

4

−
𝐸𝑔

𝐿
𝑛𝜇𝑛𝑁𝐶𝑒

(
𝐸𝑔

𝐿
(𝑥−𝐿))/𝑘𝑇

  
3𝐿

4
< 𝑥 < 𝐿 }

 
 

 
 

 



 

𝐽𝑛,𝑑𝑖𝑓𝑓 = 𝑞𝐷𝑛
𝑑𝑛

𝑑𝑥
= 𝑘𝑇𝜇𝑛

𝑑𝑛

𝑑𝑥
 where 𝑛 = 𝑁𝐶𝑒

(𝐸𝐹−𝐸𝐶)/𝑘𝑇 

𝐸𝐹 − 𝐸𝐶 =

{
 
 

 
 −

𝐸𝑔

2
(1 −

2𝑥

𝐿
)   0 < 𝑥 < 𝐿/4

−
𝐸𝑔

4
   
𝐿

4
< 𝑥 <

3𝐿

4
𝐸𝑔

𝐿
(𝑥 − 𝐿)  

3𝐿

4
< 𝑥 < 𝐿 }

 
 

 
 

 

𝐽𝑛,𝑑𝑖𝑓𝑓 =

{
 
 
 

 
 
 𝐸𝑔𝜇𝑛

𝐿
(𝑁𝐶𝑒

(−
𝐸𝑔
2
(1−

2𝑥
𝐿
))/𝑘𝑇

)   0 < 𝑥 < 𝐿/4

0   
𝐿

4
< 𝑥 <

3𝐿

4

𝐸𝑔𝜇𝑛
𝐿

(𝑁𝐶𝑒
(
𝐸𝑔
𝐿
(𝑥−𝐿))/𝑘𝑇

)  
3𝐿

4
< 𝑥 < 𝐿

}
 
 
 

 
 
 

 



 

𝐽𝑛,𝑑𝑖𝑓𝑓 𝑎𝑛𝑑 𝐽𝑛,𝑑𝑟𝑖𝑓𝑡 add upto 0, thus the system is in equilibrium. This is consistent with the fact 

that Fermi Level remains at the same energy throughout the length. 

 


