
Q1)   

 

(a)  

 

 

(i) Assuming that all acceptors are ionized 

NA=p=𝑁𝑉e
[

−𝐸𝐹
𝐾𝐵𝑇

]
=8x1024 exp [-0.06/(8.617x10-5x298)]=7.7 x 1023 m-3 

 

(ii) From the Law of Mass Action: 

 

𝑛𝑖 = √𝑁𝐶𝑁𝑉e
(

−𝐸𝑔

2𝐾𝐵𝑇)
 

 

 

Hence,  

NC=ni
2/NV e

(
𝐸𝑔

𝐾𝐵𝑇
)
= 1032/(8x1024

) exp[1.1/(8.617x10-5x298)]=5.02 x 1025 m-3 

 

From this, the density of donors can be found, again assuming that all are ionized: 

 

ND=n 

 

𝐸𝐹 − 𝐸𝐶 = 𝑘𝐵 𝑇ln (
𝑁𝐷

𝑁𝐶
)=8.617 × 10−5 × 298 × ln (

7.7×1023

5.02x1025) = −0.107 𝑒𝑉 

 

 

(i) 



 
  

 

b(ii)       For a pn junction 

 

 

eV0=EFn-EFp=EC+(Efn-EC)-EFp=1.1+(-0.107)-0.06=0.933 eV 

 

Hence 

 

w =2(
12×8.854×10−12×0.933

1.602×10−19×7.7×1023)
0.5

= 56.7𝑛𝑚 

 

 

Q2)   

 

(a) 

 

𝑁 = ∫ 𝑔(𝐸)𝑓(𝐸)
∞

0
d𝐸= ∫ 𝑔(𝐸)

𝐸𝐹

0
d𝐸 

 



Substituting 𝑔(𝐸)d𝐸 =
V

2π2ℏ3
(2𝑚)

3
2𝐸

1
2d𝐸 we get 

 

N= 𝑉

2π2ℏ3
(2𝑚)

3
2 ∫ 𝐸

1
2

𝐸𝐹

0
d𝐸 =

𝑉

2𝜋2ℏ
3 (2𝑚)

3
2

2𝐸𝐹

3
2

3
 

Therefore: 

 

𝐸𝐹 =
ℏ2

2𝑚
(3𝜋2

𝑁

𝑉
)

2
3

 

 

 

(b) Each atom contributes 2 free electrons: 

 

N/V=2x3.92 x 1028= 7.84x1028 m-3 

 

Hence: 

𝐸𝐹 =
ℏ2

2𝑚
(3𝜋2 𝑁

𝑉
)

2
3
= 6.69 eV 

 
 
(c) 

𝐸 =
ℏ2|𝒌|2

2𝑚
 

 

𝑘 =
√2𝑚𝐸

ℏ
= 1.324 x 1010 m-1 

 

𝜆 =  
2𝜋

𝑘
 =4.75 x 10-10 m 

 
P= ℏk = mv 
 

v= 
ℏk

m
= 1.53 x 106 m/s 
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