
1.                             ECE 132 HW3 Solutions 

 
 

The overall current density for electrons is 𝐽𝑛 = 𝑞𝜇𝑛𝑛𝐸 + 𝑞𝐷𝑛
𝑑𝑛(𝑥)

𝑑𝑥
 

 

And in this case since the Electrical Field is negligible, we have E=0, 

which means we only have a diffusion current, and no drift current. 

 

Therefore,   𝐽𝑛 = 𝑞𝐷𝑛
𝑑𝑛(𝑥)

𝑑𝑥
 

Using the Einstein Relationship    𝐷𝑛 = 𝜇𝑛
𝑘𝑇

𝑞
,    

𝐷𝑛 =(500
𝑐𝑚2

𝑉∗𝑠
)(0.0259V) = 13

𝑐𝑚2

𝑠
   assuming room temperature 

 

Looking at the graph, we can see that 
𝑑𝑛(𝑥)

𝑑𝑥
 = −2 ∗ 1019𝑐𝑚−3𝜇𝑚−1 

 

Hence 𝐽𝑛 =  1.6 ∗ 10−19𝐶 ∗  13
𝑐𝑚2

𝑠
∗  −2 ∗ 1019𝑐𝑚−3𝜇𝑚−1 

        =  −4.16 ∗ 105 𝐴

𝑐𝑚2 

 

 

2. (a) 𝑃𝑓𝑖𝑛 = (1016𝑐𝑚−3𝑠−1)(10−6𝑠) = 1010𝑐𝑚−3 

 



𝑝𝑜 =
𝑛𝑖

2

𝑁𝑑
=

(1.5 ∗ 1010)2

1015
= 2.25 ∗ 105𝑐𝑚−3 

𝑡 ≥ 0: 
𝑑𝑝(𝑡)

𝑑𝑡
= 𝐺𝑡𝑜𝑡−𝑅𝑡𝑜𝑡,   

𝑑𝑝(𝑡)

𝑑𝑡
=

𝑑[𝛿𝑝(𝑡)]

𝑑𝑡
,  

𝐺𝑡𝑜𝑡𝑎𝑙 = 𝑔𝑡ℎ𝑒𝑟 + 𝑔𝑜𝑝 =∝𝑟 𝑛𝑜𝑝𝑜 + 𝑔𝑜𝑝 

𝑅𝑡𝑜𝑡𝑎𝑙 =∝𝑟 [𝑛𝑜 + 𝛿𝑛(𝑡)][𝑝𝑜 + 𝛿𝑝(𝑡)] 

𝑛𝑜 + 𝛿𝑛(𝑡)  ≈  𝑛𝑜 since 𝑛𝑜 ≫  𝛿𝑛(𝑡) in n-type material at all 

times t 

 
𝑑[𝛿𝑝(𝑡)]

𝑑𝑡
 = ∝𝑟 𝑛𝑜𝑝𝑜 + 𝑔𝑜𝑝 - ∝𝑟 𝑛𝑜𝑝𝑜 -  ∝𝑟 𝑛𝑜δp(t) 

  
𝑑[𝛿𝑝(𝑡)]

𝑑𝑡
 = 𝑔𝑜𝑝 − 

𝛿𝑝(𝑡)

𝜏𝑝
  

 𝜏𝑝
𝑑[𝛿𝑝(𝑡)]

𝛿𝑝(𝑡)−𝑔𝑜𝑝𝜏𝑝
 = −𝑑𝑡 

 𝜏𝑝 ∗ 𝑙𝑛[𝛿𝑝(𝑡) − 𝑔𝑜𝑝𝜏𝑝] = −𝑡 + 𝑐1 

 𝛿𝑝(𝑡) − 𝑔𝑜𝑝𝜏𝑝 = 𝑐2𝑒
−𝑡

𝜏𝑝⁄
         B.C.: 𝛿𝑝(0) = 0 →  𝑐2 = −𝑔𝑜𝑝𝜏𝑝 

 𝛿𝑝(𝑡) = 𝑔𝑜𝑝𝜏𝑝[1 − 𝑒
−𝑡

𝜏𝑝⁄
]  

(b) 𝛿𝑝 = 0.1 ∗  𝑔𝑜𝑝𝜏𝑝 when 1 − 𝑒
−𝑡

𝜏𝑝⁄
 = 0.1 → 𝑡 = 𝜏𝑝 ln [

10

9
] 

 = 1.05 ∗ 10−7𝑠 

(c) 𝛿𝑝 = 0.9 ∗  𝑔𝑜𝑝𝜏𝑝 when 1 − 𝑒
−𝑡

𝜏𝑝⁄
 = 0.9 → 𝑡 = 𝜏𝑝 ln[10] 

 = 2.3 ∗ 10−6𝑠 

 

 



3. From equations (4-36) and figure 4.17 in Streetman’s book,  

 𝐽𝑛 = 𝑞
𝐷𝑛

𝐿𝑛
∗ 𝛿𝑛 = −𝑞

𝐷𝑛

𝐿𝑛
∗ ∆𝑛𝑒

−𝑥
𝐿𝑛

⁄  

 𝐷𝑛 = 𝜇𝑛
𝑘𝑇

𝑞
= 2000

𝑐𝑚2

𝑉∗𝑠
∗ 0.0259 ∗

500

300
= 86.7

𝑐𝑚2

𝑠
 

 𝐿𝑛 = √𝐷𝑛 ∗ 𝜏𝑛 = √86.7
𝑐𝑚2

𝑠
∗ 200𝑛𝑠 = 41.64𝜇𝑚  

 ∆𝑛 = 𝛿𝑛(0) = 𝐺𝑜𝑛𝜏𝑛 = 1020𝑐𝑚−3𝑠−1 ∗ 200𝑛𝑠 = 2 ∗ 1013𝑐𝑚−3 

Therefore: 𝐽𝑛(𝑥) = −𝑞
𝐷𝑛

𝐿𝑛
∗ ∆𝑛𝑒

−𝑥
𝐿𝑛

⁄ , and at 𝑥 = 20𝜇𝑚 

= −(1.6 ∗ 10−19𝐶) ∗
86.7

𝑐𝑚2

𝑠
41.64𝜇𝑚

∗ 2 ∗ 1013𝑐𝑚−3 ∗ 𝑒
−20𝜇𝑚

41.64𝜇𝑚⁄

= −41.3
𝑚𝐴

𝑐𝑚2
 

 

 



4. (a) For Si at room temperature: 

 𝐸𝑔 = 1.1𝑒𝑉, 𝑁𝑐 = 2.8 ∗ 1019𝑐𝑚−3, 𝑁𝑣 = 1.8 ∗ 1019𝑐𝑚−3 

 

For the p-side. 𝑁𝐴 = 1016𝑐𝑚−3 

𝑃𝑝 = 𝑁𝑣𝑒−
(𝐸𝑓−𝐸𝑣)

𝑘𝑇 → (𝐸𝑓 − 𝐸𝑣) = 𝑘𝑇𝑙𝑛
𝑁𝑣

𝑁𝐴
 

𝐸𝑓 − 𝐸𝑣 = 0.0259𝑒𝑉 ∗ ln [
1.8 ∗ 1019𝑐𝑚−3

1016𝑐𝑚−3
] = 0.194𝑒𝑉 

 

For the n-side, 𝑁𝐷 = 1016𝑐𝑚−3 

𝑛𝑛 = 𝑁𝑐𝑒−
(𝐸𝑐−𝐸𝑣)

𝑘𝑇 → (𝐸𝑐 − 𝐸𝑓) = 𝑘𝑇𝑙𝑛
𝑁𝑐

𝑁𝐷
 

𝐸𝑐 − 𝐸𝑓 = 0.0259𝑒𝑉 ∗ ln [
2.8 ∗ 1019𝑐𝑚−3

1016𝑐𝑚−3
] = 0.206𝑒𝑉 

(b) The Built in Voltage (𝑉𝑏𝑖) and band diagram 

 


