
 
ECE 305 – Spring 2018 

Homework 6 Solution 

 

1.  

 

a.      where   𝐽0 = 𝑞(
𝐷𝑛

𝐿𝑛

𝑛𝑖
2

𝑁𝐴
+

𝐷𝑝

𝐿𝑝

𝑛𝑖
2

𝑁𝐷
)   

 

 

𝐿𝑛 = √𝐷𝑛𝜏𝑛=8.53×10-3 cm=85.3 µm  <<Wp . P-region can be modelled as long. 

𝐿𝑝 = √𝐷𝑝𝜏𝑝=3.42×10-3  cm=34.2 µm >>Wn. N-region can be modelled as short. 

Wn=1×10-3 cm 
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) = 𝑞(4.27 × 106 + 11.7 × 108) 𝐴 𝑐𝑚−2 = 1.88 × 10−10𝐴 𝑐𝑚−2  

b. 

 

 

𝐽𝐷 = 𝐽0(𝑒𝑞𝑉𝐴/𝑘𝐵𝑇 − 1)   

 

Where 𝐽0 = 1.88 × 10−10𝐴 𝑐𝑚−2  

 

c.  

 

VA= -0.4 

J ≈ − J0 = −1.88 × 10−10𝐴 𝑐𝑚−2  

P/A= VJ=7.52× 10−11𝑊 𝑐𝑚−2 

VA= 0.4 

J ≈ 𝐽0(𝑒𝑞𝑉𝐴/𝑘𝐵𝑇 − 1)  ≈ 9.03 × 10−4𝐴 𝑐𝑚−2 

P/A= VJ=3.61 × 10−4𝑊 𝑐𝑚−2 

 

The power consumption when the diode is reverse biased is comparatively very low as the current is 

comparatively very low at reverse bias. The power consumed is converted to heat. 

 

 

 

 

 



2 a. 𝐽 = 𝐽0(𝑒𝑞𝑉𝐴/𝑛𝑘𝐵𝑇 − 1) ≈ 𝐽0𝑒
𝑞𝑉𝐴

𝑛𝑘𝐵𝑇  𝑎𝑠 𝐽 = 10𝑚𝐴 cm-2 is quite large 
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J=10 mA cm-2  

J0 is not given, so any numerical answer depends on the value of J0 chosen, for instance J0 from 

problem 1. 

 

Alternatively, 

 

Finding ideality factor n first for the red dots, (as shown in 2 b.) 

n=1.84 

At 10 mA 𝑐𝑚−2 current density, VA≈ 0.5 𝑉  

Therefore for 1<n<2, as 𝑉𝐴 =
𝑛𝑘𝑇

𝑞
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𝐽
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) ∝𝑛 

0.27 𝑉 < 𝑉𝐴 < 0.54 𝑉 

 

 

 

b. 𝑉𝐴 =
𝑛𝑘𝑇

𝑞
ln(𝐽) −
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× ln(10) × 𝑙𝑜𝑔10(𝐽) − 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

40

𝑛
×

1

ln (10)
× 𝑉𝐴 + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝑙𝑜𝑔10(𝐽) 

Graph of log J (the powers on the numbers on y axis) vs VA is given.  

Slope of the graph=
40

𝑛
×

1

ln (10)
 

Taking the furthest red points, 

Slope of red points: slope between (0.08,-2.71),(0.4,0.41) ≈9.75 

 

Therefore n=40/9.4× 1/ln (10)  ≈1.84 assuming room temperature. This is reasonable as 1<n<2. 

(Reasonable solution is acceptable) 

 

 

 

 

 

 

 

 


