
EE 362 Electronic, Magnetic, & Optical Properties of Materials, p_nplus_Si.docx                              1 / 2 

a) For a one-sided pn+ junction where Nd >> Na, find approximate expressions for W, 
xn, xp, and C’.  b) A silicon pn+ junction at 300 K has a cross-sectional area 8 × 10-5 cm2, 
Nd = 8 × 1016 cm-3, and Na = 1015 cm-3.  Find i) Vbi, ii) W, xn, xp, & the junction capacitance 
with VR = 0, and iii) W, xn, xp, & the junction capacitance with VR = 1 V. 
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Per (7.28) with Vbi replaced w/ Vtot = Vbi + VR,  
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⇒  xn ≈ 0. 
Per (7.29) with Vbi replaced w/ Vtot = Vbi + VR,  
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Per (7.43), 
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b)  From Table B.4, εr = 11.7, ni = 1.5 × 1010 cm-3
 = 1.5 × 1016 m-3 for silicon at 300 K.  
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                   ⇒   Vbi = 0.687584 V. 
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ii)  VR = 0  
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  

⇒  W ≈ 9.42953 × 10-7 m = 942.953 nm. 

⇒  xn ≈ 0. 

⇒  xp ≈ W ≈ 9.42953 × 10-7 m = 942.953 nm. 

Per (7.43), 
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C = C’A = 1.09861 × 10-4 F/m2 (8 × 10-9 m2)       ⇒  C ≈ 8.7889 × 10-13 F = 0.8789 pF. 

Bonus   The exact values are: 

W = 948.828 nm, xn = 11.714 nm, xp = 937.114 nm, & C = 0.8734 pF.  Error is ~ 0.6%. 

 

iii)  VR = 1 V 
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  

⇒  W ≈ 1.47727 × 10-6 m = 1477.27 nm = 1.47727 µm. 

⇒  xn ≈ 0. 

⇒  xp ≈ W ≈ 1.47727 × 10-6 m = 1477.27 nm = 1.47727 µm. 

Per (7.43), 
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C = C’A = 7.01253 × 10-5 F/m2 (8 × 10-9 m2)   ⇒  C ≈ 5.610024 × 10-13 F = 0.5610 pF. 

Bonus   The exact values are:  

W = 1486.474 nm, xn = 18.351 nm, xp = 1468.123 nm, & C = 0.5575 pF.  Error is ~ 0.6%. 


