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 First, find the electron and hole concentration at thermal equilibrium. 

Table B.4 gives an intrinsic charge concentration ni = 1.5 × 1010 #/cm3 at 300 K for silicon.  
Assume Na = 0.   

This ni is negligible compared to Nd                                                                     ⇒   n0 ≈ Nd = 5 × 1015 #/cm3. 

Per (4.43), n0 p0 = ni
2.  So, p0 = ni

2 / n0 = (1.5 × 1010)2 / 5 × 1015
          ⇒   p0 = 4.5 × 104 #/cm3. 

a)  The thermal equilibrium recombination rate is  

Rp0 = p0 /τp0 = 4.5 × 104 / 2 × 10-7
                     ⇒    Rp0 = 2.25 × 1011 #/cm3-s. 

b)  The excess carrier recombination rate (6.13) is  

Rp’ = δp(t) / τp0 = 1014 / 2 × 10-7
                     ⇒    Rp

’
 = 5 × 1020 #/cm3-s. 

The overall hole recombination rate is  

Rp’ + Rp0 = 5 × 1020
 + 2.25 × 1011 

                 ⇒    Rp’ + Rp0 ≈ Rp
’
 ≈ 5 × 1020 #/cm3-s. 


