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 Change doping concentrations to Na

 = 4 × 1016 cm-3 and Nd = 1016 cm-3.  First, calculate 
the minority thermal equilibrium carrier concentrations and diffusion lengths for the 
n & p regions.  [Hint: e) find total current & hole current at x = xn + Lp/2, subtract to 
get electron current.] 

From Table B.4, ni = 1.5 × 1010 cm-3 for silicon at 300 K.   

From page 323 ‘Note’, Dn = 25 cm2/s and Dp = 10 cm2/s.  Use given τn0 & τp0. 

n region   Since Nd >> ni  ⇒ nn0 ≅ Nd = 1016 cm-3.   

Per (4.43), pn0 = ni
2 / nn0 = (1.5×1010)2 / 1016                   ⇒  pn0 = 2.25 × 104 cm-3. 

           From p. 283, 8
0 10 (8 10 )p p pL D τ −= = ×              ⇒  Lp = 8.944272 × 10-4 cm. 

p region   Since Na >> ni   ⇒ pp0 ≅ Na = 4 × 1016 cm-3. 

Per (4.43), np0 = ni
2 / pp0 = (1.5×1010)2 / 4×1016                       ⇒  np0 = 5625 cm-3. 

           From p. 283, 7
0 25 (2 10 )n n nL D τ −= = ×              ⇒  Ln = 2.236068 × 10-3 cm. 

a)  Per (8.26), 0 0
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For holes, the ideal reverse saturation current density is 
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and current is Is,p = Js,p A = 4.0303978 × 10-11 (5 × 10-4)          ⇒ Is,p = 2.0152 × 10-14 A. 

b)  For electrons, the ideal reverse saturation current density is 
19

0
, 3

1.602176634 10 (25) 5625
2.236068 10

n p
s n

n

e D n
J

L

−

−

×
= =

×
= 1.0076 × 10-11 A/cm2, 

and current is Is,n = Js,n A = 1.0076 × 10-11 (5 × 10-4)                ⇒ Is,n = 5.0380 × 10-15 A. 
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Per (7.10), 
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 = 0.729191 V. 

c)  Per (8.11a),  
/ 4 0.8(0.729191)/0.025852

0( ) 2.25 10a tV V
n n np x p e e= = ×  ⇒ pn (xn) = 1.4193 × 1014 cm-3. 

d)  Per (8.24), ( )0 /( ) 1 ( )a tn p V V
n p n n
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− = − =  since the electron current density is 

constant across the depletion layer. 
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In (xn) = Jn (xn) A = 0.06356088 (5×10-4)                                   ⇒  In (xn) = 31.7804 µA. 

e)  Per KCL, the total current through the diode is constant.  We can find it by computing 
the current through the depletion layer using (8.26) and (8.27). 

Per (8.26), 0 0 11 11
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 ⇒ Js = 5.038×10-11 A/cm2. 

Per (8.27), ( ) ( )/ 11 0.8(0.729191)/0.0258521 5.038 10 1a tV V
sJ J e e−= − = × −  ⇒ J = 0.3178 A/cm2. 

Total diode current is I  = J A = 0.3178 (5×10-4)          ⇒  I = 0.1589 mA = 158.9 µA. 

Per (8.28), ( ) ( )/0 /( ) 1 n pa t x x Lp n V V
p
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−= − .  So, at / 2n px x L= + , we get 

( )11 0.8(0.729191)/0.025852 0.5( / 2) 4.0304 10 1p n pJ x x L e e− −= + = × −   ⇒  Jp(x) = 0.1542 A/cm2, 

and a hole current of Ip(x) = J p(x) A = 0.1542 (5×10-4) = 7.71032×10-5 A. 

By KCL, the majority electron current at / 2n px x L= +  is then 

In(x) = I - Ip(x) = 1.589×10-4 - 7.71032×10-5 ⇒ In(x = xn + Lp/2) = 8.180×10-5 A = 81.8 µA. 

 


