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8.28 Consider a silicon pn junction diode with an applied reverse-biased voltage of Vi =
5V. The doping concentrations are N, = N, = 4 X 10'® cm ? and the cross-sectional
areais A = 107* cm’. Assume minority carrier lifetimes of 7o = 7,0 = 7,0 = 1077 s.
Calculate the («) ideal reverse-saturation current, (b) reverse-biased generation cur-
rent, and (c¢) the ratio of the generation current to ideal saturation current.

» First, calculate the minority thermal equilibrium carrier concentrations and
diffusion lengths for the n & p regions.

From Table B.4, n;=1.5x10'"° cm™ and &= 11.7 for silicon at 300 K.

From page 323 ‘Note’, D, =25 cm?/s and D, = 10 cm?/s. Use given 7,0 & 7.

n regionl Since Ny, >>n; = n,0 = Ny;=4x10' ecm?.

Per (4.43), puo=n?/n, = (1.5x10'°)2/4x101° = pno=5625 cm™,
From p. 283, L, =,/D, ,, =+/10(107) = L,=0.001 cm=10 pm.
Since N, >>n; = ppo = N, =4x10'° cm™.

Per (4.43), nyo=n?/pyo = (1.5x10'%)?/4x10'° = np0=15625 cm?.

From p. 283, L, =./D, 7,, =4/25(107) = L,=1.5811x10 cm = 15.8114 um.
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a) Per (8.26), the ideal reverse saturation current density is J, =

g 1.602176634x107"(10) 5625 N 1.602176634 x107"°(25) 5625

2326 10" Alem?.
“ 0.001 1.58113883x10° g e

The ideal reverse saturation current is ;= J; 4 = 2.3262 x 10" (10%)
= 1,=2.3262x105 A.
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b) Per (8.42), the reverse-biased generation current density is J,,
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Per (7.10), ¥, = FeL _ 8:617333x107eVIK (300K)

=0.025852 V, and
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Per (7.34),
1/2
w260+ V(N4 N,
e NN,

/2
[2(11.7)8.8541878 x1072(0.76503 + 5)( 4x10% +4x102 ) |
1.602176634x10™" 4x10™(4x107)

= W=6.10538x 107" m.

 1.602176634x107"° (1.5x10"°)6.10538x107"

J. - = Jgen=7.33643 x 10" A/m>,
e 2(107)
Loen = Jgen A = 7.33643x107 (10°%) = Jyen=7.33643 x 10" A = 73.3643 pA.

= Igen/I; = 31,538.
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c) Per (8.24), == 7.33643 10_15
I, 2.3262x10



