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Problem 1: 

-3a)	 po NA. Thus: NA = 5 x 1017 cm 
-3NA = Na - Nd, and so Na = NA + Nd = 5 x 1017 + 2 x 1016  = 5.2 x 1017 cm 

-3b)	 no = ni
2/NA = (107)2/(5x1017) = 0.2 x 10-3 cm 

c) f = (kT/q) ln (NA/ni) = 0.06 log (5 x 1017/107) = 0.06 log (5 x 1010)

= 0.06 x (10 + log 5) = 0.06 x 10.7 = 0.642 V


d)	 so q µh NA = 1.6 x 10-19 x 3 x 102 x 5 x 1017 = 24 S/cm 

e)	 s q µh NA + qµhn'+ qµep' = q µh NA + q(µh+ µe)n'

Also s = 1.01 so = 1.01 q µh NA is given.

Thus: n' = (s - q µh NA)/q(µh+ µe) = 0.01 q µh NA/q(µh+ µe)


 = (10-2 x 2.4 x 101)/[1.6 x 10-19 x (300 + 4000)] 
-3= (10-2 x 2.4 x 101)/(1.6 x 10-19 x 4.3 x 103) = 0.35 x 1015 cm


f) n' p' GLtmin  so GL = p'/tmin


Thus: GL = 3.5 x 1023 = hole-electron pairs/cm3-s 

g) The excess portion decays with s(t) = so [1 + 0.01 exp(-t/tmin)] 

h) Lmin = (Dmintmin)
1/2 = (100 x 10-9)1/2 = 3.16 x 10-4 cm = 3.16 µm 

Problem 2: 

-3a) i) p(wn) = pon = ni
2/NDn = 1020/1016 = 104 cm 

104 x 100.48/0.06 = 104 x 108 = 1012 -3ii)	 p(xn) = pon exp(VAB/kT) = cm 

iii) qQNR,n-side = q A [p'(xn) - p'(wn)] wn/2  q A p'(xn) wn/2

= 1.6 x 10-19 x 10-4  x1012 x 2 x 10-4 /2 = 1.6 x 10-8 Coul


iv) Jh (0) = Jh(wn)  - q Dh dp'/dx q Dh p'(xn)/wn


= 1.6 x 10-19 x 15 x 1012/(2 x 10-4) = 1.2 x 10-2 A/cm2


b) i) Given that n(-xp) = 0.1 p(xn), which should tell you NAp = 10 NDn = 1017 cm-3, but 
if not, begin with: 

n(-xp) = 0.1 p(xn) = 0.1 (ni
2/NDn)[exp(q 0.48/kT) - 1] 

= 0.1 (1020/1016) 108  = 1011 



Next: n(-xp) = (ni
2/NAp)[exp(qVAB/kT) - 1] 

-3so NAp = [ni
2/n(-xp)][exp(qVAB/kT) - 1] = (1020/1011) 108  = 1017 cm 

ii)	 Area under profile is proportional to peak. Thus n(-xp) = 0.1 p(xn) implies 
immediately that |qQNR,p-side/qQNR,n-side| = 0.1 

iii) Je(0)/Jh(0) = [qDen'(-xp)/wp]/[qDhp'(xn)/wn] = [De/Dh][n'(-xp)/p'(xn)][wn/wp] 
= [16/6] 0.1 x 1 = 4/15 = 0.2667 

iv)	 Df = fb - VAB


fb = (kT/q) ln [(NDnNAp)/ni
2] = 0.06 log[1013] = 0.78 V


VAB = 0.48 V is given. Thus: Df = 0.78 - 0.48 = 0.3 V


Problem 3: 

a) i) Je(x) = qDe dn'/dx and De = µe (kT/q) = 1600 x 0.025 = 40 cm2/s 
-w  < x < -wp/2: Je(x) = 1.6 x 10-19 x 4 x 10 x 1014/10-4  = 6.4 A/cm2 

p 

-wp/2 < x < -xp: Je(x) = 0 

ii) DJe(x) @ x = -wp/2 = qM 
Thus  M  =  6.4/(1.6 x 10-19) = 4 x 1019 hole-electron pairs/s-cm2 

b) i) At ohmic contact excess is zero. Thus: p'(wp) = 0 

ii) The doping on the n-side is half that on the p-side, thus the minority 
population will be twice as great, since n'(xp) µ ni

2/NAp and p'(-xn) µ ni
2/NDn. 

-3Thus: p'(xp) = 2 x 1014 cm . 

iii)	 Jh(x) = qDh dp'/dx and Dh  = 600 x 0.025 = 15 cm2/s

xn < x < wn: Jh(x) = 1.6 x 10-19 x 1.5 x 10 x 2 x 1014/2 x 10-4 = 2.8 A/cm2


c)	 ID = A JTOT = A [Je(-xp) + Jh(xn)] = 10-4 [ 0 + 2.8]= 2.8 x 10-4 Amps 

d) n'(-xn) = 1014 = (ni
2/NAp)[exp(qVAB/kT) - 1] (ni

2/NAp) exp(qVAB/kT) 
= 103 exp(qVAB/kT) 

Thus: VAB = 0.06 x log{1011] = 0.06 x 11 = 0.66 V 



Average/Standard deviation: Problem 1 31.1 4.3 
Problem 2 24.1 5.1 
Problem 3 24.5 7.5 
Total 79.7 13.9 
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