6.012 Fall 1997 - Answers to Exam #1

Problem 1 (a) n-type, Np =5 x 10'5—L; Can be As, P, or Sb.

cm3?

— 1 _ L .
(b) p=75= a(pen+ppp) 1048 - cm
(c) Since the excitation is uniform, the number of excess carriers is determined by the expression:

n=G- Tmin — 1014cm’3 = p’

(d)

n'(t) = 10" T e 8

d?n'
t)y=-D,— =G
gl() edxg

Since n/ must be a quadratic, and must also go to zero at the ends,

n'(x) = Ax(x — 10pm) em™3

Substituting n’ into the contunuity equation, we find:

G = -2D.A
A = 1.25x10"em™*
n'(z) = 1.25x107z(x — 10um) em >

(f) Faster, since the carriers are able to diffuse out of the sides through the ohmic contacts.

Problem 2 (a)

Kl n,
= D=2
bu = ()
KT Do
= _p(E
% q n(nl)
1. ¢, = —420mV
2. @y =780mV
3. Qpppt = 60mV
4. Gy m—pn+ = 340mV
(b)
TnolNpn = mpoNAp
NDn
Tno = Ny Tpo = 10z,
1. z, = 1.5um
2. Ty =2.1um
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1. B, since the capacitance is given by:

Np
7

Cop o | ——
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Since the doping increases at V.. the capacitance must also increase, so it cannot be C.
However, C!, remains a decreasing function versus Vg, so it cannot be A.
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P, —q = —31.22 Volis

Vab

4. The peak field occurs at x = Oum, since that is where the depletion charge goes from negative

to positive.

Volt
Epeat = —~ (Np1 - 2um + Npg - 0.2pm) = —6.4 x 105~
S cm

Problem 3



2
Tipo = i =10%cm ™3
Ppo
(b)
n'(—xn) = Npo (e%%h - ])
!
v = Ly, ("( Zp) +1> — AR0mV
q Npo
(c)
p, (xn) =  Pno <e%& - ])
n'(—x,) = g, ((2%%1z - 1)
n2
p, (xn) _ ]@ N;n NAp
1 - T n2
n' (—xp) Tpo o Npn,
P’ (zn) 17, -3
Np, = Nap=2x10""cm

dn’ KT n'(—xzp) _= Amp
Jo (2) = qDe— = qg— Pl =96 x10° —%
() = qDe g = a7 tte w, x o
(e)
dp’' KT d e KT p'(0) = s
Jp (x) = —th% = —Q7Mh5 (P, (0)e Lh) = —Q7MhL—he I, =8 x 10 %¢
(f) 4
_yAmp
Jror = Jo(— Tp(xn) = 1.76 x 107+ ——=
ToT (=zp) + Jn(zn) >

(g) 1. about 0%
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T z=0pm z=0pm
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2. about 100%
dn’ Opum n’

Fo(=05pm) _ |Fy (Oum)| — Fp _ Pe'de |, o~ Josum T

Fe(Opm) — |Fe(Opm)] Do %L

€ dz

= 95.8%

z=0

Opm ’ .
FR:/ D ode = 2.5 x 1015 LYT5

2
sum T cm?sec



