
ECE609 Spring06

M ID-TERM EXAM - SOLUTIONS

1 Review of Modern Physics

• λ = h/(mv) so (i) 6.63 ∗ 10−35m, (ii) 7.2 ∗ 10−10m. The de Broglie wavelength for the bullet
is immensurably small. A bullet is a classical particle and therefore, does not need to be treated as
wavelike (unlike the electron).

• the density of probability to find an electron in the second energy state is|A sin(2πx/L)|2, which is
maximum at two locations:x = L/4 andx = 3L/4.

• Solutions are given in Fig.1. In the case of0 < E < U there is a probability to find an electron in the
regionx > 0 (evanescent waves - origin of the tunneling effect). Two examples of potential barriers
are given by: (i) the work-functionW0 involved in the photo-electric effect, (ii) Built-in potential for
the P-N junction.
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Figure 1: Potential barrier- Different configurations

• E − EF = 2.94kBT

2 Energy Band Theory

• (ii) to (i): Ψk(r + R) = eikReikruk(r + R) = eikReikruk(r) = eikRΨk(r)

(i) to (ii): we setuk(r) = e−ikrΨk(r), thenuk(r + R) = e−ikre−ikRΨk(r + R) = uk(r), since
e−ikRΨk(r + R) = Ψk(r).
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•
∇(eikruk(r)) = ikeikruk(r) + eikr∇uk(r)

∆(eikruk(r)) = −k2eikruk(r)+ikeikruk(r)+ikeikruk(r)+eikr∆uk(r) = eikr(−k2+2ik∇+∆)uk(r)

Finally, we obtain the expression we saw in class.

3 Semiconductor Fundamentals

• Jeopardy: These are the questions:

1. What is an intrinsic semiconductor ?

2. What is1− fFD (whereFFD is the Fermi-Dirac distribution)?

3. What is happenning if the temperature increases in a semiconductor?

4. What is an extrinsic semiconductor ?

5. What is a semiconductor ?

6. What is a semiconductor ?

7. Why do we want to introduce donor atoms in a semiconductor ?

8. Why do we want to introduce acceptor atoms in a semiconductor ?

9. What is happenning in a semiconductor if the doping concentration becomes very large ?

• 1− fFD(E) = 0.01, soT = 756K

• 10%, 5% and1%.

4 Theory of Electrical Conduction

1. •
∂p(x)

∂t
= Dp

∂2p(x)
∂x2

− p(x)µp
∂E

∂x
− µpE

∂p(x)
∂x

+ G− p− p0

τp

• (i) steady state condition∂p(x)
∂t = 0, (ii) no electric fieldE = 0, (iii) no generation due to an

external source of energyG = 0. We get:

0 = Dp
∂2p(x)
∂x2

− (p(x)− p0)/L2
p

•
A =

(p(0)− p0)eW/Lp

2 sinh(W/Lp)

B =
(p0 − p(0))e−W/Lp

2 sinh(W/Lp)

we get finally:

p(x)− p0 = (p(0)− p0)
sinh (W − x)/Lp

sinh(W/Lp)

if W << Lp, p(x)− p0 = (p(0)− p0)(1− x/W ), the density of carriers decreases linearly in
function ofx.
if W >> Lp, p(x)− p0 = (p(0)− p0) exp(−x/Lp), the density of carriers decreases exponen-
tially in function ofx.
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•
Jdiff (W ) =

qDp

Lp
(p(0)− p0)

1
sinh(W/Lp)

if W << Lp, Jdiff (W ) = qDp

Lp
(p(0)− p0), the current is independant ofx.

if W >> Lp, Jdiff (W ) = 0, the current is equal to zero far from the injectionx.

2. by neutralityn = p, alson = p = N0

(
memh

m2

)3/4 exp(−β(Ec− Ev)/2) = 3.7 ∗ 1012m−3,
we then getρ = (nq(µe + µh))−1 ' 1.8 ∗ 106Ω.m

5 P-N junctions

• ....

• Nalp = Ndln so ln = 0.103nm, see also p103 of textbook;ln << lp since the N-side is heavily
doped.
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