
EE 321 Analog Electronics, Fall 2009
Exam 2 October 21, 2009

Rules: This is a closed-book test. You may use pen, paper, and calculator. The exam will
last 50 minutes. Each problem counts equally toward your grade. None of the problems
require long calculations.

(1) DIODE CIRCUIT. For the following circuit, assume 0.7 V across a forward
biased diode, and op-amp rail limits ofL± = ±9 V. (a) Give expressions for
VA and VO as a function of VI. (b) plot VA, and VO as a function of VI in the
[−5 V; 5 V] interval.
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(a)

VO =

{

0 VI ≤ 0

3VI + VD 0 < VI

but with clipping VO < L+ − VD

VA =

{

L
−

VI ≤ 0

3VI + 2VD 0 < VI

but with clipping VO < L+

(b) The plot is here:



(2) ZENER VOLTAGE REGULATOR. The following circuit (with the Zener
modeled as an ideal Zener in series with a small resistance rZ) has VI = 10 V,
RS = 1 kΩ, rZ = 50 Ω, and VZ = 5.6 V, (a) what is the largest value of Vo? (b)
For what value of RL does regulation cease (current through Zener goes to zero).
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(a) The largest value of VO occurs when all the curent passes through rz, which corresponds
to RL → ∞.

VO,max = VZ + rzIZ

where

IZ =
VI − VZ

RS + rz

Inserting

VO,max = VZ + rZ

VI − VZ

Rs + rz

Now inserting values we get

VO,max = 5.6 + 50
10 − 5.6

103 + 50
= 5.81 V

(b) Regulation ceases when the voltage drop across RL is reduced to VZ , and no current
flows through the Zener diode,

IRL = VZ

with

I =
VI

Rs + RL

.

Inserting

VI

RL

Rs + RL

= VZ



RL =
VZRs

VI − VZ

=
5.6 × 103

10 − 5.6
= 1273 Ω

(3) SEMICONDUCTOR. A bar of n-type semiconductor of length L = 100 µm
has a electron concentration which increases linearly from 9.5×1015 cm−3 at the
left end (x = 0) to 1.05 × 1016 cm−3 at the right end (x = L). Ignore minority
carriers. (a) Plot the electron concentration as a function of position in the
semiconductor. (b) What is the size and direction of the diffusion current in
the material? (c) The gradient can be maintained by applying a opposing drift
current. What size and polarity of voltage should be applied? (To simplify the
math you may assume constant number density across the slab).

(a) Plot of electron number density

(b) The electron diffusion current in the positive x-direction is

Jn = qDn

dn

dx

where

dn

dx
=

n(x = L) − x(x = 0)

L
=

10.5 × 1015 − 9.5 × 1015

100 × 10−4
= 1.0 × 1017 cm−4

Inserting we get

Jn = 1.602 × 10−19
× 34 × 1.0 × 1017 = 0.54 A/cm2

which is a current along the positive x-axis.



(c) We can create an opposing drift current by imposing an opposite electric field. We
want a positive current, so we apply a electric field which is directed in the positive
x-direction. Ignore minority carriers, so we get

Jdrift = qnµnE

and assume n = 1016 cm−3 everywhere. This current must cancel the diffusion current
so we have

−Jn = Jdrift = qnµnE

or

E = −
Jn

qnµn

= −
0.54

1.602 × 10−19 × 1016 × 1350
= −0.25 V/cm

which is a voltage drop of

V = EL = −0.25 × 100 × 10−4 = −2.5 × 10−3V = −25 mV

where the polarity is such that the higher potential is at x = L.




