
EE 321 Analog Electronics, Fall 2012
Exam 2 October 31, 2012

solution

This is a closed-book exam. Calculators allowed. The exam is designed for con-
ceptual understanding not long derivations. You MUST box your answer. When
there are multiples values in an answer summarize them in a single box. Correct
answer boxed and derivation gives you 10 points. Either is 5 points. Neither is
0 points.

1. Find all the voltages and currents in this circuit. (Careful!)

Vcc=5 V

Rc=20 K

Rb=200 K

This transistor is in cutoff mode. Thus

iC = iE = iB = 0 and vB = vE = 5V and vC = 0V.

2. Assuming β = 50 find all the voltages and currents in this circuit

Re=1 K

Vcc=10 V

Rc=1 K

R
b=

20
0 

K

Begin with assuming active mode

iBRB + VBE + (β + 1) iBRE = VCC

iB =
VCC − VBE

RB + (β + 1)RE

=
10− 0.7

200 + 51× 1
= 37.1µA

vB = VCC − iBRB = 10− 0.2× 37.1 = 2.58V



iC = βiB = 50× 37.1× 10−3 = 1.86mA

vC = VCC − iCRC = 10− 1.86× 1 = 8.15V

Since vC > vB − 0.4V active mode is confirmed.

iE = (β + 1) iB = 51× 37.1× 10−3 = 1.89mA

vE = iERE = 1.89× 1 = 1.89V

iB = 37.1µA, iC = 1.86mA, iE = 1.89mA, vB = 2.58V, vC = 8.15V, vE = 1.89V

3. For the same circuit estimate Avo using the quick approximation when it
is used as a common-emitter amplifier with emitter resistance (you may
assume inputs and outputs are capacitively coupled as in the text book).

Avo = −
RC

RE

= −1

Avo = −1



4. Design a NPN common-emitter amplifier operating between VCC = 10V
supply and ground following these steps in order (again you may assume
capacitive coupling of input and outputs for simplicity).

(a) What shoule VC be to get Avo = −200?

Avo = −
ICRC

VT

= −
VCC − VC

VT

VC = VCC + VTAvo = 10− 25× 10−3 × 200 = 5V

VC = 5V

(b) What is IC if the output resistance should be 5 kΩ?

RC = Rout, and Avo = −RCIC

VT

, so

IC = −
AvoVT

RC

=
200× 25× 10−3

5× 103
= 1mA

IC = 1mA

(c) If the base is biased with a resistor, RB, to VCC, what should be the
value of RB? Assume β = 100.

IB =
IC

β
=

1

100
= 10µA



RB =
VCC − VBE

IB
=

10− 0.7

10× 10−3
= 930 kΩ

RB = 930 kΩ

(d) What is the input resistance of this amplifier?

Rin =RB||rπ = RB||
β

gm
= RB||

βVT

IC

=930× 103||
100× 25× 10−3

1× 10−3

= 930||2.5 = 2.49 kΩ

Rin = 2.49 kΩ



5. Draw the small-signal π-model circuit for this amplifier, give rπ and gm,
Rin, and Rout, Avo, and Gv if a source has output resistance RS = 10 kΩ
and a 1 kΩ load is attached (yet again assume capacitive coupling of inputs
and outputs).

Vcc=10 V

Rc=1 K

R
b=

20
0 

K

Assume β = 100, and we get

IB =
VCC − VBE

RB

=
10− 0.7

200
= 46.5µA

Ic = βIB = 4.65mA

gm =
IC

VT

=
4.65

25
= 0.19Ω−1

rπ =
β

gm
=

100

0.19
= 530Ω

Rin = rπ||RB = rπ

Rout = RC = 1 kΩ

Avo = −
ICRC

VT

= −
4.65× 1

25× 10−3
= −186



Gv =
Rin

RS +Rin

Avo

RL

Rout +RL

=−
530

10× 103 + 530
× 186×

1

1 + 1

=− 4.68

rπ = 538Ω, gm = 0.19Ω−1, Rin = 530Ω, Rout = 1 kΩ, Avo = −186, Gv = −4.68


