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Consider the common-emitter BJT amplifier circuit shown as follow.
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Assume that: VCC =15V, =150, VBE=0.7V, RE=2.7kQ, RC=4.7kQ, R1 =47kQ,
R2=10kQ, RL=47kQ, Rs =100 Q.

Exercise 01 (DC mode)(/6pts)

(@) What are characteristics of DC mode?.

(b) Determine the Q-point.

(c) Sketch the DC load-line.

(d) What is the maximum (peak to peak) output voltage swing available in this
amplifier.
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Exercise 02(Ac mode)(/7pts)

(a) What are characteristics of AC mode?. — R
(b) Draw the AC equivalent circuit (without A - ’A_—: .__>—
source neither charge) . A 4
(¢) Derive expression for input impedance | R/a U
Zin and output impedance , Zout v v Vs
(d) Derive expression for current gain 4i and R
voltage gain Av. ]
Exercise 03( Op Amp)(/7pts) — o ¢

We give the circuit below
1. How AOPs work.?
Determine U as a function of V1 and a.
Determine Vs as a function of U and V2.
Show that Vs =k(V2 - V1).
What value should we give to a so that k=10.5.
Give a name to the circuit.
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Detailed Exam Solution

EXERCISE 01(/6pts)

I1-a) DC mode is characterized by a constant voltage and current level, meaning that the
flow of electrons does not vary over time. In DC equivalent circuit capacitors are replaced

. by open circuits.

The dc analysis voltage -divider bias circuit, we have
Vi = —2=Vec = 2.63V
TH = pr, /€C = &
r\¢) Wee

R2Rq
b Rru = oz
_ _Vru-VBe _
Is = s Groms =~ +HO4RA
I, = Bly = 0.69 mA 1 )

Ir = (B + Iz = 0.70 mA fr
[1e.

VC = VCC - ICRC = 189V

I
' ( VC& ~Vc(
T\”” VB | W&

1-b) Determination of the O-point 7z

Ve = IRy =11.72V Q—t&
¢

VCE' = VCC o ICRC e IERE = 984V

AsIg>0and Vg > 0.2 V, the transistor is in active region of operation.

The Q-point lies at
ICQ = 0.696 mA
VCEQ=9.837V

2-c) Sketch of the load-line

For ideal saturation Igsat) =

The plot of DC load line is shown in figure below
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2-d) Maximum peak to peak output voltage swing :
We see that the Q-point lies closerto cut-off (Vcg=15 V) than saturation (Vcg=0.2 V).
Hense the maximum available peak to peak output voltage swing =2(Vcc- Vegg)=10.34 V

EXERCISE 02(/7pts)

2—&2 the alternating current (A C) mode is characterized by periodically reverses direction
and has a varying voltage and current level. In the AC equivalent circuit the capacitors are

replaced by short circuits and Vec by virtual AC ground.:

2-b) AC equivalent circuit (without source neither charge,
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Replacing the transistor by its small-signal AC equivalent circuit, we have@®

26mA
cQ

= 37.68()

Te =

by definition one can write : Z;, = —

from the input loop we have v;, == Rg//(B7e)iin

2-c) Expression for input impedance Zin and output impedance , Zout

Vin

lin

S0 Zin = Rp//(BTe)

From the output loop we have directly : Z,,; = %‘3 = R¢

2-d) Expression for current gain Ai and voltage gain Av.

Ay === by definition

Vin

From the output loop

And from the input loop
SO v, =B %Rc

Finally 4y =32 = —ﬁ—g

io vo/RC

Ai=

4; = 4, TLEE

Vo = —PipRc

Vin =ﬁreib =iy =

i _ % (Re//(Br)
i Vin/ (Re//(BTe))

Vin R C

Vin

5]
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EXERCICE N°3(/7pts)

3-1) How AOPs work? An operational amplifier is an integrated circuit that can amplify
weak electric signals. An operational amplifier has two input pins and one output pin. Its

basic role is to amplify and output the voltage difference between the two input pins.

3-2) Our OP Amp works in linear regime: we assume that V* = V= and

0.50
IT="=0 —+ o
b

We can apply the voltage divider to the input loop (u, R/a, R)(see fig 01) to

calculate the voltage between the resistor R pins because we have the same Ria U

V1
current circulates in : R
e B - L
1—V —R+R/aU _)_)_)U_(1+a)vl""(1) Q

- 3-3) One can apply the KCL law on node A in the output circuit (see fig 02).

Vs—Vo _ Vo=U

“
3-4 )We replace (1)in (2) ,we find Vg =1+ a)(V, —Vy) = k(V, - Vy)

3-5) From the last response: k = (1+a) »a=k—

aR
1 55>a=9.58 —
R__
A
u

®

1 L

ity VS = (1 + a)Vz —aU .. ... (2)

®)

3-6) The circuit studied is a differential amplifier
= 0.50
*—i+ A

Pr T.ZIAR



