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UNIVERSITY OF RWANDA

1. (a) (5 points) Figure 1 depicts an amplifier composed of a cascade of three stages. The
amplifier is fed by a signal source with a source resistance of 100 kΩ and delivers
its output into a load resistance of 100Ω. The first stage has a relatively high input
resistance and a modest gain factor of 10. The second stage has a higher gain factor
of 100 but a lower input resistance. Finally, the last, or output, stage has unity gain
but a low output resistance. Calculate the overall gain of the amplifier. Express your
answer in dB.

FIGURE 1. Three-stage amplifier

Solution:

• The fraction of the source signal that appears at the the input terminal is
given by Equation (1)

vi1
vs

=
1MΩ

1MΩ + 100 kΩ
= 0.909V /V (1)

• The voltage gain of the first stage is calculated by considering the input
resistance of the second stage (Equation (2))

Av1 ≡
vi2
vi1

= 10
10 kΩ

100 kΩ + 1 kΩ
= 9.9V /V (2)

• In the same manners, the voltage gain of the second stage is given by Equa-
tion (3)

Av1 ≡
vi3
vi2

= 100
10 kΩ

10 kΩ + 1 kΩ
= 90.9V /V (3)

• The voltage gain of the output stage is given Equation (4)

Av1 ≡
vL
vi3

=
100Ω

100Ω + 10Ω
= 0.909V /V (4)

• The overall gain is the product of the three gains (Equation (5))

Av = fracvLvi1 = Av1Av2Av3 = 818V /V = 818V /V
= 20log(818) = 58.25 dB (5)
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(b) Figure 2 represents a portion of battery-charger circuit for a battery with a voltage
VB . The sine-wave input vS = 12V(rms), while the battery voltage varies from 12V
to 14V from the discharged to fully charged states. The charging-source resistance
RS = 10Ω. Assuming thatD is an ideal diode, andRC = 50Ω is a current-controlling
resistor established by the designer:

FIGURE 2. Battery-charger circuit

i. (5 points) Sketch and label the voltage waveforms of the voltage accros the diode
and the current through the diode for VB = 12V.

Solution: The current and voltages for r VB = 12V is shown below

EPE 2165—Analog Electronics Final Exam Page 2 of 9



UNIVERSITY OF RWANDA

Note: To receive the full marks, the student should show:

• Clear units

• Clear labels and their values

• That the peak is at 90 degrees

ii. (5 points) What is the peak diode current?

Solution: For a battery voltage VB and an ideal diode, the diode current is

iD = vs−VB

RS+RC

=
V ′
Ssin(ωt)−VB

10Ω+50Ω

(6)

where V ′
S =

√
2× 12V = 16.97V . Thus, for VB = 12V , the current is given

in Equation (7)

iD =
16.97sin(ωt)V − 12V

60Ω
(7)

Equation (7) shows that the peak current would be (Equation (8))

iDmax =
16.97V − 12V

60V
= 82.8mA (8)

(c) An NMOS transistor is fabricated in a 0.13 µm CMOS process (i.e., Lmin = 0.13 µm)
with L = 1.5Lmin,W = 1.3 µm. The process technology is specified to have an oxide
layer tox = 2.7 nm, µn = 400 cm2 V−1 s and Vtn = 0.4V

i. (6 points) Find the oxide capacitance,Cox, the process transconductance, k′
n, and

the MOSFET transconductance parameter, kn. The permittivity of the silicon
dioxide, εox = 3.45× 10−11F ·m−1

Solution:
L = 1.5Lmin = 1.5× 0.13 = 0.195 µm (9)

Cox =
εox
tox

= 1.28−2F/m2 (10)

k′
n = µnCox

= 512× 10−6A/V 2 (11)

kn = k′
n
W
L

= 3413 µAV−2 (12)
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ii. (6 points) Find the overdrive voltage VOV and the minimum value of VDS re-
quired to operate the transistor in saturation at a current ID = 100 µA. What
gate-to-source voltage is required?

Solution: When the MOSFET operates in saturation, the current is given by

ID =
1

2
knV

2
OV (13)

Thus,

VOV =

√
ID
1
2
kn

= 0.24V (14)

As VGS is reduced, rDS increases, becoming infinite when the channel disap-
pears, which occurs as VOV reaches zero or, correspondingly,

VGS = Vtn = 0.4V (15)

(d) (6 points) For the NMOS transistor in Figure 3, determine the values ofRD andRS so
that the transistor operates at iD = 0.4mA and VD = +0.5V . The NMOS transistor
has Vt = 0.7V , µnCox = 100µA/V 2, L = 1 µm, and W = 32 µm. Neglect the
channel-length modulation effect (i.e., λ = 0).

FIGURE 3. NMOS transistor FIGURE 4. Common-emitter BJT circuit

Solution:

• For a VD voltage, we have

RD =
VDD − VD

ID
=

2.5− 0.5

0.4
= 5 kΩ (16)
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• To calculate RS we need to know the voltage at the source terminal.

– Since VD = 0.5 > VG, the transistor is in the saturation mode. Thus,

ID =
1

2
µnCox

W

L
V 2
OV (17)

The overdrive voltage is thus given by

VOV =

√
ID

1
2
µnCox

W
L

= 0.5V (18)

– It is now possible to calculate VGS

VGS = Vt + VOV = 0.7V + 0.5V = 1.2V (19)

– The source resistor is thus given by

RS =
VG − VS − VSS

ID
=

0− 1.2− (−2.5)

0.4
= 3.25 kΩ (20)

(e) For the common-emitter circuit in Figure 4,

i. (5 points) Calculate the base current, collector current, emitter currents, the VCE

voltage and the transistor power dissipation. Assume β = 200 and VBE(on) =
0.7V

Solution:

• The base current is found as

IB = VBB−VBE(on)
RB

= 4V−0.7V
220k

= 15 µA
(21)

• The collector current is

IC = βIB = 200× 15 µA = 3mA (22)

• The emitter current is

IE = (1 + β)IB = 3.02mA (23)
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• The collector-emitter voltage is

VCE = VCC − ICRC = 4V (24)

• The power dissipated is

PT = IBVBE(on) + ICVCE

= 0.015× 0.7 + 3× 4
= 12mW

(25)

ii. (2 points) What is the mode of operation for the BJT in Figure 4? Briefly explain
your answer.

Solution: Since VBB > VBE(on) and VCE > VBE(on), the transistor is bi-
ased in the forward-active mode.

2. The NMOS transistor in the circuit in Figure 5 has Vtn = 0.5V , k′
n = 400 µAV−2, W/L =

10 and λ = 0

FIGURE 5
FIGURE 6

(a) (2 points) Find the the transistor’s operating mode when VD = +0.5V
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Solution: When VD = +0.5V , then the transistor will be in the saturation mode
since VD > VG

(b) (4 points) Find the required values of RS and RD to obtain iD = 180 µA and VD =
+0.5V . Also, find the voltage VS that results

Solution:

• As shown in the previous solution, for VD = 0.5V , the transistor will be in
the saturation mode. Hence,

ID =
1

2
k′
n

(
W

L

)
V 2
OV (26)

• Solving Equation (26) given the required value of VOV

180 =
1

2
× 400× 10V 2

OV ⇒ VOV = 0.3V (27)

• VGS is calculated as shown in Equation (28)

VGS = Vtm + VOV = 0.5 + 0.3 = 0.8V (28)

• Consequently,

VS = VG − VGS = 0− 0.8 = −0.8V (29)

• And the required value for RS is given as

RS = VS−(−VSS)
ID

= −08−(−1)
180 µA

= 1.11 kΩ
(30)

• The value of the RD resistor is given as

RD =
VDD − VD

ID
=

1V − 0.5V

0.18mA
= 2.78 kΩ (31)

(c) (4 points) What is the largest value to whichRD can be increased while the transistor
remains in the saturation mode?
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Solution:

• As RD is is increased, VD decreases (Equation (32))

VD = 1− IDRD

= C
= D

(32)

• Eventually, VD falls below V G by Vtn at which point the transistor leaves
the saturation region and enters the triode region. This occurs at

VD = VG − Vtn = −0.5V (33)

• The corresponding value of RD is given by

− 0.5 = V − 0.18RD ⇒ RD = 8.3 kΩ (34)

3. The BJT in Figure 6 has β = 100, VCESat = 0.3V and VB(on) = 0.7V . Find VE , VC and
IB and the transistor’s mode of operation:

(a) (3 points) When VB = 0V

Solution: In this case, the transistor is in cut-off mode. Thus,

• iB = 0

• VE = VB = 0

• VC = 10V

(b) (3 points) When VB = 3V

Solution: In this case, the transistor is in the active mode

• VE = VB − Von = 3− 0.7 = 2.3V

• IE = VE

2k
=2.3

2k
= 1.15mA

• IC = αIE = 0.99× 1.15 = 1.14mA

• IB = IE − IC = 0.01mA

• VC = 10V − ICRC = 4.3V

(c) (4 points) When VB = 5V
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Solution: If we apply the same approach as in (b) above (and assume that the
transistor is in active mode), we would notice that IC < 0, which is not possible.
Thus, the transistor must be in active mode. In this case:

• VE = 4.3V

• IE = 4.3/2 = 2.15mA

• VC = VE + VCESat = 4.3 + 0.3V = 4.6V

• IC = 10V−4.6V
5

= 1.08mA

• IB = IE − IC = 1.07mA
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