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Midterm Examination — November 21%, 2008
State clearly the question you are answering. E.g. 1a).
Solvefirst questionsin bold. Thisisa 3-hour in-class closed-book exam.

Exercise 0 —Mandatory (otherwise all the other exercises will not be corrected).

Consider the circuit shownin Fig. 1a. ) 9 lin MT = 100 pg
Draw in a time diagram, providing | R1 c >Vout
values for all the relevant points, the R, A =3mA
— Vv a2
= , =

curve of the voltage Vou(t) when the ¢ Fig.1b
input current is the one shown in Fig. Fig. 1a Ry= 3k R,= 6k '
1b. C=220pF

V]_:-ZV V2:'1V
Exercise 1

Again referring to the circuit shown in Fig. la

a) Determine the charge stored in the capacitor C when the steady state is reached following the application of the
signal shown in Fig. 1b. Providejustification for your answer.

b) How the value of the stored charge in the capacitor C (already calculated in @) would change a long time after the
application of the pulse shown in Fig. 1b if the pulse duration would be 1 ps. Provide justification for your answer.

Exercise 2

Let’s refer to the MOSFET circuit shown in Fig. 2, in which | isa

DC current generator. Yo11,Cox=20 piAIV?

a) Find the DC voltages at all nodes and the DC current in (WIL)p=1 )
all branches. YainCox=50 LAV
b) Find the small-signal voltage gain vq./Vin. at low frequency (W/l-)n: 2_0
(C open circuit). V= Vrpl=0.5V
c¢) Find the value of the capacitor C that allows the circuit IR—:OZgrrkﬁ
properly amplifying signals in the frequency band [100 Hz, P
1.5MHZ]. xdd_— ;f’/\’
d) How would change the DC bias voltages and currents =7
computed in a) and the small signal gain computed in b) if the i
current generator | would be a non ideal current generator Fig. 2
with an output resistance equal to 120 k.
Exercise 3
Let’s consider the CMOS logic gate shown in Fig. 3, that implements the —T—Vdd=1-2V
logic function Y = (A-B-C)+A+D . Ao y . ~ ,
a) Implement the following function in conventional CMOS, ¢o | Aetwork 1;2'“” g"xz gg “2%2
drawing the pull-up and the pull-down networks and justifying Po— 2Hp T _”
all the choices. ‘TY V7ol = V= 0.45V
Let’s suppose to short-circuit all the inputs together and let’s consider Q;’: pull-down (Wt)”:g
the equivaent inverter. Co— network C E: :)Z’I).ESpF
b) Find the analog voltage range of the output node Y that ensures the T LT
operation of the equivalent pMOSFET in the saturation region. = -
c) Compute the time needed for the equivalent pMOSFET to exit from Fig. 3
the saturation region after the transition of the input.
Exercise 4
Let us consider the circuit shown in Fig. 4. The diodes D; and D, R Rs

are on when forward biased with 0.7 V. The current I;, is sinusoidal
with frequency f = 2 kHz and amplitude A= 1 mA.

Draw in a time diagram, providing values for all the relevant
points, the curve of the power dissipated by the diode D.. Jov = Fig. 4a

R1: 1kQ RZ: 2kQ) R3: 3kQ
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