Fondamenti di Elettronica - Ingegneria Elettronica -2008/09
First Examination — March 5" 2009

State clearly the question you are answering. E.g. 1a).
Solvefirst questionsin bold. Thisisa 3-hour in-class closed-book exam.

Exercise 1

Consider the amplifying circuit shownin Fig. 1.

a) Find the value of the resistor R, that provides a
0.5mA bias current in each transistor of the R = Vout1
differential pair and, then, find the full circuit Ra
biasing.

b) Find the expression and the value of the small signal Vi
differential gain (Vout2-Vout 1)/ (V2-Va).

¢) Find the expression and the value of the small-signa
common-mode gain (Vout, 2+ Vout,1)/ (Vo Vy). R

d) If the gate of transistor M, is at afixed voltage in small- b Ro
signal conditions (i.e. v,=0V in small-signal conditions), Ves=-6V
find the expression and the value of the small-signal f ¢ - Fig. 1
gain (Vou2- Vour1)/Vi. ko= Y514,Cox(WIL)= 0.5mA/V? V=05V

R.=70kQ R,=50k R=12kQ

Ro

Exercise 2

Consider the 3-bit Digital-to-Analog Converter shown in Fig. 2.

a) Let’sassumethat the operational amplifier isideal. Find the  \/yq
maximum current that can flow in the resistor R and the Rdd LSB
current that flowsin Ry when theinput digital word is 001. MSB

b) Under the hypothesis that the operational amplifier has an offset R 2R 4R
voltage of 8mV, find the input digital word that causes the
maximum contribution of the offset voltage to the output and |||A} MA} |||A‘_',f
compute the expression and the value of such contribution.

¢) If the gain-bandwidth product of the operational amplifier is
GBWP = 10MHz, draw the time evolution of the output voltage
when the input digital word changes from 100 to 111, quoting 1
al the significant points.

R

Vout

Fig. 2

Vga=5V Ry=20002 R=2k0 R=1k0

Exercise 3
Consider the logic circuit shown in Fig. 3, in which the logic signals A, \{JD
B, C, D are either OV (logic ‘0’) or +5V (logic ‘1’). Assume that the
on-voltage of the diodeisOV. gg
a) Find the logic function implemented by the circuit, writing the D:
truth table and justifying your answer. A —KH Vpp=5V

b) Implement the logic function found in a) in CMOS logic B |] [Di ouT Vin=|Vrp| =0.8V
D2

justifying all the choices. kn=2001AIN?

¢) In the case of the logic circuit determined in b), let’s suppose to k=80 LAV
short-circuit the inputs A and B and to drive them with an
f, = 100 kHz square-wave and the inputs C and D and to drive them
with an f,= 1MHz square-wave. Find the dynamic power
dissipation justifying the answer, if the circuit drives an output
capacitive load egual to C = 3pF.






