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Problem | Possible Score
| 30
11 25
111 22
IV 23
Total 100




I (30 Points) Logic and Timing Diagrams
Inputs A, B, and C have all been zero (low)

for a long time and then att =0, A, B and C A X v
go to (high) for a long time. -I: }_j}f

a) (5 Points) Find the values of X, Y and Z

just before t = 0, and then as t goes to C —
infinity.
Before t =0 As t=> infinity Logic
level A

Y ] Lad
B 1 1 1 -

g c . — .
X 1 1 1 >

b) (10 Points) Complete the timing diagram to
the right assuming that each gate has a
propagation delay of 2 ns before the correct
output appears at its output. Z PR T >

Y L L L 1 —>

L L L 1 -
»

0 2 4 6 8 Times)
c) (7 Points) For the CMOS
circuit implementation to the
right of the NAND gate logic ,
circuit above and the signal A B
changes in part a), find the time -ci -4 -4 -4 -4
at which the change reaches
Vour 1. State the delay in terms l Vouri Vour: Vours
of 0.69RC wusing Ry and Rp _

(from the switched resistor A —| l —4 - —-—|

device  models) and  the Cours Cours Cours

capacitors shown. _| _I _|

VDD VDD VDD

d) (8 Points) For the CMOS circuit
implementation to the right of the NAND gate
logic circuit above and the signal changes in
part a), find the time at which the change
reaches Vour 3. State the delay in terms of
combinations of 0.69RC using Ry and Rp
(from the switched resistor device models)
and the capacitors shown.



IT (25 Points) Ideal Op-Amp Analysis

Use the ideal op-amp analysis
method in this problem. R

Vi

a) (8 Points) Find Voyr; in
terms of the resistances  V,
and input voltages.

b) (9 Points) Give sufficient additional equations for finding Vour: in terms of the
resistances and input voltages. Do not solve.

¢) (8 Points) Assume that Vour: = k1 Vi + ko V, + k3V3 + kgVa. For i = 1,4 complete
the table below by determining the sign of k; and listing the resistors that will
contribute to k;. Hint: Start with what you know from part a) to reach Voyr; and
then apply this principle again.

Term Sign of Resistors Contributing to k;
number 1 k;
V1

V2

V3

V4




III (22 Points) Device I vs. V Curves

a) (10 Points) For the logic circuit and
device characteristics shown find
VOUT Whel’l V]N = 3V

¢ Ig=40 pA
Iour Wi Output

9] Device
\%
S
Lour(HA) o V=0V
100
V=1V
60
Vin=2V
Vin=3V
20
Vixn=4and 5V
3 5
VOUT (V)

Ry oap =100 kQ

b) (12 Points) For the logic circuit shown, approximately sketch the voltage transfer
function Voyr vs. Vin. Specify values of Vour for Vin =0, 3 and 5V.

VOUT(V)

5 V()



IV (23 Points) Advanced Circuits with Dependent Sources

a) (10 Points) Find Vour/Vi. i

iN
= Vob
- BiIN
Vs RINE ﬁl; Rour

b) (13 Points) Find the Thevenin resistance looking into the output.



