Problem 1 (20 points)

Alex is using a 15 V voltage source and a R100MA voltage regulator with a 5 V, 2 W Zener
diode to power the XP500 circuit which is rated at 5 V and 200 mA.

Unfortunately, Alex finds that under === A
I —

. . Rs=1008 ! L
maximum load conditions Vp, =3 V. : AW : >—
Advise Alex how he can modify the [ ot

- Lo ISV(£)! L Vo | XP500
R100MA circuit so that it will supply : b
|

a constant 5 V to the XP500 circuit ! :
over the current range 0 <Ip <200 R100MA

mA.



Problem 2 (20 points) 3V Assume:

. lcl 2kz B Show all of
_I_B_)' v + B =100 your work
VN O Mh V 'l>} YOUT Vox = Vegon = 0.7 V for all parts.
0kz g - Vogsar = 0.2 V
Vin=1.5+0.5 sin ot
a) (2 pts.) Give the range of values for Vn: <V

b) (8 pts.) For the given Vi explore all possible states of the BJT in the circuit. If a state is
possible, give the range of Vi values for that state (if not, check “not possible”).

State of BJT not possible possible, range of Vin
OFF [] < Vi<
ACTIVE [] (VM) <ViNS (Viax)
SATURATED |[] <V <

©) (6 pts,) Compute the values of ip, ic, and Voyr when the BJT is active and for the extreme
values of Vi (i.e., for Vi and Viyax) found in b).

Vi i (LA) ic (mA) Vour (volts)

VM =

Vmax =

- d) (4 pts.) For the given Vin, and using parts a), b), and ¢), sketch Voyr(t).

Vour?

1N ! Indicate all relevant values.




Problem 3 (20 points)

a) Convert the Boolean function F = XY e X Y to a SOP form. State the identity or method you
used in the conversion.

b) Complete the truth table for the XY F
Boolean function in part 3a). 00
01
10
11

¢) For the given truth table, write a XY G

Boolean function for it in canonical 00 0 1
VSOP form.

0 0 1 0

010 0

01 1 0

1 0 0 1

1 0 1 1

1101 0

1 1 1 0

d) Find the optimal SOP Boolean function for the truth table in 3c).
HINT: The optimal corresponding circuit has 3 gates and 4 inputs. Show your work.



Problem 4 (20 points)

a) (10 pts.) Complete the truth table for the CMOS circuit below. A low voltage is a logic “0” and
a high voltage is a logic “1.”

5V
Vi V, V3 Vo T

00 0
A\
00 1 — Vz——<{[ pMOS
01 0 vi—g |
0

11 °Vo
1 0 0 v
1 0 1 vi—] vs—] nMOS
1 10
11 1 -

b) (10 pts.) For the given truth table, draw the CMOS circuit that implements the logic function
specified by the truth table below.

Vi Vo | Vo
0 0 1
0 1 0
1 0 0
1 1 0




Problem 5 (20 points)

a) (12 pts.) Fill in the truth tables for the circuit below. Show your work.

X X

Y

Half
o Adder [sum __

b) (8 pts.) The circuit in part a) and four 7-segment displays are used to produce a 4-characters display.

_ —a
X — b
Y— ——C
(CA) | —d
—e
— f
g
circuit in
part a)
a— a
b—
SN
d —
cE— e C
f —]
g d
7-segment

display

XY| a

00
01
10
11

0 0 0 1 1 0 1 1
|| || || ||
XY XY XY XY
(CA) (CA) (CA) (CA)
[TTTTT1 [ TTTIT] HEEREN LITTTF]
display 1 display 2 display 3 display 4
* Draw what is displayed:
r—1 r1 =1 r1
| 1 | | | i | |
- [ =1 =
i J [ ] 1 ! ! I
Ll L_1J L_1 L_J

» State what is displayed:




