EE 321 Analog Electronics, Fall 2012

Exam 2 October 31, 2012
solution

This is a closed-book exam. Calculators allowed. The exam is designed for con-
ceptual understanding not long derivations. You MUST box your answer. When
there are multiples values in an answer summarize them in a single box. Correct
answer boxed and derivation gives you 10 points. Either is 5 points. Neither is
0 points.

1. Find all the voltages and currents in this circuit. (Careful!)

Rb=200 K
Rc=20K

This transistor is in cutoff mode. Thus

ic=ig=tig=0and vg =vg =5V and vo =0V.

2. Assuming 3 = 50 find all the voltages and currents in this circuit
Vce=10V

Rc=1K

Rb=200 K

Re=1K

Begin with assuming active mode
ipRp+ Ve + (B +1)igRep = Voo

 Vee—=Veer  10-07
" R+ (B+1)Rg  200+51 x 1

=37.1 A

B

vp = Voo —ipRp =10—-0.2 x 37.1 =258V



ic = Big =50 x37.1 x 107% = 1.86 mA

Vo = VCC’ — 'icRC =10—186x1=8.15V

Since vg > vy — 0.4V active mode is confirmed.

ip=(8+1)ig=>51x371x10"%=1.89mA

VE = ZERE =189x1=189V

ip =37.1uA, ic = 1.86 mA, ip = 1.89mA, vy = 2.58V, vc = 8.15V, vp = 1.89V

3. For the same circuit estimate A,, using the quick approximation when it
is used as a common-emitter amplifier with emitter resistance (you may
assume inputs and outputs are capacitively coupled as in the text book).



4. Design a NPN common-emitter amplifier operating between Vg = 10V
supply and ground following these steps in order (again you may assume
capacitive coupling of input and outputs for simplicity).

(a) What shoule V¢ be to get A,, = —2007

i _1IcR¢ _ Ve —Ve
VO VT VT

Vo =Veoo+Vidy, =10—25x 1072 x 200 =5V

(b) What is I¢ if the output resistance should be 5 kQ?

Rcl
RC = Routu and Avo = _%7 S0

AV 200 x 25 x 1072

Rc 5x 103 = lmA

Io = —

(c) If the base is biased with a resistor, Rg, to Vo, what should be the
value of Rg? Assume 3 = 100.

I. 1
Ip=-S— _— —10uA
B8 T 100 H



Voo —Vee _ 10-07

R —
B I3 10 x 10-3

= 930k

Rp = 930k

(d) What is the input resistance of this amplifier?

g
R =Ryl|ry = Rull 2 = Ryl T
dm ]C
100 x 25 x 1073
= 10°
930 x 10°]| =105

= 930[|2.5 = 2.49kQ

Ry, = 2.49kQ|




5. Draw the small-signal w-model circuit for this amplifier, give r, and g,,,
R;,, and R,y, Ay, and G, if a source has output resistance Rg = 10 k{2
and a 1k load is attached (yet again assume capacitive coupling of inputs
and outputs).

Vee=10V

Rc=1K

Rb=200 K

Assume § = 100, and we get

 Veo—Vee  10-0.7

I - — 46.5 uA
B Ry 200 6:5m
I, = Bl = 4.65 mA

Io 465
=22 190!
9= = 55 = 019
53 100
== 5300
" T 019
Rin = TWHRB =Tr
Ryt = R = 1k
AUO:—]CRC——4‘65X1 — 186

Ve 25 x10°3



Rin RL

Gv - Avo
RS + Rin Rout + RL
530 1
_ 186 x ——
10 x 10° +530 « 0% 111

= —4.68

rr =538, g, = 0.19Q71 Ry, = 5309, Roy = 1kQ, A,, = —186, G, = —4.68




