EE 321 Analog Electronics, Fall 2011

Exam 2 November 7, 2011
Solution

Rules: This is a closed-book exam. You may use only your brain, a calculator
and pen/paper. Each numbered question counts equally toward your grade.

Note: The questions are designed to test your conceptual understanding, not your
ability to do many pages of math. If you find yourself doing long calculations
there is a high probability that you are doing something wrong.

DC analysis

1. Find all the voltages and currents in this circuit. Assume g = 100
Vce=10 V

Rc=50 K

Rb=100 K
Re=1K

First let’s guess active mode. In that case we have

VCCIIBRB—FVBE—F(ﬂ-Fl)[BRE

and thus
Vee — Vin 10 — 0.7
Iy — - — 46.3 uA
BT R+ (B+1)Rp 100+ 101 x 1 a
then
Ie = 815 = 100 x 46.3 = 4.63mA
and

VC = VCC — IcRC =10—-50x4.63 =—-221.5V

This is not consistent with the active mode assumption, so the transistor must be
saturation mode. In saturation mode we assume that Vop = 0.2 V. Write down some
new equations



Ve =Voc — IpRp

=Vpe + IgRE

=Vec — lcRc — Vee + VBE
Ig =Ig+ Ic

If T use mA for currents and kf) for resistances I can omit units and insert the values
directly, like this

Ve =10 — 100 I
=0.7+ Ig
=10.5 - 50 I¢

Ip =Ip+ Ic

Insert the last equation into the 2nd equation to get

Ve =07+1p+ Ic

and eliminate Io between this and the 3rd equation

Ic =V —-0.7T—1Ip

10.5 — Vg
Jo="—"2""8
¢ 50
Vi
Vi — 07— Ip=021— L
s — 0.7 =0 50
Vi
Vg —Ip=091— -2
B—1Ip=0.9 50

Next eliminate Vg between this equation and the first equation

VB
V; — =091+1
B+50 + IB

1.02Vp =091 + Ip

Ve = 0.8922 + 0.9804 I



10 — 100 Ip = 0.8922 + 0.980413

100.9804 Iz = 9.1078

9.1078
B= 1009304 0.0902 mA = 90.2mA
Then
Ve = Voo — IgRp = 10 — 0.0902 x 100 = 0.98 V
And
and
Ve =IpRr =028 x1=0.28V
and
10.5—-Vs  10.5—0.98
Ie = = =0.19mA
¢ 50 50 0-19m
and

VC = VCC’ — IcRC =10—-0.19x50=05V

Verify that Vop = 0.5—0.28 = 0.22 'V, close to what we started with. The 0.02 difference
is probably a rounding error.

2. Find all the voltages and currents in this circuit. Assume 3 = 50

Vee=10V

Rb=100 K

Rc=10 K

L

This transistor is clearly in cutoff mode, which means that I = Ig = Ig =, and then
Ve=Vg=Vee =10V, and Vo =0V.



3. Draw the small-signal model of this amplifier, including the values of all
resistors. Compute R;,, Routs Avos Avy, Goo, and G,. Assume 8 = 100.

. Vce=10V .
: VR RV
I = T I
I Yy & I
1 o 1
: e || :
Rs=1K . / || :
i : RL=2 K
— VS : :
Rs=1 K
\ X
Vs S 0 RL=2 K
™ V &)
I X
o) o
=T"
The base bias current is
Vee + IpRp = Ve
Voo — Ve 10 — 0.7
I = = =31 uA
B Ry 300 x 10° K
and then
Vo 25 x 1073
e e — Q
= T 3ix 106 o0

The input resistance

Rin = 7:||Rp = 806||300 x 10° = 804 2

The output resistance

Rowt = R = 1k}



Open output gain from input

R¢ B Rc Re 1000
A,y = = 2 70 _ 370 100 x —— = 124
O T Etiv P, " 7806
Gain from input
RL 2 X 103
Ay = Ayt oA " 884
Rr + Row 2% 10° + 806
Open output gain from source
R; 804
Gro= 5 App= = x 124 = 55.3
R+ Rs 804+ 1% 10°
Gain from source
Ry, 804
x 88.4 = 39.4

Gv: v =
Rin + RS 804 +1x 103

. What is the small-signal gain, A,,, for these two circuits in active mode?
In each case, what does A, become if you add a AC-coupled 10k(2 load
resistor? I have deliberately left out some information so you will need to
make the usual reasonable assumptions.

(a) (b)

(a) For the common-emitter amplifier with emitter resistance we have

R 1
_Be 10 10
Rg 1
The output resistance is also Ry = Re = 10kQ2. Thus if we attach Ry to the
output we should expect the gain to be cut in half, so

A, =-5



(b) For the emitter follower amplifier the gain is approximately unity, so

A =1

The output resistance is also very small, similar to r., which is usually much
smaller than the load resistance we propose to attach. Thus the gain will not
change, and

A, =1



