Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455

Final Exam

 April 30, 2003

1.  This exam is closed book.  You may have a crib sheet consisting of two 8 ½ x 11” sheets of paper written on both sides (or the equivalent area on another medium).  You may use any calculator, but no computers or laptops are allowed.

2.  Show all work necessary to complete the problem on these pages.  If you go on to another page, indicate clearly where your work can be found.  A solution without the work shown will receive no credit.

3. Show all units in expressions and figures.

4. You will have 180 minutes to work on this quiz.

5. This exam has 12 pages, including the cover sheet.  Raise your hand if you are missing a page.

1  ________________/20

2  ________________/20

3 ________________/20

4 ________________/25

5 ________________/25

Total ________________/110

[image: image1.png]1. (20 points) In the circuit below, assume the op amps are ideal. Find v, in terms
of v; and the resistances.




[image: image2.png]2. (20 points) The diodes may be modeled using the “constant voltage drop” model
with a voltage drop of 0.7 V.

a) Write an expression for v, as a function of v; that is valid over the range -5 V <
v; <5 V. Note that your expression for v, will be different for different ranges of
vi. Be sure to specify these “break points”, where the expression for v, changes.
b) Ifv;is a triangle wave with an amplitude of 5 V and a period of 1 ms, sketch v,
as a function of time. Show values on the time and voltage axes for the “break
points™ of part a).
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[image: image5.png]3. (20 points) For the BJT in the circuit below, B = 100, the base-emitter junction
voltage in the “on” state is 0.7 V, and Vg gar = 0.3 V. The thermal voltage V1 =25
mV. Choose values for R¢ and for C, and C; so that

a) the BJT is biased in the linear (active) region with Ve =2 V, and
b) the frequency response is that of a band pass filter, with a low frequency
cutoff of 400 Hz and a high frequency cutoff of 5 kHz.
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[image: image8.png]4. (25 points) In the circuit below, the op amps are ideal. The BJTs have B = 100
and a base-emitter junction voltage in the “on” state of 0.7 V. Also, Vg sat (npn) =
VEc sar (pnp) = 0.3 V. The thermal voltage Vr =25 mV.

a) Find the load current iy, as a function of v; Assume both BJTs are in the
active region.

b) For aload Ry, = 1 k€, what is the largest value that v; can take such that the
BJTs are still in the active region?




[image: image9.png]Room for Extra Work

‘5) 7o keepp @2 PeTIVE we neec/

eall t £,
I ~06.%3

fj@l 2= 'U‘— _@.,.RL. =‘/60V
R R

H‘Dw 0—‘000{: QI ,7 %Lu\m R.’: R' q‘-(«c Cb“d)-ﬁ'"ol;)
for keapuing @ achie v the %Sowme ao for Q2.

Vg max = Hb0V
__-————'"’_____——"——_/-'-—_

10



[image: image10.png]5. (25 points) BJT Q1 hasr, =3.3 kQ and g, =3 mS. BJT Q2 hasr, =4.2kQ
and g, = 24 mS. Both have r, = «, and a base-emitter “on” voltage of 0.7 V. The
thermal voltage Vr =25 mV.

a) For frequencies in the passband, find the input resistance R;, the output
resistance R,, and the voltage gain v,/vs.

b) Find the lower cutoff frequency if C =1 uF.

¢) What is the largest amplitude that v, can have such that Q; is still biased in
the linear (active) region?

Hint: The analysis will be simpler if the dependent current source model is g,v,
rather than Bi,. However, both will work and either one is acceptable.
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