ECE137B Final Exam

There are 5 problems on this exam and you have 3 hours
There are pages 1-19 in the exam: please make sure all are there.

Do not open this exam until told to do so

Show all work:

Credit will not be given for correct answers if supporting work is not shown.

Class Crib sheets and 2 pages (front and back— 4 surfaces) of your own notes permitted.

Don’t panic.
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Problem 1, 25 points
method of first-order and second-order time constants

z.3V
- sost Q1 and Q2 have £ =infinity,
soeny B oA i §) = Va=infinity, z,=1 ps, C, =1 {F,
5 5 C,=1fF.
=
Q3 and Q4 have v_.c, W, =100
i A e 1 -1
Vgen- J\f’ oo > mS,|[V,[=0.25 volts, 1=0 V',
@ C,.=1601F, C,,=0 fF
Vouts
Agen Vour-
’ 24 The supplies are +/- 3.3 Volts.
Vgen- " Ao S f L Rgen=25 Ohms
The input is fully differential, with
Ifgf.m+ = _]' = Vge'n—
Part a. 4 points

The DC voltage drops across Rel and Re2 are both 500 mV.
Rel. Re2, are both 50 Ohms.

Rd3 and Rd4 are both 100 Ohms.

The DC voltage drops across Rd3 and Rd4 are both 1 V.,
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Part b, 5 points

Becanse the input is fully

o 50 <L differential, with V, =-1*V___,
c
the circuit can be analyzed using a
Q3 half-circuit equivalent.
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Vgen+ Fgen
AN Qf B3 55, | o o
Z5_ 2 I\Qy
Find the following quantitites at mid-band
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Part ¢, 4 points

Find the following:
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Parid. 12 points

Using MOTC, you will find the frequency, in Hz (not rad/sec), of the fwo major poles in the
transfer function.

capacitor 1: capacitor 2: capacitor 3:

R = - e RS, = ssén Ry= SO
R.= <o L7 R.= &2 Ri= Z.25.12
Jar— /4/{51";’5' for= zz. z &%

capacitor 1 is the capacitance between ___ &as¢ & Z#7/%- of transistor Q_~7
capacitor 2 is the capacitance between _&5ue &__@en. of transistor Q_¢_

itor 3 is the capacitance between F <72 & soare of transistor Q_Z
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Problem 2: 10 points
method of time constants analysis

I\

Vout

Vgen

v
R=1 KOhm Ci=1f{F C2=05 {F

Using MOTC, find the transfer function Vout(s)/Vgen(s). Give the answer in standard form
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Problem 3 30 points
Nodal analysis and transistor circuit models

Vout This circuit is called a super-buffer.
Vgen Ignore DC bias; you don't need it.
o1 Ql: C,=C,,=0. R, =infinity.
@2 =< C|qQ2c,=C,,=0. R, =infinity
7 v
gml=10 mS. gm2=100 mS. R=100 Ohms.
C=1 pF.

Part a. 10 points
Draw an accurate small-signal equivalent circuit model of the circuit above. Do not show
components whose element values are zero or infinity (!).

= P Vod

‘ gy c:z.':’fl %Vfﬂ- \
{7“ f i’? :@ T T s




Part b. 20 points
Using NODAL ANALYSIS, find the transfer function Vout(s}/Vgen(s).

: Vou(s) Voo | 1+bs5+b,s” +...
The answer must be in standard form o (S) _ Vou 1 L
Veen (5) le l+as+a,s +..
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Problem 4, 20 points

negative feedback
u Vout The amplifier has a differential gain of 10°.
e : R1=1 kOhm, R2=9 kOhm. The op-amp has
infinite differential input impedance and zero
differential output impedance.
AA p p
5 R1 He The differential amplifier has 1 pole in its open-
loop transfer function at 10 Hz, and one pole at
—? 10 MHz.
C=1nF
v

Using the Bode plot on the next page, plot the open-loop gain (A, or A, ), the inverse of the
feedback factor (1/ ), closed loop gain ( A, ). and determine the following:

o
Loop bandwidth= //#‘fé phase margin= 76’ 4
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Draw open lnnp galn and 1/beta on this plot
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draw clcltsed loop gain on this bode plot
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Problem 5: 15 points
transfer functions

Part a. 7 points

A transistor circuit has a step response (input is a 1-V step function) as shown.

output voltage with Vin(t) = 1V step function
' 1 i | i i

Vout(t)

-110° 0 110° 210° 310° 410° 510°
time, seconds

identify all pole and zero frequencies in the transfer function



Draw a Bode Plot (Straight-line asymptotes) of the circuit transfer function Vout/Vgen, labeling
all pole and zero frequencies and labeling the slopes of all asymptotes.

Bode Magrliitude plot-please label axes
il 1
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Part b, 8 points

Another transistor circuit has a frequency response as shown.

Vout/Vin, dB

frequency, Hz

Identify the frequency of all significant poles in the transfer function.

Hz, Hz, (etc)

If the poles are complex, please give the dampling factor
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Draw the output voltage given that the input is a 1-V step function. Clearly label and dimension
the axes, and show and lable clearly all key features of the waveform.

output
L |

voltage with Vin(t) = 1 Volt step function
2 L AT :

1.5

time, seconds
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