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Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 – Final Exam

December 5, 2000

1.  This exam is open book, open notes.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  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.  Units in the exam will be included between square brackets.

4.  Do not use red ink.  Do not use red pencil.

5.  You will have 180 minutes to work on this exam.

1.  ________________/25

2.  ________________/25

3.  ________________/25

4.  ________________/25

5.  ________________/25

Room for extra work

1)  (25 Points)  Design an amplifier that has the following characteristics.


The input resistance is greater than 100[k].  


The output resistance is less than 50[].  


The gain at 100[Hz] is 16[dB], 3[dB].


The gain at 1[kHz] is 36[dB], 3[dB].


The gain at 2[kHz] is 36[dB], 6[dB].


The gain at 10[kHz] is 36[dB], 6[dB].


The gain at 100[kHz] is -4[dB], 6[dB].


The gain at 1[MHz] is -44[dB], 6[dB].

You may use any combination of resistors, capacitors, inductors and ideal op amps to do this design.  Show why your design will work as specified.

Room for extra work

2)  (25 Points)  Assume an ideal op amp.  Describe, quantitatively, the output voltage vO(t).  Notice the values of the dc power supplies for the op amp.  Show your calculations.  
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Room for extra work

3)  (25 Points)  A new two-terminal device known as the Shadractor has been produced.  This device has the characteristic curve shown in Figure 1, and has the schematic symbol shown in Figure 2.  Two of these devices are connected in the circuit in Figure 3.  Find VX.  State your assumptions, and test them, showing your test steps explicitly.  Remember that you will be graded on the process that you follow in solving this circuit.  I expect that you will be able to complete at least 2 guesses in the time allowed.
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Room for extra work

4)
(25 Points)  Find the input resistance seen by the source, in the passband, for the following circuit.  Assume  = 100 and room temperature operation.
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Room for extra work

5)  (25 Points)  The output of a digital gate has the model given in Figure 1 in the high state.  The output of a digital gate has the model given in Figure 2 in the low state.  The output of the gate is used to drive 5 light emitting diodes (LED’s) as shown in Figure 3.  When the output is high, it should turn on the LED’s, which requires that the current through each of them be at least 1[mA].  When the output is low, it should turn off the LED’s, which requires that the current through each of them be less than 0.1[mA].  Find the noise margins for this situation.  The LED’s in the circuit below can be modelled with a piecewise linear diode model with 
Vf = 0.7[V], rd = 1[k], and Is = 0.  
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Room for extra work

SOLUTIONS

1)  (25 Points)  Design an amplifier that has the following characteristics.


The input resistance is greater than 100[k].  


The output resistance is less than 50[].  


The gain at 100[Hz] is 16[dB], 3[dB].


The gain at 1[kHz] is 36[dB], 3[dB].


The gain at 2[kHz] is 36[dB], 6[dB].


The gain at 10[kHz] is 36[dB], 6[dB].


The gain at 100[kHz] is -4[dB], 6[dB].


The gain at 1[MHz] is -44[dB], 6[dB].

You may use any combination of resistors, capacitors, inductors and ideal op amps to do this design.  Show why your design will work as specified.
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2)  (25 Points)  Assume an ideal op amp.  Describe, quantitatively, the output voltage vO(t).  Notice the values of the dc power supplies for the op amp.  Show your calculations.  
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3)  (25 Points)  A new two-terminal device known as the Shadractor has been produced.  This device has the characteristic curve shown in Figure 1, and has the schematic symbol shown in Figure 2.  Two of these devices are connected in the circuit in Figure 3.  Find VX.  State your assumptions, and test them, showing your test steps explicitly.  Remember that you will be graded on the process that you follow in solving this circuit.  I expect that you will be able to complete at least 2 guesses in the time allowed.

[image: image12.png]is; fm
A
30 3

f'sful +
1sEv]





[image: image13.png]We bégin- by :
namng the regions,
-Qno( ﬁ'nd['ﬂj the
mode [¢ for each
region. We choose
Thevenin eTuW‘t!""t‘
Since they look as
though ery w‘”/
make the C“rcu.‘f
in Ft we3 eane”

~<ee
to solve. nexi‘ pde ]





[image: image14.png]3) Continued For r‘ejl'on @) +he Theveain resistasce

will  come from the jnverse .S/o/ae.. We have the model

+ s hown he\re) at left. The jnverse f/ope.
Rru . 6 (v]
l .S —________‘ — — * )
Vs ' ! 10fmn) coo{n3. Is RTH: Pos:{'/ve
TH
T' ! or neﬁaiive? Tlm.s ?ues‘é{on can be

Gaswered  ina Many wWays; one wey Ay

to note that Uy aak (g are given in the active sign

Covwenﬂon. Ih this Ca&c) R?— "—-g = - 9—-!3 - - 4.nve\/‘.se S/ope.,
¢ als | \
So, RTH, = = (~¢00§83)= ¢00{n]. The Thevenin voltage, V,,

will be the ;W‘bCPCeF‘t of thy line with the U; axis.
.FDT this Y“Cg;or\) VTHI =0,

F reor A, R = }_g.‘.’:l =
or 910 y STH, o Ll =300{nJ

VrH, = =3§u3

For reslfon 3, RTH 7{\/}
(o [m Al

\/ﬂ}3 = =] §5{V3
NOW) we are V‘ﬂa(iy to bejin ﬁueSSt‘V\j andk 'L"@Si'fnj.

= 900 {n3

Lets wess Shadvactor A 1A regiow
3 " oreg
Skao\Pacfoﬁ R 1w reqg oA @
(562 next /3Q3e>




[image: image15.png]A :
)Con_fmmeck. Reoqmw) in serting models.

¥ ls{u}

ket

Vx —~1Sfu3 -1sLvs . Wj_

170 (A3 Y50l PashEe
Vx (3.08x 10’3) = 273x10™ [u]
Ux = €.9{v]
T,y = (34 -1s=157) {0
motay O Emal
T,q - (8943-15) v
450 {2 = 6.1{mA]
Tests] T Isp <-20{mA] 7?7 No X
S "20{mA} & Tg & jomA T TeS o

R 1 Assumption. Cuess L\jm\/\,




[image: image16.png]Room for extra work 3) Contrnued

Guess pboth Shadractors qre in f‘cjioq@. Redvraw:

+15[v)

+15E{V]

,K__C_L:j Vx =380) -1580) +‘ W

F28MA]=0
s70{n3 Yso {n) |

\/)( (‘-/,DX/()'Z) = 33.3x/07° (V3

Ux = &.9§0)

Tiac (84 -3-5)¢u3
S70{n]

Ise :(’5-“‘3*3'-‘1)8—’) _
m___ = Z[mA}

= —16.8fmA]

G'OOA ASSMA\P‘&‘O/\

I -0 fmA)< Lin < IOfmAz? Yes v

Is -0 (mA} T ¢ (0 [mp) 2 Yes -




4)
(25 Points)  Find the input resistance seen by the source, in the passband, for the following circuit.  Assume  = 100 and room temperature operation.
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5)  (25 Points)  The output of a digital gate has the model given in Figure 1 in the high state.  The output of a digital gate has the model given in Figure 2 in the low state.  The output of the gate is used to drive 5 light emitting diodes (LED’s) as shown in Figure 3.  When the output is high, it should turn on the LED’s, which requires that the current through each of them be at least 1[mA].  When the output is low, it should turn off the LED’s, which requires that the current through each of them be less than 0.1[mA].  Find the noise margins for this situation.  The LED’s in the circuit below can be modelled with a piecewise linear diode model with 
Vf = 0.7[V], rd = 1[k], and Is = 0.  
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