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ECE 3355 – Final Exam
May 3, 2017

Keep this exam closed until you are told to begin.

1.  This exam is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.
2.  Show all work on these pages.  Show all work necessary to complete the problem.  A solution without the appropriate work shown will receive no credit.  A solution that is not given in a reasonable order will lose credit.  Clearly indicate your answer (for example by enclosing it in a box).  If your answer is a plot, no box is needed.
3.  It is assumed that your work will begin on the same page as the problem statement.  If you choose to begin your work on another page, you must indicate this on the page with the problem statement, with a clear indication of where the work can be found.  If your work continues on to another page, indicate clearly where your work can be found.  Failure to indicate this clearly will result in a loss of credit.  
4.  Show all units in solutions, intermediate results, and figures.  Units in the exam will be included between square brackets.
5.  Do not use red ink.  Do not use red pencil.
6.  You will have 170 minutes to work on this exam.

1.  ________________/40
2.  ________________/40
3.  ________________/40
4.  ________________/40
5.  ________________/40
							Total = 200

Room for extra work
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1.  {40 Points} Use the transfer function given for this problem.

   
a)  Find the poles and zeroes for this transfer function.
b) Plot the straight-line approximation to the magnitude Bode plot for this transfer function.  Use a frequency range that includes all non-zero poles and zeroes.  









2.  {40 Points} Assume that the diodes can be modeled using a piece-wise linear diode model with Vf = 1[V], rd = 1[k], and Is = 1[mA].  Find VA.  Show your work, stating your tests explicitly.  Define all variables appropriately.  You are expected to be able to complete at least two reasonable guesses, if needed, in the time period allotted.
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3.  {40 Points} A device known as a Hiltrumpor, has the symbol shown below in Figure 1.  The characteristic curve for this device is given in Figure 2.  Assume that the device is placed in the circuit in Figure 3.    
a)  Find the value of RX so that the Q point for this device will be in the location indicated in Figure 2.     
b)  Using the value that you found in part a) for RX, draw the load line on Figure 2 for the dc circuit as seen by the Hiltrumpor.  If you cannot solve part a), pick an arbitrary value for RX, and draw the load line for your choice.  
c)  Find the signal model for the Hiltrumpor device at the Q point.  
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4.  {40 Points} The characteristic curves for a device, called a Frammulator, are shown in Figures 1 and 2.  The device schematic symbol is shown in Figure 3.  
a) Find a small-signal model that could be used for this device when it is biased into Region D, shown on the characteristic curves.  
b) Find a second small-signal model that could be used for this device when it is biased into Region D, shown on the characteristic curves.  This model should be equivalent to the model you found in part a).
c) What names would we use for each of the two models you found?  We learned these names at the beginning of this course.  
d) Are there any other models that could be used for this region?  Explain why or why not.  
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5.  {40 Points} Use the circuit shown to solve this problem.  Assume that for the transistor,  = 200, and that it is operating at room temperature.  Assume that the op amp is ideal.  
a)  Find the voltage gain va/vi in the passband.  
b)  Find the input resistance in the passband, as seen by the source.  
c)  In this circuit, assume that a new capacitor could be placed across resistor R5.  If this new capacitor were treated as a short circuit in a particular range of frequencies, would the gain increase or decrease in that range of frequencies?  Explain your answer, briefly.





1.  {40 Points} Use the transfer function given for this problem.

   
a)  Find the poles and zeroes for this transfer function.
b) Plot the straight-line approximation to the magnitude Bode plot for this transfer function.  Use a frequency range that includes all non-zero poles and zeroes.  





2.  {40 Points} Assume that the diodes can be modeled using a piece-wise linear diode model with Vf = 1[V], rd = 1[k], and Is = 1[mA].  Find VA.  Show your work, stating your tests explicitly.  Define all variables appropriately.  You are expected to be able to complete at least two reasonable guesses, if needed, in the time period allotted.




3.  {40 Points} A device known as a Hiltrumpor, has the symbol shown below in Figure 1.  The characteristic curve for this device is given in Figure 2.  Assume that the device is placed in the circuit in Figure 3.    
a)  Find the value of RX so that the Q point for this device will be in the location indicated in Figure 2.     
b)  Using the value that you found in part a) for RX, draw the load line on Figure 2 for the dc circuit as seen by the Hiltrumpor.  If you cannot solve part a), pick an arbitrary value for RX, and draw the load line for your choice.  
c)  Find the signal model for the Hiltrumpor device at the Q point.  



4.  {40 Points} The characteristic curves for a device, called a Frammulator, are shown in Figures 1 and 2.  The device schematic symbol is shown in Figure 3.  
a) Find a small-signal model that could be used for this device when it is biased into Region D, shown on the characteristic curves.  
b) Find a second small-signal model that could be used for this device when it is biased into Region D, shown on the characteristic curves.  This model should be equivalent to the model you found in part a).
c) What names would we use for each of the two models you found?  We learned these names at the beginning of this course.  
d) Are there any other models that could be used for this region?  Explain why or why not.  



5.  {40 Points} Use the circuit shown to solve this problem.  Assume that for the transistor,  = 200, and that it is operating at room temperature.  Assume that the op amp is ideal.  
a)  Find the voltage gain va/vi in the passband.  
b)  Find the input resistance in the passband, as seen by the source.  
c)  In this circuit, assume that a new capacitor could be placed across resistor R5.  If this new capacitor were treated as a short circuit in a particular range of frequencies, would the gain increase or decrease in that range of frequencies?  Explain your answer, briefly.


[bookmark: _GoBack]
oleObject1.bin

image2.emf
A

-15[V]

4.7[k



]

-15[V]

+15[V]

9.8[k



]

1.2[k



]

2.2[mA]

27[k



]

+15[V]


oleObject2.bin
7[A]


2.2[k]


A



image3.emf
i

H

Figure 1

-

+

v

H


oleObject3.bin
-


+


iH



image4.emf
i

H

, [mA]

v

H

, [V]

1

2

2

4

Figure 2

4

6 8

8

-2 -8 -6 -4

-1

-2

-4

Q Point


oleObject4.bin
iH, [mA]



image5.emf
+

-

v

b

(t)

Figure 3

R

X

5.6[k



]

+15[V]

-15

[V]

C

1

= 

100[



F]


oleObject5.bin
2.2[k]


+


-


7[V]


CX =  10[F]


+15[V]


vb(t)



image6.emf
i

A

, [mA]

v

AB

, [V]

1

2

3

25

50

Figure 1

4

v

C

B

=  

1

[

V

]

75 100

8

7

6

5

v

C

B

=

 

2

[

V

]

v

C

B

=  

3

[

V

]

v

C

B

=  

4

[

V

]

v

C

B

=  

0

[

V

]

Region D


oleObject6.bin
iA, [mA]



image7.emf
i

C

, [nA]

v

CB

, [V]

1

2

Figure 2

4

3 4

8

6

Region D

5

2


oleObject7.bin
iC, [nA]



image8.emf
i

C

Figure 3

C

i

B

i

A

A

B


oleObject8.bin
iC



image9.emf
R

2

= 

2.2[k



]

+15[V]

v

A

(t)

+

-

v

I

(t)

Q

1

R

4

= 

8.2[k



]

-15[V]

+15[V]

C

2

= 

100[



F]

R

3

= 

4.7[k



]

C

1

= 

100[



F]

R

7

= 

3.3[k



]

-15[V

]

R

5

= 

1.5[k



]

R

6

= 

2.7[k



]

-

+

+30[V]

-30[V]

R

9

= 

27[k



]

R

8

= 

5.6[k



]

R

1

= 

560[



]

Source


oleObject9.bin
2.2[k]


+


-


7[V]


-


+


CX =  10[F]


Q1


R2 = 2.2[k]



image10.wmf
(

)

(

)

2

2

3

rads

5476015

srad

rads

1212.7

srad

jj

H

jj

ww

w

ww

æöæö

éùéù

-+

ç÷ç÷

êúêú

ëûëû

èøèø

=

æöæö

éùéù

++

ç÷ç÷

êúêú

ëûëû

èøèø


oleObject10.bin

image11.png
Theve ate two zevoer ot \A/=O)
WZ‘I = W‘EJ: OJ

Gadk  two zewroes wheve GO = IS W, or

Wiy = Way :W

T)\eve ave ‘élwee Fo/ej at

[;P: =Wpa = Wpz* ’925?1?/

Anck One Pole where [ = ;2'7“/ on

TP“’ : 570?«.»«4]7

We will Plof 'From W = [O- ZV%:_—“—A} +o /DV[,’;?AJ

H( 0 f)) = C517) (60" C0) (o)’
(137 (1)

IH(:DQZ%ﬂpldg = -18.9 [481]

= 1Y X078




image12.png
Room for extra work

Ko“ﬂl‘ szfchj nol acLurete.
T wo»\lr} Cvoss Z"Ll'\f ounl

betfore Submittng my wos Kk




image13.png
Amws N MM\S
0 ™M
umméw n& Q00] ool ) J a

yorf T

}L

/x

o} ¢

ah

09

ab

- Qal




image14.png
Y

+15[V] §27[k9] We C‘le{;"e the Y‘ija‘[)/\ nameds:
Lp

i m}%;’;

anck name the diodes in

the Rgure to the [eft.

Next, we take the TheV.
e?u,‘\/alem‘tfj o ,<.‘M/o/.‘f/.
Vpyq = 304v30-3)
15[V 15[V] Eeer
Rrag = 1Ak} [] 1-80kn) = [.0%kn)

4
-

Lpe
+ VpB

1.2[kQ] 4.7[kQ]

~1SV] = -l

Vrpa = ~1S63 —22mA)9.28kn) = -35.3/v]

RTHQ\ = L'/A'7[)<jl} M}:.th ‘tLeSe V&’\AQ/J wé
redvraw .
D D
‘.07{"@ A [] W€ 3\465! DA n Reg:DA Qf

DB ‘n Reﬁ'\oﬂ :

~[\.7

1




image15.png
lopfksg 1len) MVD i)

KL @ A yields

Vi +2836V) L Va #1004 117)

—l/mA (=0
4.7 fkn]} A.07[kn} brS
Solving | we get Vpz-isi{v]
Tests:] T's Ipp 207
Top = U2 #1SI) oy
2.07(k2] '
Yes Vv

I_g \'/DB o’

Vpg = Va =-15.18V]
Yes Vv

1 Vp = IS [u]}

Gooo( guesses.




image16.png
Vit 2T
41 B 4
' } ] } } et —1 i v, [V]
# 4 2 T-! /‘\6\8
-~ 2t yafy
- ‘iH 4T @
Figure 1 Fi-;gl_lre2
+15[V]
a) At the Q pt,
= Ry Uy = -10V] , Tu= 3n4J
]()IO[FF] +UH 3 50) at dc we have
A S KCl seys
¢ Rx
o) Sepa) I /2 N Y O
=1{) S 6fkn)
6fka)  jopv)
= -15[V] v Rx
Figure 3 -isfv) Solv»‘v\j :

[Rx=2A910k23





image17.png
b) We have the {o/(ow:‘nj circut at dc

For VH:C))

I,= 15097 18{v)
A91fkn) e fen)
= a~"f§’[m/‘!)

and for IH —‘-O)

Ui = o) st

- 15
$e +2.91 v
= Y 79/fv).
TL‘QSQ two PD:V\‘{:] 3"\/6 ns t—‘\ﬁ /oad( Jine on

F'\ﬁuve A

C) We draw a i‘c\njen-t to the Character stic

Curue) at the Q }Qo.‘nt. /_Ae SIOP@ i'S ”,

7[mA)
"= = 800/ .51 .
5[\/] éﬂ J . Al
VH ane L\H ave Aefined in the Fqs:'ve 5:\7-1\
the device, so it s
we knou} 'l"\&

conveation with reS)vect to
just like the diodes Thevefore,
be o re;,‘,(fance €7Ma/

s/ope 3

ac model wo il

+o the jnhvevse of the




image18.png
T i 1 1
20 30 g2
25 Figure 1

s+ See next

6+ Pc\36

4+
T Region D ¢
R Iy

+ -7 TImeeel ‘lc

I : 3 Y I z i
e ey,

A PTRN S e
Figure 2 Figure 3





image19.png
Room for extra work &) The mo del s

L Teken- at (p= 4.7/mAT:
/N

Yab =2.6/kn) M= ZZZ{Z‘Z}[‘;’

- v

= )a.s

/‘AU&b SISz, Taken at Vgg = Y]
) = (82- g0)ev)

C
= b CYITII
i Vi, (7:8 - 4.7)fma)

= Q.G[kﬁ.j

T
he values shown heve ave takea Frow the
Values  shown in .
| | ow F'j uve 4. TAQ)/ ave 4/3/pmx.‘m4te‘
" . .
7’ Values n i""‘f ﬁ'P}prox«‘mafe V‘anj< would

bﬁ reasonable.

b) We can AFFI\/ a Sowurce ffan;{ormc\éu‘on) T geT
12.5
= 4.9 /ms]

a
J.L‘q Q'G[k/l.)
R Lt A6/kn)
= ‘
le LbJ b

a\) VS a Uo/'baﬂe &MP/,‘ffCJ‘.

The circurt in b) is & transconductance am)a).‘ffev:

d) No. Sinwe the cuvreat (o (S 2ero Jn this region, we
¢ to a or to

C.) The circuit ™

convert th curvent aM/;I.‘fﬁef

CQV\V\OL’
S res?ifﬁﬂle am)p/."fn‘e»/‘.

a  tyan




image20.png
TR R AR TV Ay MLANWALY .

- ey. fdbk.
+15[V] g Theve iS5 7 1.;)9:

27[k2]

C,=
100[uF] R;=
2.71kQ]

Ry=
3.3[kO)]

{Eage
o Vo It8y
1.5[kQ] Nacr,,gx s No curreat

-15[v1
WQ need to 7[\\"\”( out \,Jif\a‘[.‘ Y‘€3|‘0f) of the
I'SqunS»‘sfor 7t 'S brased into. Take Thevenin

ecluf\/a/en‘f at the base.

Ury = 3ofui(+7) Lslu) = 5 9340)
(H.7 +3.%)

Rry = V.?an_}// 22 knl = ).§0lkn)
G-\AeSS Satuvation.

+is{v) Ve +isfu) , Vetoaly -1s{vj ;
I‘\]/ 3.20kn] ,-S_Zkﬂ3 gaé'lcﬂ}
Sipy 07— o,
S e Ve vorm- sl
91 % )-8Sken) .55 kn]
~185/v}




image21.png
Solumf)) we get Ve =-3.5/v)

I, = (5.‘4’5 ~0.7+3.5) §u)
’5_[,<J_L3 - SS.Z’MA)

: 0s-023+35)y
Y A.2lmnA)

Tests:] 1o 15207 Yes o
L IC>O? }’e:./

T. T
* Tg =2 0Y <2007 Yec v

Goo d wess. | So we uueqéaw)r ac model
Z)f-f'- f tke 2 L J
n )c\.f.r on
S6oin) b a 7[I=/\) Wit the J

° Cz‘lpac:ﬁof-f

1.
,EY/UD—R‘, - Uy (27}18;11 | 1.s/11s)
(27//s'alllr//1:)+0$e

= O.49Vy
U, = -IO U
a) Yo . 49

U¢
b) Rin=(Seotm) + (a2/22]1151]15)k23 = 11 [kn]3

wi Th
C} ITf we short ouwt RS, the jq.n ‘I be 2evo. ws,

t‘L\Q 6()!\’\ I,JOU‘I(L Aecfease ;r\ -t-ha'(‘ /\q"lge O7L ﬁl?ueﬂc ves,




image1.wmf
(

)

(

)

2

2

3

rads

5476015

srad

rads

1212.7

srad

jj

H

jj

ww

w

ww

æöæö

éùéù

-+

ç÷ç÷

êúêú

ëûëû

èøèø

=

æöæö

éùéù

++

ç÷ç÷

êúêú

ëûëû

èøèø


