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ID # ______________________________


NAME     ______________________________    


EE-255 FINAL EXAM May 9, 1998


Instructor (circle one) Ogborn Lundstrom


This exam consists of 30 multiple choice questions.  Record all answers on this page, but you must turn in
the entire exam.  There will be no partial credit, but you must show your work.


Circle the one best answer for each question.  Five points per question.


Do not open and begin until you are instructed to do so!


1) a b c d e 16) a b c d e


2) a b c d e 17) a b c d e


3) a b c d e 18) a b c d e


4) a b c d e 19) a b c d e


5) a b c d e 20) a b c d e


6) a b c d e 21) a b c d e


7) a b c d e 22) a b c d e


8) a b c d e 23) a b c d e


9) a b c d e 24) a b c d e


10) a b c d e 25) a b c d e


11) a b c d e 26) a b c d e


12) a b c d e 27) a b c d e


13) a b c d e 28) a b c d e


14) a b c d e 29) a b c d e


15) a b c d e 30) a b c d e
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Problems 1) - 8) concern the amplifier shown below.  Note that the load consists
of an 8K resistor in parallel with a 10 pF capacitor.  Assume that the transistor is
described by ID = 1.5(VGS -  2)2  mA and Cgs  = 8 pF and Cgd = 3 pF.


8 KΩ


8 KΩVs


25 V


RSS


200K


200K


100K


10 pF


5 µF1 µF


25 µF


Figure 1


1) The value of RSS that will bias the MOSFET at ID = 1.5 mA is:


(a)  0.5 K


(b)  1.3 K


(c)  2.7K


(d) 3.4 K


(e)  6.3 K


---------------------------------------------------------------------------------------------------------------------
2) Assuming that the MOSFET is biased at ID = 1.5 mA, the mid-frequency gain, vout/vs,  of


the amplifier is:


(a)  -6


(b) +6


(c)  -12


(d)  +12


(e) -24


---------------------------------------------------------------------------------------------------------------------
3) The Thevenin equivalent resistance seen by the 1µF capacitor in Fig. 1 is:


(a)  50 KΩ
(b)  100 KΩ
(c)  200 KΩ
(d)  300 KΩ
(e)  500 KΩ
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4) The capacitor most likely to control the low-frequency response of the amplifier in Fig. 1 is


(a)  the 1µF  capacitor


(b)  the 5µF  capacitor


(c)  the 25µF capacitor


(d)  the 10 pF capacitor


(e)  Cgs, the 8 pF capacitor inside the MOSFET


---------------------------------------------------------------------------------------------------------------------
5) The value of the Miller capacitance for the amplifier in Fig. 1 is


(a)  75 µF


(b) 3 pF


(c) 10 pF


(d)  24 pF


(e)  39 pF


---------------------------------------------------------------------------------------------------------------------
6) If the value of RSS is    reduced    , which parameter(s) of the Fig. 1 amplifier change?


(a)  the input resistance


(b)  the output resistance


(c)  the mid-frequency gain


(d)  all of the above


(e)  none of the above


---------------------------------------------------------------------------------------------------------------------
7) If it is desired to attach a 100Ω load instead of the 8KΩ load shown in Fig. 1 and maintain


about the same gain of the amplifier at the same value, then what type of amplifier stage
should be inserted between this one and the load?


(a)  CE


(b)  CB


(c)   CG


(d)  CD


(e)  another CS
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8) What is the proper expression for the Thevenin equivalent resistance seen by the 10 pF load
capacitor in Fig. 1?


(a)  RTh = 8K


(b)  RTh = 8K + 8K


(c)  RTh = 8K ||8K


(d) RTh = 8K || 8K +1 gm


(e)  RTh = 8K || 8K ||1 gm


Problems 9) and 10) concern the RC circuit shown below.  


Vs
1K


1K 1 µF


1 pF
Vout


+


-


Figure 2


---------------------------------------------------------------------------------------------------------------------
9) The low-frequency corner frequency for this circuit is about:


(a)  500 radians/s


(b)  1000 radians/s


(c)  5 x 108 radians/s


(d)  109 radians/s


(e)  2 x 109 radians/s


---------------------------------------------------------------------------------------------------------------------
10) The high-frequency corner frequency for this circuit is about:


(a)  500 radians/s


(b)  1000 radians/s


(c)  5 x 108 radians/s


(d)  109 radians/s


(e)  2 x 109 radians/s
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Problems 11) - 15) concern the amplifier shown below.  Assume that gm1 = gm2
and that rπ1 = rπ2.


VCC = +15 V 


RE


RC


Q2


Q1


R1


R2


RL


υs


R3


C1


CE


C2


C3


ZOUT


Figure 3


---------------------------------------------------------------------------------------------------------------------
11)  Identify the amplifier shown in Fig. 3:


(a)  CE-CE


(b)  CE-CB


(c)  CB-CE


(d)  CC-CE


(e)  CE-CC


---------------------------------------------------------------------------------------------------------------------
12)  The input impedance of the Fig. 3 amplifier is:


(a)  RE
(b)  RE||(1/gm)


(c)  R3||(R2 + R1)


(d)  R3 || R2 || R1 || rπ
(e)  R3 || R2|| rπ
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13) The output impedance of the Fig. 3 amplifier is:


(a)  R3 || R2


(b)  R3 || R2 || R1


(c)  RL


(d)  RL || RC


(e)  RC


---------------------------------------------------------------------------------------------------------------------
14) The mid-frequency gain for the Fig. 3 amplifier is:


(a)  -gm RC || RL


(b)  +gm RC || RL


(c)  -gm [rπ/(β+1)] x gm (RC || RL)


(d)  ≈-1
(e)  -gmrπ x gm (RC || RL)


---------------------------------------------------------------------------------------------------------------------
15) The time constant associated with capacitor Cπ2 in Fig. 3 is:


(a)  [R1 || R2] Cπ2


(b)  [rπ2] Cπ2


(c)  [rπ2 / (β+1)] Cπ2


(d)  [R1 + R2] Cπ2


(e)  [R1] Cπ2
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Problems 16) -   25)  concern the two stage amplifier below (Fig. 4).  Both
transistors operate at 2 mA (ID = IC = 2 mA).


For the MOSFET: ID = 2 Vgs + 2( )2


,  Cgs  = 5 pF, Cgd = 1 pF, and Cds = 2 pF


For the bipolar:  β = 200, VBE(on) = 0.7V, Cµ = 1 pF, Cπ = 10 pF


The low frequency corner for C1 is 10 Hz and for C2 is 50 Hz.  The low
frequency corner for  the gain VOUT/V IN is 100 Hz.


Fig. 4  Two Stage Amplifier


16) The value of RA is (note that one end of RA is connected to a -10V power supply)


(a)  5.7 K


(b)  30 K


(c)  43 K


(d)  67 K


(e)  100 K


-----------------------------------------------------------------------------------------------------------
17) The value of Vds is


(a)  9.8 V


(b)  10.2 V


(c)  15.6 V


(d)  19.8 V


(e)  30 V


-----------------------------------------------------------------------------------------------------------
18) The value of RB is


(a) 5.1 K


(b)  9.7 K


(c)  56 K


(d)  100 K
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(e)  297 K
19) The value of gm for the bipolar transistor is


(a) 4.0 mmho


(b) 24 mmho


(c) 48 mmho


(d) 77 mmho


(e)  154 mmho


-----------------------------------------------------------------------------------------------------------


20) The value of the small signal, mid-band gain vds/vgs is about


(a) + 50


(b) +20


(c)  - 7


(d)  -20


(e)  - 50


-----------------------------------------------------------------------------------------------------------
21) The mid-band impedance (ZB) looking into the base of the bipolar transistor is


(a)  2.6 K


(b)  3.6 K


(c)  5.1 K


(d)  56 K


(e)  204 K


-----------------------------------------------------------------------------------------------------------
22) The magnitude of the small signal, mid-band gain VOUT/VIN is about


(a)  69


(b)  330


(c)  690


(d)  5300
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(e)  8000
23) The Thevinin equivalent resistance seen by C3 is


(a)  3.4 K


(b)  5.1 K


(c)   10 K


(d)  15.1K


(e)  16.1 K


----------------------------------------------------------------------------------------------------------
24) C3 =


(a)  0.26 µF


(b)  1.2 µF


(c)  5.3 µF


(d)  26 µF


(e)  100 µF


-----------------------------------------------------------------------------------------------------------
25) The high frequency corner due to Cgs    and     CM at the gate of the MOSFET transistor is


(a)  0.32 MHz


(b)  3.2 Mhz


(c)  12 Mhz


(d)  64 Mhz


(e)   320 MHz


-----------------------------------------------------------------------------------------------------------
26) A typical CMOS digital inverter is often made from:


(a)  2 bipolar transistors
(b)  1 bipolar and 1 depletion mode transistor
(c)  1 depletion mode transistor
(d)  2 depletion mode transistors
(e)  2 enhancement mode transistors


---------------------------------------------------------------------------------------------------------------------


27) The MOSFET has kp = 2 mA/V2 and Vth = − 3 volts.  V1 =  6 volts and V2 =  10 volts.  ID = :


(a)  0 mA


(b)  2 mA


(c)  6 mA


(d)  16 mA
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(e)  18 mA
28) In the circuit below, IL = 4 mA and VZ = 11.992 volts.  Find the value of rZ.


(a)  0.10 ohm


(b)  0.25 ohm


(c)  0.50 ohm


(d)  1.00 ohm


(e)  2.00 ohm


-----------------------------------------------------------------------------------------------------------


29) The diode has I0 = 10
-10


 A  and n = 1.  The voltage V2 is 10 volts.  The voltage V1 is:


(a) -10.0  V


(b) -0.479  V


(c)  0.0 V


(d)  10.0  V


(e)  10.479 V
-----------------------------------------------------------------------------------------------------------
30) Choose the correct spice statement for the voltage source:


(a) V4   3   0   DC      12


(b) V4   3   6   AC      12


(c) V4   0   3   AC   −12


(d) V4   6   3   AC      12


(e) V4   0   6   DC   −12
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EE-255 Formula Sheet:  Final Exam
Data:


  At 25 oC (R.T.) VT = kT q = 0.026 volts


k = 1.3806 ×10−23 J / K = 8.618 ×10−5 eV / K   q = 1.6022 ×10−19 C 0oC = 273.16 K
Formulas:   e


x =1 + x + x2 2 +L


Diodes:


ID = IS e VD nVT −1( ) VD = Vγ + IDrf C j = Cj 0 1+ VR Vbi( )−1 / 2


rd =
dυD


diD Q


=
VT


IDQ


(forward bias) vD = VD + vd


Rectifiers: Monolithic Resistors:


Vr = VM


Tp


RC


 
 


 
 R = RS


L


W
 
 


 
 


n-channel MOSFETs:


ID = kn 2(VGS − VTh)VDS − VDS
2[ ] (ohmic/triode)


ID = kn VGS − VTh[ ]2
 (saturation)


VGS > VTh  (NOT cut-off)
VDS > VGS − VTh  (saturation)


p-channel MOSFETs:


ID = kp 2(VGS − VTh)VDS − VDS
2[ ] (ohmic/triode) ID = kp 2(VSG + VTh)VSD − VSD


2[ ]  (ohmic/triode)


ID = kp VGS −VTh[ ]2
 (saturation) ID = kp VSG + VTh[ ]2


  (saturation)
VGS < VTh  (NOT cut-off) VSG > −VTh   (NOT cut-off)
VDS < VGS − VTh  (saturation) VSD > VSG + VTh   (saturation)


MOSFETs:


ro =
1


λ I D


=
VA


ID


VTh = VTh 0 + γ 2φ f + VSB − 2φ f[ ]
Bipolar Transistors:


IC = βIB ≅ IS e
VBE


VT 1 +
VCE


VA


 
 
  


 
 (active) β =


α
1 − α


α =
β


1 + β


IC =
β VTh − VBE(on)[ ]
RTh + β + 1( )RE


Thermal Effects:
Tdev − Tamb = θ PD PD = IBVBE + ICVCE PD = IDVDS
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Bipolar Transistor Models:


gm =
IC


VT


gm rπ = β ro =
VA


IC


Cµ =
Cµ 0


1 + VCB Vbi( )N Cπ =
gm


ω T


− Cµ


ωβ =
1


Cπ + Cµ( )rπ


=
ω T


βo


Bipolar Transistor Amplifiers (mid-frequency):


CE: Avi = −gm RC || ro || RL( ) Ris = rπ || R1 || R2( ) Ro = RC || ro


CE with emitter degeneragion:


Avi =
−β RC || RL( )
rπ + 1+ β( )RE


Ris = R1 || R2( ) || rπ + β + 1( )RE( )[ ] Ro = RC


CB: Avi = +gm RC || RL( ) Ris = RE ||
rπ


β +1
Ro = RC


CC: Avi =
1+ β( ) ro || RE || RL( )


rπ + 1+ β( ) ro || RE || RL( )
Ris = R1 || R2( ) || rπ + β + 1( )ro || RE || RL[ ] Ro = ro || RE ||


rπ + R1 || R2( ) || RS


β + 1


 


  
 


  


FET Models:


gm = 2 knID = 2kn VGS − VT( ) ro = λ ID( )−1


FET Amplifiers (mid-frequency):


CS: Avi = −gm RD || ro || RL( ) Ris = R1 || R2( ) Ro = RD || ro


CG: Avi = +gm RD || RL( ) Ris = RSS ||
1


gm


Ro = RD


CD: Avi =
gm RSS || RL( )


1 + gm RSS || RL( ) Ris = R1 || R2( ) Ro = RSS ||
1


gm


Frequency response:  Bipolar Amplifiers
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CE: τπ = rπ || RS || RB( ){ }Cπ τµ = RL || RC( ) + RS || RB || rπ( ) 1+ gm RL || RC( )( )[ ]Cµ


ωC1 =
1


RS + RB||rπ[ ]C1


ωC 2 =
1


RC + RL( )C2


ωCE =
1


RE ||
rπ + RS || RB( )


β0 + 1


 


  
 


  CE


CB: τ π = RS|| RE ||
rπ


βo +1


 


 
 


 


 
 Cπ τµ = RL ||RC( )Cµ


ωC1 =
1


RS + RE||rπ ||1 gm( )[ ]C1


      ωC 2 =
1


RC + RL( )C2


ωC =
1


RB|| rπ + β 0 +1( ) RS|| RE( )[ ]C


CC: τ π = rπ ||
RS || RB( ) + RE|| RL( )
1 + gm RE|| RL( )


 


 
 


 


 
 Cπ τµ = RS ||RB( )|| rπ + βo + 1( ) RE || RL( )( )[ ]Cµ


ωC1 =
1


RS + RB|| rπ + β 0 +1( ) RE|| RL( )[ ]( )C1


ωC 2 =
1


RL + RE||
rπ + RB|| RS( )


β 0 +1( )
 


 
 


 


 
 


 


 
 


 


 
 C2


Frequency Response:  FET Amplifiers


CS: τ gs = RS || RB( )Cgs τ gd = RL || RD( ) + 1 + gm RL|| RD( )( ) RS|| RB( )[ ]Cgd


ωC1 =
1


RS + RB( )C1


ωC 2 =
1


RD + RL( )C2


ωCSS =
1


RSS || 1 gm( )[ ]CSS


CG: τ gs = RS|| RSS ||1 gm( )Cgs τ gd = RL ||RD( )Cgd


ωC1 =
1


RS + RSS ||1 gm( )[ ]C1


ωC 2 =
1


RD + RL( )C2


ωCSS =
1


RBCSS


CD: τ gs =
RS || RB + RSS || RL( )Cgs


1+ gm RSS ||RL( ) τ gd = RS || RB( )Cgd


ωC1 =
1


RS + RB( )C1


ωC 2 =
1


RL + RSS ||1 gm( )[ ]C2






